SOFT FOAMS MADE FROM | NTERPOLYMERS OF ETHYLENE/ a- OLEFI NS FI ELD OF THE

| NVENTION [1] This invention relates to soft foans conprising at | east one
et hyl ene/wmeoab&fiorisint er pol ymer, and the net hods of maki rgTasdioe®ossgs t he
soft foans in various applications, for exanple, acoustical insulation,

vi bration control, cushioning, specialt ackagi ng, autonotive soft touch,
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Pol yol efi ns such as | ow density pol yet hyl ene (LDPE) and pol ypropyl ene (PP)
are comonly used in nafYERPrOEIIEE INYENTKON M appl i cations. For exanpl e,
U.S. Patent No. 6,583, 193 di scl oses an extruded, coal esced pol ypropyl ene

foamth is either opencelled which is I iQn
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app! i gk ser, kPhedhetRBlscmaifOadastiganel ssfi fdairs ia vagusepptianipasient such
as copolyner of ethylene and vinyl acetate (EVA), et §,Iene- ethyl acryl ate
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macrocel | ul ar foans conprising a blend of a high-nelt-strength (HVS)

pol ypropyl ene and anBAUKGROUNDOF R INNEINHONVA, EEA, and EAA for use
in sound absorption and insulation applications. [3] A though there are

many useful pol rs.and pol yner, bl end Qr .S i i t here
are al vvi k needé‘rﬁg#ﬁpﬁﬁch\%im@ S?QSIW@gf}'SI}glegggg}gPioE? g@é&%ﬂrﬁ)ﬁ ?ltﬁhgg?)dermnds
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THE | NVENTI ON T4] The aforenenti oned needs can be net by, various aspects of
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the | Noehb8Hh93 discloses aneptraded, eorlescef RolyPigRYeRs Fagsthatis githesrapeRpam
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et hyl gpehd-igdeftion apbicaphy.NEDPEas PRMaA Msofbe diendbd withh spfteocaimpent3. 5, at

| east one nelting point i

, Im_in degree | sius, and. a density.d, in
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to (EEA), ethylene-acrylic acid copolymer (EAA) and other ethylene copolymers having a low

15  melting point to make soft foams for a variety of applications. For example, U.S. Patent No.
6,590,006 discloses macrocellular foams comprising a blend of a high-melt-strength (HMS)
polypropylene and an ethylene copolymer such as EVA, EEA, and EAA for use in sound

absorption and insulation applications.

[3] Although there are many useful polymers and polymer blends for soft foam
20  applications, there are always needs for improved soft foams because of the continuous

demands of product improvements by the consumers and foam manufacturers.

SUMMARY OF THE INVENTION

[4] The aforementioned needs can be met by various aspects of the
25  invention. In one aspect, the invention relates to a soft foam comprising at least one
ethylene/a-olefin interpolymer wherein the density of the foam is from about 10 to 150
kg/m®. In one embodiment, the ethylene/a-olefin interpolymer has a Mw/M, from

about 1.7 to about 3.5, at least one melting point, Tr, in degrees Celsius, and a density,



the relationship: Tm> -2002.9 + 4538.5(d) - 2422.2(d)2. [5] In another
enbodi nent, the ethylene/a-olefminterpolynmer has aMv Mh fromabout 1.7 to
about 3. Syoaneb/iosischar acteri zed by aheat of fusion, DH ipoTd/Sgoocanadsa del t a
gquantity, DT, in degrees Celsius defined as the tenperature difference
between the tal] est DSC peak .and the tallest YSTAF, peak erein the
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- 0. 1%&@@%}%3}119_2.81 for DH greater than zero and up to 130 J/g, DT > 48 0C
for greater than 130 J/g , wherein the CRYSTAF peak is determ ned using
at least 5 percent of the cumulative polyner, and if less than 5 percent of

the pol ymer has an i deffti¥ i200R& B p-2(Ehen t he CRYSTAF tenperature
is 30 0OC. [6] In another enbodi nent, the ethylene/a-olefminterpolynmer is

charact ery zed an.elastic r ve i cent strain
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ethyl gp@/ado@ €7 toatont B5paldiseharaciadzddds whedeosfusipn, AH ind/gyraths/ cubi c
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of a f:a[lg%?%éoqg | 4R BRSEile @R\lgkﬁ/gd* $E4D (hbreid the nutheRRRRAGIes @FRYdi nent, the

et hyl ene n 1nterpolynmer has a nolecular fraction which elutes
bet wegmil AH ¢ thedoll3in@ Celatienshipsact i onat ed usi ng TREF, characterized in
that the fraction has a nolar conpbnomer content of at |east 5 percent

hi gher than, that af 0 Lahl e, random. et hyl e L0t e mer fraction

el uting bet €n'0tﬁ89@}§eﬂ?z-§ig?faﬁﬁé%a,“ agr%ef%glgda#ﬂ;{oc%%ﬂé ’abl e random

Géhei ty. and molar CoRDEAHR BBATCHEIESBA 0N &ohe vihal e polymer) v thin 10
percent of that of the ethylene/ a-ol,efmi?nt %é%ol%rre%@%%pb%.anot her
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then the CRYSTAF temperature is 30 °C.

[6] In another embodiment, the ethylene/a-olefin interpolymer is
15  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 the ethylene/a-olefin interpolymer is

substantially free of a cross-linked phase:
20 Re >1481-1629(d).

[1] In another embodiment, the ethylene/o-olefin interpolymer 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 content of at least 5 percent higher than that of a
comparable random ethylene interpolymer fraction eluting between the same temperatures,
25  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.



wherein the ratio of G (25 0C) to G (100 0C) is fromabout 1:1 to about
10:1. [9] In another enbodinent, the ethylene/ a-olefin interpolyner has at
| east oneworb@cwbken fraction which el utes between 40 OCpemdisi®6/0048smhen
fracti onated using TREF, characterized in that the fraction has a bl ock

i ndex of at least 0.5 and up to, abou a. nol ecul a i ght.

di stri bi8li on, mﬁmm er@n@&ti@iwm % e‘i‘%ﬁ?& qgﬁn IR TR Ci’%ﬁ?g%fmd ®Y the
ethle e/ao t ter than zero
and A5 BhFLguR e s e A B A, g ot or

t han vaie@s;ﬁ th’Je 13tio blG](25 ACRIOBHE0 %(ahedinonemout iHeoabortdiGih in t he
etherne/a olefin |nterpolyner |s styrene, propylene 1- but ene, 1 hexene,

1-octene ente or a
conbi natdl dn aP‘Pfg?%%@OdF@TnH egﬂ%’ % @ﬁﬁ%gﬁ%{ggﬁ%? ﬁ%s ?%S%oam | sc Tosed
h‘?r e'ggb gén Wﬂich(‘erl&é%éﬂueé&ﬁ&b @a{cpm mwmmﬁadtmaeﬂ hsing TRER thayedterizmd ASTM
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aspect, the invention relates to foanabl ositions conprising the

et hy Irapletelanweighi distrigption, MrMadgisaien ﬁ@%gqg and a bl owing agent. In one
enbodi nent, the foanable conposition further conprises a polyolefin. In
aot her | fIbodi MinoulehEnbafHRAL heinBRAR|A iptiltar/dolfiaamprioene s
cross-1i'nkKi ng agent. I'n anot her aspect, the invention relates to foam
arti cdtmnerqd@yﬂemm @ufenarﬂl-hmpe,l Tsbetene; Henethily ] -eretene. SPROFIEN-855588y ner
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polyethylene, a high-melt-strength polypropylene or a combination thereof. In another

embodiment, the ratio of the polyolefin to the ethylene/o-olefin interpolymer is from about

1:10 to about 10:1 by weight.

[12] In another aspect, the invention relates to foamable compositions comprising
20 the ethylene/a-olefin interpolymer disclosed herein and a blowing agent. In one
embodiment, the foamable composition further comprises a polyolefin. In another

embodiment, the foamable composition does not comprise a cross-linking agent.

[13] In another aspect, the invention relates to foam articles made from a foam
comprising the ethylene/a-olefin interpolymer disclosed herein. In one embodiment, the
25 foam article is suitable for acoustical insulation, vibration control, cushioning, specialty

packaging, automotive soft touch, thermal insulation or impact absorption.

[14] Additional aspects of the invention and characteristics and properties of

various embodiments of the invention become apparent with the following description.



pol ymers (represented by di anonds) as conpared to traditional random

copol yners (represented by circles) and Ziegler-Natta copol yners
(represemnwedodwylotrsiangl es). [16] Figure 2 shows plots ofcaalsc@eDBEsLRYSTAF
as a function of DSC Melt Enthal py for various polyners. The di anonds

represent random et hél eneé g e =Q]§ &*@Muar es represent polyner
exanples 1-4; the ANLO R .. 5ot les 5-9; and the circles
represent polyner Exanples 10-19. The "X' synbol s, represent .pol yner

Conpar allfVe Exdiigired shewsthe meltmg poighidenssy §$i%t%§’sﬁlﬂ?ef°’gé’?é‘% en {')e density on

el astig recover ' hbdtea PSS AR opY R mers
i nt ePB@F’S‘F &S%Féeﬁl&é;d;%@g‘ébﬁ@%tg%%é% uares ar%cll circl es;gdgn?r{e;adi tional
copol(ypRdsentéd epcielentaad ZwelérNatta dopebiness (hpresendedby/aiangles). Dow AFFI NI TY(r)
pol ymers). The squares represent inventive ethyl ene/ butene copol yners; and

5% pl BhTor  oatiswe Ssbnps Rt eRePSCRRAT AR B BRRUPERLPsINEL 0T
COPO'Eﬂ%ﬁ‘aﬂ?} fd?%fi&ﬁks%dlﬁh%.s ThEERnRIndt tpreserianddh ethyledt/otlege f raction for the

pol ymer of” Exanpl e (represented by the circles) and conparative pol yner

Conpawpbiymerdznysiuetss Epresaut folymersyamplastleds thy tridngles sepresghpaluner The

di anonds represent. tr.aditional . r ] /1@C e rs. [19]

Fi gureé(a%‘pF?%é ’ﬁlngttheo 1 %Strg?fgse%ﬂ@gﬁ}%{rgg &aﬁégqﬁrlgbﬁﬁgngggﬂg%{%l ene/

1- oct @pRsdi POlyYiER Colripacdive Fxamples us-FREF el ution tenperature of the
fraction for the polynmer of Exanple 5 (curve 1) and for polynmer Conparative

Exanpl es F* 2) .. Th .pol Co i we Exanpl
£ and (Ve {11 BEBICebhou tuSaiie: BhdkipIte o5 Capubieeb gt ot JBapn oF e
| og of,. & @{3@9@&'&% “%F?ﬁ%?“f HREERBd B teRsieahil! Sirdle) af@rRditiohdlve

et hyl'ene/ ctene cop curve 2) and pr oByI ene/ et ggene copol yner
( cur verpd)ynaatsl (bpresdntel st thy tréamgles -vducteme votiowkDewsHiEIMEF Y™ @plyess)i nvent i on

d ith differi titi f._chai huttl.i 1). [21
R gur EhestutsnecietoRva oS iy R Cad el RS ARRARer SRS 1 cnt Ve
pol ynﬁwént{\{eee@ﬁﬁ&%&&e%pélb&eﬁl anonds), as conpared to some known pol yners.

Thetriangl es represent various Dow VERSI FY(r) polyners; the circles

represent various random .
(5 [18] 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 polymer Comparative Examples E*

and F* (represented by the “X” symbols). The diamonds represent traditional random

ethylene/octene copolymers.

20 [19] Figure 5 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 (curve 1) and for polymer Comparative Examples F* (curve 2). The squares

represent polymer Comparative Examples F*; and the triangles represent Example 5.

[20] Figure 6 is a graph of the log of storage modulus as a function of temperature
25  for comparative ethylene/1-octene copolymer (curve 2) and propylene/ethylene copolymer

(curve 3) and for two ethylene/1-octene block copolymers of the invention made with

differing quantities of chain shuttling agent (curves 1).

[21] Figure 7 shows a plot of TMA (1mm) versus flex modulus for some inventive

polymers (represented by the diamonds), as compared to some known polymers. The
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et hyl ene/ styrene copol yners; and the squares represent various Dow

AFFI NI TY(r) polymers. [22] Figure 8 shows the foam densities of Exanple 20
(represenwedodwylottse open circles), Exanple 23 (representet/usyodsnesssx’
synbol s), Exanple 23P (represented by the open squares), Exanple 30

(represented by the open dj Exampl.e 31
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f oam%ﬁlhg étn\égt er a{gtﬂ) k’ gly%eg%]%ﬂéﬁgﬁsg gﬁgs gﬁ(r)évs\'/s t hebgsej]r)gg’nt agesTE){f ®g|loe na‘ragglc]c | 81[] °
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the "X' represented by the open squares Exanpl e 30
(1 eprasrRy), Bdamyletharapeentdi dyviedsy’; syixmiy) Bxanle 23R (repraentedibh et he gBen

triangles), Co ti Ex I j
Compavsn P ERARAPING FER FEB BB U BEr T R ag oSS B Onor

f oamng 1 SRS ALY CombAdlivd ELiifle LQrepietiteabytite Mflidaghdres) @el ver sus foam
d_ensﬁﬁy 1%(;?1r E‘i;gn% e é pr epar eoﬁat Ql%g&(.)c (rg resent gd bglthe open

di amehpardd2 Da@n{pleNr(espessentdd by tlndﬁ@hd&emn@ndsg lag ¢ fagrdion @é fos19g epr esent ed
by the *a synbol ) foam ng tenperatures respectively, Exanple 23P prepared
'z'it ) 1GBmEQ§T“F presented by the open square) and 108 OC (represented by the
+" synbol) foam ng tenperatures respectively, Exanple 30 prepared at 108
0C (repyggent edribyretdhowy thesperteatdgeaofiopeh@ell Of Exepplsirrauesoyted ¥ open

triangle) foam ng tenperatures tively, i
E) rte prtbs epereeirabs).t 23 (YSPT&PRS'FRﬂl)r esb%e ﬁé‘&%é%’ﬁ@? i’ i%%é]r anEt l?mea Sl(agtggr esent ed
y t eeﬁlo :OIP §’O/In ?@%@?&%ﬁﬁfg%}éﬁn&ﬁ bznﬁ%%ai Ahsofds) Askeiplé3 har dness ver sus

f oam ' repared at 107 OC (represented by the open
ci r cl @ipragedtely tAEoperetpnngies); EdmbyrativeExanpls friverirysenisd byl 1&ifper at ur es
eg

respectively, Exanple 23P pr red at 106 0C (. 3 en
squar ¥uagRY 21G8oPLAFp %é@‘gﬁll%&g (rﬁprefeﬁ’ée&y' 8‘8 y %%ﬁgaﬁﬁggﬁi Ag e%rp&glr %ltg ur es
respe %h%@%mg@%@' e 30 prepared at 108 OC (represented by the "X' synbol)
and 110 represented by the open triangle) foam ng tenperatures
respectively, Conparative Exanple

15 [24] Figure 10 shows plots of cell size versus foam density for Example 23

prepared at 105 °C (represented by the open diamond), 107 °C (represented by the open
circle) and 109 °C (represented by the “+” symbol) foaming temperatures respectively,
Example 23P prepared at 106 °C (represented by the open square) and 108 °C (represented
by the “+” symbol) foaming temperatures respectively, Example 30 prepared at 108 °C

20  (represented by the “X” symbol) and 110 °C (represented by the open triangle) foaming
temperatures respectively, Comparative Example L (represented by the solid diamond), and

Comparative Example N (represented by the solid square).

[25] Figure 11 shows plots of Asker C hardness versus foam density for Example
23 prepared at 107 °C (represented by the open circle) and 109 °C (represented by the “+”

25  symbol) foaming temperatures respectively, Example 23P prepared at 106 °C (represented by
the open square) and 108 °C (represented by the “+” symbol) foaming temperatures
respectively, Example 30 prepared at 108 °C (represented by the “X” symbol) and 110 °C
(represented by the open triangle) foaming temperatures respectively, Comparative Example
L (represented by the solid diamond), and Comparative Example N (represented by the solid

30  square).



L (represented by the solid dianond), and Conparative Exanple N
(represented by the solid square).[26] Figure 12 shows the vertical
tcorrpres?lwozo(rEﬁxemmsilesul ts of Exanple 23 prepared at 107 p@@usoawsionsss3
enperature, anpl e 23P prepared at 106 OC foam ng tenperature, Exanple 30
prepared at 108 OC foam ng. tenperature : o : ™

. Conpar ative Examl d
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the tensile strength at break results of Exanple 23 prepared at 107 0C

(5epresghjed byribhe 19BRWShe GefticabdtinpteSidi@efieeresentsed Rxymplee3' * " synbol )
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represente y the soli i amond), and Conparative Exanple N (represented
by t rieferaiatign s§pestwsly- [ 29] Figure 15 shows the tear strength resuIOts of
Exanpl e 23 prepared at 107 OC (represented by the open circle) and 109 0OC

(riepresephied bypibhie 14 shoSthOtehslOarEngth itesTRa Rbultest Baspde B edExanpl e
Z:QP pregiahlt]ed at %06 0C (represented b;gtht he open squar e%& nd“l,\ggépﬁé w
r i Ol anpl e

g Bepra&sm Eﬁi (F’”Z“Sﬁé‘é by thpnensh) cifcdaniisy 192 npelrerraicated t
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by the solid diamond), and Comparative Example N (represented by the solid square).

[29] Figure 15 shows the tear strength results of Example 23 prepared at 107 °C
(represented by the open circle) and 109 °C (represented by the “+” symbol) foaming
temperatures respectively, Example 23P prepared at 106 °C (represented by the open square)

20 and 108 °C (represented by the “+” symbol) foaming temperatures respectively, Example 30
prepared at 108 °C (represented by the “X” symbol), 110 °C (represented by the open
triangle) and 112 °C (represented by the open diamond) foaming temperatures respectively,
Comparative Example L (represented by the solid diamond), and Comparative Example N

(represented by the solid square). The tear strength was normalized at 2 pounds per cubic

25 foot(i.e., 32 kg/m3) density.

[30] Figure 16 shows the abrasion performances of Example 23, Example 23P and
Example 30 (all represented by the open squares) as well as Comparative Example L
(represented by the solid diamond) and Comparative Example M (represented by the solid

triangle).



Exanple 30 (all represented by the open squares) as well as Conparative
Exanple L (represented by the solid dianond) and Conparative Exanple M
(represenyvedodwyiorise solid triangle).[31] Figure 17 showpcplust@cobosss
conpression set and cell size for Exanple 23 prepared at 105 0C, 107 OC and

109 0OC foam ng _tenperatures spectively, EXx l.e 23P { 406
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0C and ] '
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108 QGmiadiRG:areplell2 0C foam ng tenperatures respectively, Conparative
Exarrpr%e %} and Cornparative Exanple M [33] Figure 19 shows the sound

absorption performances of Exanple 23 t.105 0
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Exan';ﬂr%paIf‘%( ?teg(‘rfis%n&ﬁ fg ?hlgﬁg?ﬁ ?%HP%{F gér}gPée}Et)%& Sgﬂr?g Cg%%r at i veégyg/rrgl e M
g (r) ﬁg;;ggg@é@dt 6 thend qx{)zi Ve s"?maéixmgsmlnp@ram]resﬁemncévem Eremple 3Rerrepared el
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Figure, 4 gnyertical conpression deflection results of
o a@%o%%mg; / of Exanpl es
38— 3 aﬁ% - 42, Ign Conparatives Exanples Q R U and V at 25% 5(r)rE/o and

75 % def ormati on respectively. [36] Figure 22 shows the c ressi on
recover y33lesul tEigufe Bxshopisgbe saumisabspiptign performanges &Wﬁ%&e@%l es Q

R Ua \' 1.hour, 1 da n r AWl ; 1 shows
t he paé%énp%@m@fte%gﬁug%rrle&gg e@%ﬁ%@&s@ﬁ%@%ﬁgﬂ $ %(L@éle j;dn%'é%%rer%g atives
o el e At ilina bk st sapibdg A B
34-  (represented by the solid triangles), a%d Comparg‘;[i\rfeat)r(]an%le %e(?el%)rers%rsltléh tb%f tﬁé soEl>1(c%1 pl es

5 squares).

[34] Figure 20 shows the vertical compression creep results of Examples 34-35 and

37-42, and Comparatives Examples Q, R, U and V at 1 hour, 1 day and 1 week respectively.

[35] Figure 21 shows the vertical compression deflection results of Examples 34-

35 and 37-42, and Comparatives Examples Q, R, U and V at 25%, 50% and 75 %

20  deformation respectively.

[36] Figure 22 shows the compression recovery results of Examples 34-35 and 37-
42, and Comparatives Examples Q, R, U and V at 1 hour, 1 day and 1 week respectively.

[37] Figure 23 shows the percentages of open cell of Examples 34-35 and 37-42,

and Comparatives Examples Q, R, U and V with no skin, 1 skin and 2 skins respectively.

25 [38] Figure 24 shows the tear strength and strain at break results of Examples 34-
35 and 37-42, and Comparatives Examples Q, R, U and V.

[39] Figure 25 shows the tensile strength and strain at break results of Examples
34-35 and 37-42, and Comparatives Examples Q, R, U and V.
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35 and 37-42, and Conparatives Exanples Q R U and V. [39] Figur

: , _ . R : e 25 shows
the tensile strength and strain at break results of ExaLpI£s 32-35 and
37-42, andloGoopamessti ves Exanples Q R U and V.[40] Fi gece/udGooshosss pl ot's
of conpression set and % of open cell for Exanples 34-35 and 37-42, and

Conparatives Exanples Q R U and V. [41] Figyr 7 sho | ot f
(c::g npred40bn sefiguri26 shows plots P%POIEW&%%?IL §et3agx59f§ °§rﬂ?e’3 flgﬁ, Zﬂ?r gﬁ%n&es

mpg) 3kl ves,oha (18 5%7 \J o Al LEPVDESCRI PTI ON OF THE | NVENTI ON
GEne3%1_ﬁ€&§ZE?r%gs %E aBB%Iynepﬂﬂ ‘ans a pol ymeri ¢ conmpound prepared by
polyn?r|2|ng nononers, whether of the sanme or a different type. The generic
; gr \T/e I qug}é/ melr ;Fgﬂgg lag ﬁ;gcrmﬁ} @loi‘tfe e]r:frfcl)rnpmssip@ Isetnand, cell" e &y Freanples 34559 o ymer "

_ _ 1 r ynmer" nmeans a polymer prepared b

t he p?¢§ﬁ€?1%%&@Q#W%E“Wﬁ?Eﬁéé@f é%JQEfF$ ent types of nnnoners.pThg gener?c
term"interpolyner” includes the term "copolynmer"” (which is usually

enpl oyed to refer to a polyner prepared fromtwo different nononers) as

well as the term HpaAP/HIBDESCRINTION OR/THA 1 dtorefer to a
pol yner prepared Tromthree different types of nononers). It also

enconpasses pol yners made by pol ynerizing four or nore types of nononers.
[ 1] I@Eﬁﬂéﬁhﬁﬁé&ﬁylene/a-olefln I nterpolyner"” generally refers to pol yners
conprising ethylene and an a-olefin having 3 or nore carbon atons.

Pr ef efapizg,eet hgo rC AR Sy kBAc BRhpGiddprepkal By pelymeriziof t he whol e

pol ymer ; yl ene conprises at |east about 50 nol e percent of the
who! en@@inyererwhdileref freshme ab b yifErgt tepre EWP@@@%"PP@&?? "eBBEEess0 nol e

percent, at |east about, 70 nole,perc " » 80

e 1o e Bl o AR PRt ) Bt one
r conmpnoner that is preferably an a-ol efin, hayi .

attors, BB nany 1BemAERe] GereneDuSpor pRERST B AL By hdihh TR Rad 0

Conprth%e(ﬁgf?ffe}%l?{gﬂ¥ @ﬂﬁo&ﬁﬁ@rﬁ”ﬁ‘h@%ﬁféﬁ@ kerhi'@RteAfobHher8 thehmles tipaeiment  of t he

whol e po 1 an octene content of fromabout 10 fo abou 5,
g (r) ﬁfe etcapblyrer'biwiidivis tusdzslyteppioyndtto 2eferis) PP EpeRiePasd %"H@ W‘?dﬁg%rﬁm ymer. In
monomers) as well as the term "terpolymer"” (which is usually employed to refer to a polymer

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

5 polymerizing four or more types of monomers.

[1] The term “ethylene/a-olefin interpolymer” generally refers to polymers
comprising ethylene and an a -olefin having 3 or more carbon atoms. Preferably, ethylene
comprises the majority mole fraction of the whole polymer, i.., ethylene comprises at least
about 50 mole percent of the whole polymer. More preferably ethylene comprises at least

20  about 60 mole percent, at least about 70 mole percent, or at least about 80 mole percent, with
the substantial remainder of the whole polymer comprising at least one other comonomer that
is preferably an a-olefin having 3 or more carbon atoms. For many ethylene/octene
copolymers, the preferred composition comprises an ethylene content greater than about 80
mole percent of the whole polymer and an octene content of from about 10 to about 15,

25  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/o-
olefin interpolymers are substantially pure and often comprise a major component of the

30 reaction product of a polymerization process.
-8-



enbodi nents, the ethylene/a-olefn interpolyners do not include those
produced in low yields or in a mnor anmount or as a by-product of a
chem cal woeo@s®215vWhi |l e the et hyl ene/ a- ol efin interpol poers2eeanodsss bl ended
with one or nore polynmers, the as-produced ethylene/a- olefin interpolyners

o oduct 1881 a poryreltyGat ol FiutS Rk aRa M by AREOR by e "¢ o0t 0"
| Nt er pRORESzZBRIROIcFR BhMbABR iA Eélyﬁ{éﬁzai foT EhLARai 2600 inndtiple a- ol ef n

conononers in polynerized form characterized by nultiple blocks or
segnehtoskoér segments oftwve opwioyaalymetizedarnasier yHits differing & chegnicdl okheni cal or

physi cal .properti es., That. | e - f i 0y are bl ock
PrY or BRYORLPRTCHIE? Tpdlfymd SnyichEr Sl BREARER adolohk UABNIRES 270

t es B prfeyslyROLIIBR6CK atdpdl prolsvrespolanersL Thd térmis €imdrpolyart! gndherein. I n
sonme enbodi nents, the multi-block copol yner can be repre eg ed by the

f ol | oRPPRIYIRER g Bsed(injeychangrably herein. Hy some-gmpbodim téf‘%‘?% 7oloaKi nt eger

gr eat 1 , : . 20, 30, 40, 50, 60, 70, 80, 90,
100, gépiggﬁre‘?a?éxgﬁfep}%sﬁgfgloﬁg?%ﬂm%c' or segnment and "B" represents a

soft bl ock or segment. Preferably, @?Ba”d Bs are linked in a substantially
linear fashion, as opposed to a sub Qﬁtial | y branched or substantially

st a(r]I - %h@rrgldisfaawgmon grétlhrablyfmrin&ghogiéa[t&fthm 1Aubh ac®3,4nfl, 18, b5tk 8040

randoml y distributed al ong the polynmer chajn. In other words, the block
cdBol et T0s8h 0y [k or bigh e Block B sogient 20445 ARDERE B | n

| _ flave” EPsEeRis
still a%gﬁ;('i)%cgmw.t %ref&ﬂamggla\g %&? BORRAI %R $n qu&%ﬁm;'idﬁhéay MR, ast hird

type of conpri s erent conononer (s) yet ot her
enbodioppoded fo essubstaitidblydrinchedind stbstenkially btas shapad fashonodn otbeononer s

substantially r 0 [ i buted wthin. | ock. .| th ,

mei « namtsriseabs oo a5 HogE sk Faom, Bisibl 25 e BedindPusthoft

subbl Qs hvoRds, HeB1bACE PO RHRRS bfulaRP do PUERRVRS strubiufe &EBIBWS., Whi ch has a
substantially different conposition than the rest of the block. [46] The

milst i - bl ock pol ymers typi cal | PASTHA-EBRaB®bus anbunts of "hard" and
Wﬁ?ial&%ﬁ@ Eﬁ%tggrpls)oﬁ?r{egts, ﬁl%%’f@cﬂ%%p&?&%fs &oon& lug&éhﬁf h%fve Q%ﬁﬁ@f)g 5?5110919) ts in
which comprises different comonomer(s). In yet other embodiments, each of block A and
block B has monomers or comonomers substantially randomly distributed within the block.
In other words, neither block A nor block B comprises two or more sub-segments (or sub-
20  blocks) of distinct composition, such as a tip segment, which has a substantially different
composition than the rest of the block.
[46] The multi-block polymers typically comprise various amounts of "hard" and
"soft" segments. “Hard” segments refer to blocks of polymerized units in which ethylene is
present in an amount greater than about 95 weight percent, and preferably greater than about
25 98 weight percent based on the weight of the polymer. In other words, the comonomer
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
30 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
-9-



present in an anount greater than about 95 weight percent, and preferably
greater than about 98 wei ght percent based on the weight of the polyner. In
ot her worwe,2oéd®2enononer content (content of nobnoner s poThsRovsHEES3
ethylene) in the hard segnents is | ess than about 5 wei ght percent, and
preferably | ess than about 2 weight percent bgsed.on e wei ght of the

pol ymemight percemngreaionihan sbertaS Weightpsicgnls 8EFaish ﬂ@n@(?%ﬁ()g\ggl\égﬁ ;%r%ern b

substantial ly,al Y . theeatbathdn refer to
bl oc I%ea%qr @ﬁ%ér%i‘é]%%hﬁ&ggeqt’?%?rgﬁﬁ?@ﬂgg(?mwﬁiézgr}rﬁe?&g%%’t%ﬁt (content of
MoNoRBEG 48theshtigaaent gostee e dbeuigiteaeight pencant, iy grrate thas gpeit ¢br cent
preferably greater than about 8 weight percent, greater than about 10

wei ghveigls et or greater than about 15 wei ght percent based on the weight
of the polynmer. In some enbodi nents, the co nﬁ%rr.er cqntent in the1 sof t

segnent #7tan bdhgrefisesmenia MR beIBFHEN R He e PRI about 25
e gﬂtei SR 103pERAIRI whiBA bR be G el HIENRATREBbok H@psiger,nan about 35

. greater t 40 wei ght percent, greater than about 45
el ghrefeeiblefiém abowtal weightpsrca cnisbab09 vsieght ppeensefiom abpuighleseight t han about

60 ht t. [47] The soft t f1 L0 bl ock
it orpophBracp R B Porcss Gk e o Paisen CobSRRTERRLEl of “The

total gygi fodif pRkREkK ol ABbEI SOWYBRY perd¥in€ fiRiha Bbout 25 evsigh peteefi taei ght
per ceﬁn&tag&%ggtﬂéggp&ei ghtO per cent, g?‘{pom about 10 wei ght percent to about

00 weitght 7perightpercdnt,dnomalsbent 305veightgercepiioabat 1ovagBiReTESL Yy ht per cent ,

from about_20. wei ght per.cent.to. 0] i : t 25

wei g hﬁ)ob‘bé S(:E(ﬁ‘tgﬁf?)e(%ﬁ% E‘E abaut \%2: Vg Il*ﬁ(’;}’t8 ggl%%lg[h{ré,%fa?g% gﬁ%ﬁ? H{:B%en\g/\éél? Jg;lghg?%g%eJ rcent to
about 7 Qeithi ShtenP e ERM abdut a8 WAl peidbnive aliitt Sperdgittpetasntdivhe 8 wei ght
percent, from about 40 wei ght percent to about 60 weI% ht%e%frc&znt1 or from
about wahiwfi thhblople irsernelymsTabonyersaly.ias batd spEperineante RIFEY By ght  of

t he bl ock interpal : ABREShiGRIcIARgRcasBat |1 n
siml E?Pg?sar%@gpﬁfﬁ%ﬁg%ﬂe?@gé%%ﬁaé%%ﬁe%g{dtczkee%?lg e a%d t he h_égrd segment

Wei ghtalpgsee bisedencan ditninal oS obWdER Swuchomethodbans qatalatioshpdSC or NVR.

Such net hods and cal cul at i re disclosed.in concurrent| hlLed U S
Pat entlis@ggadiip &tCPB‘FPI%ﬁV %Itlecﬁﬂss ?F‘WQEAP&W?@?P §ﬁ%%o,' —At—i—or—ng%sﬁt)g)ﬁlé? No.
385063 9995 ' > BigbybR06d B3 iy BEaglenkhi-OlefiolBloekc s*, filed on
Narchﬁﬂ(g‘?l%Zgggfn%??\jo%hgqﬂ\%ﬁe of Colin L.P. Shg%’, nLonni e Haz| iIEIt . el
Interpolymers”, filed on March 15, 2006, in the name of Colin L.P. Shan, Lonnie Hazlitt, et

al. and assigned to Dow Global Technologies Inc., the disclose of which is incorporated by

20  reference herein in its entirety.

[48] The term “crystalline” if employed, refers to a polymer that possesses a first
order transition or crystalline melting point (Tm) as determined by differential scanning
calorimetry (DSC) or equivalent technique. The term can be used interchangeably with the
term “semicrystalline”. The term “amorphous” refers to a polymer lacking a crystalline

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

technique.

[49] The term “multi-block copolymer” or “segmented copolymer” refers to a
polymer comprising two or more chemically distinct regions or segments (referred to as
“blocks”) preferably joined in a linear manner, that is, a polymer comprising chemically

30  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
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al . and assigned to Dow 3 obal Technol ogies Inc., the disclose of which is
!'ncorporafted by reference herein in its entirety. [48] The term

cryst al Iwoebogfozesnpl oyed, refers to a polymer that poseesassooaobissst order
transition or crystalline melting point (Tn) as determnined by differential

scanning calorinetry (DSC) or equival e t echni que. e term.canbhe used

] . T
i n]'E erammg@%cmy?talhﬁnﬁh thieerystallitg siEQa! &410/3 RRLYMCHGHSUEIL FORPOFHEN, IS s
refers to Q " Wle ' | irBdi [
o 11 a7 e o R D B g O r e [ 40] The
t er mapivukt bf habing dpbldimeiohg chait degpobmged hypgrdirgnebing, thefhompgeneily, pol yner

e i GOK Qg phegHGH AP GH REeTt. ds IHLGPIsE NGNS e ¢ PRERASEHELT 1 0 10

cQnpr st % GHEM B bE ¥oillipblyi§Rsitg iR xPDI 51 Niw/5h) Ableck Rnpdiigritution, end wi t h
respedé’?d]’{%olpoﬁ@rrerioze% g%h}?l%ﬁisc@flungt{i onafity, r)%tt h?al% tﬁglnli n ndezt \cl)mr
gr af tad/dr didek mnmbendistriprtéeduet therboidierpiocessmppking @fche cepalymers; ¥lfRe anount

or type .of conpnoner, i ncorporated th | L:
or ystSRpeifi By Wren e B g s Gieg (s LR SRR bsERTAL O
cr:g g})gﬁar,ﬁé gwgr%.%g?r%fgﬂrsgogmrﬁgm ﬁﬁz.?,fm@wtaqatreffeﬂﬁmy feora dtSiotd.2, and nsyshdi ot actic),
- gio-irreqularity, t f b ' ' '
| ong kbl famchd WepaoRiaRdhi Hich PR MIORUYEREP S DOPORRF ot her
emcal o Si 0 L1 iy- [
by urkaese AP i e B T Bl 2 P B 1 e Bl ok

| engt fodlippéfeiblyt fire,1.4mdl.9r bl ock nunber distribution due to the unique
process naki ng of the copolynmers. Mre specifically, when produced in a

conti nuqkgy ProcRSiie fdlf@viﬂ%ﬂmpﬁoﬂaﬁinﬁlﬁtblem dhedmed heleidl ark mpproginfate o 2. 9,
preferably from1.8 to 2.5, nmore preferably from l.cﬁ.to 2. and nost
pr ef evalbésy refgarsiiass whether the ordihabpuby ol FEREPXITRALE 15ABH mo‘?on"é“é??ﬁ(’pbat ch process,

the polyiess -OSSESSRPhy i kefleht, 9 pfeft, peRiefl 6F, 3k
: | 6f, 3B¥tihe®Moko 30t 0 2.5, nore
pr ef eﬁ’ﬁ%ﬁ“ﬁ}{hf r or??/%%}_ tagpé}.'g,p aﬁét’ st pfefer abfy ’fr om 1.4 tool]I. 8. [50] In
t hble f grcenm N@(lﬁﬁewral rmﬁneﬁimal rahge withbdowerdinsit| Rsand anampenlimiteRapgpr oxi nat e
val ues, regardless et.her .the_word "about:! or .''approxi Yo sed in
conne@isplgred; ARY BHROSH . alsl*ﬁ%)wl t}\%?%ge%,s%cggpﬁ%mssloge%ép g’éﬁfc . latlg’s%gr cent, or,
somet f&ﬁ%vinélgurhﬂerg Qrithin the range are specifically disclosed: R=RMk* (RU-RL), wherein k

is a variable ranging from 1 percent to 100 percent with a 1 percent increment, ie,kisl

percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95

20  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.

