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pol ymers and pol yner bl ends. BACKGROUND AND SUMVARY OF THE | NVENTI ON [ 2]
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comosilﬁﬁﬁgqfl}@ﬁg%rr@gm S FHERY R%gEﬁg&lﬂﬂm p-QLEERYt h or
maintain the 10 inpact strengtINTHRPQLYMERS ng ot her properties. For
exanple, U S. Pat. No. 5,118,753 (Hi kasa et al.), incorporated herein by

r ef er eFIBELDIOFTHEINVENTION astic el astoner conpositions said to have | ow
har dness and excellent flexibility and nechani cal properties consisting
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fornul ati on dependi n% upon the " application, including ol illers, and
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and b?(?)rgsl lgg gbgteié{%le}?%?aul%gx\gm@gp@ﬁSﬂéexg@d?(ggfeﬁpjé’scggglgﬁleégu bad anrps ar e
used i plefiafyyplastippThealefigislastioed pulypropAekos dopplynaeiod pdReropylee andlag abl e
op&atl rhs {I gi d_packaging, nolded articles, instrument panels, and the
i k2. [aiq aRieHR ofosmyae cHBAR atoms. Medem Rlastics Enpyrdopedind®maid @oteber 990 t hat
they h casty18f4f ' I .pol yol ef i ns
e T e R e S T
EPDM r bérberby. refthewe, alswdipolsyad thé usesofameossibermeplintic @lastomadg P Hsh ascfialp

bet ween r.ubbers d pol yet hyl eng, havin dul i_between the two ranges. -1
VWO 2 Oogqri@?i 511(;9@%@%90%@56%@3@: elastomeric gﬁoys TPEs, engineering TPEs, oleﬁnig

TPEs (also known as thermoplastic olefins or TPOs), polyurethane TPEs and styrenic TPEs.

20 [3] Thermoplastic olefins (TPOs) are often produced from blends of an
elastomeric material such as ethylene/propylene rubber (EPM) or ethylene/propylene diene
monomer terpolymer (EPDM) and a more rigid material such as isotactic polypropylene.
Other materials or components can be added into the formulation depending upon the
application, including oil, fillers, and cross-linking agents. TPOs are often characterized by a

25  balance of stiffness (modulus) and low temperature impact, good chemical resistance and
broad use temperatures. Because of features such as these, TPOs are used in many
applications, including automotive facia and wire and cable operations, rigid packaging,

molded articles, instrument panels, and the like.

[4] Union Carbide Chemicals and Plastics Inc. announced in 1990 that they have
30 developed a new cost effective class of polyolefins trademarked Flexomer™ Polyolefins that
could replace expensive EPM or EPDM rubbers. These new polyolefins are said to have

bridged the gap between rubbers and polyethylene, having moduli between the two ranges.
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Modul us of the rubber and of the formulation is not, however, the only
criteria for evaluating a TPO fornul ati on. Low tenperature inpact

per f or mrarwo,20&0m0etssmes neasured by Gardner I npact at - POT/USad0s0098S7
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di stri ion linear polyners, 2 i sadvant ageously have | he

sendi ¢ RO hp o BEi IR 58 pirdde it R PR ERY e Bt meliaion Dsrons ueh
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injthe finished product. -2 WD 2006/ 102155 PCT/ US2006/ 009857, [ 7]. Thus,
wh?d o @#@m@@gp ABh aS&FS%éWhtMMP%mﬁFﬂW esing 2 fingle site catalyst

create the potential for melt fracture ("New Specialty Linear Polymers (SLP) For Power

Cables," by Monica Hendewerk and Lawrence Spenadel, presented at IEEE meeting in
Dallas, Tex., September, 1991).

[6] It is well known that narrow molecular weight distribution linear polymers
25  disadvantageously have low shear sensitivity or low I/l value, which limits the
extrudability of such polymers. Additionally, such polymers possessed low melt elasticity,
causing problems in melt fabrication such as film forming processes or blow molding
processes (e.g., sustaining a bubble in the blown film process, or sag in the blow molding
process etc.). Finally, such resins also experienced surface melt fracture properties at
30  relatively low extrusion rates thereby processing unacceptably and causing surface

irregularities in the finished product.



Fl exomer TM Pol yol efi ns by Uni on Carbide or ExactTM pol yners by Exxon has
aided the TPO nmarketplace, there continues to be a need for other nore
advanced,woasis/wifsecti ve pol ynmers for conpoundi ng w t hpCmarseaneloasss? cs
(e.g., polyolefins such as pol ypropylene or HDPE) to 5 inprove or maintain

nodul us apgd/ or i npact rformnce at roomtenperature or below [8
For mul at e conpo?}uﬁ’o‘ﬁ@?%thege &W%@éﬁ%ﬁ?‘g rrpr”é‘?f?“:h@ neAvisers ispeh %Em} nati on

of goodldxemereNPEKalelheby URRAICHBIGE OF FRAGM ﬁ(ﬂsim@&ddéﬂ 1Scon HAE A HOARRSHEG ONS
conprise: A) a thernoplastic selected fromthé group consi S ng of
t her nopaaketplace, pesrg gertinvantoshe goased forgtherahbmeriddemed sloyt-effiictivs pelygiereer i ng

ot 1 oot S B BRI BRI 6o bt S RS emRn et BRPER T
DRAW N@Spfod} oF hgitftein Incdubweantifoe irﬂgzicft pBFoRRInBs AASHS tEﬁﬁgér% Aﬁ% bPpsIgN,p for the

inventive polyners (represented by di anonds) as conpare o traditional
random copol yner epresented by circles) and Ziegler-Natta copol yners
Bl

15 (r
(represen by i: Pﬁa\#@feé@mpp%fane pawbesh diggoysirest to haive this cemDBGi@RYSTAF
as a fypeddPrRwok by LRa ' |.ymer.s. The di anonds
repr eseng random thyl ene?abcpene coﬁéo ydrrlérgé@%m%%gél@gf‘légnsr%Oﬁl?pe’ssgnt pol yner
exanples 1-4; the triangles represent polyner exanples 5-9; and the
circl es reprgsent thumpphstieselenpideorh Ghe @ouff bensisihg o ieemsplagfy esent pol ymer
20 exa A*-F* [11 igyre 3 shows the effect of density on elastic
rec oveggf yﬁe}haﬁlﬁ% PO bﬁt‘r@)& cﬁoﬁﬁ.gs, STYESRACSs PRSRSeRDE therpaplastics, and polyolefins,
i nt@r pahdners(represented by the squares and circles) and traditional
copolynmers (represented by the triangles which are various Dow AFFI NI TY(r)
pol yners). _The squares represent inventive et hgl ene/ but ene copol yners; and
the circl esB epr 88 8packesnqdiiyig:amyeuns phgtileasbprscetbylend/epbdfimmtespolyrhdl  Fi gur e
4 is a plot of octene content of TREF fractionated ethylene/ 1 -octene
copol yBRIEFBRSCRIPTYONSUF i Rﬁtenperature of the fraction for the
pol ymer of Exanple 5 mprfe&si%nﬁe v%y e circles) and conparative polyners
E and F (represented by the "X' synbols). The dianonds represent
traditiordl randbigues hyhaysethe otedtine mintGlepsity ®latioBsMDIGARG Int RthE5

PCT/ US 098 -igure 5 is a plot aqf.octene content of TREF
fracti tg)%g?{ee% (gefp%qeg%élzo]y ff-lz%’g‘?néﬁ)aasc‘iﬁ)ﬁbqaf/%etf’ t‘faﬁgl?ﬁlﬁlorﬁg‘?%f’%l?@ymﬁﬁ el ution

t efper aepresenedd tsheirdléspand BitgleBNatBRopSIyMER (rQesch¥aBPlfarpidssUr ve 1) and for
conparative F (curve 2). The squares represent Exanple F*, “and the

triangle epresent EX | e 5.
I C9101°P" ®°Flgure 3 shows plots of delta DSC-CRYSTAF as a function of DSC Melt

Enthalpy for various polymers. The diamonds represent random ethylene/octene copolymers;
the squares represent polymer examples 1-4; the triangles represent polymer examples 5-9;

and the circles represent polymer examples 10-19. The “X” symbols represent polymer
20  examples A*-F*.

[11] Figure 3 shows the effect of density on elastic recovery for unoriented films
made from inventive interpolymers(represented by the squares and circles) and traditional
copolymers (represented by the triangles which are various Dow AFFINITY® polymers).
The squares represent inventive ethylene/butene copolymers; and the circles represent

25 inventive ethylene/octene copolymers.

[12] Figure 4 is a plot of octene content of TREF fractionated ethylene/ 1-octene
copolymer fractions versus TREF elution temperature of the fraction for the polymer of
Example 5 (represented by the circles) and comparative polymers E and F (represented by the

“X” symbols). The diamonds represent traditional random ethylene/octene copolymers.
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5 [14] Figure 6 is a graph of the |log of storage nodulus as a function of
tenperature for conparative ethylene/ 1-octene copolyner (curve 2) and

pr opyl enewoebdwyioerse- copol yner (curve 3) and for two erhyluse@xhesst ene

bl ock copol ymers of the invention made with differing quantities of chain
shuttling ent (curves 1). [15] Figure 7 shows a plot of TMA (I mm) versus
flex m)du[ﬁ;g for Hgws Siipediatiof actengcomiany fE A REF feastionated etfiyleye/tlhecteeanonds) ,
B O EmieD 01T ARR TRRRIRIR Dt LARGESIERLRENG MBI doUS Dow

VERSI FY(r) “pol yners; e circles represent various rando ene/ styrene
copol y rixagiplef curvee] )smpdebecomspatbsdhicumard) o The BpusrdepishehY BximpRi BHer s.

[ 16] Fia%tiirﬁs 8A 1and 8B show a_ DSC Overlay: HDPE DVDH 6400 + Exanple A

Bl ends. @419 Fapeles rpreserf €% GPC Overlay: HDPE DVDH 6400 + Exanple A

Bl ends. [18] Figure 10 shows a Melt Strength Conpari son: HDPE DVDH 6400 +
Exangpl e | endsriglrd Bis kioiphef e 105 1StofIRE nfddh f '

Conparat i vaﬁSarrpl e%. [20]gﬁdlijihgur%}?ae 1% sho%%QATREléﬁ%i%vﬁé}é&igﬁqfﬁg%?l v{ae and
Conpar 407 Sammstipiesthylemedl -poigne eipglyneer (@uryh dnendNovpyient/ ethytene npaolymer

Depend T, [ te. 22]l Figure 14 is a transn ssion, el ectron

nicr ogﬁg]%ﬁe gya%fftrzﬁg)gvt‘f%%%y%fwgbq yeﬁl%’g%/ §88élygﬁff qlﬁﬁ%WWtéWB%\gﬁg bl ock

copol ynifferidgZ@lantrii@lofehdi shattiong dg@AS@uSLE @) el ectron nicrograph of a

m xture of pol ypropyl ene and a random et hyl ene-oct ene copol ynmer. 25 [24]
ion electron mcrograph of a m xture of

Fi 16 j t ]

p%)iyrr)?opypgie? ﬁg%nﬂfﬁﬁe\%ﬁ@&t@ﬁ EMe Glipmg Hersns Hess modwplys ﬁ)rrsa?aémslrzltTi\A/T -
e e "

et PR SRR SN e it AP Sishpired bl RN e 20

pol ynertiianglemppnesaht parpasRav MERSIFY freolynag thotirdeskpresahettiers hddhe sane
or a different type. The generjc term"polynmer" enpbra 5 the terns
P homop Ryl o e R e gl Ceell VionS B K T RSy gtmerst 26]

“Interpolynmer" neans a polyner prepared by the polynerization of at |east
two di ffepept tymesured SARAQEBIshow HBSOERRT I HEPRDNIDIESAR ¥ PRimplene! udes
the term "copolyner” (which is usually enployed to refer to a polyner

pr epar ddendsom t wo di f f er ent nononers) as well as the term"terpol yner"
(which is usually enployed to refer to a polyner 10 prepared fromthree

di fiserent [jrypes ¢hgIROQNEES) GPE ORLES: BRANBRASAS400  EBLDHITRAR R

[18] Figure 10 shows a Melt Strength Comparison: HDPE DMDH 6400 + Example
A Blends. |
[19] Figure 11 shows DSC Curves of Inventive and Comparative Samples.
[20] Figure 12 shows ATREF Curves of Inventive and Comparative Samples.
20 [21] Figure 13 shows Notched Izod Impact Dependence on Temperature.
[22] Figure 14 is a transmission electron micrograph of a mixture of polypropylene

and an ethylene-octene block copolymer.

[23] Figure 15 is a transmission electron micrograph of a mixture of polypropylene

and a random ethylene-octene copolymer.

25 [24] Figure 16 is a transmission electron micrograph of a mixture of polypropylene,

an ethylene-octene block copolymer, and a random ethylene-octene copolymer.



pol ynmeri zing four or nore types of nononers. [27] The term

"ethyl ene/ a-olefin interpolynmer" generally refers to polynmers conprising
et hyl ene woao@noaissol efi n having 3 or nore carbon at onsPCPrustb@casyy
ethylene conprises the majority nole fraction of the whole polyner, i.e.,

vore. prlb ERIEED EEsCRIpERal P B0 INIROS D007 60 ol o percent ! et

| east about 70 nole percent, or at |east about 80 nole percent, with the
subst arGéral Bétaiitiegy of t he whol e pol yner conprising at | east one other
conononer that is preferably an a-olefin having 3 or nore carbon atons.
For many ethyl ene/octene copolyners, the preferred conposition conprises an
et hyl ene EoWt ent "§plyaieer meanse pedvneric@mpundprepapsdrhyamiynérizinge  whol e

I . 0 t o aboyt .15,  pr.eferabl
P rom aba el vELEEGe R 3Eb: £ et Afbey e Mooty R chopvel” Fibreshe
enbodi rientesms tHoenopblyyherstetapadymés, n"terpblyiRe! s weels adantlfolyhs!ude t hose

produced in low yields or in a mnor anmount or as a by-product of a
ol efin interpolynmers can be bl ended

chem cal cess,, ile t et hyl ene/ a-
with one nor e B{g}?ﬂ]é( p ?‘F‘ﬁ@lsé'sm&rﬁ%ﬁﬂfwr ‘Pbyﬂ’ém@banez@ats%?fﬁ least
| Nt er paivy Wefdterditfhes WP RloAbBikAR! ITheReh&iABHn @M&g?lg&wihaﬁg%t Fegﬁl conponent

of the reaction product of a polynerization cess.
et hy| enespelynat (which istsvally employedtopefes ¢o @ pblyhmen erepartddiven oo diffegent

copol yner.i - ol ef.in_coppnoners,in polynmerized for characteri zed by
CoR oY BB B U5 e TRRTE S LR 28l befis

di 6 er ipagpated fedpe tireadiffenPB)et 68tnoRSnGE P PLALb BRcomdPRles ipdlyntd?€mad b
ethylenef/a-ol efin interpolyners are block interpolyners, “pre era% §/

mul ti - BPEaIErizinedpworyRee YRS of B19aPYatsr s. The terms "interpol ymer" and
copolyner” are -5 WD 2006/ 102155 PCT/ US2006/ 009857 used i nterchangeably

herein. | one j 1 Ll s » can be represented

by t he fo'?l?gwi ngq?igr rrungmﬁ?&ﬁwgle%gétgmﬁiyﬁéagg&ggw ﬁers g’rpe(’?}gP%{BI y an

i78t eg Srcoggesitllggthmanﬁm arl]muedsieﬁAn havinB3 oA mobe calﬁon f.jtagllsz (Pief&@blyfl@thyleﬁe 506 63 :
, . or _hi r, A" presents a har ock or segnent and "B"

repr esS%Tgﬂ%lesgtb%TaJHFIE’CI%O%_rﬁas%‘@HQ}%&C ‘%foi? Bolymey, Leasethylenegromprises atdpastl in a

subst aabals0¥ndié peRéntioR$HY Whole SlynRPAISR é%ﬁra%}%%{g?ﬂeﬁ@&drﬂfnis\é%g @Baghed or

substantially star-shaped fashion. In ot ment s, ocks and B
bl ocks 2bqus 6P Apleneryenti aftledshahout! 76 olgyperérmt,mylay teast abhat 80. mble peeteht withor ds,

. e SO RREY BEgtnd el BT i d L ot o e ScumipymeB it do ot

usual | } prafeeably drhéoltfin having 3 or more carbon atoms. For many ethylene/octene

copolymers, the preferred composition comprises an ethylene content greater than about 80
20 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

yields or in a minor amount or as a by-product of a chemical process. While the ethylene/a-

olefin interpolymers can be blended with one or more polymers, the as-produced ethylene/a-
25 olefin interpolymers are substantially pure and often comprise a major component of the

reaction product of a polymerization process.

[28] The ethylene/a-olefin interpolymers comprise ethylene and one or more
copolymerizable a-olefin comonomers in polymerized form, characterized by multiple blocks
or segments of two or more polymerized monomer units differing in chemical or physical

30 properties. That is, the ethylene/o-olefin interpolymers are block interpolymers, preferably

multi-block interpolymers or copolymers. The terms “interpolymer” and copolymer” are
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type of bl ock, which conprises different conononer(s). In yet other

enbodi nents, each of block A and bl ock B has nononers or conononers
subst ant inabl2zgormadem y di stributed within the bl ock. | RCotusesocxvarsds,
nei t her bl ock A nor block B conprises two or nore sub-segnents 15 (or

sub- bl of . di st.ingct conposition, .such as a tip segnment, which has a
subst aﬁﬁ?iﬁt@whaaagﬁb& Bereti gﬁﬁ%‘%‘f“‘ EPBRdBHEH. fheanylictlog; campbmarsen be [30] The
mul ti - beprekensd tyme Sollowdhe€ &rinnlLonpr i se various amobunts of "hard" and
"soft" segnments. "Hard" segnents refer to bl ocks of polymerized units in

which ethylene is present in an amount greater than about 95 wei ght
percent, and preferably greater than(/dbeut 20 98 wei ght percent based on

t he wei 3 I . rd he comynoner e cont ent
of mononeroh sy fi s pheTlanty db -8, e Bap o SRt R S & 5 [EAS Thal Bt s
wei ght 50e6@6it 30,20c11G0, of Righbl, VAP egsesehan RBOYlocR ov&oaitint BRI GPepRaSRY ON

t he Welsﬂgigh ‘ff the polyner. Ln sone enbodi ments, the hard segnents

conpr i Hock g segmetta hrafeebly, As pnd Bepredinked isa sebstantighe Hinear fashianhesot her
hand, r®bsded ; i ' L0 A 25 the . cononomner

cont ento%z cc?.nitgnagugggﬁéa%ggﬂﬁg?ﬁfeéﬁgﬁ%ﬁhg}? ﬁtlfﬂn %l)g\x@f&?assmé?le&? 8P han about 5
wei ght diawrnts, gy eipehsaintl\B loelat are randamiypdistibutedurgthe p@lyﬁﬁﬁ thaifll Bat er
than a 10 i ght ercent, or greater than about 15 wei ght percent
based %ﬁye{rﬁveor% ﬁﬁoc&gpﬂ@“}?ﬁ P}.gd? RORsve a sEnefyes ardallews.t he conononer
comfent in the soft segnents can e gaer gghan about 20 weight percent,

greater than about 25 weight percent, greater than about 30 wei ght percent,
30 great 29 han msilt othsr mb@ﬁmeme,rthehtopkgomymerstd@amt abaillty h40e neiight

per cen r t 5. i ght percent, greater than about 50

wei ght ttyppéeg{:fgﬁc%’ %Vb{&g?f%a glgesﬂﬂé\?s{egﬁcé’g‘i"“@g‘e ~%1Y6915§F’b%ﬂ'?9 Imgntyysash b/ 102155
PCT/ USDORE/A89BEGck B3k} mbaemeefdr coRBARALSE s6Barfalle ParkkBrily 8REMudd Wikl Ock

i nt erpal r fro abou%ecl wei ght percent to about” 99 weight percent of the
t ot al 3&&%/ ‘gﬁﬁk-&{l%%w s Reither Blagk 1A pesrblockyB eemaprissdsywh oo meab sult-segmentsg ht
pelseniordsabdreu el n f 2 ahout .10 i,ght rcepnt to about
90 wei K'hrtsglpj)erce%l)t(?Rilflér,tgllr% ago@)’?ﬁ%g’ %A‘EP&%?@B&?%%%’?@ YVB“V%B’%E? S‘é‘%%@?ﬁh per cent ,
5 frongémmcgmpmﬂ'tighﬂlapﬂtmmofﬂmlﬂbﬂut 80 wei ght percent, from about 25

wei ght percent to about 75 weight percent, from about 30 wei ght percent to

about 70[ ioght rcemnt,.f om about . 36 wei ght percent to about 65 wei ght
percent, From abodt A |°BI1?PYHI§F§:T§H{°5‘ HeypBite vagouhamgwets pbrhesditandor from

about Apfeb@héntRETILAE? sdothcaRQRter RObIWELAL ngﬁg&f‘z@& uftfts fnhx@higf?%ﬁl&len@‘?' gihtn of

t he bl ock interpol ymer. nversely, the h egnents can be presen
si mi | aPresent iy pRyagount gecatasthansabgnie?t weikghtbarcnérand prefgmbhngtesthiethiaabs egnent
wepght g ated based on data obtained from DSC or
(e 0 SRR aRE 8015 o CALFHL B B BRREY Aol SoR! e BSShol e

content (content of monomers other than ethylene) in the hard segments is less than about 5

weight percent, and preferably less than about 2 weight percent based on the weight of the
polymer. 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
25 the comonomer content (content of monomers other than ethylene) is greater than about 5
weight percent, preferably greater than about 8 weight percent, greater than about 10 weight
percent, or greater than about 15 weight percent based on the weight of the polymer. In some
embodiments, the comonomer content in the soft segments can be greater than about 20
weight percent, greater than about 25 weight percent, greater than about 30 weight percent,
30 greater than about 35 weight percent, greater than about 40 weight percent, greater than about

45 weight percent, greater than about 50 weight percent, or greater than about 60 weight

percent.



di sclosed in a concurrently filed U S. Patent Application Serial No.
(insert when known), Attorney Docket No. 385063-999558, entitled

" Et hyl enewa-2@éi02155Bl ock | nt er pol yners", filed on Mar chPLB/US2@00860985N t he
nane of Colin L.P. Shan, Lonnie Hazlitt, et. 15 al. and assigned to Dow

d obal Te ologi-es lnc., t edls of whi c |S|ncor orated by
ref er encefﬂir ei g ﬁ’r‘? ?‘s?e%‘ﬂ?l}q? gne E[“g)ﬂprqﬁl‘?ét ’tnear @V&Ph@mm qboéhbl oyed,
ref er s vielglet pRReHIMBIabbia9 W&gﬁ%ﬁ&%’c 8¢ thi kbl wélgﬂﬁff ﬂﬁé o8tk hlté}@ol&fneFr ystalline

melting point (Tm) as determ ned di fferent scanni ng ‘metry
(DSC) weferghling Iér&bomtescmghﬁmrcenh@ abenh? frargigheperse, ﬁrmhabmhtalt@g;eﬁ@lhty with

the 20 The ¢ h ef t |
| acki ngeielt 03B OB BenelEn, SEF b5 SBTEH AR Bybor P arehinsieebbanni ng
cal br i et ybduDIChwetitht peji¢kMab abbut SOSRAPeRent, F3ln é'ﬂb%t b2 lydigh ggérként% ock

copol erE % 'segnment ed copolyner"” reférs to a ynmer conprising two or
nore ct Wl‘tc7 IW?g]%fll@fqeﬁblfmﬁbﬂ?% 30 pieighégersentdo @b@ﬂéﬂﬂ@ghtqpemnt 26ni' bl ocks")

f t
e caPhst 33t defbel to BB 6RO nerd MR st fh BRI PRl P B pect. o
pol yneﬁDzreiilgl‘euohlgclenm brfrofabott 4nabight/perdeant f&iboﬁ;h&@vdeighpﬁéfd&ﬂfof fHe tefaﬁf ted

f ashi on ﬁgﬁéﬁf red nbodl ment, the blocks differ in the anpbunt or
type of” 0§ #e f-anneisgiynthethaed seamentsycan bp presentou simiks

cryet ak&dg@b t Yhe §dﬂ5‘se%frﬁéﬁf v%lkh Olgzrc%nza%e &Eﬂ%@?{gﬁze&?w@ %?Pé(rc%)r:[ag()ef can bl

conposition, the 3 pe of ree of tactlci SOt
syndi olcdétllla@}i bamlgmﬂiataeghtalacd fryndDSCeug INMRY 1Seghihrttiody and bculaigndate of

hongo iR Ptostd il 1S8Rt e PRI L Pl Pl b Behioh SHTE N opes Ly Hiserathen. bl ock
copol ymdS\Sn)aA@to mem@eattsbas@@%\é@ &QR%@%&S&%%%}%%OO%W uni que

di stributions of h pol ydi sperS| ty index (PDI" or ock |l ength
di st ri Buespglymers) ﬁleérontﬂ/fé@h 130200166 lldtlhstnamb@f CotindL2 ShentThennimiaplit, pt.ocess

or Ssoaal and ASLE00H B GobdlBefinABTELIne” B dsqipsit it SooporgRa B anly
from 1r68761'cnc62he5¢1nmm)rtEemrredyerabl y from1.8 to 2.2, and nost 5 preferably
from1.8 to 2.1. Wen produced in a batch or semi - bat ch process, the

ol yners ssess, PDI_f om referably from1.3 to 2.5, nore

Br e?‘/er ablléﬁ?r om ihﬁ Nt ‘rfry(ﬁt Hﬁ’d‘ fy‘ff &sfi é%é@ﬁw%bmmﬂlat@osscss;s 8 fir§t34]

" I npacbrdePddsyiiordiRlinOh e BB Yo i pol ymer "

a quantity of eth Iene/lrél oleef ?)rfl) nuﬁlﬁ) g% &éti&lﬁ%ﬂew %@Le?e%lﬁaa%%"% ¥o a gi ven
pol ynesalednplsy (PFGhor efpml\sllﬁ@htetc}maqm hﬂla:ttanpmytbem?.e@ 1mbhdigéaﬂly @dthithpact

st4g£ng a er re ow, mai nt aj ned_or, i ncreased as
c oin%ar{g t tcs)eréfé atél?r\lr;g;h ]@Sﬁﬁ%‘s FP?O WS BEER Y2 Po'sEner ﬂﬁﬁg’@g a crystalline
melting point as determined by differential scanning calorimetry (DSC) or equivalent

technique.

[33] The term “multi-block copolymer” or “segmented copolymer” refers to a

polymer comprising two or more chemically distinct regions or segments (referred to as

25  “blocks”) preferably joined in a linear manner, that is, a polymer comprising chemically
differentiated units which are joined end-to-end with respect to polymerized ethylenic
functionality, rather than in pendent or grafted fashion. In a preferred embodiment, the
blocks differ in the amount or type of comonomer incorporated therein, the density, the
amount of crystallinity, the crystallite size attributable to a polymer of such composition, the

30 type or degree of tacticity (isotactic or syndiotactic), regio-regularity or regio-irregularity, the
amount of branching, including long chain branching or hyper-branching, the homogeneity,

or any other chemical or physical property. The multi-block copolymers are characterized by

-



strength at the same tenperature w thout the added ethyl ene/a-olefin
multi-block interpolynmer. [35] In the follow ng description, all nunbers
di scl osedwber@/m2e#se approxi mate 15 val ues, regardl ess pamatsbes/ovdss7 wor d
"about" or "approximte" is used in connection therewith. They may vary by

2 hunerise SBRRERR prBaRRsREbersf indiUPhEL 6T M/ ipetions Ioneth distipusion,
di sl osdior 8luglc niBBRLisBllibuc ol iilepoBAd SndinPRRL biiilehots dhagh 05

In particular, the followi ng nunbers within the ranhge ar pecifically
di scl osBeriigaliz wher profuged injasosiimuons process thevplyradk desimblyi prgsdst PMDI1 per cent

to 100 1 rcent, isncrenent .. i.e.., k.is ercent, 2

per centtgﬁéqggé g?hﬁ)&f%a&plgﬁgoe ﬁ% £ 2&2%"53?{#@@”@%&868%2? aB‘im;S’étr cent, 52

per 6entpreferably¥orna(L@rm.1. Waen Besduesd in atEEsCRMi-b rcent,
Mor eover nl@numer i }élal : range defaﬁjﬁgg&%gf?{m%p%gﬁnber S as

or 100 per ceﬁé. an

def i ned©5$55t Ml fpiel fos2.8 prefesbbie fromclad fo,2.8i wotequettrablyEfibml lehiey 20Qirelf i n

| nt er pgls hyl ene/ a-ol efin interpolymers used in

enbodi nen?gfeofrg@%gl%?ln%/gﬁ?ilgh (also referred to as "inventive interpolynmer”
or "inventive polynmer") conprise ethylene and one or nore copol ynerizable
a- ol ef i n Bétononémspachmudifymeranmenit bHethyleadiaosiraniltiesl oklyintd¥pdliinet ss Al ocks

or segnent.s o or nore polymerized nononer units differing in chem cal
or physt¢eaty Bf %twf)"{‘?/ 8's°lifrm @@El'ﬁglﬁ‘elé%%w@m addgdde agavsmypolymericompekition

copo! ymth thdthd BEmBSMISrEN R cIRAES fnfhak | shar jzed by one
or nore of the a.spg(gts des((::ri bed Iggafﬁtﬁgg)@.%?@wgi d)g%@w%

PCT/ USHgErinedgsipcrepsas camparesd 46 prid givenlvempbsifibesnadtaheal lebd fmpat er pol yner s
used i 5@? t he inuentjon V. M /M fromabqut 1.7 to about
3.5 and a %latg%p%%e%%%’le’faﬁﬁrﬁ Vﬂ%ﬁoH{t?‘e?H‘?eqe%ﬁﬂ%?‘Q@{n@V@r ekand density, d,
i n gramgépolyner.centi neter, wherein the nunerical values of the variables
correspond to the relationship: 5 Tm> -2002.9 + 4538.5(d) - 2422.2(d)2,

and pref ly Tm -6288.1 + 13141(d) - 6720.3(d)2, and nore preferably Tm
> 858. 916[5”3128)2/5. g]t@lf%qﬁci"ilﬁg daiegption,[atlgiunthesndiselpsed hgrapo arstaptieriiaty

relati QMed, Regaidlbds! i N« qub J kesthe .traditional random
copol yners _ng et h§;|®g%gl§eg?1%ﬁg ljiangb%ogredaﬁgwﬂﬁgt%pésr%gg AP Wi th 10
decr eatierryvithe ifieyineay, varn by il ipesneni, 2eeiceht SpRIatAE bS, sOi@feS a0te do b¥rdh@nonds)

exhi bi lLtin ol nts substantiall)y independent of the density,
parti Clwﬂagr%?‘g/er \%ﬂ‘é‘ﬁg&sﬁs@i‘%ﬁ ‘W_@h Bg‘{%éﬁ‘)ﬁ&ﬂ% Lﬁn% %), uppeiginei: Er}g 1%@@@95%1, 8%y g/ cc.
For exaifpbe. falling witid iheGamRi s speRificill§ RisLRLYI eimSafticRildr NthE ?(ﬁlowing

numbers within the range are specifically disclosed: R=RL+k*(RU-RL), wherein k is a

e

20  variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent,
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical

range defined by two R numbers as defined in the above is also specifically disclosed.

Ethylene/o-Olefin Interpolymers

25 [36] The ethylene/a-olefin interpolymers used in embodiments of the invention
(also referred to as “inventive interpolymer” or “inventive polymer™) comprise ethylene and
one or more copolymerizable a-olefin comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized monomer units differing in
chemical or physical properties (block interpolymer), preferably a multi-block copolymer.

30 The ethylene/ a-olefin interpolymers are characterized by one or more of the aspects

described as follows.



range of about 110 C to about 130 C when density ranges from0.875 g/cc to
about 0.945 g/cc. In sone enbodi nents, the nelting point of such polyners
are in theonawge26 about 115 15 C to about 125 C when aemaistgosnessges from
0.875 g/cc to about O. 945 g/cc. [39] In another aspect t he

et hyl ene/ a; ef| inter ner.s.conprij se, | nmeri.zed form eth | ene
and one o E 8P%?§p% ﬁ’ﬁc?ﬂg’rl@egﬁﬁiﬁgﬁflgﬂp? éImH uged Ay embpdimeatsy afdhe
Cel si ug dﬂtﬁbhﬁ@tﬁia’:‘ﬂ SNIEfbRAMaMRLE t t canni ng
Cal ori mre‘try (" DscC pgak m n&si?&ial%dehﬁges:%gua?ieéaﬁn %Jl{n%ﬁlh{é?m’ﬁ

Cr yst aldegiegs Celpivag Wlsgyﬁ,mgm@mﬁmbmemtn@tbﬁml&Tﬁﬁ the memdticahvhlaeshfat  of

fusion nd Tan atisfy the following relationships: AT >
20,129 ‘Z‘ﬁﬂ}{agleé%is%‘mdﬁ by & %?‘5‘81%\}? AT > -0.1299(AH) + 64.3 8, and nore

preferably AT > -0.1299(AH) + 65.95, 25 for AH up to 130 J/g. Mbreover, AT

i's &qual toTQ,r>ga09a961f453lxaﬂ(d)482422fl(ﬂ)2Abi1chreﬂirﬂﬂ than 130 J/g. The CRYSTAF
peak is determ ned using at |east 5 percent of the cunul ative pol yner

(that is, t | east 5 percent of the cumul ative

pol yrrer), H§1$%§§§g& iﬂéﬁ&{) %gbégbt 29fl e PEAe YT has an identifiable
CRYSTAF peak, then the CRYSTAF -9 WD 2006/ 102155 PCT/ US2006/ 009857

t enper at ur e TS ¥ anghFbt ?]Sﬁ the gnppreri cal value of the heat of fusion in
J/g. More preferably, the ighest YSTAF peak contains at |east 10

per cent of the cunul ative (é Figure 2 shows plotted data for
i nvent i vel38bl yneSEClh@eWélglpoag/ o{yaekatipnship Exﬁmbﬂaml in Figuegyt aUntikptrk ar eas

and pe e th ter| zed .5 drawi.ng program
supplol leé %gﬂ%igéﬂfo#{sfo}u%&?%k%ﬂﬂ% eléf?tceol?é(gf d’gkﬁ) H@W FEseHl r andom
200 (A B B e R o1
i nt erp8P Stﬂrglﬁilyén%@é@m gf th %ltdﬁ%t%ft}’r Wlﬁﬁﬁ@gwélmﬂ@!ﬁltﬁes b%wnemﬂ@uand 130C
wh f t ctiongtion
" TREr D Bt ) o R A i8Rt o Sk RO Ed 0B

cont entfanlgﬂ gﬁebout ibi(bf(éltcaﬂiopt a0 P@axsthnﬂe:mﬁycremges iogh@B875 Bl €o MbRit 01986l y at
| east rcent ﬁ 8’i‘t&t than t hat .of .a conparabl e rapndom et hyl ene

i nterp If‘SQInF ecf’tﬂ? R el podnt of ach Rolyraers axgiarthe Wé%OfW eih the

conpar mteawoatﬂqi:@m@bm{l @&%1?&&%&%0%87?8/&% BMouk 0945 3R P, comnaomer (s),
and has a nelt index, densify, and nolar conononer content (based on the 15

whol e pol yner) within 10 percent of that of the block interpolyner.
Pr ef erab|l§9l t he Msgnother gspech thecashiyl eredtrolefinintermedyryers comprisd, so Wi t hi n 10

per cenboigietifdi fofth, bRG1dAL A6 ohdbEMHBRY . BRFins 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
20 (“CRYSTAF”) peak and a heat of fusion in J/g, AH, and AT and AH satisfy the following

relationships:
AT > -0.1299(AH) + 62.81, and preferably
AT > -0.1299(AH) + 64.38, and more preferably

AT >-0.1299(AH) + 65.95,

25 for AH up to 130 J/g. Moreover, AT is equal to or greater than 48 °C for AH greater than 130
J/g. The CRYSTAF peak is determined using at least 5 percent of the cumulative polymer
(that is, the peak must represent at least 5 percent of the cumulative polymer), and if less than

5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
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and/ or the conparable interpolymer has a total cononomer content within 10
wei ght percent of that of the block interpolynmer. [41] In still another
aspect, twe eadpbsne/ a-ol efin interpolynmers are charact ecrasdoodeyoss2D an
el astic recovery, Re, in percent at 300 percent strain and 1 cycle neasured

i onqgol d i | m of thyl ene/ a-ol efin int | , and h
2" dens: By DL 0D IR b Be Bumfoalalic Shfe etk tHon i) Mt val uos of
Re and meferiblys the Kifiest ORIYSWATpeak @bAtal RS . 1‘@*}5%%@%8%%@@&%&&@‘;' n

i nterpol yner is substanti all ree of a cross-li
1481- 16@1\8(@% Figiae sk plottgd ¢8a Ry inventive polyiedy as weltlasmmepapitaker abl y Re >

20067 105 0ten AR Rl as b bR Riatnsrriire aieglralofistietbi sempstriohs £y on
el ast i alrawingpesgrarh Qupplizdibyand RetrimbiEmaRde The MRLGEI ligk ﬁad'vmfﬁ}? ttlile\étgndo

interpolyners and traditional random copol yners. For the sanme nsf?y, t he
i nvent S 1§15061598 comparativapelymatssoaasnoals {0 the gheationl AR+ ¢ 129 @Y+ es. [ 43]

I n somgegibodi nents, the ethylene/a-olefin interpolynmers have a tensile 5
strength above 10 MPa, preferably a tensile strength > 11 MPa, nore
preferably a tensile strength > 13MPa and/or an el ongation at break of at

| east GOOEg}Qbr centln yetomether adpectatileytlatiene) @ akfin IRSrppBiE@ B have i &bleyulaf ef er abl y
at | east ?00 e ant, nd n%)gé hi h&ay preferaply at least 900 percent at a
or 0sshad 1%%‘6§’r°§te 65 beliveengr’g ang 130 rhen fractippated using diempetsoue Résing, t he
et hgl eBhtgonIraétiohatiod ©TRE i ; I ratio,
G (2501 G (1000) . of romqﬂﬁgéf%g?ﬁ%?‘% é?%ﬁ?@qfa?gﬁ? E;io%‘q%‘? RBPASIE: o1 abl y
f rom 1 cpefentQrighgndyrefierabby) atdeds0 & persapirtegisir omomgirefofablyesidedsh a0 p&erper cent

pref er 7 cen e ciall ess than 60 percent, |ess
than 5 héf’ g@iﬁ%@?gf@?@’a{%ﬁ% aﬂ@%gﬁ’g Int mer fragtion pyfing betyiser the of 0
per centamé #ajpetatures,iillerath e conipatsbieRALSM o n%t'ﬂﬁégﬁﬁﬁ{“ - |
interpol%mers h:i\ve a 70C 15 conpression setlﬁgﬁ2 Iles t a%%éﬁaﬁjﬂesﬁgee% ,el ess

t han 76°8RUBSHS) qnddias amekt igdexs dersiiyi andomolae semotramer coOtepbibasedion the
b : i £ .t he.interpol is less than 40
r et er ahbk potl}b}ﬁerz gﬁh%fﬂ)}éeﬁgezfﬁ ,([8?‘[}1%? be t?lF ﬁkﬁﬁé}'&t@g}éi}%ﬂ{ %&éﬁ@kﬁrﬁ@% Wi

percent, lI"'ess t ess to

about  Of thecomparabledsferpolymarie alkadtineMpércertt b it BYIHE BER-iBkAolfiner
i nter poI&?rre S have,l?1 eat fusion of less than 85 J/ g and/or a pellet

h f
bl ocki A" < P& ATERYE eéf&s@PPwrélﬁSng%l QOFROMTD cartery oithiis 1 visight pei8dT Pa)
pr ef er apihit GAHAblotRifrpbB Ryt han 50 I bs/ft2 (2400 Pa), especially equal to
or less than 51bs/ft2r€2 O Pa), and as lowas 0 |Ibs/ft2 (0 Pa).

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

relationship when ethylene/o-olefin interpolymer is substantially free of a cross-linked phase:

Re >1481-1629(d); and preferably
25 Re >1491-1629(d); and more preferably
Re 21501-1629(d); and even more preferably

Re >1511-1629(d).
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[47] In other enbodinents, the ethylene/a-olefin interpolynmers conprise, in
polyneri zed form at |east 50 nole percent ethylene and have a 70C

conpr essiwo 29@t10ef551 ess than 80 percent, preferably | epsTiusaowe/HWSPETr cent
or |l ess than 60 percent, nost preferably less 25 than 40 to 50 percent and

down to c|lgse zer ercent. [48] In sone enbodi nents, the nulti-Dblock

opol ymerL‘&zosse ég‘gfelslﬁ Oy fl{eié%%mé(’f%éﬁ@f o1y elpstisyrpcaifent for wootieried Gloer t han
c

a Poi sspiiedich céreifh § ; . €L ract erized as having
both a oleg,di sper seirglliag%aka?it s r%ﬁ{gﬁgﬁ t%ﬁﬁmgﬂp%{@og? (s:(ggleoﬁlg@erﬁl Pt ﬁ’ﬁﬁ?‘inSn of

bl ock glensty, thednysntive senpglymenvltvepnbiatilaily digher elastid resovakiel! ock | engt hs.
Preferred multi 30 bl ock copol yners are those containing 4 or nore bl ocks

i ncl ydi terme.nal . 11 2006/ 1.02155 PCT/ US2006/ 009857
glroiﬁgne%‘?é pr e1Li Igrsglgf’ffr,n P gleggpg\e #&?@e?%efeﬁaémﬁ’{pog’é%f haye arigngle 20 bl ocks
or Segnwaigh absie! 10dVIRg, greferdblpd tdabi®efengt 491 MERIRRP efeg%lgg%nsﬂgy be

as

measured usj ng _any suitable technique, wth techniques on nucl ear
&b grlahiie

mag B Iet iSEeR andfgyrnelongaiéen & @ﬁgkyOfgiit bfagrﬁ()@d).ercﬁnwmwo peeferably ralt pol ymers
: i i REF
Gesi rabiyt 100 AL BTl Bt RaolothetleR? fnd Rortlihl hereiadly wlshg. an

el ut ed 900 pepentat aceosslzad sewiratiGarrofl1¢ss/mlifaé. i s, each eluted fraction has
a collection tenperature w ndow of 10C or less. Using this technique, said

bl ock i ntgr.pol rs.have at. | east one, such fraction having a hi gher nol ar
conmononer ﬁé g nt )é gﬁn PWQW%W‘EWFE@&&% GEWEHF}ré'a‘?:IFﬁ% teypolymers llétygé b)*ﬁpﬁg@gb e

I Nl@r pelodurss -rati@,@’(iﬂqugqtl 06C) asiRsh 1 tb BO ﬁr@fé?mr%HGmpﬂoyﬁﬁ%}ogé pl%?ergtl)l?/f In

i nterpal yner, preferab conpri sing et hyl'ene and one o
copol y#ient & kbl & apdied (Omst0SC icomprsisgine sétad dest dram 80 pehmng prefeiasdedythanl ti pl e

ronome? eicets SR st i BN RI<Rk Rs BEH,D Reletiopbjoer a4 porcsthc s

i nt er pad y cmnpressimbéet pf @pedcatdl y a mul ti - bl ock copol yner, said bl ock

i nterpolynmer having a peak (but not just a nolecular fraction) which

el utes bit g\fen 4?C ﬁ d 130C (but wi thout collecting and/or isolating

i ndi vi dudfk r act bt f?thw%@f@ﬁmzéhe pthylene(p-clefinfingrapdlymhwsshaze agoMdnoner

COI8 entoBfrlebdi®t &4 oPdesd %gﬁjgﬂeﬁtpfeg% fhgﬁ?g%rc\é%e s ﬁ%@gﬂg)ggc%ﬁ% Bg]re%%%l

wi dt h/ hal T maxi num (FWH ea ca as an noner
cont en$0 percentgResferaplye fer7BC yompressian tetdf ey io@Riol el 6¢ lesdMBE 40 F)eﬁceﬁ@bl y at
| east lleo @@r}g nt higper tgﬁg t hat of a conparabl e random et hyl ene

i nt er pory gé’sli?e% Shibag ahpewen Phmey g dpun e abaik @ peesephinded usi ng a
full width/half maxi rum (FWHV) area cal cul ati on, wherein said conparable

r agdom etfhg]l ene In¥opicpahbotihektfthé BBy RATE-ATPRATBS{Rbsdie 138aid el T
i ndex, _ .
fusion of less than 85 J/g and/or a pellet blocking strength of equal to or less than 100
20  pounds/foot* (4800 Pa), preferably equal to or less than 50 lbs/ft* (2400 Pa), especially equal

to or less than 5 Ibs/ft* (240 Pa), and as low as 0 Ibs/ft* (0 Pa).

[47] 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

than 80 percent, preferably less than 70 percent or less than 60 percent, most preferably less

25 than 40 to 50 percent and down to close zero percent.

[48] In some embodiments, the multi-block copolymers possess a PDI fitting a
Schultz-Flory distribution rather than a Poisson distribution. The copolymers are further
characterized as having both a polydisperse block distribution and a polydisperse distribution
of block sizes and possessing a most probable distribution of block lengths. Preferred multi-

30 block copolymers are those containing 4 or more blocks or segments including terminal
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density, and nol ar conononer content (based on the whole polyner) within 10
percent of 25 that of the bl ocked interpolyner. Preferably, the Mwvw Vnh of

t he conpawebkbe/ioatser pol ynmer is also within 10 percent eCTtusat0600985he

bl ocked i nterpol ynmer and/or the conparable interpolyner has a total

conono optent within 10 i ght .percent of that of the bl ocked

i nter porﬁ?é/crlr{é'r Mof’ﬁ Bre\lfn?ff‘? Yuihg tchV\ﬁ rsﬁg‘ﬁp‘iﬁﬂhtl?qu ) or2d) tlegkstor segmenthased on
t he ratiheludihg temRlidY bidcRs Met hyl ene response area [ CH3/ CH2] from the ATREF
infra-red detector, wherein 30 the tallest (highest) peak is identified
fromthe base line, and then the FWHM area is determ ned. For a

di stri but [48h neadwmeenomsi ggnteant maRERmpasaked using wEEMitalle techsiqdefvided as t he

- Ti. and T2, . Ti_and T2 i nt
et or mtyiduBEb S 67 nhEUERTThe R8s GRS, cshOtoRE proeaRt. and ri ght of
t he SATRESrepeakior pylydieyrd 6 bighdskRE pplaterdiiviiy relyivENbroRNPREPER~AE g g a |ine

base |ine, that intersects the left and right’ portions of

hori zont al t(rgiet.h% : . > !
t he ATI?EE’% drably 1s digst; fachionated wiing EREE intodiasHonsesack baviagen ekitedade usi ng

random {OREhAs fojo I S, i ompnaner. content from NVR
Ver sus tﬁhvﬁ\fﬂé ar egﬁ%ﬁ(lt)}ﬁcg gf&ﬁ%g’ %H—g’ © alpégg{?fi S{éoqnﬁ?ssa GONEPIOn ERPREEHED, t he
cal i br atindow ofit#€ drdesye isimptthid téahnidubesaibbiocic @pEITRIrs KavBat Rhstiopber est .

