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WO 2006/102150 PCT/US2006/009852 ADHESIVE AND MARKING
wSOMPOSITIONS MADE FROM INTERPOLYMERS OF 009852
EIERE/a-OLEFINS FIELD OF THE INVENTION [1] Thig fl/&RA8H

relates to compositions comprise at least one ethylene/a-olefin 5

ADHFSRAY TR MCHRER € CesviPO NI FORRMHENS I P e P AR PO RIERS

the compositions in applications, such as hot melt adhesives, pressure
sensitive adhesives, an@HEmIDYIBNE e kiEF B8 positions.
BACKGROUND OF THE INVENTION [2] An adhesive is a substance
capable of holding solid Bhatd?i4s (e IhREN: N1O or substrates)
together mzurface, attachment. Adhesives have bheen widely used since

Mncient ibfESIARRtioIRIgistdhemretifians saames HrisRs ane sthilsmgla-olefin
intergé3pRlas, ARSHES iIMaBiaB RN cdathgiieeX ihd BRNBds oPSAR BRI mpositions

. between 1500-1Q000 B.C. The first adhesive patent was issued in about )

in apRlentionse iAol giek sHheRvRSAIRsHITe seasithaadhs s ad Gaamgplastic

markB@hRshiRssiusing natural rubber, animal bones, fish, starch, milk protein or
casein. 15 The development of synthetic adhesives from the late 19th

century has led to marﬁ(&\ﬁga@t@@? C .'ﬂl!_\l’ 5,\.- ellulose,
o B Ld N Q0N

phenol-formaldehyde &rd c POXY resins,

ismaleimi sins, :palysiloxane lychlgraprene lyacrylates,
ot R R0 S ORI S RENAR e adheremts
or substiiose segrthes bysitivacaditashment 0N dhRiesshazeshemitiveleyhesilsince

ancieﬁ'? 1?1’&1?29398{94'31@%&@%?9@ % aé?iﬁ%lf’cé"ﬁ%ﬁbg{gﬁgeé% helfseé'?it%swag%g Hes in
requwed pressure app led to effect an adhesion to the a ﬁerents. ,&S
Babylandatingsbaskriert000 Braosadlén Beyndbbeliedr SACORENRIMRBEN Wiaefirst adhesive

patent %\%@.i@sﬁ%a %ﬁﬁ&ﬂqygﬂﬁlﬁﬁgﬁtﬁ; [Pgl’a ggg%ﬁaegﬁd}rpﬁgﬁsﬁaﬁ?é;%%n s were

sensitive adhesives are gener n a polymer, a tac an

issuediforsutirsivsmuning PEuslandbers etioaljueschistssttrds mélkaratein or casein.

The cfé{@?@ﬁﬁleﬁ(%‘i:‘s?ﬁﬁl{é‘:ﬂbﬁdﬁe@@v%s HOFeRE ﬁ&@%@iﬁ%@;}&i 3@@&% mp%%theﬁc

SIS), polyacrylates, polymethacrylates, and poly-a efins. The :
adhesiyes o Rrenitaciidossnbernsddennaldnby dnersiysterens iinhpldebids resins,

epox%fg%ﬁﬁi}’ﬁﬁlﬁ‘étmt‘f&te@ﬂg Pﬁ5%§ﬁ'i§>§aﬁ?e9, %?g@'}%ﬁ&ﬂyér{@%g@@};@gs can

e heated to a melt to hold adherents or substrates together upon cooling
polymethassylaisanpol sohasmaalysieatenslatss, bohtmelt sdhetives sudhprpisure
sensifelaeimesfy remelting the hot melt adhesive if the substrates can

withstand the heat. The hot melt adhesives can be used in -1 WO

[31006/103%865#i6 ThkHRAROMNENARZ PRR0S oRre I S D AGKaGRABRISA I3 Which

laminated wood panels, kitchen countertops, vehicles, tapes, labels, and

bond & 14 diEB e hEd atests sennlisddambcsiarrdheyiepiia the adberents.

PSAs can be permanent or removable. Removable PSAs have been widely used in re-

positionable applications, such as post-it notes. Pressure sensitive adhesives are generally
based on a polymer, a tackifier and an oil. Some common PSAs are based on polymers such
as natural rubbers, synthetic rubbers (e.g., styrene-butadiene rubber (SBR) and SIS),
polyacrylates, polymethacrylates, and poly-alpha-olefins. The PSAs can be solvent-based,

water-based, or hot melt systems.

[4] Hot-melt adhesives at ambient temperature are generally solid materials that
can be heated to a melt to hold adherents or substrates together upon cooling and solidifying.
In some applications, the bonded substrates can be detached by remelting the hot melt
adhesive if the substrates can withstand the heat. The hot melt adhesives can be used in
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feminine sanitary napkins, and surgical drapes. These hot melt adhesives

are generally based on a polymer, tackifier, and a wax. Some common
whotsieie gdhesives are based on polymer 5 components incluidimgiS2006/009852

ethylene based semi-crystalline polymers such as ethylene-vinyl acetate

er (EVA) and linear low densjty polyethylene (LLDPE), styrene _
ree g B TG BTG e
tapes.depeliyraet amdristiyrefidikndsatitngodely sack (SBSHosalpleliaps: S WIS pads,

. I rs.(E and palyurethane, reactive adhesives
L I A L T T
on a pplyHepridaskifier, thdrebyeliBinatiognihmsdstynetoadissBeseeibastwih polymer

r I Some compasitio at contain a polymer, a tackifier
com G R S PHbe B R e
acetatmepRmpneartb¥siiond libker poty dersitapdigethpitan e IR hRetia elsak

i vinylacetate copolymer atactic polypropylene;a .
copo L S DR LN A S A A AP AR e e
styrened 3550 igepelmuwpetynters ethylceBpbitinediovisthere GEIG) D espite g ethane
- avaiabili riety of hot melt adhesives, pressurg sensitjve
T L A P Bl A g bsence of a
liquid ggprisoditrmbynatiminating/te postie piesess EM0MARY WIFh INUEN TN 20
[7] The aforementioned needs can be met by various aspects of the
[SIhventioomosrampssiiens thahcenttbrarptdyoseto adbkifive adnoptsitidlysat least a
filler GOAPREISING Alajaash g Iﬁﬂﬁ( plefin ipterpolymer. and atackifier, In
1 .er certa% embodlmenté%,l%%e {Eét(hylen%?gﬁ%g}ﬁrégﬁ%g%ﬁoﬂ%s@ﬁp%er can be
a silanggnodifisdipetyols wn seris. sn atheleneoviay haettiaig popoetyter, ancbgries
lyplopigine; ARABASSIN fedh ic genfj ] in,the .
poup ngin?ericgal values of T. and dggg(rggé%%%%d%%ﬁﬂ%g%%iéﬂ%(ﬁ%e%rﬁ%d]@%)@?.§esm’
a polyQlofimgapelymen 9y o caypbmatiattiessafembodiments, ethylene/a-olefm
[d'lnterpol mer in the adhesive compositions provided herein has a M,,,/M"

rom abOSRItE {YbEitaRib L pka Y ik st et el bydhasims opession, samsitive

adhesiivesd/gné@ncha platia Guartitve 41 ﬂ%&ﬁ%%@%@@ﬁ@@c@ﬁgﬂlﬁﬂi@ﬁst%th

. temperature difference between the tallest DSC peak and the tallest -2

lmpmw%gé‘&%ffézwo PCT/US2006/009852 CRYSTAF peak, wherein the

numerical values of he following relationships: AT >
FReHeMNd up to 130 J/g, AT? 48C

-0.1299(AH) + 62.8for Al gtea
for AH ter than 130 J 5,wherein the, CRYSTAF peak is.determined
7

_ [ ]ysing aﬁglgs%r %%?8188%1 SIS vl ?i\%e%é’h‘/’ﬁ?éor?%\ fFissd than s

mventgsrcEnoné Hspast|fim énteatiam rcletetifia hithGRX SThposRias comprising at

least one ethylene/a-olefin interpolymer and a tackifier. In certain embodiments, the

ethylene/a-olefin interpolymer has a My,/M, from about 1.7 to about 3.5, at least one
melting point, Ty, in degrees Celsius, and a density, d, in grams/cubic centimeter,

wherein the numerical values of Ty, and d correspond to the relationship:
T > -2002.9 + 4538.5(d) — 2422 2(d)’.