[1] Embodiments of the invention provide soft foams comprising at least one ethylene/o-
olefin interpolymer disclosed herein wherein the foam has a density from about 10 to 150
25  kg/m®. In some embodiments, the ethylene/a-olefin interpolymers are a multi-block
copolymer comprising at least one soft block and at least one hard block. The soft foams
disclosed herein can be prepared from a foamable composition comprising at least one
ethylene/o-olefin interpolymer and a blowing agent. The soft foams possess a well balance of
desirable properties that are suitable for a variety of applications such as acoustical insulation,
30  vibration control, cushioning, specialty packaging, automotive soft touch, thermal insulation

and impact absorption. In some embodiments, the foam contains less than 5 % of gel
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percent. \Wenever a nunerical range with a lower limt, RL and an upper
limt, Ru, is disclosed, any nunber falling within the range is

speci f i cavbyoat/meisosed. I n particular, the follow ng nuroens20ustonsss t he
range are specifically disclosed: R=RL+k*(Ru -RL), wherein k is a variable
ranging from1 percent to 100 percent with a 1 rcent  ipcremen l.e., k
i s 1mpevcehaccorlipgiochRiM Q—%é?*@gﬁ\g?t %dﬁehﬁé‘h‘f’,e eg"%ﬁ‘g‘frtegfﬁ &‘.e.f‘.g?m%%)reper cent, 5
1 percent. ercent ;. q S Dlre n3PcBS-GRRA, 97 percent, 98 percent,
99 pgl?oé%'h{]lfesdgrlﬁf rﬁglpgglme}l%h}ohfggg%gr,mgnyc nuner | cél range defined by two R
nunbers as defined in the above is also specifically disclosed. [1]

Enmb o gkiidieso -Oflefidtdrpoleimeison provi de soft foans conprising at | east one
ethyllene/ a- ol efin interpol ynmer, disclosed  herein.whereid t m has a
densi t yIS2} om aﬂb@@ﬂw@nﬁ@"i@én Rﬁ?‘??ﬁfymﬁrs 5dn 8@8@1‘1‘1}?8 toé,f?h % ﬁgeﬁt&gi

ethyl ene/ a-ol ef m i | 1@ ot “iivbitiveoBfercpRptiR ki3 eRrandi Ng at
Iéast(aq%%ée%%ﬁ(ﬁoﬁfo{é&g%n 1%‘?5{"3%{?% gne harde?looqk. The Igoft foans di scl osed
her eigfe 6@&0?@0(?’0%9@61‘&@&% loeolefin tomondrhers ¢ pplysietizeshforongharanterizedy| east one
et hyl ene/ a-ol efin interpol ymer and %bl QV\%{]I% a(ggnt. 'tTg%eerf t.nf oans possess
a welnhultipledhecks of sepmentsa5|two gF Bl9&s Pelymerired Manamer ynjty gTferg m =y o 5 or v of
appl i gations. sy LeRlinfe R AL GefertbBr AfRRbRER t6Ylymeshi oni ng,
specicﬁ?waggrc@gé?ﬁg?mgﬁﬁ?w@gﬁgénsgﬁwtor?i%? et htg; mal insul ati on and i npact
abs OrHel Bl edefo- STR iRy Mas s chiatretdrizedby ont ai merel afdke a3EeiS5 % of

gel measured according to ASTM D-2765-84 Method A. In sone enbodi ments, the
f danmslesgrbedragsellawked. In ot her embodiments, the foans are not

cross. | iped Ghibgbagelandd atyiond AloRrRakIRI fmbS AhedEntictiencsitel of i

i nt er po rs used in erfbodiments of the invention 5 (also referred to as
" nveRténtenibates P/ Vixdrom aout il Mteabowte . paid atdeasy o ing owth\a dhe and one

I i.zabl, -ol ef i J ' I '
Char sdsgeser BetpByHGeETah & Bisstrdedne aghus Yir e BERCE R Of | e

nono ' ik 63ddng thdveiemdg®l or physical properties (bl ock
I nt e[@%l‘l%nrlrééﬁrlﬁwpreeﬁrabl y g mul t il?bgock cofp mer. The ethyl ene/a-olefin

ol
i it er pol ynEg 5 -2002.2 hab3856hi-24d2 3 dorrad gre ﬁ’@bé’ of the aspects 0 described

as Toll ows,. [53).] 1 4%, F3PRYa0 S, BhFMcRNefcdlf 1 n 1 nt er pol yrrer's used i

Ty > 858.91 — 1825.3(d) + 1112.8(d)".
[54] Such melting point/density relationship is illustrated in Figure 1. Unlike the

traditional random copolymers of ethylene/a-olefins whose melting points decrease with
20  decreasing densities, the inventive interpolymers (represented by diamonds) exhibit melting
points substantially independent of the density, particularly when density is between about
0.87 g/cc to about 0.95 g/ce. For example, the melting point of such polymers are in the
range of about 110 °C to about 130 °C when density ranges from 0.875 g/cc to about 0.945
g/cc. In some embodiments, the melting point of such polymers are in the range of about 115
25 °C to about 125 °C when density ranges from 0.875 g/cc to about 0.945 g/cc.

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

30  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
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i nvention have a Mv M fromabout 1.7 to about 3.5 and at |east one nelting
point, Tm in degrees Celsius and density, d, in grams/cubic centineter
wher ei n twe 20esmeeiscal val ues of the variabl es correspon@ctraskive/009853 ’
rel ationship: 5 Tm > -2002.9 + 4538.5(d) - 2422.2(d)2, and preferably Tm >
-6288.1 + 13141( 9)§ 6720. 3(d)2, and nore preferably Tm > 858.91 -
I1|8|2‘3 fgd) AT 21 1RO+ 6094] Such nmel ting point/density relationship is

| l4gro Wil f
N A S o
densijtgi qsh,e CQRESTAVeREK italctenmarcd akipget bagtrSopereant of the copulatizedpysrt exhi bi t

mel t t b
densichit BahberacaaTarenbI sty Sherty i e g GRTb e PR ICE 3, 1T
el LAt O 95@#&25 ROLY B BICCRY STAT SARAGCOMAIRVSTARO C L0 about 130

en5| rom 0. 875 g/cc to about 945 /cc In sone
enbod¢rﬁpaiataxe %156 °Gpind AH ipthe mumefical yelieod Iﬂ}ﬂrﬂiﬂaé()%ﬁlélophn {Be M%Rge of about

115 5 t t 125 t f
i clo D g M ARt oo
i n ng fytirer. z?ilré Qrsﬁbwﬁf)ll&’cé&ﬂﬁa fd}qnﬁéﬁﬁv@pollyﬁfe% &-vodlbds omlara:hvar e

char T, degree Cel sius, defi

t he texhinpks. mtégreteérpﬁiﬂmre menlgte@metﬁtlﬂrﬁﬁwa{g %é%s eg&r%ﬁper at(t” i
iR “r)ep foé&ﬁ gﬁgﬁead't'g @M@%ﬁé thhiga! Tﬁé‘d}% 81'13){%@ sﬂfm&fdr@ﬁ@;tah@an

(*%cr ea sron in DH, and DT and DH satisfy
the fghyigw d&eﬂe@ompamsb ipplsmeRTcorres fonti2 aoerduaicd\ B -04RA% pMEX br abl y DT >
-0.1299(DH) + 64.38, and nore preferablyDT -0.1299(DH) + 65.95, for DH up
to 132.8V.g. Mor eover DT is equal to or greater than 48 OC for DH greater

than 130:4/9. The '%hé &h eﬁ@&mlaﬁphn d1gmais Haeas indfe
dqubrcent of
t he cun':ﬁ?bjtlve p§7 yrrer ﬂe peak rrus%bﬁ?e%rnesent at Ieast 5 percent

of t h@adtiomwiath siatep bletymaen )40 °@ ladd 130 1G wien Fadti@atdysingckRmperatiRd I8y mer  has

an identifiable CRY h h
i & t hlufopEractignatipgy Tﬁﬁg}?ﬁ?ﬁ@f é%?zeﬁff? h%l g%é?ﬁgoﬁl s Ie\i}é)&&epr efn% %aeglcy, atn ﬂeDH
hi gheglnSdRNRHAY, pp&aalabRof Ik Sp&tert Gadkr, h(bré@faf&ably@ft leabtel Ocpeneeinit | ve

higher, than that of a comparable random ethylene interpolymer fraction eluting between the

same temperatures, wherein the comparable random ethylene interpolymer contains the same
comonomer(s), and has a melt index, density, and molar comonomer content (based on the
20  whole polymer) within 10 percent of that of the block interpolymer. Preferably, the Myw/Mp
of the comparable interpolymer is also within 10 percent of that of the block interpolymer
and/or the comparable interpolymer has a total comonomer content within 10 weight percent
of that of the block interpolymer.
[1] In still another aspect, the ethylene/a-olefin interpolymers are characterized by an
25 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/a-olefin interpolymer is substantially free of a cross-linked phase:
Re >1481-1629(d); and preferably
30 Re >1491-1629(d); and more preferably
Re >1501-1629(d); and even more preferably
Re >1511-1629(d).
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pol ymer. Figure 2 shows plotted data for inventive polyners as well as
conparative exanples. Integrated peak areas and peak tenperatures are

cal cul at estolayogrfoersconput eri zed O drawi ng program suppl i edThs2406@0988%t r unent
maker. The di agonal |ine shown for the random et hyl ene octene conparative

l 1 d h | = 1 .o .
Dot her 8pect . Fane LitkyrioeFasapEfitheachory fepsrhivare a1 v
fract e ol e B 1801 AR 06 ARAIAGHAI AGashanchiagty. dateskatel ng

Tenmperature Rising [ ution Fractionation ("TREF"), characterized in that
sai d flemity,tbeinvastie intsrpolymorsdavesubsieohialbhhighsrglastic repoEerssabl y at | east 5

percent hjigher, nore preferably. at. |east ' that of a
conpar adgg] randg’rﬁoér_f%%l@?fgmf“ﬁtf’etpﬁgw ¥ “#%éfﬁéﬁ@&ﬁﬁ%%%&t&mggﬁ the same
t enpesdnsfieshovihioNePd) pkdterabBriRhsIRI seei@h dorm MPhyheRerefRiadlpoteysitr cont ai ns
t he sane cormnorrer(sz, and has a nelt 1 ndex, density, and | ar. conmononer

E Fnt Eat;rer(gﬂa& &3 Mbp rom e 2atipn piyhreak ofi gt {eaptPODekrsnk anfire prelerally abs ¢ he

ock, i nt-enp ' I [
Al o P eE e Bisplrfil e oht RO BN ind G IR A B RRET Ve 1S
CorrpaQta(cnb%&cfrﬁtatea ﬁ?ﬂs%hﬁ&di sml Sal;c'ﬁ)_ntraﬁea)lfltonﬁnbmﬁg clont ent | \lM thin 10 wei ght
percent 0 at _o e ck interpo ) ti h

Gt hyi endlbtl ol of it Pheer B ERS: 1t eligiedr Beilet busbusk h ER bt e B covery.
Reo | lhRBLE ?zﬂfo &b i %@g@@@d@), ﬁﬁ(ﬁh 1 1§56, I%eféi/&)!l}efrﬂﬁaﬁ%rﬁﬁn% pPreferably

conpr essi onno ded an et hyl ene/ a-ol ef m i'nterpol yner, and has a
densi tfom Hio 1) agd/em)@Ul°C comprdssion eet of se thanB0tmeecent peaferehly lossithas of Re

and d,satisfy the | owi | at j ' h -,Ql ' I

o suBlesmentpiropgdess o borsgedh) REE ek sHHEke kY 55 0R 10 8-, Bhh PO V™!
prefert@megreggqofgé%;o%@&%g); and nore preferabl y Re >1501-1629(d); and
even nore preferably Re >1511-1629 d).[51§%5‘1 Figure 3 shows the effect of

densi ty Hilestdsether ebedimeytss e chisnparleln mtsrpelymsehavednicer t ai n
B I A e e R
r ecovesDipRecent. Preferably, the 70°C compression set of the interpolymers is less than 40 percent,

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

[62] In some embodiments, the ethylene/a-olefin interpolymers have a heat of
fusion of less than 85 J/g and/or a pellet blocking strength of equal to or less than 100

20 pounds/foo’[2 (4800 Pa), preferably equal to or less than 50 1bs/ft* (2400 Pa), especially equal
to or less than 5 Ibs/f? (240 Pa), and as low as 0 Ibs/ft* (0 Pa).

[63] 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.

[64] 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
blocks. More preferably, the copolymers include at least 5, 10 or 20 blocks or segments

including terminal blocks .
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[59] In sonme enbodi nents, the ethylene/a-olefminterpolyners have a tensile
strength above 10 MPa, preferably a tensile strength > 11 MPa, nore

pr ef er ablwoaodsensishe strength > 13 MPa and/ or an el ongaPcenusadoshomak of at

| east 600 percent, nore preferably at |east 700 percent hi ghly preferably

at | east 800 percent, and nost hig referabl at 900 rcent at a
crosshefﬁ]separ%m@}@n?eéﬁént@?t@iyhb‘?ﬂlﬁ%/sﬁ S lﬂ?ﬁe& nts, the

et hyl » t
G ( SubihRidteS b B HPH?%I%%#F%%SS%%%?&?‘ﬁ“ﬁz{bmﬁgﬁ"?" égf%%ed Tor & pref erabl y
1;); Ce)][nel\glbtgloﬂz&l fc@lpdlymfer{ &) blendé @I @olynmys M@nﬂ%@ﬁl}’dﬂ%@gﬁf sarveggh ?)er cent,

ably | ess erce I I t 6
B0° perohani: degrabli Scuet pttpaEd ik REgihe astianoash BebR sl SLEfT o o°°° 1Mo
P8I C&Bhheratre ffi{l}éé bk l(*)°CQ§rhé‘srs gihod] BN beitedt iR tieh Ryd £osllcetioh ehiperature
[ nterp yners ve a 7Q0C conpression set of |less than 80 %@ﬁcent | ess

t han windperofdfiC ot less Iﬂmm&oteplgnqmﬁald b}ockgggrpphgrpﬁrgba\f;eqt tonepy ef er abl v,
E Egn7gélgﬁn%$t%}£asv§rl}ggas g %{a{ﬁglﬁ%pog%cl) tn%‘r ROk getﬁén A §0Jr§§§nélﬂ%ﬁaét%np(ﬁftﬁ@m | ess

out O percent.
[ 62] édﬁnmem@@@[yﬂ@f\ts the et hyI ene/a ol ef| n interpolyners have a heat
of fusion of less than 85 J/g and/or a pel Itg; bIo Kin th of equal to

or | ess [tharanother peweetathefinempve pelymepis)an qlg ’é‘FeéB‘I’ ying LPé‘?fjéTtaE or less than

50 I bs/ft2
arly aéonll%m 48\9F€%(§1%%83@%: L:X}T(g%{%zr?i)%téggdngﬁﬁgst1??3@%}?2&%& fdré, (240 Pa),

et hy| gnedoerizeé biy Amiltple bheky (ex,ut taspinioddocksonseymes iof o pomae at | east 50

nol e percent et hyl ene an ave .a 7Q0C conpressi o t th 80
per ceprlymsragdapapqmer|uis dif g’c ine 75 chpical it b ng?m?ai ?EOrhefSitg% @00 pgdrs i ent, o nost

pr ef ef gl Yy h &S mbidtertfiblyPa RRIRSIRR Rbpct ﬂ@éliﬂbl&kciht@ IERshapRpeent . [ 64
In sone n'ggﬂm © he}?r%tl-b | ock I():o%ge (posseﬁﬁb}&ﬁds w |gtt|ng<[i ]

Schul pakRbutrnot fliss & mdmm firacéerevhiethelites bmre@@ 69 Coangt H%@t(b‘éﬁmhﬂ%
720 g S he AL B i A e tsaer e block
20 m(;ls E(ﬁt&?@ﬁﬁ?k@{lﬁ%ﬁ%ﬁ%ﬁ&{d Baﬂnﬁfa-rﬁd aristrb0py When Exeihded edngrafidll bl OC K
t er >ro;acllth/half maximum (F\?‘\(7)I-rI]M(31 Ia?elanc%lcula%[)n n}grs gn te)llfe(}ggesmg{ar %gggﬁg&l& clog ent’ di ng
higher, preferably at least 5 percent higher, more preferably at least 10 percent higher, than
that of a comparable random ethylene interpolymer peak at the same elution temperature and
20  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
that of the blocked interpolymer. Preferably, the My/M, of the comparable interpolymer is
also within 10 percent of that of the blocked interpolymer and/or the comparable
25  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 [CHs/CHy] from the ATREF infra-red detector, wherein
the tallest (highest) peak is identified from the base line, and then the FWHM area is
determined. For a distribution measured using an ATREF peak, the FWHM area is defined
30  as the area under the curve between T; and T, where T and T, ate points determined, to the
left and right of the ATREF peak, by dividing the peak height by two, and then drawing a line
horizontal to the base line, that intersects the left and right portions of the ATREF curve. A

calibration curve for comonomer content is made using random ethylene/o-olefin
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bl ocks. Mre preferably, the copolyners include at Ieast 5 10 or 20 blocks
or segments including termnal blocks .[65] Conmpbnomer content nay be
nmeasur ed weio@/@esisui t abl e techni que, with techni ques lpasacs2@o/ oosss ear
magneti c resonance ("NVR') spectroscopy preferred. Mreover, for polyners

or blends of polyners having relatively broa
dfasi capolymeérs, Wlpitiog comapemefAREH! g’i“ﬁg‘”ﬁzﬁﬁﬁqsﬂ;{%ﬁﬁfﬁ%g irr%/)t%:dfé%% ﬁ@g{nygr an
2 gggg%gﬁiggﬁl{j?t fecrell od? ﬁiegf%a bn gﬁ%@ is ddhtatddSfor fRGHmE cuieHoheAct i on has

_ erature w ndow of 1 or less. Using this techni que aid
bl ociple iF ritorRbty nlﬂfe&ohmemattcdnmsofBREFmdhowlamenﬁvmgﬂlmgr %?nrheghe? mol Zr'

conononer content th ) di Lfr. '
"t cripenyined by FapeReing gt FUIPTALPeRrve e TR b pRIAARE || of
I nt e?@%&%ﬁl@%ﬁg%yﬁmﬂ sing ethyl ene and one or nore

copo conononers in polymerized form characterized I ti
bl ocks [67]e., &tonh@mater c«mtemIrmﬁo’K@)m@ﬂsu@égﬁWta@Y@Pﬁ%%teﬁlimiﬂ% i yI ;ru me“ g LS

nonomner units differi.ng i n chem cal ' j ed

"t ersonies foscikgs tuirdrerkely o (VBRI S e s RET g, (RnRue

i nt ert&%h%[ sallE¥loBigk dan iR Ry rhéty hadibhéruBdlaBcomdmmer aontbmtdbdan @n) whi ch el utes
bet ween C and 1300C (but wi thout collecting and/or isolating individual

fe;?pﬁg?a@ogdhl!gmoamta@bldezie@mqmﬂﬁat sai d peak, has a conononer content

! y infra-r ' Winstirh/ hal f
i manf vy T B O O A e e et
hi ghefs aRbBhbas@b dondint bes TREDRadenteldtingtietweenshOangdrld P& aishigr henogast 10

percent higher, th t hat of [
B Feausah e B OGMDEY Bt A e RBLHEA ESr g G B bl 1 T
Fﬁ?;wﬁgnéﬁevﬁ%gzgfﬁ+ 52§ WviRdrd 315 (iR RkRalSAlE STanPpdakilgichandpeerdy| ene

‘the same conononer (s) and has a nelt index, density, and
mol arofahePREBFEkactionbeing conpated, oeastted inffol e pol ynmer) within 10 percent of

that of the blogcked jnter t. Preferabl
i it er poll9Mer i sIg]gP’éeo‘l W%Fﬁl%%%bc& YRt %Cﬁgﬁeﬁta%ﬂgfblf%h%rgélgg%% ﬁ?gf Sz)?glrrgr
and/ ogy the. SHPAERRE ShiRLYAVIHE oh@pR: Cofitatt venms TREF clabnt ent wi thin 10
wei gh ercent of that of the bl ocked interpolynmer. Th Wi dtJﬂ hal f

Cers

( full

maxi mempefank)forseieral enmpatatile ethxlsael 1 igtang antpREESS (random copolyier
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

0 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
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.

25 [70] 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
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
5 is represented by triangles. The skilled artisan can appreciate that an appropriate

30  calibration curve may be constructed for interpolymers containing different comonomers and
a line used as a comparison fitted to the TREF values obtained from comparative
interpolymers of the same monomers, preferably random copolymers made using a

metallocene or other homogeneous catalyst composition. Inventive interpolymers are
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methyl to methylene response area [CH3/CH2] fromthe ATREF infra-red
detector, wherein the tallest (highest) peak is identified fromthe base
l'ine, andwohess/tobes1FWHM area is deternined. For a distripbutisemememssyr ed
usi ng an ATREF peak, the FWHM area is defined as the area under the curve
between T1 and T2, where Tl and T are poLnt detferm ned, .to the left and
r i ghthagdctertred AyREROlpeegmongpes coRteRt AL Vﬁt&‘ieélﬁfenwlefl\t{@?l d then

d_ravvi .line haqrj zont i ne i ft and
o i shE b B el ARl ol Bl hdont ok |
cont gte hrefeiile atRhdsid Openeangredttry | ene/ a- ol ef i ncopol ymers, plotting
conononer content from NVR versus FWHM ar ea.raiei o0.,0f, .t he 1’1%

this i ifth- r ed neddiden tortheakoyeiaprestsiaf PERSGSs; deserihid hstely REir?“’ rﬁ% ad

€
0] e sane

Comnolir{r\;ﬁlrersé %q?@oeoéha}a@{eﬁ%%?%yeory}ﬁ_Iﬁ&%ﬂ&ﬁ'ﬁ%hal%ﬁﬂﬁa@ﬂéﬁs@s. TiRbiee padt, tfe t he

ihyeﬁ?_ e mer can determ ned by referencing this calibration curve
usi NgnvehivéptineEishinlolefimintetpdlgmer, preferably campusingiatyytgag |and Png ALMPREF peak.

[67] Conononer content b d usi : : .
[ S7] Soronoret contont, 12y b TEsalsth UBLAR A U Alepbagiy aue. W h

pr ef eLrfids SbivRPord bR 264 BronS@kfuritsaiiffedng itchemed fvak hi gh
nol ar %om)shomer conter?%g?ﬁr?gr% a cgrres onsdi ng cgonparmblagnﬁlgéb%gl ylrrgr?r[68]

Pr ef eragertes (blockédintarpaymens mosprefeiablyenaubinblogk senrodyfaet. #4 ck

i nt er,pol r has.a conmon o) ti I n

40 arbopBEmRer P iea SO RAR G BaR A ek By b O ) 26e 07,
mor e {RLabRiabhing TREFSAcrtMaits @haegitized i thitesaijfeartion paga Mok013) T+ 21. 07,
where T is the nunerical value of the peak elution tenpe gLure o t he TREF
f r actdogenpeicneprieihighss Proferablyrad fpas cetjt GghefsmerP Bre ra{’ é’r#l Feé‘%ﬁ {Oy depi ct s

an en]%?g{) ﬁg?% B%Gﬁtl}ﬁgl{%hQﬁé&l Bt FaRQ bie RhdsthRulydae ineeholyattneonhere a

pl ot nonmer content versus TREF elution tenperature for several
conpadladtlgebetivbat the edmd tearteentares, vberqin kaideomparabledendoappdyigatrs) are fit to

m naeimd eblec _
C quatispoqume SoRiRet e sane nptortp el i e e poREnoRpEy B! 07

are the ONRIOFEE ORHEMIS dofHonBnkf astéTbased of eheewladle polyaier)ewitlindle/ 1
-octene I nterpo yng’rs of the invention Sul ti-bl ockﬁéggol ymeif?). AUof t he
e

bl ockpéreent pthiay okthe boglsed inrespiizmer. Hrgferabliodht My/Mp ghite comg
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

20 the blocked interpolymer.

[1] 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 fraction eluting

25 between 40 and 130°C greater than or equal to the quantity (- 0.1356) T + 13.89, more
preferably greater than or equal to the quantity (-0.1356) T+ 14.93, and most preferably
greater than or equal to the quantity (-0.2013)T + 21.07, where T is the numerical value of the
peak ATREF elution temperature of the TREF fraction being compared, measured in °C.

[73] Preferably, for the above interpolymers of ethylene and at least one alpha-

30  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 fraction eluting
between 40 and 130°C greater than or equal to the quantity (- 0.2013) T +20.07, more
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content than either line at equivalent elution tenperatures. This result is
characteristic of the inventive interpolyner and is believed to be due to

t he presewoeo@liodisif erenti ated bl ocks within the pol ynercchseesiodsayi ng
both crystalline and anorphous nature. 5 [70] Figure 5 graphically displays

t he TREF d t ent f f t 1.0 f EX le 5
b cormfsebi Esvalerihen Op G K St 001 ShEY BEQE: bRt TS e BRI Tadoc
pref egall ¥ i g&‘%@{%&@mﬁé%ré 8f thB TREFRAKIR beireSohdafdd] Meaues innCo three

parts, each part uting over a tenperature range of |ess than 100C. Actual
dat a f of74xanpl Ia shlliapothepaspseinthe dovsptive pelpigicets anthefisinfarpdmes t i san can

appreci ate that an appropriate O calibration.cyrve onstructed for
i nt er%feﬁi%l‘ COTRRHTIRG %ﬁ%ﬁﬁﬁﬂ? RIS R L L!)rkedc%{rrlrﬁ‘)ai[|¥0r1112é%Sufshed as a
Posrrpa%ég PBrifddttbeA éﬁlarabt&@izéfcﬁ&fm\tlﬁipmlo@lmwse et @FWOOPAORL forEmerized

i nter ynmers of .’t e sane nononers, prefera S!;é random copol ‘y)rrers made usi ng
a met mohooenmits diffiringrinisherpiseherabssiealraprestiosdblasbed Itapolypg)erety e

i nterpo rs _ar aracter i ¢ ter than
e VBRI A SRRV RRE el iR Bl AAEDARTY o AONGERE rllafA o [ DE0
t enpefatcileBitedbetfednadley aall 186 whon fiaci@ntedgrséat BREF imremgrtef er abl y at

| east 10 percent greater. [71] |n addition to the ab@ve s&)e ts and

pr opefharacierized it F}Eé%l"eﬁﬁéffé?tiﬂn Ital"f@_gi ARPERTOTRET RtEat &t teast aga t_cﬁﬁrﬁf’]ﬁcjt eri zed by
Orllf ﬁ%er@{t,%aQQ%éltiQ%B&in{: Bt%f{h%ﬁ 'aﬁ(gdtqé?"d.nFMEos%sfPe@:ﬁbns B;%lgna[lventl ve
polyner "i's’an olefin rnteérpol yner, preferably conprising ethylene and one
or NDEeneEIMr\oRichzihhaboatrfomolegrescenttopbbyiremokepkréent.reveryHaction 88§ zed by

mul tiple blocks or me f .t of, nore l.ynetized r.units

di ffe%&?gmﬂﬂng e egﬁ’%é? TL@@‘?@%&& Qi P’fegﬁgrgt(l&? %&i@@ngfggpo Pff_msr), nost
pref e'h?xhhg' aPlefBi 1 tholJeRekt CRRRIOUTER Mhas 8DST BleBis politehnebitesponiiatsithy a

nol ecul ar"fraction which elutes between 400C and 1300C, when fractionated
usi ngedqiEpPni ncrenents, characterized in that said fraction has a nol ar
cqnonomner nt ent.ai.ghe r ef X . r t higher, nore

prléf er abl ycf(@?}lzﬁ'gass({%g&c’ﬁ R%‘,%ergﬁgélr%g%e%ért%egﬁﬁaho?%ﬁgrs,%g%ahan that of a
conpar abj7g] r andesy&tanyihengspedt e poleytes pblymet isom défirt ingpdiphesen the sane
t enperatures, wherein said cqnparabl e ranijom et hyl ene i nter.pol ymer

conpr ipsderablyconpRsing SHYRFIREANI ONe OHMEreFORRIYNETIZaple COMENRMES IR o pnomer (s) |

Sg ? y ﬁ@?&n&var{zﬁg ﬁ&% OENRUL N zedHYIntBbR b1 GRIBP UL entOs 1 RBlor (RAS Blyierikée whol e
monomer units differing in chemical or physical properties (blocked interpolymer), most

20  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
equal to about 76°C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding
to the equation:

25 Heat of fusion (J/gm) < (3.1718)(ATREF elution temperature in Celsius) — 136.58,

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

30  equation:
Heat of fusion (J/gm) < (1.1312)(ATREF elution temperature in Celsius) + 22.97.
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percent of that of the bl ocked interpolyner. Preferably, the Mv Vnh of the
conparabl e interpolyner is also within 10 percent of that of the bl ocked
i nt er pol yweno@ma2en t he conparabl e interpol ymer has a tetalusc@snisser

content within 10 wei ght percent of that of the bl ocked interpolymer. [1]

Preferably, the above interpolyners are int r f ethyl ene and at

| eastATREFPeak @?mQHOQ%G@mOF?‘OP%%“FWE?@&F%@ ﬁ&% ﬁ‘é %% whol e pol yner
densi ty Hom abgut f‘%ﬁémize ak BAPbIRERURTAR RN IR4T OF
polyrrerﬁ’ﬂaw nbﬂj[r‘?ncrogel1 Sﬁ%&%ﬁﬁ&'ﬁorﬁ% | e perc et conononer, the gﬁdlnocked

i nt eriﬁﬁh&t%det&asr #vailable fonePolgmet Ehdar, Valehtie, S{REF fracti on el uti ng bet ween

40 and 13Q0C greater, than_or equal to the quantity (- 0.1356) T + 13.89,
m)re @ﬁéﬁ&%@%ﬁéﬁ%@ﬂﬂan or equal to the quantity (-0.1356) T+ 14.93,

w] ref er-ahl sogi8&tieh IﬁJ@l@""oPﬂhe@Giééﬂor {s®equlipedvarmid myastirdhen013) T +
2 .07, re Tis the numerlcal val ue of the peak ATREF el ution,t rrperature

of t hendREEH,) at donrpobition gemsonfiailgdhat meefixadarnriony rnd ipfrayediligre iy for

t he above i MBS S f eth Ien pecially
{ hosareimataspy oY a1 nireSheREs R Qb 1R mORFIcAL FORD) iy B PPC
about 4. B/ (*ARN daBeHRIResD ms:pcaymyr ddihberﬂfﬂuysﬁm solbéor)vehikeohe t han about

1 nol e percent conononer, the bl ocked interpolyner ? S a connn ner cont ent

of theorf[REmeanamqr dnteets the rngthrzsb@l@é lgﬂws aﬁ@em e pathe 6?1 equal to

the qu R ﬁ'ﬂ%t@&h@qual to
t he qﬁgﬁf’ ’ifl‘p%s%oﬁég%f)(qﬁgﬂ%g% ere |s tﬁgelk%a&?fgr??%asevsa | ue of the peak
el uti esmbmmgcahtentofahe mhmﬁ:ﬁi%lymM| solutioeiand its cespamseds catibeated withi n 0C.
[74] In still another pect, the ntlve polymer is an olefin

i nt er seeWmethylepe alphz-g WCBBWP}‘%F 36 SnyI ene and one or nore

copol y”gpb]gab' eTho ?&%ﬁeﬂ DscAAMER] ATREF iR FIm@PpFovideg bbed by nul tiple
bl ocks egnents of two or nore polynerized nononmer units dlfferlng I n

chem eamcentratmny(gkb;aanqowamgmstuoes(%) gighal despanssrqsshe elteyl polmrar dyriBg Biabl y a

mul ti - ck co k_interpal I raction
T 0SB M 294 P el AR B0 AR TRt of ot
i ncr epgy @1H tcOBL ﬁﬁ%@ryhie@éjwitﬁ khbwh cemehymér @ﬁtdn@(prél&mbﬁggm&asumdhmner cont ent
of at |east about nol e percent, has a nelti g poi ni} great t han about

1OOOCNNZIBD Thesomonpmer ¢amtant RHYR AERéFd&%RBﬁEP YEWsH campe But 3 ol e
percent 1 9.A0RY erelR! GBRHEEYF theFES ¥t fbARdak %} théfrdividual CH; and CH,

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

20 [80] 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
based on the ratio of methyl to methylene response area [CH3/CHa] from the ATREF infra-
red detector, wherein the tallest (highest) peak is identified from the base line, and then the

25  FWHM area is determined. For a distribution measured using an ATREF peak, the FWHM
area is defined as the area under the curve between T1 and T2, where T1 and T2 are points
determined, to the left and right of the ATREF peak, by dividing the peak height by two, and
then drawing a line horizontal to the base line, that intersects the left and right portions of the
ATREF curve.

30 [81] The application of infra-red spectroscopy to measure the comonomer content
of polymers in this ATREF-infra-red method is, in principle, similar to that of GPC/FTIR
systems as described in the following references: Markovich, Ronald P.; Hazlitt, Lonnie G.;

Smith, Linley; “Development of gel-permeation chromato graphy-Fourier transform infrared
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DSC nel ti ng point of about 110C or higher. Mre preferably, said polyner
fractions, having at least 1 nol percent conononer, has a DSC nelting point
t hat corrwepord®21s0 t he equation: Tm > (-5.5926) (nol pePCeNS26H0IBSIEr i N
the fraction) + 135.90. [75] In yet another aspect, the inventive polyner

is an olefin i pre abI ri,s n nd one or nore
copol SRFSHPSERBY x ggﬁﬂﬁ%ﬂﬁ}i@ njof %W&P%@?@Fﬁﬁ g%ﬁ?iéaﬁ%r? ﬁ) ?wfb‘*y mul tiple
bl oc kMa@énma{&%%n@En bi¥Beritg 01!99@%% WEEI00Z @eld TRERIREs UNI .t RoRliffhgeri ng in

chem cal or ySi cal properties (bl ocked i nter pol yrrer), nost pr eferably a

mul ti Dl:ﬂloShleEo@ @antli@mgdhbﬁ@hmnubﬁwhml mieeastrhetyen ¢t ethiisned utlefin f r act i on

whi ch t es betvve TREF

i ncre yherg Hélpg&z&q(én%or} %rhf) #%fné\?g%n? rF ggﬁl&(}#%?%@qﬁgéﬂegg ATREF el ution
t eqTpegmcttbeeopy S EFTIRPN Pl e (2002Y, GLSQBQHIVO /66th ofiadhich areldcogiidted by (heat
of fusi on) as neasured hy DSC, corresponding to the equation: Heat of

f usi off Qr\wgﬂjer%in(ﬂsthPIPBWGMREF elution tenperature in Celsius) - 136.58,

[ 76] Th vent on whi ch

it es B8¢heen HORELATARHRENE, HIRES, QA AcR HRlFR e ST ot o

ghar aelha&actté@xédlbyl dnhagrtrage Blogk irrd;m; ABh wiiielt ishpgreatarth#: W ard up kcoaboneihPer at ur e
et ween_ 40C_ an ess than abo 0C, has, a | t. en aI at. of fusion

as neé%%?éﬂ)?ﬂ/‘ &e1e E}F‘Frg)élﬁﬁ » SIEAR ﬂéﬂlﬁg’%hg tIfig %f‘é‘?hﬁgf’lf)n (J/gm )<

( Jro 133k ALBER: ﬁfe% ab@rgge%ﬂhe bfockindek! (BB Yoreadi ofthe PivaRer FRBKOHsOMONOMET
Conposi tion I\/Easure nt by Infra-Red Detector [77] The cornonomer

conposbtaired 1mprqphlet1TeREREﬁéiaﬂm 2eie el WS uwishiam gicrement of R4 i nfra-red

detect or avail abl e from Pol yrer ﬁl e% iia, Spain
(http://wm. pol ynerchar .cont). [7433 T}’pOSItIOI’l node" of the detector

is equipped with a ure nts ndco tion s
that are fi"sE lg%\ﬁsrtg‘a@ﬁgﬁ%&{@ﬁff? étgﬁfqu?%%gt ﬁn‘feﬂ bYIBPle/ BTO?‘%SgbO 3000 cm
1. The BHRRME Thinedeh pRpadGVE TREH Q@dwefs myé ‘@Qi%hi(lgf@n ARIPeRsiton t he
pol ymer (wHich directly relates to the polynmer concentration in solution)
whi | e fitabigon.
[83] For each polymer fraction, BI is defined by one of the two following equations
(both of which give the same Bl value):

_UT ~UTy o InPy—InPy

“UT, 1T, LnP, — LuP,,
where Ty is the preparative ATREF elution temperature for the ith fraction
20  (preferably expressed in Kelvin), Px is the ethylene mole fraction for the ith fraction, which
can be measured by NMR or IR as described above. Pag is the ethylene mole fraction of the
whole ethylene/a-olefin interpolymer (before fractionation), which also can be measured by
NMR or IR. Ta and P4 are the ATREF elution temperature and the ethylene mole fraction
for pure “hard segments” (which refer to the crystalline segments of the interpolymer). Asa
25  first order approximation, the T and P4 values are set to those for high density polyethylene
homopolymer, if the actual values for the “hard segments™ are not available. For calculations
performed herein, Ty is 372°K, Pp is 1.
[84] Tag is the ATREF temperature for a random copolymer of the same
composition and having an ethylene mole fraction of Pag. Tag can be calculated from the
30 following equation:
InPpg=0/Tas +P
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conposition sensor detects the nmethyl (CH3) groups of the polynmer. The
mat hematical ratio of the conposition signal (CH ) divided by the

nmeasur enewd 208e6gads1(CH2) is sensitive to the conononer eomtuspiocodIsshe
measured polyner in solution and its response is calibrated with known

et hyl ene al pha-ol efin copol yner standar.ds 79 he t ect or. when used with
an ATREF i'here giaahP apt BV Qasiapst %“‘@&h?e"r‘?f%ﬁ’f e. :Py(%g(%a R Y8 Aposi ti on
(CH3), Si3pat I iald6m Unyldig csgmﬁlérspﬁls}wﬁﬂ v wbledghdthndREnapragess. A

pol ynmer specitic call ration can’ be created by measuring the area ratio of

t he” Grign imstrGhi2nf ringininykme r Movdovhr, lene wioulbrmsd sereteaie shaivenwn celitsatiomp| v
nmeasur ed b

NVR) . The conononer. conten f.an ALREFE . mer can
bo- euRYFR LRt OB oA oaonal ey antale AF Pl sty sidhy PRIAECET 2
areas, s 5t HRnk NGhtk WRklidHER a1 ghe S eqs ef the calibratieecuted is@b@HIACH2
versus conononer content). [80] The area of the peaks canallée cal cul at ed

usi ngfrem similarwhaledwlarardightaxagesrsucirofingt wanld be essesinllimehieiblsply 5ot he

approprj ate baselines.to inte Lndd M1 | 1S .responses fromthe
TREF ‘gﬂl?og]r‘ﬂ?’%‘&rrﬁﬂ‘#omrﬁ@y%ﬂ? Fo%ﬁ%ﬁ%ﬁ ﬁ% yﬁ{.}% }rir{)Jm eﬂal?ﬂ at |ipon i s based on the
ratio of methyl to nmethyl ene UneSpo2ER3HAT Rk €HFAGH | fromthe ATREF infra
red detector, wherein the tallest (highest eak iﬂieridentifie.fro t he

base | i ne, Txmis thhARREReemppupivas 03 ajrandos eqnalyiaer of i sane folnorihior;ag

asured usj th y%’ﬂ\/@) itsd g6k Mad, as/1the @rea under
t he (L:l]iljarv\lln %‘e‘%}aﬁ%ﬁe @ﬁﬁﬁ%’%ﬁg?’f%ﬁ’é& a%a%l‘%éta?e poi nt's dgtxgr m@ned, to the
| ef t @pgveriely)Pxpfis thhethilREmqie fictidyfod a vindiongecopelynrs gk theesegist by two, and
then drawi ng a |.ine, hori | to the e Line hat, inter he left
and  sumeos e g ise pie R BARE ot 5: prien B iU REF LA RS | O
spectL ) to measure the conononer content of polynmers in this
ATREF-i nfta-red met hod is, inprinciple, simlar to that of G,DC/F‘LER
syst ens [85] descﬂnbeﬂleihipﬁhedef&&lbfqr each rreparativec ERENAaktnn ke pbtagmsdathy p.