The conpnoner. content of TREE peak of the inventive polynmer can be

det er ni® ‘g’dg%?‘of‘i?ié% AdighsT flar comonpmeE ¢astent thape qesicprpnding fratinn wétisy |

et byl eB@pabie intefolyndrCH3/ CH2] of the TREF peak. [51] Conpnoner content
may be neasured using any suitable technique, with 10 techni ques based on
nucl ear magneti c resonance (NI\/F? spectroscopy preferred. Using this
techni quel3Ukai d B areatest aspacsrthoinyentive todandr iy e olefinliaerpobmianpwetsalipnt ent

than a L I | e interpol.ymer. [52] Preferably, for

inter pg?@%%lgg g‘?@%%l ﬁy %ﬁlgé)(gijr’{ggrf Cpg@p’glﬁ ,Zalﬁ‘ﬁgorﬁ? I3 I RALYeYARg forRas o
conpnoekaractenied bty miiltiplecbl SIREK. 4./ R ORvohIBERsN Br RBMBRRDIHRN0 3PI30C gr eat er
t han or .equal to the %Eﬂ%ntlt'y 0.2013) T +°20.07, nore preferably

15 ! . . .
gr eat e PO HSHZH} mapemer yrits erefwamcg@rylcelqr.pm;@al prepeztiesiPlockbere T is the

i : | t f .t REF .f ti bei
ooy SRerpYRite, Bipst DELRARL o S LRI GRRSREE SE8 G s FonlShis P et rent . of
t he bl pedk (bnt et pust v med scuddr fraeti&xlgolvd_rieh allgg:s betvaeh d0eC WR%BI}IP@ (Blthi/ilﬂqutt he o

n nt ent versus. TRE tion tenmperature for several conparable
ot ny onalertBg el i Taiilory i brrtatas sruBrenesan s st eniot & a || no
r epr es esthomtindrcofteROekBmated hydAfidfed @ékﬂr@scb%ﬁ@z}uen d; ésd(;ﬁsé'ﬁe%%{ f e equation

(- 0.2013) T + 21.07 is depi'cted by a dott I ne. ed are the
c onmono Wistv/bal maxinunF WHM) etcasalsulofios chae pa hvérhgrckolat byhemeneroarhene

| BT PRINEELRPhuIY AE leEQVSeﬁ]e%e%P hi ngl, biord Il)r%%elirably at least 10 percent higher, than

that of a comparable random ethylene interpolymer peak at the same elution temperature and
expanded using a full width/half maximum (FWHM) area calculation, wherein said
comparable random ethylene interpolymer has the same comonomer(s) and has a melt index,
density, and molar comonomer content (based on the whole polymer) within 10 percent of

25 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. The full width/half maximum (FWHM) calculation is based on the ratio of
methyl to methylene response area [CH3/CH,] from the ATREF infra-red detector, wherein

30 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 Ty and T,, where T; and T, are points determined, to the
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copolynmers). Al of the block interpolynmer fractions have significantly

hi gher 1-octene 25 content than either |ine at equival ent elution

t enper at we=oelitessresult is characteristic of the i nvearivseoncovesspol ymer
and is believed to be due to the presence of differentiated blocks wthin

H oo BRGS0 o e ATER 0wl ViR e nf 120 B Bh o ahency il
pol ynerhoh:zaﬁauteme 66 11X AR liRteRe @B thedORBAL ALt rfordsQF O%T %@%ﬁéf bgl ow.

The peak eluyting 30 from40 to 130C, referably from bot h
pol ymercalibiation give fos gpmgnomencantané s madetusingrandom aﬂnyleab,{wt-mlaﬁn over a

2006/ 10040 P O sse B Reba bl e LN bR Wi v Gt ik 11 ca

ar t bsarpeslanFaphis eftated hithod, alte EEGRAICEHR is gaietézé@fdr% SHRuiBRbniRE
constructed..for interpolyners containi n% different cononorners and a line

used adYRF UdMBESSh sidis comongmmer eprtend of RRE F]Géﬁthﬁlim@inﬁwpﬁlb’memﬂpmr ative

i nt er pRl¥RRInad 8) bR , apol rs._made using
a 5 netal | ocene 6r onﬁﬁgﬂﬁgpn%gdgﬁﬁe%ucsu p%e:lES?lf@?% corrpé%? fl t?fﬂE%%?fF%e

i nt er podtyni§il/Gllg of thesTREF peakzed by a nol ar conononer cont ent greater than
t he val ue det erm ned fromthe calibration curve at the sane TREF el ution
tenperatu pr efer abl | east percen reater nor e preferably at

| east 10 ?)52} cent E@P@&P ! Cc[r% L gy bedarashisH egeﬁésa%teaem%w

pr oper ftéoﬁﬁlqd%&iséd)&dnﬁkﬁéﬁ'ﬂhgn%ﬂ'@re'séﬁé%@é INPIR) %Peo@l%é’dtﬁ? éﬁeféfl@d bfsi sing ’[hlS
characterized by one or nore additional characteris n one spect t he
i nvent fapenidBe. pridrblocked intetpelyiners hasdrighst yrrdar, coprombeenbintertdgrd si ng et hyl ene
and ong, 6 ,CONDNOoMer s in polynerized form

char act e?%sfggdﬁ%/cglﬁﬁeﬁ%l%ﬁ?%%@%gr Tor segnents of two or nore polynerized
nmononmer units differing in chem cal or physical properties (bl ocked

i nter poI vid2l ), nBsdferpblf ﬁraﬁbm_oolgrnmné b1 ethylowdarRioRedty e the 1518é16ink]
interp havi n a mol ecul ar _fraction whjich elutes between 4 C and 130C,

nmer
when 3?%%?%%& PP PIHEEERER drasHemelating hefvaen 40 padiBQ°G arender thati o
frasti equad@sth gast 5

per cent@nal ghe?qﬂangﬁye( p(;rig(]gﬁgrljlgfbrpgo erfl iptélji%ﬂﬁf%fgﬁé%gﬁ 840écé'lag{eor%ent hi gher,
t han tnaanh@r (- B Apdr2BI04, wheddnisehduyineerical vales phihy pesk Elued ieatperabirgt i Ng
bet weep erat ures, .wher ei al.d conmparabl e random et hyl ene 20
i nterpofymer co llogggmlgﬁgn?m LEHHH %‘rfﬂ {: preferably it is the sane

conmononer(s), and a nelt index, density, and nol ar conmonomer cont ent

(based orf53he mmgarepmgmpmany\uéﬁm@axl&nbaﬁﬁféﬁﬂéftﬁé brobﬁlint oty*ﬂ?eré)bpc ked
, the MV Mh of the conparable 1nterpolynmer is also

i nter po%lme referably
Wi t hi n¢t %Wgh?cfs\‘le Whalie adtlot fdheeasponomer sprtenioreysws T REGFI¢lotiont he
cogpar fé?ﬂgf% Lﬁg?&%?{/éﬂpéon%?alﬁe Etﬂgrféhe/gf QLR rﬁérp(é\gfrr]ﬁeer}sn Eranvgotrrb oo }Qm\e/r\fs"j ght

per cent 1
are fit to a line representing (- 0.2013) T +20.07 (solid line). The line for the equation (-

0.2013) T + 21.07 is depicted by a dotted line. Also depicted are the comonomer contents for
fractions of several block ethylene/1-octene interpolymers of the invention (multi-block
copolymers). All of the block interpolymer fractions have significantly higher 1-octene

25  content than either line at equivalent elution temperatures. This result is characteristic of the
inventive interpolymer and is believed to be due to the presence of differentiated blocks

within the polymer chains, having both crystalline and amorphous nature.

[54] Figure 5 graphically displays the TREF curve and comonomer contents of
polymer fractions for Example 5 and comparative F to be discussed below. The peak eluting
30 from 40 to 130°C, preferably from 60°C to 95°C for both polymers is fractionated into three

parts, each part eluting over a temperature range of less than 10°C. Actual data for Example
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25 the bl ocked interpolymer. [56] Preferably, the above interpolyners are

I nterpolyners of ethylene and at | east one a-olefin, especially those

i nt er pol ywenrsgodmayisag a whol e pol yner density from about PCOABB®MetmsahoOUL
0.935 g/cnB, and nore especially for polyners having nore than about 1 nole

per cent noner.,. the bl ocked interpolyner has a conononmer content of the
TREF 30° %ggﬁf BRIVt e%;h}ﬁesgﬂﬁg campppreciata it apgapropriatequal to t he

uant i taalibration 3586 bt const : equal, to
The  quant ey é ol o O e St AR A P ol WP B i
$

to the &iiised gs ¢ compaisey fitted toi the TR EAhealvesTobitaindchomwoRipattive - 14 VO

2006/ 1 val ye of th eak ATREF el utjon tenperature

of t heq'ﬁ%%?)lfr afq':"tbJ ?@%gg@gﬁg&%]%sa%e ?ragl%é'%‘fﬂ“gﬂoﬂoﬁy@rs (e Using ey ably, for

t he Sabauetallovers podtiertondaEn@ub ¥hiai8t @RhRltidne a5tendye nﬁé&gb medd %fe' n
n r

especially those interpolyners having a whol e pol yner Ity om about
0. 855 t%a%wf&%‘tﬁ by yekir GpEABOMeGPN gree@pﬁwnaﬁe yaliodetpmiipedfremhthyi ng nor e

than a Nypsim=) r e. bl ocked. i nterpolymer has a
conono %?Brg %(I?lt ent . gt?t Btg Eée}ﬁel'ggﬁ%c i teorﬁlbgrﬁﬂ’tr?’ r%é%ﬁgiyv% Z‘?igﬁ%g%lfﬁﬁpt ERACTyr eat er
t han omergpedfernblytah Eeaspidnierdent freafdr.2013) T + 20.07, nore preferably

greater than or equal to the quantity (-0.2013) T+ 21.07, where T is the
nuner i cal [S%al ue ;of (ﬁpe Petgk g{%ut i on teraperatu,re of the TREF fraction being
conpar ed, asuréﬁ?ﬁl 141 19 PR ASReclt 29 Prapdtinedeseriprsldiereinstbe inveative ve
pollgmemolyined§icl &f dharacRiiSEPBY YRS moRra‘aﬁﬁ{oﬁQﬂ éﬁa&%@ SHcY. M 058 0y legp Zand one
or nore copolynerizable conononers in polynerize ]fsorm chardcteri%ed by
nul ti pllevenHvsRRely@er is agwisfinsintsipalywen prefemblypoinpriemis 260/ ledind HBE ob RiokS
differi | ' r _physical properties (blocked interpolyner), nost
pref er acgﬁ(i}&lgelﬁr%%@l (?qg+0cl)1§ egso%&o&%?r?zeg%n@,ﬁﬁ%ré Lefieh yp’é‘PB‘rPi? &H‘élﬁ g a
mol eculsegméntsat tworor korepolyinegized fonbBENGER ARG IR cii?xggzal M‘(‘;;;ﬁ]{}ﬁfcﬁfmt I onat ed

|

usi ng TREF in?rer’fnt_s, characterized in that every fract aving a
c omonoREPCEsA {Riekedrintgrpolyaner). mess preferablylaamultiehloelntopohyaserasaidblockg poi nt

reqt e : Chi havi a omer content

B anubpaimts fitind § Bholcdifs a5 Fwhl A OB 8 A1 PR St s
DSC nelftetinpatediusingdfR Bibmetenish@Cchuradtigheerin thdp s &ld Bia6fi6d R dmofai d pol ymer
fractigns, 20 havjn altl Iea%té JI nol percent conononer, has a DSC nelting
oot nt CHEPIGIRS: SRUISRThigheropie bl At isest drpercet bighersmesmipfansily peleawio,

R g T T e
et hyl efliting betyigen the spwe seroppatuyesewhareainl saidcamymacabds Rinidom ethylene
20 interpolymer comprises the same comonomer(s), preferably it is the same comonomer(s), and
amelt index, density, and molar comonomer content (based 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

25 the blocked interpolymer.

[56] Preferably, the above interpolymers are interpolymers of ethylene and at least
one a-olefin, especially those interpolymers having a whole polymer density from about
0.855 to about 0.935 g/cm®, and more especially for polymers having more than about 1 mole
percent comonomer, the blocked interpolymer has a comonomer content of the TREF

30 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
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?5 polymerized form characterized by nultiple blocks or segnents of two or
nore polynerized nononer units differing in chem cal or physical

properti eso@bdeoioksd i nt er pol yner), nost preferably a mecrivskéoenBoss?

copol ynmer, said block interpolymer having a nolecular fraction which

el utes t n 40 0C, when fractionated using TREF increnents,

char actvgﬁ]ie\zgggle’l #@%@P&}él} eoperaiye h?ﬁe ﬁ%@F fiact Srunpased.t enper at ur e
gr eat eimdab@sd @1°C.0 equal to about 76C, has a nelt enthal py (heat of fusion)
as neasured by DSC, corresponding to the equation: -15 WD 2006/ 102155

PCT/ US2006/ 009857 Heat of fusion (J/gm S (3.1718) (ATREF el ution
t enper at ulbdl i n C& refprably, for flypatme iftemplymees pfetbyleheandutdedst ometaplpel yner s

have a t:] ' Ut es et ween 40C and 130C n

fracti g%ﬁﬂﬁllﬁhﬁé#ﬁ’ﬁ%‘%% lélgégt%hroiec?%?’inf’é@eqsﬁy lrf]rﬁg’ta Oé‘t/%ﬁgg ¢ action
thal habow.985REFME nd imore éspegiall R pelyRRiMESAnd Aordihen s 11HaR paRekt 5
76C, has a nelt _enth Ié)y (heat of fusion) as neasured by DSC, 'cgrrespondi ng
to the ORgIRsTothe Lﬁ%@? Srterpalymsk hasia gpmponenger content ¢IARREREE) fraction eluting

t enper ghiketn | o 1) . Co sition

Measur errtg{\fen gg axﬁiﬁ][l %;Oa?: %%ﬁéggggroiqﬂﬁﬁﬁ%ﬁgﬁgﬁmgf I&T oS tHBR of the
TREF patsiterally giraterdbanoredualdd i quantif4(-0.201 3) i 21 0B avlees €64 O nanatitabl e

from Pgl.vmer..Char., Val enci a, . Spai . [ [ www. pol yLnerchar.com ). [62]
The " cglﬁ%?) 8f the é’ﬁalfr%l&ﬁ"n g‘rnptef?éurgé’f g‘let fﬁﬁ’ Era%féﬂﬂ brvgicoinpated, messwied amiht
sensor (CH2) and conposition sensor (CH3) that are fixed narrow band

i nf0 a-red58) | t er g éthl drogher aq&b@%&h&ﬁ%;@%&é&%&ﬁﬂ?ﬁ@?ﬁ%ﬁ”e”t sensor

detects the nethylene (CH2) carbons on 15 t'he pol yner Tectly

r el at eBrefgably sompriging ethylsne end pae pomoiercopolyaterigalle whinbeorhérs in conposi ti on
sensor . . f the po r. The nmathengti cal
ratio p(g? lt‘nt% ﬁ%&c%ﬂngbéﬁ%éﬁlzé%@ﬂ&%%fwgf Ui scfgﬂﬁﬂify(’?ﬁ‘é’o BN %ﬂﬁ‘ﬁ‘?n%‘!ldgnal
(CH2) msnmamsMismﬁszéﬁngihehgmﬁﬁbﬁ@micﬁlg.ﬂbpéﬁie 1dcted MRapslakoPfloser in
solution.a q its rgﬁg) nse is caljbrated with nown et hi;l éne “al pha-ol efin
copol yPﬁ?iferq{ LAGED opglymernsaldflodcintrpolivaar havees sunokecalar ATedm
ingtr i o I onmposi tion (CH3
URIth eREVIARSRATO 284 186%C | b, atQhakd Lnff%lg{%%% ( )

signal response of the eluted polyner during ¥s. A pol yrer
speci f¢harasidrized in theheeanirbeionrhasingd doynmeart tontentidiat RE@abb@d @oRf the CH3

to CH2 ol vier i t.h, known. conmpno ont ent referably nmeasured b
NVR) . rgé’né%%é% n%\ﬂg?ﬂﬂegff’a%rf thap W%’éaﬁor QOS&(#E)?GFi%%haVéIéﬁ be gsti ma%/ed

by 25 ( . . . :
t Ke i ng?tﬁmgggb? c&dl_tlgﬂitg”acgﬁgﬁgﬁ BGRoIE PpeicRhth 1286utd meéepefc%h{, %V&fy AdfoRheas for

C melting point of about 110°C or higher. More preferably, said polymer fractions,

20 having at least 1 mol percent comonomer, has a DSC melting point that corresponds to the

equation:
Tm > (-5.5926)(mol percent comonomer in the fraction) + 135.90.

[59] In yet another aspect, the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more copolymerizable comonomers in
15 polymerized form, characterized by multiple blocks or segments of two or more polymerized
monomer units differing in chemical or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block interpolymer having 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 greater than or

)0 equal to about 76°C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding

to the equation:
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response (i.e. area ratio CH3/CH2 versus conononer content). [64] The area
of the peaks can be calculated using a full w dth/half maxi mum (FWHM

cal cul at iwo 20ddt@e15appl yi ng t he appropri ate basel i nes t oPCmtusgecanassshe

i ndi vi dual si gnal responses fromthe TREF chromatogram The full

wi dt h/ hal f cal cul at i 2006/ 102155 PCT/ US2006/ 009857
based on th gflg? (%{nj @bﬁm@o@u?l%m@wéa%@w €Hi3p-58r om t he
ATREF infra- red detect or, vvherel n the tallest (highest) peak is identified
fromthe [68%e |inMehe 1ﬁf3i’1t1kl@6fbck e %?HM:@B@@ d molelIss AR -wiid! el

ea

di stribution rroeasured usi ng an AT he FWHM area iI's de?t ned as the
ar ea urh§BreenHE G and, B3056% V\ﬁb@hﬁ‘wtl@ﬁ@d'ﬂﬁmg\m@%mﬁenmtk Faracterizediintist 5

determ i ATR by, .di v t he peak
nei gt by oisfod M by REREE llon Ul Sohe B T e whilthe. [hat
i nt ér sé’@f@ ltaha rhef éntba‘lply (Hieghdf fasioh) aaiBeasiiretibg DIT ReFespnMte th @Rl The

applicati on of infra-red spectroscopy to neasure ‘the conmononer content of

pol ymerPdU34on hi s ATREF-infra-red nethod is, in principle, simlar to that
of GPC/ FTIR 10 systens as described in the follow ng references: Markovich,
Ronal d P.; X I

gel - per meat :ﬁ%g{ d():ﬁlglr?%? Jggﬂrngp*ﬁyl 1333;{‘53}@%%%@#%& a?lgggmusgjrlz?ggt:opy for
characterization of ethyl ene-based polyolefin copolymers". Polymeric

Mat er i A'EREF Penk £ oamen oBngeyi Gwpomgon Myrenﬁﬁlt H9EnTOORed retectias] aur i er s,
P.J.; Rohlfing, D C; Shieh, E T.; "Qantifying short chain branching

mcrostru res i oleh rs sin Si e.excl |on
chr omat og&tl];‘)lhy an é@ﬁlg@&t%a fs%'rof}]()%ﬁ-f m\érgj(pc@&lﬁﬁ Q@E@a}i% ,
PoIlerennifa?%fbﬁZbetecﬂﬁavﬁBerﬂom Hodirher@hawtW £1Bnc, phAC Or por at ed by refer ence
herein in their [66] In other enbodi nents, the inventive

et hyl eVt wwakpalyme M/per is characterized by an average bl ock i ndex,
ABl, which is greater than zero and up to about 1. 20 and a nol ecul ar

ht di but s b | ock
R Rl e v A T U ‘%?’f%%:’ﬁq&%%é‘ﬁ?f aEEAERCh of (e

pol yneserspréitio aad C@bp@lmmdselnsormﬂélp)aﬂlat are EixERERTéW banPGaasd filkdBGa t th an

i ncre 0 - Yi( w., Bl wher e Bl ; k index for the ith
fractt SPRrorR0 A0 cin's ehBirgrelREieRt spiar feost e meR P AEFL LB | 1
pr épar etei potyrldEvhichntirestly rdlattdi® m@pgls}%neps&fc%ﬂ&ﬁgﬁ 1ﬁfsoltuP§n)' While dhkacti on.
[67] For each polyner fraction, Bl iS defined by one of tthe two follow ng

equat | SHEPOSItESY E‘ﬁnﬁﬁf detectsriheymethyl (e gneursiof thel pedjmer. The mathematical ratio

of the composition signal (CH;) divided by the measurement signal (CH,) is sensitive to the

comonomer content of the measured polymer in solution and its response is calibrated with

known ethylene alpha-olefin copolymer standards.

20 [63] The detector when used with an ATREF instrument provides both a
concentration (CHz) and composition (CHs) signal response of the eluted polymer during the
TREF process. A polymer specific calibration can be created by measuring the area ratio of
the CHj to CH, for polymers with known comonomer content (preferably measured by
NMR). The comonomer content of an ATREF peak of a polymer can be estimated by

25  applying a the reference calibration of the ratio of the areas for the individual CH; and CH,

response (i.e. area ratio CHs/CH, versus comonomer content).

[64] The area of the peaks can be calculated using a full width/half maximum
(FWHM) calculation after applying the appropriate baselines to integrate the individual

signal responses from the TREF chromatogram. The full width/half maximum calculation is
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Bl - 1/ Tx -1/ Txo or Bl = - LnPx - LnPxo 1/TA -1/TAB LnPA -LnPAB -17
WO 2006/ 102155 PCT/ US2006/ 009857 where Tx is the preparative ATREF el ution
t enper at we 2b@vioetse ith fraction (preferably expressedPCm/useéosiondss7 Px i s
the ethylene nole fraction for the ith fraction, which can be neasured by

NVR PAB h f f th
O O P S A i BB T T Bl Pt h%hﬁﬁwt al so
can be r@&aw’tﬁdwﬁﬁreﬂl\'ﬂﬁe %alfst (highedthpaikds fﬂ‘énﬁfi@d kB thd Rl lﬁ!&/\%} erature

and the _ethylene nole fraction for pure "hard segnents’ er to
the crySVHM wraeiscdetaravined. dlor aidéstiibution petagured psingan A]TREEpeakpt}ﬂé?YWHM

appr oxi hat: A val ues, h density

pol yet hy elélgéﬁr}?g%gt%ﬁ%gygnd:erfhe ‘ﬁ%ﬁnﬁﬂfggi’f %Hg ‘Egg&res%ﬁténts are
not 5ava1|eieahined t6 e leﬁlamﬂrl@ht oMttie p@mm Hedi®iding tﬂé\ bak Bd %o' ghdl- 10

[ 68] TA}{lndﬁ the ATRIiI; tenperature for random copol yrrer 0 e sane
conposiiFdRERE aEgihegzanaldprls base lingthatfintamerts facpl Pn@rlgﬁtq&rbm dfhe

cal cul afgehy qgpathe follow ng equation: LnPAB=a/ TAB+ where a and 0 are two
constants which can be determ ned by calibration using a nunber of 15
known random et hyl ene copolynmers. It should be noted that a and 0 may vary
from i nsk6fLinment The appimathmmﬁmfra%d SECE0SCOPY t0 MBiute the @EmioBomEe@intnt hei r

I t t f t t and also in
oo o PLPORE R S ATREN-inhatiad oR iR in BriRHee sglar %@L@oﬁeéﬁéwﬁ‘ﬁag ht
rmll@culsjasterﬂﬁsgﬁbcrﬁfeﬁﬁﬁthe foflowiey @ﬁkén@é@ﬁ\}lé?ﬁoﬁbﬁ M&nhRl ©D Qﬁlﬂ? (111 b’q és' m | ar
gl

nol ecul ar, vvel ran such effect woul be éssenti al I n
sone 28 npgve @m@m@f ae rmn@(mmhmryateglsaph)aﬁmﬁc;t ttalnefofmhﬂlmmhg

rel ati 3 t enperature

for a ?%r‘blgomg H}Cﬁarrrgftegl% & %(4 AI% ol??B%dsPcﬁ?’%lﬁé%ﬁ%qur‘éR}‘Fﬁ -liﬁoiﬁngf%yl ene nol e

fracti tytaterfalsm«;len“ﬁmnmngmemag €L998),e65, OBODOL: AR D%sl@ﬁrTa&@ Pl PRo]@‘Pi'ﬂger sely,
nmol e fraction for a random copol yrrer of th

P
Compos Pt oSt 15 o R g BRSBTS npplenc ol
cajgzul gdRayrhdr® H},lhg siz& Bxudbd 25hr‘5n{a%%l‘%ﬁ:@ %ﬁd tFQ&rnlg t ‘éfg'%;glggg%&g I} for each

pr epar atl ve TREF Traction I's obtail | ock i ndex,

ABI , fﬁpectrmom(ﬂ]ﬁl—ﬁaﬂ&)?e%]gfmr (2002 146 115 Bl 201, bdtn oS OfiRh a@érmetp@m&sb ABI is
greateeeﬁan zero. but. s . than about 0.3 or fromabout 0.1 to about 0. 3.
In ot hero &S ST it elrﬁ%“efys greater than about 0.3 and up to about 1.0.
Preferably, ABI O should be in the range of from about 0.4 to about 0.7,

from aboyée]0. 5t @hewmbddimens, the @Mentive ethylene/o-olefin interpolymer is

characterized by an average block index, ABI, which is greater than zero and up to about 1.0

20 and a molecular weight distribution, My/M,, greater than about 1.3. The average block
index, ABI, is the weight average of the block index (“BI”) for each of the polymer fractions
obtained in preparative TREF from 20°C and 110°C, with an increment of 5°C:

ABI =" (w,BI,)

where BI; is the block index for the ith fraction of the inventive ethylene/a-olefin

25 interpolymer obtained in preparative TREF, and w; is the weight percentage of the ith

fraction.

[67] For each polymer fraction, BI is defined by one of the two following equations
(both of which give the same BI value):

_UT VT o LnPy—InPy,

1T, -1/T,, LnP, —LnP,,
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-18 WO 2006/ 102155 PCT/ US2006/ 009857 about 0.6 to about 0.9. In sone
enbodi nents, ABlI is in the range of fromabout 0.3 to about 0.9, from
about 0. 3wbaoahoetss0. 8, or from about 0.3 to about 0.7, pCTase@loowssD. 3 to
about 0.6, fromabout 0.3 to about 0.5, or from about 0 3 to about 0.4. In

ot her ABIl is i e ran of from about 4 to about 1.0,
from ag‘gig 93”551@“%1’5 BHALLYS - h]f‘ mturg fer the 1th féﬂﬁbm (preﬁrabiy om about
0.7 to expmgiedlin®eliny Fkt’i@&'étetlﬁflé}lettﬂolélmb'ﬁonlfogtheq‘fh fr%ﬂfiﬁ:néneiﬂé cgn E?t o about

1.0. [70] Anot her characteristic of the inventive e
i nt er pdPyATEEe diby NMRtor IR1ss desnvibad ebevee tPay Ilssuhe/eﬁxyidnefnnoie fratiesrne tMéTWhole

I h be obt d
or opar S gl BERh BB Thétoi< i RiAL Hiieh BER cFhiroRegi bt NMRn 10
abodt GrIRaffd ang mmaﬁnewzmm@eaﬂdn feniREA64la80 tELEE %ﬁferf}‘ﬁﬂo% X 'Vl X
n some enbodi nents, the polyner trac r'P as

greater, ﬁfgan about I

bl ock i & cgpeEns e@wm%ﬁfe&tf@@%e @Yﬁalém@lSegmnt&ﬁfab@mterﬂzol@meg)r eat efirst han about
0.7 an ; u abo t 1.0, or

g cat o papPropiabitiop 81, Y Natles A AR Rehor: B Bab B Fidhilenc  ne

pol ymehomppakytieoif tbaacmabVamés fonthe xhgdeagaentt has nabawnaﬁe 1Faﬁ<9a1é{ﬂat dhsabout
1.0, grelgier t.han gp 2% 5 and up to about 1.0, greater than about 0.3
and up PEBOTRR fierem r3ézt 4¥dn about 0.4 and up to about 1.0, or
greater than about O. 4 and up to about 1.0. In still other enbodi nments, the
poligner f tion $s the AITXOHRE and up to about
0.5, grea[{%f thagt@about 0.2 ia}n iljapgﬁt%g&ta out&ﬁ%gﬁlagfrﬁtg%? t%letsﬂg% about 0.3
and upCQQP%%Qﬁa@}@Vlngrmlgﬂf@dcmmoha‘mctlaWOﬂPAg) Prpavadl beRalcOlatdddtdm hed. | N yet
ot her %rg(@} oihe polymer fraction has a block ?0 index greater than
about 0 an p o about O. 9, greater than about 0.3 and up to about 0.8,
greater than about 0.4 and up to about 0.7, or greater than about 0.5 and
up to about 0.6. [71] For copol ya®ng=afTgt-hpl ene and an a-olefin, the

i nventive polyners pref erably possess (1) a PDI of at least 1.3, nore

pref er ahl Al I ast 1.5, t 1.7, or at least 2.0, and nost
pref er g’%‘fﬂé %fg W9 C%nSt*H‘oS Y"B‘C oA ke Aetrimyiaed by éﬂlh@ai@n wsinrga pueberodbl y up

told nnﬂdvmlfﬂnﬂ&n(&h e, PP m,of (2) a heat
of fusjon of 80 J/g or Clogglg (3 ?@hﬁhlhéelg@fégﬁgacon aof’argtzfrq%ast 50 wei ght

per ceninstrpagntio insgrgment. dieieoem onewpeldateed &, crdae thatr dvassahbirehﬁlﬂ cugrC, nore

prefer [ or one and. onl y one Tm_ [72] Further,

the i n%l}e)[h%ﬂ?évéﬁ %m pc?r)gr%pso gglgﬂ oﬁgﬁgestaﬁ&g A0 R asHmilas el greightirangeras theot her

pr oper frac@®nsli fhéresseaislig%lt giolecufar S\Eeg}QGﬂreé’fD%Héahtgatmr?Hﬁ@e ﬁro%{aﬂe%gfrong ) 1S
a

greater, than f) 0 equal to 400 preferably greater than or equal to
1.0 nvPimilgs mglecplanweig hlfa@g%‘ir, sudrtfechispeld beressentially m@ugthle/elnmohysrrer S possess

ange el g b RO e o By MR b eRaeta SRR cct or 1 St of

Ln P =-237.83/Tarrer + 0.639

Txo is the ATREF temperature for a random copolymer of the same composition and having
an ethylene mole fraction of Px. Txo can be calculated from LnPx = a/Txo + B. Conversely,
Pxo is the ethylene mole fraction for a random copolymer of the same composition and

!5 having an ATREF temperature of Tx, which can be calculated from Ln Pxo = a/Tx + B.

[69] Once the block index (BI) for each preparative TREF fraction is obtained, the
weight average block index, ABI, for the whole polymer can be calculated. In some
embodiments, ABI is greater than zero but less than about 0.3 or from about 0.1 to about 0.3.
In other embodiments, ABI is greater than about 0.3 and up to about 1.0, Preferably, ABI

0  should be in the range of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or from
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-19 WO 2006/ 102155 PCT/ US2006/ 009857 bl ock copol yners, and heretofore
unknown for an ol efin copolyner, especially a copolyner of ethylene and
one or nowe 20B/®2ebi phatic a-ol efins. (By the term "rel aCirwskeosfobmss? i n
this context is neant that log G (in Pascals) decreases by | ess than one

order Qq | tude, - hetween 50 apd 100 referably between 0 and 100C). 5
[73] TR ot R i kot ?-ﬁt SUns prap IPPﬁVSb/gm Grlflrﬁl@rraegﬁa@%ﬁmmrabwdmgo about

t her moweg; i@ni gut 83ab ¥bbi 0N REEOLAL Aot 618 RS ?b t 0L, g’s}ggésqo%t ég%@?&t;@r()‘e of at

| east 90C as well as a flexural nodulus o rom 0°13 kpsi
(90 MPasem ghaugPAde iabeutyp. 5, oh &om abouh0.Bvie aboutt &4 dh e SrbdBinkave ABI is in

t herno i j ne tion depth of 1 nmat _a tenperature of at
| cast T oittor 0T £1oHRL] B e ebER et T atoublD: o feambqid sy - 10

They malouid.G; fimnastioti 0766 aBSuthay, iffteh 1888 185t 166 | | | oss)
of Igles v han 90 m8B. Fi gjretY showsa{brlllgb'lgﬁ/ga(g?utnlﬁ?; 0\%2}?)%%0%%3%\{%% ut'us for

t
t he injé)nti ve polyners, as conpared to other known polyners. The inventive
pol ymers have significantly better flexibility-heat resistance bal ance

A 0 AT SRS ko A SR UGS

i nterpolyners can have a ne

mi nut edhe ipveatize athlylentioevtein Siterpolyi@0 Borgpridds At Radt e Falgrﬁir%(g @lra/@e:‘iL(g{ @Hﬂc}{t fr olm
0 g mnutes. In

0.01t 00.,9/.10. m nutes,. a specially from0. 01

cert ai gans%en%bg%‘fl%ﬁ% Bfep?ﬁf}BV%ﬁlﬁ?ﬁeﬁgwsmdh%frﬁﬁlqnhaé@d@@e}c@d@c graster thame| t

i nHEex, abolit Ofir 2184 ] ) I 0,50 g/ 10 m nutes, from
1to 3% g/ 10 m r%%ttesﬁélgrltlj(%lgf %%O%é&g? g%@%}lﬁélts f(-g-.isi;lugcr)li 1\%[?’/(13\%‘1’ §&§£Ef @ail(f‘%@'l‘tlo

m nut e$-3- Tk serae embadigentsdihemotysertitaetioehds d bidekintlex gteh®r etahbene).@al ef i n

20 | i l, nut /10 m nut 5 10 m nutes. [75] Th
ol e e W B PLOrtde M Ry 0 Haalh GabpiiGhg Bressrs dygmiont 06 and uboe. 000
g/ nol egbopt &0congkytef thamBaR 0. 90dnMIpo 8ot 106 OmQfiRer f@%ﬂﬁéﬁ%gﬂé&%ﬂ#g ?(T

10, 000 /g&l e 00, 000 %/ nol e, and especially
300, OO%a‘SW g a n pater than ahpat 0.4vaed upe apmityi s geeateathdnenbbuc2 0. 80 t 0

0. I 5 contajnin ol yners from 0. 85

g e T GO it it DA B Birlfe P i and w

et hy| eleabautol @fdrgrgiryhar sbonahidesnd iip catbu869. te sBH 983 5B nRhtOm867 to

0. 910 llan. 2L7.6 The. process of making the polyners has been éisclosed in
the fdPIOUFHGASHr & ab&ﬁglni“%ét&r%%rzth@ out.4\and up i kbonp 015, greien thahio.

60/ 55353860.2fah 7 . I S0 | i catiaon No.
60/ 662, 937, fi !ligg t&wlgl?&cﬁ O%7gr%%g%mgp%t 0F %ﬁ/@?{é’n@l’?{‘ﬁf Sr@engiban o,
60/ 6628093004 fnd up to/abask 057 In 2eSherdnthodPnents, ShopaymAPRAdtLAHAO B bNRK

56 | 7, 2005; | j cat i No. PCT/ US2005/ 008916,
fiozlloe dqﬁge}cﬁeit%% Jh%% Sl?)ol\{lqlrg}gl]an]d %o about f&re@?& tfla(tznaablo?lp 0.3 and up to about 0.8,

greater than about 0.4 and up to about 0.7, or greater than about 0.5 and up to about 0.6.

[71] For copolymers of ethylene and an a-olefin, the inventive polymers preferably
possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and
most preferably at least 2.6, up to a maximum value of 5.0, more preferably up to a maximum

5 of 3.5, and especially up to a maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) an
ethylene content of at least 50 weight percent; (4) a glass transition temperature, Tg, of less

than -25°C, more preferably less than -30°C, and/or (5) one and only one Ty,

[72] 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
0 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
-19-



i i 15, filed

2006/ 102155 PCT/ US2006/ 009857  Application No. PCT/ US2005/ 008915,
Vl\/\grch 17, 2005; and PCT Application No. PCIT/US2005/008917, filed March 17,
2005, al Iwof2oednioetssar e i ncorporated by reference herei RCirruseéveionssentirety.
For exanpl e, one such nethod conprises contacting ethylene and optionally

| ti | ri zabl e npnomers. other than ethyl ene under
acai 1 QIO ssBPsrT e R AR S Rharis Sinepabyse: Sompol ¢ caolymer
conpr i sifediylenthfd 8gebXndieC Of alfphatd &-%Ibﬂ?l%,o@ﬁ%{hert&%’j‘%%aglﬁelggﬁ?n%%g' ning.

A first olefin polynerization catalyst ving a ni _
i(nz:o?pcfltoatexbiﬁ mqanﬁ@gt, lo)égj’ (in Bascas)dleoteasasvydedsyhar oreairil@nvraadoatingd having a

cormnorg%vgeﬂ%raﬂgrl%dconreg%r%})ié,&%;%felgggs t 9@90 percent, preferably |ess

? f the conononer
t han 50 percent, nost’pr percent o :
i ncorporation index of catalyst (A), and (C) a chain shuttling agent. [77]

Repbesent [é?Z] ve caﬂmlimgvgh?i@?e%;ﬁﬁb% ?gﬁlgﬁg%?%%&gz%?% aflgl lows. [78]
| . , Q-dl (L-1] . :

S0t OBV BRBRGHS) R B BmASPI ot by FHeBipaiai rbatiati PP um

di met hyell RLGRANEM mcﬁﬁ}?ﬂrog'fﬂ&g'l 3 Q]?st1 l'?fb dﬂ@gpo' %@8@%% @%rggrt}\?jw e o

2003US0204017, USSN 10/ 429, 024, {1 I'e 2063 i - )

CH( %ywen(lmm}@blymTSMam hja*)é@ ?1 thﬁlfigmeqlfjagﬁ(ﬁl)zﬁi_dgsis penéteidion Rt 1Byt

' N- 6-di(1-net el ny eny . .. .

rot nyt SRR bR T OG R ey Al woguymer P YA AR

2631k oot e LRI LR

é(c)ill'f 62?8%61/ Fdalys e§75h0®>5/ thesT VAR @) Feriss flex bBAIR RIE thinGhRive polymers, as

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

flexibility-heat resistance balance than the other polymers.

[74] Additionally, the ethylene/a-olefin interpolymers can have a melt index, I,

15 from 0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably
from 0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain
embodiments, the ethylene/a-olefin interpolymers have a melt index, I, from 0.01 to 10 g/10
minutes, from 0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes, from 1 to 6 g/10 minutes or
from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for the ethylene/a-olefin

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

[75] The polymers can have molecular weights, My, from 1,000 g/mole to
5,000,000 g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000
g/mole to 500,000 g/mole, and especially from 10,000 g/mole to 300,000 g/mole. The
density of the inventive polymers can be from 0.80 to 0.99 g/em® and preferably for ethylene

25 containing polymers from 0.85 g/cm’ to 0.97 g/cm®. In certain embodiments, the density of

the ethylene/a-olefin polymers ranges from 0.860 to 0.925 g/lem’ or 0.867 t0 0.910 glen’.

[76] 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

0 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

-20-



80] Catalyst (A3) is bis[NN"-(2,4,6- _ _
'Eri ](rret hyl phenyl ) am do) et hyl enedi am ne] haf ni um di benzyl. H3C CH3 N )?
HN- - H X2wGQHB06x02B52C6HS N CH3 H3C CH3 5 [81] Cat al ystPCTASR006809857
bi s((2-oxoyl - 3-(di benzo-1H pyrrol e-1-yl)-5-(net hyl) phenyl) -

[ d
subst antREH PR N DR seT5 bt Mt PE P00k st AophentionNo: - 0501
H2C6H5 PlﬂHQUSZMSQD(ﬁB@7 fiked Makeh) 7, 6, aﬁ@f@ﬂﬂ&f aré Blobrpotated by reference

5d-tbt|h | ene) (1-
rlns\t2 hb: 219( i I ?Ri}r;féf%/ Pr g??%npi%dgnb)su mcfdmd aamdrlsmwnmacﬁ@zetma@ﬂﬁi’ 102155

)FETC{—I L2JS as&{a?%%é€§ Tn%ejq@?a %rgj})f\le I‘EOI’%(IHGI'S 2)&161‘ %mn ethgr e eC)u:rgxdeor agdl’[C'l:')glC'_B) 2

1, 25bi e eﬁzaﬂmﬁcolﬁditiy)hphﬁh)doa s€ dorhiPbsitdon {sgpe! ohexyl ) -
I mmi no?rrg?hyl ) (2-oxoyl) zi rconfaﬁgm di benzyl %ﬁig H3C - S C(CH3)3 ZrX2

(FBG3 /A 816 admixture or reaction product resulting from combining;:

(A)  afirst olefin polymerization catalyst having a high comonomer incorporation

index,

(B)  asecond olefin polymerization catalyst having a comonomer incorporation
10 index less than 90 percent, preferably less than 50 percent, most preferably less than 5

percent of the comonomer incorporation index of catalyst (A), and
(C)  achain shuttling agent.
[77] Representative catalysts and chain shuttling agent are as follows.

[78] Catalyst (Al) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
15 isopropylphenyl)(oa-naphthalen—Z-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May
2, 2003, and WO 04/24740.

CH(CHs),

(H;C),H /CH }\I / ©
Wa'e

[79] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
0 methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May
2,2003, and WO 04/24740.

(H:CLHC  cq, CH;
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CH3 X=CH2C6H5 (CH3)3 5 [84] Catalyst (d) is

(t-butyl am do) di net hyl (3-N-pyrrolyl-1,2,3,3a, 7a-11-i nden-1 -

yl) si | anewOtaswwmsdi met hyl prepared substantially accor @cmgstaétoboss?

techni ques of USP 6, 268,444: N (H3C)2Si\ /Ti(CH3)2 N C(CH3)3 [85]

Cat al yst (C2) s, (t-butyl am do)di (4- net hyl phenyl ) (2-nethyl -1, 2, 3, 3a, 7a- 11-
[0 inden-1-y J tanium di net hyl prepared substantially according to

t he teachi ngs US- A-2003/004286: -23 WD 2006/ 102155 PCT/ US2006/ 009857
H3C CH3 Sid /Ti ‘%1143 N H3C C(CH3)3 [86] Catalyst (C3) is

(t-but yHaopH )dIQ Bt hy, phenyl)(2 met hyl -1, 2, 3, 3a, 8a-i - s-

i ndacen- 1-) Nanet i } i met hyl prepar ed substantially according to

t he teachi D4286: H3C CH3 Sid /Ti(CH3)2 \ N5 H3C
C(CH3)3 | bi s(di met hyl di si | oxane) (i ndene-1-yl) zirconium
di chl ori dE(H3§MHC| é&:}gr om Sigma-Aldrich: 1 O (H3C)2Si\ zZrCl2 O

[80] Catalyst (A3) is bis[N,N">*~(2,4,6-
tri(methylphenyl)amido)ethylenediamine]hafnium dibenzyl.