[1] In certain embodiments, ethylene/a-olefin interpolymer in the adhesive
compositions provided herein has a M,,/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
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then the CRYSTAF temperature is 30C. [9] In certain embodiments,

ethylene/a-olefin interpolymer in the adhesive compositions provided
whesedriigisharacterized by an elastic recovery, Re, in percentt TAGIDE/009852

percent strain and 1 cycle measured with a compression-molded film of

ethylene/a-glefin interpolymer, and.g densit in gra ubic
CRYS t?ﬁéfe?’y%?ﬁeépe{]ﬁetﬂwﬂ%ﬁ%g e\?&ﬂﬁ%ﬁ § Eex Iéll:lhéw %%?Es{@“g%llowing
relatiofishagonship when ethylene/a-olefin interpolymer is substantially free of a
cross-linked phase: Re >1481-1629(d), Re >1491-1629(d), Re
> 18D 406 PRI AT Rie 62181 fiorl APDgdBater a0 penocandaip tniBodifgents,
ethylene/a-olefin interpolymer in the adhesive compositions provided
herein has a ma\dtald8 ¥afstickH \drieties ilnass 1FéhWeen 40C and 130C
when fractionated using TREF, characterized in that the fraction has a

whereimtbia CRYBEAG neslcisrelorninad esiisplorsé Snaeet ‘Pﬁ sheramnglative
polyméfd MRAARLS fRRFS gbrv‘%%% Lgr}ﬁséa%ﬂ i WYRer fracianeivineroeyyeanhs,

same temperature _ comparable random ethylene
then thintRIGHIAEr thrperpiwsaiié ¢émonomer(s) and has a melt index, density,
and molar comonomer content (based on the whole polymer) within 10

[9] Jareatainrembe drmate eielsariolslin itrmolmer imthe obssism
compoSRORIMRINE d HIKIaNS ArRid iIe TRPMIRRIs L R AGPE R in percent at

compositions provided herein has a storage modulus at 25C, G'(25C), and

300 pezospibedtiin ondu saglasnsesoe val fovewisriainaidetiibneidhosc) o

ethylefR /08RG iminr B TRAGM @hakabky; 4, th et Qibidbehiteesiainherein the
embodiments, ethilene/a-olefin interpolymer.in the a(ilhesive

numericghisdsa R AL isRe ol ovvinsielaions Bmishem At spp@solefin

interpd1SRNER N s106AN6H1} 36 srhendiatiteatgehuging TREF, characterized in
that the fraction has a block 30 index of at least 0.5 and up to about 1. -3

RWOI2DG64D02)L R PO E2006)0ROSF 2011 B520(d3kiaRecribbHilGRA(E).

ethylene/a-olefin interpolymer in the adhesive compositions provided
[10]erein Hascartaiverlgmibtacksirdbyl ene/atetdfinmiem bmektu nthestibasiy O

and a molecular weight distributio w/Mn, t JyIn
comp ot e T i e e e P S R o B
130°C mkirafthesinatcal prass TRER nditivetadebivglot thehzaciopleti@ making
comorgaROSHIEN: SHLANSSI QIR LORAMME R WELoPURRBIIBIe random

ethylene/a-olefin interpolymer Is” styrene, propylene, I*-butene, 1 -hexene,
ethylede-orttepelythen dtintioh-gotiterestwetbshesnmel teaweatares, Svhesanigaid or

comp BRI @@3%88&4%@1&& 6218 SRS and has a melt
ethylene/a-olefin interpo rin the o
index, density, and molar comonomer content (based on the whole polymer) within 10

percent of that of the ethylene/a-olefin interpolymer.

[11] In certain embodiments, ethylene/a-olefin interpolymer in the adhesive
compositions provided herein 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.

[12] In certain embodiments, ethylene/u-olefin interpolymer in the adhesive
compositions provided herein has a 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.
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compositions provided herein has a number average molecular weight,
Mn, of from about 500 to about 500,000. [17] In certain embodiments, the

weoytereiasolefin interpolymer has a melt index in the range eCanmastan98s2

about 5000 g/10 minutes, about 2 to about 2000 g/10 15 minutes or about
to abouyt 1500 g/10 minutes measured according to ASTM D-1238, .
b nditio?lnf%(?&‘)g%q’ﬁé%e% Sﬁ’é’iﬁBS%ﬁ?%?&ﬁ&}ﬂgépé{QW&ﬁB}él’Slé estve
compirsitinpe|proeidéthbeseindibinmiery inafeblook éndbrlpessi & thie abRLiROGto
/10 minutes measure cording to ASTM D-1238, Condition 190C/2.16
abou T R i MR e bR s & el

index in e of ut 1. to.about 1500 20 9110 minutes, about 2.to
L A R R A S o0 e el
hot mglt edhéisiyetn ASTIID seaddy Caildition GO Gpkastio merkaig

compgmmldiments, the ethylene/a-olefin interpolymer has a melt index in the
range of about 5 to about 50 g/10 minutes or about 10 to about 30 g/10

¥R vRRREARNEhaRCOHING ST Mdeiiefio0diion 905 A 10 ko
5 [18] In one embodiment, the overall density of the eﬁ%y?en asalerin
styrengtaipReRes ishtitsreabdsronss ko g@e. dfooathytohpaltene,n8thoorBR7 5-

decen8/3%5-HAN SRR SRRRRIRS R0 range of the ethylene/a-olefin

interpolymer in the compositions provided herein is from about 10% to

[18pout 5Q%&Meﬁﬁr@%Mi&&t@%%%@&%ﬁ&ﬂl&%%&%ﬁ%@?fH’Th%nts,

the, ethylene/a-olefin interpolymer is in the 30 range from about 15% to
compogi{ions3Fy K dattrin desnvrh Ecpesriteleagoveight ddioL om
about BT 5341 5464011 19852 [20] In certain embodiments, the amount of

tackifier in the adhesive compositions is in the range from about 5% to

[1@pout 7Qedestakeigh afithents!dhe CIRYRARNNBIHIGRELAHRD BMBPHINS S
ind th tackifier%ifs [#Eresent in the range from about 20% to about 70% by
indesx 0 0% o AR LA R [ FBHET P BPRt drboe A8 86

e
minutés at ibast 6ne sfanpsocesandnnadiiieddasiy aalyeriolonRENABLYIYEOl

.este ural.or modified rosin;.a copolymer or terpolymer of natured
Cond R o e RO RS S8 R lER de S i
has a phkindexnotieahigy p€ ol @6 abayd Tenaterhsalivativeadhreeof, an

liphatj logliphatic hydrocarbon resjn or a hydrogenated derivative
sccorg N B RO Aeoh R 8 A TeHRbCs e
ethyletiedredéfanintiyticeniedifiededindati drotheyaloaliphasisub ydsogaiRors pesin

r a hydro ted derjvative thereof, or a combjnatiqgn thereof. WWhen the
g10 n?é%atﬁ% F ?’so‘éaaa |p%a(1)tlll2 1@@%@&5}5?’1‘1}8@,&{ %3&% @\Fg’%'t‘tlgggtgfl\]lg sl
measugtdmesorlivertaid STM K288 thdittankifierdyasl 6 R&Brsedtening point
embO(ﬁHlLé%l[St,ot ergcfl%f%relé &]-%?eﬁg?ﬂterpolymer has a melt index in the range of about

5 to about 50 g/10 minutes or about 10 to about 30 g/10 minutes measured according to
ASTM D-1238, Condition 190°C/2.16 kg.

[18] In one embodiment, the overall density of the ethylene/o-olefin

interpolymer is from about 0.85 to 0.88 g/cc or from about 0.86 to 0.875 g/cc.