Hazlitt, .Lonnie oMt hhnLEnleys . " PRI 4Bl i on

cht oﬂ?@k%ﬁﬁ@gq&gﬁ% 1853*’% %&s#oégl?né/}’v%?lﬁ\ré s‘%g%‘? Ir)%g%:l%lggée?b?{ char acteri zati on
of et BybsMmarchas ABIROs¥abethhm z&0bat lesethan abdn 0y erfram Mhow i latosabsut @Ace and
Engi neering (1991), 65, 98-100.; and | ayriers, P.J.; hlfi D.C;

Shi eh]n ether embagimentss 4Bhis esensrt @%%Pﬁééﬁ BPAY a‘?ﬁ‘ErlgS’s tPrr%f%l?ﬁyeQ*o%

ethyl SStd %é 91J1 t%% 'reﬂlge of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or from

about 0.6 to about 0.9. In some embodiments, ABI is in the range of from about 0.3 to about

20 0.9, from about 0.3 to about 0.8, or from about 0.3 to about 0.7, from about 0.3 to about 0.6,
from about 0.3 to about 0.5, or from about 0.3 to about 0.4. In other embodiments, ABL is in
the range of from about 0.4 to about 1.0, from about 0.5 to about 1.0, or from about 0.6 to
about 1.0, from about 0.7 to about 1.0, from about 0.8 to about 1.0, or from about 0.9 to about
1.0.

25 [1] Another characteristic of the inventive ethylene/a-olefin interpolymer is that the
inventive ethylene/a-olefin interpolymer comprises at least one polymer fraction which can
be obtained by preparative TREF, wherein the fraction has a block index greater than about
0.1 and up to about 1.0 and a molecular weight distribution, M,/M,, greater than about 1.3.
In some embodiments, the polymer fraction has a block index greater than about 0.6 and up to

30  about 1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8 and up to about

1.0, or greater than about 0.9 and up to about 1.0. In other embodiments, the polymer
fraction has a block index greater than about 0.1 and up to about 1.0, greater than about 0.2

and up to about 1.0, greater than about 0.3 and up to about 1.0, greater than about 0.4 and up
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copol ynmers using size exclusion chromat ography and Fourier transform

I nfrared spectroscopy (SEC-FTIR ", Polyner (2002), 43, 59-1 70., both of
whi ch ar ewonoeewpoersat ed by reference herein in their entipcetys200688isss n ot her
enbodi rrents the inventive ethylene/a-olefin interpolymer i s characterized

b bI ABI b
Y o aRRuAED o enten BrS o B il bt ok e ity oB80 sFEp R R, 1S 5" The
aver ag gﬂe@ﬁkctidﬂ% a b%&ik, inligk $rofte@ind bov@VEr adeaiah abbig 03, @gdatdrakiex ("Bl ")

for each of the pol grrer fractions obtained_ in prepar ative TREF from 200C
a

and 18@p¢0-2dndripdn abeetr(eheseataithapabout (i @pe upito abapt e ohgiseRr thAlex for the

th f f t.h d
o+ om0 el OSAPE ' BB ERRI BB Shl Bl Mo ARMTEL ol 1o 10
Fos eaglex plajeteianfabaat 0.2and Bp to sboﬁieﬂﬂng@aﬂayt}mﬂabmit Otmmd wptofabblitcB,ng

equations (both of whi h I ve the sanme Bl ) ; I 10 or J
LnPx gtqamgmlamuﬁ\q ¥ OEF\MBOW%%Y thgr ?‘%OUE Re ﬂ&ﬂé‘ﬁé?é Wb ATREF.

el ution erawf@orgoge rp%feﬁlgmﬁ%or PEofdPe ity € Ol RRAGHRRbP! Vi )

Px is th h | ene ract| racti can
rreasurpes:keks;(l)\h/RDdSof hiReass 1Be smore pteﬂsrdﬁpuelea@AE iablensid . Bohyl lease 29phued f r act i on

o S B ER R ARk A RELTRS Bt e g o "

t qgpenasyr Encpé"sge&ﬂ?y &) tvd RARIntRA 6 3. va?a b%@atfdl’rﬁlﬁb&{ 6f smﬁg 6r REgTBMUS" (which
refer to the crystalline segnents of e interpolyner). As a first order

appr oxthytene sontentad af fkasintd Wmhﬂ neseentin(4) sglpsy fbausmgéemmraﬁb}r@ Feddriesst y
pol ye'\t}{kljll%é1 g%%éhom)g egé?ﬁ ’legtsf he h%o@?}é@l]or @hﬁg%ﬂ& 8ﬁ]¥&g§ "hard segnents" are

not a i‘ons ~per 3720K, PAis 1. [84]
TAB i s t 11§ FARRE tHeanv@itiat poBniedy cah Hase)iione@? B kbyrbinadén Witk aspotheconposi ti on

? 2F| gﬁ%%nﬁ%tqggfll ﬁer:]r(gmng ls‘g)re]:gre%:ct)ciu%]s OGf’ slflch tha;rﬁ)Bg (%} nlst;g(raea%gltﬁal_Jrll (%'te%galf rom the
15 to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C.
Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
temperature in the range from 0 to 100°C (illustrated in Figure 6) that is characteristic of
block copolymers, and heretofore unknown for an olefin copolymer, especially a copolymer
of ethylene and one or more Cs.g aliphatic a-olefins. (By the term “relatively flat” in this
20  context is meant that log G’ (in Pascals) decreases by less than one order of magnitude
between 50 and 100°C, preferably between 0 and 100°C).

[89] The inventive interpolymers may be further characterized by a
thermomechanical analysis penetration depth of 1 mm at a temperature of at least 90°C as
well as a flexural modulus of from 3 kpsi (20 MPa) to 13 kpsi (90 MPa). Alternatively, the

25  inventive interpolymers can have a thermomechanical analysis penetration depth of 1 mm at
a temperature of at least 104°C as well as a flexural modulus of at least 3 kpsi (20 MPa).
They may be characterized as having an abrasion resistance (or volume loss) of less than 90
mm’. Figure 7 shows the TMA (1 mm) versus flex modulus for the inventive polymers, as
compared to other known polymers. The inventive polymers have significantly better

30 flexibility-heat resistance balance than the other polymers.

[90] Additionally, the ethylene/ a-olefin interpolymers can have a melt index, I,
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
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bwhere aand b are two constants which can be determined by calibration

usi ng a nunber of known random et hyl ene copolyners. It should be noted that
aand b mayowaseyiotrsom i nstrument to instrunent. Moreover pcons2ewenbasneed to
create their own calibration curve with the polynmer conposition of interest

and also in a sim/lar nolecul ar WEIght ran .as the_f | [
sl i glrwnbmdir@mtﬂ , Hre Qﬁbﬁlglﬂ!a@ﬂﬁfféblptequ yigs hage gH’r‘“’iﬂP‘i‘ﬂ‘ Ekl ra(fé g’gfoag/mgr 1? r ljrsn
simlar u e t

el FHPBI, R OEe Ot A Bon b L e P ERO L e

f ol | qyém@.3118118tg/ I &kiugss. Lm cBttain emadlaammﬁe&t md&eﬁ)r‘ﬂmmeth}slemdﬁ@rolef);l

ATREFt enperature for a random copol he sane conposition and [0
havi mlﬁmrétw/%@lwwg%mwﬁm&r%@o eE:Q'an be cal gﬁl ated from LE]PX =

igggfynéﬁ %ﬁ%@ﬁ&g kdfn hfxfeqnblécﬁla%a %ﬁ'ﬁ( | e eroml 19000 ol 5£a00,00r andom

§ sane conp osition a aVI ng an A Fte ature of
Tc 5whi/sloles prefdrably ﬂo@ull@(l()egi’rrfoﬂ@m L@oq:w moae! pix:ferahjy fijog5]0 0 0L/ moketon| ock

i ndex_(B for eac t|v TRE a i ght
averaaw elesPgRTy R0 lmpl R0 Ra Buditep AREdens VB & 9L
enbod tfpol§5§leré SanHER6A0.§0'R. @%/@mb Hﬁd #&ﬁ@aﬁlﬁﬂ&b’r atlipdette Dnfiming f r om about
0.1 to In ot her enbO(I;ll ment s, r%r eat er than about 0.3 and

up t Opcdjzmans fonD0.8Pré&me a7 g/mel. Ehesutewn %@quﬁn@ & thedepsitypf theom about 0. 4
T (r)p ggﬁﬁtlgﬁ%% 9l m arg%lé%ar}ggs frog‘{ (29@(5"{0 Pofs ’(T{/gl?lr 5 @Ry PRAYVG1PfB 0 about 0. 9.

range om about 0.37to about 0 0.9,

I (r) O?babt yzc} 0. 3 Tk oeeks 0 nhkingithé p@lmmtsdwk bBerBditdosddn thedoRowingmatembout 0. 3
ou

f bout 0.
In ot m&wamdufsﬁ Reoml Anplipsion o a9pon o8, FEBNEERL: 994 Vs anout 1.0,
from Psiongl ip}%@caﬁ*{% o. 50862957, %QM&PH Q063100 sapeuisichaD Appliciioabout 0. 7

to ab from about 0.9 to about 1.0.
25 [ 1N04°6@76$u;‘939; IﬁaadrdaMthl 19t E@Oi;fU smrommmmmémeumNen@/S@ﬁm&ffﬂpd

i nter ynmer is th t he i.nvent I

cotpr Mo B 2085 pepietpnaP- PEEAT SRS A MaRa P 2R

p[)epak%bllyﬁoﬁﬁi%pp@wﬁsz@svodsl@@s ffila€ Ma@éh 17B2005;Rne GCT Agpmagoemoer t han
PCT/US2005/008917, filed March 17, 2005, all of which are incorporated by reference

herein in their entirety. For example, one such method comprises contacting ethylene and

Q

optionally one or more addition polymerizable monomers other than ethylene under addition
20  polymerization conditions with a catalyst composition comprising:
the admixture or reaction product resulting from combining:
(A) a first olefin polymerization catalyst having a high comonomer incorporation
index,
(B) a second olefin polymerization catalyst having a comonomer incorporation index
25  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) a chain shuttling agent.
[93] Representative catalysts and chain shuttling agent are as follows.
Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(a.-
30  naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hathium dimethyl, prepared according to the
teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2, 2003, and WO
04/24740. '
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0.1 and up to about 1.0 and a nol ecul ar wei ght distribution, Mv M, greater
than about 1.3. In sone enbodi nents, the polyner fraction has a bl ock index
greater twenroabpowrts10. 6 and up to 30 about 1.0, greater tharusaiwewtsds 7 and
up to about 1.0, greater than about 0.8 and up to about 1.0, or greater

t han about 0.9 and up to about 1. I n ot her enbodi nents, the pol yner
fraction has a bl ock index great }_@(bgg; 0.1 and up to about 1.0,
greater than about 0.2 and up to t 1. greater than about 0.3 and up

to about 1.0, greater than about 0.4
about 0.4 and up to about Zu),H0

fraction has a bl ock index gre:, i

1.0, or greater than

I ments, the pol yner

d up to about 0.5,
greater than about 0.2 and up r than about 0.3 and up
to about 0.5, or greater than : [ about 0.5. In yet other
enbodi nents, the pol yner fractﬂQEhHES ,atigck i ndex greater than about 0.2
and up to about 0.9, greater than about ’0.3 and up to about 0.8, greater

t han abqya] 0. 4 Tatalyst (m? RauE, @d?(l-r@éthgémgt)g{enybamcmxaut 0. 5 and up to
about 0. [8 For cog@éérrers of et hg/l ene and an a-ol ef| n, g i nventive
f

pol ynmethyw@tlﬁ @id-pheso: §P(YI1)11Da2'FiDll nafthane) hafim gdinget YFDP’@P%‘F erably at

| east _1. a st 2.6,
up o Eninf b 3Eedeler Q)14 o P G e M2
especabdoa, il WO e4/mardooum of 2.7; (2) a heat of fusion of 80 J/g or |ess;
(3) an ethylene content of at |eas O weight percent; (4) a glass
transition tenperature, Tg, of le ca250C, nore preferably | ess than
-300C, and/or (5) one and only one [1] Further, the inventive polyners
can have, alone or in conbination with_any/other properties disclosed
herein, a storage nodul us, Gg,c)smeh t is greater than or equal
to 400 kPa, preferably greater 0 MPa, at a tenperature
of 1000C. Mbreover, the inventi arelatively flat
storage nodulus as a function o Y r range fromO to 1000C
(illustrated in Figure 6) that iEQr (ua\a@stl c of block copol yners, and
her et of ore unknown for an ol efin copol yrrer especially a copol ymer of

et hyl enef %Ed ONEC:RAIYSOAS) E3bisN, NPhap 4g6-a- oI efins. (By the term"relatively
flat” in this context is meant that | og (in Pascal s) decreases by |ess

t han ém@n@hﬂeherb’i)ambw)ﬁh}lﬂ@éedé@mnéﬂr@ff%maﬂﬂé?@ﬂe0C preferably between 0 and
1000C). [89] The inventive int erHt3)8I ymers Eﬁ}’ be further characterized by a

N
/ CH;
HN—>HfX, X=CH,C4sH;
\  ocn
N
H;C
CH;
10 [96] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-y1)-5-(methyl)phenyl)-

2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl, prepared substantially
according to the teachings of US-A-2004/0010103.
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t her nonechani cal anal ysis penetration depth of 1nmat a tenperature of at

| east 9Q0C as well as a flexural nodulus of from3 kpsi (20 MPa) to 13 kpsi
(90 MPa) .wélwermatsivel y, the inventive interpol ymers camChmageoos/009853

t her nonechani cal anal ysis penetration depth of 1nmat a tenperature of at

| east 1040C as well as a flexural nodulus of at |east 3 kpsi (20 MPa). They
may be characterized as havj an abrasion resjstance (or volune | oss) of

| ess than 90 nmB. Figure 7 § - ersus flex nodul us for

t he inventive polynmers, as CcOM pol yners. The inventive
resi stance bal ance than

heat
the ot her polyners. [90] Additi

can have a nelt index,t%é Q
, er I OK 01 500 g/ 10 mi nutes,

0.01 to 1000 g/ 10 m nu
and especially from0.01 to certai nenbodi nents, the
, 12, from0.01 to 10 g/10

et hyl ene/ a-ol efn i nterpol yners
mnutes, fromO0.5 to 50 g/10 m 30 g/10 mnutes, from1l to
In certain enbodi nents, the

melt index for the ethyl ene/a-ol efin pol s is 1g/1Q mnutes, 3 g/10
m nut es [B7] 5 g/ @@t#ﬂﬁ’ftﬁé&siﬁ IE%PiSfﬁé‘ﬁﬂpmﬁe@ﬁexé%'@bl ecul ar wei ght s, My,

from], F : rably from 1000 g/nole to

1, 000" 8’89“}%%‘%%49%?%38?3 0%9@%%8%‘8‘8%%& to 500, 000 g/nole, and
especially from 10,000 g/nmole to 300,000 g/ nB(@%h)»:The density of the
inventive polyners can be from0.80 to@&9)0cn and preferably for

et hyl ene contai ning polyners from 0. 85/ g/cn% N\97 g/cnB. In certain
enbodi ments, the density of the etfrA pot He s ranges from
0.860 to 0.925 g/cnB or 0.867 0. 910 zgpt,cnB. The process of naking
the polyners has been discl os# t he/ Mol | oMi ng patent applications: U.S.
Provi si onal Appl i cat i &aCne- 908, Nrtdd March 17, 2004; U.S.

Provi sional Application No. 6Q466

, 937, k‘%ﬁzz Mar cX=ARCel2005; U. S.
Provi si onal Application No. 60/66R%,939, Ti ed March 17, 2005; U.S.
Provi si onal Application No. 60/ 566

, from

A6Ha3 filed March 17, 2005; PCT
Application No. PCT/US2005/008916, filed March 17, 2005; PCT l'ication
No5 PCT/[98R005/ €teslyst (BR) isci2 ks Gho-dirt-butglphensdene) BN -Eomethylayeioherd)-

rPg;I’étJSZOogg)%%%%ﬁb_o;«i)}ld?%r%{@di]b%nz}gOOS, all of which are incorporated by

C(CHz)3

H,C
—N O C(CH:
$/ (CHs)3
ZI'X2
(H;C) O/ \N_
3C)3 CH

3 X=CH,C¢H;s

[1] Catalyst (C1) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1-
yl)silanetitanium dimethyl prepared substantially according to the techniques of USP
10 6,268,444.
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herein in their entirety. For exanple, one such nethod conprises contacting
et hyl ene and optionally one or nore addition pol ynerizabl e nononers ot her
t han et hyweneoamesn additi on pol yneri zati on conditi ons wcirhusaooeabmby st
conposition conprising: the adm xture or reaction product resulting from
conmbining: (A) a first olefin pol yrrerl zation catal yst having a high
conononer incorporation index, (B @ efin polynerization catal yst
havi ng a conononer i ncorporation han 90 percent, preferably

| ess than 50 percent, nost prefer pss than 5 percent of the conononer

i ncorporation index of catalyst (A), Y#d (C) a chain shuttling agent. [93]
Representative catalysts and chaiaysshut tfitng, agent are as follows. Catalyst
(Al) is [N-(2,6-di(l-nethylethyl)phemg)am o)(2 i sopropyl phenyl ) ( a-

napht hal en- 2-di yl (6- pyri di n-2-di yl ) net hane)] hafiiiumdinmethyl, prepared
according to the teachi ngs of WO 03/ 40185;);2003US0204017, USSN 10/ 429, 024,
filed May 2, 2003, and WD 04/ 24740.[94] Catal yst (A2) is

[N-(2,6 - ) dR YA ArethyBiHoy emythl(1233a7a-n-

, 2- pheng/%'0 e- ?gﬁ%éﬁ%%i)zlpgw%lnet hgﬁae haJd5i i uir]nlp(gl rretz I P
accorigagl tyl;sﬂameutaaammdmg@hydfprm@whﬁ@g@l yze%@mé@ﬂ@f?%h@%éﬂ r429 024,
filed NHX/ﬁ 2%&)3 and WO 04/24740. [95] Catalyst (A3) is bis[NN "'
_ (2, 28903004389 hy! phenyl ) ani do) et hyl enedi ami ne] haf ni um di benzyl . [ 96]

Catal yst (A4) is

bi s((2-oxoyl - 3-(di benzo-1 Hp rroI e- I-
2- phenoxynet hyl ) cycl ohexane-
substantially according to the t g
(Bl') is 1,2-bis-(3 ,5-di-t-butyl

met hyl et hyl ) i nm no) net hyl ) ( 2- oxoyl cbﬂfngcgﬂ{%enzyl [98] Catal yst (B2)
is 1,2-bis-(3 ,5-di-t-butylrhenyl @ (2- et hyl cycl ohexyl ) -

i mm no) et hyl )(2 oxoyl) zirconium nzyIC (&), Catalyst (d) is

(t but yl am do) di net hyl (3- N- pyr Lyl -1, 2, 3, 3a 7a- h-inden-lyl)

(rret hyl ) phenyl ) -
um (I'V) dibenzyl, prepared
US:A- 2004/ 0010103. [97] Catal yst

[101] Catalyst (C3) is (t-butylamido)di(4 -methylphenyl)(2-methyl-1,2,3,3a,8a-n-s-

indacen-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of US-

A-2003/004286:
H;3C
JO 2
Si TiCHs),
3
C(CH
H,C (CHs)s
10 [102] Catalyst (D1) is bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride

available from Sigma-Aldrich:

=26 -



silanetitani um di net hyl prepared substantially according to the techni ques
of USP 6, 268, 444:[100] Catalyst (C2) is

(t-butyl avodo)adiotk1ni et hyl phenyl ) (2- et hyl - 1, 2, 3, 3a, 7aPoT/US2006/009853

i nden-1-yl)silanetitanium di nethyl prepared substantially according to the
t eachi ngs of USA- 2003/004286: [101] talyst (C3) is

(t-butyl am do) di (4-net hyl rhenyl) (2- |- 1,2,3 ,3a, 8a-h-sindacen-

| -yl)silanetitani um di net hyl prepare antially according to the

t eachi ngs of USA- 2003/004286: [102] st (D) is

bi s(di et hyl di si | oxane) (i ndene-I-yl)zir um di chl oride avail able from

Si gma- Al drich:[103] Shuttling Agents e shuttling agents enpl oyed i ncl ude
di ethyl zinc, di(ibutyl) zinc, di#8nRExyl)zi B&L triethylal uni num
trioctylaluniinum triethylgallium ibutylal um num

bi s(di met hyl (t-butyl)siloxane), i-butyla num

bi s(di (trinmethylsilyl)amde) 5 n-octyl al @ m di (pyri di ne- 2- net hoxi de) ,
bi s(n-octadecyl )i -butyl al um num i butyl gioid num bi s(di (n-pentyl)ani de),
n-octyl al um num bi s(2, 6-di -t-butyl phen noctyl al um num

di (et hyl (I -napht hyl ) am de), ethyl al um nufmbi s(t.-butyl di nethyl sil oxi de),
et hyl al um num di (bi s(trinmethylsilyl)amde), ethylalum num

bi s( 2, 3,103} di bShutlingAzenty dhe pruivioa seesy employed ipckidgistzine, did-

bi s(2,3, 6, 7-di. <= l,gh ' .noct AUMm -

b1 o aP PR OBERRTILR BRIRAERAAD SRR RS MAMBRME - ) o

et hyl ButytalGhmoui m@d@lﬁémf/l(ﬂbutmaicﬁm@! youtylammtioneddi(GiftrimabysityJaalids), t he

formof ‘a continuous solution process for orsr] nl% 125' ock c_oPoI yners,

especinatylalyminym gHBrrdisggonstheride), E\S(é\"%“rt yOrPylatumigie; 1) ock copol yner s
ft 0 i . . fi

0 V‘%u@{lal%h%gﬂﬁ%@i{%é@ég’g%ﬁl@?ﬂ%ﬁf lﬂlnmkégd%gﬂ?lplﬁ%cg@de?he rrn or

cycl ool'€fm an ethylene and a - a-ol efin, using
mul t i peyldanauysditthyldt-naphthyl)yaoddebétbylofuniimire bisghbetyklimethyFHexidé)s, t he

catal ysts are chem.cally djstinct.. Upder continu oJ.ution polynerization
condi teFS}B’E@?me %‘E%E@%?Xwisﬁ?ﬂféﬂmdﬁ)@ﬂﬁy&l&nw %B@;’ﬁ%’?l BYPSH of nixtures of
mno%&&y@kh@%&%aﬁﬁﬂ@@oc@%ﬁﬁfﬁh@ﬁ 52,3 dekbdnhed CazRey AdHRpiaAS4rhids), n-
conditions, shuttling fromthe chain shuttling agent to the catalyst

bel6 o mestydalvainuaybid(dioethal(eutybsitaxades ey lgincH 2.6¢inhenyirhenpridek akb pol yner s,
eSpeCie?l”l&lyiml: &tﬂ)% c{xiggfj.l tiblock

[1] Preferably, the foregoing process takes the form of a continuous solution process for

forming block copolymers, especially multi-block copolymers, preferably linear multi-block
copolymers of two or more monomers, more especially ethylene and a C;.5 olefin or

15  cycloolefin, and most especially ethylene and a Cy.5 a-olefin, using multiple catalysts that
are incapable of interconversion. That is, the catalysts are chemically distinct. Under
continuous solution polymerization conditions, the process is ideally suited for
polymerization of mixtures of monomers at high monomer conversions. Under these
polymerization conditions, shuttling from the chain shuttling agent to the catalyst becomes

20  advantaged compared to chain growth, and multi-block copolymers, especially linear multi-
block copolymers are formed in high efficiency.

[105] The inventive interpolymers may be differentiated from conventional, random
copolymers, physical blends of polymers, and block copolymers prepared via sequential
monomer addition, fluxional catalysts, anionic or cationic living polymerization techniques.

25  In particular, compared to a random copolymer of the same monomers and monomer content
at equivalent crystallinity or modulus, the inventive interpolymers have better (higher) heat
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copolyners are formed in high efficiency. [105] The inventive interpolyners
may be differentiated fromconventional, random copol yners, physical bl ends
of pol ymewe,2oem@213h ock copol ynmers prepared via sequenti acTrospasmosagidi tion,
fluxional catalysts, anionic or cationic |iving polynerization techniques.

In particular, co ed to a random c mer, of the sanme oners and
rononEEIERE BYTSUT i AR PO Ry SR ANy Orp T R, BEBR BAET vo

i nt er REYEIRGE tBAYIE sRaidiEanl/ok BE) hidRAhSShiBt0fforPfoaBaaIddaRs AY Nel ting
poi nt, higher TMA penetration tenperature, higher hightenperature tensile
st r engetarmiapadi by dypangih erechingenl eaalpeis.af ampated e i sandemoronglyias ¢ontaining

det er i ned hy dynamn ¢, nechani | .vs] : r om copol yner
cont a e RRERRC R MBRURY SRRk Rivs BB Hort B R B Ve

| N er pehpfedion kayvmarficiMaly feigvardstperaies, joavet beesh adlhyatioh, ibBvrakap
tenperatures, |ower stress relaxation, higher_creep rgsistance, hi gher tear

st r en#skstansp.grgher fras steenegh. haghes blogkiag resistance, Baler ss &g laghgher

cryst ' b i i £ ' ' (particularly
ot ol hstaB SR (oRRircdiod RahhaRlad, BIREE ANy (R AR L et ve

f or cetenapedathees), bettariabraaivd rédisthere, higheptaadive {§re€6ind beten ail/amt fiNer

I nterpolyners al so exhibit a unique crystallization and branchi ng

di st r PEFPIBFRCr el ati onship. That is, the inventive interpolyners have a

rgpati \(/ﬂ%m ar 9q e Vet P RrPAMBAMISNENIEH 4 8fiud&F MRS #qur e measur ed
usi ng STAF and DSC as a function of heat of fusion, especially as

c onpabehching distdlortionopletignsbits B isathsiingentive inderpelymseobeves htivelsnoner

ool ymies TR e GRS, e L BhbsroF Refr B CnT SR lER 7. 1

bel i evaandtivatof hBitoffiicH) esgeeiillyiae cOhpirbé td favesthicepollymenr qoataniis thel S due to
the unique distribution of the conmononer in blocks within the polyner

bac k b&#ee magopmsrs andunenomer el prhysicekblenfsaf pelymass Su¢hss 2blgpd pkehigh

al.ter I; f1al 4 o] [ i | ymer
pitbck apn oAt (R lof d B AR oAl EBherdl Bl R DO X T
nunbethamids anight Gakurs bf the dfveptly meerpblyoeksis dfie th the eniqug diktnilsitioy of the

conononer content, .whi.ch i.s a Schyltz-Flo t of, distr.ibution, hi
2t PERONORE iR MG (E P BORG) feromr < b PVEYar T ERSOS8ak el t1 g poi n
and chrystRlyrh&atiagRoPHREA IR H R g &k be dfffihg 8meHOAE At (iMcluding

homopolymer blocks). The inventive interpolymers may also comprise a distribution in

20 number and/or block size of polymer blocks of differing density or comonomer content,
which is a Schultz-Flory type of distribution. In addition, the inventive interpolymers also
have a unique peak melting point and crystallization temperature profile that is substantially
independent of polymer density, modulus, and morphology. In a preferred embodiment, the
microcrystalline order of the polymers demonstrates characteristic spherulites and lamellae

25  that are distinguishable from random or block copolymers, even at PDI values that are less
than 1.7, or even less than 1.5, down to less than 1.3.

[1] Moreover, the inventive interpolymers may be prepared using techniques to influence
the degree or level of blockiness. That is the amount of comonomer and length of each
polymer block or segment can be altered by controlling the ratio and type of catalysts and

30  shuttling agent as well as the temperature of the polymerization, and other polymerization
variables. A surprising benefit of this phenomenon is the discovery that as the degree of
blockiness is increased, the optical properties, tear strength, and high temperature recovery

properties of the resulting polymer are improved. In particular, haze decreases while clarity,
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I ndependent of polynmer density, nodulus, and norphology. In a preferred
enbodi nent, the mcrocrystalline order of the polyners denonstrates

char act erwet2ogs/mpiser ul i tes and | anel | ae that are disti ngarasais@odss®m
random or bl ock copolyners even at PDI values that are less than 1.7, or
even less than 1.5  down to | ess than over, the |nv§ntive

i nt ertpdIsreeth, Wl%t%@%w&(ﬂe%é’?w&r?}é%?ﬁ 1&nr§£seta(§t S A egree or
! eve'm&ikg aiéﬂo IS indidades ] Byfsa@ctﬁfg%ﬁ&h@g agé‘ﬂf@iiﬁ%falﬁﬂébﬂlﬁﬂ&idhsm each

pol yme r- segnent can”be altered by control the ratio and type
of caltaaingshe desmlads:hamtttansfgrrmgeabﬂltaﬂﬂﬁh ratesoal sﬂrm*éhmgewﬁb? lgvelsef chaja

pol yneri z and ot rrerl ation mar.i abl es, unR benefit of
Phi 2 Erneen ot Lo s B b AR 8 il ety fEbosRirif °F o

| ncr egaeds w%@hﬁﬂﬂde%ﬁh@étﬁﬁ% bbRBvedlif ﬂ{e ;ﬁﬂj’rﬁélﬂiaﬂon anekhhiegd) o-elefirr at ur e
recovery properties of the resulting p %/rrer are inproved, . In parilcul ar,

haze @?mwmmwaseacmrémngttq embadln@ms invemipnn pahthe aspyliingrysialling over y
ro i.es inc t
Pror ot art f B B bR %ﬂ%ﬁ%aﬁﬁg?ﬁr%"%%“ B8 o 108 BN 0L v g

t he dggh .chain transferrlng ability (high rates of shuttling with |ow

| evel s of chain term nation). other_forng of ner. t t
ef f ect i [£98] supB?]é‘%éﬁwmAB@iﬂf orrhglline chaip prds qani’ﬁﬁglﬁcer &?@B&g{f Fr?nr ﬁat ion is

obger é/ %grd cé QJ glb\ﬁﬁ??ﬁé %s‘ar%f*tﬂﬁm%ntﬁ{nh th %fh@{on%r daﬂoﬂso P@ll'ﬁ@ﬂi‘i@ khérl Xt Ur es
accor di ment s e 1 nvention, e resulting crystalline

bl oc kﬁsleaive qlumglitbry)f polyren st wnmmtdsymdmmmmhqus bloqimducep@@s essing little

or no, long,ch br.anc PoI h
R R A S AL e e L T S S e

| nventi 90 shiltlingla@sito BRd ca%dl?:ité Eﬁlh@ﬂﬁaplﬁé)ﬂwié R@pédie t6 By@bgsncordilestt i ty of
polynmer that term nates w an anor phous bl ocﬁ reduces the internol ecul ar

di | ut thedn eifméwting ﬁg@ﬁyS$I$|Ciﬂ0ﬂ]éyarlﬁ@e@ﬁtalysﬂ'wmi:hr%@‘lﬂo?s @ﬁhlytféy%fﬁ%lﬁ? ned by

choosi chain shuttl

réd poﬂé11 eﬁlsﬂaﬁ%c%%%pg&gé?%ér ceﬁ[%ﬂﬂ%‘u%3 &&rﬁﬁ%E% B%ggevé @8‘2 ﬁ c(:tlt Iey, i f

t he cajtally¥stespinkible foF pebdaciag edbisyergstaliihabolymer mgmelmE(suclsamhr(mghuscept i bl e
to chain ternination ?

050 RSB GUReTOM GRAT LT BT, Py el BAETBURpRaoRagHe e Helkn as
throu %t}sﬂ')uﬂ{ée;[] eﬁﬂ%%gﬁ@ﬁtﬁ WA BFRQEREAIR hophRed e ¥rhfdfial pBftioRs 8FthHeC pol yner

formati‘on
polymer. Not only are the resultlng terminated groups crystalline, but upon termination, the

20 highly crystalline polymer forming catalyst site is once again available for reinitiation of
polymer formation. The initially formed polymer is therefore another highly crystalline
polymer segment. Accordingly, both ends of the resulting multi-block copolymer are
preferentially highly crystalline.

[1] The ethylene o-olefin interpolymers used in the embodiments of the invention are

25  preferably interpolymers of ethylene with at least one C3-C20 a-olefin. Copolymers of
ethylene and a C3-C2( o-olefin are especially preferred. The interpolymers may further
comprise C4-C1g diolefin and/or alkenylbenzene. Suitable unsaturated comonomers useful
for polymerizing with ethylene include, for example, ethylenically unsaturated monomers,
conjugated or nonconjugated dienes, polyenes, alkenylbenzenes, etc. Examples of such

30  comonomers include C3-Cp( a -olefins such as propylene, isobutylene, 1-butene, 1-hexene,

1-pentene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, and the like. 1-

Butene and 1-octene are especially preferred. Other suitable monomers include styrene, halo-
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crystalline polynmer segnents will preferentially populate the term nal
portions of the polyner. Not only are the resulting term nated groups
crystal | iwe,2odmato215pon term nation, the highly crystalli mreTpshysemosssor mi ng
catalyst site is once again available for reinitiation of polyner

formation. The initially formed pol yner is fherefore_another highly

cr ystQiIallq}’héu‘ﬁﬁtl?%?rtyl@éwmﬂbeﬂ%%?@%ﬁ@??,1’%&’??(15?8’51%2)'100?9@@’@?& ting

mul ti - pol ' ' / crystalline. [1] The

et hylneaﬁiét%gl}ﬁ% @fé?hé&iréﬁ{pgﬁ%g ’&@P@éﬁgéeg@ %%%Jﬁecﬂ:lgk odi nents of the invention
are pre{dopbl y Whilecthylenersefii intirpylimars ang preferred pedwnersr@has- C20 a- ol ef i n.

Copol yners aof _et hyl ene and a, C3- -0l efin . are. especi akl ferred. The
i nt ergrlgnadlefingaolymers HaY glé%%??eggagtﬁ%ﬁ ua?%ﬁ%rﬂnr{egerr]? %’anﬁpﬁ(gefﬁyl benzene.
Su t sé‘tmr%@e%aﬁé;#a&@éa%l nCI4¥BA BSRpSunklS Rithlat fe@st ddelcrBdhicaibog double benty| ene

or exanpl e,

I ncl ude, et hyl eni cal ly unsaturated nongners, con'éugat ed or
nonc oD¢pegding dndhesedsstiopoff patalysts, anyicdefin may: be peas ingpbod fdhe of such

I [ C3:,C20 = fi . . ,
ot Brgiion. PEEHEy. SR olfsS ol Cabipia AR GG donBUb S0
1- non@dﬁ?ﬁéniﬁ%@ﬁ@?@ %sﬁ&q}iéﬂ% WekiGs celicRidhfioandd) duckr &Qﬁ@l@ﬁut@ﬁ@ especial ly

preferre sui tabl e 'nononer s™ i ncl ude styrene, hal oor

al ky| eylgpshicheitdicychipeniadiess, anil mpfhoerenodpelndingtbaneot limitedfe aprbeene

1, 7-oct adi ene, .and napht heni c ) cy.cl and

el oﬂ&’?té‘?'}?;l.m flflgj‘n% ORI W@P gﬁé@%ﬂ- lgf%%cr??li%ﬁ ?’ é ?g‘gf)hﬁ(?ésa?@? EFJS&’%T erred

pol y ; r fd [ hRvurdd Suble oksiaswittlRf-Cag as used
herengsﬁel?éeﬁ&%%oarghggﬁnﬁg?fg#l&udr%ggrgadrsé@d hydr ocar b(l)ln- Basedwéor%"ounds with at
| east 4RRInGRMPRAnERAr bon doubl e bond. Depending on the sel ection of

catal ysts, any olefin may he used in en;rl)o%i nent s {)f tﬁgg’rl nvelnt I on.

Pref er adl11] sui Examples pbplefis mongmers iegigde, Opharg et miad I IRBY'F conpounds

cont ai nj L L 2 1. 851 -W&)tdneds-oeikak Ln&RABOLAER e, S4EN - as
cycl ogﬁb@gle%{é’gyﬁtg%ééjEf%%%,rn@’dtl g‘;;/kceflo’pe}ril%dr}eeneo_, and rnlor bor nene, incl udi ng but
nas | idoddcest, 1 actraterhn: hdrradeatrsy, i toutadecens, t-bigoSnantmathybd ituiens. 3 t h C1- C20
hydr ocar byl or cyc| ohydr qcar byl ups o include Lxtures of such
ol efi ﬁ?tlﬁ[i'lv@nFenés‘L eﬁ}y&'r ke es‘ﬁé’ﬁ“ﬁ?@?’ﬂ'&%%% 4@@%&@@&%}3 ﬁe(e%’i n conpounds.
[11T1] v oBSxk, RIrBbinAdiERe) QY Seriet kbt fenc bjclpedtene] cycloliexees, t 0

ropyl ene, . )
Propy dicyclopentadiene, cyclooctene, C4-C4( dienes, including but not limited to 1,3-butadiene,

1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other C4-C40 o-
20  olefins, and the like. In certain embodiments, the a-olefin is propylene,1-butene, 1-
pentene, 1-hexene, 1-octene or a combination thereof. Although any hydrocarbon containing
a vinyl group potentially may be used in embodiments of the invention, practical issues such
as monomer availability, cost, and the ability to conveniently remove unreacted monomer
from the resulting polymer may become more problematic as the molecular weight of the
25  monomer becomes too high.