@ﬁj

HN—> HfX2 X= CH2C5H5
N
H;C
CH;
5 [81] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-yl)-5-(methyl)phenyl)-

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

[82] Catalyst (B1) is 1,2-bis~(3,5-di-t-butylphenylene)(1-(N-(1-
10 methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl

00



[88] Shuttling Agents The shuttling agents enployed incl ude diethyl zinc,
di (i- 10 butyl)zinc, di(n-hexyl)zinc, triethylalumnum trioctylalum num
tri et hyl gaibl2oaamo2iss but yl al um num bi s(di met hyl (t - but yl ) Ciraxsamen99ss7
i -butylalum num bis(di(trinmethylsilyl)amde), n-octylalum num
di (pyri di ne- 2- net hoxi de), biS(E-gg%?decyl)i-butylaluninun1 i - butyl al um num
bi s(di (n-pentyl)am de), n-octy Gk num b s(2, 6-di-t-butyl phenoxide, n -24
WO 2006/ 102155 PCT/ US2006HG3BB5 Qct yl al umi num di (et hyl (1- napht hyl ) ani de),
et hyl al um num bi s(t - buty! %mogﬁeﬁ%}% et hyl al um num

3 n b

al u

is(2,3,6,7-di benzo-1-

di (bis(trinmethylsilyl)an de), S

azacycl ohept aneq i nZdet yl A num

bi s(2, 3y di &2 a({a cl ghept aneam de), n- octylal um num

bi s(di met hyl (t iToxi de, ethyl zinc éﬁ,G-diphenylphenoxide), and 5
et hyl zi nc (t-buto 0 upy, ef er @b192Cdthe foregoi ng process takes the
formof a continuou$ ution process for formng bl ock copol yners,

especially multi-block Copolyners, preferably linear nulti-block
copolynmers of two or nore nononers, nore especially ethylene and a C3-20

olefin or cl oo j . eci, al et hyl a 20 a-o] efin,
usi ng nul ItS?}él e 1(?%‘t f:a'l ﬁaf@@g 3 ﬁ?ﬁ&é %:Zfgéd(f"it%gé%qug%gg)?ﬁQg‘ggﬁﬁﬁk%%?@}??‘y at is,
t he caimmys)metiyd(2heoyilztdoyivghi dibemet. Under continuous sol ution

pol yneri zation conditions, the process is ideally suited for

pol yneri zation of m xtuges of nononers at high nononer conversions. Under
these polynerizatio diti Wen shuttling fromthe chain shuttling agent
to the catal yst becomes ddvant ge33conpar ed to chain growth, and

mul ti-bl ock copol Yafer s, i linear nmulti- 15 bl ock copol yners are
formed in high effigiency.o-LS I 4 ve interpolynmers may be
differentiated fropf condefit i ony andom copol yners, physical bl ends of
pol ymers, and b K copohyters/prepared via sequential nonomer addition,
fl uxi o&C);Cat-q 2 e—or cationic living polynerization techni ques.
In particular, pared to\a rﬁHﬂon&ggp{o(# iglrrer of the same nononers and
nononmer content Z0\at equj ent crystatiéimity or nodulus, the inventive

i nt er pol yners have Ot )@rher) heat resistance as neasured by nelting
poi nt, higher TMA penetratitefi tenperature, higher high- tenperature tensile
strength, and/or higher high-tenperature torsion storage nodul us as

determn by dy 1.C hani cal anal ysis. Conpared to a random copol yner
cont ai ni T84 e Gl Y i RmAB IRy MaAY BrEclyt-ha. .o Gnniinden-1-

| Nt er )RR RaIBNRIK RIS reburSO TRERSALAPAGEnPR G HATLY: Al e evat ed
tenperatures, |ower stress relaxation, ﬁlg er- creep resis ance, hi gher

t ear 5@2@1@441, hi gher bl ocki ng resi stance, faster setup due to higher
crystallization (solidification) tenperature, higher recovery (particularly

at el evate
iy

HCRSL TiCH),
N

C(CHz);
[85] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a, 7a-n-

10 inden-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-
A-2003/004286:
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tenperatures), better abrasion resistance, higher retractive force, and
better oil and filler acceptance. 30 [91] The inventive interpolyners also
exhi bit awonpgue2ssystal i zati on and branchi ng di stri becirars2eoeloedssonshi p.
That is, the inventive interpolynmers have a relatively |large difference
between the tallest peak tenperature nmeasured usi ng CRYSTAF and DSC as -25
WO 2006/ 102155 RETTUS2006/ 009857 a function of heat of fusion, especially
as conpayced 5 a.copol yners containing the same nonomers and nonomer

| evel or . ds of polyners, such as a blend of a high density
pol ymer and d&ns¢Hy copol yner, at equivalent overall density. It is
believed tha unirgeme)f eat ure of the inventive interpolyners is due to
t he uni que di { butwon of the 5 conmononer in blocks within the polyner
backbone. ticular, the inventive interpolynmers may conprise
alternatip ocks dﬂCHﬁfferlng comonomer content (including honopolyner

bl ocks). e inventive interpolyners may al so conprise a distribution in
nunber and/or bl ock size of polymer blocks of differing density or

d b
caartron Bhe Fncaf LN b BBsrbl il i nClrgiS i b et 1 ng
poi nt amﬂicm—ys/ﬂ)ajldnenmlm dinesth padpake] m@tfanﬂwmytdaaérdnfg 18 YRS AMAAl dYUS-

i ndepe | ymer density, nodul us, and norphology. In a preferred
enbodl2%2&&V&%@§8nlcrocrystalI|ne order of the polynmers denonstrates
characteristic spherulites and lanellae that are distinguishable from
random or bl ogk—gopol yners, even at PDI values that are less than 1.7, or
even | ess thadia’ down to less than 1.3. 15 [92] Moreover, the inventive
|nterpoI¥ners : prepared using techniques to influence the degree or
| evel i at is the anmount of conononer and | ength of each
polyner bl ,‘ t..can be altered by controlling the ratio and type

of cat al yst ) . agent as well as the tenperature of the
pol ymeri zati g .nd\ot golynerlzatlon vari ables. A surprising benefit of
@ s the di scovery that as

this pheno 20 the degree of blockiness is

i ncr eased, opt i ropertles tear strength, and high tenperature
recgvery pfoperties o %e resulting polymer are inproved. In particular,
haze decreases while clarity, tear strength, and high tenperature recovery
properties increase as the average nunber of blocks in the polyner

i ncr eased87By s elCetatyish@ Blisibis(dimgthalikvilosag)dndepatiaylysicosmbiirbtiges havi ng
t he deslrlgﬁghal tran érlng ability (high rates of shuttling 25 with | ow
| evel s?6f@ 1°9n) other forms of polymer termnation are
effectively suppressed. Accordingly, little if any (3-hydride elimnation
i s observed j¥a-t he pol ynerization of ethylene/ a-olefin conmononmer m xtures
according t bodi nents of the invention, and

a{3c)25i/ ZrCl
AN

[88] Shuttling Agents The shuttling agents employed include diethylzinc, 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-

butylaluminum bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-di-t-butylphenoxide, n-

4.



the resulting crystalline blocks are highly, or substantially conpletely,
| i near, possessing little or no |long chain branching. ~0 [93] Pol yners
wi t h hi ghwe 2006y el | ne chain ends can be sel ectively prepaseae6ionss7
accordance with enbodi nents of the invention. In elastoner applications,

reducin . I | uanti ty af, po r that .termpates with an

anor p ho%?; lgﬁggiﬂr g%ﬁﬁ@éﬂflf‘ﬂ’thﬁmb @gﬁ;ﬁuﬁ@ﬂ@ %LMSM@E;%@%

| nt er noitidatutnu Higbis(edmeliRAYD afide), Wbl BI0ONG7-dibiBonesul t can be
obt ai ned by choosing chain shuttling agents and catal ysts Ravi ng an

appr oprazagvslohgptprsasade)onieptaieminuor bist2iet, 7-dibenizo- 1t aacydlatcptigeagida), 5-
S i fi . ] he. t i ch d i gh talli | i
more s eBihmidein bRGIAEHOIY BB IR - SPhd B SRt Bkn t han t he

5 cat algsfizine@ponsidd)e for producing the |ess crystalline polynmer segnent

(such as through higher conononer incorporation, regio-error, or atactic
pol yner f the highly talline polynmer segnents wll

tion),.then crys
pr ef er ent ﬁ;rg |y p@%ﬁ?@BE’a fh?efo{eéf)%ﬁgr?&‘l’ceﬁ%%k?s(ﬁ% form efaeconiphgyssolutigot only are
t he resjhdek S C : L NEs rmnatgion, the
hi ghl ysﬁélr yssjtq%flfi né %@Fgﬁ rrggjo or ?rns’négs¥((§:éé?y| 13121;? gllgpgecﬁ&@%g?\%g’ piafgfa#ya@&?ar abl e
for reimiltiibhadkeapelymess gfivproemdre moatimers, nmibkeespadiblilpéthylcheanedCpgl yner is

t heref ore. anot her, highly crystallin ol yner_ segnmenf. Accordingly, both
ends ofOI‘%' el CeE P ﬁﬂganr‘?lﬂl‘?ﬁt-efﬂ%@byéﬁﬁbqp“ﬁﬁﬁggé#@ ag?‘iﬁf’eﬂ%lﬁg PBiBle hi ghl y
cr )16t alchtaligts thfl4le ihBgHaBldVflieR oAV &GLiBh) Thétrlgﬁﬁ@é’e{té(lyﬁg ?Ie%@ﬁidapytd&ﬁn t, .

I ntefpolyners of-e yFene with

embodi nents of the invention are preferably
at | ead{ndsieontiguepolition eblymerizaion sanditionsf the pocetshiy ideally suittddo£3- C20

a-ol efi ecd a ferred. .The interpolyners may further conprise
C4-C 156 %ﬁgﬁcﬁl (fat‘f‘r{@i/xlct}}ré egg(ﬁme nriﬂ%eerﬁ%te}}’igh n@ﬁ?@ﬁbf%’vﬁﬁé‘?ﬁu é‘fi%rofh‘ést‘}rmnorrer s
usef ul pofymreripationmntitions shirfilingefrbiltedehain Hutife abdit 1R Rlafst BlcByeeni cal Iy
unsat ur gt ed noners, conjugated or nonconjugated di enes, "pol yenes,

al kenyl® ‘éaﬁ?e%ﬁngg?mé%@ teshiiperoevtiviand gati-bieskmepplymers, arpeaiglly tiBeazauls-

-ohefi r o e, 1l-butene, 1-hexene, 20 1 -pentene,
4- Irlrgt h%&:ésﬁbgg%?gnag@w{ﬁﬁgﬁIél%ggﬁicx%ng ene, 1-nonene, 1 -decene, and the

i ke. 1- Butene and 1l-octene are especially preferred. Qther suitable
nmononer s P8k| ude The yuveniéye intelrpolymersahagybe difforeniistad Gdnséorremimal, random

L RNk SRR G B i

et hy| enhamet &fditior, MueioRal 4Ry sts, ahBnR! R8s R IDR OB uSeri B “
et hyl ene/ ol efin polyners rrag@gl so be used. d elfig S ulge &ﬁt’g?}g? "Pefer to

a fani [§paticulynsempirad tap mpdewcapplomenaibd soueponnoisrsvantimatontes astitenne

casdons : epding on the sel ection of tal ysts, any

ol &tin a n@?@%ﬂﬂ%ﬁ%ﬂaﬁ@@%@&dﬁt @g (1)r%v%{1ﬁ e 1nterposlymers have better%l%gﬁeral Isleat
resistance as measured by melting point, higher TMA penetration temperature, higher hi gh-

temperature tensile strength, 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

25  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.

30 [91] The inventive interpolymers also exhibit a unique crystallization and
branching distribution relationship. That is, the inventive interpolymers have a relatively
large difference between the tallest peak temperature measured using CRYSTAF and DSC as

25-



invention. Preferably, suitable olefins are C3-C20 aliphatic and aromatic
conpounds containing vinylic unsaturation, as well as cyclic conpounds,
such as oyoloduerss, ; 0 cycl opent ene, dicycl opent adi enepcarus2o0venbssnene,
including but not limted to, norbornene substituted in the 5 and 6

it d byl | qhydr gcar byl -27 VO
D006 1 0o THEIA AT ¥ Saasraly S sorbared b oape copebireesCaptainiug ol ef  ns
as vel |same mnobteremdahofisdt 10/EbE pysital B'leﬁ?fs SPHIynfl O 6lh B £ £BRPS @gg[ 96]

Exanpl es of ol efin monomers include, but are not mited i
i sobut \iBHE, Polyperiand® lower dramity Aenolyimére seayeivalenh epdralh éensiiyomle rﬁehevkdnonene

1- decen 1-.tetradecene decene 1- oct adecene;
1- ei cosgﬁéﬁg%ﬁfﬁe ﬂﬁg gﬁllggfrllveent%e RO IS IS Eq‘[“%ﬁ)e e yniaue Hiatdhution ol e
4, 65di reetiogbmer mebmm evithil shie Pyl yee IbABIEHHRBE TN patieAC Wi @ge

nor bor n dle eth | i dene nor bornene, c clopentene cyc exene,

di cycl d‘b g‘/&‘?eéﬁ’éla cy@pPHs-Alisaating blacks ofififfeesg CDmonQIdemgmtmt (indudihgni t ed to

1,3-b 1,5-h
T ootadoBgme bodk d The dhRftye hucto QiR Rl b e 2 dighfionin i ke 11
cert ai musbboatidierbieck sizesfpobindribiodks opdisRyihe ﬂensn’z or RbnBAGmerlcoRfiRt €ne, |

i.natii on thereof. ough any h dr ocar bon

-h
coﬁ?gln ﬁ’?hrll% 18 &%ﬁﬂﬁ‘%ﬂgﬁégg@é’émhugpny W“M@ thedgventive oo salsd t he
| ntent hate o @Hi3a) bR indIESBSnEARIL APRRATERO AR AR bteis SO8LInAY 1 1°

ability to conveniently Tenove unteact e
pol yneindegsndsatafipelmaeralepsityh rrmqlatuspamlsnoﬂphowgy eIan pricfertid@Mibodiméd; ethéS

t d bed
nor o n miAEQ SRl 384009 g o Fherd dEBiRere hpctar g sohgoR arang Lasise: si ng
nmonovi lhat adelistingniohabld foMNAAA0N Sr bldck Uél&di'ﬁner%té(zreﬁ Q?PDPVHE&%%]& i Yds§ne:

p- met h rene, t-butyl|styren and the art
|nterpﬁ139§JQrEYﬁ¥H?ﬁs§h%l é:t%ymet@ele%sﬁhalslﬁr ene can be prepared by following

the teachings 20 herein. Optionally, copolyners conprising ethylene,

stysene gogh a C3nfeQ) i n C4- C20 di ene,
havi ng |§pg]oved propgr%% ?lgfmggrﬁ\}ggntexrp%yrh&g%aﬁzég %%f dZ I‘&tﬁﬁtﬁu‘é‘&ﬁﬁ%gat ed
di ene wéliorasrtbe degreder lavad tof hloghinessh altiat ishhe@nab@d of 6babRoRér M tedgth of

hydrocgy] ng di enfoggaw from écf car bon_ atons. Exanpl es of swtabl e

non- conj u Yna“é? &% S? “ﬁ&%ﬂ %li‘er By fentralling the satiomnddypepfatalystai n
acyc . mduhenitieg adiols Rell APt idnfeUAR Giife pdy AR Blifomd 700t adl ene,
ic

1, 9- dec%dlene branched chain acyc
5- et hielymenzation yariaes. A Smipdﬁlﬂigtbhmﬁt df Ghivphandirener is the discovery that as
ri cene and

g| ih({/glr%gtglp%enéf&ggﬁh%g lseﬂgrea%ﬁ i ggycqpﬁgalhalsr&r%ée% E%g’b%}eggtdr gﬂ bighc| opent adi ene;
1, 4- cyehphexadienecry qorcﬁaeetyssldf@cet REIBALp@DFher are iMBFIvVRH O HESAHEARE naRNd
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
25 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.

0 [93] Polymers with highly crystalline chain ends can be selectively prepared in
accordance with embodiments of the invention. In elastomer applications, reducing the

relative quantity of polymer that terminates with an amorphous block reduces the
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multi-ring alicyclic fused and bridged ring dienes, such as

t et rahydr oi ndene, nethyl ;0 tetrahydroi ndene, dicyclopentadi ene,

bi cycl o- (Wp2pde)0bspt a- 2, 5- di ene; al kenyl , al kylidene, egtlusadosemss7 and
cycl oal kyl i dene nor bor nenes, such as 5 nethylene 2-nor bornene (MNB); 5- -28

WO 200 PCT/ 1JS2006/ 009857 b

5- i sop?é)t%)gﬁ% (;Igcglrl]aé hjg HE R CT3% gta&l % Féé%?ltgtﬂ? Eg)gbt@méhﬁ choosing

5- cycl @hamshmtclﬁﬂg&gant@@ﬁd)@dtﬁlw@ haﬁng A Mhprér SpARkE Pﬁg ar?hg&%&f&b&wﬁd' ene. O
p

the dienes typically used repare y préeferred
di enes Ch‘i“é termanghiag 48erEH eSIQQQEf)Cﬁ lysf éteh)ﬁtahdié i plodttvas hiphty c(rEsNE)me

5- - 2= b d

o eyel BRERETARORRAAENE o B 1o b YRS By Petiohpahmensanthe | o

t h§!l i detnbysor bibtenfe ERIBY tiadidsslc of
ges?r ;mbfé?;ﬂpﬁgr S thgltsmgana%é mas de rﬁmgggg?lggﬁééeég\?\}etm S%Qﬁn%%?o ? :Sof t he

i nvent QUOHSE HieRFROEAtORs EYZOET PR PEate¢ticendiyhnerformatia®d; th20the hogtdf i n,
di e Pr ef d
Pt CRS B Seertils A7 bAE LI op iy Sl BRI e v e ¢

desi gnaolevmebbeh@ﬂy arerthe Eesfilﬂﬁg(f]:ﬂﬁﬁnate&\@@hps E¥sthBing, Buit iy gaﬂ te@hiftisnahed al kyl
group rom bon ato npl es of suitable a-ol efins

i ncl ud lg u‘fr-‘/%ﬁ]ﬂ@nﬁa? Yme g %ﬁtgp;ﬁtéﬁsf [se9fice agaip Bydilablenfer reinifatiemef 1

- PeOt €Plymet forRBNER EThAmIRIbrmdd 5 ticularly

pr ef er?eg a-olefinis prop enrén Tﬁgﬂéﬁg%elrene %‘ g}%}dfi% r%aaﬁlg?

gener apvlymeéﬁmneaﬁ AerarginglyebathtendsoffiRe muﬁa@mmmbymkr@po@ﬁmsuret abl e dienes
for us suc ol yners, especially multi-block EPDM type

pol yme sTﬁn@faﬁﬁ%‘%}@ﬁ"% pg’% non- conj ugat ed, strai ght or branched chain-,
cyclic- or polycyclic- di enes conprising from4 to 20 carbons. Preferred

di enes i r{ea]ude 1THe aameﬁaueﬁ@n 1nﬂerﬂol§3ﬁé@disé‘d‘ﬁ1 théeﬁbbanhieﬁ%rtﬁ‘tﬁe fﬁ%ﬁ%’nne”e’

di cycl opent ohexadl ene, 5- é], ﬁfzene- - nor bonene

partic 9”&3 e‘f‘@ﬂ? %rﬁ@ﬁéthwkens V‘éthw Ilqaéteﬂﬁ@- 0 benlef@meCopdyhaB@lf Because
hes di | t t t bl ock

cort ai & gﬁ‘g%‘%*a% TPl lB e SRR Bsfited B dpteme bErart owehdone) and

a- ol ef kdinpride Y- 9?8 aﬂ)lé?ﬁﬁﬁlh/ortah@:ngm%@éenﬁug‘ﬂlttébtley ul%fatugét%] go%rgqn?qrgl &l i _may be

reduced without [o0ss of subsequéent po roperties cause

t he di fon@olyntbriaing|veith ahynem@memeafbeexmﬁé %l%ﬂém@dliyw&sﬁﬁ%%éﬁ edgnto one
type of bloeﬁ of the, polyner rather than uniformy or 25 randomly

t hr ougHBIKEdE é”ﬁ‘SPW‘gateldeéVle&rl@ YRve® adlfenybenzents; etet iBxampdesarfdusiubsequent | y

th t | | Such
cr oss || pRaTat RERRL Ot Clo b oM ME e AR R Al ﬁl&%oi%yﬁ?ﬁ?’g@&%e%
pragper lpesend, ﬂ%&ﬁylﬂgpéﬂt&ﬁ@'l-ﬂeﬁféﬁé|leoc§t5ﬂee"l‘ngoﬁe1?en@ RELAEhnd fb I %: %. recovery

[ 101] I n sone enbodi nents, the inventive interpdlynmers made W
cat al yBeigne 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).

[95] While ethylene/a-olefin interpolymers are preferred polymers, other
15 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-C20 aliphatic and aromatic compounds
containing vinylic unsaturation, as well as cyclic compounds, such as cyclobutene,
0 cyclopentene, dicyclopentadiene, and norbornene, including but not limited to, norbornene

substituted in the 5 and 6 position with C1-C20 hydrocarbyl or cyclohydrocarbyl groups.
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30 incorporating differing quantities of conononer have a weight ratio of
bl ocks forned thereby from95:5 to 5:95. The el astoneric polyners

desi r abl ywbave/mmset hyl ene content of from20 to 90 pelrcEnS2008/00888Me
content of from0.1 to 10 percent, and an a-olefin content of from10 to

-29 WO 2155 PCT/ US2006/ 009857 8 .cent, based on the total weight
of t he /ST iebied R il PR Alipe b mell b R SE o€ Richealegrionte Co- yor o

have aniiglbfiy b&hpodr@gt ent of from 60 to 90 percent, a diene content of from
0.1 to 10 percent, and an a-olefin content of from 10 to 40 percent, based
on the total weight of the polyner. Preferred polynmers are high nol ecul ar
wei ght pol9ler s, Hxawipiey of ol‘ﬁfnmh@’rumemmchxgle,bmlamwtaiﬁnimitgmoé(gm, from

10, 000 %u%?é)ut % ?00,000,[%(%? erably.from 20,000 to 500,000, nore

or ef er ABIY 1 7iSH] D5he0l-PHitesien [H6E°0C, HieRtens | Rfitense Fopngne, dulscensarnd B. 5,
nor 6 prdetiesead)| 1ytelredetchd)dthetadbcedd)d- Y i 1A 25C.) from
1 to 250. ﬁI\%re preferably, such po(%tdr%feésiﬁ }iégﬁgﬁéi&%ﬁﬁ%é (ﬂ:igie]l eéét from 65

to 75 pestidrirpenieng; dmeethyddnpasianes 4,0rdidethyl-6-heptene dtvinglegiclahex@ne) ef i n

cont ent,; reent. .1 102], The et hyl ene/a-ol efin interpolyners
can be%fﬁﬂ\@ﬁ%gé%ngzg(%bgﬁa&% dﬁg‘gﬁggqenr&}rg?merpeegg%iomgenpuw qhsHENe gr oup in

i ts poldjayelopsitadietie) ceclobutee) CarQy (f dokdsi RBRUInS RV RSt 1iB¥ed fonﬁﬁ-%qﬁdie‘h T

exanpl e, ethylenically unsaturated nono- and di-functional "carboxylic

aci ds, l.3epejadiatiec hitthexadises, Saliexddiene)d;7-actadidie, fliaddoadivat, otledrlgxghé 6- aci d
ant11 dri?g}s&,S sglts.th eof . and esters thereof. Such functional groups may
be ér aPeEs 120 Ahe ]é]f%%é’ﬁ’ét?mém giEnsnis, s g-pleippopipppiene, brbutanenby be

copol ypefkttLlh¥dnb, £ an. i I itional . conmonomer. to form
an int g?ﬁbolyrrer of Q%%#iﬁ% tﬁéﬁé}bo%%{erg%lmgtg%g}ﬁggn%ﬁygﬂﬁmg&F‘g‘ﬁ%ffl}r&g ot her
conmonoAwiys proupwetentiflly mgy & useinfeamtotimemd ofthe ipentiot, @racyatdiys anRg are

descri ar. ex . in U S Patents Nos. K 4,762,890, 4,927,888, and

4, 950, Eﬁ%}’?@‘ﬁ%" 9@%‘4’&@& FBg 2 he ke 13 gPRYsriently eempvsoreAciadenonRme n by

r ef er efiom the réshiRing ;@lvimér%@#- belbie Rt bfd-l')h&ﬁalt%é A5 blecdlr W%ﬁi LPRZ! group
is malic anhydride. [103 he amount of the functional group present in the

fuhtti BeBRPmeERbesppss aeekigban  vary. The functional group can typically be
present in a copolynmer-type functionalized interpolyner in an anmount of at

| east ab 1.0 ' t r.ef.er t | east abouyt wei ght
per cent , qg?\]pl nor Eﬁ%? @fg/gjrgg%f@% to‘l%ggess t%1 e%glolbé‘ii g?efﬁlﬁr& Pﬁeﬂﬁgﬁﬁ%g?{ therpe
f unct i preductypmofpldin palyhetsypnpeiking nmopingHedie drénati CABMHEB indYRE
functi o[nal i zed n? ery1pol yner i [l'l an anpunt | ess than about 40 wei ght
per centy BT EEUT SienesP-msthy! siyesne. tSontylsiveme, sk tbe like. Inpertienlas, pref er abl y
| ess t fedtp@b@ets cdmpiRi ' 4] | he .exanpl es
that fol I.ow?@lt. he f(?li\llg %ﬁ%ﬂﬁﬁ%ﬁsﬁ}g a tiécrPJ % A ?%E%?@r%ﬁg%qg&%&a&mgs
herein. Optionally, copolymers comprising ethylene, styrene and a C3-C2( alpha olefin,

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

[98] 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

25 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
1,3-cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and
multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl

30 tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene,

cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB); 5-
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[ 105] An automated |iquid-handling robot equipped with a heated needl e set
to 160Cwe a&e2t56 add enough 1, 2,4-trichl orobenzene stabiuscaedoswsst h 300
ppm | onol to each dried polyner sanple to give a final concentration of 30
mg/ mL. A _snal lLlass stir rod is 5 placed into each tube and the sanples
ore heafuTE  HRGRTREF. Fisnbpuldint 2hEERRne. o DalepcsRaNER ToskaeRy. at 250
rpm  ThecyeRhegfideas-2chopbdemR! 5SalyibleRboerdaRd Hé i J usi ng

t he autor?}gt edglni qui d- handl i ng rogtl)l{ and tﬁe’heat e}ggﬁggﬁbg és%tpgtdg)gni%oc.

[106] Avrasaiy-usethisi prePeER M the partigdailyt prefbeted divnes ateHed-rek eliane dEID)Ei ght
data f le. A G 35 t _at m/nmin fl te |
voed t 3 R A RRFaers (R i BeBie Bnthoniton &V el Micddena 300 ppm
| on®l asrbohensPMINE), ﬁhﬁ@i@y&?@ﬁ%ﬁn@?ﬂD@?D)Pﬂgﬁés dQally flcfIRl R iereThreM.xed B

300mm x _7..5mm col ums pl aced in series and heated to 160C. A Polynmer Labs
ELS 1066yhdenecd-aerbpmens geNR) endl 1 hdiemdignsr B set to 250C, the Nebul i zer

set to 165C, and the nitrogen flowrate set to 1.8 SLM at a pressure of

60- 80 psi 400- : I heat ed t.9 160C and
each sanp g‘ i nj eg{Ill g&@%%%&%lrigggg%&%%%&%% nlgg%eﬁ{el%ﬁo&g?%f’ ﬁgﬁ}jl i ng robot
and a behodidentadltie: inSenticnl araclastymiesic afterpblymepodisirylesn 810326 ¢ Gidir, WO
switched | ogps and over| apping injections are used. The sanple data is
col | ecEEcighy PEapyians eand pptigpal rEpeye HiEnE seshmomerse . Prfeaded oeolefimefoial | y

in r ; . I i i nfor ion.reported rr d

ngad o PSR St Ofiofli SE e Bhee 5 v o B s LS B B G B e
Met hod whi@ R * Bradineht oighretichied blky! 00p offendEteI Niatbsh ¥mS! Eshdplel aat i on

anal ysi s Irac i.onati o CRYSTAF) .usi ng a CRYSTAF 200 unit comrercially
avai | aBfbieGRietiBy mp rre Ref ligpitsdo, psppylene, 9ebulylans) bbutsne ldpasasieved in

1,2, 4 {IHeg n 1 . 6 é iljhzed at 95C
for 45 m nﬁegg%%}ﬁ%elsgenrgﬁehg&tple r?%tglrlgt ﬁﬁé@?&%&%ﬂP (lri 8?71&%%[% {S??%Jgn %t a

cool i nghe propylshe based/polymerareigenerally chfeteddeiotinthe At assieRlot BPDRASOyRerst he

poj yme ution concentrati.ons. .The cunul ati.ve so] ubl e concentration is
me!aés/ur ggﬁ%ge &]Fﬂ%s fé‘b\lifrfﬁrpr‘?raf}% Sy p?@ém%ﬁ’i qSBeCt“HE’ @Ei%@f"%lf ﬁPQM YPgecr eased.
The anpblyinegsdhcldes totglig& Qfnohlt@n; | al ' L tdre short
chain gdsgnchj nc di s?f?i uti or?oof ?%%%1 %%{EOF?L%%]&HG%%Q%RY I:I'%: (Jgeak

t enper a‘%lﬁwhan%%%ec@nmr@mgcfmm fHip 80 cirpons Prpteatied drenky gickide I04-perdadiene,

i ncl uded 0. ft Ver si 001 b, Pal Char , . Val enci a,
spai n) - e T ATk S PPy sl e R Bt ur e as a

maxi mupatylidendL-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.

20 [100] Because the diene containing 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 o-olefin may be reduced without loss of
subsequent polymer properties. That is, because the diene and a-olefin monomers are
preferentially incorporated into one type of block of the polymer rather than uniformly or

25  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

the cured products have advantaged properties, including higher tensile strength and better

elastic recovery.

[101] In some embodiments, the inventive interpolymers made with two catalysts
30 incorporating differing quantities of comonomer have a weight ratio of blocks formed thereby
from 95:5 to 5:95. The elastomeric polymers desirably have an ethylene content of from 20

to 90 percent, a diene content of from 0.1 to 10 percent, and an a-olefin content of from 10 to
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WO 2006/ 102155 PCT/ US2006/ 009857 the dWdT curve and the area between the
| argest positive inflections on either side of the identified peak in the
deri vat i wwocuow21550 cal cul ate t he CRYSTAF curve, the preTarse@doogsspcessi ng
pararreters are with a tenperature Iim't of 70C and wi th snoot hi ng

th it of 0. bel o the erature
PRt o st BiRdiohdnt ol M 0T i ROt B, hariibIasy | [ 100]
Di ffer %IHsto@ierﬁ%[yihéig hg%’rél éﬁrét EAdlednB bf FoR 6D t@i%z{] gﬂeﬁﬁq disle ragm%PtT&* rmodel

QL000 DSC eqw pped with cool i ng accessory an aut osanpl e
ni t r ogdienpidde 1 @a@enu,@wlma@tﬂﬁmoommt D%frmael@ tonﬁ@emanq;basedsonph@'&wd |nt 0 a

thin fil ut 17 C an n air-copoled to
room terﬁ%% %? ﬂ{% ?gg r}rghlfﬁcp?r@ywmr%? éPOlF% Tt td’ YPpets ie¥ng &

di afret eveiglit &kera@ccmble@tllaf et QVIRY fropl BOE0D fokbdud 2, gdm O@U ‘155@f5l‘d91‘yﬁ?d?n( ca 50
ng) , ang t hen cri e thermal behavi or of anplé is

|h nves'sj g8 de PQ.p0 ﬂn(?ﬁ@fe Ptﬂférék;rlyrf@flf 20980 £ 370:006% atid & EOIYCﬁSBefSlé)hb‘B%thas rapidly
ot ovi 005" Py preibigiess sy 6 SRR MO Sley BB OFE (| Pp a8y ko PROEP

cool i nd/eratpesfenatilyhsicth mﬂymeﬂrﬁ)ﬁ‘a\fecnn Shyfemudosent Tog 64801 5epdr&ent, hetiedte at ed to
15 150 C at 0C/ m gpeheati ng rate. The cooling and second heating curves
]

are relgpigudrom 019 §pergsat, 10l Hycopenk fiom Ztosivreacent t he maxi mumin
heat flowrate (Wg) wth respect to the |inear baseline drawn between

306 and @og) of MabeiineAfehe o BblynidSh A fan@?lﬁfé%e%fi &g&aaﬁngé& under

the nelting curve between -30C and the end of ne

basel i Hast @g fomtionsk greup (@i&pqhﬁncngstmmm eEernplalarrfdnahoﬁ)ﬂ grmps] m@he gel

per nea (@ cqonsi sts of

Labor aﬁ%?llmeé%ggﬁ)%&gg 18?’ EM%CmeﬁBo% ﬁ%&@%‘%ﬂ@?%ds

i nst r ustglenicalle uneMraFd nfohd- Gad &Uﬁlﬁbtuﬁﬁm%)gi&ta&d%ﬁy@@@ésaéaﬁg tiftkeok40 T.
Three Pol|yner Laboratories 10- mcron colums are used. The sol vent

is 1, 2800 i Hiessadp SHele ractionsd ceoanp may baresafied tﬁﬂépﬁly@e/aq -defgoncent rati on
of 1.1 I dat spl vent ning 200 ppm of
butgl a%rg%@ﬁ?a%gx(g?! ol?ll %ee!:( ?—%‘gﬁ%h V!’l he% ané %nrdce)aﬁlarpélgn%lfr&gg lnﬁltl ng lightly
for 2 comomsmetto fGRCan ffitepolpmecsf @hyltmi tineefutisiishal SondéHdnidr ah@bpticafiyand t he
flowraelslo {%/ sﬂ@ IééCallbratlonoftheGPCcqurmset|s
per f or HEG" MReRCHRer M’f\?ﬂl Fg’[c%tll fungigongh ergmps entepeisthyiens agodspstipade

st andafgeximbld i} € ol n t 102155
PCT/ US2006/ 0%98157 8, ﬁ%%s }gg%ghiée;r%%ggw?ﬁ%%gi%o S th%%%@?%g??f th a

| east Hesepatends afe 1ggpmrated barerebyveederence in their entirety. One particularly useful

20  functional group is malic anhydride.

[103] 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

25 will typically be present in a copolymer-type functionalized interpolymer in an amount less
than about 40 weight percent, preferably less than about 30 weight percent, and more

preferably less than about 25 weight percent.
Testing Methods

[104] In the examples that follow, the following analytical techniques are employed:
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i ndi vi dual nol ecul ar wei ghts. The standards are purchased from Pol yner
Laboratories (Shropshire, UK). The pol ystyrene standards are prepared at
0.025 grawe 2006/B21581 [ liliters of solvent for nol ecul ar pagiuskacs/oesal to or
greater than 1,000,000, and 0.05 grans in 50 5 mlliliters of solvent for

nol ecu'éf’C‘?ﬁiet%Bt@‘g\* Si&g&%a%%%%g?gooo The pol ystyrene standards are

di ssol ved~at tion for 30 mnutes. The narrow standards
m xtures are run first and in order of decreasing highest nol ecul ar wei ght

conponent [#06] M niAw #@omeRa ligdRthAalind RSoPeSIANGRE, ﬁ%a%&f’ﬁéeﬁle%% mol ecul ar
.converted to polyethyl ene nolecul ar weights using the

wei ghts ar Ul
f ol [ owi 1r§§ ééﬁ}bﬁﬁﬁi thaddenoygls ¢ 2idighlorohanrenesiabilized wity )0 gom IdoPt gach  Sci . |

Pol ym ) = 0.431( Mool ystyrene) [ 113]

Pol yet %fléggglygnﬁ?%?%%?gﬁ)&ae%u g(%r%\%éﬁp%ir?s %ggpé’ljﬁ/ 5‘?‘1 o/gn/gmﬁﬁgi%%?tfr P usi ng
Vi s6ot ghactd iBEeachatibeadethyesaplenard heateCaTDEEESI0PD ho8ls dnbltthtc@osmMiigSSi on set
is measyr.ed ccordi;gﬁ to ASTM D 395. The sanple is 15 prepared by stacking

25, 4 mneeLFRREIE #oanavE; 3 cgicentratedpolymep sehtiomisdhen diiteshio I mighkiness

unti | stneti adibth sk Bes; I e.fjscs.are cut from12. 7
cm X 12.S7g crr%1 conpr esgﬁlg%{agéﬁnaéﬁ)%g}%@&égﬁ%?&;%?ﬁ% eﬂ{oa ot” press under the
follow ng conditions: zero pressure for 3 mn at 190C, followed by 86 MPa
for 2 mnl186] 190@ Symy* Bapid GBC syston iswped tsdderntihe thermslsculrtweight dhta unni ng

t a2 i 115 I A densj t asurenent are
\S?eg;r g%f e%?:f(l: % lﬁ'gg[ @ﬁwmt g‘%ﬁﬁ%ﬂ&%@m é‘?":\l:s é‘)sl?igfgé’%gmﬁ helivmsne hour
of 18anplsepl saichigrdtehige ABDIIART %2th IdotpatioRol asﬁlhé! i&g%ﬁle fpﬁfs% ?@%@fgﬂ{f é’ZS/

using

St or ag Ngﬂ@' us [116] Sanpl es are conpression nol de 8.
FI exur &1&eh h¢mycromstes fpa NixedB 3A0mmys diSmna celumms placed irasecios ahdibpatel tASTM

cqut vall h PFol 14s BE s, IRATHIG s IS KR0St alonsa 1o 2at i
pr oper Nebslizet tjto F65G5 and the. mtrogentlive labess 1@l .8 SIVTRT £pfkfie Rb6180 giﬁtsi ng a
et ween

hot pr Y del . #4095- 4PR1001R). The pellets are pl aced |

pol yt ef@fé@ﬁ%‘gﬁ%yl fBOyMSE pamplenarg hegfed to h@j’%@ndtea%sqgmle mgstekingafor 3
m n5 f ok pvdn Y . 3,0 r.a4dian. The film
is then cgol e% ilﬁégl%elmgﬁ%égﬁd\}mégﬁ&%ﬁﬁ?%gg%g?age&g%gsré}qgl?aﬁa?%&mﬁl?or 1 mn.
The cohpyeessaseplepisdegiivd $witchad tops ent dvarlappinigdajkctices sty @REN THe sdrgplei | e

behavi gfe, i dohEOE hla ar?arf}gzeatursﬁlsg%ygn%rlx p%%h‘qpéoftware. Peaks are manually

integrated and the molecular weight information reported uncorrected against a polystyrene

standard calibration curve.
20  Standard CRYSTAF Method

[107] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4 trichlorobenzene at 160°C
(0.66 mg/mL) for 1 hr and stabilized at 95°C for 45 minutes. The sampling temperatures

25 range from 95 to 30°C at a cooling rate of 0.2°C/min. An infrared detector is used to measure
the polymer solution concentrations. The cumulative soluble concentration is measured as
the polymer crystallizes while the temperature is decreased. The analytical derivative of the

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

[108] The CRYSTAF peak temperature and area are identified by the peak analysis
30 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
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[118] Carity is measured using BYK Gardner Haze-gard as specified in ASTM
D 1746. 10 [119] 45 gloss is neasured using BYK Gardner G ossneter

M cr ogl oswo4Boeam21sspeci fied in ASTM D-2457 [120] | nt er naCThsz@ciosssseasur ed
usi ng BYK Gardner Haze-gard based on ASTM D 1003 Procedure A. Mneral oil

' ' ' f f cratches. _Mechani cal
pr oper (LSl il BeSitad RSyt R et o fonion edersideatiibenavi or
i N uni daémifiell Bk iRhd GerRASH E@Ye UTh @Qlcﬁﬁt-EMl@CRWFAm&Rz{Q}tgél‘ﬁfgk& peci mens.

Sanples are stretched with an Instron at 500 % mn -1 at” 2 ensile
st r engtlCEAUNEPBHGEersHe ithisrtempergtuge Heyart788C hndwithsmeothiagparahetdrs

speci % % Hysteresi,s i s determ fromcyclic | oading
tg 108&)@2%%1[11%%%}59%%&?%@oﬁ@.ﬁha@n@w eﬁ%eﬁf? ﬁ?’étr@tleq speci nens with an

InstronTM instrunment. The 20 sanple is |oaded and unl oaded at 267 % mnin-'

for53 dRC Stamlar® MchodyExdladiaySauniprent-g aad B¢)% and 80C are conduct ed
using an environnental chanber. In the 80 C experinent, the sanple is
e test tenperature before

festing. [5fhe DR idamang Solpeybires s gis doiemuned wans EAMBIE st r ess
at 150% 00 PIT équdppekifptd 4d RES cHGfil‘gj‘%S?%{)@y Sl a%tc{?gﬁglég.eg' m{?@%er?ﬁ%%% ng

recovery for all experinments are cal 1 fromt firs .
cycl e #8% Agwioh 80 snlfmainris usedwHihelsample is padseddntorarthih film ardemblasiinlthewgressThe

i | S - UR = 100 f -34 WO
D006/ 10TER DTl it o Bate Tt mdmempoatnt s Gl i f menianeedl e peni ¢
| 0ddli ngusinth 56 nins diahR e disk ccohRel® Welthell Osiecddah YN#det A1Bmidien paftecggbne during

the 1" unloadjng cycle. [123] Stress relaxation i s nmeasured  a per cent

strai n Mg then grypperbshiyh yFhe theimad bebaviorrod theovammlé issuvestipated wifhithped wi t h

' T a . S o6 .25 mMmm x. 0.4 mm

Ator Conirg e ERAE B T80 STHAR ORBIRY fun D, 150 and B! s lhebn "o e
sanpl e wainutes iretrdbetd renobOMySirtvions tbrrdd 36thyN The s§hf>l%§§tﬁéﬁ%oél€&% ded as a
he percent stress relaxation after 12 hours

i f time f 2 hours, _
wns. car 8 5 e Ry RRER BRHAS 996, RESemReax dbe suBlels et hausd 80 Lo

15 150 °C at 10°C/min. heating rate. The cooling and second heating curves are recorded.

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

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

[111] 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

25  prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing
200 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2
hours at 160°C. The injection volume used is 100 microliters and the flow rate is 1.0

ml/minute.

[112] Calibration of the GPC column set is performed with 21 narrow molecular

30 weight distribution polystyrene standards with molecular weights ranging from 580 to
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10 where Lo is the load at 50% strain at O time and L12 is the |oad at 50
percent strain after 12 hours. [124] Tensile notched tear experinents are
carried owmD2006/®215pl es having a density of 0.88 g/ cc oPCIrAS008809337 an

InstronTM i nstrunent. The geonetry consists of a gauge section of 76 nm X

13 mm ith.a 2. ,ch cut into the sanple at half the specinen
15 | en?f%%@ﬁ?@ gs@‘@t él?%éﬁ“%&w% 8t Igast gidgeade of separation hetween; t
br eaks indikidublaaclceuler W¥ights. Taak@HdAELske %%réhﬁ?ed%(ﬁﬁ Pgﬂﬁﬁf\ér 1%B6atories

oad.” An

stress-e on\%ﬁti on _curve up to strain at nmaxi num average of at
| east $5Ri9BRNIFeH)arlde pelysyrans stapiayds preasppaFeat a2 Mrainain 5@ nililiedry sf S

( Penet rat.i i te n 3 d ter x. 3,3 mmthick,
conpr essgigﬁﬁrorgl @eg{lg{. g%%}lts:‘eau%@g%g%ref%ﬁg“é‘rég%&w;&nﬁ"r@ﬁ%igF?énSp‘lnesé)sur e for 5
m nfit esnillilders loépolaent fopuaslendak wdightsilas tasEOG0,0602 AT TYen nd

In t@he test, a probe le}etspr??ylSS n‘gﬁt?né%lf%s tip

avail able.fromPerkipn-Elnmer. Int .
(\F/>/IN B lis E‘fﬁé)at ﬂ@éﬁﬁ# getfle agitatien fayBPapiautss. Thenarsowpbendirdemmitutes 1N

force. gfdh@nt ' ' ] om 25C. The .prabe .penetration
i 5t anes e TR BB O C0cp RSl sl bl A Broreid Bfrifent ends
when t degipdasiss. e pobystyreretstzohdardpeak niodedulte veaghit e coPMicitd BblyBMY RN C
Mechani Co"flc @nal%gsnilts DI\/@)F#@O neasured on conpression nolded diskS forned
in a hOtopresd ﬁ%%‘tg 9EPWIBE caraioapedgseribes i Willians asdiMahdd. wat er
cot) ed Potvéd SAD PO/ 162 % 2@p6/ 00985 1A he press at 90C / min.
Testing is conduc?lg{j usijéggziaogyg\ S@g"o(’{ﬁeg’ BF | §d43§pr/léﬁlyﬁy'ﬁ“ﬂ'eorret er (TA
instruments) equi pped W th dual cantilever fixtures for torsion testing.
[127] A 11E3m pl 83@@%/@119 eguivalgntanolecular weight dadoulaifonslarepesonnsd 8xg 2nm  The
sanpl e ggqp nds, Ret ween fi xtures separated by 10mm (grip
separ axl%gfé}é(\L and gg%gljeg%%le%leto successive tenperature steps from-100C
to 200C (5C per step). At each tenperature the torsion nodulus G 1is
measur €ongiressiore®eful ar frequency of 10 radls, the strain anplitude being
mai nt ai ned between 0.1 percent and 4 percent to ensure that the torque is
suffici eg{llﬁnd that the rre&surerrent remajns in the linear regime. [128] An
a

initial i ¢ foPERIESoR getds measpred aogp oA BV R385 oA hersatenle iv pr event
10151 apikpired blstaskiip 8. 4beNidRe Rhung YRRISE P8 nffi CHO Sam Shdd FORARETUENCe, the

grip separation AL increases with the tenperature, particularly above the
nel ti n@l%e%sdw%ﬁmgl thiskeess of 12.Aenm potepched. Theplises afbhumt frest 1257 opsk BL.7t he

maxi ”U%tcgﬁ%ﬁ{sgigﬂ o1& p%(ﬁl%s h%?de%a\%tl?g Ely)\te I?rgssturr]ﬁer tfh{e ?(Eﬁjorvx(faigg E:gr?d?tri]c?nss: 65 mm
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.

20 Density

[115] Samples for density measurement are prepared according to ASTM D 1928.
Measurements are made within one hour of sample pressing using ASTM D792, Method B.

Flexural/Secant Modulus/ Storage Modulus

[116] Samples are compression molded using ASTM D 1928. Flexural and 2
25 percent secant moduli are measured according to ASTM D-790. Storage modulus is

measured according to ASTM D 5026-01 or equivalent technique.
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Melt Index 15 [129] Melt index, or 12, is neasured in accordance with ASTM
D 1238, Condition 190C/ 2.16 kg. Melt index, or 110 is also neasured in
accor danceowadnoASTM D 1238, Condition 190C 10 kg. ATREBET/USi@Bjossal yti cal
tenperature rising elution fractionation (ATREF) analysis is 20 conducted
accordi(r,)lﬁt.‘%i t he nmet hod described in USP 4,798,081 and Wlde, L.; Ryle,
T.R; BECPEMIETUES C - peat, |.R : Determination of Branching
Distributions in Polyethylene and Ethylene Copolyners, J. Polym Sci., 20,

441-455 ([H98P), Win®ofd. Lo GAURSEsHrE GorBiresdiSi BIORRASsHE G0 phels fdfh% r
entirety. osition to be analyzed is dissolved rn trichlorobenzene

Th
and al INMossd #595:524 1Q01R)z Ehe pelletcar piaged betwvgem polkytetaflioresthy lbup plets,
t ai nl ing .t t t.0, 20C, at
ool | niesd P %4 1R Gelr®) Yt RS 0o MERIRF Sipthrrideids™ °

det &ct dvPa A 3ARIREA he Hilone tiegcatled i e présstWigunfieBRbRE wateDM 163 Mparter § he
crystall.iz %Spol ymer, sanple fromthe columm by slowy increasing the

t enper é‘?‘ﬂrj PO@H@S%P%m%dﬁJWéFRUSGQ forcantisplgbeasueements; teppilobehapior,20C at a
rate of é,ddﬁgg 5 006/ 102155 PCT/ US2006/ 009857 13C NMR Anal ysi s
[ 131] 'Ir'%cé)lfg p eés}regﬁge@aﬁg?g%%r ed by addi ng approximately 3g of a 50/50

m xture of tetrachl oroet hane-d2/ orthodi chl orobenzene to 0.4 g sanple in a
10 nm NVR118be. THaritydsumphsusedarsingdB ¥ EKoGardderdiarekmpand gespiezididd ixyy ASEM Dng t he
t ube areﬁﬂﬁts contents to 150C. The 5 data are collected using a JEOL

Ecl i ps ‘400MHz spectronmeter or a Varian Unity PlusTM 400MHz
spectroneter, corresponding to a 13C resonance frequency of 100.5 MHz. The

datie are[1agpui r ad° gk rddOtkell 1SIAS B Gap@ier ¢S Bmbick Mikidelbsa 46 second
pul se repetition delay. To achieve m ninum signal -to-noise for

quant i tB8GHRA B TNiI2-24511 tipl e data files are added together. The
spectral width is 25,000 Hz with a mninumfile size of 32K data points.