[19] In certain embodiments, the range of the ethylene/o-olefin interpolymer
in the compositions provided herein is from about 10% to about 50% by weight of the
total composition. In certain embodiments, the ethylene/a-olefin interpolymer is in the

range from about 15% to about 30% by weight of the total composition.
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combin,
C

15 [22] In certain embodiments, the adhesive compositions provided

herein comprise an additive selected from the group consisting of
W@, oils, waxes, antioxidants, UV stabilizers, colorar€DiUS2006/009852

pigments, fillers, flow aids, coupling agents, crosslinking agents,

2 rfactants, splvents, and cambinations th eoﬁg (_:,ert in embhodiments,
[ the addigé/gﬁg%ﬁ%gﬁliq(z)elﬁngﬁﬁc as %n?ﬁlﬁér‘g B, ?ﬁb“ﬁgﬁlﬁ)‘%ﬁ@?ﬁ%ra 20

compm‘tmnmﬁmhpeaegé.m thoerfdinteatedmoents; hagawposiiaas,
comp R B B e e o

polyethylene or polypropylene, a sy

20% tbebswial)% be yetableofite, tatasbyomprsidigalm wax, a candle wax or an

ethylene/a-olefin interpolymer having a melting point of greater than 25C.
[235 In cetmapertaibendimdimenthahedacisi ficioly anietuins wieigiatural and

-0l I 1aving a numper.average.molecular weight
o T8 o SboL b ebsy ey et SRS P AR range
copolyrah aetrolpYE 6 Bitasured(ospene0vp oty tetpent 469 by avsiditeehtheitotal

ition. certai iments, the composition further,
polyteF RO AR JR&IING Elégiﬁ?ﬂ%ggne SO OF' 3 5%? %‘lr%tg% Wﬁj{lev?ang o

comprises an 30 antioxidan antioxidant can

thereoﬁ;m Aiekate oy @%lipfmﬁg Uty d96 car taronets B 05 Sohiyd edpenb .7 B8fivytive
thereoClEN0IHR al RAMBASHIGR o:% W 0000 P T 1220000000852

25] In certain embodiments, the composition Tur Rer compris

aromatfe aflificdelipbatictae exeloaliphasicchgdstchmboreigin af thbytdtagenated
derivaGQ8RERIESN, BNSMIShGash HI%I%?IE: GWHGH?@ %%El%e@ ]llg a%%lﬁﬁr?lgﬁ calcium

1] C I
carbonate, clay, silica, mica, wollastonite, feldspar, aluminuf silicate,

hydrocaghettasiydh saadhavarsiienst s dseben glews. Simeertapeerbodiatanticthe

tackifiENEAGHIREIE HIRANRPIRRHC I A5RD S R G, WpRd four, OT &

combination thereof. [26] In Certain e ments, the compositions

[22yrovideddeigimhaybodiahed, MAhaaIn LIS IRMBRL %&Lé’\‘ﬁd%fd%é%%%t

.54C or 66C. [27] In certain embodiments, the composition has

32C, 43C no
comprize 841 Vet 5o 1 gBB-gen ek Ak bpicies: oifomavon

antiox{ges, UNVCeHEZerRANRAR S e nfRMRPRALISNTAY ﬁd’s?@oﬂ?ﬁh@qg&ﬁ?,”
.10 a stainless supstrate greater than 0.1 Ibs, greater than 1.5 |
crosshéi;él?ﬁ Lé%c

bso

SEETH SRS Tl P BRd sRBTNRatinns Hhersefitibneasein 180

embodpeehagitesidaitiveipplyfionde RacURSIARGHEENIHAA Polybiscdieatsr

th?ﬂ 15 Itz?? or greater than 3 Ibs. 15 [28] In certain embodiments, the
B has a Brookfield viscosity from about 500 and 50,000 cp at
osition_ has the G'(25C) from

77C. In_certain embodiments, the com
3 L e s APt By S Bt B S

as a petroleum wax, a low molecular weight polyethylene or polypropylene, a synthetic
wax, a polyolefin wax, a beeswax, a vegetable wax, a soy wax, a palm wax, a candle
wax or an ethylene/a-olefin interpolymer having a melting point of greater than 25°C.
In certain embodiments, the wax is a low molecular weight polyethylene or
polypropylene having a number average molecular weight of about 400 to about 6,000
g/mole. The wax can be present in the range from about 10% to about 50% or 20% to

about 40% by weight of the total composition.

[24] In certain embodiments, the composition further comprises an

antioxidant. The antioxidant can be present in the range from greater than 0% to about

1% or about 0.05% to about 0.75% by weight of the total composition.

-5-



Pa, or from about 1 x 104 to about 5 x 105 Pa. [29] In certain
embodiments, the ratio of G'(25C) to G'(75C) in the 20 compositions
Wperokdediterein is from about 1:1 to about 110:1, from about RCIN{GSAR09852
75:1, from about 1:1 to about 25:1, from about 1:1 to about 20:1, from
out 1:1 to_about 15:1. fro out 1:1 to.abqut 10:1, from about 1:1 {0
8ot o B St ThR B R et oRPRb R Ao cie
filler egmolort iix thivaatmout Gyl tf@PoddyoweibHt tif thbosthBebngioiwionatioe fildrtean
1. 25 [30] In certain embodiments, the Iqgop tack of the adhesive
b 3
© Selglgf%&p%%}%}o%g({b%%cﬁgoﬁgr& §is Grea %gbﬁ]ngﬁeafjggt BB Rater than
wollagtbuite, Fdlslspary edanentivasilaate b ithidd Hyldroe dalnamhodimesisd tBiss

icroSONBRO itj have a SAFT of the hot melt. adhesive compositign, that is
riero eate’r% #g%ﬁgboﬁ:tr T ,egF‘gg &’ q%%%%ﬁf%ﬂgﬁr,eopag%eaﬂp nor a

combimption UB@EfCertain of the composition herein have a SAFT greater than
about 180F, greater than about 190F, or greater than about-200°F. In
[26Ertain dimpertiinemdotin @i thotomwotipnyandeliibfein have a shear

adhesfofr Hitpéd a}gﬂ%%%egge}ggg?%%%ggtﬂ?iéi pesive composition is

greater than 54C. In certain em of the pressure
23pnsitivgaghiesiyerosanasit | i 8953
[ tc])3 90F, greater than or equa%%(r}ﬁlﬁ%}é{,{%grggﬁ t%ﬁ? gg e %églltt%gif%%%o? 4

polyesize substisisobableas) akpushid W dmridincertiio dinhadispents. fiber tear of
compé?i@i&{mUf@W']ﬁégygdﬁgﬂsﬁii@a%%%?%ﬁ%ﬁej%%’eﬁ%ﬁ%%@wre
| e

from about 25 to about 60C. [32] In certain embodiments, t
greatef {apm bl datier SErkiRigamdositibnee i by Risnelrisiuht compnsitieas
2 180 Hes1 28 BiBioKH @rﬁolgbﬁqﬁyfénea;,ﬂ&@fm%@a@éﬁﬁm.qf%? e LIPS

b beads. In certain embodiments, the thermoplastic marking ‘composition Is
s or grepfettian 3rBShot melt extrusion road marking, hot melt spray road 10
arking, hot melt hand applied road marking, colored hot melt marked

28y cle 1HhESTEim BB H i GTBRO ik Pas DRirakfield ssitrogiin from

about fieffimsyi0joobasptapEr fhexiltie camndSeh SRaHIRA YREQUREhSHHBR Bas the
r a reflective traffic.safety coating.

, rking, safety marking_.on a ship, 0
& 25 LS AR L D o L e ARaH sl e o baned i
Pa, or themIbhoennmpositfan sieaaribed ¢iepgin is provided. The article is selected
from a tape, a label, a decal, a case, a carton, a tray, a medical device, a

[Zfﬂandagérmwtaimygibmﬂimﬁinbeﬂ{_é]rdtﬁ@nﬁ(h’@maﬁtﬁm%‘rﬁ/ﬂﬁtme relates
oo SEEIOALIINE RIS, ORI PERSR )y v
75:1, fiorrpotyinbil ito absutiRéd Abovenbout étdewhboatiBerdifrdmesidain Ao
about PEPDICMGSIA WSS M SATRAREE: PISHEAR 81 Ao B R 7%
about 8:1, from about 1:1 to about 7:1, from about 1:1 to about 6:1, from about 1:1 to
about 5:1, or from about 1:1 to about 4:1.

[30] In certain embodiments, the loop tack of the adhesive compositions
provided herein is greater than about 0.5 Ib, greater than about 1 Ib, or greater than
about 2 1b.