[112] The polymerization processes described herein are well suited for the
production of olefin polymers comprising monovinylidene aromatic monomers including
styrene, o-methyl styrene, p-methyl styrene, t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be prepared by following the teachings

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

optionally comprising a C4-C20 diene, having improved properties can be prepared.
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| sobutyl ene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1l-octene, 1-nonene,
1- decene, and 1- dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene,

1- ei cosenwo 280215yl - 1- but ene, 3- nethyl- 1-pentene, 4pgetusgdosodespent ene,
4, 6-di met hyl - 1-heptene, 4-vinylcycl ohexene, vinylcycl ohexane,

nor bor ngdj ene, ethylidene norbornene, cyclopentene, .cyclohexen

di cycl ogimadi eﬁ%lf%&?‘&‘?rﬁﬁ?f’f]‘éﬁ?g‘?d’c?ﬁgeﬂﬁn cﬁl‘gﬁg%n%? ?‘ltﬁrﬂg%ncéaﬁlu raﬁ%{edl imted to
1, 3- butAf bedRlic hg/éme@c%@dieﬁe ﬂaviﬁ% frohescadi Eagbonlatbmb epasigacf stitabloct adi ene,
1, 9-decadi erie, other C4-C40 a- olefins, and the Iike. In certain
enbodnernonjugateddigneslinglide, ibst e oy limked tog straighiirbainacyglicdienss, suehgexene,

1- oct or ..a_cqnbi nat.i on . t-h t : ining a
iyl TR Bat ARy B sy Tl Bl M R RSDLCRERA, T

pract kGel asiﬁﬁ@lﬁﬂ-&ﬂ%x@&eﬂiﬁ} Bgﬁ&i&naahlsﬁill,@béthdibm; 3chdimetlanid , 1-betadibné atdy t o
conveniently remve unreacted nononer fromthe resulting pol ymer. may becone
mor e vl somets of _é%lygmsﬁtﬂea%mdﬂlhﬁpw{léfm sipglg rmmﬂmﬁgwﬁ&de 8% hi gh.
[112] l-Eb%ﬁPongergFiréeP%;ﬂlt,%g IBEAGERIES HERI8dRRIMGREITS fcfodtbladiitblafd T or L he

product’i ol yners conpfising nonovi nyl i dene aromati ¢ nmonomer s
i ncl udivigrrimpytieyudic fosedent pridged/riendiengs; seehiag tetehydmonelene,nkihyll st yrene, and

the ik ) ticul , int I I Si t hyl d
b pr SEIUUORGenG R g B B rges PR DI SCpEs ALETY: AR e o
cqppr !@él@%&&%& g losHMIRAE n&bErRn&s3 el Qs BlbayRheDLbrb&aEAMANBY: 5-

conprising a di ene, having inproved properties can be prepared.[113]
Sui t alptepenplr2-oorporngac.cdisdpropelidavedmearbormene, Be(4=cystopentghl)-etariprmencanched

chai n _or cli.c. hydrocarbon di ene shavj r . car .

Eeamp ey Bhe et SR e, i aatihdeld R ok onB 8RR
strai gflicailyaised acprepdre FRDMVIS She sattdulaby freferied Xiddhies ae, 1,4-h6xaidnaHENL,

1, 7-octadi ene, 1, 9-decadi ene, branched_chain acyclkg di enes, such as

5- et Bysthylidene-Raiesbpraens; (ENB), &ivinstidgne2-poghograng 4V &Y, S-mefydeieet-hy | -
. . PeR . ! . . ) |
L SRS ISP e SOERAIGh PR LSS pshfuskoas aene

1, I4 p)ed@ydjﬂax?ﬂMGrbfemeh?5EN%0hﬁ®¢{;ldtﬁgedim®(ﬂﬁ))l, 5-cycl ododecadi ene, and
mul ti-ri e ' . [ ' di , h .

Fet r anydPathaen e rlisn ot SruPlaRRIBER e EA o B0 GERTagh gt

bi cycleytodinfedtd o8O IRRAtGH stk RDBionfthik @t¥polydhdsy bf S8 IRne, GUT1-02h &a&wﬂin,ang

cycl oal kyl'i dene nor bornenes, such as 5-nethyl ene-2-norbornene (M\B); 5-
especially propylene, and optionally one or more diene monomers. Preferred a-olefins for

20  use in this embodiment of the present invention are designated by the formula CH,=CHR*,
where R* is a linear or branched alkyl group of from 1 to 12 carbon atoms. Examples of
suitable a-olefins include, but are not limited to, propylene, isobutylene, 1-butene, 1-pentene,
1-hexene, 4-methyl-1-pentene, and 1-octene. A particularly preferred a-olefin is propylene.
The propylene based polymers are generally referred to in the art as EP or EPDM polymers.

25  Suitable dienes for use in preparing such polymers, especially multi-block EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or
polycyclic- dienes comprising from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene,
1,4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-
butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.

30 [115] 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
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propenyl - 2- nor bor nene, 5-isopropylidene-2-norbornene,

5- (4-cycl opent enyl ) - 2- nor bor nene, 5-cycl ohexyl i dene-2-nor bor nene,

5-vi nyl - 2vo@oéwonesne, and nor bornadi ene. O the di enes trypiusaddsyposssed t o
prepare EPDMs, the particularly preferred dienes are 1, 4-hexadi ene (HD)
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1, 4- hexa 114] One Class of desirable polynmers that can be made
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S~ ef hyPHbha 20 AGPBG: Hee o-pIE B PoBERLIgEet b ey CRe b B et R o8 mer s
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quantities of the diene (including none) and a-ol eftm (i ncluding none), the

t ot al wyighheierggeoholreaeweight A4w) EPmnl AREP thabew @008 prefably o of

subse roperti.gs. S i . Anglefin
4bseay LN sREPREI NS ol ab 0y BRARE PputhEpiyEG Aol
pol ynB8rs5_ kithé prefdriisip 1448 kaa1300, Yind & Mevi@e Wisgodityr (Mg i) 125/, piybmirteto, 250hey ar e
nmore efficiently utilized and subsequently the crosslink densjty of the
b ilene coplsed FPmAy i
pol yniore prefprablyesucabobmiars Bveay. ctigiens PGPS LR and the
cured ONARAPEIntdr® Brond NPl it gher tensile
str en&?‘ﬁ]tgfzg#]@@gp?éfpegﬁ%}égt%%&?gcover y.n . o135 e . .
[117] The ethylene/a-olefin interpolymers can be functionalized by incorporating at
20  least one functional group in its polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof
and esters thereof. Such functional groups may be grafted to an ethylene/ a -olefin
interpolymer, or it may be copolymerized with ethylene and an optional additional
25  comonomer to form an interpolymer of ethylene, the functional comonomer and optionally
other comonomer(s). Means for grafting functional groups onto polyethylene are described
for example in U.S. Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of
these patents are incorporated herein by reference in their entirety. One particularly useful
functional group is malic anhydride.
30 [118] 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
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[1] In sone enbodinents, the inventive interpolyners made with two

catal ysts incorporating differing quantities of conobnonmer have a wei ght
rati o of wbhaokssobmnned thereby from95:5 to 5:95. The elpastusomesiosospdl yners
desirably have an ethylene content of from20 to 90 percent, a diene
content. of, from0.1 to 10 rcent nd.an.a-olefin content of from 10 to 80
per centll pisally be Arepens T B aoERTgiPe BICHRRASSH JREPOIYESF (et TRYWHARSb] v, the
mul tig,B %&éﬂbw@{{?&&mp YIRS 123U RNAD oG FDWEIBB: 15c2¥n€ ahd @foré r om 60 to 90
percent, a diene tontent of fromO0.1 to 10 percent, and an a-ol efin content
of frmafetdbly tesd thapaboar?s, whigldgdrasnt-t he t ot al wei ght of the pol yner.
Preferred polynmers are high nol ecul ar wei ght pol yners, having a wei ght

aver apepsmties uf 8sft Rearght (My) from 10, 000 to about 2,500,000, preferably
from 20,000 to 500,000, nore preferably from 20,000 to 350,000, and a

pof ydi spergyi ty iressoft fvams Jivlosedhereiproah de pidparddefism b ifeamablOcompaitionvboney
viscosity (M (1+4) 1250C.) from 1 to 250. Myre preferably., such polyners
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such as sphere, cylinder, disk, cube, prism, sheet, plank, foam slab stock or irregular shapes.

Further, they can be injection molded articles, compression molded articles, or extruded
articles. Other useful forms are expandable or foamable particles, moldable foam particles,

20  or beads, and articles formed by expansion and/or coalescing and welding of those particles.

[121] In some soft foam applications such as acoustical insulation, vibration control,
cushioning, specialty packaging, automotive soft touch, and impact absorption, the soft foams
can be substantially noncross-linked or uncross-linked. A soft foam is substantially
noncross-linked or uncross-linked when the foam contains no more than 5 % gel per ASTM

25  D-2765-84 Method A. However, a slight degree of cross-linking, which can occur naturally
without the use of cross-linking agents or radiation, is permissible. In some embodiments,
the soft foam disclosed herein contains no more than 10 % of gel, no more than 5 % of gel,
no more than 4 of % gel, no more than 3 % of gel, no more than 2 % of gel, no more than 1 %
gel, no more than 0.5 % of gel, no more than 0.1 % of gel, or no more than 0.01 % of gel per

30  ASTM D-2765-84 Method A. In other embodiments, the soft foam disclosed herein contains
no more than 5 % of gel. In further embodiments, the soft foam disclosed herein contains no

more than 3 % of gel. In further embodiments, the soft foam disclosed herein contains no
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wei ght percent, and nore preferably at |east about 7 weight percent. The
functional groupw || typically be present in a copol yner-type
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ultraviol et stabilizers, flame retardants, |ubricants, processi ng aids,

ext r ugbet 0 Wsaborh6aemisenidingie ASAM B3676. n some enbodi ments, the foanmabl e
conposition further conprises a cross-linking agent. In other enbodinents,
t he foanHRBBE corﬁimsbﬂifomnﬂdiedosedthemm lxeeidlecclose;i—¢eilln&bngp@g®ﬂed[£s20] The
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[1] In some embodiments, the foamable composition comprises the ethylene/a-olefin

interpolymer disclosed herein. In other embodiments, the foamable composition comprises a

20  polymer blend (hereinafter “polymer blend”) comprising the ethylene/a-olefin interpolymer
and a second polymer component. Some non-limiting examples of the second polymer
component include EVA, polyolefins (e.g., polyethylene and polypropylene), foamable
polymers (e.g., polystyrene, ABS, SBS and the like) and combinations thereof. In some
embodiments, the second polymer component is EVA, Apolyethylene, polypropylene,

25  polystyrene, ABS, SBS or a combination thereof. In other embodiments, the second polymer
component is blended with the ethylene/a-olefin interpolymer before added to the foamable
composition. In other embodiments, the second polymer component is added directly to the

foamable composition without pre-blending with the ethylene/a-olefin interpolymer.

[125] The weight ratio of the ethylene/a-olefin interpolymer to the second polymer
30  component in the polymer blend can be between about 1:99 and about 99:1, between about
1:50 and about 50:1, between about 1:25 and about 25:1, between about 1:10 and about 10:1,

between about 1:9 and about 9:1, between about 1:8 and about 8:1, between about 1:7 and
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no nore than 4 of %gel, no nore than 3 % of gel, no nore than 2 % of gel,
no nore than 1% gel, no nore than 0.5 % of gel, no nore than 0.1 % of gel,
or no norwotb@nodisdl % of gel per ASTM D-2765- 84 Met hod p&T/USROGI0DNBE3
enbodi ments, the soft foam di sclosed herein contains no nore than 5 % of

gel. In further enbodi ments, the soft foam disclased herein contains no
nor e abpety: B begwengbput 11:6, alﬁfll?'?%g: 1912%8(8?1}7%?&‘@ Il %tar‘?g ai’B‘f‘tthse'i ’gbfm"%ffls%f)%% ed
her ein, contal ng. %nAfab8&!3: 1, Rehdsh a6kt BThadiveebs, the soft
foamldélj’%‘g(r%b?lelgéﬁggéﬁ%&c%%?g}':r%s&lﬁgbrmre ‘than 0.5 % of gel. [1252] The soft
f oampetivenlabswd  heandabouc 413 drdbeovarndbogiZ:y aisbaboad:2about 10 and 150 kg/ n8,
fromabout 10 to about 100 kg/ nB, or from about 10 to about 50 kg/nB.

Furt her{1dt he safkoheambodiafenbavte sacomvelyane melponeitiea polyaiefibout 0. 05 to
about 5.
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cel | sgo et uBRImanethe HOlydtetinds abonibpdPmes aphns pelybthylenet ween about 50 % and

about 90 % open cells, or hetween about_10 % and abou 0 % open cells. [1]
In sopelypwbpénsrprbybutyiens, plapeime- b @ﬁi&o%ﬂqﬂ%b‘é%ﬂ R?i%‘ the
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polyethylene (LDPE), medium density polyethylene (MDPE), high density polyethylene
(HDPE), high molecular weight high density polyethylene (HMW-HDPE), ultra high

20  molecular weight polyethylene (UHMW-PE) and combinations thereof. Some non-limiting

examples of polypropylenes include low density polypropylene (LDPP), high density
polypropylene (HDPP), high-melt strength polypropylene (HMS-PP) and combination
thereof. In some embodiments, the second polymer component is or comprises high-melt-
strength polypropylene (HMS-PP), low density polyethylene (LDPE) or a combination

25  thereof.

[128] The blowing agents suitable for making the soft foams disclosed herein can
include, but are not limited to, inorganic blowing agents, organic blowing agents, chemical
blowing agents and combinations thereof. Some blowing agents are disclosed in Sendijarevic
et al., “Polymeric Foams And Foam Technology,” Hanser Gardner Publications, Cincinnati,

30  Ohio, 2nd edition, Chapter 18, pages 505-547 (2004), which is incorporated herein by

reference.
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1-chloro-1,2,2,2-tetrafluoroethane(HICFC-124). Non-limiting examples of suitable fully
halogenated chlorofluorocarbons include trichloromonofluoromethane (CFC-11),

20 dichlorodifluoromethane (CFC-12), trichlorotrifluoroethane (CFC-113), 1,1,1-
trifluoroethane, pentafluoroethane, dichlorotetrafluoroethane (CFC-114),
chloroheptafluoropropane, and dichlorohexafluoropropane. Non-limiting examples of
suitable chemical blowing agents include azodicarbonamide, azodiisobutyro-nitrile,
benezenesulfonhydrazide, 4,4-oxybenzene sulfonyl-semicarbazide, p-toluene sulfonyl semi-

25  carbazide, barium azodicarboxylate, N, N'-dimethyl-N,N'-dinitrosoterephthalamide, and
trihydrazino triazine. In some embodiments, the blowing agent is azodicarbonamide

isobutane, CO,, or a mixture of thereof.

[130] The amount of the blowing agent in the foamable composition disclosed
herein may be from about 0.1 to about 20 wt%, from about 0.1 to about 10 wt%, or from
30 about 0.1 to about 5 wt%, based on the weight of the ethylene/o-olefin interpolymer or the
polymer blend. In other embodiments, the amount of the blowing agent is from about 0.2 to

about 5.0 moles per kilogram of the interpolymer or polymer blend, from about 0.5 to about
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polymer blend in the same manner as the blowing agent. The amount of the cross-
linking agent in the foamable compositions or soft foams can be from about greater

50 than 0 to about 10 wt%, from about 0.1 to about 7.5 wt%, or from about 1 to about 5

Wi% based on the weight of the ethylene/a-olefin interpolymer or the polymer blend.

[133] When a cross-linking agent is used, the cross-linking of the soft foams
can be induced by activating the cross-linking agent in the foamable composition. The
cross-linking agent can be activated by exposing it to a temperature above its

25  decomposition temperature. Alternatively, the cross-linking agent can be activated by
exposing it to a radiation that causes the generation of free radicals from the cross-
linking agent. Similarly, the foaming or expansion of the soft foams disclosed herein
can be induced by activating the blowing agent in the foamable composition. In some
embodiments, the blowing agent is activated by exposing it to a temperature above its

30  activation temperature. Generally, the activations of the cross-linking and foaming can
occur either simultaneously or sequentially. In some embodiments, the activations

occur simultaneously. In other embodiments, the activation of the cross-linking occurs
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prief efedmhaplastencture isonaticsosshliskeat. sed over the surface. In other enbodinents,
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rel ease of the blqown ept whil e | nt ai ni di nensi ona st abl e foam
The & ébeh Rt AQUAI AR e ey Sanset Dot Pl ief. CTatnpll O Ros.
S, 424’5%'@dition, Chapter 14, pages 725-812 (2001); Encyclopedia of Chemical Technology,

Vol. 17, 2nd edition, Interscience Publishers (1968); and Daniel Seern, “Organic

20  Peroxides,” Vol. 1, Wiley-Interscience, (1970), all of which are incorporated herein by
reference. In some embodiments, there is no cross-linking agent in the foamable

compositions or soft foams disclosed herein.

[136] Non-limiting examples of suitable cross-linking agents include
peroxides, phenols, azides, aldehyde-amine reaction products, substituted ureas,
25  substituted guanidines; substituted xanthates; substituted dithiocarbamates; sulfur-
containing compounds, such as thiazoles, sulfenamides, thiuramidisulfides,
paraquinonedioxime, dibenzoparaquinonedioxime, sulfur; imidazoles; silanes and

combinations thereof.

[137] Non-limiting examples of suitable organic peroxide cross-linking agents
30  include alkyl peroxides, aryl peroxides, peroxyesters, peroxycarbonates, diacylperoxides,
peroxyketals, cyclic peroxides and combinations thereof. In some embodiments, the organic
peroxide is dicumyl peroxide, t-butylisopropylidene peroxybenzene, 1,1-di-t-butyl peroxy-
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and 5, 585,058, both of which are incorporated herein by reference. [1]
Optionally, the foamable conpositions disclosed herein nmay conprise a
cross-|inkongicgerst. Any cross-linking agent that can crosaskéoakodsse

et hyl ene/ a-ol efin interpolynmer or the polymer blend disclosed herein can be

used. When used, th | i nki [ '

et hygfgnﬁefrhn;hsgcywheremg, Bor gt LG BT G onERre) R HECERe "ranner as
t he bl ow ng,.agent.. The,a t IhBGh ' i

comp Bt e T e e mout 10

W % (@M abend erfbollientatieutrgahiGpervtige trdi¢uroyhpebuide. 1Additionsd fRackings o based

on the weight of the ethylene/a-olefin int I
O enind oo s aan by e e AEUBRASHTH. R LRangl o Ol enc.
f8a"?gﬁawnhi91?is'1iﬁ<%f'§&‘3tegﬁe?&{2bx%fbl'wcg-he cross-linking agent in the foanmable
fegger:a’tlon'ab ee [?ss- I nkihg agent can be activated by exposing it to a
. de : i
fl#&fng élﬁltlmlgln% e%cgﬁg%? lof E\ﬁfégfe%{mﬁr&&éﬁlﬁ‘:kn@ dRhRIAIINE Yy, the

cross-| a i'vated by exposing it to a radiation that
caus ggidofRmaRE Sk hmmmefhymma@'zidafmmmmmt?@p@midqskm@ ag gt .

Simlarly, the foamng or expansi f th f.t . f ' [
be | rphsansyhate A7 AR ERETBAOR P oAt R DR LT Eaage e on. I
Sone cﬁsgz?oosqfe%ﬁe HS- 1Y YR I8N be Foindcd UvSiPagnbXNoexduzss,42] dantl to a

t enpe ure above its activation tenperature. Generally, the activations of
t he c3,097%674, bithrog which dre dmdorgpratad heremhy wefarence- si nul t aneously or
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to permit a facile reaction between the ethylene/a-olefin interpolymer and the sulfonyl azide
groups. In other embodiments, the R group has at least 1, at least 2, or at least 3 carbon,
oxygen or silicon, preferably carbon, atoms between the sulfonyl azide groups. The term
20 “inertly substituted” refers to substitution with atoms or groups which do not undesirably
interfere with the desired reaction(s) or desired properties of the resulting cross-linked
polymers. Such groups include fluorine, aliphatic or aromatic ethers, siloxanes and the like.
Non-limiting examples of suitable structures of R include aryl, alkyl, alkaryl, arylalkyl,
silanyl, heterocyclyl, and other inert groups. In some embodiments, the R group includes at
25  least one aryl group between the sulfonyl groups. In other embodiments, the R group
includes at least two aryl groups (such as when R is 4,4' diphenylether or 4,4'-biphenyl).
When R is one aryl group, it is preferred that the group have more than one ring, as in the
case of naphthylene bis(sulfonyl azides). In some embodiments, the poly(sulfonyl)azides
include 1,5-pentane bis(sulfonylazide), 1,8-octane bis(sulfonyl azide), 1,10-decane
30  bis(sulfonyl azide), 1,10-octadecane bis(sulfonyl azide), 1-octyl-2,4,6-benzene tris(sulfonyl
azide), 4,4'-diphenyl ether bis(sulfonyl azide), 1,6-bis(4"-sulfonazidophenylhexane, 2,7-

naphthalene bis(sulfonyl azide), and mixed sulfonyl azides of chlorinated aliphatic
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per oxy
oné emslbaf diestechol h@lat% g@dw@nlpem)ns éﬁrﬁ'@f di cunyl peroxide. Additional
teachi ngs regardi ng organi c peroxide cross-linking agents are disclosed in
C. P. Pafl43] supiNon-lppiting@Ramples of suitable substituted xanthates include Zinc

ethylxanthate, sodium isopropylxanthate, butylxanthic disulfide, potassium

isopropylxanthate, zinc butylxanthate, and combinations thereof.

[144] Non-limiting examples of suitable dithiocarbamates include copper dimethyl-,
20  zinc dimethyl-, tellurium diethyl-, cadmium dicyclohexyl-, lead dimethyl-, lead dimethyl-,
selenium dibutyl-, zinc pentamethylene-, zinc didecyl-, zinc isopropyloctyl-dithiocarbamate,

and combinations thereof.

[145] Non-limiting examples of suitable thiazoles include 2-mercaptobenzothiazole,
zinc mercaptothiazolyl mercaptide, 2-benzothiazolyl-N,N-diethylthiocarbamyl sulfide, 2,2'-

25  dithiobis(benzothiazole), and combinations thereof.

[146] Non-limiting examples of suitable imidazoles include 2-mercaptoimidazoline

2-mercapto-4,4,6-trimethyldihydropyrimidine, and combinations thereof.

[147] Non-limiting examples of suitable sulfenamides include N-t-butyl-2-
benzothiazole-, N-cyclohexylbenzothiazole-, N,N-diisopropylbenzothiazole-, N-(2,6-
30  dimethylmorpholino)-2-benzothiazole-, N,N-diethylbenzothiazole-sulfenamide, and

combinations thereof.
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, 6-bi's ([ﬁ TRY gngﬂl?tzdf(?l?eoﬁﬁﬂé( kaokg KAk%g agenz can vary widely, depending upon the
nature of the ethylene/a-olefin interpolymer or the polymer blend, the silane employed, the

—

20  processing conditions, the amount of grafting initiator, the ultimate application, and other
factors. When vinyltrimethoxysilane (VIMOS) is used, the amount of VIMOS is generally
at least about 0.1 weight percent, at least about 0.5 weight percent, or at least about 1 weight

percent, based on the combined weight of the silane cross-linking agent and the interpolymer

or the polymer blend.

25 [1] Optionally, the foamable composition disclosed herein may comprise a grafting
initiator. Those skilled in the art will be readily able to select the amount of the grafting
initiator based on the characteristics of the ethylene/a-olefin interpolymer or the polymer
blend, such as molecular weight, molecular weight distribution, comonomer content, as well

as the presence of cross-linking enhancing coagents, additives, and the like.

30 [152] Optionally, the foamable composition disclosed herein may comprise a
catalyst. Any cross-linking catalyst that can promote the cross-linking of the ethylene/a-

olefin interpolymer or the polymer blend can be used. Non-limiting examples of suitable
-41 -
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as molecular weight, molecular weight distribution, comonomer content, the presence of

cross-linking enhancing coagents, other additives and the like. Since it is expressly
contemplated that the ethylene/o-olefin interpolymer can be blended with other polymers
20 such as EVA and polyolefins prior to cross-linking, those skilled in the art may use the

disclosure herein as a reference point in optimizing the amount of the cross-linking agent for

a particular polymer in question.

[155] Optionally, the soft foams or foamable compositions disclosed herein can
comprise at least one other additive. Any foam additive that can improve and/or control the
25  processibility, appearance, physical, chemical, and/or mechanical properties of the foam
structures or articles can be used. Any foam additive known to a person of ordinary skill in
the art can be incorporated in the soft foams disclosed herein. Non-limiting examples of
suitable other additives include cross-linking agents, grafting initiators, cross-linking
catalysts, blowing agent activators (e.g., zinc oxide, zinc stearate and the like), coagents (e.g.,
30 triallyl cyanurate), plasticizers, colorants or pigments, stability control agents, nucleating
agents, fillers, antioxidants, acid scavengers, ultraviolet (UV) stabilizers, flame retardants,

lubricants, processing aids, extrusion aids, and combinations thereof. The total amount of the

- 42 -
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[157] The foams or foamable compositions disclosed herein may optionally

comprise a nucleating agent. Any nucleating agent that can control the size of foam cells can

20 be used. Non-limiting examples of suitable nucleating agents include inorganic substances
such as calcium carbonate, talc, clay, titanium oxide, silica, barium sulfate, diatomaceous
earth, citric acid, sodium bicarbonate, sodium carbonate, and combinations thereof. In some
embodiments, the nucleating agent is a combination of citric acid and sodium bicarbonate or
a combination of citric acid and sodium carbonate. In other embodiments, the nucleating

25  agentis HYDROCEROL® CF 20 from Clariant Corporation, Charlotte, NC. The amount of
nucleating agent employed can range from 0.01 to 5 parts by weight per hundred parts by
weight of the polymer.

1] In some embodiments, the soft foams or foamable compositions
disclosed herein comprise an antioxidant. Any antioxidant that can prevent the
30  oxidation of the polymer components and organic additives in the soft foams can be
added to the soft foams disclosed herein. Non-limiting examples of suitable

antioxidants include aromatic or hindered amines such as alkyl diphenylamines,
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herein. Non-limiting examples of suitable UV stabilizers 1nclude benzophenones,

20  benzotriazoles, aryl esters, oxanilides, acrylic esters, formamidines, carbon black,
hindered amines, nickel quenchers, hindered amines, phenolic antioxidants, metallic
salts, zinc compounds and combinations thereof. Where used, the amount of the UV
stabilizer in the foam can be from about greater than 0 to about 5 wt%, from about 0.01
to about 3 wt%, from about 0.1 to about 2 wt%, or from about 0.1 to about 1 wt% of the

25  total weight of the foam. Some UV stabilizers have been described in Zweifel Hans et
al., “Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th
edition, Chapter 2, pages 141-426 (2001), which is incorporated herein by reference.

[160] In further embodiments, the soft foams or foamable compositions
disclosed herein comprise a colorant or pigment. Any colorant or pigment that can
30  change the look of the soft foams to human eyes can be added to the foams disclosed
herein. Non-limiting examples of suitable colorants or pigments include inorganic

pigments such as metal oxides such as iron oxide, zinc oxide, and titanium dioxide,

- 44 -



di scl osure herein as a reference point in optimzing the anount of the
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are i ncorpor ate y reference. In sone enbodi nents, the stability
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by wei'ght per hundrfed parts by wei ght of the pol ynmer. In_ sone enbodi nent,
t he sthbihumygsilicate, calcium silicate, alumina, hydrated alumina such as alumina

trihydrate, glass microsphere, ceramic microsphere, thermoplastic microsphere, barite,

20  wood flour, glass fibers, carbon fibers, marble dust, cement dust, magnesium oxide,
magnesium hydroxide, antimony oxide, zinc oxide, barium sulfate, titanium dioxide,
titanates and combinations thereof. In some embodiments, the filler is barium sulfate,
talc, calcium carbonate, silica, glass, glass fiber, alumina, titanium dioxide, or a mixture
thereof. In other embodiments, the filler is talc, calcium carbonate, barium sulfate,

25  glass fiber or a mixture thereof. Where used, the amount of the filler in the soft foam
can be from about greater than 0 to about 80 wt%, from about 0.1 to about 60 wt%,
from about 0.5 to about 40 wt%, from about 1 to about 30 wt%, or from about 10 to
about 40 wi% of the total weight of the foam. Some fillers have been disclosed in U.S.
Patent No. 6,103,803 and Zweifel Hans et al., “Plastics Additives Handbook,” Hanser

30  Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 17, pages 901-948 (2001),

both of which are incorporated herein by reference.

-45 -



control agent is glycerol nonostearate. [157] The foans or foamable

conposi tions disclosed herein may optionally conprise a nucleating agent.
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" Pl ast £& ik bh WRfstatic agent. Any antistatic agent that can increase the conductivity
of the soft foams and to prevent static charge accumulation can be added to the foams
disclosed herein. Non-limiting examples of suitable antistatic agents include

20  conductive fillers (e.g., carbon black, metal particles and other conductive particles),
fatty acid esters (e.g., glycerol monostearate), ethoxylated alkylamines,
diethanolamides, ethoxylated alcohols, alkylsulfonates, alkylphosphates, quaternary
ammonium salts, alkylbetaines and combinations thereof. Where used, the amount of
the antistatic agent in the soft foam can be from about greater than 0 to about 5 wt%o,

25 from about 0.01 to about 3 wi%, or from about 0.1 to about 2 wt% of the total weight of
the foam. Some suitable antistatic agents have been disclosed in Zweifel Hans et al.,
“Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, S5th
edition, Chapter 10, pages 627-646 (2001), both of which are incorporated herein by

reference.

30 [164] The processes of making polyolefin foams are described in C. P. Park,
"Polyolefin Foam", Chapter 9 of Handbook of Polymer Foams and Technology, edited by D.
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Handbook, " Hanser Gardner Publications, G ncinnati, Ohio, 5th edition,
Chapter 1, pages 1-140 (2001), which is incorporated herein by reference.
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fl avanthrones;, rones, isorndolinones, isoindolines, netal conplexes
monoaklendead, tsils,hspetsers, Bombgenagshs 4nol the likkph ather eashodinemis. My blowrigs | ’

peryl enes, perinqnes, . pht hal.ocyani nes f | ' and
Gt popiinisBraLag T AT e pis B A ARE Rl Y RRRLEBRTRE T
col or apta8fe o%h?ﬂﬁ*lﬁbn idThdabl 16 @frholfe@dbine.am fuethér enbalhaets,ghebloging #gent 0 t o
about 10 wt% fromabout 0.1 to about 5 w% or from .

is added when the foamable composition is in a molten phase. In some embodiments, the

foamable composition disclosed herein is extruded through a die where the cross-linking may

be activated if a cross-linking agent is present. Then the extruded foamable composition may

20  be exposed to an elevated temperature to activate the blowing agent to form the soft foams.

[1] The soft foams disclosed herein can be prepared by conventional extrusion foaming
processes. The soft foam can generally be prepared by heating the ethylene/a-olefin
interpolymer or the polymer blend to form a plasticized or melt polymer material,
incorporating therein a blowing agent to form a foamable composition, and extruding the

25  foamable composition through a die to form foam products. Prior to mixing with the blowing
agent, the ethylene/a-olefin interpolymer can be heated to a temperature at or above its glass
transition temperature or melting point. The blowing agent can be incorporated or mixed into
the molten ethylene/a-olefin interpolymer by any means known in the art such as with an
extruder, mixer, blender, and the like. The blowing agent can be mixed with the molten

30  ethylene/o-olefin interpolymer at an elevated pressure sufficient to prevent substantial
expansion of the molten ethylene/o-olefin interpolymer and to generally disperse the blowing

agent homogeneously therein. Optionally, a nucleating agent can be blended in the
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about 0.25 to about 2 W% of the total weight of the foam Sone col orants
have been described in Zweifel Hans et ah, "Plastics Additives Handbook"
Hanser GawoOnedss/féuishi cati ons, Cincinnati, Chio, 5th editipomustivapomsss 15,
pages 813-882 (2001), which is incorporated herein by reference. [161]

tional | the soft f r.faaniahl e co sitions disclosed her.ein can
conpr A2ermilspe Fusk or e, BERIe L AR SRS bt N udior 8 FEuRTARE &
Vol ungr nieRingh The Fofhsble 8AHP&YitidrEcaRNe@abledes & WwWarRGRp&afird® opldess t o the
soft foans disclosed herein. Non-limting exanples of suitable fillers
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silic ss, i | iCaq: MeGa.: j par '
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tr 5 hy do the fodrasBudtiuer hpaeneof loakapicssui cands aptessidedswarthasthatin

m crosphere, barite, wood, flour, glass fibers, carbon fjbers, marble dust,

cementViaeisthe foamablecampasitionds meayaaed pretHY gxtysierthropahithe dig. dhedeverzi nc
oxi de | g ' ' 1LGX] 1} i [ ons

Cher oBFASt L BUSIR Sendoph ot Sl epiterl. o0 et r OB MR ™" 41 i um
car bon#ahesphsiid legel, gl ass, glass fiber, alumna, titaniumdioxide, or a

m xture thereof. In other enbodinents, the filler is talc, calcium

car bonat ge8par i Ui soft fedne cargbassvenibrily extrigledinkvations shepeehhvinyer e used,
the amount of the filler .in.the soft.foamcan pe from about greater than O
t d0abawienes {nam thickgess ap Bigrditgetion of mdyrmeeathirkasss m SARECORm ERPUbout 40

W% Tiram ke 1%)%1%%?%&%@@@1&%}3 it ﬁo%lg% 4t *ﬁ?g{#’slﬁ@f?*ﬁe 6f WA Of the

total welght o oam So ers ve eeno osed In U S Patent
No. 6,cifBa808thankdesdve ifeahngéafismebout 1 or 2 Bhawtabost Wdalint. i Whsn Hisrsdfidokm”

pages 'SBTRB R SdUC BT T Sen Redy & SRaGr B R anen Bpdrogy o to'
ref er eBe@ 10bGh. DBk idesirldltiickhdie destints fOFFBoPthe fafBlidalbe. cCoNposi tions

di scl osed herein can conprise a lubricant. In general, the lubricant. Any

| ybri canpighpat GRBAE eMBEEmenty Ble BltifBamd sOBSHdMErdiR Grel BRALPAYK Of the
mol t en foamabl e conpositions, to i nprove the surface finish of nmolded foam

art i cleeslescaddfrand foomfbacixtrusian of theestljilensér-gletin intkrpolynherthroogh pingtent s can be
added otrl 10% Ighee. %82; E)rifigeasrgsan ie%rcrlar?ge%i%o Qﬁe{t %ionntactl\é%tnv_véeinrgdﬁe{cggt S r)égmng)lofe the of
molten extrudate occurs during the foaming process and the contacting surfaces adhere to one
another with sufficient adhesion to result in a unitary foam structure. The streams of the
20 molten extrudate exiting the die can take the form of strands or profiles, which can desirably
foam, coalesce, and adhere to one another to form a unitary structure. Desirably, the
coalesced individual strands or profiles should remain adhered in a unitary structure to
prevent strand delamination under stresses encountered in preparing, shaping, and using the
foams. Apparatuses and methods for producing foam structures in coalesced strand form are
25  disclosed in U.S. Patent Nos. 3,573,152 and 4,824,720, both of which are incorporated herein

by reference.

[170] In other embodiments, the soft foams disclosed herein are formed by an
accumulating extrusion process as seen in U.S. Patent No. 4,323,528, which is incorporated
by reference herein. In the accumulating extrusion process, low density foams having large

30 lateral cross-sectional areas are prepared by: 1) forming under pressure a foamable
composition of the ethylene/u-olefin interpolymer and a blowing agent at a temperature at

which the viscosity of the foamable composition is sufficient to retain the blowing agent
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sui tabl e lubricants include fatty al cohols and their dicarboxylic acid
esters, fatty acid esters of short-chain alcohols, fatty acids, fatty acid
am des, meoaboswars, oligoneric fatty acid esters, fattycaaisdooesvmss of
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€ ano e antistatic agent in the soft foam
can béyahi stracalzout greater than O to about 5 % fromabout 0.01 to about 3
w% or fromabout 0.1 to about 2 wt% of the total weight of the foam Sone
S le> : t a:al emg;éI :j st a4 s&n@@ﬁbﬁcﬁmsﬁt‘g £hbeeh fainsaliad@dd hereivet faimeddnt® men- ah,
astics I tives Handboo Hanser Gardner ubI|c on atl,
Chi o, Cl@@ﬁllﬂfédlffP?é‘hbe@ﬁé‘ﬁfa@ﬂef%m%‘gaéém@ﬁwgeﬁG O3B ﬁe %@P’hb"(?&’\lgﬁ Care
i ncor | ef
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f oans cri yol efin oan1 Chap ter of Handbook
ofis Polpylies aﬁoarysu@mdeﬂan ranmlm:;@mdlam mezdndyﬂl@y Kteemﬂ;stemtwéladnsoluldp syhiasch,

Hanser Publ ish
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medium at an elevated pressure and temperature in an autoclave or other pressure vessel; and

(3) rapidly discharged into the atmosphere or a region of reduced pressure to expand to form
the foam beads. This process is well taught in U.S. Patent Nos. 4,379,859 and 4,464,484,

20  which are incorporated herein by reference.

[172] In a derivative of the above process, styrene monomer can be impregnated into
the suspended ethylene/a-olefin interpolymer pellets prior to impregnation with blowing
agent to form a graft interpolymer with the ethylene/a-olefin interpolymer. The resulted graft
interpolymer beads can be cooled and discharged from the vessel substantially unexpanded.

25  The beads are then expanded and molded by the conventional expanded polystyrene bead
molding process. The process of making some graft interpolymer beads is described in U.S.

Patent No. 4,168,353, which is incorporated herein by reference.

[173] The foam beads can be molded into articles by any method known to a person
of ordinary skill in the art. In some embodiments, the foam beads are charged to the mold,
30  compressed by compressing the mold, and heated with a heat source such as steam to effect
coalescing and welding of the foam beads to form the articles. In other embodiments, the

foam beads are impregnated with air or other blowing agent at an elevated pressure and
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[165] The ingredients of the foamable conposition can be m xed or bl ended
in any suitable mxing or blending devices known to skilled artisans. The
i ngr edi enwe 200/tbs1f oamabl e conpositi on can then be m xedtaiS2@etoassper at ur e
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t hrou eto rormToam products. Prior to m xing with the bl ow ng

agent. \igsiet hykr?g})%eaérﬁi)(?c{iﬂ;rlglﬁtg,{}{élﬁg&ghﬁ{lg?{heﬁﬁgbl iR Ratlakq Fpy QTper at ur e at

abov s gl ass trans erature or nelting polnt. bl owi ng
agent feaiy doald omadoisiigdipercritical dhhids(e@.,tC@ omdh ) Sucktdohhigmed @eol ef i n
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6,284,810; and 6,294,115, which are incorporated by reference herein in their entirety.