The 10 safgphps afifeHAPhyASdmalsuleab ﬁvg IEEI%— e
connnone?ﬁinn]gorporgﬁaon i's estuer msél}leé u&%%dﬂéapn a &%@@@ggﬁ%ﬁ%ﬁ
( RandallPQ3 BroCedurd MG-NRineral Milds appiied tCHefilm Rinfase to 1E€2Dye 20k Tacd kéralch889) , whi ch
is incorporated by reference herein in its entirety. Polynmer Fractionation

by TRE 32 rge-scale TREE fractjonajion is carried by dissolving 15-20
g of p§/ll‘£/c Plciahﬁr%réeﬁf%’}s e’olflysf?'?,s’ﬁz?‘?‘itﬁ?ror obenzene (TCB)by stirring for
4 hours at 160C. The polymer solution is forced by 15 psig (100 kPa)

ni t5ogen [@R1p a 3Stresicdiraybehativpin (riaBalcEhsion B Hdkusl 8Shg 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.

[122] 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

20  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
unloading cycle is recorded. Percent recovery for all experiments are calculated from the

25  first unloading cycle using the strain at which the load returned to the base line. The percent
recovery is defined as:

%Recovery = =~ %100

&r
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col um packed with a 60:40 (v:v) mx of 30-40 nesh (600-425 gm spherical,
technical quality glass beads (available fromPotters Industries, HC 30
Box 20, BwvownewoelssTX, 76801) and stainless steel, 0.028T/USRooénngsstli anet er
cut wire shot (available fromPellets, 20 Inc. 63 Industrial Drive, North

Tonawanda, NY, 14120). The colum is imersed in a_ thermally controlled
oi |l j ac‘%ﬁe, eedpihe stipipjtajemyfox eyclig dpadingang s 1 therpirain wheresthe dasdiret@ns to the

bal | i stypenb Yiuri § ow cooled to 20 C at 0.04 C per minute and
hel d foral oneﬁﬂrélﬁﬁ)t.hjeér élsghoa‘?%g%y?ﬂg' i ntroduced at about 65 ml/mn while the
tenperature is increased at 0.167 C per mnute. [133] Approximtely 2000 m
portions HR3El uabtrefsmehmxatien ismeqasured at/&) FeREdnt sivdinand 325CHoel Thddreatiagd i n a
16 station, heat eg_B%r ction (gol. ector. The 'glfflthy r is concentrated in each
fract | G IBLRRGT ESBRSRP RSO PABR KPP R Dbex JThectiar SeFnaHEvol y er
sol 8t i 08 iRl I¥em x 0 BenBONFRALHRIBALHAO b To0NSr 85 Rrifthd fﬁ@%ﬁvi&&nﬁéxﬂe{ld
overni ght before adding excess nethanol, filtering, and rinsing (approx.
300- 50Gh#mbess thesampleovasistretchet] o Whairdin aAB333% new).. Stiess Waslréaoadddas ast ep i s

per for . : i440n. vacuum assisted filterin tation ysing.5.0 m 30
ol y+ et it PsR ume RO LA b AF S Slakdrphfher nfalt mnseiwadics 1 ne.
Cat# ZSyB@AoRNa: The filtrated fractions are dried overnight in a vacuum
oven at 60 C and weighed on an anal ytical bal ance before further testing.
-37 WD 2006/ 102155 PCT/ US2006/ 009857 Melt Strength [134] Melt Strength
(M5) is neasured by using %Sﬁ@ﬂjké{ﬂa}’ioﬁﬂﬁn‘a@leﬁdbétted wtha 2.1 mm
diameter, 20:1 die with an entrance angle qf approxi mately 45 degrees.
After equilibrating the sanples at 190C for 10 m nutes, the piston is run
at a speed of. 1 5 inch/mnute (2.54 cnim nute). The standard test

t eiPer dthgredlois thedowl at1i86 sfzaimpicl fimedndm is i laxd al J0ypetrcena stsain afiér 12

accel elhg‘g]isng nips | ocated 100 mMm below the die with an acceleration of 2.4
mr sec 2. The required tensile force is recorded as a function of the
take-up speed of the nip rolls. The maxinumtensile force attained during
the test [124]def i Mensilesotdhed raat bxwtinengidie cartidd bitCorcaslafhaR Rz ®hsite! t

exhi bi ttgg draw resonance, the tensile force before the onset of 10 draw

r esonafit &S840k ash usiug A fastopPLngiwment d hsgpemeiry eonsists ofe gasge sersieni n
ti 3 NS ). t g i Yol § d,
cent i Ngw®Rs x (13 b k- 0. £/ byid m%&%EﬂQn{o‘%ﬁ@%a@ﬁ%g %@a?hﬂ&le S%ér%lmgf €

refers to a tine of approximtely ours, r

t ebper dngthe Thersempless sigetehetdent88 atnumén bit 21entiTit rarkst Mbe ter Bnéral xed 15
al kaneg!, rrefers,to a ¢ rcjally obtained mxture of C6 9 aliphatic
hydr oc g?l%l?‘ntgg BN Lgl%g{lrﬁﬁ éfxes[stioqg@é% CYXE 1B Hu st 2 @@HW“Eioa?l-r O
ExxonMatrage@Taneast!3 spetmmny arelBpdritd. event

TMA

[125] Thermal Mechanical Analysis (Penetration Temperature) is conducted on
20  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-
0416) is applied to the surface of the sample disc with 1N force. The temperature is raised at
5°C/min from 25°C. The probe penetration distance is measured as a function of

25  temperature. The experiment ends when the probe has penetrated 1 mm into the sample.

DMA

[126] Dynamic Mechanical Analysis (DMA) is measured on compression molded

disks formed in a hot press at 180°C at 10 MPa pressure for 5 minutes and then water cooled
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the nane of a compound herein does not conformto the structural
representation thereof, the structural representation shall control. The
synt hesi swof2oal/ 102188t al conpl exes and the preparati on of pariussaxmeIssng
experinments were carried out in a dry nitrogen atnosphere using 20 dry box
techni ques. Al solvents used were HPLC grade and were dried before their
use. [ BB]PredwIRPGEF fanin. tTestinglisfoonduatest yineaABRaentrallad stialoheesrpter uni num

nmodi fi noxane i4).ab, o- Nobl e

Cor por z?‘ll\L gﬁé.tm%} %%#fqullﬁ%ed ‘%%glrl%ﬁagtﬁl%omhﬁje?%drxo%%g%ﬁ% conducted as
follows. a) Preparation of (1 -nethylethyl)(2-hday-3 5-di(t-butyl)phenyl
net hyl i m [127] 25 3 b5kim prabiud sl peedsedyidodud érhy bar c(f?»hﬁ@nsg@nsiﬁx&ﬁdmd The 10 mL of
i sopropyl ami ne. The solution rapidly turns byi yel l.ow. After stirring

at anbisampletigpipmped airboth wds@ehwmsﬁxm%ﬁ%arat bsa}(énme(%néepamff%r Lygddum t o

Lo LA LU kBT R 10T P L)

1, 2- bi SCIﬁﬁerEtufH thé td:islbﬂ Irrmalatusl@ne)l{eim(ré& ﬁt]anrmghlylt ﬁEd{L)elnkjr ofri Oead/s, the
met hyl )§X oxo Zi rconium, di bl&nz yl. A sol ution
2

(1- met $YREERH Iﬂdz beingrmaiptained herweenifl, perpsH @AY r*)nerﬁeﬂfem(eeé@e (Rt the torqugTp)|
in 5 m'ls _L,Lgigeﬁ% na%ha%ltmnxas@%%mn nSRltHe hﬂ&r?é%n%é.( CH2Ph) 4 (500 ng, 1.1

nmol ) nm. toluene. The resulting dark yellow solution is stirred
for 30 mn. Solvent is renoved under reduced pressure to yield the desired
pr oduct aB28] r eddimsinitial static fwté of 10 § is3BRintRinedfpepdensiaronodsd) te ateakyist ( B2)

10T Sl S 18 S Blor i nl EERRG0N SRS | af frohfseBhitE, e etip stRIAAN am ne

(8 44 1y, inBfballs W the kdinShraR] ﬁﬁﬁchlﬁrlﬁ%&%ﬂﬁé m(eﬁﬁlgrﬂf)softerﬁﬂg gt of the
di -t-butyl'salical dehyde (10.00 g, 42.67 mvol) is added. The reaction

m xt ur eolygnertsampled Thetest hhoeeatktb@l n@xm@n tévepergors awdvhen thogap betweanthpr s. The

resul ti el | lid precipitate is collected by filtration and washed
with c&n"gu%r%feﬁg?ﬁ%lg ™% 15 m.), and then dried under reduced pressure. The

yield is 11.17 g of a yellow solid. 1H NVR is consistent with the desired
productyMal Iadéxt Xt ure of isonmers. 15 b) Preparati on of
bi s- (1-(2-nethyl cycl ohexyl)ethyl) (2- oxoyI 5-di (t-butyl)phenyl)

(L5002 HEBE, ol o s bearh 35 moeskt S eeordamee it AFTMRAZFH Gandision 7. 63 g

23. 2 f CH2Ph) 4
m“i@b%:l/%’ig%%ml\{l@)-lt iltnﬁé%%@ ?10'1§a1§é Ahtrariedcdrlate SAHARPM Df1248 ( )

(5.28 g, m_ tol uene. The resulting dark yeliow sol ution
i s stirCaditfonr190°®Gd0kgat 20 25C. The solution is diluted further with 680
mL toluene to give a solution having a

ATREF

[130] Analytical temperature rising elution fractionation (ATREF) analysis is

20  conducted according to the method described in USP 4,798,081 and Wilde, L.; Ryle, T.R.;
Knobeloch, D.C.; Peat, I.R.; Determination of Branching Distributions in Polyethylene and
Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are incorporated by
reference herein in their entirety. The composition to be analyzed is dissolved in
trichlorobenzene and allowed to crystallize in a column containing an inert support (stainless

25  steel shot) by slowly reducing the temperature to 20°C at a cooling rate of 0.1°C/min. The
column is equipped with an infrared detector. An ATREF chromatogram curve is then
generated by eluting the crystallized polymer sample from the column by slowly increasing
the temperature of the eluting solvent (trichlorobenzene) from 20 to 120°C at a rate of

1.5°C/min.
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concentration of 0.00783 M [139] Cocatalyst 1 A m xture of nethyldi (Cl14_18
al kyl )ammoni um salts of tetrakis(pentafluorophenyl)borate (here-in-after

ar meeni urwbanat®)1s5pr epared by reaction of a |ong chai rCrrisasoeybesi ne
(ArmeenTM M2HT, avail able from Akzo-Nobel, Inc.), HCl and 25 Li[B(C6F5)4],
subst ang/ s di.sclosed in USP 5,919, 9883, Ex. 2. [140] Cocatal yst 2

M xed Cﬁﬁfgﬁﬁlﬂh’%ﬁ met hyl anmoni um sal t of

bis(tris( af | ugr ophenyl ) - al umane) - 2- undecyl i m dazol i de, prepared

accor di ngﬁsﬁ usP ,351981% ?‘%,Pf@@e‘{fg a‘-fda@g Wyrogoetelnda sba ﬁ@ﬁB US2HBPN09857
141] ShtHchilol j I ' diret hyl zi nc

EDEZ] SAl ?j‘)k%%?ﬁgﬁ'?? P(;ﬁzllelrl]lg%%é)ne%??ﬁ%ﬁ%ﬁ%@g@?ﬁﬂﬁF i et yl>/al um num

(TEA, saaples arejdissplvied budrhomoggnas)by Henting tigltgse dndutn cofé)s, to i150C. yTld um num

L L A Sl i AT T oy s
di ( pyr 4doMBIZZpegidisutirg edrrdsBéRing B £ C0-1ednafQey ubn &S 108! VIR e FAED) -

i -butyl al um num bi s(di (n-pentyl)am de) (SA11l), n-octylal um num
bi s( 2, Brechcapires psippHUNGrangisnts pepdaty filwith @t6deedndpulsemepetition delay. To

di (et hyly:1- c I ' . et hyl al um bis(t-

blu'g 5 | d%%héﬁ%% %%m'ﬂ%}&?%sfé%’%?}“%ﬁ‘%rﬁ%ﬁ ﬁsg’illj’(q]&’upl"(s‘ﬁﬂi? filss A ded) ) ani de)

( SA15) fogetitehyThd spectmalwidilsié 25306 1 with e Azemuln fikzagy/6f DRERHRAPSRME. die ( SA
161)Q:t n-octyl al um num 1 6, 7- di benzo-1| - azacycl ohept aneam de) (SAl 7),
n_

Q.bis(2, 3,

y FUPRIRT A5 ARyt 8P RGIip e-10gpmyhrgad basdinaehes e comenpserinaerporation
(2. 6 dighesmabenai Ml Shit | ZE0G) At de); & SA0).
Exanpl es 1-4,1 Conpﬁiaglr ati \%e A-IC etgg@giﬁﬁ?ghf%%g%%?ﬂ%ﬁ%m cm.
Pol ynePhyatCh 20b:3d7 (19893, vilfich iv4a¢orPatkiedeyirzfetdnonheitind@rdtitded using a
hi gh throughput, parallel polynerization reactor (PPR) available from
Synyx 00l es. .l Nnc. perated substantially according to USP' s
6, 248,??@{&?%,1%%6&%%0"&3'32%9, 6, 306, 658, and 6, 316, 663. Et hyl ene
copol yneri zations are conducted at 130C and 200 psi (1.4 MPa) with ethyl ene

on denar{@32isi ngLarg2-seqls TRHTERiG oakticivE dhdlel By dlssBR&RM 290 %%g%%%? Iﬁlz ;tslt ons

usgsd (%..1 eq i lents 20 when_ MMAO i s present). A series o

ar B cofdikes BhLP 4-Echarebeneme {TEBY Himing GovorouERRPOKGNTEE noime? 48

i ndi vi : : ol : r i with a

pre- m?%lﬁdé%ﬂgﬁg%g& ?ﬁ Egeb é%lggo Vor )?‘%@@ (E:)1 Iogﬁr/?\a21 ??\écggoé' %‘ tﬁo‘e)é@t%ci)?méieﬁ pystgdoo L.
Each ce¢limngpackedrpich abQre (amiimix eB30+4e nwo {600+4250um) dphesiédl teétgeapr ovi ded by

individual stirfri les. The oner gas_and quench gas are pl unbed
i et PYPTIoR €l fredPRAGARIE B sr POtaE B 30 Box 30 Browntwood TX,
76801) and stainless steel, 0.028” (0.7mm) diameter cut wire shot (available from Pellets,
20 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.

[133] Approximately 2000 ml portions of eluant from the preparative TREF column
25  are collected in a 16 station, heated fraction collector. The polymer is concentrated in each
fraction using a rotary evaporator until about 50 to 100 ml of the polymer solution remains.
The concentrated solutions are allowed to stand overnight before adding excess methanol,
filtering, and rinsing (approx. 300-500 m! of methanol including the final rinse). The
filtration step is performed on a 3 position vacuum assisted filtering station using 5.0 um
30 polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat#
Z50WP04750). The filtrated fractions are dried overnight in a vacuum oven at 60 °C and

weighed on an analytical balance before further testing.
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25 automatic valves. Liquid reagents are robotically added to each reactor
cell by syringes and the reservoir solvent is m xed al kanes. The order of
addi ti on we 2micxeeisal kanes solvent (4 m), ethylene, 1-@®crarseocsoosapner (1
m ), cocatalyst 1 or cocatal yst 1/ MVAO m xture, shuttling agent, and

cat al yi\;[%l?g catal yst m xture. Wien a m xture of cocatalyst 1 and MVAO or a
m xt ur frepethnt o ysts is used, the reagents are prem xed in a small vial
i mredi ately prior 30 to addition to the reactor. Wen a reagent is omtted
in an expgg#rent Méihstr evIsy ﬁeﬁea@ﬁredwsﬂllsﬁrg%rbapﬁlagﬁﬂﬁ%&&kﬁ?ﬁﬁ@d Ritpianed.

Pol ymeri zations are conducted for approxi mately 1- m nutes, unti |

pr edet arinipediameisy| 2Onkediesvith anrntignes angte ofporasdmatalyt 4 degneescifieg Wit h CO,

-40 WO 02155 PCT/ U 09857 th t | d the gl
{ubes SARiCistOE Rl PIRRE 7 X0 el Bpd A% 8 BB bRl vacuum ©
dr y5 ng inthrhinu@\d. 54 dn@ehi Q). %efb@éﬁﬁadatkst@&nﬁegatm%ﬁ HYHRS. ﬁﬁ@éaﬁhagé A ed

en this weight a

pol ymer are wei ghed and the difference bet the tare
wei ght ugiayiadly the setetf acselehingyiippbicgied 100 Ras belbss the diecwith an acdleratiohalt] e 1.

In Tab nd: el.sewhere. in. 5.application, conparative conpounds are
i ndi calzgﬁ"dl%1 Bl?lseﬁznegl%etrgﬂ%?g tfnﬁlf.eqef’Tﬁéﬁ Peré&’ﬁ‘ﬁ@?%% %ﬁcﬁo’%ﬁ@ﬁﬁ@a‘f@ﬂeﬁ okt hesi s
of |i n@grrollkoTke ﬁﬁﬁﬁﬁlﬁﬁ@érﬁil@for&é‘ﬁtair&rd%ﬁi% thdWQNt HOhedS:s B @@1@%@@11  the
formation of a very narrow MAD, essentially nononodal copol yner en DEZ

i s predihe caspiolpobymerdaslt exhibitioe deverssorancadhetensiledortertiehore ttwronsetarfuct (a
i | in, the ab f . 10 t
b 0 B8 e ERREEUR Bl AR LRl Phe el sl BB P is

Catal y¢tcNB 1), the different bl ocks or segnents of the resulting
copolynmers of the invention are distinguishable based on branching or
densit able 1 Cat. (Al) Cat (Bl1) Cocat MMAO shuttling Ex. nol nol (nol)
nol ag a(?ﬁ%l) Yield v\n MM Mnh hexyls' A* 0.06 - 0.066 0.3 - 0.1363 300502
3.32 B* - 0.1 0.110 0.5 - 0.1581 36957 1.22 2.5 C* 0.06 0.1 0.176 0.8 -

0. 2038 4533¢ 5. 3G8e Rorh « 9> : ¢ .19 4.8
> 0006 0350 Top the Rrn (%’8% 536 el s to Pl bfafphotlmt M 16 hgurs, 29 4.2,
(8.0) thedemn Jpemsempehtute’s refdrsGo @GeBpedratdirel &2 0-25THA a8 Ghdierd “87Q 3338 1. 54
9.?5 1al§ o, W'QQer chain .c?nteni er. 1000, car lf,oHs, 5 2 Binodal nol ecul ar
el ght 0¢85, TSIeRSit0 A commercially obtained mixture of Ce_ aliphatic hydrocarbons available

under the trade designation Isopar E®, from ExxonMobil Chemical Company. In the event
the name of a compound herein does not conform to the structural representation thereof, the
structural representation shall control. The synthesis of all metal complexes and the
preparation of all screening experiments were carried out in a dry nitrogen atmosphere using

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

[136] MMAQ refers to modified methylalumoxane, a triisobutylaluminum modified

methylalumoxane available commercially from Akzo-Noble Corporation.

[137] The preparation of catalyst (B1) is conducted as follows.

a) Preparation of (1-methylethyl)(2-hydroxy-3.5-di(t-butyl)phenyl)methylimine

25 3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The
solution rapidly turns bright yellow. After stirring at ambient temperature for 3 hours,

volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent
yield).
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[144] It may be seen the polyners produced according to the invention have
a relatively narrow pol ydi spersity (Mv M) and | arger bl ock-copol yner
content (Woiznewi021ssetraner, or |arger) than pol ymers preparusdoocoodsse
absence of the shuttling agent 20 [145] Further characterizing data for

t he pol yner Tab e.d d netotheflgures Mor e
spemﬂcall@%&@'@%‘ ERES BHre : [146] The DSC curve

for thendaghat H_a%gmgtm@;;_ﬁ@%zlo@%c@na&ﬂ&z%Itl ng point (Tm with a heat
of fusion o g. e correspondi ng TAF curve shows the tallest

peak at 34.5C with a E)eak area of 52.9 ier cent. The difference between the
DSC Tm ?5 antlutinn ofdl yeethylethyD@rhyrmxy-2,5 dr@bmomhmmiﬁﬁn@(mﬁ u&zacm/ 009857

[ 1471 pol r a h 109.7C
ol 1 o ir S P e AR ¢ Lo S B rR R0 ehd domiobdn i m
CRYSTARICtoluege. @hemwtng dutl yedtoly pRatonds stiedor BY hiln ASEWaMK igf@Rowll 57. 0
percent. The difference between the DSC Tm and the Tcrystaf is 63.5C. 5

[ 148] TRderprsticed pressurefo Yigld the fesired perdughasmsieddish-brayvssadidpeak with a 120. 7C
melting point (Tm with a heat of fusion of 160.1 J/g. The correspondi ng
CRYSTAF peak area of 71.8
percent. CIEIl'he di ffeglgﬁéggﬁggﬁ\%gﬁalyﬁqﬁbbgéogm andc}‘21 Wﬁf crystaf is 54.6C

[149] The DSC curve for t he poI yrrer of exarrpl e 4 shows a peak with a 104.5C
10 nel ting PbiPs )1 Ol metwdeycloheyl ity (dfoxd 7183 . F-dit-dutyDiphemydYim@repondi ng
CRYSTAF curve shows the taI I est peak at 30 C W|th a peak area of 18.2

percent. h the Tcr af 74, 5C.
[1501 The %@%t&&ﬁ%&?@%@agﬁl‘ﬁ@g#{i B RPomteh I st ey @ﬁﬁ@ bt?%rfPL? T with
a 1(heaancbdl-tﬁlmﬂyleathoefdeﬁfida(10/0@ g, ihe7 mﬁﬁ?mﬂ&ﬂ NPhERYSHMN mBMIré g Sl the
tall est. peak at 15 48.5C wi.th Eeak area of 29.4 percent. Both of these

val ues%%tﬁléreeeﬂwgtﬂémen\mm d 4o r23¢ don Khrs. The resviting yekows iSt)l}d prepipitaliefis er ence
bet wee [ e for
combar Si1 s R haa b BLEE WDl Bty O3y ok A e RS o o
237.0 ne/dgcedl'pressum rBepoeldiin gl . CRY ST AFeltow velids NoINSMIb & doakikleat witkdle at 82.4C
wth a a of 83.7 p(lgrcent Bot h of these values are consistent with
a resi ﬂ Sllrﬁ tp Cﬁassah?lﬁﬁ“rer? HOHEty. The difference between the DSC Tm and
the Tcrystaf is 47.4C [1521 The DSC curve for conparative C shows a 125.3C
meliing poi b} Plepalatiohofibid- (1WQ%etﬁfflc{'dléhékﬂl)@ﬂwﬂ)@me@-é95-d1-(rthlﬁ1t€l%t{eﬁ§90nd' ng
CRYSTAF curve shows the tallest peak at 81.8 Cwih a peak area of .

per centBinoygrconiym dibegybr crystal |ine peak at 52.4 C. The

A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)imine
(7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH,Ph), (5.28 g,
11.6 mmol) in 600 mL toluene. The resulting dark yellow solution is stirred for 1 hour at
20 25°C. The solution is diluted further with 680 mL toluene to give a solution having a
concentration of 0.00783 M.

[139] Cocatalyst 1 A mixture of methyldi(C;4.15 alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and

25 Li[B(C¢Fs)4], substantially as disclosed in USP 5,919,9883, Ex. 2.

[140] Cocatalyst 2 Mixed Cyy4.13 alkyldimethylammonium salt of

bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
6,395,671, Ex. 16.
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separati on between the two peaks is consistent wth the presence of a high
crystalline and a 25 low crystalline polyner. The difference between the
DSC Tm amwtot2hes/ibersgst af is 43. 5C.  Exanpl es 5-19, Conparatrivse®eDodss7

Conti nuous Sol ution Pol ynerization, Catalyst AlBZ + DEZ -42 WD 2006/ 102155

PCT/ US200 985 53 | ut . I ed

out i a 04lbuc o Bt Her The s BLRineeris SRaToye trpbeisi g (DEGe er na
ti . | f

ExxonNob - epp e d‘?ﬁ%{’ o O3} bR A M EYEA SBUE o hour)

1- oct efféoctdalymyigum 6%;]@51) {n lgalhsmc(ﬁAé) é-butyidiuneim bis@liBetyl(t-r eact or

Ehor o cdtiiShelle) BRIt RiantifR SR Beid Bty P Els L 8- S umian (| o
cons r oldi(pyridiAe-2 andthbitige)8aGY tﬁs(al@hfaagmmmlmﬂmﬂ (:sAlhﬁ %hwﬁmmhhpw rate

and pr&wﬂre to the reactor. At the dischar unmp, a’side streamis

t aken G erntdianide)s( AlLlpwsogtplaluminure Risé?, Sitl-t“bﬁb’llﬁ@@axléb)y@tAl_‘E) imj ecti on
| d by M Mot
mos t o iibGAE B AR amid ) 88 1 S RORATRINEE ™Y e rnal

adj ust betyldimfthyksddkide /@lAids,. etl’l&hﬁum&nm di(big(ts@kheRilyhsmideyB8ALEy, W th
1-octen t hyl ene, ogen re used), and fed to the reactor. A
nass fF@\X} ?‘HB%{“F’QW ?(3% chgr(]]&e ?@Z 0&’@?"5‘%16@6@‘4{16) hectylalygtisimas needed.
Theo t eBRES AbYL&b&lzol N8, | Ry use of a
heat exc%n bef gre eaﬁ erler%%de%gﬂﬁmg cﬁg MBWP%@ rear%rhg@%%ﬁ%l t he bottom
of t hebuighest Q)Qlde(ﬁhéfi)c aﬂlalzys:t(%ﬁednphﬂa'ﬂphenomdd:)l (8A49prad tthyhmicit-ddtoxsdeng punps
and maES@ )ow neters and are conbined with the catalyst flush solvent and
ce

introd into the bottomof the reactor. The reactor is run liquid-full
at 500 psig (3.45 MPa) with vigorous stirring. Product is renoved through

exi t | Exempids 1Lge(jdlﬂgar@ftiv@be.cr eactor. All exit lines fromthe reactor are
steamtraced and 1 nsul ated. Polynerization is stopped by the addition of a
smal | %Dgl{%#ff ter intg the exit line along with any stabilizers or
ot her High darapghmuy Larallel Rolymeniaation Gonditieps a static nixer. The

product streamis then heated by passing through a heat exchanger before

deypl ati lfizzt i OnPoﬂ;ﬂﬁemEﬁ dﬁ@%fe RInBdYEd ud %g %ﬁqmﬁgﬂplﬂﬁa?ﬁﬁieﬁus' on using a

devol atil'i zi ng extruder and water coo etiz ocess details and
resul tBOlaméﬂéaiwnaﬁm (PRRTawileblz. frc&Semvsdechnbly’gles Ipc. mpdropelaaedar e provided

IDrC]]\l Ta?db%ta tially e Ot%ﬁ]&%g%s B9 6550987, 8835300, £0é 684 Tng N1 6N -

Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa) with ethylene on

demand using 1.2 equivalents of cocatalyst 1 based on total catalyst used (1.1 equivalents
20 when MMAQO is present). A series of polymerizations are conducted in a parallel pressure
reactor (PPR) contained of 48 individual reactor cells in a 6 x 8 array that are fitted with a
pre-weighed glass tube. The working volume in each reactor cell is 6000 uL. Each cell is
temperature and pressure controlled with stirring provided by individual stirring paddles.
The monomer gas and quench gas are plumbed directly into the PPR unit and controlled by
25 automatic valves. Liquid reagents are robotically added to each reactor cell by syringes and
the reservoir solvent is mixed alkanes. The order of addition is mixed alkanes solvent (4 ml),
ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst 1/MMAO mixture, shuttling
agent, and catalyst or catalyst mixture. When a mixture of cocatalyst 1 and MMAO or a
mixture of two catalysts is used, the reagents are premixed in a small vial immediately prior
30 to addition to the reactor. When a reagent is omitted in an experiment, the above order of

addition is otherwise maintained. Polymerizations are conducted for approximately 1-2

minutes, until predetermined ethylene consumptions are reached. After quenching with CO,
-40-
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[143] Examples 1-4 demonstrate the synthesis of linear block copolymers by the
present invention as evidenced by the formation of a very narrow MWD, essentially
monomodal copolymer when DEZ is present and a bimodal, broad molecular weight
distribution product (a mixture of separately produced polymers) in the absence of DEZ. Due

10 to the fact that Catalyst (A1) is known to incorporate more octene than Catalyst (B1), the
different blocks or segments of the resulting copolymers of the invention are distinguishable

based on branching or density.

Table 1

Cat. (A1) Cat (B1) Cocat MMAO shuttling
Ex. (umol) (umol) (pmol) (umol) agent(umol) Yield (g) Mn Mw/Mn hexyls'

A*  0.06 - 0.066 0.3 - 0.1363 300502 3.32 -
B* - 0.1 0.110 0.5 - 0.1581 36957 1.22 2.5
C*  0.06 0.1 0.176 0.8 - 0.2038 45526 5.307 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 - 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
C6 or higher chain content per 1000 carbons
15 % Bimodal molecular weight distribution
[144] It may be seen the polymers produced according to the invention have a

relatively narrow polydispersity (Mw/Mn) and larger block-copolymer content (trimer,

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

20 [145] Further characterizing data for the polymers of Table 1 are determined by
reference to the figures. More specifically DSC and ATREF results show the following:

[146] The DSC curve for the polymer of example 1 shows a 115.7°C melting point
(Tm) with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm
25  and the Tcrystafis 81.2°C,
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shows the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the
DSC Tm and the Tcrystaf is 63.5°C.

5 [148] 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.

[149] The DSC curve for the polymer of example 4 shows a peak with a 104.5°C
10 melting point (Tm) with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 30 °C with a peak area of 18.2 percent. The difference between the
DSC Tm and the Tcrystaf is 74.5°C.

[150] The DSC curve for comparative A shows a 90.0°C melting point (Tm) with a
heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at
15 48.5°C with a peak area of 29.4 percent. Both of these values are consistent with a resin that

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

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

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

[152] The DSC curve for comparative C shows a 125.3°C melting point (Tm) with a
* heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
81.8°C With a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The
separation between the two peaks is consistent with the presence of a high crystalline and a

25  low crystalline polymer. The difference between the DSC Tm and the Tcrystaf is 43.5°C.

Examples 5-19, Comparatives D-F, Continuous Solution Polymerization, Catalyst

Al/B2 + DEZ
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measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor agitator.
These flows are measured by Micro-Motion mass flow meters and controlled by control
valves or by the manual adjustment of needle valves. The remaining solvent is combined
with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow
controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the
reactor. This stream enters the bottom of the reactor. The catalyst component solutions are
metered using pumps and mass flow meters and are combined with the catalyst flush solvent
and introduced into the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45
MPa) with vigorous stirring. Product is removed through exit lines at the top of the reactor.
All exit lines from the reactor are steam traced and insulated. Polymerization is stopped by
the addition of a small amount of water into the exit line along with any stabilizers or other
additives and passing the mixture through a static mixer. The product stream is then heated
by passing through a heat exchanger before devolatilization. The polymer product is
recovered by extrusion using a devolatilizing extruder and water cooled pelletizer. Process
details and results are contained in Table 2. Selected polymer properties are provided in
Table 3.

-43-



*

d M

o =

M
O
N

0
PCT/

Oz

OL NN'.OO Ninn M- ct

~t M~ NN

Hr- O-4, - Or - 01 NOc

~aa . Q~"MNOO InIniIino0~0C 00 Oo00Ip O 00 NN CeS cn

a\ owoaovdNodNsM oo - -
NNN"'-'
0O00O0O0OO0O0O0O0O0OOOOOOOOOO O-

0
US2006/ 009857 [154] The resulting polyners are tested by DSC and ATREF

MN 00 Q

p -

- 1) In al

Ell

S~ U M 00 RCHUSR008004387 N 00 N

00 00 00 00 00 00 OO0 00O OO 00 O 00 00 00 O, O

NMI-1n '.oNcc (ON WD 2006/ 102155

as with p
t he pol yn
with a he
the talle
bet ween t
pol ymer o
heat of f
tallest p
t he DSC

pol ymer o
of fusion
peak at 4
Tm and t
exanple 8
fusi on of
at 80.1
and the T
shows a p
73.5 J/g.
wth a pe
Tcryst af
a peak w

Table 2 Process details for preparation of exemplary polymers

er
St

f

DEZ DEZ
Conc
%

Cat B2

Cat Al
Flow

kg/hr

Cat

Lopal
Conc

EVI OUS
ceZ4hTl & FChovE 2IWBC Y &IE
bt of |5 0% @ﬁ%ﬁ%%ﬁg%mﬁﬁaé
k at 47.6C wth a peak area
heEDSG o Tmang, Lhe Terystaf, g 72
exepLee 6 Skowss & peak =t a2 Tl
usi on| of 60.4 J/g. The correspondi

f
pe
oxa

Flow

ppm__ kg/hr

B2}

A1?
ppm

T
°C

SCCII.‘[l

H,

kg/hr

Solv.

C8H16

kg/br

exanptes:

.....

nple 7 shows

&

is 43.4C

ea of 16.0 percent.

[160] Thg DECGE LR

<gE.

M

(13

304 0
30.8

(13

30.8

33

uuuuu
uuuuu

uuuuuu
vvvvvv

©
3

uuuuu
uuuuu

uuuuuuu
uuuuuuu

Ex.

v ~a-e-a —
he Tcrystaf is 72.1 C. 15 [158] TN

dgls a peak with
9RL0. ZTRE @ L3 FoRd Rge CRYS
“a pedk” area’ 3fC 12°7 Per Eeht”

=11
%h”i’]@g%gaﬁ@ §as

D, sl & oy A oo
NCoOUT TS Aarc dos

a peak with a 17
ROBG RO,
© 26,4 pery

a 123.5 C nelt

[ 159] The DSC cy

The del ts
Ve NP

o~~~

— vee = = v v o e ]

uuuuuuuu
uuuuuuuu

uuuuuuuu
uuuuuuuu

-
3

uuuuuuuu
uuuuuuuu

-
3

uuuuuuuuuu
uuuuuuuuuu

uuuuu
uuuuu

foll ows: [155] The DSC curve for
a 119.6 C nelting point (Tm
espondi ng CRYSTAF curve 5 shows
of 59.5 percent. The delta

0C. [156] The DSC curve for the
5.2 C nelting point (Tm) wth a
ng CRYSTAF curve shows the

2.7 percent. The delta between
157] TFhe DSC curve for the

1.3 Cgnelting point with a heat
YYSTAF Eurve shows the tallest

ent. e delta between the DSC
e DSC gurve for the pol ymer of
INg poE

AF curXe

nt (Tm with a heat of
~e shows the tallest peak
The d2lta between the DSC Tm
rve fof the pol ymer of exanple 9
nt (Tng with a heat of fusion of
shows & he tallest peak at 80.8C

. betwégn the DSC Tm and the
t he pdg)gner of exanple 10 shows

d

-oxoyl-3,5-di(t-butyl)phenyl)immino) zirconium dibe

1

-44-

et
=
s
o
=
2o
<
a
=
2
<
2
]
7
3
N’
=
&
[0}
=
=) y
§ N
a0
g +
o [77]
g 2 i
s ¢ &0
o o Il
& 3 5 =
o S@ B e
= L) g o
o > 2 = 0
5] == =
o O O -53
B AR g
g =R S 2
g 22 2359
) 52 o S 2 5
g =98g8E
S 2293835
= =2 w.9 a3 -
S50 0B L0
o 8 = [~
85 2 5
q_)"m\'q_).s'd"—‘bn
>838o8>"“
£55 58 8% »
] &8 = Q
SEeTEEg g
g dT & 5 8.5
g 7 T = 200
055-2038&5
OB &8s 8§aaf
oo oo oW S



melting point (Tm with a heat of fusion of 60.7 J/g. The correspondi ng
CRYSTAF curve 25 shows the tallest peak at 40.9C with a peak area of 52.4
per cent. Wbeoarlotssbet ween the DSC Tm and the Tcryst af PC3/Us40060098F161] The
DSC curve for the polyner of exanple 11 shows a peak with a 113.6 C
melting point (Tm with a heat of fusion of 70.4 J/g. The correspondi ng
CRYSTAF curve -46 WD 2006/ 102155 PCT/ US2006/ 009857 shows the tallest peak
at 39.6C with a peak area of 25.2 percent. The delta between the DSC Tin
and the Tcrystaf is 74.1 C. [162] The DSC curve for the polyner of exanple
12 shows a peak with a 113.2 C nelting p0| nt (Tm wth a heat of fusion of

48. 9 J/ g. (e —goftrespontdRgCERYSTAR—uV shows no peak equal to or above
30 C. (Tcrystafl fof purposes pf furtme' IcuI atfion is therefore set at
300). The éie“;ta el ween [t he| DSG Tin and the Tgrystaf is 83.2C [163] The
DSC curvelf & g he pol ymer |of exanplie| 1B shows jajpeak with a 114.4 C
mel ting p@%g(TT) tlh |a|heal |of| flusi on| of (49.4 J/g. The correspondi ng
CRYSTAF cli ¥ 5| shals|d beol @l Leslt, pdak At | 33.|& |G| wi th a peak area of 7.7
percent . & deP A Bt et 1 e PSS <19 | Tin  gAd®| he Tcrystaf is 84.4C. [164]
The DSC fpr the po|lymgr [of exanplie |14 shows |a|péak with a 120.8 C nelting
point (Tm v@th n heat| of |fusjanfoff 12)7.9 |J/[g.] The correspondi ng CRYSTAF
curve shov;% ghe (tpllgst peak at [72.9 C with a peak area of 92.2 percent.
The delta e%waew?t%@ 9| T 91T R | =8 | IS |weBak| i s 47.9C. 15 [165] The DSC
curve for[The poly[Tel [of ¢Xanpte 15 shpwsTatpeak with a 114.3 C nelting
point (Tm with a hefat| of |[fusfign|off B6}2 J/g. |The correspondi ng CRYSTAF
curve shovvsm:@hg dallasty pepk at 32.8 Cwiith a peak area of 9.8 percent.
The del t a| bEt wed = [HEF | BEE| S A R RIS s 82.0C. [166] The DSC
curve forf the polyhgr [off expanplle I shpws [a[pgak with a 116.6 C 20 nelting
point (Tn) wgh a-heat! of|Eksi gn|of 44 9 J/ do|dhe correspondi ng CRYSTAF
curve shiows The|F gl [Fedl SR pk SHE | B8R[(E G 8 ﬁiﬁaeak area of 65.0 percent.
The del t af betweepn [ ne (DT [T fand [ter Tenyst is 68.6C. [167] The DSC
curve for| the-po|yimer |of_examplie |17 shows |a peak with a 116.0 C nelting
point (Tm W%Rﬁ:‘@&t:@ﬂ_‘lﬁiﬂ@ g1:4§.§:\]7§gg §1e correspondi ng CRYSTAF
curve 25—show he—t-aHrestrpeakral—43-1-G\M1th| a peak area of 56.8
percent. [Bhe delta betweep the| DSC [lin |and |t he| Tcrystaf is 72.9C [ 168]
The DSC cqg\%eaj Ol [t Ne [pol yneer| of [exanpl € 18 (ghQws a peak with a 120.5%
i o] b= A bA] e R b el s o] fad o R Taad ol
RN SR B R R R SRR
A=A ot [ vt [ [ [N~ [N N~ | —
:| < Z5ERsEEREEE s R R
I P b B P B B S R P R
2
2 €§8§§8§§g§oggooggoo
o R (B B E e o T e B RS
= o
% Slaleo|g|s|al=s=la vl nlala|=[e|~|o
: [l 2 EaX Aaal A =2 K =2 1wl Ll [« )4 AN=J INJ AN AVCR KUY INCT | o KV1 EVoY AV
=]
& 2(2]w Qo [elel_ [m|afn
g 22%'—«::1\@0\:%2 ‘L‘;q:ﬁ,%’,
=7
£ el e e e e e R B e R N S P R e
5; Sl | == S == | S| N |B|S | — | < |en
=| 2
= Bals|eouno|n|in]|wv|sio|o|w|wv|o]ee|~|c]<
S 258 EEE 2R RE R RE R EE LR
o R D] o] pacd i ] B o o] o] BB o] o] Pt B ] o
] P 2 O R PO P =1t 1 et B R Y 1




melting point (Tm with a heat of fusion of 141.8 J/g. The correspondi ng
CRYSTAF curve -47 WD 2006/ 102155 PCT/ US2006/ 009857 shows the tallest peak
at 70.0 Ovoiods/m236ak area of 94.0 percent. The delta beCmasrooesssDSC Tm
and the Tcrystaf is 50.5 C [169] The DSC curve for the polyner of exanple
19 shows th a 124. t|n p0|nt (Tm _with a heat of fusion of
174.8 J/gﬁ#ﬁ c\gﬂh;eé%sb%tmﬁl?? WSYFAEFS% py &S Gsangdrp, FﬁéWl@lpre\g@uSpeak at
79.9 Cepbrhples R@@thsgfeeﬁfgﬁo@; 9 percent. The delta between the DSC Tm and
the Tcrystaf is 45.0 C. [170] The DSC curve for the polyner of conparative
D shows a peak with a 37.3C nelting point (Tm with a heat of fusion of
31.6 J/ g. 196k coffdleélﬁihdmmgf@mfﬁﬁdﬁmnof/@(anmﬂthm ppak vedual19.6°and above

f th | h hat 10 is |
donsi O EPdiEl e B R BB T e Thocweisperdins (& v imgvlv] 'The
DSCs c ursN@w§ @ 418t ﬂ%akxém 69 WeRHR Efe&%fﬁg%flig)éﬁgﬁ ’?ﬁa&{l%‘btegv 4D98| o

nmelting point (Tm with a heat of S|on 0 e correspon
CRYSTAAR'm gud the Tehyowaf it 20t | est peak at 79.3C with a peak area of 94.6
percent. Both of these values are consistent with a resin that is highin
density. ﬂgg deI bet ween the DSC Tm and the 15 Tcrystaf is 44.6C. [172]
The DSC cdrfk for |IR:,S @Wﬁ@r%p@m&@%&&amqﬁm@p edth al1328C124.8 C

mel ting, T i T spondi ng
CrvsTal B Noit (T ditils Rea 57 husfn Jrtp! € 23 o phind CRYSIAIEEH o

per censhowWdihe salfeat moak Qﬂ44)21@\@ﬁh alpeak afewf PRakRrdesit. TRB LR Betved thR ﬁﬁ@
presence of both a high c%stal line and a | ow crystalline 20 polyner. The

delfa H8t dkthe fleeyspEd Thd%nd the Tcrystaf is 47.2C.  Physical Property
Test i ng [173] Polyrrer sanpl es are evaluated for physical properties such as

hi gh t t t i db t
Leoti ng. B8 ot BPE TR HVE For BeORY e S el SR nedl avtha, LT 2 1T
t enper ateltirg ROMPYIESS h@eﬂ of @ifsicunst @tlol/gg?hé@&i%sﬁ%d'%ﬁ CRWSTA#%&&@@&@ (100C) .

Sever al connerC|aIIg avai |l abl e polyners are inclu in the tests:
Conpar #heitokestpedkat 49206 sritha peaklageal afi28ak pezceny.| @hedaltadmmm the PSICy/ Fmr

(AFFI NLT from The Dow Chem cal Conpany), Conparative H* is
an el ag? ﬁﬁg)—q EyS?afaﬁJ%g?a tially linear ethylene/ 1-octene copol yner

(AFFI NI TY(r) EG100, avail able from The Dow Chem cal Conpany), Conparative

IPCT§ 23 (L)[g}s gjan ts I5 aht PId A8 (R HRYVARRRLLRKEARR § 4RwWR RAPGAHZARs o

melting point (Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 80.1°C with a peak area of 12.7 percent. The delta between the DSC

Tm and the Terystafis 43.4°C.

[159] The DSC curve for the polymer of example 9 shows a peak with a 124.6 °C
20  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.

[160] The DSC curve for the polymer of example 10 shows a peak witha 115.6 °C
melting point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve
25 shows the tallest peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC
Tm and the Terystaf is 74.7°C.

[161] The DSC curve for the polymer of example 11 shows a peak with a 113.6 °C
melting point (Tm) with a heat of fusion of 70.4 J/g. The corresponding CRYSTAF curve
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copol ymer (AFFINITY(r)PL1840, available from The Dow Chem cal Conpany),
Conparative J is a hydrogenated styrene/butadi ene/styrene triblock .
copol ynerwOKRATONEM G1652, avail abl e from KRATON Pol ymecs)us2@onpmssat i ve K
is a ther m)pl astic vuI cani zate (TPV a polyol efin blend containi ngcI
resented in

di ke ast oner Results_are

Tabl o RS RUE kgl oS A6 P Rb I EA7 Spbr Thcie DY oemURRDBE:

Bl ock ' essi on enetration Strength G (25C)/ Recovery
(88%)Ig§¥§€£%1é?§}@ﬁ?g%/ft2 (kPg) G (100C) (percent) (percent) D 51 -
9 Failed - E* 130 - 18 - - F* 70 141 (6.8) 9 Failed 100 5 104 0(0) 6 81 49

6 110 - 5[162p2 ThtIBC crv8fordBe plyhtiof exAnipd 1 26hotvk a Ral fith /113,56 10 108
- 58155 11100 - 8 - 68 12 88 - 8 - 79 13 95 - 6 84 71 14 i25 - 7 - -

15 96 -meiting pant (Ten)yith a hept of fsiomof 4BBV/g( Bhe aora@pmwmg_@RﬂﬂAF agve - 19

29 .Failed 100
211 Shovpndbeak ity oF Bace A8 5§k ot putbosdo MBS icaroR i b1 ¢ 4,
Conpar ahdr¥erdset mhaoe@? | ‘Bheaddddoetviceh tht BB 16h aﬁ@ﬁletm)y dé’@%&c resul ting

from si nul t aneous pol yneri zati ons usi ng catal yst B 1) has a 1 nm

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

10 Tm and the Tcrystaf is 84.4°C.

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

15 [165] The DSC curve for the polymer of example 15 shows a peak with a 114.3 °C
melting point (Tm) with a heat of fusion 0f 36.2 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 32.3 °C with a peak area of 9.8 percent. The delta between the DSC
Tm and the Tcrystaf is 82.0°C.