[31] In certain embodiments, the compositions have a SAFT of the hot melt
adhesive composition that is greater than about 130°F, greater than about 140°F , Or greater
than about 150°F. Certain of the composition herein have a SAFT greater than about 180°F,

- greater than about 190°F, or greater than about 200°F. In ceftain embodiments, the SAFT of

-6-



group consisting of plasticizers, oils, waxes, antioxidants, UV stabilizers,
colorants or pigments, fillers, flow aids, coupling agents, crosslinking
W@g@nts)adfactants, solvents, and combinations thereof. In CREtEiHS2006/009852
embodiments, the additive is a plasticizer or an oil. In certain
mbadiments, the additive is a wax. In certain embpodiments, the 25
the b e s e SN T Rteh e the Huespingiabodiments, the
SAFTpif the pteksure teainitam bdﬁﬁi%lt&ﬁ?ﬁﬂﬁgiﬁ\fdsideﬁm tesrdin @@Qﬁ%il?er than or equal
o odimegnts, the filler ises glags beads or glass,microspheres.
to 90 En'%?i%ecﬁtloanna a8 %%tgoﬁW’i ﬁ&%#?%ﬁl%ga%éé?e RO &son sxepicr haey equal
to 1505F. vhricart enehdatidiestasoflib éitry eatiarf hroserp paisiivw/iiheye
wWin scription. -7 WO 21)1)6/102151) PCT/US211116/11119852
comp gﬂ?&%@g F%F FORE R %ﬁé’g #1381y e 1 shows the
3pelting %?iél%g ' lationship for the inventive polymers (represented
[_ %Ty diamonds a?slq g%%%é%%@%}}%dl Onal Tandom agg&%/f%%) sﬂPons
provided hessnfendtisy eiupiveantil Risgidralpigaennp Alyeritisr (cepwsapried Hyss
icrolHRORLES) o L3 HLEQU ws plots of delta DSC-CRYSTAF as a
mlcrofgnction o% DSéL NE/I&egl't ﬁ%r%ﬁ?%%i/eor Sgslr%%%sp[ﬁ)?r%%@ Oﬁ%%sﬂfa%}%

compqgifiessisrinibedormethy keotersitentusiopalynensrtie shoarest repagsend
Dol ampl ~4: trl represent polymer examples 5-9;
marki®® KOTh&K Bﬁg?:hedﬂ [p&d Hﬁ?@gg,( co?%ﬁec? (B‘_) T%H‘Haerk Sl)%;]cj%%ne,

) and the circles represent polymer examples
simulgdoposdrainyegyions wrelingeprafored 6E6{¢d duathiac shobed theapéetttxible
d sofeFRIRs AT tiads anoriented films made from the inventive

o Sointerpo?;%%?repre%%\é%yﬁb%%é S%Eea erg%r%%l%i?&gs and ¢4l %ﬁlé’F
traffic sk pRafifigrepresented by the triangles which are various Dow
AFFINITY(r) polymers). The squares represent inventive ethylene/butene
[3opolyniBrectizia srbeftinsstseptasicleinvamtisingthyldnbase wrated with the
compdeARHVIBESHPHAR IO BIEAdS2 IR QhRRISD SRS %&BE%%EEE la‘FeI, a
e

fractionated ethylene/ 1 -octene copolymer fractions versus ution
decal, p.CASR ARIFOBF fHEAR ISR drviseiibendieesadmhy Sqneprésknted by
the circ esl) and Comparative Example E* and F* (represented by the "X"
“k%ﬁ?z?ii‘f ?ﬁ%eaﬁaah%mﬁl?@we@éaﬁﬁ@dﬁﬁfhaﬂ?éﬁd@ﬂ%ﬂﬁ/@@@a@%
comprixdpaleading40} Eigylen & isAemuREAIRMEF R ALQEERE figctionated
ethvl et/fa(l&ngl l-?ctefae 20,c§§oly er fractions versus TREF elution
Y e AR PR P e R R Sl BT fid VARSI vhsp et iau e eand for
embodﬁngnmmﬁvmw&*c@gﬁfﬁe%)IblEhaifgugr&mrﬁgé%%kegﬁ%?pr@{*;
and the tri es.represent Example 5. [4 igure 6 is.a graph of the lo
eroup G R RGTES & fine o PR L Yo EBH i egRigrants or
pigmestt) fitlery)| flocteids capplingexgetsy erd MR EomEaReAGVISRS; solvents,
and cof BRI BB ey ) B O D e e e P ooy mers

oil. In certain embodiments, the additive is a wax. In certain embodiments, the

additive is an antioxidant. In certain embodiments, the additive is a pigment. In certain
embodiments, the additive is a filler. In certain embodiments, the filler comprises glass

beads or glass microspheres.

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

various embodiments of the invention become apparent with the following description.
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differing quantities of chain shuttling agent (curves 1). [42] Figure 7 shows
a plot of TMA (Imm) versus flex modulus for some inventive polymers
wWaerzpesemied by the diamonds), as compared to some knownPGdIfirRzNes/009852
The -8 WO 2006/102150 PCTIUS2006/009852 triangles represent
various Dow VERSEY%]* : @Iiz Ezgrﬁsent various random
ethylene/styrene c : us Dow
[BSFFINIT Figupolysheres t&%&?ﬂg@&ﬁ@ﬂsiw@&gﬁbﬁiﬁﬁ@ﬂﬁ Fﬂ@)ﬁi%fti@')
v rature.for E es 32 (represented by the circles) and 33
Pl B e R et e rpreun coeamp crbgner
(reprefordediizsirdrspradehitarepyNite: solid Isiaso (dprassidd b piessetgd by
the "X" symbols). [44] Figure 9 shows plots of Storage Modulus (G')
rsus ten t r ted by the open ci
O opr B hep e S S et B ) s

Enthalyy jos vazipusspebrmssred e domprda tive Esatmpiderldifepensntenc10 by
copolyR 8ottt Grles): R LERlE id sauares) and Q (represented
opo }Ly the solic?% diar.norr)gis). [}%%%lﬁ%&%@%vgsig%es%% geosn%}%geft?ngorfymer
examplghisSorpldhmrdicles aamitecsb pqlBIdTigramplessHR. SIDSCKSayartmbls represent
polyngggg&g gg\@*fqr*l?olymer Example 31c. [47] Figure 12 shows a DSC
second heating curve for Polymer Example 31 d. 15 DETAILED
[SﬁESCR >TION OF THE INVENTION General Definitions [48] "Polymer”

eans & PolmetOes s stirstnEpenety ian shsticarsmgridonbnesiented films
made %mtﬁ&riﬁwnﬁﬁ@m@@bgrﬁ@f@r@%ﬂéﬁéﬁteﬁhﬁr9&@?{{%{% BhPIPHES and
tradinSmprace the t%ms "homapolymer,” "copolymer,” "terpolymer" as well as,
ORALTBBRINIRT™S SERIRSPRRtPE SRiamgrsawRishyaR MasiogFdpare ARKINE Y
polympnlynrizafiaresteiraest invenditesantispaneh Srs] BRIGRRRIIEIes
te,[m "intte{)polﬁér%er%y‘ncludes the term "copolymer" (which is usually
TePTeS BTV E BFIEr 18 A 5B FOBP 8IS Ered from two different monomers) as
well as the term "terpolymer” (which is usually employed to refer to a
[3YolymerFigapdrithafon ofiretedifaratenty fSEREMNTonoimers) Higjsne/ 1-octene

VARG mesEmade by 25 polymerj our. or more types of
copol monomggzﬁ%%&r%% term "%itlﬁyl/?gr)l(g%g%ﬁﬁelr? et?%e(g) il %‘gﬂ%ﬁglyé‘i’@’@f
Exampls §diaprssentashbyribinginsibslend Gnchparativel Efiarhpld iy 3t Priqrepeastiend by
the “x@ et ises. the majority mole fractjon of th
o e B S L B P i ahaers
the whole_polymer More preferably ethylene comprises at least -9 WO
40 1)1)61 108450 premlosof 9geecpniangof BREF fractionated ethylene/ 1-octene

copolymer fractions versus TREF elution temperature of the fraction for the polymer of

E

Example 5 (curve 1) and for Comparative Example F* (curve 2). The squares represent

E)\<ample F*; and the triangles represent Example 5.

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

differing quantities of chain shuttling agent (curves D).