The methods disclosed therein can be used in embodiments of the invention with or

20  without modifications. TPV compositions based on the inventive polymers disclosed
herein are taught in U.S. Provisional Application No. 60/718,186, filed September 16,
2005, which is incorporated by reference herein in its entirety. Such TPV compositions

could be used in embodiments of the invention to make microcellular TPV foams.

Blending of the Ingredients Of the Foams

25 [1] The ingredients of the soft foams, i.e., the ethylene/a-olefin
interpolymer, the blowing agent, the optional second polymer component (e.g., EVA,
polyethylene, and polypropylene) and additives (e.g., the cross-linking agent) can be
mixed or blended using methods known to a person of ordinary skill in the art. Non-
limiting examples of suitable blending methods include melt blending, solvent

30  blending, extruding, and the like.

[177] In some embodiments, the ingredients of the soft foams are melt blended

by a method as described by Guerin et al. in U.S. Patent No. 4,152,189. First, all
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ethyl ene/a-olefin interpolymer at an el evated pressure sufficient to
prevent substantial expansion of the nolten ethyl ene/a-olefminterpolyner
and to gewenaddw2iisperse the bl owi ng agent honpgeneouslpgTiusesosionss3
Optionally, a nucleating agent can be blended in theinterpolyner nelt or

dry blended with the ethylene/a-olefjn inter rior to.plasticizing
or nedlyénmsy if ﬂlible atmmeere@aﬁ%ﬁp% %lné%l% lg%%%/agag aléagpg;%}a% enper at ur e

L0 ORlot g SrliRlE A A6NRNBH'CL! AL of Bk IIRChraoLi TR°C ke ! oammbl ©

conp en ex or conveyed through a die of desired shape
to ap#Rdfe of aHo@ﬂﬁlecﬁﬁl(Gm Ba) vesbont e@mnrQSBbPabrNexth@eﬁlmﬁlmtwl@ture The zone
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directi oam |n the range from about 1mmto about
100 rﬁ@ingrsoweﬁmcﬁdhegw Rifse, tB@frtgrefdamm ofthe desited fcf)etm areofissalvshdee, the soft foam

can havé a thickness in the e fro t 0 15 mm When
t he softablg spdvant and Hheppigturg} l%éf‘eﬂloé B?‘ﬁ Ng’f)tf {hefSvan tc1gnea}€o§{§e a thickness
int about 15 mmto about 100 mm The desired thickness

de eqfﬁg{&ﬂ&%ﬁ%@n the application. [169] In sone enbodi ments, the soft

foams djscl Osegyagu% Pm%%gmge?ﬁs siddl Qleﬁ&iﬁé%%ﬁ%&’s Bhtf @AAPrdaaeN by extrusion

of t he hyl en rnterp roogh a nmultiorifice die. The
or i fiGgRre@mbenddisaigrive stixingaor acmmlanatlobetf\ManMJ and sligtribytivéans of t he

nol t en extrudate occurs during the n SS contacting
sur f a@@i@%ﬁé’ﬁ@sﬁ%lncﬁfépaé%tmﬁbgﬁ?%ﬁtbg@% gf’@’n‘?a%}dar? %Ogtrll g‘ result in a
uni t t 08 Bt ERMRoRfintifiey eini2es chtlatdidadtRodsxi ting the die
can ﬁééth&?sﬁ&*pﬁgé%ﬁo Igtlr% a%%s orS pr ?I I1 lﬂ(i,gvvhl chrﬂcan desira :ﬁpfeoam

coal emciade tiose adthereuting BRABIFSDER! misingsampmants € BRABE Desi rabl y,

the coal e i Vi, l.d in adhered in a
uri t af %E%%E\gﬁ}{@ 9%?%@%t@§?$%%éerg{a?iﬂ3krﬁg}eﬁggﬂluﬁ g)?@%tresses encount er ed
i N praR&hHPk, 19D3RE BANBUR YdShiehal hﬁxmaﬂdsrolmﬂhn@(méﬁﬂaﬁdmnet hods for
producing foam sfructures in coal esced st rand for disclosed in U S

Pat enFarid € onpasy,3\nsoniagheny) epupmen, Nogrlnigng faeR e?;lP QR8P Bor at ed her ei n

methods include single screw extruding, twin screw extruding, disk extruding,
reciprocating single screw extruding, and pin barrel single screw extruding. In some

50  embodiments, the additives can be added into an extruder through a feed hopper or feed
throat during the extrusion of the ethylene/o-olefin interpolymer, the optional second
polymer component or the foam. The mixing or blending of polymers by extrusion has
been described in C. Rauwendaal, “Polymer Extrusion”, Hanser Publishers, New York,

NY, pages 322-334 (1986), which is incorporated herein by reference.

25 [180] When one or more additives are required in the soft foams, the desired
amounts of the additives can be added in one charge or multiple charges to the
ethylene/a-olefin interpolymer, the second polymer component or the polymer blend.
Furthermore, the addition can take place in any order. In some embodiments, the
additives are first added and mixed or blended with the ethylene/a-olefin interpolymer

30  and then the additive-containing interpolymer is blended with the second polymer
component. In other embodiments, the additives are first added and mixed or blended

with the second polymer component and then the additive-containing second polymer
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by reference. [170] In other enbodi ments, the soft foans disclosed herein
are formed by an accunul ati ng extrusi on process as seen in U S Patent No.
4, 323, 528y0wnheecin2iss i ncorporated by reference herein. | rcrhs2@cowsss ati ng
extrusion process, |low density foans having |large |ateral cross-sectional
areas are prepared by: 1) form ng upder pressur oa | ¢ conposition of
t he eomporensishlendedivwith the sfydangipsele ﬂH‘teal%Bﬁ’BW'n {grgﬁocﬁmpé erature at
whi ch, t | SCOSId Vs : ob i h&deBifirst O retain the
b1 oni B By e R L TR b B e e

ext r ughd Algent the ad v akeblendgaosith therpolyme bertdol di ng zone mai ntai ned at a
tenperature and pressure which does not allow the foanabl e conposition to
foam t 1ol diTi feRGRingaxhimgles araptticatedds exanflifpientpodimants éfitbe openi ng
into a zone of |ower pressure at which e foamabl e conmposition foans, and
ari opewetion. gdknmgrisal yajuasiee fRRECHRALS: W NCRRUIPEIq Eﬂngﬁﬁ)tﬁ E558nitng t he gate;
4) substanti al r ] ! epghsal N&viin @ novabl e ram
on thsim*l@a%ﬁa"@fiée%@ggmﬂ%g F@ﬁgﬁlﬁeﬁs&ﬁ%ﬁwﬁ? @?‘r om t%eg nﬁl%lr %Fﬁfd zone through the
di e omi kéape of tedntditionoSpedific Hetais dgsrilssiineactaexamplastwul vadtber than that at
whi ch substantial foamng ip the dji.e orifice occurs and | ess than that at
whi chc%lé%%ftdﬁtnie‘éqssa}r?’?‘?&ﬂg%? fhe dLvenHoR gss-sectional area or shape occurs:
and 5) permtting the ejected foamabl e conposition to expand unrestrained
in at |east one dinension to progyasmPheESf oam structure. [171] In sone
enbodi nents, the soft foans di scTosed herein are forned i nto noncrosslinked
f oam beads gg{]'ngm%ﬁmhﬁr mol ding into articles. To nake the foam beads,
discrete ethyl a-olefminterpol yner particles such as granul ated

et hyl ene/ alhe txamples thapiollpwe thefellwing analztical tochsiggpesrgemplayed: | i qui d

medi um.in ich, the re, gubst ially insoluble such as water; (2)
i mre&ﬁ&%‘ﬁ?rga\éﬂgﬁ hé a&ae‘ﬁ‘t% by introducing the blowi ng agent into the
liquid r'[gglz']um a naltoRlRMEl Q- PaeE R rebarduippad @ithtalteated meadie setttoc| ave or

ot her pressure vessel; and (3) rapidly discharged into the atnosphere or a
r egi oh6@C isa@hﬂde@déﬁ@‘y@hr]elgéfl@lﬂ%‘?ﬁn@ée pigpikize }é“théghmpB@gﬂggl 9hi s process
is well . taught.in P, t ; 1464 A3t o1a4hi ch are

i i%or 5% a(ﬁlg pﬁ%’rmeelr nargf}lertgég}r%ean%%i cfr%?g%af(ﬁﬁg 332? tciz/vati veS of gt he above

pr ocessrs rod iyplecd inradetubeand ke sampiagnabetkd tntl60°C for 2 hours on a

heated, orbital-shaker rotating at 250 rpm. The concentrated polymer solution is then

diluted to 1 mg/ml using the automated liquid-handling robot and the heated needle set
to 160°C.

20 [1] A Symyx Rapid GPC system is used to determine the molecular weight data for
each sample. A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump helium-
purged 1,2-dichlorobenzene stabilized with 300 ppm Ionol as the mobile phase through
three Plgel 10 micrometer (um) Mixed B 300mm x 7.5mm columns placed in series
and heated to 160°C. A Polymer Labs ELS 1000 Detector is used with the Evaporator

25  setto 250°C, the Nebulizer set to 165°C, and the nitrogen flow rate set to 1.8 SLM at a
pressure of 60-80 psi (400-600 kPa) N,. The polymer samples are heated to 160°C and
each sample injected into a 250 pl loop using the liquid-handling robot and a heated
needle. Serial analysis of the polymer samples using two switched loops and
overlapping injections are used. The sample data is collected and analyzed using

30  Symyx Epoch™ software. Peaks are manually integrated and the molecular weight

information reported uncorrected against a polystyrene standard calibration curve.
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t he suspended et hyl ene/ a-olefin interpolyner pellets prior to inpregnation
with blowi ng agent to forma graft interpolynmer with the ethylene/a-olefin
i nt er pol ywenrooslhersnesul ted graft interpol ynmer beads canpbe/useaiceovsand

di scharged fromthe vessel substantially unexpanded. The beads are then
expanded and nol ded by the venti onal expanded pol ystyrene bead nol di ng
process. 'ﬁﬁ%ﬂ(iﬂ*’ LRYS f"FrMi?FcbrP& sone graft interpolyner beads is described
in US. ent SriBaido s%é@&ehﬁinéd‘ﬁ ERShBAGo&8jss by reference.
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e%bodbr%&ﬁ dlgtP@uﬁ&{&ftanﬁUlgn@rSd osed herein can be prepared by either

conpressi o ction nolding. In other enbodinents, the soft
Lii?npiiﬁq?rep?t%p% STATIGR U BBl IR B MoV the
0 Sl i s el o o
i nt er YolepeiarS neiEt Ih g@ﬁ%ﬁ%@‘r@@%?%\ﬂnﬂfl@ hggso é?{ Ehier at ur es of
decorpBiin ¥ hedifal ANBIREE Rk BRIt {‘tﬁgﬁﬂﬂﬂﬁﬁ‘%ﬁ‘ﬁfvﬁhf h s

f o | oveickr bile afﬂmsﬂem)ﬁpémsalom thé ﬂeuvampe nu:rvg ﬂ“h@ahmlatﬁsthe ut 160 to

about 190Q0C In sone enb | ast i
vul ca?ﬁri’%ettgf)’ Pfe%q-ﬂ?? VPreqgatiee B%rﬁﬁnﬁ?eﬁ%arﬁﬁﬁﬁj autf RG era&ﬁe e ﬁl&ﬁ%fdgglaqgruﬁgsl ((:e. g.,
CO or wN)smo pdrE6ERHBSe Helerh l1m1tldf5 1 E@d Belbwhhs. 5, 158, 986;

5, 160, 674, 5 334, 356, 5, 866, 053; 169, 122;
temperature limit of 0.3.

DSC Standard Method (Excluding Samples 1-4 and A-C)

20 [186] Differential Scanning Calorimetry results are determined using a TAI
model Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A
nitrogen purge gas flow of 50 ml/min is used. The sample is pressed into a thin film
and melted in the press at about 175°C and then air-cooled to room temperature (25°C).
3-10 mg of material is then cut into a 6 mm diameter disk, accurately weighed, placed

25  in a light aluminum pan (ca 50 mg), and then crimped shut. The thermal behavior of
the sample is investigated with the following temperature profile. The sample is
rapidly heated to 180°C and held isothermal for 3 minutes in order to remove any
previous thermal history. The sample is then cooled to -40°C at 10°C/min cooling rate
and held at -40°C for 3 minutes. The sample is then heated to 150 °C at 10°C/min.

30  heating rate. The cooling and second heating curves are recorded.

[187] 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
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6, 284, 810; and 6,294,1 15, which are incorporated by reference herein in
their entirety. The nethods discl osed therein can be used in enbodi nents of
t he i nvenwoanoaotisior w t hout nodifications. TPV conposiptirasgodeassds on t he
i nventive polyners disclosed herein are taught in U S. Provisional

licati on No, 60/718, 186, file ept enber 16 005, ich. s incorporated
by g of iR s easuica 5 (e wr st 1o TaEIERE pisve bofiison -2 briediS oo boed 1

enboqa’inﬁ%@h&h%%gs&%?g%%&E%&ﬂm&o make mcrocellular TPV foans. Bl ending of

t he I'ngredien oans [1] The ingredients of the soft foans, i.e.,
t he et hyl S0l.efd /i nt 1. leéw ng agent, the optional second
pol ymer cg‘ggéﬂ‘é‘ﬁ{h°(‘é.@é‘?ﬁd§¥2§4%@?§ét %}F‘de%e?ymand pol ypropyl ene) and
addi ti verss{e. g. Thd g1t pemoasion titsinatpgraphind Jysteancdmsistsi ofeithera Bélpmded usi ng
met hods known to_a _person of ordinary skill i he,art. Nonlifiting
g beTpIaS oA L BNChTch FrAVHER HEetpEn Mage -2 BairePRY; 051 vent
bl ena rl‘lgmil?lﬁf&{:a\:f s%gcor?]?‘ﬂ%ntxé}ﬁs éljeiégera{eya?]lm"C.S‘I’Hi%e?ﬂﬁﬂh‘iﬁr”ent37 the
dients of t

i ngre e So oans are nelt bl ended by a nethod as described by
Guer i habetataties 10amidr& Mz¢deBtcoNmnsyd Bsedl 9he spivenitis 1344 sol vents, if there

are any, are renoyed fromthe ingredients .neat hn riate
el evaltishlorehepes st Sampgﬁaﬁtpfiwg RORE1s) “%8%*8:1%?3@%@13%% IOC to about
1750Gnafo iRl s61veht @Q&@kﬁng)%@@ppm(o@@atyméd hydrebasluedOBHTY (1333 Pa).

Next, the ingredients are weighed into a vessel in the desired proportions

and t Senplenmeipserfanrdintagitpting Helithgfor Bdopest dA0°S. oFhetipisciRy¥dMMEy 4 nol ten
state I | tiLrring. 8 jnments, the ingredients of the
soft 9§ rlr%?%(f@mﬁ?lbtg%saggigeuﬂsl?‘&lgatgé){]f;gr@@@e{ﬁdi ng. First, the ingredients of
t he desit f oa re.di ssol in a sui.tabl.e sql v fﬁﬂg he m xture is
then m x[égfﬂor bE@ éﬁ(.’nﬂjﬁse’gf%%oq%{l\?%r}fp?r or%rggn\yllg[gilto prvrévi de the foam
[1] 1 fofdéttah§lei dBREbHEDA golypﬁy@bgghdaﬂe Rdihngoldariesghtsaingtien provi de

di spersive m XILQ]% di stributive mxing, or a conbination of dispersive and

di st r frbo 3800 f400:9Ocameniged inse deacktal spxRrergvifbadgshedecadF8hids. Both batch
ZQ gng?gé}g}agig)g E)%’vagﬁeh Ergﬁﬁlggél rB&X@dl&asjveiQﬂtgn HhE Safi@RdL e lﬂﬁfcﬂaseu%ﬁ Imting
Polymer Laboratories (Shropshire, UK). The polystyrene standards are prepared at
0.025 grams in 50 milliliters of solvent for molecular weights equal to or greater than
1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular weights less than
1,000,000. The polystyrene standards are dissolved at 80°C with gentle agitation for 30
20 minutes. The narrow standards mixtures are run first and in order of decreasing highest
molecular weight component to minimize degradation. The polystyrene standard peak
molecular weights are converted to polyethylene molecular weights using the following

equation (as described in Williams and Ward, J. Polym. Sci., Polym. Let., 6, 621
(1963)): Mpolyethylene =043 1(NIpolystyrene)-

25 [190] Polyethylene equivalent molecular weight calculations are performed

using Viscotek TriSEC software Version 3.0.

Compression Set
[191] Compression set is measured according to ASTM D 395. The sample is
prepared by stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm, and 0.25 mm
30 thickness until a total thickness of 12.7 mm is reached. The discs are cut from 12.7 cm

x 12.7 cm compression molded plaques molded with a hot press under the following
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i nclude those nethods usi ng BRABENDER(r) m xi ng equi pnents (e.g., BRABENDER
PREP CENTER(r), available from C W Brabender Instrunents, Inc., South
Hackensacko 2bbk/f02n BANBURY(r) internal mixing and rol | pairlusceug/o(essai | abl e
from Farrel Conmpany, Ansonia, Conn.) equipnent. Non-limting exanples of

continuous met hods include single screw extrudi W N ext rudi ng,

di sk cenditiomss: Ao pressyisfor 3 mingt qun@ Dligwpdly égg{lﬁ?gf%é, mga%‘iéﬁ“ﬁé,bar rel single
scre xt rudi - K I %dsmnﬁi ik § an be added into an
extrgaliqw‘?%}}o%é%ﬁngEk?%%ﬁﬁ?g%ggﬁtgﬁe eed ?gr“gdg%aggg?%&t he extrusion of the
et hyl ene/ qjﬁol fminterpolymer, the optional second pol yner conponent or the
foam The Mfi™Mhg or bl ending of polyners by extrusion has been described in
C. Rauvgpdpal , SaRalladmer d&sity wedaaiémerians prepitet bt hding fo ASWMDY k, NY, pages
322-334 (1986), which is incorporated ere'in by.ref ereng,g éé ] When one
ors nok988 adiasuroments e Madpvithia ang hemeotsample Rysing ysing 48 IM B anount s of

t he q@d{ti¥gs can be added in one charge or nultiple charges to the
et hyl A P%-OIefin i nterpolyner, the second pol yner conponent or the polymner

bl end. Furt her e, t di td.on pl ace in any order. In sone
enbodi nent ,""‘Fﬁ@ 8‘&?&‘3&9‘2@“&&%"%3@?“‘%@ gd and ni xed or bl ended with the
et hyl engt@q ol ef ganiplbEsrd @bpRsssian eholdedrustniged SN D i1928.cBlekaiahand? i nt er pol ymer

is blended ' with the second pol yner, co ent._1ln other enbodi ments, the
addi tpevesst sgcantfmedyli 2rg aesgsuad a¢roxding m%gfyﬂﬁ-e@%smag%@o EdHd pol ymer

conponent b EhAE b9 1286108 pol yner conponent is

bl?oend@ﬁaswet%h%g?é{g&gtth3%%%%5%%/62?%Qfl.'%]c@er pol ymeﬁ{;ﬁ.q In further enbodi nents, the
et hyl ene/ a- obefi n interpolyner is blended with the second pol yner conponent
first and PREFLBTOPEHES i ves are blended with the pol ymer blend. [181] The

fol | owi ngygxanpFidss of €. 4nfivsBiRkeds he cexpmpkiohymedbbaiimembst wésst he i nventi on.
Al'l nunerical values are ag}s{r)oxi gaﬁﬁ% V%@fn @gmeri cal ranges are given, it
shoul (Capecr dherdal EABU4RREI0L ai? {STERISPYEME st at ed ranges may still
fall il 0t NG AORAE shlerd REddtaBbies sPREBE0 RPAIGLAS hiindeRsweded i n each
exarere shou no e consdtrued as necessary features of the invention.
EXAMPLES3 MPa for 3 min, and then 2.6 MPa for 3 min. The film is then cooled in the press

with running cold water at 1.3 MPa for 1 min. The compression molded films are used

for optical measurements, tensile behavior, recovery, and stress relaxation.

[195] Clarity is measured using BYK Gardner Haze-gard as specified in
ASTM D 1746.

20 [196] 45° gloss is measured using BYK Gardner Glossmeter Microgloss 45°
as specified in ASTM D-2457

[197] Internal haze is measured using BYK Gardner Haze-gard based on
ASTM D 1003 Procedure A. Mineral oil is applied to the film surface to remove

surface scratches.

25 Mechanical Properties - Tensile, Hysteresis, and Tear
[198] Stress-strain behavior in uniaxial tension is measured using ASTM D
1708 microtensile specimens. Samples are stretched with an Instron at 500 % min™ at

21°C. Tensile strength and elongation at break are reported from an average of 5

specimens.

30 [1] 100% and 300% Hysteresis is determined from eyclic loading to 100% and

300% strains using ASTM D 1708 microtensile specimens with an Instron™
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Testing Methods In the exanples that follow the follow ng anal yti cal
techni ques are enpl oyed: GPC Method for Sanples 1-4 and A-C [182] An
aut onmat edwbizqes/@215andl i ng robot equi pped with a heated mpegdiseomsabss® 1600C
is used to add enough 1,2,4-trichl orobenzene stabilized with 300 ppm I onol

to each dried polyner sanple to give a fjpal.concentration.of 30 ng/nL. A
snal insghmest. Sthiesample i b)aéﬁéél&jumﬂftdﬁdéé%& ?"JBE} afﬂﬁgtcﬁ‘éle%g%I 5 are heated to
160C faor 2 hours 0 0 N j Svadbl i cldatbet.pm The
concgﬁglica?xé’anﬁlt?mr?g?&?s%’%ﬁéi%gnc %t%ohgl!}ld%t%%ﬂto 1hﬂrrlg}n?ﬁ “Using the

aut ompine 80 l°Cxperihaitherngmpiie hllawetl toreguiiibstte forMidadinates gt thedesi6oC. [1] A

Synyx Rapid GPC systemis_us t ter.m ne.the nol ecul ar i ght data for

each teyapeptate befazp &8&%3@0%@@%% Qoqétgtr@pﬁ?'?eﬂq %pﬁnﬂeghﬂ}egr{s terxﬁfsvgused to punp
hel i uppur ol «@aifli C}ﬂ@ﬂfrﬂ@ﬁ id ik ZRQraMd! PeRft lRPoverpfinlallas t he

nobi Isggsgﬁggféb%ﬁtr%%lﬂéﬁﬁ%ﬁ{eee Pl gel ' @%1 clr orre¥ er é@m{i M xed, B 300nm x 7.5mm
col urRperithatedte calcslatederora it firstundonding QElECISing thesyemat Paisd the s 1000

Detector is use i th .the [Evaporator set. C, the Nebulizer set to
1650,103fﬂﬁ6“¥1ﬁgtﬂi%?e\r¥€?§‘éhn?'l E&?ng@l%§%ﬁov?lg li&%ﬁéﬁﬁat a pressure of 60-80 psi
(400- 600 kPa) N2. The polynmer sanples are heated to 1600C and each sanpl e

injected into a 250 mM | oop U‘%ilﬂa% {,%g/ifgﬁigd-m@@dl i ng robot and a heated
needl e. Serial analysis of the poloy r sag‘}pl es using two switched | oops and
overl apping injections are used. The sanpl'e data is collected and anal yzed

USi NGIRYOYXs fRRQG Rt tAlerSf ty@ic@oadiapksl Qlicthasnaiatheré thibdoudarunstndhe he

nol ecul ar ‘wei ght |ntf ormation reported uncorrected against a pol ystyrene
strandmsdine aluiibg ttei Srundeading Sichdar d CRYSTAF Met hod [ 184] Branchi ng

di stribuytions e detern ned A I.Zatd | & fip &6kdsonat i on
(CRYSTAgdoﬁsi n?tgs%ﬁ'&n%&g%sﬁ.%fl aﬁ%%”rc %@asf‘%‘ %@g@bl & from Pol ymer Char ,
Val engiidy: an3astdh™ Therusasmp b@sppodewith ssaiviedmiental clymaberr Tt Baigsbenzene at

1600C (0.66 ng/nL) for 1 hr and stabilized at 95C f m_n s. The
sanp| geegetrE s 7amupes2 T Biy% Or B o5l T SIBETERE aﬁ%ﬁqu‘%g “?%t“g{h%f 0.2C min.
An néﬂv?r%&%er?tglt &%hl%rer, the sample was stretched to 50% strain at 333% min™. Stress

s was recorded as a function of time for 12 hours. The percent stress relaxation after 12

hours was calculated using the formula:

L, —L
9% Stress Relaxation = ———2x100
0

where L is the load at 50% strain at 0 time and L1 is the load at 50 percent strain after 12
hdurs.

20 [201] Tensile notched tear experiments are carried out on samples having a
density of 0.88 g/cc or less using an Instron™ instrument. The geometry consists of a
gauge section of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at
half the specimen length. The sample is stretched at 508 mm min at 21 °C until it
breaks. The tear energy is calculated as the area under the stress-elongation curve up to

25 strain at maximum load. An average of at least 3 specimens are reported.

TMA
[202] Thermal Mechanical Analysis (Penetration Temperature) is conducted
on 30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10
MPa molding pressure for 5 minutes and then air quenched. The instrument used is a
30 TMA 7, brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip
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is used to neasure the polyner solution concentrations. The cunul ative
sol ubl e concentration is neasured as the polyner crystallizes while the
t enper at we 20&/Wen eased. The anal ytical derivative of Pog/useesloadssy e

profile reflects the short chain branching distribution of the polyner.

[ 185] The CRYSTAF peak tenperature.and area.are,i tifi by the peak

hnal YR NSSO LN inBPEsddo FIF SHEC IR R ian el ENAVSF oRB001 b

3Pol YORLYAL i YALENisAe/hatdh 25 TeTRINSEAReReAkok itdngis out i ne [ dent i fi es
a peak tenperature as a maximumin the dWdT curve and the area between the
| ar geséaspediab b endtioh lof tmipsrasuen T eliperinaénd endsf whenethe geateiebed peak in the
derivative rve, Taq cal cul ate the CRYSTAF curve, the preferred processing
par arﬁ??%ti‘%ecgfglwrftﬁ Ea rature linmit of 700C and wi th snoot hi ng

paranmeters above the tenperature [imt of 0.1, and bel ow the tenperature
| 5mit of (PMADSC Standard Met hod (Excl udi ng Sanmples 1-4 and A-C) [ 186]

Dfferegddaql S i ! ; Fo ohng a TAl nodel
g’gsiqui ;lg{é}%!rr\[}mgt h%lbﬂr{aszfs@(ﬁMIﬁ 1s@ﬁ@asﬁ1%ﬁ%d Afflesd

Q OO0 D an RCS cooling accessory and an autosanpler. A

ni t r ageldepdiskefoymsd il ohotgfres@t AB0YE at 10MBs pressuTh forSaniivéesiand freissed i nto a
thin filmand nmeJted in I.es about, 175C .and t air-cooled to room
terrpe‘?’%??‘ij‘f%’k(d?gé% Pfe%ﬁ-aiébﬂ‘g/ E‘fm‘rri?szilrnﬁésf cqn&u&ﬁ@ﬁﬂgggn ﬁ% a 6 nm di anet er

di sk, c ARBHERLE]Y HMBhe ¢T A Rhdatkntd) equibpa@iWiti bivuticantiteparfixass i@ ng), and
then crinped shut. The thermal behavior of the sanple is investigated with
t e ftotdigwicsting enperature profile. The sanple is rapidly heated to 1800C

and held isothermal for 3 minutes in order to renove any previous thernal
hi st ory.[20/je saifl.sminplidvens pesieddnd outin@der af dit@gsienh3e0dMmg rate and

held at -40QC f 3 m . JIh is th h 150 0C at
18C/ . Saﬁ‘é’g‘f 15ef : I%‘;1etd¢an‘E1lt %%3%988?&%3%]83%%%%%%%%?1 i%}ﬁglggf?pves are ?ecor ded.
E \]/'\,8 5 se&ﬂ%ﬁ%ngg}x& Etnﬁ’emlsh&egﬁaétéﬁﬁfém@@e sfeps oM 1000 f Twac flow rate

respect to the linear baséline drawn between -300C and end of
nel t i (§C pehetepratAtcdach temiperatins the tossiprthodylus KB inmeasuggsaaantpgulael ti ng curve

b?st V\Bigrgqﬁe%gf) gf ﬁpgd} s?ﬁle%ﬂ'ginogmpqﬁ'h&el @egngur?lhﬂlgah?edl Betién d) f‘fﬁgllckl'?teand 4
percent to ensure that the torque is sufficient and that the measurement remains in the

linear regime.

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

between the fixtures reaches 65 mm.

Melt Index
[206] Melt index, or I, is measured in accordance with ASTM D 1238,

25  Condition 190°C/2.16 kg. Melt index, or Iy is also measured in accordance with

ASTM D 1238, Condition 190°C/10 kg.

ATREF
[207] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in USP 4,798,081 and Wilde, L.; Ryle,
30  T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
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GPC Met hod (Excluding Sanples 1-4 and A-C) [188] The gel perneation
chromat ogr aphi ¢ system consi sts of either a Polyner Laboratories Mdel
PL-210 orwe 2b@/ween Labor at ori es Model PL-220 i nstrunmenect/iUseocsobessn and
carousel conpartnents are operated at 140 OC. Three Pol yner Laboratories

10-m cron M xed-B colums, are uysed. The solvent.is 1,2, 4 trichlorobenzene.
The dngasPeated by rpfeegpae Bercinn Shetirisey r ipf’ SAMBPsIEO toé?ﬁaﬂl?ﬁlyé?d Bol ymer in 50

ml idiéséﬁ%& lir?IricﬁRJer?éﬁ&e&%ﬂ%E%@@t stRIBZ: B a Bolinbh @bRGidMYEA MRl uene
(BHT)""Sanples are prepared by agitating lightly for 2 hours at 16Q0C. The
|m n j/ %_csgﬁlfmt (sEiimlg]E m&?d%ot}l:ﬁﬂ@wty}m?mmg élce:gela}q@tatuhﬁewf%&@/at ageoling 1.0

. | byation a e. . u t i f d wth 2
narrdﬁeﬁgpe]c{-}?néﬁn' %@&ﬁ{mm @Fﬂ?lBﬁ?%ﬁlgé)BF‘@gﬂr?fi@ﬁg&%’% gﬁ%w vvinfh \rlrmo][ ecul ér

e gfbﬁéoxfléékggﬂaﬁgc&wm %&a?bd%lﬁlﬂ%th@Ef}@fbﬂ%dipﬂly%é'r%mhleﬁdrﬁ m xt ur es

wi'th at a decade of separation between individual nolecular weights.
The shepdamisyasleviyinohasegtht tesmersiseradithe elbbagsdyenés (Shropshire, UK). The

pol yst yrene stan ds,ar e, .epare o grans in 50 milliliters of

sol veéf_%/c ?glgb?fﬁﬁ%%?&?"é?z%bﬁ@agaa%ifgf%-go@@?‘eat er than 1,000,000, and 0. 05
grans in mlliliters of solvent for nolecular weights |ess than

1, 000, 000. M Apalysisene standards are dissol ved at 8C0C with gentle

agitation for 30 mnutes. Th d ' . [
T or deTIoThRETA B oS8 CORBE SEUA HE SO CREBEREIE 8 i m 26
d‘%ﬂrgﬁg@é{hﬁé}?etﬁ%—@% IERGbSLANTRIEL PeakpRTh 830 ndh NWIRAGbE BHe converted

to pol yl'ene ‘nol ecul’ar wei ghts using the follow ng equation (as
descr ddagdes dre tiskolvedandamandggnided By heamigithe tbe iand itPepnients (150°C. 6, 621

(1968)): oi yet hyl ene = . 90]..P

equi vﬂeeﬁl?tl\t/g%"l Cé’i:‘ﬁ%/tﬁ Uiies aﬂﬁéﬁﬁwgﬁl@%@ gﬁ? fpée&%%rp%z}eeﬁ&{%?ygy Fggot ek

Tri SEG,89bt (afre 4Ye NP SpedirmefeR MRS onaihg36h '{( Rbbnddoaprgssicopf set i s
measured accordi ng to ASTM D 395. The sanple is prepared by stacking 25.4
mm di B0fes dHz.oTheldath sesicatirel wingd009 tongignts pagdaja fits with a 6 second

15  pulse repetition delay. To achieve minimum signal-to-noise for quantitative analysis,

multiple data files are added together. The spectral width is 25,000 Hz with a minimum
file size of 32K data points. The samples are analyzed at 130 °C in a 10 mm broad
band probe. The comonomer incorporation is determined using Randall's triad method
(Randall, J.C.; IMS-Rev. Macromol. Chem. Phys., C29, 201-317 (1989), which is

20  incorporated by reference herein in its entirety.

Polymer Fractionation by TREF
[209] Large-scale TREF fractionation is carried by dissolving 15-20 g of
polymer in 2 liters of 1,2,4-trichlorobenzene (TCB)by stitring for 4 hours at 160°C.
The polymer solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot
25 (7.6 cm x 12 cm) steel column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425
um) spherical, technical quality glass beads (available from Potters Industries, HC 30
Box 20, Brownwood, TX, 76801) and stainless steel, 0.028” (0.7mm) diameter cut wire
shot (available from Pellets, Inc. 63 Industrial Drive, North Tonawanda, NY, 14120).
The column is immersed in a thermally controlled oil jacket, set initially to 160 °C.
30  The column is first cooled ballistically to 125 °C, then slow cooled to 20 °C at 0.04 °C
per minute and held for one hour. Fresh TCB is introduced at about 65 ml/min while

the temperature is increased at 0.167 °C per minute.
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thickness until a total thickness of 12.7 mmis reached. The discs are cut
from1l2.7 cmx 12.7 cm conpressi on nol ded pl aques nolded with a hot press
under t hewbabéspmprsgcondi tions: zero pressure for 3 mn aCTASA6/00BES owed by
86 MPa for 2 mn at 190C, followed by cooling inside the press with cold

runni ng water at 86 MrPa. Densi 192 I densi
pr epar etf18tcor d‘%l’r’ﬁj?lﬂélmm)(%s’:!}g%m ?%Bréﬁ%?%t O&’ée A gmﬁzugﬁg\e%u?r gf
Sanplc%h@%rgér%icgg%#r%c}ﬂlga {IM 37 RatedBAGRE clahle dl)@XPHeéﬁdlﬁﬁ@ﬁE't Modul us/ St orage

ModulUs es are conpression nolded using ASTM D 1928. Fl exural
and Zopestatid if escnfractivd uisingarretaneasporatbrantibaltiun §0 to 1 (STAPIIHF90. St or age

nmodul us i s nmeasured accgording to TM.D 5026-.01 ar I t echni .
Cpt | RRVTBRSBOROPEempITSa {heF e terolias or Lighudio S b0Btbe PO ol Ged

UST NG 9hdRE 83 Sesh TRENED], MRdghe, 40 Basif RB00-F08 nile)fhetizmnal e pl aced
bet wesh poPylt trafSFuor oet hyl enegsheet Ssl, g%)%t 196rnC at SSapgi p(ggg kPa)

f or 3ncludingftid fivalethsby TheFilivationfstep i8 prifprmesdhen 2 REASIHOBVAGBEY or 3 nin. The

filmis, t cooled in.the press. w i 1.3 MPa fo
min. _a\sﬁléteagﬁ’ﬁflﬂgéfa fn H?)‘P%Igé) prérﬁa@uéﬁégﬁfy or %gi%t Cllgg[{ﬁ%r?ggéur ement s, "t
t eNSi (29, PBRARHATO S REOVRE Y Caf¥KE (W PESS0Y. el lexaltrated  fracfiOrs] ar€tided ty i s
measured using BYK Gardner Haze-gard as specified in AS D 1746. [196] 45
gl ossovesnightas@ragus g #R “Corrgusiggd s HEARIY R LRPARNCE 86108 as speci i ed
in AS eQr2457 [ 197] Internal haze is neasured using BYK Gardner Haze-gard
b&s ed™SHCAETMED 1003 Procedure A Mneral oil is applied to the film
surface Fol\’feit:%\l/‘e surface scratches. Mechanical Properties - Tensile,

Hyst eresis,” [ 198] Stress-strain behavior in uniaxial tension is
measur eqapfi Ng KRTMtRngth (MS) is measured by using a capillary rheometer fitted

with a 2.1 mm diameter, 20:1 die with an entrance angle of approximately 45 degrees.
After equilibrating the samples at 190°C for 10 minutes, the piston is run at a speed of 1

15  inch/minute (2.54 cm/minute). The standard test temperature is 190°C. The sample is
drawn uniaxially to a set of accelerating nips located 100 mm below the die with an
acceleration of 2.4 mm/sec?. The required tensile force is recorded as a function of the
take-up speed of the nip rolls. The maximum tensile force attained during the test is
defined as the melt strength. In the case of polymer melt exhibiting draw resonance,

20  the tensile force before the onset of draw resonance was taken as melt strength. The

melt strength is recorded in centiNewtons ("cN”).