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

[167] 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
25  shows the tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the
DSC Tm and the Terystaf is 72.9°C.

[168] The DSC curve for the polymer of example 18 shows a peak with a 120.5 °C
melting point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve
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10 penetration tenperature of about 70C, while Exanples 5-9 have a 1 mm
penetration tenperature of 100C or greater. Further, exanples 10-19 al
have a 1 wonpevierrsati on tenperature of greater than 85ECTMWiSRévem0sE7 havi ng
1 nm TMA tenperature of greater than 90C or even greater than 100C. This
shows that the novel polgn%rs have hetter __dinmensional stability at higher
t enper abgWe thedellpstipeal af 304 °Gryidh 8 Reakaremel 94ch Reraentt iThe dsltg betwserrdwener ci al
SEBS) rature of about 107C, but it has very poor
(high p%%%gpg@gﬂ%é;g%§&%§ﬁ%ﬁ£§§ion set of about 100 percent and it al so
failed to recover -49 WO 2006/ 102155 PCT/ US2006/ 009857 (sanpl e broke)
during a [iegh tenMMRDEC tarve $Ghe BONMREHESAMPI [ REHbWOLRUR With o [ISS bhe
exenplified pol ymers have a uni que conbination of properties unavail able
even i rineltingpoig withp heat of fysiomefel 741 Bty Phe ewraspeonsting GRY S atrive

el agt ongrs. y/ Sl m YV~ Tabl e sho | ow (gqod), storage dul us
I’atl§O, O%S E%éﬂ@r"@”?%%@b Foyitly geq ‘é%%f%fég B%ff?}ﬁe&geg?ﬁ%gwg?rb . wher eas
a physipat TH afidhe T695RAIA45.yecF) has a storage nodulus ratio of 9 and a
random et hyl ene/ oct ene copol yner (Conparative G of simlar density has a

storage nodul us ratio an order of nmagnitude greater (89). It is desirable
t hat the Bt78l age Thed8@sunvaforchepolgmenbdfcoerpaosivad shavesn peak Ividsa Pn3AL bl e.

Such | W be, tiyel ffect by t at d fabricated
arti o Qe Rot R & e o Ry & 1 e e beopyding LBy AR @Hva. br oad
tenper ahywend pE&quditb Snfl ﬁ%\"érﬁ°C9fBolt19¥\f tﬁgéy\%g.ﬁs. yi%’%eh%itﬂ a3n that

tenperature 1 ndependence is particularly use in elastoner “applircations

sudh ads low jprdessity. elteetedta betweeathreB € ani andibe atckyaag is 1.376] The data in
Tabl e 4 al so denonstrate that the polymers of the invention possess

i d | ] et i t th. | ticular, Exanple 5 has a pellet
bl ocki ng 1781 ot r ST CFurde (Bate HsPHS, Sompacst e EesTom i ivgk ke 4

ditio : i F ' id bl
bl ocki g, " e AL (ERIRR EReh AR o B TP orke bRt SRV Vrers

havi ng chakghobs thekaltegt pdakang9.83C edfh o Raklafealof 9RI6sHEht. BbMraTiRGe Q51usd | Cki ng
t oget her upon storage or shipping, resulting in poor handling properties.

[177] AFgiPnsistenyih aresin thotis lighhisrdegsio nlheedeltp betvaga tha W 8GtTinyengptley mer s i s

20,gen . meani ng generally | ess than about 80 percent, preferably
Ieég tﬁ%ﬁlsg%é%?@&&' percent and especially | ess than about 60 percent. In

contrast, Conparatives F, G Hand J all have a 70C conpression set of 100

per cent (KM2] naxileDYDesvbfe thapslgmet olioadiatalige Fshove 6PEgK With aGeag hi gh
t enper at.ure conpression set (low nunerical values) is especially needed

[*)

.conp : ( . .
for apptimetingpainsap wish gheatof Susian of v Heoflhe eerresponding ERYATAR pesve i ke.
-50 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

20  polymer. The delta between the DSC Tm and the Terystafis 47.2°C.
Physical Property Testing

[173] 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

25  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®,
available from The Dow Chemical Company), Comparative H* is an elastomeric,
substantially linear ethylene/ 1-octene copolymer (AFFINITY®EG8100, available from The

Dow Chemical Company), Comparative I is a substantially linear ethylene/1-octene
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5  presented in Table 4.

Table 4 High Temperature Mechanical Properties

TMA-Imm | Pellet Blocking 300 % Strain Compression
penetration | Strength G’(25°C)/ | Recovery (80°C) Set (70°C)

Ex. | (°C) 1b/f (kPa) G’(100°C) | (percent) (percent)

D* | 51 - 9 Failed -

E* | 130 - 18 - -

F* |70 141 (6.8) 9 Failed 100

5 104 0 (0) 6 81 49

6 |110 - 5 - 52

7 113 - 4 84 43

8 111 - 4 Failed 41

9 197 - 4 - 66

10 [ 108 - 5 81 55

11 | 100 - 8 - 68

12 | 88 - 8 - 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* 107 - 5 Failed 100

K* | 152 - 3 - 40

[174] In Table 4, Comparative F (which is a physical blend of the two polymers

resulting from simultaneous polymerizations using catalyst A1 and B1) has a 1 mm
10 penetration temperature of about 70°C, while Examples 5-9 have a 1 mm penetration
temperature of 100°C or greater. Further, éxamples 10-19 all have a 1 mm penetration
temperature of greater than 85°C, with most having 1 mm TMA temperature of greater than
90°C or even greater than 100°C. This shows that the novel polymers have better
dimensional stability at higher temperatures compared to a physical blend. Comparative J (a
15 commercial SEBS) has a good 1 mm TMA temperature of about 107°C, but it has Very poor

(high temperature 70°C) compression set of about 100 percent and it also failed to recover
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d' ~O |compercinllyeyadlgble/ 1912 p@gom@mmﬁﬁapmﬁ:mmmar%] TabI e 5 shows
results for nechani cal properties for the new polyners as well as for

various Cﬁ Eri s% H%l%fﬁ%ﬁﬂho%’%'fsm gé(g 5§0&%gt$u1{1§§1}1g§%nay be seen that

the inve e polyners ‘have very goo 82" when tested

acchr leiQZSl"G)/GSG)OG‘@)Qfor tigeinesnaiive po@m @195 8r Y, Wierchs §hf§icell 8fpdt han about
90 mrB referabl | ess than about 80 . and especially | ess than about

50 s (CPmpgmgiive Fhhas a storggemodulksatie of r?cﬁnéaitréndﬂng pibyleng/ertgne consdenemnd
conseqye keraJt19é’\G5 oParASH QJhsﬁ?gésS% aBfie bRl J&@& StEEOGhT AfRfERAN ed by

tensile notched tear strengt nventive yners 'sgen y 1000
m) or 8Yhdtis dasirablecthat the sﬂSHz&gb endsluluBeatio sf 4 pdsiginl&r boss dlbe toilmegkdivie.
pol ymers ca be asll’\gfgrg 3000 _mJ, even as high as 5000 mJ. Corrparat|ve

10 pol SRel Bolymse Wil e elelcly EpITER LY PR IR HHdAbH 4 FSeieninad T 180]
Tabhe FroMd SRhPoHMers BAL bd MRAMY! P FedUvet HBrdal Y ér%fﬁ%ﬂ&h bﬁﬁ]

retractive stréss at 150 percent strain (denonsttate W acti ve
stress Oﬁmvﬂé’@yag@ hmﬁlubtsm@tlmnd tt?lhleeltammmdapemden@ﬂmphmsulaﬂgmpﬁuhm elastcEmmpl es

F, Gap tractlve stre ercent strain of 400 kPa
or les sgp %?Hs as P VT Ve PO 1‘;’/‘?1% SWS?W%%P&ET i ve stress
[176] The data in Table 4 also demonstrate that the polymers of the invention
possess improved pellet blocking strength. In particular, Example 5 has a pellet blocking
15  strength of 0 MPa, meaning it is free flowing under the conditions tested, compared to
Comparatives F and G which show considerable blocking. Blocking strength is important

since bulk shipment of polymers having large blocking strengths can result in product

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

[177] High temperature (70°C) compression set for the inventive polymers is
20  generally good, meaning generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 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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15 val ues at 150 percent strain of 500 kPa (Ex. 11) to as high as about
1100 kPa (Ex. 17). Polyners having higher than 150 percent retractive
stress vavoesoomowisd be quite useful for elastic appli caCrarsg006m0m887 as
elastic fibers and fabrics, especially nonwoven fabrics. O her
applications include diaper, hygiene, and medi cal garnment wai st band
applications, such as tabs and elastic bands. 20 [181] Table 5 al so shows
that stress relaxation (at 50 percent strain) is also inproved (less) for
t he inventive polyners as conpared to, for exanple, Conparative G  Lower

stress re|laxati on| mreans |that | tlheé [pol yrer [réthin$ [i{sS| force better in
applicati pnsgsuchl as (diiapers |and ot hgr|gannmerit s wheye retention of elastic
properties o¥er|lpng|tj perijods| at| |body (tenperjafures is desired. -52 WO
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1* 20 75 59 [1821 The optical properties reported in Table 6 are based on
conpression nolded 5 filns substantially lacking in orientation. Optical
properti esoabodrtoerspol ynmers nay be varied over w de ran®es/USdae/0bess7
variation in crystallite size, resulting fromvariation in the quantity of

hai hutt |, I din th | ) i zation. Ext ti f
LI 1 - B ock BBl yriapls T DR TESHIE G hesau TR TERS ok iegiom PRV BEB RS axepl s
5, 7 and a@mﬁa{ég y&nﬁrgsﬁpol%’ﬁle%%poﬁ&@tenhﬁérért}ﬁs.eﬁgﬁy n@%%%ﬁ thé& p}%t pol yner

sanple is weighed into a glass fritted extraction e an ted into

a Kumagavavenjipepelymessdiaye verfrgoodsabragionaesiskinde vatmnpiested sccprdiged 1SGI 4649,
nitrogen,_ and.a.500nL round .bottgm fl ask i harged .wi.t h. 350 nmlL_of diethyl
other AR SLRoEE o IS PR s erbayt oGy oIS e gbia Al

whi | e sbeirig’, sihd e§fReiallF ¥ thas abBet oA hieefit HigheRMHASs TQictR flﬂ'@i&% e into
the thinble, and the extraction is allowed to 15 proceed under nitrogen for
24 hour s.Vojing lepssand; apasequenily logver sbresiontasistangel t he solution is allowed to
cool. Any ether remaining in the extractor is returned to the flask. The

ether in t | a i ient t er at.ure, and
The 1 esul 11 hg2Lor s qehEsRheRNESHITEIenRHIThAL ATDICEN STV it
t r ansf er rpelynters i genérglie dOGMT loe highen gs shoogeiasTabee 5. - Behr WebrdP for 12155

PCT/ US20Q6/ 009857 vvashe?? of _hexane, The conbi ned hexane washes are then
evapor at d8VRHYHPARBE SN BF 25 Bighis 3800 gd; orgvan enbighaes PAYR My Comparitise vacuum

over npght A9 HaSERaP kRS, b ‘actor is purged dry with
nitrogen.poﬁ%4]&£e§2%’or?d cl ean ﬁgts%hé ttrgﬁr}ﬁﬁf?gs jrcharged with 350 niL of

hexane is then 5 connected to the extractor. The hexane is heated to
reflux wi t h[180] r r i Agblerichlsmshemesithasdhepolymersiof the ioverRibnihave betteh retractieane i s

first not} nsi.ng .into th bl e. atj.ng .is then,  stopped _and the

F1 ok {8 PR aLEa D0 B i alcd w7 Bihen el hisde esliond digreofe of

t r ansf er tigceongratative shiplek.| @sinparbliee BeXAPIEs FSGAIPVRA ¥ rRYiRP Sk haric upder

vacuum at, __anbi ent tenperature, and any residue remaining in the flask is
mngq?) less.avhileit

t r ansf er lé@Pergeny s ¢80 kBa9p inygutiveguolyraers dreawstragtbieestressThe

hexang i R, f,BE 1l j 596063% ar fii e. residue is
vacuum driﬁlegseail)t\/lesre i{;éﬁ?t sg%éﬂg(gg [ §g]\éx“l'}11§ t%%?gl%gras ggér%ﬁ%m?gﬂn%f%'r]iz)'i n the

t hi mbl e &btyerers heyirxhighetthanbs( sercdnt ssmbve erbsé valtrstheult be qali€udedulaomei ghed
bottl e and vacuum dri ed pverni g{(\é at 40C Results are contained in Table

7 15 TaflastcAnplifaions, yig ag:gla S m%hxgcs@gspe@@ Iy pgnwoven fabrics. Other

applications include diaper, hygiene, and medical garment waistband applications, such as

tabs and elastic bands.

20 [181] Table 5 also shows that stress relaxation (at 50 percent strain) is also
improved (less) for the inventive polymers as compared to, for example, Comparative G.
Lower stress relaxation means that the polymer retains its force better in applications such
as diapers and other garments where retention of elastic properties over long time periods at

body temperatures is desired.
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The optical properties reported in Table 6 are based on compression molded

films substantially lacking in orientation. Optical properties of the polymers may be varied

over wide ranges, due to variation in crystallite size, resulting from variation in the quantity

of chain shuttling agent employed in the polymerization.

Extractions of Multi-Block Copolymers

[183]
10

Extraction studies of the polymers of examples 5, 7 and Comparative E are

conducted. In the experiments, the polymer sample is weighed into a glass fritted extraction

thimble and fitted into a Kumagawa type extractor. The extractor with sample is purged

with nitrogen, and a 500mL round bottom flask is charged with 350 mL of diethyl ether.

The flask is then fitted to the extractor. The ether is heated while being stirred. Time is

noted when the ether begins to condense into the thimble, and the extraction is allowed to

15

proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is

allowed to cool. Any ether remaining in the extractor is returned to the flask. The ether in

the flask is evaporated under vacuum at ambient temperature, and the resulting solids are

purged dry with nitrogen. Any residue is transferred to a weighed bottle using successive
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and controlled by control valves or by the manual adjustnent of needle

val ves. The remaining solvent is conbined with 1-octene, ethylene, and
hydr ogen Wotreseioesed) and fed to the reactor. A mass fIPOWUSUGNMSERr | S
used to deliver hydrogen to the reactor as needed. The tenperature of the
sol vent/ nonpner. . sol utign is cog rol | ed gg use of a heat exchanger 20 before
ent er i ng YasAeS A hexye: Hicombme A RGSECS e tsaiavaperated prith anether sitrogehe
cat al yst RN lcQRSd - s b Nihopu . RS | ters
and are éjo i ned \?\n&?h ef%higgcatg{\?ﬁﬁ??ggﬁlgg%w@nte %@%ﬁ%ﬁm@%‘%@ﬁ%ﬂ he
bot t om ofextragiorrie putged dryTWshméieagensr is run liquid-full at 500 psig (3.45
MPa) with vigorous stirring. Product is renpved through exit Ilines at the

| neulated. DBHEol i ebuf i kB Balb@ Rt Crd BN R 5% s M ere £ icirount

i nsul at ed.

of waer cbmiieetedhe tiedxtrabioneTid lx@ne Wi Hebted My reFlukbiit #Bfifie 9d Rbhefin@odi ti ves
and passing the m xture through a static m xer. The product streamis then

heat ed bycIHESIOr A4 hows gligrhexaneisdiranotisedeandpesieg tqjthe shiatble. i Heatingris thefThe

pol ymer ' r ysi i a. devgl atilizing extruder
and wat erefoi}g%lg%ngdﬁ ?)g% ﬁﬁéﬁg gg;@goo&f%gﬁy gg}g{é%gés}g%@%n%i ngheaWaFtéglﬁ ts are
cont ai nedransfeifabbark8o tiseflaskt te hekangds renppived by eiapralon wkervRadniap Tabl es

9A-C. - 55%01_@006/ 102155 PCT/ US2006/ 009857 [1891 In Table 9B, inventive
exanpl es YO fFPEREERRT 0§ eT foginng iy the flag is trggsiemed torpweighed ai n

fteng50 | i Qne: W0L20086/ - .n (=~ NN
6r\1| NeKIO M (I\ahg{@&/lgl\llﬁ ﬁ%%hb%@%‘%ﬁ%av; , g%g, ggg%’géaélg%gﬁgg‘gg? %%8%%?9‘1%\% m88ée%o 00
ONO 00 Opmgennd the r@ilug isvacuun deied Iemight @& 4696.N - N N d° M N

[185] The polymer sample remaining in the thimble after the extractions is
transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C.

Results are contained in Table 7.

15 Table 7

20

25

Sample

wt.
(€3]

ether
soluble

€3]

ether
soluble
(percent)

Cs
mole
percen’c1

hexane
soluble

(@

hexane
soluble
(percent)

Cs
mole
percent1

residue
Cz mole
percent1

Comp.
F*

1.097

0.063

5.69

12.2

0.245

22.35

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

For Examples 19A-1

[186]

Continuous solution polymerizations are carried out in a computer controlled

well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E available from Exxon

Mobil, Inc.), ethylene, 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 cooled heat exchanger before

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

flow meters. The reactor is run liquid-full at approximately 550 psig pressure. Upon
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5  pumped to a die for underwater pellet cutting.

For Example 19]

[187] 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 Ibs/hour

10 (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 injection

15 lines and the reactor agitator. These flows are measured by Micro-Motion mass flow meters
and controlled by control valves or by the manual adjustment of needle valves. The
remaining solvent is combined with 1-octene, ethylene, and hydrogen (where used) and fed
to the reactor. A mass flow controller is used to deliver hydrogen to the reactor as needed.
The temperature of the solvent/monomer solution is controlled by use of a heat exchanger

20  before entering the reactor. This stream enters the bottom of the reactor. The catalyst
component solutions are metered using pumps and mass flow meters and are combined with
the catalyst flush solvent and introduced into the bottom of the reactor. The reactor is run
liquid-full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed through exit
lines at the top of the reactor. All exit lines from the reactor are steam traced and insulated.

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

cooled pelletizer.

30 [188] Process details and results are contained in Table 8. Selected polymer

properties are provided in Tables 9A-C.

-55-



aEoooooOUWVOpPpOOOO101lo0a* N obn 0O0O0OOOOC OOO0OO0DP
T, 0+ UN.N. NNNNNNN-03 ~y UbA OOu 00 vii on 10 N.-, r+ N
i~ E bA v00R006mk1sMO MM MN MOO |1 01 .7:: O .C N N RCNUS2M6M0985N on ' 0
f~j MMMMMMMMMs-~iCVUQs.. OONNUWUW NCI O~ OO00 000 O
00 n~Q UbO

[

o]

OO0 NpOMO ) M N N M ~~ ~Qq, Mon M
N 10 ' '?139R\I U e TNb® 9B Ynventive e@n}PIYI?\M% apdyd& %“&Vﬁt@ﬁm\}ﬁ?\sf\?y d ~p
'~~ NQ@ ati w CO x.CO o *- - AL W- - - naa3c, Clc~Qh ~O
h 2 0 ewnEd1 530 WF%@@%@O@?@%M@“ "DUa+"' () MNNN ' |

-56-



[Aypounp wnngey[(aueqaw(jAIp-z-tIpHAd-9)AIP

-Ly

AP WRIU0IZ (oururun(jAuoyd(1Ang-4)Ip-¢ €
-N.co_mﬁn%a-av?Eon&»noaomm-

78 +IH 8 =N B oYM N g/1omAyod 8y “Aoustoyre |

1010831 UT UOISIOAU0D SUSAYS Jusdiad Jy3iom

aouejeq ssew AQ pare[ndfed jonpoad [euly ux wdd .
[£0%0-7)(JAR2(JAXOYOIASASW-T)-1)-519 -
7)(oprure(jluayd(Amaidgew-1)1p-9°7)-N -

[r-3

oyex nononpoid rewkjod .

< wn

[ B

T/ WId pIepuels

- O O " o = . - - - - - - - 610 S0 9¢°0 L9L 74} 0ST 0zl Ly 90§ 06 9¥L 6l
t >0 S o SLI— 088  £998 009 S9'1 $T$ oL oosy Tl o€ yLO 00T 70 009 0zl €6 65€ZE  TWPE WSS 161
"o W:Q Ooi.ﬂ 088  ITES 65¢ 0L'0 A 760 00y OLO 0€ 99°0 002 170 009 ozt 8$ LI'SIE  L8FE ST0S  H6I
% @) O H& ,qm\.w. 18 TLE 61 910 =43 €0 00sy  ¥S0 0€ 650 002 610 009 0z1 $31  19'Sze  80°€E  §TOS D61
W o 4_ < mn —gC 18 1658 LT S€0 749 780 00y ¥LO 0'€ 09°0 00T 070 009 0zl yZI  gg0gE  O8pE  EpOS  d6l
% ooz > ~. Mbm 88 II'M8 89€ 60 549 90 00sy  POT o€ 190 00T 170 009 0zt 157 sL9Te  ELIE S6¥S  H6I
ﬂ <O = o BLT 188 958 16¥ 99'0 (Y4 990 00y 6ET o€ £9°0 002 70 009 0T1 09 €C9re 860€ €8S A6l
> % ~, M Z M vw.\.m 688  E£I'v8 9T £€°0 $zs 190  00sy 690 0¢ 6090 00T 9120 009 0z1 0SS LE¥CE  L60E  €£5'SS D6l
) © =T o w_SN 188 T8 06 110 $Ts €90 Q0S¥  ¥TO 0¢ S50 00T $T0 009 0Tl LLS £57€ 968C S6€S 961
S @ M s uﬂ o 8T 088  P6'E8 8T £€°0 $T8 g0 00sy  0LO 0¢ o 002 ST0 009 ot 10T €0°€CE  €0TE  6TSS V6l
oO m zZ %uouwwmm. opIM AU/l wdd ag/qq wdd  agqp | wmdd  ayq) YoM WAl wdd ag/qf ._EE Do ,__N.sm /i “em_ E\N.: X
o 0= =z 0h Mﬁ o mmﬂm bﬁ_ﬂ_& Moy dme)  Molg U0 wmm M_mm amm_.m ..,.Mwo Hﬁwu 2“0 1 H A[0S 1o S ¢ Co)
- -2 D Aed I z 4 1 1 ¢ .
O O« c '~ - ) Jozl 18I0 I  JEI0) JBIOD) ®) 18) m)
QV m W M M g < SUONIPpuU0) uoneZLRWAg §9qeL
M = c© Eo_ m
«0T} 2220

LSz00S_8



— l
— —
6°°8. s
8T ¢
WONﬂl
Tog 3
O = .
= 2 5
L@
@) w o
—OZ2 o _
-
N o9 .
5.2, °
VNN © S
200
mgm o zZ
-
5_8°°
1 DO w
o _
l yo —
c=z38°
o o o —
= -
o ®© e O
oo ° o
o 203
N~ c, - - - 901 41 101 ST 0066 00SSL 0L v6E | 9S | $668°0 | (61
©°8506 x €1 6L oF 66 611 67 0T 00LES 0099 L9 ZSL | TI11 | vLL80 | 161
°2 _o° - - - 38 311 97 0T 00699 0091¢€1 T'L 0L 01 | ¥s98°0 | H61
©oo5, e 06 06 0¢ 6 0z1 97 1T 0089 000S€ET T'L 9 60 | 6980 | D61
o~ .t 638 68 0¢ 38 611 LT 4 00L09 006¥C1 89 SL I'T | 2s980 | 461
—
8% o 1 38 9¢ L6 121 6 0¢ 00L1¥ 00318 39 cee | 6v | 0SL80 | H6I
N o O S [ 3¥ L6 611 5 0T 00L6€ 0008 L9 SIE | Lv | 0LL80 | d6l
08t ] 76 0¢ 001 7Tl 9F 7T 00€LE 00L18 69 cge | 96 [ €si80 | 061
S=¥wY o 9L 76 0¢ 001 44 75 0¢ 00EYY 000¢€l 8L €L 60 | 6vL80 | 961
S0 8o 0 €L 9 L6 611 9¢ 0T 00019 00LECT 6'9 ¥9 60 | 1880 | V6l
g a SNWIm) 0
S m S O| wvaay yedd | AVLSAIOL Do) (/) uorsny (39/3)
3N m oS- | AVISAUD -uLy, AVISXEDL| (00)dL | (Do) Wi | JoIeH | UA/MI (fouy/8) gy, |(ow/3) M| TI/OTL (1] o | Apsueq | XA
AN o
[eN @) Y—
m — W e [ m sonpradoag [edorsAyd JTowAjod V6 oldelL
0S. - .
0O (@4 ©
% m oo <
m - @)
N
o m o O Wl




o :
- 2 (o)) -
O_o S dc oy
- _Z - = O >
O o -
— — ) — 4 O
o0 TV _ > O
O o~ L OT .- °
c_$° oo-2l%s”
23S a . >C mu” — (0}
2 -85a588-58
L THd o 3 owTE o 0F SRl .70),, PuE ‘$59001d uonezuswkjod oy ut pasn (,ZAd, ) outz [AUIoIp Ul OUIZ JO JUROWE 3} 03 SIJ31 0001+ 0/VZ,
oZ = o O m_. w.a aw %MMW%WA ﬁﬂ%ﬂﬂﬂwﬂmﬁ 8@8%0 SUSTAT [EUOTIORT- T)4 MO PR2F QUSRI [2101)/(UZ JO MIAYO00000T/UONERUSDUOD UZ, MOP P3G uz) = 0001+ ©INZ '
Qm © Z e. ,,,_LN% 5 o ' *Ayoamjug s3I U uldIey oousIsyar Aq pareodiodut st Mo&._s
. T 0E 0T 3> owA[0d1aju] Joo[g UYSIO-P/AUIAH,,
) A ©cs IO “URYS "] UI0) JO WU A U 90T °6 Y YOTRI[ U0 PILY * SISWA]
. m - @®© m T.«m% ®)° %M%Hﬁwoﬁ 189010 ﬁvﬂhﬁwﬂ%ﬁﬂoﬂﬂﬂ%ﬂwﬁﬂﬂmmswomw_om_n s1 S1oWA[0d SROLIBA JOJ SSOIPUT 004 91} JO UOHR{NITEd SuIpreda) UOHBULIOJU [PUONIPPY 'I
c o . e U6 PWAod
_——d—— O = sl 9 650 ST'e
< m9 coT ol @ : q61 IWAJ0d
! _ —O0Sdo>coolg . $5°0 960
—_>™_ — , —C © = ) . m.ﬁodbﬁom
ZT 0 —C< Sal « 750 ¥'e
z oo 20w @ - 1 Bg| IOWAJOJ
o' (Oontormmm 90 . g JOWAOJ
- 1lOd, .~ GCO.- 0 650 950
©o0o>0 .o = g>nc 4 1owAjod
N Fd QP OVOH Y074 ordwexyg
.beWOV,mitp w3 g 93eI0AY oG
<“0Eo m. g M bt m - stoujod Arepdmoxs 0] Xopuy Mo0[g 9SeIPAY D6 d9EL
- Q .@—_cec._
ocO , - O — (@)
—_— 0 O C OT D =
hS A =02 C0xa . . 6T
8 HOSﬂinn.vto.ov, -0 g - - 6€ - 76°0 G98°0
465 33xagasfs. ; 99 - - 60 $98°0 D61
010 2900 L8 «— 3 .
— - OT.mim.m = O O - - I G980 A61
S9! =_+=._9%caa /3 - 0L )
O >0 > @.— @ miﬁw s g V8 98 60 3/8°0 V61
&62_ B=” CEnoll 6L c8 1€l Am@v Aﬁv
© — O — == 0, v O\\ O\@
0@ E-Cow % 6
z_&0> _ss1 (38 m (%) %) uengos0s  WenS %00€  WEAS %001 @molB)  (WOB)  gipen
O N M ©Sw.— Wv@u@ S0400€ 0B %001 I0)e IR 105 998 198 IYE 198 Xapu] PN Aysus(q
c1£199 T o Nﬁ@@o < SLoa00y  A12A003Y ompowrry  ofeIpowrm]  SJRIpouIw]
~4AMOOOMHbMA4m o
e M mo W Chele o= m, wp g pApPIojA uotssaxdwo) Jo sonpaadoa jeorsAyg owijod g6 31qEL
5% o08Tf~83s22
2 2985 pa5os
o WOUlﬁmaH - =
o} = O 0_->8>C 0O
> “obCEBs._.c52E
R_Bo3888-825EG5



300 ppm chain shuttling agent. Wiile not wi shing to be bound to any
particular theory it is believed that this is often results in an

advant agewoxoonoisscore shell norphol ogy as descri bed ipar/usesocesmapl e, PCT
Application No. PCT/US2005/008917, filed on March 17, 2005, which clains
priority to U S. Provisional Application No. 60/553,906, filed March 17,
2004. For Impagtddedifiel (mpexitidisat es patent practice, the contents of said
provi si onal and PCT application are herein incorporated by reference in

their entir [ 19 | t s al.so been found that to_ a certain extent the
t ougheni ng wq]ci enﬂ’e SF(‘*F%@’ %W“‘Bfeﬁpﬁﬁﬂﬂg%?@ﬁme&@éﬁéﬁ%ﬁﬂh%m a ni ni mal
amount  of aiERaehpIBdfal @) inlpact thodRf S| i

et hyl ene/ 21- ol efin rul tai - bllogaci nt erlgﬁ(;‘lggln‘gd?y Pgﬁgggl%é%%érgé%%{%{ﬁ}algs’r eason it
i s oft en Hewithepblymen teehgpimpactmodificdrthe hgplieation, tahd the dbsited prypaties.r om about

"nter pol y e bokatayELES i iooked e SRS ufestis GOREd PRAPabl 65, Upon ¢ he
pol yner t ethblend/aod¢in MORI-bloelinterhNOmePPlebsdY uSiRg r@RGv PR ofed ke d

properties. Typically, an inpact-nodifying anount is ‘enployed to maintain
or i ncr eadWiting agrst gl beimnerg upefish cWhile peshanpunitof siottling agestanay bout 5%

pr ef er abl & 8asd %, e.-preferably at l.east. a 5% over a
simlar C%{)Sﬁ%’sllltti on nﬁ’?%%%agéeqétpﬁ%feentg gﬁ% 8$'inhe¥mngifr_ogf 61%%?%%%? (’Jlemar. | f

one al so 3@leyim elaih shwitlingmgenmt WEild iR adshifg ROKS Biuad té hgnpaneusmy enpl oy an
amount suffi ci.entb .to ngiynt,ai,n or increase the notched |zod inpact strength
at -20C attepR¥dtis bgligxed thaythis iy oftearamiliy inen pdvpstageonsunuliiengre shstle pref er abl y
at | east FBAMbICLSC ; i w1l 0 (| hQhn i ol efin
Tl bl onb BIoeY soyeaved i R Rample PER A AN M A PR T

t he amounfiledopMarel 17,02008] whigh elaims pricritgas &.$.Herovisioakieglpplicatish Nepact

strength 06 2155 PCT/ US2006/ Q09857 [ 193] The .anmounts of

i ngredi en?ds/séor‘r@%ﬁgdi%cﬁjlgi %&)élr L R PE Agtaesratent Rrashes: thn ¢ he
desired pécprgEd dfeaidasevigRRAl @8 PICONappREatRi art RS HELSbofafld I'ti-block
copol ynmer_to pol yoldgf‘}i n may be frorﬁpabout a4{9: 5% togée}%(c))&fé%@dgfererrdg?e
preferabllylth?lb?ﬁtggy% to about 10:90. Preferably, it is desirable to enpl oy
at |east about 1, preferably at |east about 5, nore preferably at |east

about 10, e nmor I t ut ., 2 ight percent of the

et hyl ene/ a- Xﬁy m m?lt p g@%ﬁ%g f%‘n Lp %tg[?;s‘} r?gﬁggrexﬁelngﬂl\g%%%qlﬁﬂl%ﬁr‘?%ic&?nc%di fier.

Si mi | ar | y(thd améust desipravdmertt exgsrpddyorna mifiia atlvan: dlgiphcaledifbgier ably no
|y ng pore_ than _about 25 wei ght percent

nore than_about, 35, re fera { ) )
of the etlm%vﬁélaéﬁ?ﬂ @FW E{Fﬁf’ ethyleggie-olatin mybi-ylask inferpelyared ins
decreased. For this reason it is often desirable to employ an interpolymer with a

density of from about 0.85 to about 0.93 g/cc.

[192] The amount of ethylene/a-olefin multi-block interpolymer employed
will vary depending, among other variables, upon the polymer to be impact modified,
the application, and the desired properties. Typically, an impact-modifying amount is
employed to maintain or increase the notched Izod impact strength at 20°C at least
about 5%, preferably at least about 10%, more preferably at least about 15% over a
similar composition lacking ethylene/o-olefin multi-block interpolymer. If one also
desires low temperature impact properties then one may employ an amount sufficient
to maintain or increase the notched Izod impact strength at -20°C at least about 5%,
preferably at least about 10%, more preferably at least about 15% over a similar
composition lacking ethylene/a-olefin multi-block interpolymer. This amount may be
the same or different than the amount employed to maintain or increase the notched

Izod impact strength at 20°C.
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an inpact nodifier. Polynmer Conpositions Wiich May Be | npact Mdified [194]
Al nost any thernopl astic polyner conposition may be beneficially inpact
nodi fi ed WY 20éwe10addi ti on of one or nore of the ethyl enefPaTaiSedtcin09857

mul ti-block interpolyners discussed above. Such pol yner conpositions
conprise thernoplastic polyurethanes (e.g., PellathaneTM or |soplastTM

made by The [B8} CheTheaho@nspingledicpne enmiloydd il diffef@spehBNESmonst Y €ni cs,
pol yol ef i i , ethylene carbon nonoxi de copol yners (ECO or

ns (including, e.q. ) ' )
| i near al ?@?%’éﬂgﬁg‘”ﬁ%%‘ﬁg PyoRsTies agd applicatipn. ey thecweighiratig of). S, Ser.  No.
08/ 009, 19 1 glgy%, At \ges.. of John G
Hef ner an%ugfr Pﬂgﬁﬁ\c/\/ 'm%? tp %@I%m%eﬁ(gﬂﬁ%yn????lggi%ﬁﬁd&r?psr g‘i?eag’%&gsa ’ylg‘t)rse,5 For The
Pr epar at | pifesdbly fhoends:Catombouvihdki Prefethiihait 8l debirable opoplyyrerisast t he
di sclosurg of ;whigch.is incorporated herein by reference, and
et hyl ene/ %?Oggl’lpéﬁ%m@k’r ﬁd%sﬁﬁ%&?ﬁoﬁ&rﬁﬁ@by %‘é%b}"?",ut\}gﬁ"éﬁ@%ﬁgi neeri ng
t her nop! agkicgsbly 8t Wast am{mo@&e@g{amenﬁmﬁm@ﬁwﬁﬂaﬁi $681-Block PO! yani des

(e.g., nylon), polyacetals, or poéﬁ{sul fones), and mXxtures thereof.
Gener al | yinterplymer gidilestd as angmipgetenedifitn. Simptasty,hivisniesitatie gmepivy yo used ar e

pol yet hyl b ah i ol yet.hyl epe, such. as.that produced by
the slur r@H%rthéé%o%g%g’r%tgﬁgfﬁé‘%@g% th%n a%‘ﬁ‘é?@é@%)pr%@r%gf %?‘B%yﬁ?‘%e or

pr opy| eneaboas2siwpighypatent of 4R hyléR/dPoRAMIIIEDI®k ihkepdN @8 Hensidta

pol yet hyl enge (HDPE%iiﬁusef ul in the present invention vary dependi ng upon

t he desi r@d9pi Pe#Fbn. Typically, useful HDPE has a density of greater
than 0.94 g/cnB. Preferably the density is greater than 0.95 g/cnB but

less thanpaipai &ﬂosﬁfoﬁ%hﬂﬂ%g@:é;gﬁ%cpﬁoﬂmﬁmed by any process

i ncl udi ng and Zi'egler-Natta c processes. The nol ecul ar wei ght of
_61 WD 2006/ 102155 PCT/ US2006/ 009857 the HDPE for use in the present
i nvention vi4s deplemst my thpwmopiastic pphyinier abinposition mayby bbsefivimiyeni ent | y

i ndi cate ' t .fl ow neasurenent according to ASTM D- 1238- 03

Condi 1 oniH b EpBTEELY e AT AEF O o P g SoglpehmaltcORbun as 1 2
and 15, rieepedymusldscudded bbdve0BucheidyiibRhigoRtiofodhid handpldRE med with
even higher weights, such as.in accordance with AS D- 1238, Condition 190
T 10.0 kgPolwnethenssde-i Bpllatbanel on Isgplgt arade by d beridown Chemiceb and | 21,

respectiy I Q] . pr e hased polyners and is
i nver sel y@%l%{%ap%téo 5 naigltC %l%bﬁgé @rrvé? S@%ﬁﬁr glﬁw&é)l%g}ty?b&@fs qnﬁ@%lf@ff/ﬁer. Mel t flow
rate (MFRyhylene @sheadnomxidecnpdinees @HAD) orABEM NedddiBe FED BbdlaRerd30C 2. 16
kg (T or Mg as R0 disBsellby U158 Ser. 6 0glb0H. T8, i Jan. 22, 1993 (aow

>

abandoned) in the names of John G. Hefher and Brian W. S. Kolthammer, entitled
"Improved Catalysts For The Preparation of Linear Carbon Monoxide/Alpha Olefin
Copolymers," the disclosure of which is incorporated herein by reference, and
ethylene/propylene carbon monoxide polymers (EPCO)), various engineering
thermoplastics (e.g., polycarbonate, thermoplastic polyester, polyamides (e.g., nylon),
polyacetals, or polysulfones), and mixtures thereof. Generally, the polyolefin
polymers which may be most frequently used are polyethylene (e.g., high density
polyethylene, such as that produced by the slurry or gas phase polymerization

processes) or polypropylene or propylene based polymers.

[195] The properties of the high density polyethylene (HDPE) useful in the
present invention vary depending upon the desired application. Typically, useful
HDPE has a density of greater than 0.94 g/cm’. Preferably the density is greater than
0.95 g/cm’ but less than about 0.97 g/lem’. The HDPE may be produced by any

process including Cr and Ziegler-Natta catalyst processes. The molecular weight of
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nmol ecul ar weight, the lower the nelt flow rate, although the relationship
is not linear. The lower limts for nelt index (12) for the HDPE useful
her ei n vawoesoonioeissy dependi ng upon the application, ePgT/,usbéoeingsst di ng or
injection nolding,etc. but is generally at |east about 0.1 grans/10

m nutes (g/l O mn), preferably about 0.5 g/I 0O mn, especially about 1

g/ 10 mi n the HDPE dbr wse i thequenﬂ lnmﬂtloﬁfvaﬁbs)&&peﬁ&ln?hjb&l merz?ﬂhmeﬁ%abl y to
Ly to about 20 g/T0O mn e nol ecul ar

about 25 %aﬂg m n, and ?fﬁl
wei ght of eﬂ@ﬁi@mwy ca,t P9 pmeddin meguiemen acesdiagitaASFM b pi pe

applicati i be i ndicated
dong o mar ] S T O ke AT (OB RERIATY B S AR 4 1500 5
kg (and alzmdﬂnmmeawelyl&[elt fidve dbkevmmahmﬂdaa alsorberpetformedieiheldy for the
HDPE usef here enger al I about ans/ 10 m nutes 0 mn),

pr ef er abl @‘ Qﬁro‘ﬁ‘flg S’Zg“(jﬁ%mrﬁcﬁo dageey W‘I‘i‘i‘é‘%T%%rm%d@ndIPPWW o‘(?HQtS)di& 0.6

g/ 10 nin. arMJC@&dih@dIW"’@’bl 6 WaSdrid Aichn ) MY 1,fredo h@gl Wikt ow DPE C2n

be narrow or broad, e. from about to~as 40. [196]
The pol ypfaé?)ly%luéﬁﬁﬂefqrwcgb’iﬁemé?meﬁ polymére an@tstlav:drsaiy pmpnrtainahtmrrhepol ymer

ol ypro r f |l e can also be used

o o P Y B gl mer VO R R IR B R SEBirone (o

those mmsirmause;oadnﬁm mtya&gl(mﬁlbﬂpc%heﬁow}cqhﬁg ﬂ%%ﬂa f%ﬁevv'th the
propyl ene |§§enpl and random copol yners (al so'reactor I fied and

usual |y cBRtesilar W@lgb‘f Shezweéthmehﬂoww althongly the relationshipeis ppbmdaene)
however, ¢ales Anfis Qlt iﬂ?ie%?@ %e HB ﬁ‘ﬁsééuhgr}gng}raﬁ%% gncﬁgj’%here' n:

conplete dlscu55|on arlous ypropyl ene t ai ned |n

Modern Pl mndlag Epmytﬂempphhaﬂbﬁ% g.blwCnb ey orlifBCtidS@uRling, &0/ vpui®s 65, Number
11, pp. 86-92 f ire |scl sure of which is incorporated herein by
ref er encegen?’f?elyr% e@étlﬁ 9Pt Qe Bt/ Hhaimidesd(e/ lpnenamqrefelralbbwhoat @5#f1G he

pol ypr opym@i)@sfeelally:8 hl | upon the
appl i cation. §'I;F 0N 2%%2/%%%%%% Ug%ﬁ@ﬁ%%@%faﬁﬁut%ﬁ%@{@@ Ow rate for
t he pol ypprefsyatdn o alwut U5 gﬂémnnandsesgmmryaﬂolajooﬁtrmm@num Thelmolg&dars/ 10

m nutes ( out .1 10.mn refera yfromabout 0.5 g/10
mnto ab%%ﬁbgtg% Iilgﬁ)rﬁa ﬁ)r u%%lﬁqgesgrgﬁ?lﬁlufvﬁn? b AP RASEY far e applications, about 70
g/ 10 mi n.varitBdefemdiig o8 t]i&ip}bﬂ@étl(ﬁladanla%o%eﬁﬂddﬁé@ﬁéih Q‘ﬁl&t’lﬁfﬂ%ﬁm ymer, or it
can be a random cop og%rrer or even an inpact copol whi ch al r eady

cont ai ns HSYBPRENT pereEdRg to Eﬁﬁ%l)eéﬁﬁ, C@udlhlopﬂ@@(}lﬁ&(ap@hhwknswn ac| ude

ST e SR s ST X, AASFL O B, T,

0.1 grams/10 minutes (g/10 mm) preferably about 0.2 g/10 min, to a high melt index

limit of about 0.6 g/10 min. Molecular weight distribution (Mw/Mn) of the selected
HDPE can be narrow or broad, e.g., Mw/Mn from about 2 to as high as about 40.

[196] The polypropylene is generally in the isotactic form of homopolymer
polypropylene, although other forms of polypropylene can also be used (e.g.,
syndiotactic or atactic). Polypropylene impact copolymers (e.g., those wherein a
secondary copolymerization step reacting ethylene with the propylene is employed)
and random copolymers (also reactor modified and usually containing 1.5-7%
ethylene copolymerized with the propylene), however, can also be used in the TPO
formulations disclosed herein. A complete discussion of various polypropylene
polymers is contained in Modern Plastics Encyclopedia/89, mid October 1988 Issue,
Volume 65, Number 11, pp. 86-92, the entire disclosure of which is incorporated
herein by reference. The molecular weight and hence the melt flow rate of the

polypropylene for use in the present invention varies depending upon the application.
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[ 197] The bl ended conpositions of the present invention are made by any
conveni ent nethod, including dry blending the individual conponents and
subsequenwvbyooselor1sai xi ng, either directly in the extrudecTaseasmwssnke the
finished article (e.g., the autonotive part), or by pre-nelt mxing in a
separate extruder (e.g., a Banbury mxer). Typically, the blends are

prepar ed bye mekiflog mte fontrdiolgprofidencrssiibhéreints goRRARCRbS Bbutd.] €Mper at ur e
enperature . of one or both of the

around or aboye the | t pQint .

corrponent%r.amﬁéﬁ l?ﬂﬁgte%ﬁ@’F‘BPbt@I@E’E‘btp](Qpﬂr’é)r@}napmféfabb’rfﬁénabwt@ﬁ g0 be above
130 C., np$dt v, FHn L apl e.A50 C.