[42] 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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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
Wweoempiieind) at least one other comonomer that is preferably RCEAG$2(06/009852

having 3 or more carbon atoms. For many ethylene/octene copolymers,

. rred compasitio iSes an ethylene content greater than
i e R S e dEHerRe A pendom
ethylefroiviyaiburic i tpradrs aribthesqterab by fresemvatib h5 Mo wOBF RO TR 0lymers.

percent of the whole polymer. In some embodiments, the

mfhy'eneﬁ@ga@fggmmly@sfﬁfz?agbgﬁdﬁ%gﬁ@ Efg%eggagyecede}%d%for

ylelds or in"'a minor amount or as a by-product chemicalprocess.

Examplesi@2trersasgriedhscthsiefralpnamndRarconresantod bicthdaxpenityuareshas
AR ; - C lefin nterpolymers,ar
comp substantial ygfél‘ljlr?aa ggr?dénc?g%g%oﬁr% r?sgglggr%a ojfrlqg%r?;l b%ﬁgr%%ﬁatﬁganégg on
represgpésLRY S ‘Boiymmabiolstion process. [51] The ethylene/a-olefin
interpolymers comprise ethylene and one or more copolymerizable
[44}olefin BoraRnO KRS BIBRIWINSIZEEL IMBAERAGEISHZSE RIS for

blocrﬁcér segments of two or more polymerized monomer units differing in

Exampies i EpRieieind Rche b rirsles bR (Snrrecaig b dhs-emenrquares) and 36
(repreéiﬂzﬂéﬁﬂilym&rﬁpﬁiﬁdﬂiﬁ%l mrﬁ'ﬁ)’%h ﬂﬁit ﬁeﬂ&?&%ﬂrwm%d lesll\I (represented
interpolymers or copolymers. The terms "interpolymer” and copolymer”
by theﬁPeﬁé?é%T‘?ﬁ)e#%mwﬁB%@féh? %N%@M@émmw REBhsaelid
diamoadpplymer can be represented by the following formula: (AB)" 20 where n
is at least 1, preferably an integer greater than 1, such as 2, 3, 4, 5, 10,

5, 20, 30, 40,50, 60, 70,80, 90, 100, or higher, "A" t
8ok orearvadenas b sl BlkSs 6 SSmar Eaeiaty,

As and Bs are linked in a substantially linear fashion, as opposed to a
[4&ubstankigNre ddnties 6rREE seaensl hostineshupe dorRvipnetFEatneple 31c.

embodiments, A blocks and B blocks are randomly distributed along the

[4TolymerFihaie.1Mshawihen SO ks o HIERIRGS coOPRIBIEs 1Y sk IR MRS 14,

have a structure as follows. AAA-AA-BBB-BB In still other embodiments,

the blockcopoly ?A‘i’flﬂ?% 2 ave, a thirg mhich
ON HT

comprises differe OMOTToTeT (S er-efth =each of
boeneryldpefibitboksB has monomers or comonomers substantially

N R S

or block omprls%%nfv@cpo more su 0
monomigtnwhethenoiitiosusachr adifftiesaypeeThe ickiarmshasdiansidlymbraces

' itie n the,rest of,the hljock. =10 WO 2006/102150
the ter%g%%%%ﬁg%}%gﬁln%é&%? 52 ‘ﬁ%’éyr%‘ﬁfti-%ﬁ&?git)a&yﬁtéer‘?? Ay
[4580mpris'élnﬁ&rlmlsmm'bmww'mmﬂngmﬁd_bygm@wlﬁbiaw‘ipn of at least
two dlﬁ%%ﬂﬁﬁﬁeé‘%f?%n%lﬁ%ﬁs “”l‘h%oé}éﬂé 1%Ztggnu‘qlrg e{%o }t}{%}' 1%] Iue & e term

"copolymer" (which is usually employed to refer to a polymer prepared from two different

monomers) as well as the term "terpolymer" (which is usually employed to refer to a polymer
prepared from three different types of monomers). It also encompasses polymers made by

polymerizing four or more types of monomers.

[1] The term “ethylene/a-olefin interpolymer” generally refers to polymers
comprising ethylene and an o -olefin having 3 or more carbon atoms. Preferably, ethylene

comprises the majority mole fraction of the whole polymer, i.e., ethylene comprises at least

about 50 mole percent of the whole polymer. More preferably ethyléne comprises at least™

-9.
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present in an amount greater than about 95 weight percent, and

preferably greater than about 98 weight percent based on the weight of
Warsgal§rner. In other words, the comonomer 5 content (contar@BiUS2006/009852

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

ight percent, a referably less than about 2 weight percent based on |
about RSP S ALP QoL GEh B A CERBRET Lo ghl ecoomt, with
the substaitdesmiindedrstantiatic abl gl eonpiBoip ademests dRdh@eihieimer that
refer to hlocks.of polymerized units in which the co er

. K
i prof L 0 SRR AL FRCHt AP ok Ry RSP ELE 1 5
copolifiersitiet prefeand @eisssitiyngaatetstiam ahold weiehi peserRntharaiest 80

than ab 10 weight . percent, or greater than about 15 wei ercent
mole B S ISP Rt SBARE m AHE (hao <bout 15,
preferabpdiramabonoritend isbthe 30 thetopesieis odhbevittaiaiinast. ahosddd

eight percent, greater, than about 25 weight percent, greater than about
embo e e e e SR T e o b Lo
yieldsairdnteAflin@ightquetaanis gteateodnancla alxanicabpreiedt pwidintheegRiRne/o-
than about 50 weli ercent,. or greater than about 6Q weight percent.
olefin R e e e W O ol Tk P tse A et Al enelo-
olefingbwupdymeislatpaubsahtialibput-2M duefght eanpeist afitapiaiahpeight of the

reacti hepp()lgﬁlé%iggrcgg&mgrr& a;glreferat%lj;é from about 5 weight percent to about

weight percent, from'a odt Y v?feight 20 percent to about 90 weight

rcent, igh to about 85 weight percent, from
SR oA ol RO EMMR 200 e A PR S ol e
copolyagsizable dadlstinremenghtepeineolyrenved Gumgrhasighirirertby ntoltiple
blockégpwg@emg'gf‘ﬁa‘z’&{)‘f‘?ﬂ&éfg L BV PR YSIA %%t%ed}ff%%ﬁg%‘ftc aelont

percent, from about 40 wei ercent to about 60 weight percent, or from

physieghsrersstivaighhaidscthe athrlisnelosdafisiitemolyerrohthblota iz malghers,
i h t
prefer_as%ma@m@gisfﬂ@ %&98%’8@%%\%?& gl %&%{E%&%@%ﬁ{gﬁﬁn

in Similar ranges. The Soft segm t percentage an

copolyugmar WerkHiiphanseebly e butomatentbediowns, thtanvbiabheck
copol A8 polﬁ@eqreﬂ%&t&lﬁ meagdy adaalguations are disclosed in a

concurrently filed U.S. Patent Application Serial No. (insert when known),
Attorney Docket No. 385063-9995 }&Bglptitled "Ethylene/a-Olefin Block 30
Interpolymers”, filed on March 15, 2006, in the name of Colin L.P. Shan,

where; 15 iEIRRS ecPERTerabl i HSRsH et D G ioBih e chRotbdled UnkS; #k 30, 40,

50, 6090 @0e 98, whis R ihigearPoaiRgbyedRig 1eRE dloereld B0 IRty B 1k presents
2 SOﬁg\{f? 2006/102150 PCTIUS2006/009852 [54] The term "crystalline™ if

Phoyetperardts frdpehmashRd psgsedubedinapubdentialhsliisomshion, as
opposetysiad indneliingyneitcabmdas ARtenming d by MHiese pidi TN BYer

alorimetry (DSC) or equivalent technique, The term may be used )
R TS 88% ehiide 5Frﬁm§éﬂﬁ18£]§téﬂ?ﬁéb%@ﬁél%‘?ﬁwth§rﬂ%bﬂﬂﬁ@aln- In

other vaifls thebbsllv@sdBeking ReN$tadingt have a structure as follows.
AAA—AA-BBB—BB

In still other embodiments, the block copolymers do not usually have a third type of block,

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-

blocks) of distinct composition, such as a tip segment, which has a substantially different