Catalysts
25 [212] The term “overnight”, if used, refers to a time of approximately 16-18
hours, the term “room temperature”, refers to a temperature of 20-25 °C, and the term
“mixed alkanes” refers to a commercially obtained mixture of Cs.9 aliphatic
hydrocarbons available under the trade designation Isopar E®, from ExxonMobil
Chemical Company. In the event the name of a compound herein does not conform to
30 the structural representation thereof, the structural representation shall control. The

synthesis of all metal complexes and the preparation of all screening experiments were
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1708 mcrotensile specinens. Sanples are stretched with an Instron at 500 %
mn 1 at 2 10C. Tensile strength and el ongation at break are reported from
an aver ageoabodiospeci mnens. [ 1] 100% and 300% Hyst er esi s pcg/udedosnmessed from
cyclic loading to 100% and 300% strains using ASTM D 1708 microtensile

speci mens with an Instron(tminstrunent. The sanple i§ |oaded and unl oaded
at 26@rige pirhing dryp nitgen @faespaere 2410e d@pﬁ% fechuiAues: r@h%‘gveﬁs‘% % and 80C are
conduct i n Lr . er. In the 80 OC experinent, the
canpi'e's BPLF SGRASREE URPTEOR mpaee

o equi r 45 minutes at the test tenperature

bef ore I ng he. 2 .1 0C. 0 ' [ B the

retract\tziglt str@g&ﬂ%\ ! fgﬁo}ooﬁc}%gi%‘()‘g‘f/%ﬂapﬁﬂé ;fl%(’gdt&lgsr??g@?ﬁng cq:%/ncl eis

r ecorglifedPREGORIuNM GGAY aYallablf cotdrhereiulie fiomeAkso-hiobledadrpariatiored from t he

first unloading cycle using the strain at which the |load returned to the

base |1 ne. id ' ws YR v ery =- x 100 S~ f4
€. ThE e ABLTORIN chd id GondetbdegfoRewsYRe cov ery

W%ere f is't eepgtrai n fakgﬁyﬁg cyclic loading and es is Lhe strain where

the | oad rdtRiepesation afl{é-rhethethybCoydreny-8 Qedifih SEVIRGYNIBING - [ 200]

Stress | axation . sur ed r ' 37 C for 12 hours
usi ng ahﬁf1 stréﬂ%lpﬁ)%'bﬂqﬁ'gﬁ#ﬁﬁ@%#ﬁ%%gﬁ%gxgg?%qd%ag(ﬁi@%%n%onrrent al chanber. The
gaug&sGROs¥RIthihe Vafie $6lulibh ih{;)ﬁﬁ%ms}(bﬁ)gm yellow Aiffier stéging lat ombientng at 37C for
45 mn’in‘the environnental chamber

) t he sanpl e v tretched to 50% strain
at 338wpereture for Sthopsss volagles é@dﬁ@@&e@éﬂgf Ve @W\Q@a R f‘r%EE ¥"g "2 hours. The
percent Si.ress.q ' ter 12 hours was cal cul ated using the fornul a:
%§trecé'gSt%P%;O}ﬂ@k%é&%%@ﬁ LO where LO is the load at 50% strain at O
time and ' q '

psr, o fffign- 12 hours. [201] Tensile
notched te QSCﬁ ' es having a density of

Koernentsare - cd ed—out - O 3
0. 88 @LhsleiyhiffSndifietty ok oy} Fiesontum) dibeszyiunent . The geonetry consists of
a . . .
[215] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyDphenyl)imine
(605 mg, 2.2 mmol) in 5 mL toluene is slowly added to a solution of Zr(CH,Ph)4 (500

5 mg, 1.1 mmol) in 50 mL toluene. The resulting dark yellow solution is stirred for 30
min. Solvent is removed under reduced pressure to yield the desired product as a

reddish-brown solid.

The preparation of catalyst (B2) is conducted as follows.

a) Preparation of (1-(2-methylcyclohexyDethyl)( 2-oxovl-3.5-di(t-butyl)phenyl)imine

20 [216] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in
methanol (90 mL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The
reaction mixture is stirred for three hours and then cooled to -25°C for 12 hrs. The
resulting yellow solid precipitate is collected by filtration and washed with cold
methanol (2 x 15 mL), and then dried under reduced pressure. The yieldis 11.17 gofa

25  yellow solid. 1 NMR is consistent with the desired product as a mixture of isomers.

b) Preparation of bis-(1-(2-methylcyclohexyl)ethyl)( 2-ox0vl-3.5-di(t-butyl)phenyl)

immino)zirconium dibenzyl
[217] A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-
30 butyl)phenyl)imine (7.63 g, 23.2 mniol) in 200 mL toluene is slowly added to a solution

of Zr(CH,Ph)s (5.28 g, 11.6 mmol) in 600 mL toluene. The resulting dark yellow
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gauge section of 76 mMmmx 13 mmx 0.4 mmwith a 2 mmnotch cut into the
sampl e at half the specimen [ ength. The sanple is stretched at 508 mmmnin 1
at 2 1 Cwotndesiot1shr eaks. The tear energy is cal cul at ed pes/usb@ecmomas under
the stress-elongation curve up to strain at maxi num | oad. An average of at

| east 3 specinens are reported. TMA [2Q2]. Th I i cal i
Pt e S M L M T QR TP
compr el on A ded flS6Sind QLEL Ao 8960076 49 MPa ol ding pressure for 5

m nut en air guen e instrunent used is a TMA 7, brand

avai | ab rom Per.ki,n- El ner . | tes ﬁHE ' .5 mm radi us

tip(P/ Nhisél‘!f%“’ﬁ%)l Aﬁn]é‘SBF Pgaleﬂgﬁﬁﬁé”‘%atrugéce o@ﬁﬁﬁ\gbfstg?#ol e disc with IN

f Or Cqetr K& pdRAMRESHHEA) BoRatt Ehétedn-afterrmptniuduronat2f Grepdted byr obe penetration
distance i's nmeasured as a function of tenperature. The experiment ends when
t he pratienivds longebrindrialylpaing (Awneene” sé.ValrﬁVE? Tf%‘s‘}kzﬁﬁﬁ% ' Mechani cal

Anal Yol 3 OB b (FRRSH! S ORUARRIARH:0A:REISh Biodss, ferared in a hot

pres a pressure for m nut es and then water cooled in

the pre t 90C / .min. st i . |- RES control | ed
strain i%@ilrret e Oﬁgyé}%gﬁﬁﬁ%ﬁ?@f 3%‘3@%%@35%"#@%5?R8§nu | ever fixtures

f or Q@i Q@PerdiRiokdithenyl Atinafe)l2 Witk gliatdeolide, premseichcanding o USP a bar  of

di mensions 32xl 2nm The sanple is clanped at both ends between fixtures
;separ@ﬁ%ﬁ6'blyE$_<0hﬁn]£grl p sggar ation DL) and subjected to successive
enperature steps from-100C to 200C (5C per step). At each. tenperature the
t @r si on [220ul usSlGittling Agenss ridy shuttling mgtmegpplweéqg@%eydlsﬁhyl%@q gg/ s, the

ensar DA DHEC Ry, B P e PR S e R B A C T i
%, ATk 49, Lhon A Skt el
occur butysiloxage r(§ééh éwb@g',laltlm'gu@} bﬁ?ﬁ@%&p@?ﬁz}%ﬁ%ﬁ) Xg}&} phermal - expansi on
octylaluminum di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylaluminum
15 (SA10), i-butylaluminum bis(di(n-pentyl)amide) (SA1 1), n-octylaluminum bis(2,6-di-
t-butylphenoxide) (SA12), n-octylaluminum di(ethyl(1-naphthyl)amide) (SA13),
ethylaluminum bis(t-butyldimethylsiloxide) (SA14), ethylaluminum
di(bis(trimethylsilyl)amide) (SA15), ethylaluminum bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide) (SA16), n-octylaluminum bis(2,3,6,7-dibenzo-1-
20  azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-butyl)siloxide(SA18),
ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide) (SA20).

Examples 1-4, Comparative A-C

General High Throughput Parallel Polymerization Conditions
25 [221] Polymerizations are conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx technologies, Inc. and operated
substantially according to USP’s 6,248,540, 6,030,917, 6,362,309, 6,306,658, and
6,316,663. Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa)
with ethylene on demand using 1.2 equivalents of cocatalyst 1 based on total catalyst
30  used (1.1 equivalents when MMAO 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
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DL increases with the tenperature, particularly above the nelting or
softening point of the polyner sanple. The test stops at the nmaxi num

t enper at uwe 2006/00ken t he gap between the fixtures reachepc@smneoddsss | ndex
[206] Melt index, or 12, is neasured in accordance with ASTM D 1238
Condition 190C/ 2.16 kg. Melt index, or I1 is also neasured_in accor dance

wi t hea@B‘flaAoPrkEB? 6@dndi-t Eash ceb dyemperagure angkprespuwe 99ntlled With a1t enper at ur e

rising .elutio ractiopati T |S.pl [

re; hOdrgE BTy ousbaL Gt B, Pty oRs BRINSLRRARE LT o 1

D. C. '%luﬁﬁféﬁ’diﬂectﬁr et DBk PPRI Wt dndreopfroBsdmchitogati wivdsb ifiqudseagantPol yet hyl ene

and Ethylene Copol ymers, J. Polvm Sci. 20, 441-455 11982 .Whj ch

gr ei m;rp’p@t(a_ﬂédd_ tpi@ﬂ@rl‘éh@@r el by syringes ¥ the Efﬁ?riVPEtS%? .Verﬁﬂéhgﬁfi)osi tion to
e an zed,is dis | | n [ [

o o BHESC it At el Al A e B S owiy

r edugbenéher (1 epaoditblye: I o @CHElyat 1 AMAS) mirgureastaititing egant/andn.  The col umm

is equipped with an infrared detector. An ATREF t [

glenvefm_ﬁlat YR G o B P e S openy Rt TR ORY ST Col tom by
0 I 0 i ite hl

FromE S SR bt BERE b e e SN Anel vl s 1] The sanpl e

(6)

are padipian eeltieyeatict Vihaypreogintis erhijteddn et expesigrent the 3hoye er

tetrachl orget hane-d 2/ ort hodj chl or obenzen ' 1
t dbe .add']ﬁléné%t?ttbF@élsea‘?“@m%i’%ego ?@B’dﬂe&f‘?& Honbg g?\‘?@é%déglg?@gﬁﬂﬁlgteg }nh 1eét u 8 e m;]n SI NFt s
cont ept Stek Aint? BfedettRRInEAERAYREE c6; foadaeseatted AEA qEGLHIRSE(thm) 400 MHz

spectroneter or a Varian Unity PLUS(t 400 t [
b a ABGhe esomangs choleqaehihy s 1SS S etre THSRGo5 6 EYEIPL usi ho. 4000
Lranslent s Rer ok anldife Wit N il 860N aorgRetidding del ay. To achi eve
m ni BmheSE TYS " WBi § 8P antrtative analysis, nultiple data files are
added; },pgahBafied JNOmEPAE tWeidhowiadt ithd diff2fenBOBetitzemitisweight anidrthen

5 tare weight gives the net yield of polymer. Results are contained in Table 1. In Table 1

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

[222] 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

0 monomodal copolymer when DEZ is present and a bimodal, broad molecular weight

distribution product (a mixture of separately produced polymers) in the absence of
DEZ. Due to the fact that Catalyst (A1) is known to incorporate more octene than
Catalyst (B1), the different blocks or segments of the resulting copolymers of the

invention are distinguishable based on branching or density.

25 Table 1
Cat. (A1)|Cat (B1) |Cocat |MMAO [shuttling
Ex. |(umol) |(umol) (umol) mol) |agent (umol) |Yield (g) Mn Mw/Mn hexlls1
A* 10.06 - 0.066 |0.3 - 0.1363 300502 |3.32 -
B* |- 0.1 0.110 0.5 - 0.1581 (36957 |1.22 2.5
Cc* 10.06 0.1 0.176 |0.8 - 02038 [45526 [5.30* |55
1 0.06 0.1 0.192 |- DEZ (8.0) [0.1974 |28715 |[L.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 94

T"C or higher chain content per 1000 carbons
2 Bimodal molecular weight distribution
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file size of 32K data points. The sanples are analyzed at 130 Cin a 10 nm
broad band probe. The conononer incorporation is determ ned using Randall's
triad metwodogsRapdal |, J.C.; JM5-Rev. Macronol. Chem Plrgs/us26088998391- 317
(1989), which is incorporated by reference herein inits entirety. Polynmer
Fractionation by TREF [ 209] Large-scale TREF fractionation is carried by

di ssol ving 15-20 g of poI ynmer in 2 liters of 1,2,4-trichlorobenzene (TCB) by

stirri or 4 hour : i ivehitiCigdey 15 psig
(100 qug%g]m tr{)t ??' %%1%{%?8%%?@6%%&&1@%{02%&@%2 cm. set eel colum

pac k@‘élatWel}}hz&rcﬁ@ pél@d(spers{i)y NIw/Ndfh) 8@1—14@enhbhk-(c6pxﬂymg150qnﬁgnt EHRSEI cal |
technical quality glass beads éavm% abl e fro Po t %%g{;strl es, HC 30 Box
20, Brtowmencsdarex thapgwdyimers REppatedh e S%‘lcgé) e nmm di ameter cut

wire shot (available frompPellets, Inc. 63 In trial ive rth
T@nawan[da4] NY, meoqharam@zwdmfor @elmﬁg?%réﬂgil%blﬁltaﬁ% W@e({;‘gnt rolled oil

J aCk @ﬁ%ﬂg @Fg COO&%@g%eQ%a@?)S@MTREF&em& skapkrd bal listically

to 1 per mnute and held for one
hour follfd‘\ﬁﬁg TCB is introduced at about 65 m/mn while the tenperature is
increased at 0.167 C per mnute.[210] Approxi mtely 2000 m portions of

el uant g‘ t herRIreRacait & tﬁaﬁlﬁymf umxaaﬁple dahbest adi5.7TC meliigst at i on,
heated fraction collector. The poly is concentrat ed n each fraction

usi ng)omtr(ﬁmamythmllaqaboﬁﬁuenon@ﬁﬂﬁ 1d@olﬁh35’0rlle@011é@grﬁR%$ &YPS1 yner sol uti on
remai ns. The oncent r uti o I t erni ght before
addi rﬁé‘)@ﬁg@sté 35‘% ?I"‘f1 all?'neﬁﬂa ??GO%rS?ndsﬁQ a%%%%lgﬂ fkgo% 5009n1 of

math en’}ﬁéB@%tﬁﬁtﬁé@st£f1§%@2°CThe fi Itratl on step is perforned on a
3pS| 'On vacuum assi st ed I'tering station using 5.0 nm

pol yt et uor e 1 (MR alesk Hitam Osnoni cs | nc.
Cat # ZS&)%&M?SS?h héﬁué W%qgét?lgggw ct fggglﬁ rﬁe dri edlﬂgvernl ght in a vacuum
oven fgjg e xﬁéiuﬁg?ommh PWitha e hfadiyn o£214.0Hgalhe coméspordifgr t her testing.
Melt Strength [211] Melt Strength (I\/§) i s neasured fbg/ (uS| ngna capillary

r heonER¥STAIR duerde shows the tallest peak at 46.2°C with a peak area of 57.0 percent.

5 The difference between the DSC Tm and the Tcrystaf is 63.5°C.

[227] 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.

20 [228] The DSC curve for the polymer of Example 4 shows a peak with a
104.5°C melting point (Tm) with a heat of fusion of 170.7 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 30 °C with a peak area of 18.2 percent. The
difference between the DSC Tm and the Tcrystaf is 74.5°C.

[229] The DSC curve for Comparative Example A* shows a 90.0°C melting
25  point (Tm) with a heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 48.5°C with a peak area of 29.4 percent. Both of these values

are consistent with a resin that is low in density. The difference between the DSC Tm

and the Tcrystafis 41.8°C.

[230] The DSC curve for Comparative Example B* shows a 129.8°C melting

30  point (Tm) with a heat of fusion of 237.0 J/g. The corresponding CRYSTAF curve
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with a 2.1 nmdianeter, 20:1 die with an entrance angle of approxi mtely 45
degrees. After equilibrating the sanples at 1900C for 10 minutes, the

pi ston i swoemeatozegs1speed of 1 inch/mnute (2.54 cnl m nutrerusioveosisandar d
test tenperature is 190C. The sanple is drawn uniaxially to a set of

accelerating nips located 100 mm bel ow the die with an accel erati f 2.4
i S cbows Hedalicshipiak il SL4HE VIS, § BEGHeR SadIBER o8O ST VBHED ¢ he.

t ake- up speed, of,the .ni.n.col.ls: . ' i i ned durin
gt R T e e S SR Lt e
exhi bigdiROTeyauf ikgganance, the tensile force before the onset of draw
resonance was taken as melt strength. The nelt strength is recorded in
cent i Neybaps ( "l¥ Do GRSt smbadile TRIIECMshoWeh128BEC meldngised, ref er s
to a ti f approximtely 16-1 ours, the term"roomtenperature", refers
t G a pEANEmdiwithen lndat 3DARBNGT 1480 JigheThesromeSprindeg GRKSRAE curef ers to a

comerci al 'y obtained m xture of - ali ti ¢ hydrocar bans avail abl e under
the e ticlahaerii S orilzgropak 1eoAt Bl SHGEL & "GN Conpany. 1 't he
event t .nane .o n e 4t ructural

repr e‘é@ﬂ%&?? 8‘??13%3?’(5,}0?&,‘ ﬂ#egg %@i ﬁertg’?&?%%?‘gg @?\%Easﬁ |5 gélﬁsgﬁ%ﬁ?%n?ont rol . The
synt h@gipfes@cedith higH @l stalbinp bex & Sovaby stallmepobpasralhediffdrerdel screeni ng
experiments werecarried out in_ a d%gnitrogen at nosphere using dry box

t echnbaween thaDS$oTmeandshe Senystabisé3PLC grade and were dried before their

use. [213] MVAO refers to nodified nmethyl al unoxane, a triisobutylalum num
moadi fi ed nBtdwypled SHIBxGomparativd Bidne e Cantinuous Sedufipn Bolysierization

Cor por.at j on Be+ E par ati on of cat al yst (B) is condt ed s follows. a
Pr epa@éﬁt’é&ﬁMt hyl et hyl) (2- hydr oxy- 3

, 5-di (t [PHEYARIBENYIHEE Polymetingioh? ddlcadied-dok irf a bothpyhteradonayllal dehyde (3. 00
g) is added to 10 nL of 1sopropylam ne. The solutjion rapidly turns bright

yel | omntodavesteactor equinngd avithaarpintsinal sdmgre Paridied nyized akasgsalverfo) atil es are
renov t L i . i i

o Ao AN (fhnt S ShNToR CAlhicKACAhnyS HRf1BS arer0>0! 1 A (97

112- bisgHoube1dl2 ko/hoiry,l1pdeemel enedydfode-((hartusyd)etréiyupplied 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

20  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

25  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

30  lines ét 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
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i mm no) met hyl X2- oxoyl ) zirconi um di benzyl [215] A solution of

(I -met hyl et hyl) (2- hydroxy-3, 5-di (t-butyl)phenyl)imne (605 ng, 2.2 nol) in
5 nL t ol wwoeoessosisow y added to a sol ution O Zr (CH2Ph) @e@Qsowes/odasis nmol )
in 50 nL toluene. The resulting dark yellow solution is stirred for 30 mn.
Sol vent is renoved under reduced pressuyre %g ield the ei%rﬁd product as a
r edditlrougr osiaticmixes. Thnaroduelsiiean;ipHenneyy Yé%ism(gé ougd a5

ducted as
follows. a) .Pre G ( = l; Yethistoroxoyl - 3

. 5- die%@aﬁﬁ%ry‘?&?oﬁggéy %’tﬁ%aﬁzén'[ irléesf% el ﬂﬁg?{%;ég{égﬁéi%/ﬁ?n ne (8.44 ni, 64.0
nol )usi'ng adicsolatilififlg bxtrudet hahohtet 86oled pelletinet. Proceshdatyilssandireslidenyde (10. 00
g, 42.67 mmol ), i s added. The reaction m xture i. ti for three hours
and talf@ﬁﬁp%m%'ﬂ %le_%%qqfquggmﬁygrppﬁlﬂgs ?rggﬂ(f‘iyi%eﬁién);[‘e@l%%g}w solid precipitate
is collected by filtration and washed with cold nethanol (2 x 15 niL), and
then dried under reduced pressure. The yield is 11.17 g of a yellow solid.
1H NVR is consistent with the desired product as a m xture of isoners. b
Preparation of bis-(l-(2-methylcyclohexyl)ethviy2-oxoyl-3,5-di(t-butyl

) phenyl ) i nmm noi zi rconi um di benzyl [217] A solution of

(1-(2-nethyl cycl ohexyl)ethyl) (2-oxoyl-3,5-di (tbutyl) phenyl)imne (7.63 g,
23.2 miol) in 200 nL toluene is slowy added to a solution OZr(CH2Ph) 4
(5.28 g, 11.6 mmol ) in 600 nL toluene. The resulting dark yell owsolution is
stirred for 1 hour at 250C. The solution is diluted further with 680 niL
toluene to give a solution having a concentration of 0.00783 M [1]
Cocatalyst 1 A m xture of nethyldi (C 14-18 al kyl)ammoni um salts of

t etraki s(pent af |l uorophenyl )borate (here-in-after armeeni um borate),
prepared by reaction of a long chain trial kylam ne (Arneen(tm M2HT,

avail abl e from Akzo-Nobel, Inc.), HO and Li[B(C6F5)4], substantially as
di sclosed in USP 5,919,9883, Ex. 2. [219] Cocatalyst 2 Mxed Cl4-18

al kyl di met hyl anmoni um sal t of

bi s(tris(pentafl uorophenyl)-al umane) - 2- undecyl i m dazol i de, prepared
according to USP 6, 395,671, Ex. 16.
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[ 220] Shuttling Agents The shuttling agents enpl oyed include diethylzinc

(DEZ, SAl),

di (i-butyl)zinc (SA2),

(TEA, SA4yo0 20660etsyl al um num ( SA5) ,
bi s(diniethyl (tbutyl) siloxane) (SA7),
bi s(di (trinmethylsilyl)am de) (SA8),

di (n-hexyl)zinc (SA3), triethylalum nurn
triethylgallium ( SABrI/US26metopdsas um num

i -butyl al um num

noct yl al um num di (pyri di ne- 2- met hoxi de)

(SA9), bis(n-octadecyl)i-butylalum num (SAI O, i-butylalumnum

bi s(di (p-pentyl)am de) (SAl n-octyl alum num bi s(2,6-dit-

but yl phenoxi > of BAL 2%, n-'9 kY (di (et hyl (I - napht hyl ) am de) (SAl
3), ethyl alaég?@é:‘?i(ﬁ-ﬁﬁ%mﬁmei oxi de) (SAl14), ethyl al uni num

di (bis(trimethylsilyl)am de) (SA15), ethy|l al um num

bis(2,3 di benzo;loaozoaog:LCL ptaneami de) (SAl 6), n-octylal um num
bis(2,3 Zo=|agas yeEehep aheantds) (SAIS7), n-octyl al umi num

bi s(di met By butyT)si1oxi de( et hy|] zi nc §2, 6- di phenyl phenoxi de) (SAl
9), and dL-but oy de % sExpnpl essl-4, Conpar ative A-C

Cener al g@g a3 RoRygrey&peati ongCondi tions [221]

Pol yrer i bns are conducted using a high thr (n)%ghput, par al | el

pol ymer i BON Jeach ot (R Avaklable fepm Syngx technol ogies, Inc. and
oper at edf$ SUBKE EnfiAlR Y a8 cHldE ngito—USE S| 6, 2482540, 6, 030, 917, 6, 362, 309,

6, 306, 658, a

and 200
cocat al
pr esent
react or
that ard
react or
with sti
guench d
aut omat i
cell by
addi t ign

m), &a

>

I

DEZ DEZ

Table 2 Process details for preparation of exemplary po
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catal yst or catalyst m xture. When a m xture of cocatalyst 1 and MMAO or a
m xture of two catalysts is used, the reagents are prem xed in a snmall vial
i mredi at evp 2066021510 addition to the reactor. Wien a reagents2ees/oomssited in
an experinment, the above order of addition is otherw se maintained.

Pol ynmeri zations are conducted for approximately 1-2 mnutes, until
predeterm ned et hyl ene consunptions are reached. After quenching with CQ
the reactors are cooled and the glass tubes are unl oaded. The tubes are
transferred to a centrifuge/vacuumdrying unit, and dried for 12 hours at
60 0C. The tubes containing dried polynmer are weighed and the difference

bet ween this—petght—and—t-hetare—weight—egiyes— he net yield of polyner.
Results |are contaj ned ijn{Tabl e 1. |In Tajble l{and el sewhere in the
appl i cat i:_lpré, oppariat|i ye|cpnpqgqunds are | ndijcat ed by an asterisk [222]
Exanpl es|d-Mcdehopsit riatie| t he synt hesi s |of| I|i pear bl ock copol yners by the
pr esent ivnge@ i on| as |evi dencled by {t hej florjmatijoh of a very narrow MAD,
essenti a@)g gpnogndal | 3opal Y NEL, |whe S<PLesent and a bi nodal, broad
mol ecul af ey dF $R(19| DUt (O[O Bdted | TP ifi XY Br e of separately produced
polynmers) in the pbsendge|of DHZ.| Dué¢ fol tlhhe flagt that Catalyst (Al) is
known to ir@orp)rate mor ¢ oct ene than| Gatjal|lyst |(Bl), the different bl ocks
or segmarés; the resdl i pg| clopollymers| of |t helinvention are
di st i ngujcs badlle | BESEY R | BrANR|R | Bysco® | ARSI RY2| Table 1 C or higher chain
cont ent er%1(70) car bons 21 B r‘qD at ecuigr (wei ght di stribution[223] It
may be seensthe|ppl yner|s |produced |a¢cprdiing to|the invention have a
relative|ly %@rrowgol Zrcis,gersit% (MM M) land I'rger bl ock- copol ymer cont ent
- [=1K=)] =] AN —i ] SO [N IN|O
(trimer, te?f-amarrx\oq‘ﬂiafgeqovt anapolypergtpeepared in the absence of the
shuttling agent| b [ 224] [Furthler] g¢har acterijzi n$ data for the polyners of
Table 1 pre t esndned |byol&ef e gnde (&0 | he |tdjgyires. Mdre specifically DSC
and ATREF =EyiRs|S|rol Ehe|E @ |50 | By |3 RIS |=TRe DSC curve for the pol ymer
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0 shows the tallest peak at 34.50C wth a peak area of 52.9 percent. The
di fference between the DSC Tm and the Tcrystaf is 81.2C [226] The DSC
curve forwbheogpobister of Exanple 2 shows a peak with a »20%/Ui0Eemedsss ng
point (Tm with a heat of fusion of 214.0 J/g. The correspondi ng CRYSTAF

curve s t he |l e peak at 46, ' e ea 7.0 percent. 5
The di 1 1rehce BoprsERnatERRS sibledin W DS CRpBORR Y Buhapdvithsh S “The poc
cur ve gk@fiplth R @olty aRras@blidxanpl e 3 shows a peak with a 120. 70C nel ting

poi nt (Tng with a heat of fusion of 160.1 J/g. The correspondi ng CRYSTAF

curve shpwg) themeb%&urp@%&tﬂépr&%& ST winidle 8 sSROIKa BEAAWRL 2 {198 percent.
The difference between the DSC Tm and the Tcrystaf 1s 54.60C. 20 [228] The

DSC ci€veelfing poihe(Tpo) wite n hedt offesiq &f (.G Hgwd ha cpeedpomding CRYISPAKBOC nel ti ng
point (Tm wth a heat of fusjion of 170.7 J/g. The correspondi ng CRYSTAF
curve C&YBWEOW%@GF%IPEISEE?&&& 02 Wi areakter %%Béaﬂ@r%ﬁnéamﬁ el@ 2 percent. The

di ffe%gfg‘%g%o%tﬁ\g@rhﬁ Qg@?%}@ﬁggg%%jcrystaf is 74.50C. [229] The DSC

curve T npar ative ows a 90.00C nelting 25 point (Tm wth
a heat o si on. 0 . 7. J[.q.. The corr ondi CRYSTAE curv ows the
tall est %égt at q‘&gbﬁgﬂw‘f ﬁ&&hﬁg‘gpfmﬁlf@’g‘(“g@g%ﬁ?)‘ﬁ?:B?‘ﬁk.w’%bf‘ﬁlgg t hese

val uesc%@tiﬁ%%&hﬁm with bihedt JreSdich 664 ¥/8. MAWCbRePBRGhE CRYGEAL T T erence
bet ween t he C Tmand the Tcrystaf is 41.°8C. [230] The DSC curve for

Conparcatvesbovex thephliesBpeakno ns.28C 12th. :.88ak medataf168. 73frqemi.Mthe(d&y wi th a heat of
fusion of 237.0 J/g. The correspondi ng CRYSTAF curve - 63 - xshows the
t dPl e?@“@@%@eﬁsgfrﬁ@@ﬁl@ﬁr%ﬁﬁ@g&ﬂapég of 83.7 percent. Both of these
val ues are consistent with a resin that is high in density. The difference

bet ween ERel DSCThmDidcune fordhg gelsimer of Hxanyd: 7[shaws a Peak Wcaddide for
Compar.at i Exanpl e, C* sh .a 1 tin 0i nt Lt.h a heat of
rusr or CareiEngpamEydn Cheal GG gl " o e iRntlpe it sthk bufte

shows the tallest peak at 49.2°C with a peak area of 29.4 percent. The delta between

the DSC Tm and the Terystafis 72.1°C.

15 [237] The DSC curve for the polymer of Example 8 shows a peak with a 123.5
°C melting point (Tm) with a heat of fusion of 67.9 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 80.1°C with a peak area of 12.7 percent. The delta
between the DSC Tm and the Terystaf is 43.4°C.

[238] The DSC curve for the polymer of Example 9 shows a peak with a 124.6
20  °C melting point (T'm) 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 Tcrystafis 43.8°C.

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

[240] 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
CRYSTATF curve shows the tallest peak at 39.6°C with a peak area of 25.2 percent.

30  The delta between the DSC Tm and the Tecrystaf is 74.1°C.
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shows the tallest peak at 81.8 C wth a peak area of 34.7 percent as well
as a lower crystalline peak at 52.4 C. The separation between the two peaks
i s consi swenbosnots1t he presence of a high crystalline apdtashansrocssyst al | i ne
pol ymer. The difference between the DSC Tm and the Tcrystaf is 43.5C

Exanpl e =19, tive anpl.es Dt-F* i.nuous | uti on

Pol yrer ﬁ%gltll on, %ﬁg%‘_’%@%@?n&#&? c{fﬁca@%}%ﬂgy AR YO

pol ymei4 3 akiQiign APEnC@ME) With 8 Ubatiof fisi GLEHULLRY/o C TRE COlrtPEndivE OCl ave react or
equi pped with an"internal stirrer. Purified mxed al kanes sol vent

(1 SOPAR(YSTHAIEcavashod o paakreagixdxo oMilmve 3CREm(Talyst@b fipauyposeetthyl ene at 2. 70
| bs/ hqur ( 1.22 kg/hour), 1-octene, and hydrogen ( re us are supplied
to a @!rﬁletc%léldét!%‘rlsél&lﬁ?f)ﬁﬁeﬁtﬁi%cb ‘%éﬁa%ﬁweepé%ggg’tﬁ?éngg%ﬁ rol and an
ing er??} sl & ple. The solvent feed to the reactor is nmeasured by a
mads- oW controlTer. A variable speed di aphragm punp controls the sol vent

flow rat nd pressyre to the reactor../At the di.scharge,of..t he punp, a side
stream i@@akenﬁ%%@%h?%ﬁ&%ﬂ%ﬁ%@%ﬁ%ﬂﬁ %/g‘?aka‘ﬁﬁl %ocatal yst 1

i nj ectii oA °Li RQBNAPEint (18n) VAR b BeaBFitbASO6F 49-!1‘?%.9 The Q¥EespoRidiiBasur ed by

M cro-Mtion nmasS flow neters and controll ed by control valves or by the

manualCRMB THE cewe slodfwanthe ddlkestpdal @ 33.§RE witdnapeakrgeasol 1@ percery. dbrbi ned with
1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A

mass FEdmbEwaT e DSC o apddhe Lervaef 5% hydrogen to the reactor as needed.

The tenperature of the sol vent/nonomer solution is controlled by use of a
heat excBRddger BbtOSE fomtler poigmehef Exeaplot4 shoviss prakedth ®02G8 8Ct he bott om

of the reactor. The .catal yst . .conp olutions are.ne i ng punps
and mieliing Wﬁ@?@r‘%‘ﬁﬁ%ge%Ptﬁ@m’f’b‘ﬁﬁggtgvﬁ & h&llf%%or{:eé?%ﬂds}g‘% &E&Sﬁﬁﬁol vent and
i nt r odycRAnbwe fheltlfesPRkAEY2D itk £64K04rea IR 7 paGLA! The deda |1 qui dfull at
500 psig (3.45 MPa) with vigorous stirring. Product is renoved through exit

| i nes batweeh ¢het IDPC dfm tulbthe ey staf.is AT.D°@xit |ines fromthe reactor are steam
traced and insulated. Polynerization is stopped by the addition of a small

anmount of24ypt er ThetISA bgve fortthe polgmat oNMBxamhle 1 86hows apédki wigli 5 or ot her
addi tives and passing the m xturethrough a static mxer. The product stream
i 95t hdn4AS4t melting ppims ETmywithadwghoffusiemef 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 Terystaf is 82.0°C.

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

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

[247] 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
CRYSTATF curve shows the tallest peak at 70.0 °C with a peak area of 94.0 percent.
The delta between the DSC Tm and the Terystaf'is 50.5 °C.
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exchanger before devolatilization. The polymer product is recovered by
extrusion using a devolatilizing extruder and water cool ed pelletizer.
Process debavdesioarsd results are contained in Table 2. Seceaiseecpaisysrer
properties are provided in Table 3. Table 2 Process details for preparation

of exenplary polyners Cat Cat Al Cat B2 Cocat cat Poly Solv. H2 T
Al 2 FlB48B23 mlmwsébwgvﬁf%ﬁhm@meFPWq%H%%%P@ 25| iyds EX.

kg/ hr, /s em 1. / d h ; 9
o0 r 1249 BandiigE viisf CRBTWEE Mo PRRyiGh E 1748 95" TyBRE Mg O £ 691 "5 7©
88. 8 ity 2T AP 3B shOwS iR tARstpeak 099.9.°60wHh 4 Yedk7A3a Of 89 $8@eit. 47 89.9 11.3
126.8 F* 11.3 251.6 71.7 0.06 30.8 0.06 - - 0.11 - 1.55 88.5 10.3 257.7 5 -

0. 14 T31.d81t9 bdiebn fliz MSE@ TnDarRthd Torystads 4908C11. 1 118.3 6 4.92 0. 10 30. 4
0.08 0.17 0.32 0.18 570 1.65 89.3 11.1 172.7 7 21.70 0.07 30.8 0.06 0.17
0525 0. H39718 THRDEO cidrvd Gorchd AdlyineB 0BEoRPafitid6E ariple@*1¢holwd @8 1. 62 90. 0
10.8 261.1 9 78.43 0.04 4596 1.63 90.2 10,8 267, 9 0,00 123 71.1 0.12
30. 3 peakl with. a3 .37 Clioelting pompt (Bm) with e heat effusien 9%.3&-6317%1. heq1 120 71.1 0. 16

0.17 0.80 0..15 10 249 1.68 89, . .1 0.15 0.07

0. 09 PFRFPHIFE (g‘ggig%“%. Ewif.oé’ea%%%‘l%ilt]fs@jnf%ggﬁ?’q%o%hé}oes 0.05 1743

0. 05 1f53 vAI9 aRLofdistbrkt with 8 Festh Mt 526w Td ddnsy 0Fhe d&ler BetdBerilthé3 0. 10 395
1.41 8942 9.3 114.1 15 2.45 71.1 0.14 0.17 0.14 1743 0.09 282 1.80 89.33
11. 3 DA T3n A the Terybtaf 107.39C.0. 13 0. 07 1743 0.07 485 1.78 90.11 11.2 159.7
17 121 71.1 0.10 0.14 0.08 1743 506 1.75 89.08 11.0 155.6 18 0.69 121 71.1
0.922 0. 1350} 743 DhelOSGRiirvk. f35the Pohaned of Comparatige Ex3mpledP* shows 0. 06 0. 09 1743

0.08 367 1.16 90.74 8.4 106.0 Cq i
inverndabwviﬂtaah?ifaQ&M%wi{iw@%_trq?fléa\{%fﬁéﬁﬂlpclfer79.’§°f/g.a?h§xa”p' e of the

1-met cho\ﬁe%to%ig &Q&&m&@ s(h%'sz%f?é){aﬁgéf lp@ﬁ?ﬁ‘cy?b).ﬁc with a peak area of
P
94.6 percent. Both of these values are consistent with a resin that is high in density.

The delta between the DSC Tm and the Terystaf is 44.6°C.

5 [251] The DSC curve for the polymer of Comparative Example F* shows a
peak with a 124.8 °C melting point (T'm) with a heat of fusion of 90.4 J/g. The
corresponding CRYSTAF curve shows the tallest peak at 77.6°C with a peak area of
19.5 percent. The separation between the two peaks is consistent with the presence of
both a high crystalline and a low crystalline polymer. The delta between the DSC Tm

20 and the Tcrystaf is 47.2°C.