Typi cal pol ytgﬂ%?@ﬁ%?% én/go ggﬂ’keﬁlg;egﬁeﬁgg 11(;./qw p%ﬂ% 4t /a &lug?)c%()ﬁggﬂgg%% MHBachi ng
the desiFeapropylpes pelymescartt apilypropystd igmealyher, oi ¥ i Be #Badba enpl oyed.
1 o R o RS oS b

Wi n-scr eWwy, Y , , Honfaiee rubher pidsflence of

mi Xi Ng anBxdmslBOeE SuBY pRPPRAE pIRmetI BCile HIS PRVPRR (k@ by mgam By,! on of
Banbury batch m xers and continuous m xers may al so be enp oyeg, Such as a
Banbury nYRRPIFHRRGIEIPIBE (made by TieRaw Chemicaivgd.)by an extruder. Mol di ng
OQperations [198] There are many types of nol ding operations which can be
used to f emoﬁﬁgﬁa%g{#lgﬁ&d‘j‘%‘t})S%gss or parts fromthe TPO fornul ati ons
di scl ose ereln, ‘1nc I'ng vari oBe n?ecti on nol di ng processes (e.g.,

that described in Mddern Plastics Encyclopedia/89, Md COctober 1988 Issue,

Vol une 65, NMber IThe Wpnded@onP68tions dfithe pebuait iRntion hejreleignyb! di ng” and
on pp. 270-271, " Ig%%gti in .Mol_di qg _Th@rm) )l astics”, the disclosures of

whi ch ar €PNEBYH SR inclyding, diy blending e ardivigngl coppenenidrml ng processes

(e. 9., thabsedasmly kel nlikinhbdgend if | AhB 6/ 102155
PCT] US2006/ 009857 M O GeFober R jh B SRGUE RBE I AalPme YA op. 217-
218, " Extattide (he-Bihewutanitiviemgtt), or hg pdi-melt asining inh sepuirath eksuden¢ag.par at ed
herein b and profile _extrusion, Sane of the fabricated

articl es@%@%ﬁd@%ﬁé?ﬂlglﬂg‘%, RIPUBEFC PEP3PLL By B on kneading Bfot | ve

cont ai nerrespRpiveCEinmnSats atii AFPctat@e ALTRAI? abbRCthe metREL (SGRYGA AN

grilles, as \é\glflé as ot her househol d and gersonal articles, 1Tncluding, for

exanpl e, ong og gotarof dhasgomnpnaents. Bpr meosimadtiblogk c@pquma;s, fhis temperature can al so
corti e RBSESNL 930SR MSEAR) Yoo, G 061 BB 0ERby Sl TSRS

mai ntain clarity of end’Use stc
Addi ti ves. Tygedl pajnidrimirimgsu kheditnpajuimndd aik 5 dapaklle of RiaBERE @k Phenol i cs

(e.g.,

desired temperatures and melt plastifying the mixture may be employed. These
include mills, kneaders, extruders (both single screw and twin-screw), Banbury
mixers, calenders, and the like. The sequence of mixing and method may depend on
the final composition. A combination of Banbury batch mixers and continuous

mixers may also be employed, such as a Banbury mixer followed by a mill mixer

followed by an extruder.
Molding Operations

[198] There are many types of molding operations which can be used to form
useful fabricated articles or parts from the TPO formulations disclosed herein,
including various injection molding processes (e.g., that described in Modern Plastics
Encyclopedia/89, Mid October 1988 Issue, Volume 65, Number 11, pp. 264-268,
"Introduction to Injection Molding" and on pp. 270-271, "Injection Molding
Thermoplastics", the disclosures of which are incorporated herein by reference) and

blow molding processes (e.g., that described in Modern Plastics Encyclopedia/89,
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| rganoxTM 1010), phosphites (e.g., IrgafosTM 168)), cling additives (e.qg.,
PIB), antiblock additives, pignents, fillers (e.g., talc, diatomceous
eart h, nawmo-2bedidoerss, clay, netal particles, glass fibeprsTars2@anbisst es,
carbon bl ack, other reinforcing fibers, etc.), and the |ike can also be
included in the TPO formul ations, to the extent that they do not interfere

\IM'th thg Wit Qotober Tmmr:m%lzfggur;qréﬁgwu&ﬂlﬁﬁlﬂ,ilgﬁQY’ﬁr2?@, Esmﬁ@%’t%% S. y
npr ove ct, Strengt . The conpositions of the present invention
have i npr %@ﬁng nﬁ‘&éﬁSC?%SPFee?@Yl%‘}?h IsriperEporgter distnim by safetgacaysnd profide usi ng, for

examl e SRhGRRISOROGr IR oatcl @0l ARPO e d MPAGhiLS Bosl MO e

point test that neasures a materials resrstance to |

pendul um autewetivegpataingr applidatines) aawntotiee binmptrisclaciapwhsel corgdesi to initiate
fracture apnd contipue the fracture until the specinmen is broken. |zod

speci rrensgrg?e«g’ %o‘?’eéﬁ%s&t{]g%ﬁlﬁ%wa@ﬁe&oﬁﬁ]tqu?lle%ﬂn‘thFEnéﬁ%ﬁ:Wl% pon i npact.
The testfregel oneIRISCOLENBSS N6 kRTed B ASIVERSso To@b h)p osi tions of
this invention maintain or i ncreasg t he notcé;ﬁeaol zodﬁj? bélg}e%s) rength at
20C at | e¥lyantagroysly wegefpctiveindb jo improem ot mabdain clbfity ofardaispagictsisabl y at

| east abo, sjyilar conposition |acking ethylene/a-olefin

mul ti - bl og(‘:‘!{%h%% eérk\égg%lﬁ%l?&g} n addition, conpositions of this invention
often maintain or increase the notched |zod inpact strength at -20C at

| east aboAddibives preferably at | east about 10% nore preferably at |east
about 15% over a simlar conposition |acking ethylene/a-olefin multi-block
i nter pol ynmer hese vel inpact coppositions also have inproved
ductile-bri t?Pd 't r%&fgfl‘(‘?s@ﬂ‘r:f%%ﬁ’é’toé’cdﬁ?@ (e-2¢ hidered phepplics (a&si ti on from
ductile tiegdabk™ 16105, 3iHousIBteO GCH BroftosPOrhs Y d}&’\?e% PGH41US2006/ 009857

| ower tenperatur es,.ﬁf}jypjs]k?:alel S/&%f fgeagt gkb%)t(:ﬁ%c?d pre Z‘?’ﬁbﬁyé)l OC, and nore
pr ef er ablatilock additivess pigmentss fitlbrate. g b el diatomaceohatartka saiovfines, dmgi f i ed,

and | ower i Ipa nodi fi ed conposi.tion using.a.rapdom

et hyl ene/‘%%tgﬁg?l@pee?’i#&EE%STSWF”FE%° SRR RIGl 8 eE Frin g Esiag hergfic-hel t i ndex
as the muntlithedlilecdeh ab® Hehﬁclhdﬁlﬁiﬁtthmﬂbffbﬁﬁulatid@é%h@&t@ﬂ% Tl VE
EXAMPLES OF THE PRESENT | NVENTI ON Bl end Preparation [201 eries of high
density Pt jescfsse aid theenhspersiformylation properties discoveyadry Apblicants. ( Conmponent

2) blends are prepared by nelting bl ending various concentrations of the

two conmpangitbved Rhbat St cessing the blends a powdered anti oxidant
package ig&gdd%d ttc)) a pﬁe;]%lhgal m xture of the two conponents in a seal ed

[200] The compositions of the present invention have improved impact
strength. Impact strength can be measured using, for example, Notched Izod impact
testing. Notched Izod Impact is a single point test that measures a materials resistance
to impact from a swinging pendulum. Izod impact is defined as the kinetic energy
needed to initiate fracture and continue the fracture until the specimen is broken. Izod
specimens are notched to prevent 'deformation of the specimen upon impact. The
testing is conducted according to ASTM D56. Typically, compositions of this
invention maintain or increase the notched Izod impact strength at 20°C at least about
5%, preferably at least about 10%, more preferably at least about 15% over a similar
composition lacking ethylene/a-olefin multi-block interpolymer. In addition,
compositions of this invention often maintain or increase the notched Izod impact
strength at -20°C at least about 5%, preferably at least about 10%, more preferably at
least about 15% over a similar composition lacking ethylene/a-olefin multi-block
interpolymer. These novel impact compositions also have improved ductile-brittle

transition temperature — that is, the transition from ductile to brittle failure occurs at
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bag. The package consists of 200 ppm | RGNOX 1010 and 400 ppm | RGAFCS 168.
The physical polyner blend is tunbled to disperse the antioxi dant

t hr oughowot2h@/10e1si n sanpl e. Each physical blend is purgedsesnsioossst rogen
to help renove any residual oxygen fromthe bag. [202] The physi cal

pol ymer blend + additive package conmbination is processed on a Haake

syst em sulopler eanpeirdthres, tjqﬁ'beﬂlyrdtﬂfasﬂgadmﬁcy@@fe‘éﬁdl?%ﬁ%a}ddqﬂ% préfiﬁllabt& 33) , a
K- TRON K2VT120 .0 screw auger feeder equipped Wt ong pitc powder
screws, t e%% S‘E'Yeéttléaﬂ' tﬁx‘ag%le/m@r that,as epacharoflifiedeansHowantben aand a Ber | yn

PELL-2 4 Phademdi#REdonPORRE usidy Y 8hm& seattached the j acket
of the feepf(;lél throlat o? he exltlsrl%er aﬁrgcééﬁe}t%ilg?é ll%a @%{igcé%og%m%é?pol ymer

f rom mel t4heyt thegamp dembifiyragd niedt ihdedastthe onlti-bIoeR) £xthe Ubgdct hRdFRIAL Ur € Zones
are set at 150, 180, 200, 215, and 215 C. The extruder die is set at 215
C. Prior £Q.8 3 4 ' DRl i.ed i AN en line is placed on top
of thef ' . - 0 LY SH =< mmargetothe
extruder INENTIODAt cone is sealed with heavy alumnumfoil. The extruder

t he syst taéjour ge it of oxygen. [203] The physical pol yner/antioxi dant
bl end i seﬂea dePHafigB extruder feed hopper with the nitrogen supplied lid
in place. The physical blend is fed to the extruder, nelt blended and

extruded. Tiwgxtru [ ch. h5 WO

2006/ 102155@. ¥ st Saes o8 b0 &é?‘%?@&?%{gglg{‘?ﬁé‘%?ﬁg‘egﬁ 545t o a pol yner
strand. Thediftingpelyinsr (Grasmmhent?)duerhls are mieparek by frelting slemyevavier, and
subsequent | h ed.into pellets by the Berlyn strand chopper. The

pel lets acrogg%lgﬁaﬁg]gst %&h‘f %‘%‘h&?ﬂ%"n&fl@c Lohte RIRERSEING fheblgndsanavelerashy. Test
Met hods  deibsidbit pabRid8lis KRRl o 8 BAPidal nhRSir LiBges

di spl acenent 1met hpod@%\ss‘l'[\/l D 792?8%{1 al\I{/let hod@ﬁ?ﬁ??g%}{p‘?%%gﬁéqgg%ci nmens
were meadi#gedhgipaskage gonsisgLef 290 ppol RGYOX 1 @10 and @D pponiRGAFOS t168.

i sopropa : r. i.n,10,. achieve the | eqyilibriumprior to
measur e rrenﬁlte.ﬁ?glgalygl Ci er@ rllésn%vbsé ?llénr@B%%’r digrs %?ntﬁe %f%ﬁ%ﬁ%ﬂb&? o ASTM

D- 4703- OGesinsanpld. Wathpleyskahblond Riguk@dd wigehindgePRy ﬂe‘ﬂﬂre%ove%ﬁfm 190 C and a
15 T mn c%%lml]’gg rate per Procedure C. The specinen was cooled to 45 Cin

the presg® e thed®sl i ng until "cool to the touch”. Melt Flow Rate
by Extrusion Pl astoner

[202] The physical polymer blend + additive package combination is
processed on a Haake system supplied with a Leistritz 18 mm twin screw extruder (
L/D = 30), a K-TRON K2VT20 twin screw auger feeder equipped with long pitch
powder screws, two refrigerated water circulation bath quench tanks, and a Berlyn
PELL-2 4 blade strand chopper. A water circulator is attached to the jacket of the
feed throat of the extruder and set at 20° C to keep the polymer from melting and
bridging the feed throat. The extruder temperature zones are set at 150, 180, 200,
215, and 215° C. The extruder die is set at 215° C. Prior to extrusion a lid supplied
with a nitrogen line is placed on top of the feed hopper. The transition area from the
feeder discharge to the extruder feed throat cone is sealed with heavy aluminum foil.
The extruder is preheated, calibrated, and run empty with nitrogen flowing throughout

the system to purge it of oxygen.

[203] The physical polymer/antioxidant blend is placed in the extruder feed
hopper with the nitrogen supplied 1id in place. The physical blend is fed to the
extruder, melt blended and extruded. The extrudate is passed through the two quench
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[205] Melt flow rate neasurenments were perfornmed according to ASTM D-
1238-03, Condition 190 C/2.16 kg and Condition 190 C/5.0 kg, which are
known as wh2oend25, respectively. Melt flow rate is i nperdamsbkgospoasporti onal
to the nolecular weight of the polymer. Thus, the higher the nolecul ar

wei ght, the lower the nelt flow rate, although the relationship is not
linear. Mahks fol solidifptle melt mtoa pelyinenstramin ThelsgendR fagsl MirdBeh b hid even

hi gher wej Eés, such as in accordarice with ASTM D- 1238, Condition 190

0 10. 0 kohBfRiOEHRAYE Makr. 256 Segs3quegty ghornrd imiocekpis i thaBeriyn Steand 121
respect i Velopped 1100 RALE aRAIRCthE Bidin 8 diddRark @Efélﬂe %Ito gﬂt}elefd]lb%vgv. rate (121) to
nmelt flow rate (12) unless otherw se speci £red. " For exanpl €7 in sone

i nstances the FRR may be expressed as 121/15, especially for higher

mol ecul ar TegiMethods| yrers. Differential Scanning Cal orinetry (DSC) [ 206]
Al'l .of the results reported here were generated via a TA Instrunents Mdel
QL000 DsC equiBQ,%g wth an RCS (refrigerated cooling systen) cooling
accessory and an auto sanpler. A nitrogen purge gas flow of 50 m/mn was
used throug2@i)t. TResisdemlite wassdanass byl thehRhanddel Bishlabemetgin\dndy, Pr ess at
175 C and %'I?S{P J§si (10.3 MPa) maxi mum pressure for about 15 seconds, then
ai r- cool et Pddi03 Methadds.up ésogroranelp sPiprsimensprese smeasredipidthin B to 10 nyg

punch, v oo moLiIFEafied ool i e Sb-GRL el 455 Sk ig3006/ o008
pl aced i machidve ghermal eguilihrimpprior(to andaBuremeniahetspedimend Wortosipiéssiohhe
thermal be ior af th % Ie7 S i nvestigated with the foll ow ng

t enper at JPg%&B‘f‘iOF@?‘g %"ngs_ @gﬁfﬁ Q%SA%P%I Wihfentdninitipl hewing peviediabl d

i sot her MadbobPIP MU B5°0/RiPS g e pEEPRUELADY. Wh%‘épgdéﬁeﬁ egmal history.

The sanple was then cooled to -40°C a n cool rate and was hel d
at -40 C gogted3odp fGtie the préns vatingindinwescaolieg uhikiteedl tbahd®ick>. at 10 C/ min
heating rate. The cooling and second heating curves were recorded. GCel

Per nmeati on Chr t h C) .[2 The foll ow ng procedure was used to
det er ni ne the 'nd ggu ?r%tylﬁ’g%atr%sé%'fgﬂétogf”vari ous pol ymer conpositions. The
chromat ogr af205¢ sysviemnfloonaiesheuretients Wit peForidd dcb@tithe YA HIGH-C hi gh

t enper at glr ﬁﬁl peé,meati on_ chr omat oggaph. e%gi pped with a Precision

Det ect or 2?&' ef-SRditiga) 96 °(@ J16ekg and Lronditipm; 199 5¥ 3.8 kgnghich etedotowm dsbdel

2040. The, i anRksecalell N R1d tterl { s_used, f or

cal cul ati 2or] p%’r polgegs. e%at a 1!co I éaé‘??s&%@%égng“ﬁ@%r?%mﬁ% ﬁlﬁ%e\%ﬂsaéot ek Tri SEC
sof t war e waightsif tire ®lymer. &l s cthe hivhbr e sindéeitar Dadight Mas doesr tRMKRA. The system
was equi

%%xgrate, although the relationship is not linear. Melt flow rate determinations can
also be performed with even higher weights, such as in accordance with ASTM D-
1238, Condition 190 °C/10.0 kg and Condition 190 °C/21.6 kg, and are known as I
and I, respectively. Flow Rate Ratio (FRR) is the ratio of melt flow rate (I21) to melt
flow rate (I2) unless otherwise specified. For example, in some instances the FRR

may be expressed as I1/Is, especially for higher molecular weight polymers.

Differential Scanning Calorimetry (DSC)

[206] All of the results reported here were generated via a TA Instruments
Model Q1000 DSC equipped with an RCS (refrigerated cooling system) cooling
accessory and an auto sampler. A nitrogen purge gas flow of 50 ml/min was used
throughout. The sample was pressed into a thin film using a press at 175 °C and 1500
psi (10.3 MPa) maximum pressure for about 15 seconds, then air-cooled to room
temperature at atmospheric pressure. About 3 to 10 mg of material was then cut into

a 6 mm diameter disk using a paper hole punch, weighed to the nearest 0.001 mg,
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with an on-line solvent degas device from Pol yner Laboratories. [208] The
carousel conpartnent was operated at 140 C and the columm conpartnent was
oper at ed W0 2080108155 The col unmms used were four Shodex HTP8OAISR008AMWSEM 13 gm
colums and one Shodex HT803M 150 nm 12 gm colum. The solvent used was
1,2,4 trichl orobenzene. The sanples were prepared at a concentration of
0.1 granmsplfediolaight afumibim pah (dal S0trmgsamiithawtiepéd shlheThethegnat ogr aphi ¢

sol vent apd the npl e preparati.on sol.yent contained 200 gg/g of butyl ated
hydr oxyt o UERI PBlF el weayesteied Sihdbe falloming emmrsére gpefiigiethe
Pol yet hy| efigyis 3R kAHIYEESeSd [56E m&aﬁs@{he%gatfgé g{i%@veér"%f&&er e

injection volune Uused was 200 microliters a e was 0.67
ml1ilitefdqyeany prydjus tedringl bisiopn 'Bie sahpldRas theh vovled &f -402€ 2d60f or med with
21 narrow lar weight distripution polystyrene standards with .

nol ecul ar %%E?@lnﬁgﬁﬁiaﬁg Wa??’z?fﬂ%t%%}]t%ﬁg,%@ﬁ%/“@ﬁ% Tg‘Fﬁ%‘PP\RAW@Hh%r e arranged
in 6 "cochdaadd to 150XC WL 86 °WirhiA HRbtind BASITIR BEHEASSnPS SEPRY | tween

i ndi vi dual nol ecul ar wei ghts. The ést andar ds %re Sﬁrc asaegg?{r?rg?}?Pol yner
Labor at orW@@rG@r‘iﬁi%shi re, UK). The pol ystyrene standards were prepared at
0.025 granms in 50 mlliliters of solvent for nolecular -67 WO 2006/ 102155
PCT/ US2006/ 009g5y/, I r ater than 1,000,000 g/nol, and
0.05 granms in 50 Ir)ﬁrpﬁnaﬁ ‘e%rhgﬁg ogéa%{t@éﬁ?ﬁfor nol ecul ar wei ghts | ess than

1, 000, 000 g/[2651]. ThEhehilpsing moedutanaalisdd to Weteenide Seahyeshiat 80 C with
gentl e agj tﬁ%ifn fPr 30 minutes. The narrow standards m xtures were run
first andFH'<SMieP! Hroyeep ROMRAPYHAst Ths chramaiosrarhie bystere apesinted t o

mnimze geowagad iNilifordh | 9SEWL: ﬂa@nﬂ@r I r i ghts were
converted to pol y(etgg?re'hg%%cgﬂgwg ts glu%’pfgﬁg‘i‘qﬂ%‘?’%ﬁ@" gﬁﬁ descri bed
:VB ?NI | |h aaainpad Withr ,regl.SmF!d]’qlmtorS)éAnﬂleﬂ?t;IMA'b 2{aﬁ/|g]_.e,lasﬁf] li@lﬁilslcﬁtﬂ@fﬁ@)) . A
ol yet hy = ol.ystyren ere Mis the nol ecul ar wei ght,
has a val Jlljeg&g?ﬂ%&lé 2%@ JEX? @léﬂ&g]glOl?lt%]]%g%\gcaﬁfﬂﬂg)flet?ﬂ@r BISHEHdes ¢ Appr oach
for the deletdtionauipoRedDatkbilectitn 9ok BErforaidi VRS ' ner
consistent wth that ?)ubl i shedecby Bal Eer,owbursgiln,% et gﬁg@ﬁﬂ%}g&r@gg}%&nd Bal ke,
ghhr omat o%f;é%‘i’fw g § fhrchepns VIQZOt@Ml@@Q )\’Iaalngﬁr@MRéQ.1ggg§?tmm?g@ippddewa I
eung, . r , optim zing dua
det ect or I%%%?%%%% g&%rg%e%&% B’Egg%éﬁ%g%&ef/ﬁg%%&fgﬁ% to the narrow _
standard columm calibration results fromthe narrow standards calibration

curve usi ng[208h- houle @ofuselaompathennwhesperacd Wi Mt Qumaf f - set

determ nati on_was, obtai ned
compartment was operaeied at 150 °C. The columns used were four Shodex HT 806M

300 mm, 13 um columns and one Shodex HT803M 150 mm, 12 pm column. The
solvent used was 1,2,4 trichlorobenzene. The samples were prepared at a
concentration of 0.1 grams of polymer in 50 milliliters of solvent. The
chromatographic solvent and the sample preparation solvent contained 200 pg/g of
butylated hydroxytoluene (BHT). Both solvent sources were nitrogen sparged.
Polyethylene samples were stirred gently at 160 °C for 4 hours. The injection volume

used was 200 microliters and the flow rate was 0.67 milliliters/min.

[209] Calibration of the GPC column set was performed with 21 narrow
molecular weight distribution polystyrene standards with molecular weights ranging
from 580 to 8,400,000 g/mol which were arranged in 6 “cocktail” mixtures with at
least a decade of separation between individual molecular weights. The standards
were purchased from Polymer Laboratories (Shropshire, UK). The polystyrene

standards were prepared at 0.025 grams in 50 milliliters of solvent for molecular
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in a manner consistent with that published by Zimm (Zimm B. H, J.Chem
Phys., 16, 1099 (1948)) and Kratochvil (Kratochvil, P., C assical Light
Scat t eri /gofzn@mmoPsEymer  Sol utions, Elsevier, Oxford, N¢CTASBWp)09sThe
overall injected concentration used for the determ nation of the nol ecul ar
wei ght was obtained fromthe sanple refractive index area and the

refracti veeightiexqualed ec preatec dantinG10,000 g/meinaad DioseasmPRI SeehiliRR ot
honopol ynmer, of .115, 00 ar_ wei ght which was neasured in

r , / no] | ecul
r ef er ence &Nt ﬁﬂréﬁolﬁ%ﬁ?}fe Hghts 5\%5 ﬁ@&dﬂﬂ%ﬂ?@rg/@phnﬂ&mﬂnwsne Sthedards
chr omat ogHRRltiskolved 8¢k ki T-yE R, e | i,m.nat e
addr essi ng.2nél Sﬁ ri gfgncog‘?t:‘h%g?%%\?é% I?ggéﬁs (c%ﬁggh?ﬁgg?%}r)\‘gg A %rflg on .
nol ecul ar MxEhghwere fup fjt apdlie ordenof deergking hédhesd radlieoniar weipht Ioerff)r med _USlhng
i n- house tware. .The. cal cul ation,of fhe nunber-average nol ecul ar wei ght,
wei ght -av%cfnq Oél\é%%lnéleﬁ?léf 89%? tor- ta pQIB’éWé‘?nSéEa degk Bolegslaght wer e nade
accor di ngweightsheere E@ivieasd f&p&ﬂ&ﬁilb%oﬁ%ﬂﬂfﬂw@%hﬁshﬁfngte%ﬁaﬁcﬁ{§ ggtoneter
signal is directly proportional to weight fraction. e
basel i ne- desptbeddn Silliasmy ans Wiaed. & PalygnS¢i., Palynbd et 6,66211(1968ubst i t ut ed f or
wei ght fraction in the equations below. Note that the nol ecul ar wei ght WO

2006/ 1021 Pjﬁ%,}é Q064 Pgﬁ Bbe fr.omthe conventional calibration
curve or t g a oﬁ%t e&r)ﬁc)t c%(sg?r&%gi ght ¢1§)om the light scattering to
refractoneter ratio. An inproved estimation of z-average nolecul ar weight,

t he basel Wheredvihis thaanaleculirghtigistc Athae nivalpesif Qridland Bniskgualubsto. t uted for the
product of wei ght average nol ecul ar wei ght and wei ght fraction in equation

bel ow: W ; - =(W. ¥ -~(Wf: *M2).(2). M= M= Mz=
ot ——Ct e R e Sy pieApiashfor telauineien fealtndateter weans ¢ hat
the MAD i 6ftsGRES dofb iV £ mRxhdridohSiste MOy B TRAPHRIHshPhyY BEIKS, MBG&?,‘ o

conponent pol yner ma¥ even exist as a hunp, shoulder or taift’relative to
the MAD dMeue BrdRalke Srhsematesrappp Polyer. Chit b2,r920) aMBatien be deconvol ut ed

into two ts; nt., and . HWV.c onent .. After deconvol ution,
t he peak %ﬁg%&ﬁlag@ 'y %gfﬁn%%%onﬁ%gr W%Wa@%ptﬁél’ @g’ﬁ?gf wei ght (Mn)
of each cuptipoziegtuadaktdmr labieilteom Dienbiohe pogstyRSe 16835 RPRE R ( DOS)

bet ween the t onponents can _be cal cul ated by equation 3: DOS =log( MWV
) -1 og( Ml)Stétllg r\ﬁoc\ﬁ,‘&qﬁpaﬂ nresults from the narrow standgrds ?:alibration curve using

in-house software. The molecular weight data for off-set determination was obtained
in a manner consistent with that published by Zimm (Zimm,B.H., J.Chem. Phys., 16,
1099 (1948)) and Kratochvil (Kratochvil, P., Classical Light Scattering from Polymer
Solutions, Elsevier, Oxford, NY (1987)). The overall injected concentration used for
the determination of the molecular weight was obtained from the sample refractive
index area and the refractive index detector calibration from a linear polyethylene
homopolymer of 115,000 g/mol molecular weight which was measured in reference to
NIST polyethylene homopolymer standard 1475. The chromatographic
concentrations were assumed low enough to eliminate addressing 2nd Virial

coefficient effects (concentration effects on molecular weight).

[211] Molecular weight calculations were performed using in-house
software. The calculation of the number-average molecular weight, weight-average
molecular weight, and z-average molecular weight were made according to the
following equations assuming that the refractometer signal is directly proportional to
weight fraction. The baseline-subtracted refractometer signal can be directly

substituted for weight fraction in the equations below. Note that the molecular weight
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wherein Mv and ML are the respective wei ght average nol ecul ar wei ght of
the HWVconponent and the LMW conponent; and WAHVH and WAHML are the
respect i weopeakionisdt h at the hal f maxi ma of the deconvolratras2emeloeasat ar

wei ght distribution curve for the HWVconponent and the LMW conponent. The
DCS for the new conposition is about 0.01 or higher. In some enbodi nents,
DOS i s hi gahnehe frarh éhe @boentiodalDG]ibtibn cOrve, ordite ibs&utd%h@fe@ﬁl@bi’vbﬁgh{mnf or the

bi nodal ent Ls at ast _abqut 1 .or her. For exanple, DOS is at

| east abo Caf%erglg tp rgfracgmaeterzrago @ndmpr‘??’e estimgtiomofiz-averags. 0. | n some
enbodi rrenfnglecmk hi) 1RORH 100 to
500, or between ab%ut g{Sé(l)‘%{é‘flo Era@ce@%@gt Sglg}%gfng pgigulot e%l tenggltgglt%glfcan be any
nunber i nthe peodupionfeveigit Cragﬁnmﬁmlar@mghﬂlamémght PaSiexieeqdgion2p00. - 69 WO
2006/ 102 1230 CT/ US2006/ 009857 ATREF [213] In sone enbodi nents the

bi rmdallty of "the distributions is characterized by the weight fraction of
the highest tenperature peak in tenperature rising eI ution fractionation

(typically abbr%*‘,}at ed as "TREF") %@g %s) descri bed g,lr exg;‘rpl e, |n Wild

et al., Jougnal Pol ymer Sch)ence; Phys.

(1982) , in%WSl (HazlltI{”Wét_EW,‘ or in us %Z‘T'JSQ“%ZT(Chum et al ),
the disclosur M, all of which are&d™cor porated hereE{Wb?Mr)eference The
wei ght fraction corresponding to the highest tenperature peak is referred

to as the high-density fraction, since it contains little or no short
chai n branch?iig. Th’Ehertelrmfbmmglaf’raamsecb]meremméahetlmiﬂreev[meﬂaeni’dO as the

short chajn br rbcg § % t|on since it represents the fraction
whi ch contal h %hé 3 TOPORG etrs VHEEH Ple£9RRORGRPRHERSE Ry ayeR he
pol ymer . ckistas b hagb] hduldsr @tﬁﬁ rélaﬁ‘vé RWARRIDLF dhd Sk %J;@ljrtd'] In

anal yti cal _tenperat ure risi ng elution fractionation analysis (as described
in US 4, 7T9ayme1 A bimnesdshMWDan deideeaiveluged thﬁREFCO)r,lpdlithsdd\VMSI tion to be

anal yzed b t solvent (for 1,2, 4
trichlor oclbﬁﬂ)% g%g%hg%%d%?&végj %9 ‘%&?}r eg?l?voi%{?nr &% &ﬁp athAlf ai ni ng an

i nert suppaxita (WMAKMDxadHeeaveizd intdl &SiSar e %{t (M19b1 edth BhPohantc8HHET N9 the
terrperaturem#%ol umm i s equ ped with both an infra-red detector and a

di f f er entQP H‘élﬁee‘?eg(@\ﬁ) SERAalieHDOS petyraarethe bvo evmpenentsgraaivecur ve i s
then genenriifgbdy ':htl rpg the crystallized polynmer sanple fromthe colum
by slowy |ncrea5|n e tenperature of the eluting solvent (1,2,4

trichl orobenzene). The ATREF-DV nethod is described in further

log(M ) —log(M ) 3)

WAHM % +WAHM "

DOS =

wherein M,? and M© are the respective weight average molecular weight of the

HMW component and the LMW component; and WAHM ¥ and WAHM L are the
respective peak width at the half maxima of the deconvoluted molecular weight
distribution curve for the HMW component and the LMW component. The DOS for
the new composition is about 0.01 or higher. In some embodiments, DOS is higher
than about 0.05, 0.1, 0.5, or 0.8. Preferably, DOS for the birhodal components is at
least about 1 or higher. For example, DOS is at least about 1.2,1.5,1.7,20,2.5, 3.0,
3.5, 4.0, 4.5, or 5.0. In some embodiments, DOS is between about 5.0 to about 100,
between about 100 to 500, or between about 500 to 1,600. It should be noted that

DOS can be any number in the above range. In other embodiments, DOS exceeds
1,000.
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detail in WD 99/14271, the disclosure of which is incorporated herein by
reference. WD 99/14271 al so describes a suitable deconvol ution techni que
for nultiworpeneatss pol ymer bl end conpositions. The ATREBETaseas/0085al so
frequently called the short chain branching distribution (SCBD), since it

i ndi cates how evenly the conononer (for exanple, hexene) is distributed

t hroughout theAd®R#H e in that as elution tenperature decreases, conononer
content incr es. JThe refractive index tector _ provides the short chain
di stributi orﬁf:ﬁf or n&t 1981Y %l%?dfrﬂﬁntﬁﬂﬁqﬁ?’@ ‘ﬁ?tﬁp%&lesdé%’i’r@fté}ns ifet ect or provi des
an est i magitiraterizB@ by HRCHShraSh 30 & MRS e, 1’%@!&9 Eal #} ¢6d lon of the
precedi ng may be foan ir]gL. G Hazli tt_‘l,; J. eASS ) P@I ym t%(k:]?&g%pl. Pol y.
Synp., 4btisipgelation frggignation (typichldy aireviged at EEREED ebta doyles@fvedgoce. - 70 WO

2006/ 1021 | US2 0 i I 15] The, resin |l was neasured by

t he Dow L%%@\%Il%c? c?g’ J\?%%?%ﬁln O%hg}egggl‘%‘fe’ E@%YsgﬁstEa\Qg}oflr?& PidH required

by an ext (1082 ipUk yiEs, 081 r(Haditt ex 41)20t6h US 5,08%38elcona &ag) dist ance of 230
ttfert ra 2003 with, 12 mm barrel and, equipped with a 10

nm The Czl? I%heo ph g I

L/ D capi | His5lgsutesertgllotivhighsarg incerparpied hergin yereésrence. The weighs imetient  was
carried o ' : I .rates.. 300.s-1.and . 1,000 s-1,
respecti v%abltﬂye.§IS QI' Mr%@%ﬁggg?gi%ﬁr%?%eﬁ{h%% lstrﬁ%eengp(gmsrﬂlf}rhléghﬁleé]@lt%t rand end
travel s afattionhsndedngataing littleloe otshore olvain bABGhIAE ThE Lersiink fiastibeROr t ed as

t 300 and ,tl| 000 al ues. Rheol ogy [216] The sanple was conpression
mol ded i nPge rﬁf“éfs&‘)‘?%‘io %Sﬁ%%hé’&f%awgﬁ B) frastion. skase ikeprepengpar ed by

pressing thé Gras@diPivERh (cBhtind ?gegr-iy;al( e%ﬁ%@ih%@@%ﬁgﬂﬁ?&t%@ﬂlemr ¢

subsequently cut into 1 in ression  nol di ng

pr ocedur ePolEseras Mofracion:is @86 the 10waBnG)y frantioh. min at 100 psi (689 kPa);
365 F (185 C) for 3 mn at 1500 psi (10.3 MPa); cooling at 27 F (15 "Q@ mn

to anbient er ref ut 23 C ). 17 he.resin rhegl ogy was

measur ed on[%lﬁgp AR%%PSIP’&%\Q/E%%B&%"{@%%%%PP%“ éﬁﬁéﬂ?@?%“@?ﬂ%@f Rheonet er .
The ARES describesitin &iSrd,798)08 Iodrdetbbrevite@iRi:6ih-as AATRER"Y, HRCIHFRiioh 3T vonot or)
applies shear deformatjon.in the formof strain to a sanple. |In response,

t he sanpl® 3galashisclissolyed ipa Swwqt@lm&fﬂf@aalpple, L.A4 transducer. Strain
o LR R | S T DL U S R Sy
(for example, stainless steel shot) by slowly reducing the temperature. The column is
equipped with both an infra-red detector and a differential viscometer (DV) detector.
An ATREF-DV chromatogram curve is then generated by eluting the crystallized
polymer sample from the column by slowly increasing the temperature of the eluting
solvent (1,2,4 trichlorobenzene). The ATREF-DV method is described in further
detail in WO 99/14271, the disclosure of which is incorporated herein by reference.
WO 99714271 also describes a suitable deconvolution technique for multicomponent
polymer blend compositions. The ATREF curve is also frequently called the short
chain branching distribution (SCBD), since it indicates how evenly the comonomer
(for example, hexene) is distributed throughout the sample in that as elution
temperature decreases, comonomer content increases. The refractive index detector
provides the short chain distribution information and the differential viscometer
detector provides an estimate of the viscosity average molecular weight. A discussion

of the preceding may be found in L. G. Hazlitt, J. Appl. Polym. Sci.: Appl. Poly.
Symp., 45, 25-37 (1990), which is incorporated herein by reference.
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measured in the nelt using a parallel plate set up, at constant strain (5%
and tenperature (190 C), and as a function of varying frequency (0.01 to
500 s"1) .woheos/mesage nodulus (G ), loss nodulus (G'), pcaniSd@sieyssand
conpl ex viscosity (eta*) of the resin were determ ned usi ng Rheonetrics
Orchestrator software (v. 6.5.8). [218] Low shear rheol ogi cal
characterizati Swelllas performed on a Rheonetrics SR5000 in stress

controlled gggﬁ usi Eg a 25mm parallel plates fixture. This type of
geonetry wa ef er T88TSH YEikbWargessieddy e Pogelat Swellymethod witiely i ni nal

squeezi ng i : : J S | residyal . stresses. 71
WO 2006/ 1(%(§2][{15%\\‘%g %§%%§%%%g§1@%g h@%gx ra exgﬁgé@@g%??%&agﬁﬁ%gﬁw&e” i es
[219] Thepreedstermsaddf distess of280 cirar Tht E6ttfetR hao grEphA00B REtH, e nthexur al

Modul us at 5% strain agd .tgec Mod Lqiri at 1% and 2% strain, and a test
speed of BB APRAIFHPHE 1 §ap§ y ASTAsHS werd fopthepresserementrhe

speci MeNSTHehRasuS Rt $%3 icaRicdRJutl 80 FACE 0 b Ok 1QQqAnnex 1 with
abmniniti a_k; heati ng Cpelri od at about 1901%9asﬁ§;§£%4%ﬁ§ﬁ (r%g%ool ing rate
per Procedlip@sG.respeetivadpethermoravhs restodvedllst the 4Bwer ihe frdeestipnéssd Wi t h

conti nued,, | ing.until "cool to th t ouc Tensile Properties [220]
Tensil e s%l%&eé(ri])sg%r‘rr%l’ g{erl%l%e]rattglge& t%f:%‘f‘flégt?’ﬁ) Hﬁn'aﬁlhf)?%%ils\ﬁéﬁ’(gteﬁlé‘ééﬂoeadld accor di ng
to ASTM Dx1688¢HFaluBot h measurenments were perforned at 23 Con rigid type

| V speci nens whi ch were conpression nol ded per ASTM D 4703-00 Annex A- 1
with a5 mninitial heating period at about 190 C and a 15 C mn cooling
rate per Pr ocBlerlesc. The speci nen was cooled to 45 Cin the press with
continued c 1nQ i 'y V4. [0, ntal Stress Crack
Resi st ance ?%is%?) [gg‘lﬁ mﬁ%g%gg{nﬁp}ggs\q/?é %lréﬁde}%tuétggs lgrketg’gr elpg)(gk’ resi stance
(ESCR) vemeassesuané.d The diskA\GEM [Dep6aBb Phredditidine sBumplepattb 0BIT$” (Ees enrip! ded
accordi ng t(l)( ASTM D .4703-00 Ann mn initial heating period at

A with .
about 190 XSk Rlafugs 31 Fere sy S%B?tfy)r(@‘tllémf’é 152255-%@_&)&%}% The comprespiesi men was

cool ed t omdRlifs dhrocddige bl 363081 . Ik (& to the
touch". [22211%1?1 fhi S ?g?s,sfopﬁggs3u6§cgg%$%$ﬁit§§9gflﬂgt }rbysésélmtéggq{% hani cal
failure b305 Er@8XkT@)for 8 nminas LP@dpsi (s’ MPapistoaling stt274Fr(16 6Gdinid ons, and in

t he prese f ck,.acc ating agent such as, soaps, wetting agents,
etc. %asﬁlﬁ%ﬁe%ﬁ?@p%ﬁ%e E’%’P‘H‘i d% it

[217] The resin rheology was measured on the ARES I (Advanced
Rheometric Expansion System) Rheometer. The ARES is a strain controlled
rheometer. A rotary actuator (servomotor) applies shear deformation in the form of
strain to a sample. In response, the sample generates torque, which is measured by
the transducer. Strain and torque are used to calculate dynamic mechanical properties
such as modulus and viscosity. The viscoelastic properties of the sample were
measured in the melt using a parallel plate set up, at constant strain (5%) and
temperature (190 °C), and as a function of varying frequency (0.01 to 500 s™). The
storage modulus (G’), loss modulus (G™), tan delta, and complex viscosity (eta*) of

the resin were determined using Rheometrics Orchestrator software (v. 6.5.8).

[218] Low shear rheological characterization was performed on a
Rheometrics SR5000 in stress controlled mode, using a 25mm parallel plates fixture.
This type of geometry was preferred to cone and plate because it requires only

minimal squeezing flow during sample loading, thus reducing residual stresses.
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on notched specinens, in a 100% by volume Igepal CO 630 (vendor

Rhone- Poul ec, NJ) aqueous solution, naintained at 50 C. Ten specinmens were
eval uat edwpenos/mwesEsur enent . The ESCR val ue of the resi npPCs/use@ent®sdr as F50,
the calculated 50% failure time fromthe probability graph. Inpact
Strength [223] The |zod inpact strength (ft.Ib/in) was determ ned for

not ched conp rEksrumimndlSteah adpies Pedpe?tzesC and -40 C according to ASTB/I D
256-03 -72 2006 0215 /US 6/ 0098 Met hod A using a Tinius sen
| zod Manual [ffact ¥é§1 583 §68‘3¥aﬁ@ﬂszg%@ea%‘&§é’ilq§1315‘éfﬁbul um [224]

The |zod pwanru@%@s%rstﬂaﬁi Qﬂ%e@éﬁ%@&l%ﬁ%%@@% ﬁfianp%d igMﬁ%dg%%‘ 00 Annex

Awth a5 mninitial heating period at about
cool i ng rich/nge(1Pmovedurmer BSTM® 39999 Methodds Fhmd;nedummsa&mut 45 Cin the

Proper ty. KuB P EReF 30 sp sy ReFlor DAt Wi anm Akt oo 11 eal

hi gh denshéaying periyEithBbenBo(dRRE), ﬁm& &ofing !r;ﬁ&g ProceRpd €, Ane Tabl e A
Bl end Conponents Melt Flow Material Description Source Density |ndex |ndex

(g/ cn) 125PEeimepwas qogledrp A °C dgtheinagss Wit cpatinued epioling nafilt Scociomtes ci al
pol ynmer 6230 pol yet hyl ene from The Dow Chem cal 0.949 0.3 25 Conpany
(TDCC) UNI'VAL* Hi gh density Commercial polymer DVDH 6400 pol yet hyl ene from
The Dow Chemical 0.961 0.8 57 Conpany (TDCC) Exanple A Inpact nodifying
TDCC 0. 930 0. STensilePropertiesock pol yner Exanpl e B | npact rmdbfglzggoTECC 0. 909
-- [ I | mpact podifying TDCC --

0.5 mul t I[ZiH]OCk ’Pg:nsﬂg rstreEnXg%lnEt ﬁelgand elongation at b¥eak%vere measured

according to ASTM D-638-03. Both measurements were performed at 23 °C on rigid

type IV specimens which were compression molded per ASTM D 4703-00 Annex A-

1 with a 5 min initial heating period at about 190 °C and a 15 °C/min cooling rate per

Procedure C. The specimen was cooled to 45 °C in the press with continued cooling

until “cool to the touch”.

Environmental Stress Crack Resistance (ESCR)

[221] The resin environmental stress crack resistance (ESCR) was measured
per ASTM-D 1693-01 Method B. Specimens were molded according to ASTM D
4703-00 Annex A with a 5 min initial heating period at about 190 °C and a 15 °C/min
cooling rate per Procedure C. The specimen was cooled to 45 °C in the press with

continued cooling until “cool to the touch”.

[222] In this test, the susceptibility of a resin to mechanical failure by
cracking is measured under constant strain conditions, and in the presence of a crack
accelerating agent such as, soaps, wetting agents, etc. Measurements were carried out
on notched specimens, in a 100% by volume Igepal CO-630 (vendor Rhone-Poulec,
NJ) aqueous solution, maintained at 50 °C. Ten specimens were evaluated per
measurement. The ESCR value of the resin is reported as Fsp, the calculated 50%

failure time from the probability graph.