-composition than the rest of the block. -

-10 -
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5 melting point as determined by differential scanning calorimetry (DSC)

or equivalent technique. [55] The term "multi-block copolymer" or
wOo00srentdd copolymer” refers to a polymer comprising two ®COH®is2006/009852

chemically distinct regions or segments (referred to as "blocks")

eferably joined.in.a linear manner, that is, a polymer comprising . .~
[sgti1emicallK#('f‘LB1 Hﬁ’fe@lé)r?# (glg RIS IYR 3&?8‘}8?%8%‘@1’{&?8-%8%ﬂ?ﬁe9ﬁ%t and
"soft"tscgulgmireriZdarétrpiemmtiuntticodltckesigothmprizddanderinorlgealt@bylene is
ion. In a preferred emhodiment, the blocks differ in the amount or
prese S O it Rt IR BR than about
98 wetght gdticenyt, bime d oysthdlitec sihe aftthibptapieeto mpehsneoafssdeicomonomer

ition, the type o degree aof tacticity (jsqtactic or syndjotactic),
conte e S TSRO sremfihi o e s
weighiopeyasingintst arafhinblpidsypeassbonat ingeidte batogbagityonchameRines the

emj ical property. The multi-block copolymers are .
Pl s e P B S BN A SRy AR o
ethylemmu/{of} biegknkmtsg thndistrittheioimndnefor ol bbéchs othey] gistrizet enickia Which

' f making the co mers. More specifically, whe
the o B SR S enil ek dbaboy
weighfrpencent, eref@abliefizeatsty thanalio8ttd Rebghn peecpnefgrediy fiom ab&utdl @ -Reight

Iﬁpgr stePElS, f 810 2.1 When.produced.i cho
peree s.emi%%tc% pr%ﬁcgoqsgﬁéggvé@r#&esmgg\{s\éaesgg B’E)ﬂ}?o",&’ﬁlﬁq}f?g% P %l;%‘féerrab% Some
embodigients3he comanarenceficably fhersoft degni2ilts aanl bmgstapmefiesahlyofropo
ioht #hi0 4t Sordafil Buihe ' iption, all numpers disclased herein

e aPe appr?ogximate 25 Va E%\gg]rgé’éigrﬁtﬁéglg%e%f%?%@%vnoardqua{l?c%))u‘fv%ﬁeh?p ercent,
greater {han akionh ' vecighs dencenh meationthdreabonithl OTweighh ayreemny; byedter than

bout RS G ZpRRGR breaRE HER 9(52?? imes, 10 to 20 percent. Wheneyer
: (?u a num{gricg%ei rangegrwﬁh a Iowglr?ﬁtrlrﬁt, &gn\%pa?ﬁ%}gﬁgg eﬁfeé@fa%ab()fgs
weighfipgireséd, any number falling within the range is specifically disclosed. In

articular, the following numbers within the range are specifically

58lsclosedhRsqfl seRmROR AN pHiisrehe RToecR! invabisleintergirgmerfiam about 1
weighPBEcest 10 A00LPSICHBIoNIPA AP BIGRR LA ISRl drncbiSck ﬁ?é{ﬁ%g%n%‘er,

percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percen

preferﬁlélycgﬁm_%bggt 6%&1?{ IsecsRtéRAPoYY Pevieiaht perpriredram about 10 weight

percerf) - FRSGE00 WEiRPHRRIGRN FroM ARRY A% F¥ett M ChZRPHI0PES Veiont percent,
PCT/US2 0 06/11119 8 52 numerical range defined by two R num%ers

from BhoRleAtha sItRETGRAS RPANSY pisiahtryearscitRabmyt2mbisishiantsst to

about UewBig iRRBREMIdRCAIIROSINEHHIRERAMAISB AR RN RIR/ ARSI from
erpolymer and a tackifier resin. The compositions possess unique 5
about (BN h

PHETUAC ahRaHIe 1FIgH AqEts b Lpmiebar ) yaiektremeniterbout
60 weglostacRie e Rénadbesian isdRatFademABRNSKNENG SFAEMRIES e total

. . sujtgble applications include hot melt
we1ghtS OP ﬁle %10(9.]? mterpolymer. Conversely, the hard segments can be present in similar

ranges. The soft segment weight percentage and the hard segment weight percentage can be
calculated based on data obtained from DSC or NMR. Such methods and calculations are
disclosed in a concurrently filed U.S. Patent Application Serial No. (insert when
known), Attorney Docket No. 385063-999558, entitled “Ethylene/a-Olefin Block
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

reference herein in its entirety.
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adhesives, pressure sensitive adhesives, thermoplastic marking

compositions, and the like. Preferably, the ethylene/a-olefin interpolymers
W@ rats/medtoblock copolymer comprising at least one soft blodkCariisae06/009852

least one hard block. 10 [58] In some embodiments, the composition has

shear lon.dal tem re (SAET) af at least 90F (32C), at
ot T10m A, M B et e e s e
order fgagsitieasurerpsteineppeltingmidet (Simp esadeternirbe byatiffmsititn wadning
: ?ﬁiﬁgr i " scribed in ASTM D4498, which js .
calon{i:f%:%fporated&géﬁﬁgﬁggfggﬁggIn L?rg ré?glrﬁgag i‘rlr?gg g??ﬁ%l%ﬁ%%gi%ﬂl the
term “Jgmigrysolbael.1 5 ketessiSandphieasrafrositd Hp i dre: RHEASH @eehlline
: { it measured.by bondigg.stainless steel
e g e et s ey W R
technigisyncil (PSTC)-1, which is incorporated herein by reference. [59] In other
embodiments, the adhesive compositions have a low melt viscosity so

S#at it is Tegyernpioukidlerk conpipsiacionitegmentsdrimplpnke’ iraflasion
polynfef %Qﬁiﬁﬁ%%’t%% SXGsTe BlRaRIZeY Eﬁg‘ﬁﬁ@?rg%{re O@%Q%%g%%ﬁ%%gﬁed to as
SO

viscosities of the compositions can be meas by a

“blockisherestablysinigedirapans BB sy MO ILEP s imbohaRaly
differddiTa6d uNCRHR SR RAARLEB] LRI PY 18IEL ?t&%@éi@é%g?g?g@%en%&

the_.composition has a melt viscosity of less than 20,0

functiqnabey peeishaa sapssdent oere adirridonr lassnrederadounisdncat, the
blockslai?férmﬁﬁé%ﬁaﬁﬁ%r%@&?ﬁﬂ%&é%ﬁ@m%%@mﬁ&%ﬂg%Sf&%nsity, the

Interpolymers [60] The ethylene/a-olefin interpolymers used

amount ah erySallindtyrthrcpivalisrrirariy erablates 2 himesmhachteopuigsitir, the
type oPEER¢EDIVAROIMROLEAT Y SR GHMISRS, Ao QBS.R RO rer%io-irre ulagty, the

lymerjzable a-glefin comonomers in polymerized form, characterize

amomﬁ??% 8‘61dBR@@Pgé@ﬂ%h@%Pf%@ﬂwbwhﬁ@n@éamch«mpgeneity,
or anyWitier diieriieglivrIhehiemisaberphysicah RIRBLIties %é@%wm)erized by
. referably a multi-block copolymer. -13 WO 2006/102150 o
mlqu%ﬁgg%ﬁ@gég lﬂé@mgkﬁ%&%%kgmm&l@%éength distribution,
and/ord1ackaienibes diyObe:on e et enafras s EeserRalASHRIGNS LN More

. t, the ethylene/a-glefin interpolymers used in embodiments of
specifigally, Wk ok ae%dyam TRATTFIRHSRIGESE: e Ralpiess Pesiably BassesnBDI

from Irfiethi® paieferibly ifrdendbgrocs 3 alsiesprste S Simt BueramsicyRies:

imet herei rical valyes of the variables correspond to
prefergbly tﬂ%ﬁ%@ﬁ?ﬁ%@%@ ced i3 Byleh.op A Ralch BOSBRe braRfymers

possesy PDI #6388.0 fo DI 4Hrably debah (0 Riend, i prefarayidm P8RS and
+ 1114}%51(9[))2. 10 [62] Such melting point/density relationship is

most p ﬁrfﬁglfz?gfgfﬁ%ﬁnhgure nlike the

[56] In the following description, all numbers disclosed herein are approximate
values, regardless whether the word “about” or “approximate” is used in connection
therewith. They may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20
percent. Whenever a numerical range with a lower limit, R* and an upper limit, RY, is
disclosed, any number falling within the range is specifically disclosed. In particular, the
following numbers within the range are specifically disclosed: R=RM+k* (RY-RY), wherein k
is a variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1