Physical Property Testing
[1] 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

25  modulus ratio, G*(25°C)/G’(100°C). Several commercially available polymers are
included in the tests: Comparative G* is a substantially linear ethylene/1-octene
copolymer (AFFINITY®, 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

30  Example I* is a substantially linear ethylene/1-octene copolymer

(AFFINITY®PL1840, available from The Dow Chemical Company), Comparative
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bi s- (I-(2-nethyl cycl ohexyl)ethyl) (2-oxoyl -3, 5-di (t-butyl)phenyl)imm no)
zirconi um di benzyl nolar ratio in reactor polyner production rate percent
et hyl ene wonvew®mesn i n reactor efficiency, kg pol yner/ gpiirwsesos/ogesks = gHf +
g ZrTable 3 Properties of exerrpl ary polyners Oorrparative Exanpl e, not an

exanple of the i ntion[.233 es It| n ners. are tested by DSC and
ATREFERMpleJR, 193 Bydrggenatsyls % ef%{% greny Hﬁ’i% CPPIYRET [234] The DSC
curvec Tﬁwmi&ﬁsvmab@mmﬁnm rQ)e@érﬂﬁda{réﬁvé Eki@pf RE el ting
point (Tm wth a héat of fusion of 60.0 The correspond| ng CRYSTAF

cur veisshbomndiastic alulcesizatp §ERV aa pallyolsmnbietnld canq@emxg dispeysasfthe9ins per cent . The
del ta bet en he C Tm nd theechgﬁ_lst&%(l hs 72.0C. [235] The DSC curve for
t he p&i% ﬁ’r‘?a sfﬁfﬁ@reg i %2 115.2 0C nelting point (Tm
with a heat of |on of coryespondi ng CRYSTAF curve shows
the tall esfrabléélk E@n@@weﬁ}f%}%ﬁ&aﬂﬁwﬁww 62.7 percent. The delta

bet ween The TRpA T HH A Bk Yt al 1S 7 | BobYiSwain?36] Mﬂa{%&oﬁ rve for the
pol ymer of EXadmlisn | s a_ pedkgydstdy a k%gove @ yel|tdengomni nt| wWith a
heat of ]fg,yﬂ(qg of 69 T/ ¥a) The Q10RO bé?& STAF |qpéry@t)shows the
tal |l est ediciat 49.4C WTh a pegiky ar ea ol ;e PEr cent|.. The deltla between
t he DSij ‘91'39 the—dcrystaf— 135 ZgL OC[[237] The DSCaurve for t he pol yner
of Exan c_sjobnuvvs JH"E%'%)‘M T gt237 5 0C PRI TNg porMiighTM W Th a heat of
fusi on "roq_ 97 9+ | {{5) CO' T €SP TETTg unq;TﬂF curve shigws the tal | est peak
at 80.1 pe vxhou apgak area of 127 PET cent. —The dettg Petweerm the DSC Tm
and t herenygeaf—s-43-—4€—f 238} FhreBSCqyrve for the potymer of Example 9
shows a pe klﬁdith a 246 06C€neht L4|Ig poit Faled" W| tth—a—jeat—of—fusi on of
73.5 J/ The—eor+espondiig m\.'s.rr CtHVE T\ﬁuwa the—tatgest—peak) at 80.80C
with a %Qa' grea—oef—16-0 percent.sThe geht Ltﬂ betw 5 nd the
Tcrysta 5 S 1)%. 80C—|— 3 - 68

12 | 88 - 8 - 79

13 {95 - 6 84 71

14 | 125 - 7 - -

15 |1 96 - 5 - 58

16 | 113 - 4 - 42

17 | 108 0(0) 4 82 47

18 | 125 - 10 - -

19 | 133 - 9 - -

G* |75 463 (22.2) 89 Failed 100

H* | 70 213 (10.2) 29 Failed 100

I* (111 - 11 - -

J* 1107 - 5 Failed 100

K* | 152 - 3 - 40

[253] In Table 4, Comparative Example F* (which is a physical blend of the

two polymers resulting from simultaneous polymerizations using catalyst Al and B1)
has a 1 mm penetration temperature of about 70°C, while Examples 5-9 have a 1 mm

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

15  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 (sample broke) during a high
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[239] The DSC curve for the polymer of Exanple 10 shows a peak with a 115.6
OC nelting point (Tm with a heat of fusion of 60.7 J/g. The correspondi ng
CRYSTAF ocwoveosshorss the tall est peak at 40.9C with a peakTarse@sn9ssL. 4

percent. The delta between the DSC Tm and the Tcrystaf is 74 7C. [240] The

DSC curve for the polyne f Exanpl

rcr:gl tS $¢}A%pqnm(8@°m)3%ﬂm%merat %@m Teg‘?vefff:s?%‘f?t ?e’?@nﬁlﬁ%%gf’o yl‘ﬂ%rs 13}%32028 ng
curyv t ea of 25.2

per cé‘?ﬂq CTHY H@P?%Ogé{gﬁee% @%ﬁ%@%@ﬁﬁéﬂg%ﬁ%ﬁ%ﬁe@%ﬁgfﬁf&? a@lﬁ 10C. [ 241] The

DSC gyt T&rfo@&aﬁ&&hﬁ&i@ﬁl@ﬁc@l‘astﬁn&mpl e 12 shows a peak with a 113.2 C nelting

point (Tm with a heat of fusion of 48.9 J/g. The correspondi ng CRYSTAF

curve spews No ReAkratdle 4 Shows aAbAWRo&ED storagelmogtiafatibor pur poses of
furthe,r calculation 1s therefore set atf 3Q0C). The delta tf en the DSC Tm
arsd t(B1é25“I’GB/§5§¢1@f)°G)sf<83h621@V61F2/42>P YTHES Eﬁs@oﬂﬁﬁ%@’hﬁ{ﬁas?ﬁ’ Yo @#\éﬁ of Exanpl e

h f f
30, 2 PR Esfrblb 5 bty ool R0 0 P llbal B P heak at 338 C
\{'MCJI[‘ h ?h}?@%ﬁ@}gpm{gfg](@?ﬁwﬂwe FhepleGt pobamnieedensiie h@SCsti#gaind t he
ystaf is e, DSC f
o ¥ nnae i sherd ot parharye bth L PRAR oL BSIRS 37 7SS et
Co”erﬁgaggé %aoerchﬁlﬁw%%\agc Rowst s idstible! Shich Pomnc wilPhd C with a peak

area 0 he delta between the m and the Tcrystaf is
4T 9olaau[va%haffememﬁmmurbmndﬁh@lqmdwmqale@ma@ﬁrﬁm Bich BOWHSHS a peak with

a 114.3 0C tin oi.nt (T heat f The

corr e%aﬁdmiS@lmv&&i@dwF%%ﬁ%?ﬂ%a&“F ATMES stfhgszfae RE?S%@QWS% Or%ée\g/g\n th a peak
ar ea ﬁt)ihﬁugraﬁ%raﬁﬁ'i‘é géﬂwaﬁhép%n@@kw@ephm&ﬂa@S@eMmEﬁsmhﬁr Tcrystaf is

82. 0C. [245] The DSC curve for the polypmer of Exanple 16 shows a peak with
a 116ampliogionsisuénes lpmrenzsureTfmsﬂwetaﬁh%ﬁlmmk}kaﬁpﬂ%| on of 44.9 J/g. The
correspondi ng CRYSTAF curve shows the tallest peak at 48.0 Cwith a peak
area of [B55]0 peTheddta in Table 4 also demonstrate that the polymers of the invention

15  possess improved pellet blocking strength. In particular, Example 5 has a pellet
blocking strength of 0 MPa, meaning it is free flowing under the conditions tested,
compared to Comparative Examples 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,

20  resulting in poor handling properties.

[256] High temperature (70°C) compression set for the inventive polymers is
generally good, meaning generally less than about 80 percent, preferably less than
about 70 percent and especially less than about 60 percent. In contrast, Comparative
Examples F*, G*, H* and J* all have a 70°C compression set of 100 percent (the

25  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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The delta between the DSC Tm and the Tcrystaf is 68.60C [246] The DSC
curve for the polyner of Exanple 17 shows a peak with a 116.0 0C nelting
poi nt ( Tmvowbdsnoausheat of fusion of 47.0 J/g. The correpponsbeng oCRYSTAF
curve shows the tallest peak at 43.1 0OC with a peak area of 56.8 percent.
The delta between the DSC Tm and the Tcrystaf is 72.90C. [247] The DSC
curve for the polyner of Exanple 18 shows a peak with .a 120.5 0C nelting
point (Tm with a heat of fusion of 141.8 J/g. The correspondi ng CRYSTAF
curve shows the tallest peak at 70.0 OC with a peak area of 94.0 percent.

The del bet L T np T sfar[r[s[5p.5 0C. [ 248] The DSC
curve fpr the|ppllyper |of {Exanple 1P a [peak (WWth a 124.8 C nelting
point (Tmgw tthi @ heat pfl fusiion |of J/lg he| correspondi ng CRYSTAF
curve sho@ésige tial Llest| peaki at| 19 Wit [uja| peak| area of 87.9 percent.
The del { & B&RMepn {1he | DSC  Thrang: [t f1i'|A5. 0 OC. [249] The DSC
curve for the|ppllymer jof |Conpar ati pl.e D*f shows a peak with a 37. 30C
mel ting| pognt_|(TTM |W tih| & heat| pf of [31.6|J/g. The correspondi ng
CRYSTAF| cuExesishows nq peak Eequal above BAC| Both of these val ues
are consi sgend| wilelixie gggigmtjagl, jIn|Ges|a®| The delta between the
DSCTménd the—fFerystat s+ A3C— eTBSC—rturyve for the pol yner of
Conpar ati y& EXanp|l ¢ E* $hows| 4 pea aj124.p0 {0C nelting point (Tn) with
a heat )f%ﬁd@ion off L749]3 J/p.| The pondi{ng.|CRYSTAF curve shows the
tal |l est pg@kég% 718|3(EI8h g J8ak | YAl percent. Both of these
val ues ar®2conSisent®mth1alriesiin stHhl-ghi-Hr{density. The delta
bet ween |t Be DSC|Tmiand t he [Teriystaf . 60C.; | 251] The DSC curve for the
pol yrmer oﬁu arptii ve Exanpl g F* peak wWith a 124.8 0C nelting
poi nt ('I'ntf@gbﬂa heat| of flusilom of J/| gl<|Thel gorrespondi ng CRYSTAF
curve showe & HiEs|t B8 |FesiE | peak | 2if| 7I7. h 14'nedkl 'area of 19.5 percent. The
separ atijon bet wgen |t hel two peqks 9 51 stleht] Wit h the presence of both a
hi gh crygﬁ;(l)@ne and|al Ijow |cryistlal lji hg pol yner|. [ The delta between the DSC
m £z 8z . |2l |l (sl2laE] . |2el] | |8l%] . 5]
0B F «| < !
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and the Tcrystaf is 47.2C. Physical Property Testing [1] Polynmer sanples
are evaluated for physical properties such as high tenperature resistance
properti eso 206/@yisdenced by TMA tenperature testing, pelpcetusbdosokissg

strength, high tenperature recovery, high tenperature conpression set and

| i G (2 G 0C S | i all ilable-
ol ynor 45Hle. 1 nriides Ghovs fRDN ol e arpEiss sty BEN Bollniat i Tl 1y
i neaﬁe{?taE'Yer/'aﬁéus]éo%ﬁaﬁ&ﬁla&?ﬁlebé@hm@ﬂﬁﬂeﬂipﬁfa(tﬁr)es. R¥edyl tdeen flapm The Dow

Chem cal Conpany), Conparative H* is an elastoneric, substantially |inear
et hy| theanvehtive pelymersdput yemrgopArbrasionyesiytang 1den tesied 2cgprding oom The Dow

Chem an aratiyve a el | ! | hear

ot yl CHATET GEENLY TRaTS e st pon Dol M BIETPEERIY I "0 oo
Cheni gah 2COREaMh?}, 268 FRRCRIly Ieiambeut30 ngn’a Iyids e hithethumbers

styrene/ but adi ene/ styrene tribl ock copolynmer (KRATON(tm) d 652, avail able
f r om KidicrENhipagryietineg losarensequestlEleyes plragen resisiancher nopl ast i ¢

vul cani zate (TPV, a polyolefin blend containing dispersed therein a

crossl i k88 el aFearsbeigthRemehswedbe topsidseriekad thar sitahgth of theTabl e 4 Hi gh

T t ur. hani.cal P [ 253] 1 n, Tabl ' Ex le F*
(ot cHoeRe GRRR S SopeilS BP0 rRCoru b ha PR T s o TRAFhEE, i ncoue

pol y Mg {R@itnveisyelsolyifers dirabe/ 5 hidh a@BOD(Bh), di@serasliiiph pef@io@ali on tenperat ure
of about 7Q0C, while Exanples 5-9 have a 1mm penetration tenperature of

1000 CCompgratixe pplynrets generelly drgajsersrengthsqodiighes 178 720 fdn penet rat i on
tenperature of greater than 850C, w th nost having 1nmm TVA tenperature of
greater [2R3h 9Clablers adspevhoys shat dhe pdymernEd e inventiondaueketisat t he novel

pol ymer,s have bett di nensi.on st abi.l i I t es conpared
to a ﬁﬂ%gg%ﬁreﬁf a0 p&cﬁﬂg?s[%at“il @Aeenglgt?rr%tf%%b&% 8;‘1%%%”%\?%3?%?5’3\?@%% has a good
1nm Tt SR dlid ot atative Gaihplke.7 QCmphtstive Exixapley €F yGpand Hiftiagh t enperature
700C) conpression set of about 100 Eercent and it also failed to recover
( sanplreirastpk ayessbplinat B Omegtent pian af HYCkRpendess. wode herBvstivet rain recovery.
Thus ifd vV J . i i Leperties
v atP G et BT R N AU LSV @R. 91) B

high as about 1100 kPa (Ex. 17). Polymers having higher than 150 percent retractive

stress values would be quite useful for elastic applications, such as elastic fibers and
fabrics, especially nonwoven fabrics. Other applications include diaper, hygiene, and

medical garment waistband applications, such as tabs and elastic bands.

20 [260] 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
Example 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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Tabl e 4 shows a
for the inventive

hi gh performance thernoplastic elastoners. [254] Simlarly,
| ow (good) storage nodulus ratio, G (25C)/G (1000,

pol ymer s wO 26060102158SS,

wher ea

s a physi cal

bl end ( Conpar acirus2issangsse F*)

has a storage nodulus ratio of 9 and a random et hyl ene/ octene copol yner
(Conparative Exanple G*) of simlar density has a storage nodulus ratio an

order of
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[261]

The optical properties reported in Table 6 are based on compression

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.

10

Extractions of Multi-Block Copolymers

[262]

molded films substantially lacking in orientation. Optical properties of the polymers

Extraction studies of the polymers of Examples 5, 7 and Comparative

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

Example E* are conducted. In the experiments, the polymer sample is weighed into a

ether is heated while being stirred. Time is noted when the ether begins to condense

15

At this time, heating is stopped and the solution is allowed to cool. Any ether

into the thimble, and the extraction is allowed to proceed under nitrogen for 24 hours.

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 washes of
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t he inventive polynmers have very good abrasion resistance when tested
according to | SO 4649, generally show ng a volune |oss of |ess than about
90 nmmB, pwefesedkisil ess t han about 80 nmB, and especi al pgThss®6etobamss about
50 mB. In this test, higher nunbers indicate hi gher volune | oss and

conseguent | y. | owe asi on re5|st th as neasured by
t ensi FEXARGt %h‘é&orflé’&?ggﬁagﬁd‘faﬁheéfar? ?f&’ﬁ%?%/gltﬁcﬂl? rr%” &yeneral Iy 1000
mJ or ﬂﬂg@"ﬁfd’th@&sﬁﬂl@‘ﬂﬂeﬂ Ande2Rhenin oxT&ﬁfghﬁétr@n(gt g%m&lhﬁlgldﬂ’lé@ﬁlil ve pol ymers
can bg as’ high as 3000 mJ, or even as high as 500 . Conparative polyners
genershequtfa@tomswagedsirym@tm@om hi gher than 750 mJ. [259] Table 5 al so

shows that the polyners of the invention have better retractive stress at
150 per cl263] st raisec(mtbdaatrsltomad boktdny ﬂIaSIQMgerdewitlaaﬁ(Pmé&ftheEw ival ues) than

sone of the c rrpar i ve sanpl e |ve and H* have
retsraélf‘?n\fgn%?? ?WCE’FTE?)E??@P‘E ‘?ﬁg‘f%@mﬁ‘ﬁﬁaﬁ | ess, while the
' nven&ﬁamalﬁae& m%ﬂﬁx hV2a Hols ARk h¥@ing i ﬁ@ﬁn&%eﬁ%@n&zﬁm&i%‘c@ﬂ[&em strain of

500 kPa (Ex. 11) to as high as about 1100 kPa (Ex. 17 Pol ynmer s havi ng
hi ghethimfpken Hwngw&lernsmpp@d&@tth@/ﬂa@qlﬁ@E@W%M}@S)l wony gexsae qui t e useful for

elastic a tions r. cially
nonwoVER: gg‘ﬁ ?Ee exéiaﬁté?F 15%536&516@? ?%cr%{st%it%écﬁg%e :ggle;égl{% %19 |Oevﬁg%?and medi cal
gar neRbapi@dtisnlaaer vdealimGa binblest tegipethtas, ztrﬁltmw.ya&ddl&l Iaﬁlhirﬂtng)mrtﬂs [ 260] Tabl e
5 al so shows that stress relaxation (at 50 rcent strain) is also inproved
(118ss laplois tramaterrad ént weighsd bytte ﬂ‘§ln§§“‘é‘8ﬁﬁ5‘éer g‘?ﬂ‘afl%wa¥}t?ﬁ E;?%t?ﬁﬂaé‘e onpar at i ve
Exanpl ins its
forcet% ﬁklé‘%élb%%d@;%{l%ﬁ)g@l{%e a%gfrdgggsmﬁa g%rﬁ%ﬂégg?ﬁ%fg?@ wher e

r et entat 40PCof el astic properties over Iong time periods at body tenperatures
Is desired. Optical Testing [261] The optical properties reported in Table 6
are basepean cormfeqmym sblaembiningsinshbthiiableiadiet theleatrkitiogs isn ori ent at i on.

Optical properties of the polyners y be varied qver w de ranges, due to
var i atifagpferrad Eppasihg thimbie @laz‘@elghe@sllﬂﬁ Y@Bﬂm\f‘éﬁegﬁ’ pigrehi at 4{%@ quantity of
h,]g %{g i&éggnt?&g@tm«gmg eyed in the poI ynmeri zation. Extractions of
Table 7
ether ether Csg hexane | hexane Cs residue
wt. soluble | soluble mole soluble | soluble mole Cg mole |
Sample (2) (2) (percent) percent1 (g) (percent) percent1 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-F, Continuous Solution Polymerization,
20  Catalyst A1/B2 + DEZ

[1] Continuous solution polymerizations are carried out in a computer controlled
well-mixed reactor. Purified mixed alkanes solvent (ISOPAR™ E available from
ExxonMobil Chemical Company), ethylene, 1-octene, and hydrogen (where used) are
combined and fed to a 27 gallon reactor. The feeds to the reactor are measured by

25  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 exiting the reactor, water and additive are
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[ 262] Extraction studies of the polyners of Exanples 5, 7 and Conparative
Exanpl e E* are conducted. In the experinents, the polyner sanple is wei ghed
into a glwexodaiottsed extraction thinble and fitted intopaTHKsowgavms: ype
extractor. The extractor mﬁth sanple is purged with nitrogen, and a 500

then FRTERAS BtmbEs ARt ikoTies the QA eoilBlon el 720 ' T e

is nopel@nmhmlohhea@bhgrmegmsweabm solatienieahénlicatddiia pidpardiiog forand t he
extraction is allowed to proceed under njitrogen for 24 hours. At this tine,
heat i AY° -ﬁ@%ﬁ%&é&%% TIFf‘esoi‘(ﬂnhﬁli‘do‘H’IF%C“‘é‘l NEYRIEETs gregsmioyeddyringther r emmi ni ng
inth r T | ask is
evaporag"?}g zﬁﬁ%}?érosisg ugiirrgH ?heetrllﬂtlgp Hrlrlggdr(g)tau@g f&ILnﬁlérd}!leellrﬂe%glutlf ting solids
arg powitiegl dry with nltrogen Any residue is transferred to a wei ghed
bottl e using successive washes of hexane. The conbi ned hexane washes are
then evdpeslat edpw'cm ceruilshed résults ageonfaifeden Tabld 8t Seldcaslipdligndr i ed under
vacuum overnig 4Q0C.. Any remaining ether in the extractor is purged
dry mPFKmﬁﬁﬁﬁﬁﬁﬁﬁ“dF%ﬁéydﬂ@gecond clean round bottom flask charged with 350
niL of hexane is then connected to the extractor. The hexane is heated to
reflux with stirring and maintained at reflux for 24 hours after hexane is
first noticed condensing into the thinble. Heating is then stopped and the
flask is allowed to cool. Any hexane remamining in the extractor is
transferred back to the flask. The hexane is renoved by evaporation under
vacuum at anbi ent tenperature, and any residue remaining in the flask is
transferred to a wei ghed bottle using successive hexane washes. The hexane
in the flask is evaporated by a nitrogen purge, and the residue is vacuum
dried overnight at 400C. [264] The polyner sanple remaining in the thinble
after the extractions is transferred fromthe thinble to a weighed bottle
and vacuum dri ed overnight at 400C. Results are contained in Table 7.

Catal yst A1/B2 + DEZ [1] Continuous solution polynerizations are carried
out in a conmputer controlled
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wel | -m xed reactor. Purified m xed al kanes sol vent (1SOPAR(tm E avail able
from ExxonMobi | Chem cal Conpany), ethylene, 1-octene, and hydrogen (where
used) arewoanw/mnediand fed to a 27 gallon reactor. The Peeds2406/004383 r eact or
are neasured by nass-flow controllers, The tenperature of the feed stream

is controlled by uge_of, a ¢ wead, gogl ad eat exchanger before entering the
reactor. The catal®s® Sofpéhent~sdl it fong are netered using punps and nass
fl ow nmeters. The~reactor Js run liquid-full at approximtely 550 psig
pressure. Upon e>§l g[\tlp:ecrq@ciop, ;’w&e-r and additive areinjected in the
pol ymer sol utj on& hE water- Hydrol'yZes tHe catal ysts, and terminates the
pol yneri zatiop réagt £0RS o Thex pask keeactgr solution is then heated in
preparation fpr & EB- & && deviel Bt #z& i 9n. The sol vent and unreact ed
nmononers are fenoved durin the devol ati Zati ongprocess. The polyner nelt is
punped to a d| exfof Enée pefl &t Sutlting. 5[266] Process details and
results are cprt& Ted wntra%l% g ®sed et ad polgmer properties are provided
in Table 9.Tab|§£ Pol yneri zati on Condit|i ons Tor Polynmers 19a-j. Cat Cat
Cat Cat Al 2 Hﬁg B2 DEZ PEZ s&‘,ogaa B Cgcat 1s5Cocat 2 Cocat 2 [Zn]4 i
Poly. C2H4 H1p S HfT‘Cbn'é FFOW Cond, Ioﬂ/Cone Fl ow Cone, Flow Cone,
Fl ow pol yner ?a&eS Conv6 Poly . I b/hr Ib/;ﬂr | b/ hr seenil OC ppm | b/ hr
ppm | b/ hr wt % IB/E@ Bp™ I%/&r*p%wll@/rﬁr dpm | bBhr wt % wt % Ef f . 7 19a 55. 29
32.03 323.03 103™12p 66’0?)?5 200°0.742" 3./0 0. 78§ 4500 0.65 525 0. 33 248
83.94 88.0 17|28 29FF 19b 53.95 28.96 325.|3 5778120 600 0.25 200 0.55 3.0
FEhw el —
0.24 4500 0.63 BZSEDSLE 90 BOS78 B8 A7:2 295519c 55.53 30. 97 324.37 550
120 600 0.216{280° 0} 609 3.0 0.69 4500 0. §1 52530. 33 246 84.13 88.9 17.16
293 19d 54.83|30.58) 326. 33 60_120 6Q0 0. 22 200‘\‘@63 3.0 1.39 4500 0.66 525
0.66 491 82.5p §§§ 273)7‘; 2§0‘°1@e”‘5§@ 81.73 —8 .75 251 120 600 0.21 200
0.61 3.0 1.04|4500 p. 64 525 0.49 368 84.1 1 88%17.43 288 19f 50.43 34.80
330.33 124 120 B0DP=2@ 20050568 & & (g 74 450050852 525 0.35 257 85.31 87.5
17.09 319 19¢ 5§.&& 3398 325+6F ¥& 20 600 0’:’ 200 0.59 3.0 0.54 4500
0.51 525 0.16(194 8B.72 87.5 17.34 333 19h 50.7F¥5334.87 318.17 58 120 600
0.21 200 0. 66|33 §| F B5HOR0Z5E 5p= 63 78 259 Y3W21 88.0 17.46 312 19i
55.02 34.02 323759753 120”6007 0. 44 200 0. |74 3.42.72 4500 0.70 525 1.65 600
86.63 88.0 17| 652‘?% 195 746 9.4 HQ 65,47 12§'§50 0.22 76.7 0.36 0.5%.19
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standard cnB/mn [N (2, 6-di (|-nethylethyl)phenyl)am do) (2-isopropyl phenyl) (
a- naph”

bi s- (I - ( 2voebéwyiogase! ohexyl ) et hyl ) (2- oxoyl - 3, 5-di (t - but ylprphmspyie)pogssni no)
zirconi umdinethyl ppmin final product calculated by mass bal ance pol ymer
production rate weight percent et hyl ene conversion in react or efficiency,

kg pol yner/lg M where = gHf +gZ 78 CAJD 524317v|Tab|e=9 Pol mer Ph sica
ro erties ge 1. olyner Exanpl es 19k and 191 were édbolygﬂgs of ethyl ene
and oct enpeMBAkh | wahe @epared substantially simlar E&Exeﬁ‘@\es 1-19 and
Exanpl es 1§aggrgand @cclerding to the conditions shown |PTab£gj 10 bel ow.
Tabl e 9A A@eﬁage B ock§ ndex For exenplary polynmers Exanp | eZnTC - Aver age
Bl Pol ynef—F0101Polymer 8 0.56 0.59 Polyner 19a 1.3 0 ﬁ%l mer 5 2.4
0.52 Pol yfrerz19b|0;5p (& 54 Pol ymer 49t 73150501 Adgggtlo“ﬁ@ i nformati on
regar di ng| t. églcgagi;‘z)n of the |bl gck n%icas for| vagi-dus #dyners is
di scl osed| B L|S| 'Pat efff Applicatjion Sgrial No.| (ilnseEt Swhepn known),
entitled Et8yllene/ard=fin B pck | nt erlpollyners/', fllﬁd“on ¥eg ch 15, 2006,
in the name—ofCglinl %P sShan|®@|Lbnni e |Hazlitt,| et| al§SandS&ssigned to Dow
G obal Teghngl dgijes |nG,, the discl oge |of |whigh|dis| i @oiporat;ed by
ref erence he@g%g imoltpesenti retg 2. &rbC:!o* 1800 = (Zr&:ﬁeednf(‘f oW Zn
concentrati o@/el@(d()‘o)/@v of Zn E Totfal |Et hyl ene| f eed f%'eaV\F(E fractional
et hyl ene con¥erisilon rape)/ Mv of “Et hyl erje) | 1000 Pleasﬁénoté &hat "Zn" in
"Zn/C2*1O.)OL_r-4fhr~ o he apolnt| of| zijnc |i n|di et hyl EVﬂc (“DEZ") used in
the pol yneri zag)i gn |progess, Bnd "[C2"| rgfens fo {he annuﬁt o£ mthylene used
in the polynmerty&4&|&8repd ocess. | 791 CAID 1S24317v| rabJI e @)‘” PoEy%nerl zation
Condi tion$ for=|Pdl ymer &2 19k-&: =5 §E
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Cat Al 2 Cat Al CatB2 CatB2 DEZ DEZ Cocat Cocat [Zn]4 Poly CsH 6 Solv. H2 T
Cone. Fl ow Cone. Flow Cone Flow Cone. Flow in polynmer Rate5 Conv.6 Pol yner
Ex. kg/ hrwbabéwiossenil OC ppm kg/ hr ppm kg/ hr % kg/ hr ppwrcieg/sheosppasskg/ hr W
% woo Eff. 7 19k 15.79 149.88 124 120 600 0.09 200 0.27 3 0.34 4500 0.24 257
38.71 87.5 17.09 319 191 10.08 174.57 82 120 600 0.42 200 0.28 3 0.39 4500
0.39 335 34.18 88.7 14.28 223 1 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-pyridi n-2-di yl) net hane) ] har hi um di met hyl 3

bi s-(1-(2-methyl cycl ohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)inm no)

Zi rconi um, pmin final product cal cul ated by nass bal ance 5.

pol ynmer prloductioneratle 6 wei ght percent ethyl ene conversion in reactor 7

efficiency, kg pollym&f) g M.where gM = gHf + g Z 80 CAJD 524317vl Conpar ati ve
Exanples U-S and E | es 30 40 [267] The foam ng tenperature disclosed
her ein, urles§ gt heg \ifjse sgated is the optimal gel tenperature for foam ng
when the el tg'streigtd| i s Bi gh enough to stabilize the foam and prevent
cell collgps€: [268] The f&arri ng w ndow di scl osed herein, unless otherw se
stated, id the oerm{gr(gturegrange of the polymer/blow ng agent m xture
exiting the dge hat $rovi ﬁes stable foamw th the | owest density and open
cell contdnt.©CABoe thjs t@nperature range, the foamis unstable and
col | apses jand bel qw th|s t rrperature range the polyner freezes and
crystalli zZles gut-%cf;tﬁa "E’l [269] Conparative Exanple L was a foam
prepared flfon¥a~fi|xture of 00 parts by weight of LDPE 620 (a |ow density
pol yet hyl ejhe &romiThe Pow @lem cal Conpany, Mdland, M), 10 parts by
wei ght of f"ﬁoﬁutanq; 4|5 parEs by weight of HYDROCERQL (1) CF 20 (a
nucleatlng‘:égénto-fr‘dm’“:l ar@mt Corporation, Charlotte, NC), 0.2 parts by
wei ght of | RGANOX(ftm) 1010° g(@n antioxidant from C ba Gei gy, New York) and 1
art by we|jght ™
part by wei@he 213 8 ¢E
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of gycerol nonostearate. The m xture was converted into a foam pl ank using
a single barrier screw foamng |ine having a 40 I bs/hr (i.e., 18.1 Kg/hr)
capaci t y.woheosHd21sb/ hr extrusi on line consisted of a 1. PETiuselemoysss €. ,
4.445 cm single screw extruder (LfO 30:1) with a feeding zone for resins
and solid additives, a nelting zone, and a neteri n? zone. In addition,
there were a m xi ng zoGempatdtivae Exampleok-S ampeExamples 20widhg agent s and
liquid additives and a cooling zone to uniformy cool the nelt to the

f oam ng t gpHHr at uThe foblacing teneperdisie diwvhstd heing finlassyatherwiterstatebiswben t he

metering and m xing zones (o stabjlize the nelt .f]ow and static g xer in

t he cooPPigalAshiemnsratyss ey oagane ‘E"b‘ﬁgp ﬂ%ﬁ%reﬂﬁtﬁlflﬁwtewugllﬁg S flfze\k/gés

extrude(ﬂoahpgﬁjl%ﬁv&t%lgc&%%(i .e., 1.27 cm slit die to anbient tenperature
ssure. e nelt

and pre or ‘gel was allowed to expand to the desired shape.

The resid ti : 1. . i I i W th
cool ?ng fﬁgﬁﬁ enﬁpg@f%@l\gﬁ%@W?g‘ﬁ%%?g{%‘?@%%gg@i%g%%@ i'!’i'llri%ﬁe‘éd\ﬁ i nch

slit di enfRsatieatdngeofthapolymet/hipwinpagensmittinerexiing the diechahppoddds stablabout
Vi inch x 3 inches (i &g 1.27 cmXx_7.62 C%@ T%% foarri% range was bet ween
106 and fqm“@@:therwyeﬁfr SiEY g opgrLell contsnt. V6 1S 4IPS UHIE AR Y dow was
Measur e¢ st A1 dBAksed ki1 Ao itts tdhehek At rfind BEPEIyALck iReaBand educed

in 1 0C'steps until the t'oamdensity increased. e density and open cell
cont ent cofstallives ent ofitlecheltoam were recorded in every 1 OC step.[270]
Conpar ative Exanple Mwas a foam prepared simlarly according to the
procedur e [269] ConGumaiarativefBeamplel wasxdepn prapatedIomagpisfure OPERGROS was

| d with AFFLNLTY ( 1880 | f | t f
oo o by Osstietial LR 20 15w Senstsp pparis 1t MRt A oK e ERY par e
simlar 'yid@%ggvgg gj@ dafls b SRR 6L BUb Rk SGRABAYAVdiya FEXRPROCERDICEPt t hat

40 wt % o was feplaced with AFEI NI TY (r) 1880 (a pol yolefm
pl ast onedF 20 Grnutteatiby agddh Svic @laridetrfperngratinn. (Thaslgtic. NN G, Oé(mgrbé{tWQ}éhtEx anpl e

0 ves, @ SRR Bl R E4RCH B, Ve S e 1 ve
1880;5( a 7@k ybEhohddcasitoNEhe fniatmeTe doavertddaniocafoatioripanysing\d sthelad, M ).
1L (2)r7 = Exb%g?elrescrze?w t\'glgriir?g lfir?ealgv?nrgeapé?or l%g/hi I(i.rIe].,I 1618r1I I%gft‘)}:)cc%iagcl:i’pyg ’lth% Altoqg/h?r ocedure
extrusion line consisted of a 1.75 inches (i.e., 4.445 cm) single screw extruder (L/D: 30:1)
with a feeding zone for resins and solid additives, a melting zone, and a metering zone. In
addition, there were a mixing zone with a port for injecting blowing agents and liquid
20 additives and a cooling zone to uniformly cool the melt to the foaming temperature. The
line also consisted of a gear pump between the metering and mixing zones to stabilize the
melt flow and a static mixer in the cooling zone to improve gel temperature uniformity.
The melt was extruded through a 1/2 inch (i.e., 1.27 cm) slit die to ambient temperature and
pressure. The melt or gel was allowed to expand to the desired shape. The residence time
25  was 18 minutes. The foaming line was equipped with cooling front end to lower melt
temperature to 105-110 °C. The % inch slit die was used to control the cross-section of the
foam plank to about % inch x 3 inches (i.e., 1.27 cm x 7.62 cm). The foaming range was
between 106 and 112 °C. The freeze-off was at 104-105 °C. The foaming window was
measured starting at about 112 °C and the foaming temperature was reduced in 1 °C steps

30  until the foam density increased. The density and open cell content of the extruded foam

were recorded in every 1 °C step.
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Conpar ati ve Exanpl e lexcept that 30 wt % of LDPE 620 was replaced with
Exanpl e 19k. Exanple 2 1 was a foam prepared simlarly according to the
procedur ewbanoddopyzar ati ve Exanple L except that 50 wt % oCTUR6cHREE3 Was
replaced with Exanple 19k. Exanple 22 was a foam prepared simlarly
according to the procedure for Conparative Exanple L except that_ 70 wt % of
LDPE 620 [248] r epCampdrative ExExnalepVievasgifoah prearadamipdy 28oiiBe &0 theam

Excapt - prrsedisn N dpirrts e hased it 5t R RE g mAn P o ap
vwas a fQam ArEpared é_%kgir(]a{ 1y ¥eBE BRI fioth TheDpwatiesics Copayanpl e 23

except that LDPE 62 d Exanpl e 19a was prebl ended. The pol yner blend was
conpounddidlaat, NHOIpAratie Examplel wes afopmrmenarest sipilgdy éFCOZ%Rg Bhewi n screw

conmpounder (L/ ~30 t | | b/N ' i h

extr ad_e@f%{‘gfﬁg?f]‘%%‘ ar{%[ Ve\/\sg}faég lg Td K 8&8 F[\lg% %Q\A‘Ag% e?ﬁg%%ﬁ g?gﬁgérsi lggla%ér?de

pel | fet I lzml mpm(}m@q{sao r(?] p@lbfbleﬁhdpwstonf‘xﬁmi Eh@BoweGhemitadafompaayar ed
simlarly accordin o the procedure for Co I, | e L tt
e s o
prepare | - dl ro PR % | le L
except 'gjﬁ(zcteg%qé\{ %@g&gﬁ%@e%@c%g@ggaﬁ Vé ?ﬂ;]L Exarr%log&,%%lg?ﬁé%mnpl e 26
was a f aeith pFERpATa® 1880i(h aolyylefiagdastinmgy from The DomoCkatuical Cempadynpar at i ve
Exanpl e L, xcelgdgI that 100 wt % of LDPE 620 was replaced with Exanple 19a.
][2731}2:05}\4 t“é )éxwas Ft fEam prepared simlarly according to the procedure
or nparati ve anpl e except that 30 w.% of LDPE 6200 was replaced with
Exanpl e 19B71Exanpiampse %%ya%afwrﬁpgrﬁgﬁlgﬂl%kyrﬁcm{ﬂmg ta%}é%l?raﬁ‘@rﬁp 't he

pr ocedur @ ol ERTMALANL VEEXAURI R kP SEEDPEINDE walkoplateivith PREBRA kvas
repl aced W anp 9b. anple 29 was a foamprepared simlarly

accor di rigkaplé Dewps o 6@dupepired siaitgkyraatorndingte srppreceduss s Slommeativeo wt % of

LDPE 620, wa | d wth, b. [274] Ex |
b epar ec XY LERPAEES SO S The SRt amaer e E s s PR E R, |
except t3vafa3ProMn’prepartPEmiBAPacR8ing epiRGRECMutefobRamphatil®Exafpledpl e 3 1

was a foamprepared simlarly according to the procedure for Conparative
except that 70 wt% of LDPE &Oi was replacegd with Exaijle 19k. i

[272] Example 23 was a foam prepared similarly according to the procedure for
Comparative Example L except that 30 wt% of LDPE 620i was replaced with Example
19a. Example 23P was a foam prepared similarly according to the procedure for Example
20 23 except that LDPE 620i and Example 19a was preblended. The polymer blend was
compounded at 190°C for 10 minutes on a Werner Pfleiderer ZSK-30 twin screw
compounder (L/D 1:30) at 50 Ib/hr with a 10 min residence time. The extruded polymer
strands were cooled under water and air dried and pelletized with a Conair pelletizer.
Example 24 was a foam prepared similarly according to the procedure for Comparative
25  Example L except that 50 wt% of LDPE 620i was replaced with Example 19a. Example 25
was a foam prepared similarly according to the procedure for Comparative Example L
except that 70 wt% of LDPE 620i wasA replaced with Example 19a. Example 26 was a
foam prepared similarly according to the procedure for Comparative Example L except that

100 wt% of LDPE 620i was replaced with Example 19a.

30 [273] Example 27 was a foam prepared similarly according to the procedure for
Comparative Example L except that 30 wt% of LDPE 620i was replaced with Example
19b. Example 28 was a foam prepared similarly according to the procedure for

Comparative Example L except that 50 wi% of LDPE 620i was replaced with Example
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Exanpl e L except that 50 wt % of LDPE 620 was replaced wth Exanple 191.
Exanpl e 32 was a foam prepared simlarly according to the procedure for
Conpar at iwe 2bycampise L except that 70 wt % of LDPE 620 WesT/Speoaoamssii t h
Exanpl e 191. Exanple 33 was a foam prepared simlarly according to the
procedure for Conparative Exanple L except that 100 wt % of LDPE 620 was

r epl acetbbn Edunfpladpives 4 8dam p2paied Comitalysacoondimmia s proredissfod f oam prepared

simlar]y accqrding to the pr ure f ratiyv cept that
the cheBRmaHFRANER L eRdt g uren WP ER (200  Bopet s Exap Pt “Pror
AX(r) Pfy3l4 (a HVS PP from Montell Pol yol efms, WImngton, DE), 6 parts by
wei ght of isobutane, 0.5 parts by weight of talc, 0.5 parts by wei ght of

| RGANOX( t r’[}?;?]010 ﬁg{hle@@%b%s%%%trfp%@aﬁnﬁ Ste?l"f\él%% 8ocordigytoriE ptocRBtte@ol> part by

wei ght of “cal’ci um rate. [27 was a foam prepared sinmlarly
accos di Ggmiparatine EpampleducecpicthatCompds af LDBEBAhwhereplassd eih FxamplestPlunt o of

PROF AX(r) PF 814 was repl aced . with EX | e, 19Kk. EX I a. f
prepar e X%IPHJieIﬁrW%F o)t ?Wﬁe‘f%mflﬁ’gy 6?%2@8%?%3‘? gfoceglrlr%e{?%‘??r\?%genp?:mP
except EQ%hagCL WX Othat oot LDPBF62BI tra¥isplaicedivith ikaiplcl FEX Epingle 2K .
Exanpl e 3 s a foamprepared simlarly according to the ro%%g‘gre for

Conpar atvay e féboa pypered sanidaht accpringrto th Drosedursior Goygnayatpe bxam repl aced

with Exanple. 1 a wa b ' to the
br ocedurBepbINpr At T s F SR P R SR AP FERRE ST L2 BT
\Q/as 16 Spb%?&d%ﬁlﬂmﬁxm’gidﬁlglt?ahe gpé)aamire R onmsarativiedxamplelh axept giatil 0Gir | y
ccording'to e procedure for Conparatiyve Exanple P except that 50 wt % of
PROF AX@ityo ﬁ@%ﬁﬁ@@é”@séﬁﬂ’l&@é‘ﬁ%?ﬁa@lﬁﬂﬁfe 19a. Exanple 39 was a foam0
prepared simlarly according to the procedure for Conparatiye Exanple P
except thaR278D w %oofpapror Exxnple hwasgiomgrep@ﬁﬁae@éﬁg& %cao%ﬁaﬂ@e 19a.