Impact Strength
[223] The Izod impact strength (ft.Ib/in) was determined for notched
compression molded plaques at 23 °C and -40 °C according to ASTM D 256-03
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pol ymer Exanple D Inpact nodifying TDCC 0.913 0.5 -- polynmer | RGANOX

Pol ymer Ci ba 1010 stabilization additive -- "- "" | RGAFCS Pol yner C ba 168
st abi | i zavoanocaelissi ve -- -- '" Polynerization Conditi @13/Us2@6j009852

pol ymeri zati on process conditions used to produce the inventive and
conparati ve sanples are described below. -73 WO 2006/ 102155
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[ 227] Cont.i nuous s hluti on polynerizations are carried out in a conputer
cont r ol | e§PAGHHRFEVE Peact or equi pped with an internal stirrer. Purified

m xed al kanes solvent (IsoparTM E avail abl e from ExxonMbi |l Chem cal
Conpany), etfagdlene The FodQomphshdatkoldd: nd hydrogen
(where use%& ar]g suppl i ed tol?gétsé:{._S L re%é%?%gﬂf%ggﬁd%%ﬁgghﬁgcket for

t enper at ufE0TONAnaex Arwitlan S invin dnitial heatieg portulgylabout 19AEC a0t wdbt°Clmid t o t he

reactor i -£low controller. A varjable. eed di aphragm
punp cont ?%c?'@%tst ﬁ%%g%?%éggqquﬁgvgthre SPEIISY Ve Sapd o %1’(5’ut %g &%@FQFQSS At the

di schar gewith cohtinyed tpolig witll€csdl ted@tbscht’aken to provide flush flows for
the catalyst and cocatalyst injection |ines and the reactor agitator.
These flows ar ?sur ed by Mcro-Mtion mass flow neters and controll ed
by control val mpgct ProperyeModificaldgrust nent of needl e val ves. The

remai ning s nt i Qqu]![) j - . nd.hydrogen (where
used) and f(e[gzstao thzhfeac %Hrégts\ﬁs%&@r?%q&ggﬁﬁwﬁlgdrﬁ%%ﬁlgsé% to deliver
hydr ogen p@yethglenetdDBE) blsndseweltisted ThEalleAper at ure of the sol vent/ nonomer
solution is controlled by use of a heat exchanger before entering the

reactor. 1S AS enters the bottomof the reactor. The catal yst
TS R EoRPe il

conponent ered using punps and nass flow nmeters and are
conbined Wth the |[catalyst fTuslf solvent and 1 niffoduceg_1nto (e pottpm of
the reactlor. The reactor is run |liquid-full at O]? F).si _:]M§§.45 VB wi fh
vi gor ous |Miterial ng. |Mesctipion i s r erfvede t hr ough  exi PP e Y tr%n‘{eép of the
reactor. |Al exit Ilines fromthe|reactor are stegn®fPack 46,319% A& ul at od.
Pol ymeri dation is dtopped hy theladdition of a snmll anmpB™Yf B™into
the exit |li@e gkong mngﬁ@ensa}{}y st alj Idotnﬁﬁfc&l@ﬂyrﬁﬂr‘hel’ addi t| ves and passing the
m xture |pMmpA 6230 polyethylene from The Dow Chemical | 0.949 0.3 25
Company (TDCC)
. . Commercial polymer
UNIVAL* High density po'y
from The Dow Chemical | 0.961 0.8 57
DMDH 6400
polyethylene Company (TDCC)
Impact modifying
Example A multi block polymer TDCC 0.930 0.5 -
Impact modifying
Example B multi block polymer TDCC 0.909 0.5 -
Impact modifying
Example C polymer TDCC 0.922 0.5 --
Impact modifying
Example D polymer TDCC 0913 |05 -
IRGANOX Polymer Cib
1010 stabilization additive |~ - - -
IRGAFOS Polymer Cib
168 stabilization additive | ~'° - - -

Polymerization Conditions

[226] The polymerization process conditions used to produce the inventive

and comparative samples are described below.
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through a static m xer. The product streamis then heated by passing

t hrough a heat exchanger before devolatilization. The pol yner product is
recover edwbyo@xtoe1ssi on using a devol atili zi ng extruder pamiSaekmonIssvol ed
pell etizer. Process details and results are contained below in Table B.
Exanple B Multi Bl ock Pol ymer Production Conditions [228] Continuous

sol uti on bBxdmpleA Yhaiti Bhek DobynpaProddtion Cohditianconput er  control | ed

wel | -m xed reactor equipped with an internal stirrer. Purified m xed

al kanes sol (Is t TM E avail abl e fram ExxonMohi | Chem cal Conpany),
et hyl ene at \@%6 @gﬁ&ﬁ‘f’ui ?i"}’tlmoﬁgﬂ?r)‘z,a 19DHUE SABICd QHHIA ATBRIEST (wher e
used) ar econtréBBd hiRbclhRe RadtoPeduip R iR | to - Rich 3G

tenperature control and an 7(%}% g&dg%a}r?gMSS%gHC% L%?glgg?%gg%%l%%ﬁsnternal
t her mocougsileent {hepasBt B emailableddom ExxpeMpbik Chemidas Compsuy)eethilgnaatrta®s - f | ow

controll varj,ahl.e e Laphr,agm pu contrgls the.solve flowrate
and pre?@ﬁ@@lrt@'itzﬁ{ r%@g? 332?6%313%{&@’%&%%@?38 uB‘fdgtaFFesuBH]r’rff?tof %a’e stream
i's taken feactpr eyuigiRdWithsdyabkedfor tt@berafie 6t ¥8d aiferAAGRRlo¢SipId. | Nj ection
lines and _the reactor _agitator. These flows are neasured by M'cro-Mition

mass f | ow ifetodyest fged to themeackrimenspredhit # vlassHpveontellasy A Yesiahtenual

adj ust ne ] Y} =Nl sol.vent | onbi ned with

1- oct enef.gpg? 9‘@@2@@&’@%‘@?8152% ?éfl\ﬁeﬁ?g Bh’rslgtg)a%déﬁ%fs?rg 30 ﬁ}? TFH0% é%}{lct or. A
mass f | owhedistharpé of the pumpedsitio st jseakenyd pagede fleshtlays foeaet or as needed.
The tenperature of th? sol.vent/ mononer solution is controlled by wuse of a

heat excH %Stta‘&‘gF‘Eﬁaéa Bhineqtiey lingyanddhe regetor pattaors  Thegprilews afes t he bott om
of the r@aGLRM by MEr& Mok TROR | b ,hg punps
and mass flow mgt ersr and a?%asgglrrbi ngtgﬁva%?ﬁ% @@a@&%@?ta}ﬁlﬁ%h&égl vent and
i nt r oduc etfie manvaltadpistrest vHneedie vabesr Ghe tamainifigaolveaicis combmed withl 1-qui d- f ul |

at 406 psj 2.8 MPa) wit Vi gQr ous irring. Product is repoved through
exit |i nedscgea%’ ?tﬁ%l_e{l%ﬁng}ly&rﬂ%a} @@E’f%‘rlseaiﬂd’fegg‘? theyrpackar. ¢ Brass few eactor are
st eam t r apagonads usstb abkebr hg@ﬂog&?fd B8 tdalfdr h§nSddeRPEHe tipeldifredfidid i On of a
smal | amount of water into the exit line along with any stabilizers or

ot her addeliepEBonp@ewitiongs eomsrolest binee ofw rag bxchasgateforeentering thee pr oduct
stream i xcha rs, ,and passes two

devol at i zrgarlést&? Erﬂgsg%eggl éﬂgeer% g{ego%?tp H?(gq%’/\c/a eg?togggﬁee%ﬁtgysgc’cg 0 %ai l's and

resul t s aohitivontzimeeret abinypumpd aid 2128 flow atdhds BadVate tcbmBlRakviffodhy ner Sanpl e
Production nﬁi tions Multj Bl ock Polynmer Multi Block Polymer Process

Condi ti or?é‘tagf%lt us Yﬁ?lt émiﬂ}nﬁ?g‘t‘ﬁ?ﬂén@ e bottom of the reactor. The reactor is run

liquid-full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed through

exit lines at the top of the reactor. All exit lines from the reactor are steam traced and
insulated. Polymerization is stopped by the addition of a small amount of water into
the exit line along with any stabilizers or other additives and passing the mixture
through a static mixer. The product stream is then heated by passing through a heat
exchanger before devolatilization. The polymer product is recovered by extrusion
using a devolatilizing extruder and water cooled pelletizer. Process details and results

are contained below in Table B.

Example B Multi Block Polymer Production Conditions

[228] Continuous solution polymerizations are carried out in a computer
controlled well-mixed reactor equipped with an internal stirrer. Purified mixed
alkanes solvent (Isopar™ E available from ExxonMobil Chemical Company),
ethylene at 5.96 lbs/hour (2.7 kg/hour), 1-octene, and hydrogen (where used) are

supplied to a 5.0 L reactor equipped with a jacket for temperature control and an
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C2H4 k (Ib/h) 1.85 (4.08) 2.75 C8H16 kg/h (Ib/h) 0.43 (0.95) 1.65 Solv.
kg/h (1 b/h) 15.87 (34.99) 23 H2 sccm11.4 2 T C 135.1 125 Cat Al2 Conc m
95.2 115.W0 20at102455F1 ow kg/ h (1 b/h) 0.075 (0.165) 0.245PCTats2®BBB0BSNC M
41.8 59.2 Cat B2 Flow kg/h (Ib/h) 0.145 (0.319) 0.21 DEZ Conc m 4055 5000
DEZ Fl ow kg/ h (Ib/h) 0.149 (0.328) 0.272 Cocat Conc m 1215.5 1665.6 Cocat
Fl ow kg/ higtdrRhtherthokd@plé OTRE Slvéht 1ed WO 30R hRasiRed biR20864040857 Ml t i
Bl ock Polymer Multi Block Polymer Process Conditions Units Exanple A

Exanpl e Be@nwlien {2ofayinkle sme@ﬁaphrmp@np pontyolrEesslvieny fov rase Ayd 1. 736

532852) gPEf(ﬁ:szd’i% % tg%rr]e\i/a%‘[oﬁ.l %rt]tﬁse é)’{%c%grg%%f th%oﬂdnsjﬁ aoé(ic% s?r gm]iél' taigﬁ to Efficiency?

[ N- (2, 6- dpfobideetay RknR)b) mbeﬁmly)sﬁdﬁdd@béta}y{glspﬁlPéﬁﬁlbh phenydthardaspit hal en- 2- di
yl (6-pyridin-2- diyl)nmethane)] hafnium di pethyl 3

bi s- (1- ( 22giAtery | Thpss B gieyrasasyied by MiceyyMotion mpss floyynstersghdny| ) i mmi no)
zirconiu ' | | et |, al ance s

pol ymer B.F%gg)glie?ék P lfe}lttr @R@‘{/?giogh?ﬂlﬁel?%glg't %&‘ﬁi@“@?ﬁeﬁtgg‘ﬁ%g?&g%ﬁéﬁ reactor 7
ef fi ci encyemdigingeblyemtrié gorvbinhé méthd -ddtenegethilene,gind hiy@@pn Exlasrphiesl) C and
Example D a({%grra e in accordance with IL%EP 5, 27%, 236 a&‘nd USP 5, 278, 272,

adj ust ed 879 EGUP e Terqipr. iy stHlaY CRRTIIE 1agd AL hydREIH thY epar at i on

[230] A S@LicRS aPhedle@NTHE R Pe¥atitR oY BebblvRAfmBhot¥o1ftads EortFPRE by

use of a heat exchanger before entering the reactor. This stream enters the bottom of

the reactor. The catalyst component solutions are metered using pumps and mass
flow meters and are combined with the catalyst flush solvent and introduced into the

bottom of the reactor. The reactor is run liquid-full at 406 psig (2.8 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 up through heat exchangers, and passes two devolatizers in series

before it is water cooled Process details and results are contained below in Table B.

Table B Multi Block Polymer Sample Production Conditions

Multi Block Polymer | Multi Block Polymer
Process Conditions Units Example A Example B
CH, kg/h (Ib/h) 1.85 (4.08) 2.75
CsHjs keg/h (Ib/h) 0.43 (0.95) 1.65
Solv. kg/h (Ib/h) 15.87 (34.99) 23
H, scem 114 2
T °C 135.1 125
Cat A1” Conc ppm 95.2 115.9
Cat Al Flow kg/h (Ib/h) 0.075 (0.165) 0.245
Cat B2’ Conc ppm 41.8 59.2
Cat B2 Flow kg/h (1b/h) 0.145 (0.319) 0.21
DEZ Conc ppm 4055 5000
DEZ Flow kg/h (1b/h) 0.149 (0.328) 0.272
Cocat Conc ppm 1215.5 1665.6
Cocat Flow kg/h (1b/h) 0.112 (0.248) 0.16
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5,272,236 and USP 5,278,272, adjusted of course, for molecular weight and density.

Blend Preparation

[230]

A series of high density polyethylene a) DMDF 6230 + impact

modifying polymer (inventive or comparative polymer) blends and b) DMDH 6400 +

impact modifying polymer (inventive or comparative polymer) blends are prepared by

melt blending various concentrations of the two components (Table C). For

comparison purposes the HDPE samples are subjected to the same thermal extrusion

history as the impact modified HDPE blend samples. The concentration of the

comparative polymer in the blend is adjusted to produce the same overall blend

density as the inventive-HDPE blends.

[231]

Prior to processing the blends a powdered antioxidant package is added

to a physical mixture of the two components in a sealed bag. The package consists of
200 ppm IRGNOX 1010 and 400 ppm IRGAFOS 168. The physical polymer blend is
tumbled to disperse the antioxidant throughout the resin sample. Each physical blend

is purged with nitrogen to help remove any residual oxygen from the bag.
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[232]

The physical polymer blend + additive package combination is

processed on a Haake system supplied with a Leistritz 18 mm twin screw extruder (

L/D = 30), a K-TRON K2VT20 twin screw auger feeder equipped with long pitch

powder screws, two refrigerated water circulation bath quench tanks, and a Berlyn

PELL-2 4 blade strand chopper. A water circulator is attached to the jacket of the feed

throat of the extruder and set at 20° C to keep the polymer from melting and bridging

the feed throat. The extruder temperature zones are set at 150, 180, 200, 215, and

215° C. The extruder die is set at 215° C. Prior to extrusion a lid supplied with a

nitrogen line is placed on top of the feed hopper. The transition area from the feeder

discharge to the extruder feed throat cone is sealed with heavy aluminum foil. The

extruder is preheated, calibrated, and run empty with nitrogen flowing throughout the

system to purge it of oxygen.
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Figure 9. The nelt strength conparison is shown in Figure 10. [237] The
nmeasured properties are listed in Table D. WO 2006/ 102155 PCT/ US2006/ 009857
Tabl e D H®BBedemparss Modi fyi ng Pol ynmer Bl end Physi cal Pr epentse@s/obgspact Mel t
| npact nodi fying Cal culated Melt Fl ow Fl ow Sanple nodifying pol ymer Bl end
Density Index Index Ratio polyner conc in density 12.16 121.6 bl end

121. 6/ 12. 16 [238] % gikadhygicahifolgémamiosian bleddis\pidceDibhe@2B0ddigass 0 0. 9501
0.26 28.0 108 (HD1) Inventive Blend HDLIAll Sanple A 5 0.948 0.9486 0. 24
26. 5 109 henpeewith ke miragen supplxshlicsipince. Aha physichblend isfed fo theos 25. 2 96

| nventive 0 4514 pval DVDH
6400H Non%’@&'i‘%-gIfil “E‘y.ﬁgbg%%leg%g%&y%a7 ;ﬂelgnvena?? i\%g’%%leg rﬁ%gﬁ%gtk%i%g%%fyg A5

0. 9594 0. @ahkstoGoBAifPiheimdiinto 4 polgmict steanBl dihe stibiANR baSadytireugh &Daif. 9578
0.9582 0.77.50.8 66 Conparat.ive Blend Sanple C 10 0.9575 0.9579 0.78 49.5
63 HD2CIKOIe0 3PPV WEE A0 FESSAGIERtY Shonped 13ig pglleis kg the Bahs ¥and 37 o 53
Compar at | iy Biethe SRITB recohBerfa BOAOHD REBGL0 cifde o § 1BpEIeanRC2C |
Conparative Bl end Sanple C 22 0.9526 0.952170.73 35.7 49 HDZ2C2c I|nventive
Bl end HD2B 11 Sanple B 12 0.9544 0.9555 0.79 48.5 61 Conparative Bl end
Sanpl e D 13[234i545 Thoblasd dempity s3caboubged pibadhe relatiemt i ve Bl end HD2B21
Sanple B 15 0.9528 0.9536 0.73 45 62 Conparative Blend Sanple D 17 0. 9526
0. 9518 0. 619 40 5?_ HD2D2c [ 238] The DSC conparison of the inventive and
corrparative:slavnp lis shown in Figure 11 and the ATREF conparison in
Figure 128 2B9] Pae mechanical (stiffness-toughness) properties of the

i nventive and

Where, Py is the blend density, w, the weight fraction of blend component 1, p; the

density of component 1, and p, the density of blend component 2.

HDPE Blend Properties

[235] The neat HDPE DMDH 6400 polymer and the blend samples are

characterized by various analytical methods.

[236] The DSC overlay of HDPE DMDH 6400 and the DMDH 6400 +
inventive impact modifying multi block polymer Example A, blends are shown in
Figure 8. A single DSC peak is observed indicating the compatibility of the two
components. The molecular weight distribution as characterized by GPC is shown in

Figure 9. The melt strength comparison is shown in Figure 10.

[237] The measured properties are listed in Table D.
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conparative blends are listed in Table E. -79 WD 2006/ 102155 .
PCT/ US2006/ 009857 Uon OO otooO0ONOOON Nt ,--4 NOO ,-40rl-"ON
Q N WFwbd2006/®W2155N MN MW 0 V) cn 00 00 00 M N O RcirMs2e0600987 \ C 00

to ONccnn bA .NOO ,-i - 4 ,- 4ti N,--i ti NNN NU.~uvvvvyvy
vu. 1\..J. ..i bmNd~OC 00 NC"RO\ NOO - N~cn qCT 00 d;
cj' ti (VIeheND NDPE-dmpactMddifyingPalymer Blefd Phyicar PB6pevtiesr C ~ N O N ' - i
00 CI 00 )n ~-~|\/|~OON|\/|00'[O|mcna"fl'OOOOl\/ll\.ll\/ltI“ - 100
-4 9g¢qO00d M~ ~d NOOm MN [NwWNTTCcmtNMtgdrOT NS0 E ,1
WO Si i i i OMi i if 00 00 Ompa® 0Q 00 CJONNN.~OONOMI\{IO\IO
00 'O 10 Impact modifying | Calculated Melt Flow Flgvf/

Sample modifying | polymer Blend Density | Index Index Ratio

polymer comng in density L Iys I
blend 21.6/T2.16
wt % glem® g/em® | dg/min | dg/min

Unival DMDA 6230

(HD1) None 0 0.9501 | 0.26 28.0 108

Inventive Blend HD1Al; | Sample A |5 0.948 0.9486 | 0.24 26.5 109

Inventive Blend HD1A2; | Sample A | 10 0.9471 0.9474 | 0.26 25.2 96

Inventive Blend HD1A3; | Sample A | 20 0.9451 0.9449 | 030 20.0 67

Unival DMDH 6400H None 0 - 0.9617 | 0.88 67.9 77

Inventive Blend HD2A1; | Sample A | 5 0.9594 0.9597 | 0.83 97.1 117

Inventive Blend HD2A2; | Sample A | 10 0.9578 09582 |0.77 50.8 66

Comparative Blend

HD2C1c Sample C | 10 0.9575 09579 | 0.78 49.5 63

Inventive Blend HD2A3; | Sample A | 20 0.9546 0.9545 | 0.71 37.9 53

Comparative Blend

HD2C2, Sample C | 16 0.9546 0.9536 | 0.71 40.8 57

Comparative Blend

HD2C2, Sample C | 22 0.9526 0.9521 |0.73 357 49

Inventive Blend HD2B1; | Sample B | 12 0.9544 0.9555 [ 0.79 48.5 61

Comparative Blend

HD2D 1. Sample D | 13 0.9545 0.9546 | 0.74 43.8 59

Inventive Blend HD2B2; | Sample B | 15 0.9528 0.9536 | 0.73 45 62

Comparative Blend

HD2D2. Sample D | 17 0.9526 09518 | 0.69 40 58

[238] The DSC comparison of the inventive and comparative samples is

shown in Figure 11 and the ATREF comparison in Figure 12.

[239] The mechanical (stiffness-toughness) properties of the inventive and

comparative blends are listed in Table E.
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O.~>gNOgNO E -~~arx4 ,-r- Q-xa'"xUaa~~U ,4aa; US a~a~"xur, uaa WO
2006/ 102155 PCT/ US2006/ 009857 [240] Increasing the concentration of the

i nvent i vewoubed/1obiseck pol yner, Exanple A, fromO0 w % t @eCT@SM%009351 he HD2
bl end series, is acconpanied by a gradual inprovenent in the blend inpact
and environnental stress crack resistance properties (Table E). The bl end
stiffness, dg4@ihar abicessingthdxyorcberatienst the iavshtive enulti bladldlpomers basi cal |y

h d,. Ho , ' ' t |l e A .polyner concentration to
e o o T i 1 T s B i o0, 0,
| zod 'Wpagﬁa%ﬁagri#f £ iﬁfthélklﬁn@in%f L Sodl &ds HREER A3, Observed

(Table E)* 6400 HD2+ Ex e A) blend perfornmance was conpared
to that opropBNEsH(TDIOE}DRe blebd atiffhessG)s ghatagterizedbethdslendity axddix t o

mnimze the var,iabl.es a conpari.son i s nade between, bl ends of simlar
over al |- BEREys Bric oS aE Ho eby 058 B8 LACER I PARE ends show
a super i OgoncBAkAMER0 20%54 disdiNess 1APLHvEMBAGH Y RBRY tbinPerafRERA! RYy t 0 t he DVDH
6400 HD2 + Exanple C blends. The tensile properties are al so superior

(Tabl e E) tenipgeatetedorddmpashpenformends) of e llend dayentiDy/blend JORABPis+ Exanpl e B)

(Tabl o &) SOeietreng BEerpe BREAF 6o HbB* BRRRIER) BPhg pORRant VR "
conpar at i ¥yémpdredibsthat FPEONDIR6100PHDREF Exardypldid) ipoBinh@®ldndd. Ith of &g t6 aw

material s used in preparing the conpounded sanples are shown in Table F.
The mat er MigiBlzgthe Versabdesi acomparigan jsapadehstivecarbdends of sissitesprertldr the | CP

| npact co p i Lor to use.
Tabl e o R Rapd PRI ERTRIGE HP B A R AR 2,

pol ypr opybameeCdstiffngs ahd papacopropénescdinpared 8othYERIDH/8408RRD2 Pow Cheni cal
Conpany anpl e | mpa nodi fyi ng mul ti bl ock, The Dow Chem cal A Conpany

et hyl ene-gt‘,%ﬂl@ @Bgrsyﬁé‘? tegs) r@?’*@%ﬁ@l“ﬁﬂﬂ?ﬂﬂ@@%-t The¥eserd The Dow
Cheni cal {RERARbleRE Rribg OMIIFIB0 FIPOL ¥RERpIANHIMAL ¥dohavCa sobdPact

nodi fyi ng et hyl ene-octene Commerci al pol yrreP from The 8150 (g%arrpl e §
copol ymer bglancged flgm myiduins@ng impict BevistaDice (Tad¢ ELdngenyasd dlid pdrfor@dmeTal ¢

Compact ed;tal 6. (L % SFHTeSh AR HUZ B

TPO Impact Property Modification
[241] The raw materials used in preparing the compounded samples are
shown in Table F. The materials were used in the as received condition except for the

ICP impact copolymer polypropylene sample. This sample was ground prior to use.

Table F: Raw Materials

Material Description Source

ICP Impact copolymer polypropylene | Commercial polymer from The
(35 MFR, 17% EPR) Dow Chemical Company

Sample E Impact modifying multi block The Dow Chemical Company
ethylene-octene copolymer

Sample F Impact modifying multi block The Dow Chemical Company
ethylene-butene copolymer .

AFFINITY® EG * Impact modifying ethylene-octene | Commercial polymer from The

8150 (Sample G) copolymer (0.868 density/0.5 MI) | Dow Chemical Company

Jetfil 700C Talc Compacted talc (1.5 pm median | Luzenac
particle size)

IRGANOX B225 IRGANOX 1010 + IRGAFOS 168 | Ciba
(50:50 ratio)

Calcium Stearate Mold release (NF grade) Witco
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article size) | RGANOX B225 | RGANOX 1010 + | RGAFCS 168 Ciba (50:50 ratio)
Cal cium Stearate Mol d rel ease (NF grade) Wtco -Si WD 2006/ 102155

PCT/ US20080Q0&357155Pol yrrer i zati on Conditions [242] The mulrttis2demedsspct ene
copol ymer Sanple E was produced using the process described inmediately
bel ow. [243] Continuous solution polynerizations are carried out in a
conput er pgRpFoldSOdcHMiRsisave reactor equipped with an internal stirrer.
Purified mxed alkanes solvent (IsoparTM E avail abl e from ExxonMbbi |
Chem cal Conpany), ethylene at 2.70 |bs/hour Sl. 22 kg/ hour), 1-octene, and
hydrogen (wHé4H usedhe gukii Blgplppetere ¢apolyngerdample B aves prodsiged pyesith@i t h a

j acket fo ro%@ﬂ%%%c@fb'éﬁ?mﬁa%@ita{eﬂbé an internal thernocouple. The solvent
feed to the Feactor s measured by a mass-flow controller. A variable
speed di aphragm punp controls the solvent flow rate and pressure to the
reactor. At [243le di €ohdmpas eblutitrep@lymprizations de ctreelaont irsa takputet 0 provi de
flush flows for the  catal yst and cocata inject%?r.lines d the

| yst
react or agPHERllsd autprlaxe rearighequipRed WiLh, an FGInH\SUREE ¢ iIBerﬁ_irﬁ S ow
meters ang A i(1s8pdred ERY aifHN frgl:n KR ROLACHOYicdl @%n{iiﬁﬂﬁf)?kth%%e 3t grept  of

needl e val ves. 'The remai ning solvent is conbined wt ocCtene, ethylene,
and hydr otpsfhoimbie?2kglbaut), lasaterfeeand laydrogenr(whetearsed)arersipplied o 38dnt rol | er
is used to deliver drogen, t.a. the reactor as needed. T t enperat ur e of
the ol vEREPREMORRSE Lk dckt o eEmeRGrRen R Rt Tl RetfoRibRanger

bef ore entrgé kd1gerdt F&d tb FRCrleDetor it hasetd B NeARbEloSy dongrohet tORMedbld he reactor.
The catal yst conponent solutions are netered using punps and nmass fl ow

net er s andpeg diapbrasrmpwmpremirolhisie selyenil oy rat¢ gadpresuedattharegctont Abduced
into the t 1 f C r; .S hQul d-ful | at 500 psig
(3. a5 npagtigi e o B ARRE T Slae GBI CRELPL, Stk Rual L Srrll ! 30 57 02
at dt he tOFat@TB’(Sjﬁdmd cFea@lgrstrinjeétlidn leneis tandl ﬂreagadtdsmgri]thtme. (Hj‘h@setfmmaare st eialm traced
an i nsul ated. Pol ymerization i s stoppe y t ition of a sma anmount
of water MFEBTeq ml\’éﬁmrMpﬁl%maMf@N me%sé éﬁ‘f{/)‘f@ttré?ﬁle‘ﬁ by é?%t“gr"a{ﬁ(teh%?b%ddi tives
and passi gg 4 aﬂcﬁ%&%ﬁlﬁm &f%ﬁc}lgbal%s?tﬂé &nﬁiﬁﬁﬁg solVe® isUoRehifdd wigh gam i s then
g h a heat be

heat ed by passin roug exchanger ore devolatilization. The
pol ymer ppdeug; ethytene camMedergeb ywhere used) and fedstortlge reacken.oAamask ifloing ext r uder

and vat et cooled ReLl etZEL ] ddh TR AL w26k PHLSBR,GORY UL Sl e

solvent/monomer solution is controlled by use of a heat exchanger before entering the

reactor. This stream enters the bottom of the reactor. The catalyst component
solutions are metered using pumps and mass flow meters and are combined with the
catalyst flush solvent and introduced into the bottom of the reactor. The reactor is run
liquid-full at 500 psig (3.45 MPa) with vigorous stirring. 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.

[244] The multi block butene copolymer Sample F was produced using the

process described immediately below.

[245] Continuous solution polymerizations are carried out in a computer

controlled well-mixed reactor equipped with an internal stirrer. Purified mixed
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process described i medi ately bel ow. [245] Continuous sol ution

pol yneri zations are carried out in a conputer controlled well-m xed
react or ewoi2pge@21s6th an internal stirrer. Purified m xedTWS:2@60698302155
PCT/ US2006/ 009857 al kanes sol vent (IsoparTM E avail abl e from ExxonMobi |
Chem cal Conpany), ethylene at 5.96 | bs/hour (2.7 kg/hour), 1-butene, and
hydr ogen @limgssgolveelsopa™ Banilable dronpEaxdnMobil Chasicel Cegpaped with a

j acket for tenperature control and_an internal thernmocouple. The sol vent

feed to tABYleaaatbPO [bs/hepnCuf keheyr).d-hyere. apdhydregen (vdierewsedpergar i abl e
speed di a o : . ffoe%{p r re to the
rgact or. %’EH p? %a;}ogiyg’?r%alﬁég%a&g%a{l#e&ﬁ%{p%/ﬁgk%ifbe S rg%gﬁg?gm{(gl?ggg#o provi de
flush fl ouwserharthé¢rhmcogilal Yhe¢ sancht fardad dleyrsictdr is measiredby hinss-flamd t he

reactor agitator, These fl re measured M cyro- Moti on nmass fl ow
meters an&gﬂt@@ﬁ’f’ r%wpgéaslf,?peeg\gﬁqutragyhpggg C‘Eﬂtmg_%//ﬂ’f?ﬁ8fvﬁﬁ TRkt nent  of
needl e vahedwe e rdaeftRi Ak Bk ALMYRRLS iR RAMRILRGR eld idraREi gNe, ethyl ene,
and hydrogen (where used) and fedto the reactor. A mass flow controller

i s used tprovideifinsh floyd fortba catelystand coeatalystr1 mgectior tiaek arifithe teantoer at ur e of

t he sol vent./ non r solution is ntr.ol | b usg of heat exchanger

bef or e en?%l£ 't(?{gq{ﬂ%%e ﬁ%‘ﬁ%?S@e.a‘?lllﬁ%%Mlg’%ﬁ@HPé@ST ﬁ%‘”ﬁ%‘%ﬁ%ﬁ? f the reactor.
The cat al ygiirotied B9 REittolS@lVeE bPPp thameaniiel A @Embs dTGeflePalvadrimss  flow
neters and are conbined with the catalyst flush solvent and introduced into

the bot t E¥aing pelventdt epbingthwithd eotene, ¢thylens and fudregeni(whese usedp psig (2. 8
MPa) with ¢ iy | S0 i ines at the
top of ¢ hadiedd BitTeqi! U Bk (bR Holls f RERVESINBE U0l | Maced and

i nsul at edreaBlol yymededt Tioteirpesinap pethe sbiwehtidonsttértsotmionfis eorfrplied banount  of

water into the exit line along with any stabjlizers or other additives and
passi ng t H¥ #l%?? Mgt gefore %ftt%riqgéﬁﬁfe)@éﬁo.r- This spraagaiersdhe Batemiof ¢ hen

heat ed upgchsRugh g@ﬁ%; Laki {n series
before it i1Is waﬁ%erTlijl g%%tla%? Co gﬁbnsgﬁﬁ%n&%%aﬁﬁf%ﬁgsﬁgfg@%aﬁ&g%‘?répI es were
conpoundetlowsnaters an@ aremomhidowith theahiatygt flwihrsolwot aw iakbdwmtdintoithdr screw
desi gn ZSK30-0097. Vacuum was used dyrin trusion -20 j nches of Hg).
The tunbl Ot&n@:ﬂgéﬁrgﬁ bl es W rﬁsela‘nﬂwu{‘ﬂ@??aééggpﬁgéaéjl@?g)ﬂﬂ’éh ext ruder .
The conpouRdiond seendi Prafist Remssirdugh talliBeGat thd to}?ﬁﬁ teteehdted Ap feed
the sanple at a rate to maintain around 80% torque. The extruder conditions

were al sexiblinesdtany thegeaqtorire steamdracechanddngdated TRplymedzationis stodpery

condi ti ONBy 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 up through heat exchangers, and passes two devolatizers in series
before it is water cooled.
Compounding Conditions

[246] All samples were compounded using a 30-mm W&P co-rotating twin-
screw extruder with screw design ZSK30-0097. Vacuum was used during extrusion
(18-20 inches of Hg). The tumble blended samples were fed in the feed throat of the
extruder. The compounding conditions are shown in Table G. It was desired to feed
the sample at a rate to maintain around 80% torque. The extruder conditions were

also adjusted to eliminate strand drops.

Table G Compounding conditions

Zone 1 Zone2 |Zone3 |Zoned4 (ZoneS5 |Melt Screw Torque |Die Pressure
Temp. Temp. |Temp. |Temp. |Temp. |Temp. [rpm % (psi)

9) WS ) G O &)

167-190 |184-206 [197-213 |192-207 [198-223 |198-222 (398-411 [55-93 |90-260
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Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Melt Screw Torque Die Pressure Tenp.
Tenp. Tenp. Tenp. Tenp. Tenp. rpm % (psi) (O (O (O (O (O (C 167-190
184- 206 MG-28d6310152- 207 198-223 198- 222 398-411 55-93 90CZAB200008386/ 102155
PCT/ US2006/ 009857 [247] Sanples were injection nolded in a 90 ton Toyo

Mol di ng Machine. Mold: 1 cavity non-vented ASTM 1/8" T-bar and 1 cavity
non-vented ASTM 4" x 1/8" Disc Ml ding Conditions: Barrel tenperature:
400F Ml d t[@iﬁ]eraty 1e;<}v@l%mféchbnhfom%dlﬁa@o%&wsﬁosmﬁﬁﬁ Migheessure: 700
psi Hold tinme: 25 sec%nds Cool time: 25 seconds ~ Test thods: |zod -
ASTM D256 _Fl ex Properties - ASTM D790, 2 minmin Tensile Properties - ASTM
D638, 50 MuldilcavisynphwemedpiM 48" [Dhajantecaniy spedented ASTM ALK

st r engt h- t48fbescat ur e dependence of inventive blend sanples | CP-El and

| CP-FI, and conparative sanple ICP-Gc is shown in Table H and plotted in
Fi gure 13M0T@hg€ohﬂ1lti@h§hed | zod | npact Test Results Notched Sanple Sanple

Sanpl e Ta]ggrrglqgﬁ-l J;raﬂu;é)d;oo@orrponent ICP G E F 700C inpact test results
(ft-1b/i n rﬁgé ¥ Sanpl e # ASTM 14F ASTM - 20F -20F RT nl zod nl zod

OF nl zod llzt(? oﬁ&'st est ICP-C&

Packing pressure: 700 psi
Hold time: 25 seconds
Cool time: 25 seconds

Test Methods:

Izod - ASTM D256

Flex Properties - ASTM D790, 2 mm/min
Tensile Properties - ASTM D638, 50 mm/min

Sample Properties

[248] The notched Izod impact strength-temperature dependence of
inventive blend samples ICP-E; and ICP-Fi, and comparative sample ICP-Gc is

shown in Table H and plotted in Figure 13.

Table H Notched Izod Impact Test Results

Notched
Sample | Sample | Sample | Talc Jetfil Izod
Component ICP G E F 700C impact
test results
(ft-1b/in)
Sample # ASTM {\f‘:{ﬂM ASTM z%"l"ll:[ z%}:gl
RT nlzod alzod 0°Fnlzod alzod alzod
retest
ICP-G¢
comparative | 63 27 - - 10 13.84 13.35 10.1 1.753 1.539
blend
ICP-E;
inventive 63 - 27 -- 10 13.83 13.78 12 10.288 | 9.447
blend
ICP-F;
inventive 63 - - 27 10 12.25 11.91 9.5 6.735 7.561
blend
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conparative 63 27 -- -- 10 13.84 13.35 10.1 1.753 1.539 blend ICP-E1
inventive 63 -- 27 -- 10 13.83 13.78 12 10.288 9.447 blend |ICP-F,

i nvent i vewB2006/10215527 10 12.25 11.91 9.5 6.735 7.561 blpemass2086/009867

2006/ 102155 PCT/ US2006/ 009857 [249] The inventive exanpl es show hi gher | ow
tenperature toughness than the conparative exanple. [250] Ductility of

mat eri al s i §249]t en Thedswneite examhplesrshond hllghéﬁlb{zz&elﬁﬁﬁﬁtuk@tough@%tHahon
tenperature defined as tpe tenperature bel ow which a material fails in a
brittle ﬁﬁ‘gppar%‘f“txﬁp’?econparl son, the ductile-brittle transition
tenperature is defined as the tenperature at which the notched | zod i npact
strength repEpgs algoukili t he

i nventive exanpl es (-21(131 Oﬁ;@aﬂeﬁéllsrk?%%r%glé:ﬁ?ﬁ lhkéﬁéﬁhﬁ %)ewer

duct i | e- Bransition tempenatitei defined aqa@n&@mp@amrﬁabﬂlwmevlndnq)mawtmhﬁuls exanpl e (- 10F
for |CP- G ven . t he nodul ee.exanples is.simlar, it
fol l ows t )Uile o A i COOPARR Bﬁ\ﬁglﬁ?fi}’émﬁr%{ﬁu?sllté‘?n tﬁ%‘?%‘@“ﬁ&ded to the

f or mul at idefinédad the tedasepativtesat WIEEH 8 nofchsd Il eSSt stttk Rauhdsi Beuty end
shoul d stl | I have simlar |ow tenperature toughness as the conparative

exanpl e. friégeFiggieal3 waﬁtéa&@%tha&maunvsn@waméﬁsﬂr%ﬁﬂﬁm KRFe-30fGéonti ve
pol ymer Vlbh’l 51 Mo ﬁ)v&?&é@t le- %‘fl'ttetg\gigﬁlto&q h@r ure t(]lagn bﬁnce @%ﬁﬁt hose modified

with the conparative no and RECC

[ 251] Theaxﬁmblet(vﬂ()?ﬁ faolCPrer 5 Gﬂéﬂtlwﬂmew&ﬁllmsbﬂaﬂrmﬁ@%x&hpﬁﬁi isCMARST tions.
[ 252] Inve ive Exanple OBC/77 is an ethylene/l-octene olefin bl ock

copol ymerit (088%s that {QWRy asouahefdhs invent vonedidier may ppddsd et . % a
conmposi t okl Gt 6 1Hére£e§é4%&fu% or@tiffnSss PR e gﬁhﬁ%ﬁ%ﬁ 0 %\%kﬁ&%c’ a hard

segnent | evel based upon DSC neasurenent of
crystall |Szraﬂardnwttenp@atarmmeg1ufess7mhe campamtvesegmgid. Thessddty indicat 915 g/ cc,

a soft s t den /cc,. a nu ver age..nol ecul ar wei ght of
188, 254 Fsclhoto %ﬁfé‘% g\‘? VEBPIENT W ﬁ%‘feg% etigy Stiffaegs-gghpesst ons, a
W?' g7| gdgﬁ}a@beéh%ﬁ@ms@nib@lﬁ@lﬁ%ﬂ}erﬂﬂ/afﬁlﬂeﬁﬂﬂlﬁer@lt index at 190C, 10 Kg
o] g/mn

Additional Blends Using OBC77 and REOC

[251] The following polymers were employed in various blend compositions.

[252] Inventive Example OBC77 is an ethylene/1-octene olefin block

copolymer (OBC) having a composite 1-octene content of 77 wt. %, a composite
density of 0.854 g/cc, a DSC peak melting point of 105°C, a hard segment level based
upon DSC measurement of 6.8 wt.%, an ATREF crystallization temperature of 73°C,
a hard segment density of 0.915 g/cc, a soft segment density of 0.851 g/cc, a number
average molecular weight of 188,254 daltons, a weight average molecular weight of
329,600 daltons, a melt index at 190°C, 2.16 Kg of 1.0 dg/min and a melt index at
190°C, 10 Kg of 37.0 dg/min.

[253] Comparative Example REOC is a random ethylene/1-octene
copolymer (REOC) having a density of 0.87 g/cc, a 1-octene content of 38 wt.%, a
peak melting point of 59.7°C, a number average molecular weight of 59,000 daltons, a
weight average molecular weight of 121,300 daltons, a melt index of 1.0 dg/min at

190°C, 2.16 Kg and a melt index at 190°C, 10 Kg of 7.5 dg/min. The product is
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[ 253] Conparative Exanple REOCC is a random et hyl ene/ 1-octene copol yner
(RECC) having a density of 0.87 g/cc, a 1l-octene content of 38 wt.% a
peak nel twogogoiontssof 59. 7C, a nunber average nol ecul ar pagiuskao6oH9s59, 000
daltons, a weight average nol ecul ar weight of 121,300 daltons, a nelt
index of 1.0 dg/mn at 190C, 2.16 Kg and a nelt index at 190C, 10 Kg of
7.5 dg/ m comihbreiafiy astaittbls SomASe\NdWV QREMIAL EompRGT(ARR GREGFRBARRY
cormerm I&é@ﬁ Iaa(%)e from The Dow Chemi cal gorrpany under the tradenane
ENGAGE(r) @5\% The above polyners were nelt mxed wth a
pol ypr opyl ene honopol yner (PPH) having a nelt flow index at 230C, 2.16 Kg
of 2.0 dg/ m[gsqjand ommercially
[#541and Phe £RNE p&byns&s e rgéfl@ xeﬁgﬁr’l‘p{i g&gg{ogkﬁ g

avail abl e under t he commrerci al name o 110- 02N. For all
bl ends, moznmmerp(BPHlb@vm@ameltﬁlxwmx at)iSQﬁCJ.Z 16 m@fcﬁ ®fg/min, and a

phenollc/ h nt| xi da avallab radenane | rganox
B215, Was(Pag%i%%églg °of HS anmﬁli?lé‘ d]ta{’k/‘ ﬁgr tb‘ég?raﬂlﬁf as AOin
Tabl e | [ ofThew Pely p%pmemmomwrm%&lmz&bﬁﬁﬂpeﬁo@%l capaci ty
Haake batch m x| ﬁ;bOW' fitted with roller blades was heated to 200C for

al | zonesPolymrer ofy ki higng efiphenslisiphesnbitd antiexidant, ayniladde u@tiﬁralm was char ged

w th PPH, X e t.h AO,and fl uxed
for an a(}dﬁt #%ﬁg?‘g v ]ﬁﬁ?fnsu'y)ég d&rﬁefgmrlr?agltﬁ%ﬂlbﬁ\?\nph ilﬁ ﬁ%ﬁ&?ﬂ%@j 3B t h
ei t her | nA@rihiTableExanpl e OBC77, Conparative Exanple RECC, or a 1:1 blend

of Inventive Exanple OBC77 and Conparative Exanple REOC. After adding the
rotor speed was increased to 60 rpm and al | owed

el ast oner, m Xi
to mix for i#%éddl tﬂ%’rﬁﬁo\’!“‘rﬁfﬁﬁ'&wm%m Wﬁ&?ﬁ?ﬁe%cﬁwﬂb’é‘hﬁ%d fromthe
m Xxi ng b%’éftchatﬁgmﬂg SSPIEftdAstMERMeMiladls wiaRhed 1S QU(?”E‘F ohef - Qﬁeﬁ et al

essi on no mac

pl atens and conpressed in a Carver conpr I ne set to cool
at 15C wimking mggmep@ﬂm skipai30 rp'heandmﬂseﬁangedmmé’mﬁallbtwemto conpr essi on
ch.X 0.,06 ression nolding for

nDIded [ inch.X i peh Vi a

i nut esrﬁlg‘tf%i%?fm t?ﬁg b otiprecd yrih 'gg) m@fﬁ}?&ﬁgfcg ailé’é‘ggaliﬁ"’%}l ®Spressure
fOF 3 m rieasixitgd Wiwlona| thétochateelSfith dithek Rflenfitd Eﬁan%l@@B@?’ The m xtures
prepared under the procedure described above are listed in the table bel ow.

Bl ends wi¢ompmatifedixanyile REQG oea 2: Iplgndiplangentivedixetiptn®BEA7 end par t s parts
PPH 70 7%(7r9paratlve Example REOC. After adding the elastomer, the mixing bowl rotor

speed was increased to 60 rpm and allowed to mix for an additional 3 minutes. The
mixture was then removed from the mixing bowl and pressed between Mylar sheets
sandwiched between metal platens and compressed in a Carver compression molding
machine set to cool at 15°C with a pressure of 20 kpsi. The cooled mixture was then
compression molded into 2 inch X 2inch X 0.06 inch plaques via compression
molding for 3 minutes at 190°C, 2 kpsi pressure for 3 minutes, 190°C, 20 kpsi
pressure for 3 minutes, then cooling at 15°C, 20 kpsi for 3 minutes. The mixtures

prepared under the procedure described above are listed in the table below.

Blends with PP Mixturel Mixiture 2 Mixture 3
Ingredient parts parts parts
PPH 70 70 70
Inventive Example OBC77 30 0 15
Comparative Example REOC 0 30 15
AO 0.2 0.2 0.2

[256] Compression molded plaques were trimmed so that sections could be

collected at the core. The trimmed plaques were cryopolished prior to staining by

removing sections from the blocks at -60°C to prevent smearing of the elastomer
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I nventive Exanple OBC77 30 0 15 Conparative Exanple REOCC 0 30 15 AOO0.2
0.2 0.2 [256] Conpression nolded plagues were trinmmed so that sections
coul d be woabdeiwersd at the core. The trimed pl agques wereTarsg@pobisshed
prior to staining by renoving sections fromthe blocks at -60C to prevent
snmearing of the elastoner WO 2006/ 102155 PCT/ US2006/ 009857 phases. The

cryo- pol i piuek. biecdtSo-pelished E1bEIG vt bthirel &ithaPO Vagh d&sedf a2 B Yo RBUEOUS
rut heniumtetraoxi de solution for 3hrs_at ambient ténperature. The staining

sol uti on TURERIR Eseeside solufien &o1i 3 © apdignéferpneratere The trining sohitioni de
hydr at in i1 . i di ng 10n
of 5 2504 deBropiel 3welbfid oFosdh B RALS Arihidfe SEAEN yPLENSRBATL TS o

in the gl assaplass bailagith agicasslid kidladdifplOmigofdo2ssh agsdcdedodiane. The slide
was pl aceﬁi in the boit]e ig order to suspend the blocks about 1 inch above
the stai nPYRPCRIGHER todhe Jase L ?Eﬂ%%vle?wafﬁ@r%ﬁ Hatheglasy g using ghass slide i n

t hi ckness t i i I nife on a
Lol ca BN R T s o TR IOl Sh e L AP

obser vat i blacks 6 1 ich ghovef the kainimggpdstione rSectiads fappbxiomatalyIBOL JEM 1230
operated at 100kV accel erating. voltage and collected, usipng Gatan 791 and
Gat an 794 Gt mtﬁ%ﬁ%ﬂ?sﬁé‘.’ CT& lqcf?&(j’g ALICRpSTalyF Yaiag ddinmdigifedobe

Phot oshopor/a Deich EM1IAY #Mith @O mb4nd pceddd 4@@n1%§1?virréiﬁm%ﬁl19%rel ectron

m crographs of Mxtures 1, 2 and M xture 3 above; respéctively. The dark
domai ns aPlserBEOIRUCI3  XH20 st ai ned et hyl ene/ 1- oct ene pol yners. As can be
seen, the domains containing Inventive Exanple OBC77 are much smaller than

Conparative npl C. . ]k i i.zas. f n t Examml e OBC77
range from L0 toe§§% vﬁ%lrﬁg%t%eg&{%é &é%ﬁ%ﬁr?nsaﬁgzgl‘@ %ﬁﬁg?%@\?g Exanpl e
RECC f r om Gii¥itcceleiting voltage dndroollddted wig Gatafi 91 ahdGatnl7od dadignd of

I nventive Exanple OBC77 and Conparative Exanple REOC. Note that the domain
si zes for ARy rldedmages WenePopidirassstadasingrAdobgiBhotpskom7.0.  ndi cati ng t hat

I nventive Exanple OBC77 is inproving the conpatibility of Conparative
Exanpl e REORsg)th PRburck 32915, hiR6 RN Sissionleldrsh Wi and_3. was
per f or med Sg:i né Lei clgur.QM n Pro V2.a4 softvvalroe eon 5{1x1%§hp%§8%s. The

magni f i caMignres @) 2 endNikiyre 3 abaye, respeatiyelys THe detdiodnaims arttherRufler and si ze

of parti s~to. b nal d.. In grder to allow for binary ipmge
gener at i gjr%ﬁz(r)rﬁ%bna e?}yz%leﬁgogfmet I?loce{yrélf’rﬁs A5iFap Ibﬁé?etni’ @ﬂeég’“farubsrﬁofl ng
Inventive Example OBC77 are much smaller than Comparative Example REOC. The

domain sizes for Inventive Example OBC77 range from <0.1 to 2 um, whereas the
domain sizes for Comparative Example REOC from about 0.2 to over 5 um. Mixture
3 contains a 1:1 blend of Inventive Example OBC77 and Comparative Example
REOC. Note that the domain sizes for Mixture 3 are well below those for Mixture 2,
indicating that Inventive Example OBC77 is improving the compatibility of
Comparative Example REOC with PPH.