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

. percent, 96 percent, 97 percent, 98 percent, 99 percent,-or 100 percent.-Moreover, any - -
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traditional random copolymers of ethylene/a-olefins whose melting points

decrease with decreasing densities, the inventive interpolymers
w@rappesemied by diamonds) exhibit melting points substantialRCT/US2006/009852

independent of the density, particularly when density is between about

C t 0,95 g/cc. For exa he ng point of such
numer?c%lyﬁ%{egs cail%re IR the tl‘gorange 0 5&)%%51 It?éf VE3D %Wmlg@ﬁg}fy
disclosathges from 0.875 g/cc to about 0.945 g/cc. In some embodiments, the

melting point of such polymers are in the range of about 115 C to about

[1h25 C mﬁmb@ﬁmﬁnysmﬁ@edﬂmiﬁlﬁﬁlﬁ‘gjﬂmcmmmmcﬁ;@ﬂﬁ@mpﬁﬂdIan
ethyleﬂ%tla%fﬂls &3%%21 /a 0 élrnrég}rei ' 23%@(3%“ #ésgqéspess unique

po ymerlze orm, et ene an one or mor
PrOPeléﬁaﬂh@t@médﬂbbla ﬂﬁralmdegr@@ pelaationefinedeltrsvhertempiiueel of

dhesiiar t nni or| SC ak mln s the
s e RS BT e o
adhesiyes RYSTWE S)epgakemﬂlaslmﬂm’rfue;ﬂmiw .Mgrlﬁirg eordpeditini®,Ahl the like.

T > -0. 12 +62.81, and
Prefera:%gsf’e%bly E@@Hg&%g‘é fpd%?gl araen%lnrlrlllotrlé pr &terdb] IE%rﬂWmmg at
least ong, iQ@@éA‘Irk)aﬂCBBthfcﬂnAhambbhm]{%O J/g. Moreover, AT is equal to or

@reater than 48 C for AH greater than 130 J/g. The CRYSTAF peak is
[58]etermite gomargnbodimansspthe epmppsiidoohadatheenpoliesiom (iltés, the

tempeﬁﬁ% (BUStTS Bf‘%ﬁ%@blﬁ?%?% reentgef ih %é"é%@% ?a%i’g) or at

ess than 5 percent of the polymer has an |

least lﬁ%ﬁ the R ibT RARD Wé@é‘@m@ﬁ}@owmmbmwmmm@mﬂmmue
compdsitihe 4Ll T ASBAR MG YR rﬁéﬂismycﬁ%gm %%Sfﬁ%ﬁ%“@ﬁl

contains at least 10 percent of the cumulative polymer. Figure 2 éhows

incorpQyizd hersia harroEsse Foftkesasbadimesteohperntisitomhapied 80° peel

adhesiiMo@ R RAPERSRIRASNIA PR SlYHRSRE GRIRY I@éﬁ%@éﬁt&%ﬁ can be
computerized -14 WO 2006/102150 PCT/US2006/009852 drawing

measujsd By banding flinigstistert da- drdrtusiardheTrrituid goperibed inibefréssure
SensittRETERA0BUNBINISTE RALARE; R IRRAPERRAMDRER 59GeRRgS to the
equation AT =-0.1299 (4H) + 62.81. [64] In yet another aspect, the

[59@thy|enéﬁ&ﬂi&f ieniibteReds elie hauesty B IRGIaAL ondTREHOR 1IWRIE# IVf&‘%srty SO
ween 40C an% 130C when fracti gonated usm Temperature Rising

that it ‘éﬁﬁs A EPARSR ARD ROPPRERS] WHAPHL SO TorthE SBeARABRA PGS or
excess plakdicaninn the cotopisitionig hehe pheferadysalde asHR REFEFENRIRREN be

e prefer tleast 10 percent h| her, than that of a comparable
mess B B A BN BRI PO o S BD236

ene |n e

about 3@&%5@1@5’@)5 witir ésririberpaaipa taiien spdefaeibyaAadMe RabEIRkents, the
compo R ol Al R 5 i 2 o Shou

molar comonomer (610)
10,000me BRCobitassothtineabtartks j06er polyITRE nitsefekabiy cheiMWIMB TM D3236.

Ethylene/a-Olefin Interpolymers

[60] The ethylene/o~-olefin interpolymers used in embodiments of the invention
(also referred to as “inventive interpolymer” or “inventive polymer™) comprise ethylene and
one or more copolymerizable a-olefin comonomers in polymerized form, characterized by
multiple blocks or segments of two or more polymerized monomer units differing in

chemical or physical properties (block interpolymer), preferably a multi-block copolymer.
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of the comparable interpolymer is also within 10 percent of that of the

block interpolymer and/or the comparable interpolymer has a total
W@emoemeRt®r content within 10 weight percent of that of the bRECR/US2006/009852

interpolymer. 15 [1] In still another aspect, the ethylene/a-olefin

interpolymers are characterized py an elastjc recovery, Re, in percentat .
The ety Bl Rle I T RN Dy e FRASECIRCEF Y CBF R BSRE PoMBEFHA eseribed
as follofxan ethylene/a-olefin interpolymer, and has a density, d, in grams/cubic
ntimeter, wherein the numerical values of Re and d satisfy the following
165 acionsi 5 HBHE et IO AP L SR RRLY oGt S A A PRGETGRY of the
inventtondslia ked phaseo2Rer> 1483 A 013, aldchpleiaradniRBing point, Ty, in
>1491-1629(d);and more preferahly Re?1501-1629(d); and even more
degreds o QST 1 B B S ot T SR BU GRS o Of
the vaelldstic cenemprydos throrenieashilpis 25 made from certain inventive
interpo r itional copolymers, For the same density,
tﬂie?“i%vb%l@géélft%gég?y’;j@z&%w&%&gﬁﬁ% ?ﬁgh’er elastic recoveries.
[6T7, tn-sa8&lemixidiniéntso 1he. By |end/ mele fitctatabdplymers have a
tepsile, strength ghove 1 gferably a tensile strength ? 11 MPa,
mohe bl Ztehe. Lhia s

pre 2"13MPa and/or an elongation at break
[62] at leaSu6h@nphing phimatengite fmlatitynship Qs dhsitda] pe fgonte Nigiylike the
...preferahly at least 800 percent, and t highly preferably .at least 900 |,
tradi O e TR PN A hihe egfegpe with
decreasinpoldimsidiets thedmtmtien ditenielimiate(rpaseatsdiby difh) andipeadébit melting
.. madulus ratio, &'(25C)/G'(100C), of from.1 to 50, preferably fro to 20
point] A R S e o EARaLs g about
0.87 gl@; tarabiont(@p4 gBC dﬁmpxe_m;itm thetroélibgs phan Elspehgobynpnaferablythe
range '&f%ﬁlﬁﬂ 16(1@%(:3?0@ EPRFSE %leesge%]s%g' ?agn e%r%r%rr]rtl’ 6689?5;%]%” ooabout .945
percent, or less than 40 percent, down to a cGmpression set of O percent.
g/cc. [n]sknutidmbiedinentso thmerelsingpodth plesvelapollyfire i texpiml yhearsigave about 115
o To) t rcent, | t ercent, less
C to £05at01 SR HRSH @ﬁﬁawﬁiasrgég g%ﬂl%%% NS %Isubeggg’g?cc.