Exanpl e 40 ) oam pr.e - m I I: 0 5 : f

Conpar aFrstee A SR PR ERAEL bl e B AR s s BEAPRRHER 7% e

\chte hprExamg{ poo]I%tf s blgcox;ad*fg{te,tfprDEé;m(}s‘E a}?fmam HM$BP dichns MontedlrRolyaelan; di ng to
ocedure for arative, ! P t that. % qf

e e oy Rkt VoubAT e S5k Bl SR L) o7

accor di ng; 1 JRRGRNSEIUE §10f @h antioxidant from Ciba Geigy, New York) and 0.5 part by

weight of calcium stearate.

[276] Example 34 was a foam prepared similarly according to the procedure for
Comparative Example P except that 30 wt% of PROFAX® PF 814 was replaced with

20  Example 19k. Example 35 was a foam prepared similarly according to the procedure for
Comparative Example P except that 50 wi% of PROF AX® PF 814 was replaced with

Example 19k. Example 36 was a foam prepared similarly according to the procedure for
Comparative Example P except that 70 wt% of PROFAX® PF 814 was replaced with

Example 19k. Example 37 was a foam prepared similarly according to the procedure for
25  Comparative Example P except that 30 wt% of PROFAX® PF 814 was replaced with

Example 19a. Example 38 was a foam prepared similarly according to the procedure for
Comparative Example P except that 50 wt% of PROFAX® PF 814 was replaced with

Example 19a. Example 39 was a foam prepared similarly according to the procedure for
Comparative Example P except that 30 wt% of PROFAX® PF 814 was replaced with

30 Example 19a. Example 40 was a foam prepared similarly according to the procedure for
Comparative Example P except that 50 wt% of PROFAX® PF 814 was replaced with

Example 19a. Example 41 was a foam prepared similarly according to the procedure for

Comparative Example P except that 30 wt% of PROFAX® PF 814 was replaced with
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Conpar ative Exanple P except that 50 wt % of PROF AX(r) PF 814 was repl aced
with Exanple 191. [277] Conparative Exanple Q was a foam prepared simlarly
accor di ngvoaosdne2pnocedur e for Conparative Exanpl e P exeemtustévainos383 wt % of
PROF AX(r) PF 814 was replaced with AFFINITY (r) 8100 (a polyolefin

pl astomer from The Dow Chem cal Conpany, Mdland, M). Corrpar ative Exanple
R was aEfgapte j0E penaathls #Drivlasn lfqanapmpalﬁdﬁgnlﬂaal}’tmoqﬂlrt&iedhﬁﬁmﬁ Q’fpﬁpar ative

Exanpl e P except _that 50 wt % th

AFFI NI TYoppgrayplxa PG ERh R té% %@E‘é%a ﬁ& %]X?Mﬁaw?gr% gt 5!} ‘ﬁé larly

accorix?g%ntl}g cliop procedure for Conparative Exanple P except that 70 wt%of
F 814 was replaced with AFFINITY (r) 8100. Conparative Exanple

Uwas a fq prep [ Gt dirden bRphl2d sk cerdidrto@rpar at i ve
Exanpl e P ept ?hgﬁ %El%bg/&h?ﬂe%AX(r E’Fp81§f vaalgﬁ%l gréle \(/)\nth VERSI FY

(r) PE ﬁﬁﬁ@ddrﬁfcﬁr@my@aeﬁme&tﬂmyﬂp@% ex@pbtlyth%@ wiYora§ MREIFARORF BléYa6al Conpany,

Yo't o tiskinie AL e AT0 acteslaltf BleSionsy BBl PRERBNIMibAT ¥ rce ax( 1)
PF 814 v p%% Hﬁﬁﬁﬁld"‘MIB‘ VERBMEYvd Exankie R3REs o fdaasprepredtimiltlyFoam

Properties e foamdensities of Exanples 20, 23, 23P 5 30 apd 31,
and Conpemoading & mmeéme@oaﬁdmmY@Em@gEé@C%éw aP g% of PA%Q%A’*%%?& 00

Suf fix i ch LS n Tc iti f
the t oabf&lhrasabd SRR P SR SRS BRI Y Sn RRIECTC et ages
CC”;mgig?g tp ied@ﬁmﬁ%ﬁ’g”"ﬁﬂc@ﬁilﬂ@m tBSprodedure 84t Coﬁﬂparﬁmeaﬁcaarmle BExce@EtlahaO

ive

E]gsggegavgzoll@gp o 3&’ W?%(?SPRIBGﬁ%a‘gg@ A%gv‘,nﬁ ﬁY@gﬁf ‘?Oll’élgf‘%gt?"e%?@%?g‘? ﬁtTgAges
13, ° 250 tifafh R CIME I RENE AL EBRYRLIE 1 %%mﬁﬁ%‘%%?ﬁ‘?%?.”é’em' ’
Exanpl esxéephittht B0 weveoRRGEAES Pﬁ(ﬁiémhsrrgplacﬁdﬁmllVEBSIEMl & 20 (@cor por at ed
herein t;}rlopryel"e]:n%ree"‘c }%gne ;rf)olymers from The Dow Chemical Company, Midland, MI).
15 Comparative Example V was a foam prepared similarly according to the procedure for
Comparative Example P except that 50 wi% of PROFAX® PF 814 was replaced with

VERSIFY® DE 2300.
Measurements of Foam Properties

[278] The foam densities of Examples 20, 23, 23P, 30 and 31, and Comparative
20 Examples L and N were measured according to ASTM D3575-00 Suffix W, which is
incorporated herein by reference. The foam densities of the foam examples are shown in

Figure 8 and Table 13.

[279] The percentages of open cell of Examples 20, 23, 23P, 30, 31, 34-35 and 37-
42 and Comparative Examples L, N, Q, R, U and V were measured according to ASTM
25  D2856-94 (1998), which is incorporated herein by reference. The percentages of open cell

of the foam examples are shown in Figures 9 and 23 and Table 13.

[280] The cell sizes of Examples 23, 23P and 30, and Comparative Examples L
and M were measured according to FP-156, which is incorporated herein by reference. The

cell sizes of the foam examples are shown in Figure 10 and in Table 12.

30 [281] The Asker C hardness of Examples 23, 23P and 30, and Comparative

Examples L and M were measured with an Asker Type C Style Durometer according to
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cell sizes of the foam exanples are shown in Figure 10 and in Table 12.

[ 281] The Asker C hardness of Exanples 23, 23P and 30, and Conparative
Exanpl es woanes/vbiwser e neasured with an Asker Type C StylpeTDiscambasss3
according tostandard industry procedure. The Asker C hardness results of

t he foam exanpl es are shown in Figure 11. [282] The conpression creep of
Exanpl egaridrd iddRtry3ftoctind STiendisiay CARrdnesregigtaniithe foam Eemphisése L, M Q R,
U and V were neasured according to ASTM D 3575- 00 Suffix B, which is

i ncor pothatadn Kegues ﬂaLby reference. The conpression creep results of the foam

exanpl es are shown in Figures 12 and 20. [283]_ The r i.Qn defl ection
of Exanpl 428213, 2@111:cwrem@@emwséng;%émpé‘?'gg?a\‘}g%?gn%‘}‘gs LM Q
R, Uand V wer.e [ gt TN R AR R0 ASPMD 3595-ch i s

i ncor po&gpg?faﬁ‘é?g?%ﬁﬂﬁggégggg%e. r}gwéﬁn%essi on def Iggtgti on results of the
f oam ex@erRhLER B\ whishdvincdrpoiagireesn b referdnl . Thaf comrpressiontesenp requiis of
conpression recovery of Exanples 34-35 d 37-42, and Conparatives Exanpl es
Q R Lﬁ}l&rfelam/emléleﬁér&ssm‘éfal%hgé‘%’esllbm}ﬂ?a' 1 day, 1 week, and up to 4 weeks.

Th i Its of Exanpl 4. 742 and
G R Ion an e soaroRioR eifeation B XBHIR 1 21B A0 od s gahs and, o
conpr essi on, Set %&a&f;ﬁﬁg@ ’E, R, 23R V3re adBe@idoringid ASTIH P8PSR at i ve

Exanpl e OPPRY 6’ and re neasured according to CID A-A-59136
(1997) , owSiugitk Dswhithas eomioededisrein bybyfereater Bhe eommissicrodiilestien saulset

results of the foam exanples are. sh i i 7 , 27. [285
The 1 enef fhe fegm @ﬁ@mleéa%p S@PWH@%?@FP%% aéﬁ&ﬁ{o%ﬁe‘?%?’f%%? "3%‘,&6%%8%5 anE:I 37]-
42, and i%vggrﬁﬁiix\c{ﬁl fes a0 emdls7M2, Ghd 8or\,r\1ﬁaﬁﬂd¢s\fﬂm;ﬂem©a&um®dd acwerdi ng to

ASTM D per ASTM D3575 Suffix T, ich is incorporated herein by
r ef er enaseasiib aftarishdwe, & dapdgvéekamd wl torfgaedksn The §HMPEesHPN FFRVETHAFH LR anpl es

are shown_in F gyr 14 .angd 25, ~[ 286] .. r 4 e A RRPARL T on of
Exanpl ¢ bymplspda sy and 70, alyCabi ST iRl UL I FIARIR 7 O
U and Viygreopeasured according to ASTM D 624-98 per ASTM D3575 Suffix G
which is Tncorporated herein by reference. The tear

15 [284] The compression set of Examples 23, 23P, 30, 34-35 and 37-42, and
Comparative Examples L, M, Q, R, U and V were measured according to CID A-A-59136
(1997), which is incorporated herein by reference. The compression set results of the foam

examples are shown in Figures 17, 18, 26 and 27.

[285] The tensile strength and elongation of Examples 23, 23P, 30, 34-35 and 37-
20 42, and Comparative Examples L, M, Q, R, U and V were measured according to ASTM D
412-98 per ASTM D3575 Suffix T, which is incorporated herein by reference. The tensile

strength and elongation results of the foam examples are shown in Figures 14 and 25.

[286] The tear strength and elongation of Examples 23, 23P, 30, 34-35 and 37-42,
and Comparative Examples L, M, Q, R, U and V were measured according to ASTM D
25  624-98 per ASTM D3575 Suffix G, which is incorporated herein by reference. The tear

strength and elongation results of the foam examples are shown in Figures 15 and 24.

287} The abrasion performances of Examples 23, 23P and 30, and Comparative
Examples L and M were measured using a Sutherland rub tester according to ASTM D
5264, which is incorporated herein by reference. The abrasion results of the foam

30  examples are shown in Figure 16 and Table 12.
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strength and el ongation results of the foam exanples are shown in Figures
15 and 24. [287] The abrasion perfornmances of Exanples 23, 23P and 30, and
Conpar at iwe 2bysampises L and M were neasured usi ng a Sut heclrarsdossoossest er
according to ASTM D 5264, which is incorporated herein by reference. The
abrasion results of the foam exanples are shown in Figure 16 _and Table
12.[288] TER88koundhabsardutisarption oERampples 23 andpambCamparetnpErapplosl

Exanpl es ndMin the fre nc rom 16 4 asur ed
accor di ﬁ@ﬁﬂ\@ Tgl?’l@ie@i%ﬁ,ra[\‘ﬁ%ﬁg%ni)[g(S(?ﬁ%PB&?ﬁeé%g%%%@?(ﬁa%grﬁ@ %&%ﬁg{eﬁ? The
sound alsQkELRIEh §aheorpbratddthel @R BY xfarhte STHRY sousd abyorptionkak ¢ thd foand Fi gure
19. Tabl e 11." The Sound Absorption Coefficients of Exanples 23 and 30 and
Conpar atexemples argshewnlin Fablk 1 sad Figreb?-anet ers and Conditions for the
Measur enents. Tabl e 12. The abrasi on perfornmances of Exanples 23, 23P and 30
and Gonparative Exanples L andM Tabl e 13. The foam densities and

percent ages of open cell of Exanples 20, 23, 23P, 30 and 31 and Conparative
Exanples L and N at foam ng tenperatures range of 103-1 12 0C. [289] Figure
19 indicates that Exanples 23 and 30 have equal or higher sound absorption
coefficients that those of Conparative Exanples Mand L. In general,
Exanpl es 23, 23P, 30, 34-35 and 37-42 show hi gher |inear changes than
Conparative Exanples L, M Q R Uand Vin the conpression creep test (see
Figures 12 and 20), whereas the conpressive strengths of Exanples 23, 23P
and 30 are about the sane as those of Conparative Exanples L and M ( See
Figure 13). Further, Figure 16 indicates that the average gl oss retentions
of Exanple 23, Exanpl e 23P and Exanple 30 are generally higher than those
of Conparative Exanples L and Min the abrasion test. [290] Wile the

i nvention has been described with respect to a |imted nunber of

enbodi nents, the specific features of one enbodi nent should not be
attributed to other enbodiments of the invention. No single enbodinent is
representative of all aspects of the invention. In sone enbodi nents, the
conpositions or nethods may include nunerous conpounds or steps not
mentioned herein. In other enbodinents, the conpositions or nethods do not

i nclude, or are substantially free of, any conpounds or steps not
enunerated herein. Variations and nodifications fromthe described

enbodi nents exist. Finally, any nunber disclosed herein should be construed
to nmean approxi mate, regardless of whether the word "about" or

"approxi mately" is used in describing the nunber. The
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appended clains intend to cover all

falling wwthin the scope of the invention. CLAI M5 What
soft foamvoaugwiosisng at

t hose nodifications and vari ati ons as

s clained
| east one et hyl ene/ a-ol efi n i nt ecpalsgemsnpssher ei n

i S:

1. A

the density of the soft foamis fromabout 10 to 150 kg/ m and wherein the

et hyl ene/a- olefin interpolyner:

(a) has aMwv WMh from about 1.7 to about

3.5, at | aaste neTheeSduind dbeaiption Copfficiantsefdixapwlad3«indS30 adEoanpieaisict y, d,

i n grans/ cubiBx

AEpled Nah@M anthie hranteters mirh€onditibnsvial theMegsuemenitd d
correspond to the relationship: Tm > -2002.9 + 4538

TR , S . 5(d) -..2422.2(d)2; or
(b) has a VT rt1-onT aoout L. 7 L0 abDO IEXQTIﬁel EIEE TS C 9 a heat
of fusion DHln J/g“,'{indadelta qugmtT Ty, AT, N degrees Celsitus defined
as the temperatmre—drfferenre DETWE ﬂm)tghbaeﬁan |56 Pare PiReatrruel | Real Peral | est
CRYSTAF pégg, WIerelr m the nunerdogal |Malises pleedklozalnshenbh haveedoHes.#8bd dwi ng
rel ationsfiggs DT > - 0. I299( D)4 khz 64 [BT1760r | Albryizelas @e-0t hanoezeros. @B dip t o
130 J/'g, Adkeraged8 OC TOr DH dreater tihanis 02 WpeoE Sz b 7 S1E02 CEWSTAE | peak
is determifZeed using at |eastl SFAh 8 765 587E:02 | Z93E-02 | 9.67E- i f
| ess t han leentadreduen y(l-g)f; the—t 136 . |, 8.41-02. | B.J0E-02 | 18 28EX02M" 1.05E
t he CRYST Tubeé téfe ] . 4 T Y GYE-02" POAZE- 0N 880507 DL 8E01 | hen
e A bEnperature TS 30 0C, 0r| (Ti3e2 S| Glzee-@&C| es2ED. ¢ 9B3E-@r] ©1889t il c
recovery, eratbridctipel cent _at | 300RYET clet 2 11970 d! 1195 9 "E@E_OW th a
conpr essi dhyawbinded film of t ene&?%‘ oll Jlel7E01; L 7.5aE02 4 1 .8E-01 ahg ;|0EPE a
densi ty dSigralkey l; . 2792 1 28E-01 | 8.02ENZ"| AHAE-01 [ 1.83E-0Y
» OpeierdT cor e £ T5 R biC| BIEERE | Caie-ond Hese001] Re
and d satifstythe fotfowng [relati onp i poasneni4et-fiy| eows/oa] di2ed-01r] 2.26E-01
i nt er pol ynEtiranmensubst ant i al [ly free of | a3t odstHEpikpdi4 d d:24 2.57E-01
>1481- 162JEinyspherigPrgsaie: hag g mm%% ¢ paod | sty [ 104E0R ] TS1ET 1 308204 4 )~
and 130 OCT ) Ure: . - 1 : 72,0 . 3437, | 2.00E-01_} T.13E-01 1 “1:B4E- F7E-0 )
h | Relative Humidity: U8ddd¥ T[N 6560 | T4 XUek-of ) 4 GRE-0M ) 1lsDeld Be3EloN dCt i on
as a ol eI IBIHIER4.41 m/s 3688 | 2.52E-01 | 142E-01 | 2.03E-01 | 4.39E-01
Density of Air: 1.194 kg/m® 3816 2.76E-01 | 1.51E-01 | 2.20E-01 | 4.77E-01
Characteristic Impedance of Air: 411.2 Pa/(m/s) 3944 3.09E-01 1.67E-01 | 2.47E-01 5.12E-01
4072 344E-01 | 1.83E-01 | 2.76E-01 | 5.33E-01
Options 4200 3.776-01 | 1.93E-01 | 3.06E-01 | 5.34E-01
Signal-to-Noise Ratio below: 10.0 dB 4328 412E-01 | 2.08E-01 | 3.45E-01 | 5.21E-01
Autospectrum (Max-Min) above: 60.0 dB 4456 4.51E-01 | 2.25E-01 | 3.91E-01 | 4.98E-01
Calibration Factor exceeds: 2.0dB 4584 4.93E-01 2.46E-01 | 4.41E-01 4.67E-01
Calibration Factor exceeds: 2.0 degrees 4704 5.33E-01 | 2.67E-01 | 4.83E-01 | 4.34E-01
Transfer Function Estimate: H1 4784 5.63E-01 | 2.82E-01 | 5.056-01 | 4.19E-01
4848 5.86E-01 | 2.98E-01 | 5.21E-01 | 4.05E-01
4976 6.02E-01 | 3.28E-01 | 5.33E-01 | 3.78E-01
5040 6.36E-01 | 3.44E-01 | 5.32E-01 | 3.65E-01
5168 6.48E-01 | 3.79E-01 | 5.19E-01 | 3.46E-01
5232 6.40E-01 | 3.80E-01 | 5.06E-01 | 3.33E-01
5360 6.13E-01 | 4.09E-01 | 4.86E-01 | 3.12E-01
5424 5.93E-01 | 4.13E-01 | 4.75E-01 | 2.99E-01
5488 5.70E-01 | 4.18E-01 | 4.67E-01 | 2.91E-01
5616 5.00E-01 | 4.14E-01 | 4.43E-01 | 2.77E-01
5680 4.94E-01 | 4.06E-01 | 4.32E-01 | 2.71E-01
5744 4.71E-01 | 3.97E-01 | 4.17E-01 | 2.65E-01
5872 4.04E-01 | 3.75E-01 | 3.84E-01 | 2.56E-01
5936 4.03E-01 | 3.64E-01 | 3.65E-01 | 2.50E-01
6000 3.84E-01 | 3.51E-01 | 3.47E-01 | 2.45E-01
6128 3.50E-01 | 3.36E-01 | 3.16E-01 | 2.36E-01
6192 3.38E-01 | 3.33E-01 | 3.02E-01 | 2.33E-01
6256 3.04E-01 | 3.20E-01 | 2.89E-01 | 2.28E-01
6384 3.00E-01 | 3.32E-01 | 2.71E-01 | 2.23E-01
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content of at |east 5 percent higher than that of a conparable random
ethyl ene interpolyner fraction eluting between the sane tenperatures,
wher ei n swocoeonpsi abl e random et hyl ene i nt er pol yner hagctrhs2aaneosss3
conononer (s) and has a nelt index, density, and nol arconononi er content
(based on the whole polymer) within 10 percent of that of the

et hyl ene/a-olefminterpolyner; or (e) has a storage nodulus at 25 0C5G (25
0C), and a storage nodulus at 100 0C5G (100 0C), wherein the ratio of G

(25 0C) to G (100 0C) is in the range—qf—abept—ti—+to—ahout 9:1. 2. The
soft foam qf =l |= m% v%ez;ei n tdye| ¢t kyllepe¥|ai gl efin i n€eqpol ymer has a Mwm Mh
= A d S S (=] o . O .0 .

from about 5 0 [apfguf {37, [at®|l Bast | qnge itli g poinf,} Tm in degrees
Cel si us, arfe—g—geAstty o imromarg/ cEgr e et mgter, jMjerein the nuneri cal
val ues of _@%n% d tarresgprd tg] thegrel atgomsghig): | Tk [858. 91 - 1825. 3(d)
+ 1112. 8(d)|2.2]|3|2| Thez[spfit 2f aam Hf | ¢l & m L, SWper €8n| 1h&| 4t hyl ene/ a- ol ef i n
I nterpoly F&‘aF%nW Vi fram adoutl 1174 to Bbdut 13l % and is characterized
by a heat dfs dlukijopio|DH|i Bf 1/ b, olapd & elta q andli [ Y, oPY, in degrees
Cel si us deflgngld|g}s| {8le| t{e@par ptIr ¢ [diF] flet eBE e beflweén3f He tall est DSC peak
and t he t allgest |<CRYSIAF |peaN, | whet gi 7| tthe Runeridal |v&| Jes of DT and DH
have the f gi W IO T oS Pl (0T F FP- LEIOK D |+ %1.81 for DH greater
t han zerq SlUiE[t p |230 [I/8Y,| DTs>| 48@&C [ ¢r &DH griat ¢r 5l an 130 J/g ,
wher ei nliiheN YISTAF [pledl ish |dpter frilned Usi Ay |[ak ¢lepdt <p |percent of the
cunul at i'de PoOLiyITET E T TEFSSF AN & P¢rcent| off the gl ymer has an
i denti fi3bl RIGTARSIpedk 2| thenst hg QRYSTAR| tleppdr atfuse s 30 0C. 4. The
soft foag of° &) ¢&|m 13 erwgi|n| t fle | dt Wi pnera-lo] efin|ilnterfpol ymer is
charact egi zFO_PYs afl &1 &5 i C tegove-ry_g_ P, ¢ N |pegceft ot BOO percent strain
and 1 cygl e| nelsdir dgwi[t e a compr ¢ss¢ on} not dgd Fi | he
et hyl ene,ﬁa-%e n ngerjpoéy Mg and Jas| a en3|§y, d,gin] grans/cubic .
centineter, :v\ﬂ r&i i £he¢ neneyi cal |vabuep of Ffe and|d sat) sfy the foll ow ng
rel ationghip wWTem eTay! engr ar OleT i pte p(zt_yqergls sugﬁ)st antially free of a
crossllnged S 3 = S S = S ,
o . N ™~
% 23 3 = 0 3 b S \ Q
O B I - o Q 2 ~ @ - @
= K o | « X ~ ™ ki R B 2
3] < D <+ M~ (o] 0
S |8l s|s| < 3 3 3 S 3
3 5
8 Is.l=21c] g § @ = g 2
3 i I I A A B A I
@ £
s lsleslal e s 5]z |¢
™ s & & & & & & &
i,; 0 o vool\<rc>r\|\ Qjo o [ (=1 LCo] <] Aooll e [o2] (=] [=2] [s2] [22] (=] O)C:
%‘ 2 8lz|s|glglgIEl8] HIsle] BIB|8] 8|85 H|%|8] LB|8| &|
(U]
e T, fxlx]|olals|wls] ~|lais © - DIE L) alsf- [t 2 LN N
B lERRlds|elelslR] S8l S8R SIRIR| S|SIR| S|S[R| €@
=]
@ | 8 8 & 3 8 & @ 8
o .7 < 3 S e = = S
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g7 o, |<lola]ola|alnl <lols] =jol=l o|aly| wlejx] <jwnis|l @le
£ |S3lsigelz|zlele] slslE] 2|2 B|2[E] SR[E[S[EE| 5
8 go afz|m]|eia|eln ol« ~Nlel =N bl N ] B 2
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phase: Re >1481-1629(d). 5. The soft foamof claim1, wherein the nunerical
values of Re and d satisfy the following relationship: Re >1491-1629(d). 6.
The soft woamef2siai m 1, wherein the nunerical val ues eCTRs:2@medomssatisfy
the follow ng relationship: Re >1501-1629(d). 7. The soft foamof claim1
wherein the nunerical values of Re and d satisfy the fO||OWI ’
rel ati omgblen3. Rtve ¥ddm HedGiRd (at)l peBentagesoffioptmest eOhpammesy, 38 Z%é’aéf) aphe

et hyl ene/ a9 %@tmﬂp@fa@w@@xm&ﬁres LVdnﬁr}éatrfoammg(iem@enawrcﬁrangQO%]&Btl1f2052m is from
about 10 to 150 kg/rrB and erein the ethylene/a-olefminterpolyner: (a) at
| east O B L | RPN SmpIe BV EXanTpIb 310 Eaartpld 24) Edampia 8P

fracti ted s Wﬁ% e:?;}y t@g{ (}e[@ﬁ‘y Eeqc lidn ] @S| ddhsil)| Qpds

g en
:ji”gtefi qfremt o n%,"; o M pdandena [aice el @] @uei|ghtn| Go | cell 00
SN A A Feat T 78~ 3550 () —amfaverfage Pl oikent NAEX
gr eat erf~tfygzer¢—andup {0 _afpout [ L. O |arsl |a21 G(%ll as7Viel gt diktribution,
My Vh, joraet ¢rz4 Hanzapout| 1. 3] 9 [The Ish8t] % _g%ﬁ-éinzfp o9 gl 173, 1285
t he et I Btela-ollefmlntetnol dapy LiPEA 11 2 191; 92.]. 1.89 | 329 F 1.75° Y 225
bet ween ,,Losnm%g A S RO Y ARG Tre s (O 10 §8d Gfoy 1T A6 T PHg VAT T 183 YTRS3 |
TR7OF o549 42V U WITETT[TA261G 1379 dal ed US O.od REz4 Icharifact el i 173
that thg fo6agT20r has| atavplear |cos i . 2.1 7 19.3
hi gher hat [ofl7al @ - 4_@ A =84 dm-ethvi-ete—i 84 ] 8091 204 1 204
el uti nalbtwdertines 91 6 | 372 | 1. - rpactnon
Chyl g o5 Ty C3in T ||§50 &5 qut oz UT €S, wWer i |Sa| g CO ar apl e Fandom
gen}s/i te; 1Tt Hﬁf’;ym nas the sane corrgnorreq;(s) and has a nelt index,
! ate%‘?l?cft %nn% 398 @@omaeeamfal@rm ot RBUDd Wi thi n 10
per cent of at o ?ﬁﬁ{ene m i nt er pol yner. g

5  absorption coefﬁc1ents that those of Comparative Examples M and L. In general,
Examples 23, 23P, 30, 34-35 and 37-42 show higher linear changes than Comparative
Examples L, M, Q, R, U and V in the compression creep test (see Figures 12 and 20),
whereas the compressive strengths of Examples 23, 23P and 30 are about the same as those
of Comparative Examples L and M (See Figure 13). Further, Figure 16 indicates that the
10  average gloss retentions of Example 23, Example 23P and Example 30 are generally higher

than those of Comparative Examples L and M in the abrasion test.

[290] While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the

15 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

20  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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10. The soft foamof claim1 or 8, wherein the ethylene/a-olefin

i nterpol ynmer has a storage nodulus at 25 0C, G (25 0C), and a storage
nmodul us awo0206&/0851G (100 0C), wherein the ratio of G pC2ESBEK/00msG (100
0C) is in the range of about 1:1 to about 9:1. 11. The soft foamof claim1l
or 8, wherein the a-olefin in the ethylene/a-olefin interpolyner is
styrene, propylene, 1-butene, 1-hetddMS-octene, 4-nethyl-I-pentene,
norbornene 1- decene, 1, 5-hexadiene, or a conbination thereof. 12. The soft
f oam of Mudinkd i§; Wherein the soft foamcontains |ess than 5 wt. % gel
per AST D2765 84 Method A. 13. The soft foamof claim1 further conprising

a pojyol efiny 14. ATha 54k tompABme bt khaiont ¢hyldnbl.- qsieﬁiym’tﬁbbllymes, vehereiw
density polyethylene, a high-nelt-strength pokypropyl en i;\ rrbl nation

t her eof the Iensitie thofaft foswris Hromeabeuinl At TfHes/wi And waS g}‘i%seﬁlp’ PHE pol yol ef i n
to the eltfg}{l ene/ -olefin interpolynmer is fromabout 1:10 to about 10:1 by
wei ght . IHCEDY r’??a% e corrp05| tion conprising: (i) a blow ng agent; and

(ii) at |east o_ne(q%';[lg ?efga[ ! %fl %%%?ZQW{%%}CS %ﬁﬁ% oﬂehﬁﬁ pg point

et hyl ene/ a-ol efin rom about 1. about

3.5, atql eqsfe &@?C@Ei&s'aﬂﬂ%n@ﬁy, dTEﬁ ms(tebiceestifetes ivirrein e rmrrcbemsh ty, d,
in gramslmcubl C centineter, wherein the nunerical values of Tmand d

cor nespenides of Trhand &terraspershioghe migtionshipn2. 9 + 4538 5(d) - 2422.2(d) 2; or
(b) has a MM Mnh from about 1.7 to about 3.5, an ﬁs characterized by a heat
of fusion, DHin J/g, antma-3602. %+cﬁ§éﬁt5(d)y,24®%2(4)n Qegrees Cel sius defined
as the tenperature difference between the tallest DSC peak and the tall est
CRYSTAF peak, wherigi n hhea Migfkk,ifrat abait § §sto@bowB. Braad br-Fhiszasterizp by 81 | owi ng

rel ati onshi ps DT > - 2 1 r [ 0o and up to
130 J/ g hegoiusign, Al Mgamg&%gﬁﬁavaﬁ%ﬁ rf“tf dﬁgrags évv%é? gl&kr}?e{al‘?é YSTAF peak
I's det eng) DeohtShifgrefte b&RSEn MeRAISEDECPeak e tidMallest CRYSTAF peak,

15 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 l/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
20 the CRYSTATF 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/a-olefin
interpolymer, and has a density, d, in grams/cubic centimeter, wherein the numerical values
of Re and d satisfy the following relationship when ethylene/a-olefin interpolymer is

25  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
content of at least 5 percent higher than that of a comparable random ethylene interpolymer

30 fraction eluting between the same temperatures, wherein said comparable random ethylene

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

90



polymer, and if less than 5 percent of the polyner has an identifiable
CRYSTAF peak, then the CRYSTAF tenperature is 30 0C, or (c) is

char act erwpedodop2em el asti c recovery, Re, in percent at p8RUSP@cOEIss3 Strain
and 1 cycle neasured with a conpression-nolded filmof the
ethylene/a-olefin interpolyner, and has a density, d, in grans/cubic

cent i meg@hononkee cententt(besed wnehé whblevmiyes) vithivel Gpricent ehthatefihe he f ol | owi ng
rel ati onshi p when_the ethyl ene/a-olefin interpolynmer is substantially free
of a cretb¥leps/s ‘Eﬁnp‘ﬁ%@mé@ﬁ%l- 1629(d); or(d) has a nolecular fraction

whi ch el utes between 40 0C and 130 OC fractiqnated using TREF,
characterized in fdat b foraas Muﬁéyg%léﬁi@oﬁﬁm{%ﬁg@ﬁ@ﬁg@t at

| east 5 e j fro 0 me%ﬂg@](ﬁmbout

i nter poF@@E@?&%@t?@’%ﬁ%@&ﬁ%@gtﬁ% thg sgangb?e%igggtur es, wherein said
conpar ablieoradogtoni.et hyl ene i nterpol yner has the sanme conononer(s) and has a
nmelt index, density, and nolar conpbnoner content (based on the whol e

pol ymer) within 1@hpesfeesain of cliibat, whertihehetthylersie/odefol infenpalymer wslaymer ; or
(e) has a storage nodulus at 25 0C, G %25 Qéﬁg) .anc} a. s%%ra e dul us_at 100
0C, G ( MaMadjom apmit &i7ro eheut3aiah legst gemaiipdyoip o iM¢58" %)‘ L5 %“‘f*he
range Pheéstftg“& it 3gi1a1ﬁds9 ﬁﬁf&é&mﬁ eter, wheref thO AHRBIG] CANBOSH T 0 & edRispsad1g: (i)
a bl ow ng agent; "an ‘ill At T east one et hyl ene/ a-ol efin interpolyner,

wher ei n t6 tie refatiyshipe/ a- ol ef mi nter pol yner has: (a) at |east one nol ecul ar
fraction which elutes between 40 OC and 130 OC when fractionated using
TRER, characterized in tha‘;nztm.glra(tmimdmasllaz.ﬁ(dﬁ:k i ndex of at |least 0.5
and up to about 1 and a nol ecul ar weight distribution, Mv Vh, greater than

about 1.3; orz (b) 188 sakesaw6f BhiE i, whden tge emykne/ohdefir atapelythenbasd about

1.0 and a nol ecul ar weight distribution, MMM, greater . th abgut 1. 3.
M,/M, from about 1.7 t% about 3.5 and is characterized by a%eat of %usmn, %@1 1 J9 R angi

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
15  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
20 the CRYSTATF temperature is 30 °C.

4. The soft foam of claim 1, wherein the ethylene/a-olefin interpolymer is
characterized by an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and hasa
density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the

25  following relationship when ethylene/a-olefin interpolymer is substantially free of a cross-

linked phase:
Re >1481-1629(d).

5. The soft foam of claim 1, wherein the numerical values of Re and d satisfy

the following relationship:

30 Re >1491-1629(d).
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18. The foamabl e conposition of claim 16 or 17, further conprising a

polyolefm 19. A foamarticle conprising the soft foamof claim1l or 8. 20.

The foamwothed®2ifi claim 19, wherein the foamarticle peTas2dcabbmss or

acoustical insulation, vibration control, cushioning, specialty packaging

autonotive soft touch, thermal insulation or inpact absorption. ’
6. The soft foam of claim 1, wherein the numerical values of Re and d satisfy

the following relationship:
Re >1501-1629(d).

7. The soft foam of claim 1, wherein the numerical values of Re and d satisfy

5  the following relationship:
Re >1511-1629(d).

8. A soft foam comprising at least one ethylene/o-olefin interpolymer,
wherein the density of the soft foam is from about 10 to 150 kg/m3 and wherein the

ethylene/a-olefin interpolymer:

10 (a) 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 and a molecular weight distribution,
Mw/M,, greater than about 1.3; or

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

15  and a molecular weight distribution, My/Mj, greater than about 1.3.

9. The soft foam of claim 1 or 8, wherein the ethylene/a-olefin interpolymer
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 content of at least 5
percent higher than that of a comparable random ethylene interpolymer fraction eluting

20  between the same temperatures, wherein said comparable random ethylene interpolymer
has the same comonomer(s) and has a melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that of the ethylene/a-olefin

interpolymer.

10.  The soft foam of claim 1 or 8, wherein the ethylene/a-olefin interpolymer
25  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.

11.  The soft foam of claim 1 or 8, wherein the a~olefin in the ethylene/a-olefin
interpolymer is styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene,

norbornene, 1-decene, 1,5-hexadiene, or a combination thereof.

30 12.  The soft foam of claim 1 or 8, wherein the soft foam contains less than 5
wt.% gel per ASTM D-2765-84 Method A.
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13.  The soft foam of claim 1 further comprising a polyolefin.

14.  The soft foam of claim 13, the polyolefin is a low density polyethylene, a
high-melt-strength polypropylene or a combination thereof.

15.  The soft foam of claim 13, wherein the ratio of the polyolefin to the
ethylene/a-olefin interpolymer is from about 1:10 to about 10:1 by weight.

16. A foamable composition comprising:

1) a blowing agent; and

(i)  at least one ethylene/a-olefin interpolymer, wherein the ethylene/a~olefin
interpolymer:

(a) has a My/M, 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 T, and d correspond to the relationship:
Tm > -2002.9 +4538.5(d) - 2422 2(d)*; or

(b) has a My/M,, 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 CRYSTATF 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 CRYSTATF 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 the ethylene/a-olefin interpolymer is
substantially free of a cross-linked phase:

Re >1481-1629(d); or
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(@  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
content of at least 5 percent higher than that of a comparable random ethylene interpolymer
fraction eluting between the same temperatures, wherein said comparable random ethylene
interpolymer has the same comonomer(s) and has a melt index, density, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the

ethylene/o~olefin interpolymer; or

(e) 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.

17. A foamable composition comprising:

Q) a blowing agent; and

(i)  atleast one ethylene/a-olefin interpolymer, wherein the ethylene/a-olefin
interpolymer has:

(a) 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 and a molecular weight distribution,
M,/M,, greater than about 1.3; or

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

and a molecular weight distribution, My/M,, greater than about 1.3.

18.  The foamable composition of claim 16 or 17, further comprising a

polyolefin.
19. A foam article comprising the soft foam of claim 1 or 8.

20. The foam article of claim 19, wherein the foam article is suitable for
acoustical insulation, vibration control, cushioning, specialty packaging, automotive soft

touch, thermal insulation or impact absorption.
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