[259] Image analysis of Mixtures 1, 2, and 3. was performed using Leica
Qwin Pro V2.4 software on 5kX TEM images. The magnification selected for image
analysis depended on the number and size of particles to be analyzed. In order to
allow for binary image generation, manual tracing of the elastomer particles from the
TEM prints was carried out using a black Sharpie marker. The traced TEM images
were scanned using a Hewlett Packard Scan Jet 4c to generate digital images. The
digital images were imported into the Leica Qwin Pro V2.4 program and converted to

binary images by setting a gray-level threshold to include the features of interest.
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TEM prints was carried out using a black Sharpie marker. The traced TEM

i mges were scanned using a Hewl ett Packard Scan Jet 4c to generate

di gital iweges/103ts¢ digital inmages were inported into tPrhe/UsessmR@si n Pro
V2.4 program and converted to binary inmges by setting a gray-|evel
threshold to include the features of interest. R7_ WD 2006/102155

PCT/ US2000h6088 biharfispe$ herdXddnarayed, SleesronkRgdesls watethed @ BB Processi ng
tools were used to edit inmages prior to I mage analysis. Sonme of these
feat ures TMASCHPIARY tP dmpga LBy Sonekfithese Scatyes instudad removirg edgdi ng f eat ur es,
and manu uf t.l t equi ration. e the particles
M the | msg B ety S A Qhed S R SRR LB e B Ra G

spr eadshespatation. Gase ths drtictesdn drtimabesweramgasured thé bigingdaberaparti cl es.
The sizing data, was placed into appropriate bin ranges and a hi stogram of
particle S4PaH; H’é"?ﬁ&?f“ﬁgﬁﬁ? ttwaéluéeqo'grfé‘f%‘) bipapnges fordhe gihber patitlehcy was

generate Nl i Ve article
S 76 and LionE g LR e b, RS IIREC e
i mage analepgths (dximuxt pardcle lahgtiniverses pasent Meqteroy Wwasrgeaerated2 3 Count
(nunber) I218 254 576 dI\/Iax. Domai n Si ze &Y 5.1 15.3 2.9 M n‘:‘?& m Donmai n
Si ze ()" BABCESIERPIEd WS AR IGHIE M, Av§rags Rircle sige gnd dpadpd
Devi at i onddvigion0 The fable Beldw(sBEN thERGsultS BEtHeSmBbE hd Ysishrankithat that both
M xtures 1 and 2 exhibited significantly |ower mean el astoner domain size
and narr od@paiggizes-n si ze distribution. The beneficial interfacial effect
fromlnventive Exanple 1 can be clearly seen as a 1:1 blend with
Conpar at fye Exanpte A Tm Mxtore 33— The resul-tant—domarm—mean—particl e
si ze and| MaxBe Mimebetear |y identlcal to Mxtdre 1, which Xontains only
| nvent i vecbuamlgbel) as the el asyggrer conponesf. Procedursyef or Making ]
I nventi vig e C77 [261] {The procedur¢ _for makingjOBC77used T the
L\’ﬁgﬁgmwp | I P g

af or en’enl[ 126,@EN) 5 a5l 341 | ows: A <:ilﬁf§| e _ane g 14-3n_aut ocl ave
cont i nuouslininsid Do@dint SiAk(migace.er (CSTR) ywag enpl oyed [f@g the expefiments.
The reac.tﬂﬁ' runs 11 wfi fulrt af ga. 540 psig with process ffowin the
bot t om apdoELPoRAE Slzemm), \ L08. i oif [ d tol$h&lp renpve|sone of

t he heat Sl:hndaaani/iatiorT'EnjnI)ary t@amv)'erature cotrol is ach)'_aavgd by

[260] The results clearly showed that that both Mixtures 1 and 2 exhibited
significantly lower mean elastomer domain size and narrower domain size
distribution. The beneficial interfacial effect from Inventive Example 1 can be clearly
seen as a 1:1 blend with Comparative Example A in Mixture 3. The resultant domain
mean particle size and range are nearly identical to Mixture 1, which contains only

Inventive Example 1 as the elastomer component.

Procedure for Making Inventive Example OBC77

[261] The procedure for making OBC77 used in the aforementioned
mixtures is as follows: A single one gallon autoclave continuously stirred tank
reactor (CSTR) was employed for the experiments. The reactor runs liquid full at ca.
540 psig with process flow in the bottom and out the top. The reactor is oil jacketed to
help remove some of the heat of reaction. Primary temperature control is achieved by
two heat exchangers on the solvent/ethylene addition line. ISOPAR®E, hydrogen,

ethylene, and 1-octene were supplied to the reactor at controlled feed rates.
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two heat exchangers on the solvent/ethylene addition |ine. |ISOPARE,

hydr ogen, ethylene, and 1-octene were supplied to the reactor at
control | estof2e@dioeses. - RR WO 2006/ 102155 PCT/ US2006/ 0098%7US2¢0802485Cat al yst
conponents were diluted in an air-free glove box. The two catal ysts were
fed individually at the desired ratio fromdifferent holding tanks. To

avoi d cat al ypb2f eed dataly3t BdHBGeRd, wdrb QileRE M Y5 hir AR fReHoR! ML thbNes were
split and fed separately into the reactor. The cocatal yst was m xed with

t he di et hyitalysis werafed indiMidually pighe desited petiofremaliffergnt hedding kanks.edet or . [ 263]

Prime pro | nde rreactor conditions. after, several
hourly pr g{éﬁgtcx‘\%@rsr% (ea!é ﬁ}si‘%]@\%égl ﬂgb&g E%tgwsn%‘%déic’%%tﬁ%‘(ﬁ@&“? N eﬁ%ﬂfm iaﬁ%geg or
density. Iherpeloduotise wadter. STiRidchtaBgt whd MixdWikd (e diedyl2iREANEX1010,

| RGANOX(r). 1076 and | RGAFOS176. Tenperature C2 flow C8 flow H2 fl ow

Densi ty 18hytdimepgentdefore Rpryinfo thegpastor (sccn) 0. 8540 1.05 37.90 120.0
0.600 5.374 0.9 Catalyst Al C2 Polyner Efficiency (kg Catal yst Al Catal yst
conver si on nvempsi i I . tration (%
conver s on BespVeRsh¥BIRIL LORRRINREE s Ruglog Brgygngentrat on [
0. 043 88. 68&raAho@dy atodstt samhpatshdyed nd¥iBGStadtiDEhangd iowndloimdenor at i on Rl BS- 2
Fl ow Concentration flow concentration Kk | e% A2 (kg/ hr)
(pom (kRIS g pReictsrefe daBT bk agsnts g63AaNERE 1088 Sas” [ 26u

St ruct ur esREANGR®aAIE bad fRGARFDSRE76r € shown below. 1161 I~ N Catal yst Al
Qa_ WO 2006/ 102155 PCT/ US2006/ 009857 t-Bu t-Bu O

Temperature C2 flow C8 flow H2 flow
Density 2 110/12 (0C) (kg/hr) (kg/hr) (sccm)
0.8540 1.05 37.90 120.0 0.600 5.374 0.9
Catalyst Al
C2 Polymer Efficiency (kg Catalyst Al Catalyst
conversion  C8 conversion production polymer/g total Flow Concentration
(%) (%) % solids rate (kg/hr) metal) (kg/hr) (ppm)
89.9 20.263 10.0 1.63 287 0.043 88.099
A2 Catalyst A2 Catalyst RIBS-2 DEZ
Flow Concentration RIBS-2 Flow  Concentration DEZ flow concentration
(kg/hr) (ppm) Mole% A2 (kg/hr) (ppm) (kg/hr) (ppm Zn)
0.196 9.819 50.039 0.063 1417 0.159 348

[264] Structures for Catalysts Al and A2 are shown below:

Catalyst A1
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Ni,N t-Bu t-Bu Catal yst A2 Exanples of Ml eic Anhydride Modified

Pol ymers [ 265] Ethl yl ene-octene nmulti-block interpolyner base polyners were
first preparedoassdescribed in PCT Application No. PCTPUSAGR&EGO0B917,
filed on March 17, 2005, which in turn clainms priority to U S. Provisional
Application No. 60/553,906, filed March 17, 2004 each of which is

i ncorporated by referer®e herein. Conparative base polyners are random

et hyl ene-octene copoelyners prepared using a constrained geonetry catal yst
such as thgse t8a @- the nane AFFINITY(r) by The Dow Chem cal Conpany.
Base Poly Densi py=( g/ cc) Melt Index (12) Copolymer Block Type /10 mn
Type AFFI r) ((PS? 3. 0 g//10 random NA KC8852 AFFINITY(r) 0.87 5.0 g/10

random NA A | ock 0.877 4.7 block long R21 Multi-block 0.877
L0 Bl bok shof : Not Applicable Melt Index (12): 190 2.16 Kg
Mul ti-bl ock d M bl ock R22 Conti nuous Sol uti on Pol yneri zati on,

Catal yst A1/ DEZ [ 266] Conti nuous sol ution polynerizations were
carried out i muter controlled, well-mxed reactor. Purified m xed
al kanes sqlgyént ™ (I sopar TM E avai l able from Exxon Mbil, Inc.), ethylene,
1-octene, and hydrogen (where used) were conbined and fed to a 102 L

reactor. The feeH&a¥sA2he reactor were nmeasured by mass-flow controllers.

The tenp eed str ntrolled by use of a 9B WO
2006/ 102?&%L éé@f%% é%@’é’g?deg\?%gaagg&%ﬂsheat exchanger before entering
the reactor. The catal yst conponent

[265] Ethlylene-octene multi-block interpolymer base polymers were first

prepared as described in PCT Application No. PCT/US2005/008917, filed on March
17,2005, which in turn claims priority to U.S. Provisional Application No.
60/553,906, filed March 17, 2004 each of which is incorporated by reference herein.

Comparative base polymers are random ethylene-octene copolymers prepared using a

constrained geometry catalyst such as those sold under the name AFFINITY® by The

Dow Chemical Company.

Base Polymer | Density (g/cc) | Melt Index (Ip) Copolymer Block Type
g/10 min Type
AFFINITY® 0.875 3.0 g/10 random NA
KC8852
AFFINITY® 0.87 5.0 g/10 random NA
EG8200
Multi-block 0.877 4.7 block long
R21
Multi-block 0.877 4.6 block short
R22

NA = Not Applicable
Melt Index (I;): 190°C/2.16 kg

Multi-block R21 and Multi-block R22 Continuous Solution Polymerization, Catalyst
Al1/B2 + DEZ

[266] Continuous solution polymerizations were carried out in a computer
controlled, well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E available
from Exxon Mobil, Inc.), ethylene, 1-octene, and hydrogen (where used) were
combined and fed to a 102 L reactor. The feeds to the reactor were measured by

mass-flow controllers. The temperature of the feed stream was controlled by use of a
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solutions were netered using punps and mass flow neters. The reactor was
run liquid-full at approxinmately 550 psig pressure. Upon exiting the
react or, watess/moass additive were injected in the pol ymeCcTAaskeskioosss7 The
wat er hydrol yzes the catal ysts, and term nates the polynerization
reactions. The post reactor solution was then heated in preparation for a
t wo- st age ghieviadoatddimhi exchanigee befotevantringiibe wa&t@gcrgacatﬂgﬁ%ﬁfpgnymr e renpved

during the .devol ati zati o rocess. The polyner nelt was punped to a die
for under NREEPNSEGTP é‘%etf‘éa‘f Pﬁ%PmPP%@@s@a%M retHs Hiegeadghuei®ad in  the

f ol | owi ngjit@hal S b 4 | -1l | - bl ock R22
I - bl e RS e RSl ol S50 bE e pibin elifg theded 8 fallihd [ 0/ 1)
30. 97 30. sélitiBowererinje¢ted iththe pebng Fol8fd6n.3Bhe Watef hgdio)yzbShetatalys(sC) 120 120
Cat. Al 2@%@ .600 600 Cat. Al Flow (Lb/hr) 0.216 0.217 Cat. B2 (ppn)
200 200 ‘f."' aies (R RALYPH4atgn sesstionss IAie peireasiprsolytjon wasghen o pEZ Fl ow

(I b/hr) Oh&edli at@foatfor 4 i w (I b/hr)
b 610 po i e cOnc."r(E)Vgﬁ)%%%g@?zﬁsm@ga@”fﬁg@ﬁ‘f”éﬁ%doo. 33 0. 66

[ DEZ] 4 i nMeBPpassrwerp parpoved gluriog theplsvolatizatioatproresRallee fol@aerBelBas6 (I b/ hr)

o R B B B BB b Sl eSSt 200 22

the following table.

Process Conditions for Multi-block R21 and Multi-block R22

Multi-block R21 | Multi-block R22
CoH, (Ib/hr)’ 55.53 54.83
CsHs (Ib/hr) 30.97 30.58
Solvent (Ib/hr) 324.37 326.33
H, (sccm') 550 60
T (°C) 120 120
Cat. Al * (ppm) 600 600
Cat. Al Flow (lb/hr) 0.216 0.217
Cat. B2 ° (ppm) 200 200
Cat. B2 Flow (Ib/hr) 0.609 0.632
DEZ Conc. wt% 3.0 3.0
DEZ Flow (lb/hr) 0.69 1.39
Cocat. 1 Conc. (ppm) 4500 4500
Cocat. 1 Flow (lb/hr) 0.61 0.66
Cocat. 2 Conc. (ppm) 525 525
Cocat. 2 Flow (Ib/hr) 0.33 0.66
[DEZ]* in polymer (ppm) | 246 491
Polymerization Rate’ 84.13 82.56
(Ib/hr)
Conversion® (wt%) 88.9 88.1
Polymer (wt%) 17.16 17.07
Efficiency’ 293 280
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standard cnB/mn 2

[N-(2, 6-di (1-nethyl et hyl) phenyl)am do) (2-i sopropyl phenyl) (a- napht hal en- 2- di
yl ( 6- pyr iwOreoc2roeisgl ) met hane) ] haf ni um di met hyl 3 PCT/US2006/009857

bi s- (1-(2-met hyl cycl ohexyl)ethyl) (2-oxoyl -3, 5-di (t-butyl)phenyl)inmn no)
zirconium dibenzyl 4 ppmin final product calculated by mass bal ance 5
pol yrer product |1M1r|=9ﬂék£hrwe| ght percent ethylene conversion in reactor 7
ef ficiency, ?@ﬂd ﬁeliﬂl'fgmM where, g M= g H + g Z Melt Maleation -
Grafting I\/AH to 2e6r41@a meﬁwleﬁhﬂmhgmqulcio%%pomwtph@dla@waﬁ»&ltateu@eiryl@%%}

MAH-grafted res i contj nuous reactive extrusion

process using aﬁ %ﬂb g?‘ty W@“xqﬂésl‘d&'i’%)mﬂfé‘é‘?jmfnw R ocess wer e

AFFI NI TY(r) K_CB mflﬁ,fgm% !‘c[ﬂ)&te«?b?gr%a?s%alar'}élé” ti-block R21, and Multi-bl ock
{10

R22 as dESCI‘Ifb apparatus was a 30-mm ZSK-30 extruder with a

| engt h-to- di aﬂma,g@{t ér&hée@lyﬁﬁec%éveﬁ%mﬂba@to{ enperature set point in the
extruder was zesfale%mgpcsﬁﬁewwr%@é k8- gBtegmas 300 RPM Resin pellets were
fed to the extruder at a rate of 10 |Ib/hr. The peroxide initiator was

2, 5-bi s(t-butyl peroxy) -2, 5-di net h%l hexane. A solution, containing
appr oxi thViale Add to EfmﬂtﬂmlnMMMEt hyl et hyl

ket one, I nt rate of .ely 6.17 g/ mn.
This additi (g‘);'&/jat e 12[66?}? gag%hé&gﬁstwerf Il?éepﬁffbéll 1{1Iaé:8n %‘S\RE#I ?\:i“&ﬁ&miooo ppm
per oxi de pasaduanghmlmmaveitrm(ﬁﬁl TFhef&sitﬁ@BétMo@ﬂﬁ& pHRsssiiagtal | ed at the end

of the erm e neth th ket one and excess ngrafted MAH.
The graft’é@gﬂﬁi 8?%&%@%@ do%wlmowibénéwlﬁ%&?MZ%ct ed.

[ 268] Appas%maeelaxo% 51y gaﬁafg%qrgq‘ oLedh 78R dsh% %Y&%tﬂ{% 100 ni of

boi li ng xylene, and then p ci pitated by pouring e so Into five
vol unes odiameteetatinef 33168. bk itetspasatue seopoiacinahe extnidetdwaanstod, tTt ed to

determ ne the l.evel of H. The E0870 resin contained 1.85 wt %
grafted MERY iiRH10EF8FsY qsg’réﬁr#ﬁg %lt% ety were 500 repiudenia, rat?l‘i’é i
Ml ti - bl omlbmlmegeﬂaxﬁfénﬁﬁm@dvaz&z%%l ;@5@6& dz%l?netg ﬁe)géﬂ iy bl ock R22

resin contained 1.49 w % MAH. The gr af resi'ns were Wth a
pol yani déoﬂlé&ﬂnC%alﬂmg@BBr%dniﬁélb’de ngnoafdee@ P& it VIRGL, padi888Bl ends

l';/?:_t)wa af{,eg nﬁ?{%’l Qﬁly{ lgquxle Wk ted i the %}%grl?der ata rate gf apptrgxqmrf ?y £378'¢ S hown

g/min. This addition rate corresponded to the addition of 4 wt% MAH and 1000 ppm
peroxide based on the mass of resin. A vacuum port was installed at the end of the
extruder to remove methyl ethyl ketone and excess, ungrafted MAH. The grafted

resin exited the extruder and was pelletized and collected.

[268] Approximately 2.5 g of each grafted resin was dissolved in 100 mL of
boiling xylene, and then precipitated by pouring the solution into five volumes of
acetone. The solids were collected, dried, and titrated to determine the level of
grafted MAH. The EO870 resin contained 1.85 wt% grafted MAH. The EO875 resin
contained 1.85 wt% grafted MAH. The Multi-block R21 resin contained 1.80 wt%
grafted MAH. The Multi-block R22 resin contained 1.49 wt% MAH. The grafted

resins were blended with a polyamide resin as discussed below.

MAH-grafted Resin /Polyamide Blends

MAH-Grafted Resins
[269] Melt index data on MAH-grafted resins are shown below.
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-92. WD 2006/ 102155 PCT/ US2006/ 009857 GPC and Mel t
grafted 12 MAH g/10 mn

4. MAHg-Multi-block R21 1.80 0.1482

Bl ends:

| ndex Dat a

Resin W %

1. MAH -AFFINITY(r) EG8200* 1.85 0.0912 2.
MAH- g- ARFONDOGYIG21€€8852* 1.85 0.049 3. MAH g- Mul ti - bl ok TRR2008/046850. 2393

* Conparative resins 12:
Representative Procedure [270] Approxi mtely 454 granms of the

190C/ 2. 16 kg

mal ei ¢ anhydri de graftedgpesind MéIMNdeg DRES70, MAH-g- 875, MAH-g- Mul ti - bl ock

6 grans of a
both resins
of 2724

t 250C. The
ASTM t est
ais

Avg. Avg.

Strength

5873 267 266

R22 or the g-Multi-block R2 1) was pellet hlended with 181

pol yani de (U franide(r) BRein avail able |[f Vi BrERyL, by fdeding

into a 25mm Haake twin screw extruder at| an MAT$t ant g@fi€onin r at €

granms per hour1. NraexAFPOETYIgeRp82eG ur € profligse was a 0.091Pst an

col I ected sanp} epis- oS WFSENIEIB IRICEgRect]i on gsded o popgdyce

bars for 1Z ?'MAH YA S Testin |YQ@nan| tal Je5d3 dat

summari zed in éMAHJ _M@E;cblu&%??mlam C Alg I'(Ubl i "V@148—2/

| zod- /“/g Co cu: 20 1 —Secart—RF lzod—3+rrol-ded

Mod. Mobd. @ 3833 pl aques DPAALVE YIS _ | bs/in ksi 1. MAH g-,

7.391 394.6 tan AFFIN T@d #3246 k8 MAH g- 5799 265 265 10.08 537.9 tan

AFFI NI TYPlaegssRemesampivg Pbtedire 5864 264 264 8.624 460.4 tan

MAH-g- Mil t -[2‘%]]63 Zg%p%}(?mZteI%r%fg%%ngof {#8 ma&élg ﬁ}ﬁ@%}ide grafted resin
(MAH-g-EO870, MAH-g-875, MAH-g-Multi-block R22 or the MAH-g-Multi-block
R21) was pellet blended with 1816 grams of a polyamide (Ultramide® B-3, available

bl ockR22 4.

from BASF), by feeding both resins into a 25mm Haake twin screw extruder at an

instantaneous rate of 2724 grams per hour. The extruder temperature profile was a

constant 250°C. The collected sample was subsequently injection molded to produce

ASTM test bars for IZOD and flexural modulus testing. Mechanical Test data is

summarized in the table below.

Mechanical Data
Resin Avg. Avg. Avg. Avg. Izod- Avg. Color of
Flex. Flex. Secant RT @ B- | Izod J/m | molded
Strength | Mod. | Mod. @ 3833 plaques
psi ksi 1% ft-Ibs/in
ksi
1. MAH-g-, 5873 267 266 7.391 394.6 tan
AFFINITY® EG8200
2. MAH-g- 5799 265 265 10.08 537.9 tan
AFFINITY® KC8852
3. MAH-g-Multi- 5864 264 264 8.624 460.4 tan
blockR22
4. MAH-g-Multi- 5463 246 246 7.346 392.2 tan
blockR21
[271] The lower viscosity Multi-block resins have comparable or even better

mechanical properties, compared to the higher viscosity comparative resins.

[272]

impact properties. The results are shown in the table below.

The resins were made into injection molded plaques and tested for

Resin

Avg Flexural
Modulus (ksi)

Impact
Tester
(30°0)

Impact Tester
(Room Temp)

Average Izod
Impact (J/m)
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[271] The |l ower viscosity Milti-block resins have conparable or even better
mechani cal properties, conpared to the higher viscosity conparative resins.
[ 272] Thewoesionw2158r e nade into injection nolded pl aguegcarus2a0eo0ma7 f or

i npact properties. The results are shown in the table below Resin Avg

Fl exural Inpact |npact Tester Average |zod Mdulus (ksi) Tester (Room
Temn) FPagAm(el M — (309 267 Qh sihtiaalO] 18355 HGH 94520067 008y 1.

MAH- g- | Aﬁh\]ﬂ- @,ﬁg%gr 4@&'{%&% 99 394.6 AFRINITY(r) EGB200 deviat]on

d

dev O AR A S s WS PR
of 6 2. =200 WTI—S 18] O 537 FENETY Jg NCOO0IZ
devi at |%§ é@i—ﬁl— - ’\éﬁwﬂhgﬁﬁ’%ﬁfh g?'zgdar d %864;\7 63. 2553?690 4

bl ockR2 (OHLE2 o VIR a1l 246 witlh standard 6392 6625
392. 2 | Bl M REIMyEY at i onzé‘f_WghF ﬁdmm 88.17he I|fPeit i ve poI%ﬁQe‘Fs (Run|# 3
& 4) hablckRERi fi cant|y hidgteion afdfact fresistande at low tepperature v
the cofpaMeAHgeMskimpl es ( Rimwithitagdayl. | 63891 e 4 &.2fas the p#A2 bal ancy
bet weenblicgR2hodul us and| Hetionngd&ct. This i nprloved inpact|is denonstfated
at both roomtenperature and at |ow tenperature. The test pieces were
injection nolded plagues and the test was conpleted using the procedure as
outlined in[A8IM D b3 the Apvertiveaplwpey dBumid &) havesignBeantydighes  done
accordi ng; i t i t 256. [274]
wni et nenpfubiMaed Ao bR FERE iR ARESABERORRUTP L COR o0 ey ot
enbodi nengsmplelie3 Bpahe best bhlaadebeeseddf higinmodunlns dhdriigh isipact] dhizot be
attributed to other enbodi nents, of the invention. si ngl e enbodi nent is

r epr esent HEProgedmpact is depopstatesk atbrih loppdampeIture gn M@WgﬁﬁBﬁF‘W@‘?\t s, the
conpositi : PRy not

ment i onedT g%l I?éEEtn‘mgt éegrmg%%%%ﬁ%@{lﬁg&égﬁp%ilé?l?@lnegdol?sh%gtﬁﬁods do not
i ncl ude, procaduee subygtinat incASTM I 8263 dhjecaory ModdgdRantds Idex stodpkis nais

enuner ateq herein. Varjatli nd i.ficatio from.th ri bed
enbodi nen @%@?F@’{&?nﬁoﬁvﬁggﬁ@a‘fﬁ%%arlma?gaaégiz’ae ﬁ‘écroréqlﬂg gonlg%% * be
construed to nean approxi mate, regardl ess of whether the word "about" or

" appr gxi mat ghy4] i s WAk the irlestd ks heeh A& cAbERith rebpectapptiaded cl ai ns
intend to
number of embodiments, the specific features of one embodiment should not be

"

attributed to other embodiments of the invention. No single embodiment is
representative of all aspects of the invention. In some embodiments, the compositions
or methods may include numerous compounds or steps not mentioned herein. In
other embodiments, the compositions or methods do not include, or are substantially
free of, any compounds or steps not enumerated herein. Variations and modifications
from the described embodiments exist. Finally, any number disclosed herein should
be construed to mean approximate, regardless of whether the word "about" or
"approximately"” is used in describing the number. The appended claims intend to
cover all those modifications and variations as falling within the scope of the

invention.
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cover all those nodifications and variations as falling within the scope of
the invention. _OA WD 2006/102155 PCT/ US2006/ 009857 W claim 1. A
conposi t iwo 20@moeissi ng: A) a thernopl astic pol yner conp@sirtiseens/oeesd? B) an

i npact nodi fying anount of an ethylene/a-olefin interpolymer, wherein the
et hyl ene/ a-olefin interpolyner: (a) has a Mv Mh from about 1.7 to about
3.5, at least QR MR|:ting point, Tm in degrees Celsius, and a density, d,
in grams/cubic centineter, wherein the nunerical values of Tmand d
correspond to the relationship: Tm> -2002.9 + 4538.5(d) - 2422.2(d)2;or
(b) has a Mv Mh frofmcbgesition zomprigibgut 3.5, and is characterized by a
heat of fusion, AHin J/g, and a delta quantity, AT, in degrees Cel sius

defined as the, te r at i tween the tallest DSC peak and the
tall est CRYSTAé) pegg,ﬁlen\ﬁlﬁélrgsetgn&{lﬁégjr@% ?)?ltéla ’a\gla ues of AT and AH have the

followi ng rel ationships: AT > -0.1299(AH) + 62.81 for AH greater than zero
and up to 130 Bjg, afNinpactBGdifgingAMognisitaarethyiene/d-8kfid/igterpolynesrei n t he
CRYSTAF peak is_determ neci Hslng@aﬁ | east 5 percent of the curnul ative
pol yner, #hereir the gdylengionolstin sfterpRYmSE: t he pol yner has an identifiabl e
CRYSTAF peak, then the CRYSTAF tenperature is 30C, or (c) is characterized

by an el astic {4§COVRiYa MRIMH fRo@bERNL7 &) ab303 BEAAERE onsStnERing paike, 1 cycle
measured with a conpression-nolded filmof the ethylene/a-olefin

i nt er pol yfrer, jn degledsZelsud end a dynsity, d.iin gepnesienbic erntimstant Wheseiarthe wher ei n t he
nunmerical _ val ues .of and satisfy.the fol.l o ng rel ationship when
et hyl ene/ BQIBFré‘fa?Ha]luﬁst Iaf}grgrcofrgsl)s?&%%? Q‘ﬁtr?lg*l?rf/smpr'ee of a cross-Iinked
phase: Re >1481-1629(d); or (d) has a nolecular fraction which elutes

bet ween 40C ang,33000nbams538r5adt-+ 24921 %d)*wei ng TREF, characterized in that
the fraction has a nolar conmononer 0 G WD 2006/ 102155 PCT/ US2006/ 009857

content of at |east 5 percent_higher than that _of Cc arabl e random

ethyl ene int efol yhay 2 MMy Eamabggs lngtoo%éﬁ ?Iﬁﬁisgg??g‘i?%ﬁq Yt ur es,

wher ei n S§L4 of fusion, AH in J/g, and a delta quantity, AT, in degrees Celsius defined as the
temperature difference between the tallest DSC peak and the tallest CRYSTAF peak,

wherein the numerical values of AT and AH have the following relationships:
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT > 48°C for AH greater than 130 J/g,

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

(c) 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 has a density, d, in grams/cubic centimeter, wherein the numerical
values of Re and d satisfy the following relationship when ethylene/o-olefin

interpolymer is substantially free of a cross-linked phase:
Re >1481-1629(d); or

(d) has a molecular fraction which elutes between 40°C and 130°C when

fractionated using TREF, characterized in that the fraction has a molar comonomer

as



conpar abl e random et hyl ene interpol yner has the sanme conononer(s) and has a
nmelt index, density, and nol ar conononer content (based on the whole

pol yrmer) wotzheanoiBs percent of that of the ethyl ene/ a- olpefrius2eoatoesspol yer .
2. The conposition of Claim1 wherein the thernoplastic pol yner

conposition conprises one or nore polyners selected fromthe group

consi st i Ngofént 0P 1¥ALE StHBRBASHigIG |t tAt of @hdo@ipatidfe rafilioth@tlyldhe POl Yol efins,
pol ycar bonat es, thernopl astic pol yester, polyam des, polyacetals, and

pol ysul f olégrpolymemhactivarphasigthedteasf thepameiempgEpsires, vherin s48r nopl asti ¢

pol ymer conpositio anprises. pol.ypr I 4. The c ot Caim1l
Mherein RO RE BB BR B B R sl P AT R 3

pol yet hyl gidex, densifihend ABRE SbinbAcmer conteat (Badeddiethe iwholdigolyder evithit he

et hyl ene/ a-olefin interpolymer has a MV Mh from about 1.7 to about 3.5, at
| east onePers¢ntichiapel the ethylene/o-olehe iptergelyosrsi us, and a density, d, in
grans/ cubic centineter, wherein the nunerical values of Tmand d

correspond to the r i aTyiok ; . ﬁﬁ%@ . 3 22.2(d)2. 6.
The conpositi o%’ of glg%én@g@%@roef@f é%%%eruglthﬁﬂtl e ﬁ%?é%lgr%-ﬂol efin

i nt er pol yo@mpdsisonscolpiives dmecon nadre wolyiners sadecadsbiiom3hégroap donsistingaf act eri zed
by a heat of fusion, AHin J/.g, and a delt uantit AT, in degrees

Cel si us dg?kyﬂ@ﬂia&?’Pﬂ]@VF‘é{Lgt@Pﬂg‘ﬁr %ty{ﬁrq%epcgy@ ePﬂB@%lfb?‘F?-e[éSt al | est DSC peak
and the tﬁie}rﬁ%lasgg\fﬁfﬁgteﬂ%ﬁlamim,eg\@l'yﬁbeizﬂ@, ahd BBF @edneyal ues of AT and AH
have the follow ng réelationships: AT > -0.1299(AH) + 62.81 for AH greater

than zero and up to 130 Jlg, AT > 48C for AH greater than 130 J/g ,
wher ei n t he CRYSTAFTheetmpesitinst efrFpimed wWheraiy thertherapplastic pelyasht of t he

cunul ativ | ' an 5 percent of the polyner has an
i dentifia ?%BWKPP%{;%%%%W{E%@C{’% CRYSTAF tenperature is 30C. aA WD
2006/ 102155 PCT/ US2006/ 009857 7. The conposition of Caim1l1 wherein the

et hyl ene/ a- ol eftj n | Thec@apysiton ¢fClainal adtessin tedhdrynopinstt pslyimer r ecovery, Re,
in percent at 300 percent ig}sjtrai,n a cle neasured with a

d.1lc
conpr essi 6PTRABY opnrisEHRish density 3(eﬁ’Flgflf‘r:l‘}-é’ol efin interpolyner, and has a
density, d, in grans/cubic centineter, wherein the nunerical values of Re

and d satisfy she fghtedhpshitic GtE1anRS Niviheydie et it M @hPerd/bdlefin

interpolyner is substantiall P/ free of a cross-|inked phase: Re.

>1481- 1629(t@tpolymer has a Mw/Mn from about 1.7 to about 3.5, at least one melting point,
Tm, in degrees Celsius, and a density, d, in grams/cubic centimeter, wherein the
numerical values of Tm and d correspond to the relationship: T, > -2002.9 +

4538.5(d) — 2422.2(d)>.

6. The composition of Claim 1 wherein the wherein the ethylene/a-olefin
interpolymer has a Mw/Mn from about 1.7 to about 3.5, and is characterized by a heat
of fusion, AH in J/g, and a delta quantity, AT, in degrees Celsius defined as the
temperature difference between the tallest DSC peak and the tallest CRYSTAF peak,

wherein the numerical values of AT and AH have the following relationships:
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT > 48°C for AH greater than 130 J/g,

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

OAL



8. The conposition of Caim1l wherein the ethylene/a-olefin interpolyner
has a nol ecul ar fraction which elutes between 40C and 130C when

fracti onavecdoessiontysTREF, characterized in that the fractconshes/oeosspl ar
conononmer content of at |east 5 percent higher than that of a conparable
random et hyl ene interpolymer fraction eluting between the sane

tenperatures, mher eTRe &hfbsitlarddlal £wharUpRei¥dmRRLoleRther pol ymer has the
same conononer(s) and has a nelt index, density, and nolar conononer

cont ent (BispRly®ar isteharapiericeddyi ymelasticpeayery, Re. innsresanat 390 peregat of t he

et hyl ene/ g- in.i r 0S 141 1 Of ri.sing: , A | east
one propyﬁ{aag%%do 3C/ (ﬁ%r l?legsg&dé/ %?fﬂ? ? %ﬂq a eglg}’?}? %?él%éd;@gﬁé’%g e@é’lpe%ﬁ‘tf%gﬁltéent based
on the t omnédrpalgnmpnshd hava dakitand, éi fynhsrebi-cehiherr,iwieesip temimiericaher ei n t he
et hyl ene/ a- ol efin interpol yner: a Mv Mh fromabout 1.7 to about

has, a
3.5 at | ¥y ke apdidsa @fyﬁléﬁf?éngv?%gﬁe?q%Wnﬂé@W@é%e@&l%?’ﬁsqle%d a density, d,
: o ; ) . . . : g ene
Lo Ceane  tbotyEislsfibh il Ve BL B t e Rl E Re XRISOR0IY T A0

(b) has a MM Mh from about 1.7 to about 3.5, and is characterized by a
heat of fusion$. AH The dfmpositivs of Glaint h whewin iheethylhe/d-oleflagr ees Cel si us

defined as the t t di f f the fallest DS k and th
tal oot cryamienbERR® AkERartio Rl i ARG arn e St oot have the

fol I ow nofri@loahicd ngih%uREP%ha?actQpiﬂeaQﬁﬂﬁlrlihefra@aoﬁ had #mofid cBMBAGMAEr t han zero
and up to 130 J/g, T > 48C for AH greater than 130 J/g , WO

2006/ 102 158tmtyf aidowb § povesdrghaieandhat of hecoaRysibrapdai ethslle@th?Er m ned usi ng
t | east . ' i >ss .than 5 t of
the. por yri R GIGRE R o VAol Al D BBlopra s, Wil Bl TR, B at ur e

i's 30C, oconsarabls rankdamatiyderieZattrintymer ek asd damer @anem¢r(s Red Has apedlcent  at

300 percent, strain anpd cycle neasured with a_conpression-npl ded fil m of
the et hyl BAet-&epsitys F‘Iﬂf{]mpﬁ‘f ePBengmerconteRti(based op the ot polymen) withim b/ cubi ¢

centi met efor - MISF BiaPof tHE MYTRE SRk S &5nfef Re and d satisfy the follow ng
rel ati onséﬁr% \Ahenae?%yfgng%g- gl e%ﬁ%ﬁﬁéﬁ?e poFyrrer is substantially free of a
cross-linked phase: Re >1481-1629(d); or (d) has a nolecular fraction

whi ch el ut es b®t weeA compositidn tFORisvhgn

A) at least one propylene polymer, and

B) from about 1 to about 25 weight percent based on the total composition

of an ethylene/o-olefin interpolymer, wherein the ethylene/a-olefin interpolymer:

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

numerical values of Tm and d correspond to the relationship:
T > -2002.9 + 4538.5(d) — 2422.2(d)’; or

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

wherein the numerical values of AT and AH have the following relationships:
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,

AT > 48°C for AH greater than 130 J/g ,
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fractionated using TREF, characterized in that the fraction has a nol ar
conononer content of at |east 5 percent higher than that of a conparable
random etwol2eew102i38t er pol yner fraction el uti ng bet ween PoE/US2008/009857
tenperatures, wherein said conparable random ethyl ene interpolynmer has the
sanme conmononer(s) and has a nelt index, density, and nolar conononer

content (basedygfefife msermbéﬁmg hetwrﬁlhed{luéﬁg aﬂ@ﬁs@@?krc‘éﬁt sfae of the

et hyl ene/ a-ol efin interpolyner. 10. The conposition of Claim9 wherein the

not ched | uaulativegutlyrser; emrbtflhess&tanmw@tafthle@&bﬁn@%ahalgh@nﬂﬁ@léorrpar ed to
t he sane e W|th t he ethyl ene/a-olefin
i nt er pol y%&%ﬁp é%lgﬁﬁo@???gﬁ ?Ig@rglufﬁ 5%§h%r %in the notched Izod

i npact strength at 20C is at |east 10% hi gher as conpared to the sane

propyl ene pol y@r ReipQsttizabymr dladsic rediwesy, Ryl @rrt@nohted00rpetaener pol yner .
12. The conposition of Caim9 wherein the notched |zod |rrpa rength at
20C i s atstraimand 1 syglemgraredyith 8 cpmpesgsiopmeidedsimpobthg sthylane Up%‘F{J

composit! BRertbil Attt AE: at@{l]éyl?éet MeAfsOhRldid RhEhBRY, xzvffe&em%ﬁenu%m%pnpom tion

of Claim i nterpol'ynmer was prepared by

using fr omalaémoaftRMdpimmﬁy théam]ﬂbwaﬁg)reﬂqmndhpwhen sthytenbiongeigent . 0Q_ WO

2006/ 102155 /U82006/ 00@?157 1Af} The ¢ sition of Claim10 wherein the
¥tﬁi‘?§l 2

chai n shu’cnﬁrP gk s ypbjtant crRss-li ®conmposition of daim?9
wherein the ethylene/a-olefin interpol yrrer has a density of from about

0.85 to about Re93481-¢gB)dl6r A conposition conprising: A) high density
pol yet hyl ene havi ng a denS|ty of at |east about 0.94 g/crrB and B) from

about 1 to about 25 weight percent based on the total ng)m tion of an

et hyl ene/ a- ol efdn | haser polegwar fragiiparvéiiech ?lﬁ@séﬁwe@ﬁ@%m 9" Wheber pol ymer :
(a) has 2nhidiihieifl 1984, 8ﬂarz%taﬁze%taﬁlaaaé ﬁé&a&%n nhEES naPi%oliRhbile Poi Nt

in degrees IC centlneter,

vvherel n t benterofier leaals peadeticlsig l@értﬂ'antaatcbfdimr %Jﬂmmldcbm etthyderreel at i onshi p:
Tm > -2002.9 + 4538. 5(d) 2422.2(d)2; or 12 has a Mwv.Mh from about 1.7 to
about 3. 51nt<a‘ﬁgly;n§r ctiosig 'étf‘qut?ﬂwfﬁ? e same temperatures, wherein said

comparable random ethylene interpolymer has the same comonomer(s) and has a melt
index, density, and molar comonomer content (based on the whole polymer) within 10

percent of that of the ethylene/a-olefin interpolymer.

10.  The composition of Claim 9 wherein the notched Izod impact strength
at 20°C is at least 5% higher as compared to the same propylene polymer composition

without the ethylene/a-olefin interpolymer.

11.  The composition of Claim 9 wherein the notched Izod impact strength
at 20°C is at least 10% higher as compared to the same propylene polymer

composition without the ethylene/o-olefin interpolymer.

12.  The composition of Claim 9 wherein the notched Izod impact strength
at 20°C is at least 15% higher as compared to the same propylene polymer

composition without the ethylene/a-olefin interpolymer.

13.  The composition of Claim 9 wherein the ethylene/o-olefin
interpolymer was prepared by using from about 50 ppm to about 300 ppm chain

shuttling agent.
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heat of fusion, AHin J/g, and a delta quantity, AT, in degrees Cel sius
defined as the tenperature difference between the tallest DSC peak and the
tall est GRUSMWApEmak, wherein the nunerical val ues of ATTArsdoobitodsave t he
followi ng rel ationships: AT > -0.1299(AH) + 62.81 for AH greater than zero
and up to 130 J/g, AT > 48C for AH greater than 130 J/ g, wherein the
CRYSTAF peak igs, det 1 L : : [aTSTEN : | ative

pol ymer, and ifd"l es@%@ﬁ%gﬂgg;&gﬁldoﬁ%%élgglﬁémarl ﬁlgistﬂ%lg%fgg%%i fiable
CRYSTAF diedak zihdren t he CRYSTAF tenperature is 30C, or (c) is characterized
by an el astic recovery, Re, in percent at 300 percent strain and 1 cycle

nmeasured with a npr essi.on- ed fi.lm.of t et hyl ene/.a- I

i nt er pol ymer, %ﬁgﬁ&gma‘)%ﬂ%f%gna? Wl}gﬂp%&ﬁ}dg@?&-@gﬁ%ﬁ lﬂ%i?éror?g,’&l%ner ein the
nuner | Calhas‘éade%'lﬁﬁréﬁfrcﬁﬁaﬁ&ﬁ(ﬁkﬁt@tab%t}&@?g/cﬁﬁ' | owi ng rel ationship when
ethylene/a-olefid interpolynmer is substantially free of a cross-Iinked
phase: nn WO 2006/ 102155 PCT/ US2006/ 009857 Re >1481-1629(d); or (d) has a
nmol ecul ar fract6.on Meogpositign eempEtipEen 40C and 130C when fractionated

usi ng TREF, characterized in that the fraction has a nolar conononer
content of at ast,.. : [ t : AR om

et hyl ene i nt er‘%)x Iyrr}wla1 h rglgsg&{l}gw%e uﬁengb@gtam%g%\lt}? feﬁslgdgrre teﬁgg?éggﬁﬂriﬁgs,

wherei n saidd conparabl e random et hyl ene interpol yner has the sane
conmononer (s) and has a nelt index, density, and nolar conononmer content
(based on the whole_polynmer) within 10. . percent of. that, of the ..

et hyl ene/ a- ol eP¥ n iﬁg@r%BPE/ir@r%bo t7£5 Frigh B‘?’fﬁ%’&%ﬁe&?n@ ea? CHPESAR%r ei n t he
not ched | g ifpado-SldiRNiefpolfther? Uieiefn @ clifyii/obifefih giiapoRmezonpar ed to
the sane high density pol yethyl ene conposition wthout the

et hyl ene/ a-olefin interpolyner. 18. The conposition of Caim 16 wherein the

not ched |zod i tMact hasta from abgit 1. Etosabopieh3t at 1epst pregheting #ognpar ed to
o o . e - t
o1 hy ! ane/ Ao PeEReh e X84 TURAG, o SRERER LR widin e o i the

not ched | Z@derici aslieSéfBAGNY d catresddad itsthatrelndamhipt 5% hi gher as conpared to
the sanme high density polyethylene conposition wthout the

et hyl ene/ a-ol efin interpo re 2 The,conposition of Caim16 wherein the
et hyl ene/ a- ol eflm¥ '2p{)i% Fp‘lﬁ%g%é‘p ‘V\g%zzpﬂg)pa‘?red by using from about 50 ppmto
about 300 ppm chain

(b) has a Mw/Man from about 1.7 to about 3.5, and is characterized by a

heat of fusion, AH in J/g, and a delta quantity, AT, in degrees Celsius defined as the
temperature difference between the tallest DSC peak and the tallest CRYSTAF peak,

wherein the numerical values of AT and AH have the following relationships:
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,
AT > 48°C for AH greater than 130 J/g,

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

(©) 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/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/o-olefin

interpolymer is substantially free of a cross-linked phase:



shuttling agent. 21. The conposition of C aim 20 wherein the chain
shuttling agent is diethyl zinc. 22. The conposition of Caim 16 wherein

t he et hylwoeb@/okssi n i nterpol yner has a density of frecraisews/o0s8s t o
about 0.93 g/cnB. 23. A conposition of any one of Cainms 1-22, further
conprising at least one additive selected fromthe group consisting of
anti oxi dant s, IQQ%M_E@@)CB{ ng additives, antiblock additives, pignents,
and fillers. 24 A conposition conprising: 1 nn_ WD 2006/ 102155

PCT/ US2006/ 009857 A) a thernopl astic polynmer conposition, and B) an inpact
nodi fyi ng amou@ of hasra I@Dhylﬂlehga(éloﬁl‘@ﬂdhehlm betiysey ARIC andp¥éPeivhephe
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char act er ¢ot@sht bPat 1Bak 5tpefeeht ldighdraitanthst of ddoatarablewdadomietigleneeast 0.5 and

up to about 1; or (b) has an average bl ock index greater than zero and u
to about m.tqyp@mmeaﬁaﬁtﬂn@mwb%@ © $ATR% (eIPSTALERS, ARINA ,Salgr eater than P

about 1.3, o L anSit or age
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17.  The composition of Claim 16 wherein the notched Izod impact strength

at 20°C is at least 5% higher as compared to the same high density polyethylene

composition without the ethylene/a-olefin interpolymer.

18.  The composition of Claim 16 wherein the notched Izod impact strength
at 20°C is at least 10% higher as compared to the same high density polyethylene

composition without the ethylene/a-olefin interpolymer.

19.  The composition of Claim 16 wherein the notched Izod impact strength
at 20°C is at least 15% higher as compared to the same high density polyethylene

composition without the ethylene/a-olefin interpolymer.

20.  The composition of Claim 16 wherein the ethylene/o-olefin
interpolymer was prepared by using from about 50 ppm to about 300 ppm chain
shuttling agent.

21.  The composition of Claim 20 wherein the chain shuttling agent is

diethyl zinc.

22.  The composition of Claim 16 wherein the ethylene/o-olefin

interpolymer has a density of from about 0.85 to about 0.93 glem’.

23. A composition of any one of Claims 1-22, further comprising at least
one additive selected from the group consisting of antioxidants, phosphites, cling

additives, antiblock additives, pigments, and fillers.

24. A composition comprising:

S1NnNC
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A) a thermoplastic polymer composition, and

B) an impact modifying amount of an ethylene/o olefin interpolymer,

wherein the ethylene/o-olefin interpolymer:

(a) has at least one molecular fraction which elutes between 40°C and
130°C when fractionated using TREF, characterized in that the fraction has a block

index of at least 0.5 and up to about 1; or

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

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

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

25. A fabricated article made from the composition of any one of Claims
1-22 or 24.

~101_