than 60 percent, or less’t percent. Preferably, the
[1Edaranetbsiorserat ohthethtenoGiyotedis isttepelimasrsi®pemientn ledsiteaizgbiorm,
ethyleR& RN nIESP 10 (%—Q)lgﬁ%eam%%@c cge%iggcy\@rtg Ofﬂtcp Rl si{zs? fined
In some embodiments, the ethylene/a-olefin interpo yrhers ffave a heat'o
as thefiggparafukesioribe taliestPafferential s rmmingkiorisnesny (RS €Guedalo mwinus the
tempelafRd1BP 0 H0P eGSR 44800 R R FRIGIS AN AR YR PAIPSS R na
P 50 |ps/fm24oo Pa), especially equalﬁto or less than %ql%sl}ﬁt% (24053)61), .
heat of fipias iow/ 8sHpepd 2D md)AH sptisfttherfeHayoagmelationsiips:
eiylen/ ol iRHISsP XY MRS FARRRERe. In
AT > -0.1299(AH) + 64.38, and more preferably
AT > -0.1299(AH) + 65.95,
for AH up to 130 J/g. Moreover, AT is equal to or greater than 48 °C for AH greater than 130
J/g. The CRYSTAF peak is determined using at least 5 percent of the cumulative polymer
(that is, the peak must represent at least 5 percent of the cumulative polymer), and if less than
5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30°C, and AH is the numerical value of the heat of fusion in J/g. More
preferably, the highest CRYSTAF peak contains at least 10 percent of the cumulative

polymer. Figure 2 shows plotted data for inventive polymers as well as comparative

' ekamiﬂes.’ Integriatedi ;;eak areas and Vpeak‘tremberértﬁ;esﬂ are calculated by the 7cor7np171teriirzedr 7
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polymerized form, at least 50 mole percent ethylene and have a 70C
compression set of less than 80 percent, preferably less than 70 percent

W@erless0Hiam 60 percent, most preferably less 15 than 40 to SPGIEHS2M6/009852
and down to close zero percent. [72] In some embodiments, the

.multi-block copglymers possess a PDI fitting a Schultz-Flory distribution
draw i RED GE7ER SOPRICLOH LACHTSURHERt P KBipol i reaRa iR Spown for the randomn

ethyléhaseierizadmsdiavipalpadiecpabshions) 56 hloshuairsivtien @ndos (AH) +
6 81polydisperse distribution of block sizes and possessing a most probable
2. distribution of block lengths. Preferred multi 20 block copolymers are

[64jose cor}i@ieg ?ﬁdﬁ@f aspé?t,bin@@@rleia@mﬂlm iﬂﬁéﬂﬁgﬁﬁ%@gﬁ@@i DIRGkSular
.More preferably, the co meys include at least 5, 10 or, ocks or .
fractig R SIS NG AR el dA0SC [YBTCERABRHFS Bl RS ie Rising
Elutidncf?wteﬁtausmg‘aREBuj;@hkea(ta@ﬁa&)m tﬁéﬂkaﬁﬂ%ﬁbﬁﬁd@dﬁ%lﬁﬂcomonomer

nuclear magnetjc resonance ("NMR') spectroscopy preferred. 25
conteR} BigRCrPIRF 5 rﬁbfiﬂ%&gopéﬁ%%?lﬁhﬁwé?gmsﬁy%@a@a% Eftpid Rgroent
highetl Riah ke toenpedpleetatesidmy lentsidipotianal ehstne iR Hititeen the
fractions eac%avmﬁ an eluted 1{%m ed;‘?ture rigr?e' of 10C or less. That js,
Same LR LA ARSI AR O RS AR BL PR e R e b eoBipfag the same
comohlsitg(th) el disiguesls diddxlodinbite palyimsies bameradineAsbarat &48bd on the
fraction havi igher molar comonomer.content than a_correspondin
R RS e T M e A R Y
of theinuentiveboiytaeoigar deflsoimitheyonssicphe e tlalyo Lomplisiathterpolymer
ethylene and pne or more cqpolymerizable comonomers in polymerized
andop b DS ARG G L P T NG vergit percent
of thasefjthe bisdk tnterpslymee -16 WO 2006/102150 PCT/US2006/009852
lymerized, monomer unitg differing jn.chemical or physical propertie
R e S SRR SES B SORER S by on
elastiblecnviengrBelyimperoentng 3 0peakefitustrant fmst hayctenisaufeaosion)cuhiaession-
e between 40C, and 130C (but without .collecting and/or isolati .
mold L O TR PR L e
centimgetetemthestimtite dibyeriba -vethepelRo sadpl sativdp duedfati dedngsicigtmdsHip when
idth/h | EIRN4) area calculation, has. verage molar
e e G SRS e
pRécrapBl atadsh 1 andansdenahlgher, than that of a comparable random

ethyl int e elution temperature and
e%é%ggpﬁgg@fﬁ ﬁ?&?ﬁ?ﬁ%}%ﬁﬁum (FWHM) area calculation,
wRergi? 8 kito28(ddrapd isie mamelprafealyliene interpolymer has the same
cq(gg]gmp_ﬁ@%g has a melt index, density, and molar comonomer
content (based on the whole polymer) within 10 percent of that of the

[08iocked FigsrsohshersrhefefisstyofHenni/mretistiverewsvpraritignoriented films
made HEFPOMTIR S AR MBI hRGLGER @4 Rkl IREBIRK IRRONShe same

_and/or the comparable
density, the inventive interpolymers have substantially higher elastic recoveries.

[67] In some embodiments, the ethylene/a-olefin interpolymers have a tensile
strength above 10 MPa, preferably a tensile strength > 11 MPa, more preferably a tensile
strength > 13MPa and/or an elongation at break of at least 600 percent, more preferably at
least 700 percent, highly preferably at least 800 percent, and most highly preferably at least
900 percent at a crosshead separation rate of 11 cm/minute.

[68] In other embodiments, the ethylene/o-olefin interpolymers have (1) a storage

* modulus rétiior, Cri;(275°VC)r/rG’r(il_OO‘s(_Zj,Vof~ from 1er0 5 0, prefér;bly from 1 to 20, more preferably
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interpolymer has a total comonomer content within 10 weight percent of

that of the blocked 15 interpolymer. The full width/half maximum (FWHM)
wealdalaiaMois based on the ratio of methyl to methylene respBA3a&2e6¢6/009852

[CH3/CHZ2] from the ATREF infra-red detector, wherein the tallest

highest) peakis jdentified from the base ling, and then the FWHM area i
o 1 B oAbSF L G AR PSR RS ) ot
70 perdeMyidpeviatlyd«definado@pdhernrdesutitarihpaueut belvsedmi 4(bpetcEaf, down

. where, T1 and TQ/Z are ﬁ?ints determined, to the 20 left and right of the
0a Coﬂﬁrﬁﬁpﬂégtk?% RS g the peak height by two, and then drawing a line
[1] hakzdnieidoecihbdaise disgtlithethiyltersactdetheitaérpolgmieistipotinfg°cf the
ATREF curve. A caljpration cyrve for onomer contentis made.usi
compr b A L EBPA S DRG0l LA S s than
50 perd¥iN RPvekaubly; ilid VD2Camnatiessidieet Rithe peedpoliantitsshésa-thea 40 percent,

method, the calibration.curve is generated for the same,comonomer 25
S A A A e R bt
[70polymeiicasnizcerdbtelimimnes] the refgtencinglifia oatipatjonecshareamingiist

. FWH ; I i / f :
T T T e

poundséobitli(iees Pagesteforabiylequahtgoekssrdsanihtis/ (N (2R)E Pe)trspediplly equal
to or let%ﬁ[;"%.rt{eidl lsJ/ls;tmfZ%i%a Oa}l%cglsnlio ue,S%igs%ogbﬁda"nterpolymers have

igher molar comonorrier conten fhan a co esponding comparable

[7Tihterpolimethef76hBodimenidy tHe cihidepolymisfinahteprlymectebiypritesia,
the black inferpol r hasac r f '

ptm TR DN SO A TR o
than S(PRTLIBABOROOH8ESs dyuel dpthecguemigss the1 X01BYent, 2006V prafsrebly less

eferably greater r antity (-0.2013) T+ 21.07, where
than 4@{% %51 PR Idva i {3 ??é%a%%%%c%.

numerica eo ution temperature of the TREF
[7Xtaction ma@@omlpadbnﬁm_dmmgdtmb@c[wqm@mmmsﬁ@ﬂ%ﬁﬁi@&a
Schult%ﬁg}rﬁpglg\'g}%?fo fihfPiagk BRI MRER Qi3 e DS, BRIk G e trther

of the comonomer content versus TREF elution temperature

characforizal/ay dlavtre pathisl o it theskisistrierponmers gpirdispsrse distribution

o A SRR T U (ot

block ggelpapreres HreseroeinbibiTeomMsifPr FESHEAY Adadpgippna
blocks?tM$?@ﬁféf&ﬁE?ﬁﬂét§5 glymersinEiie MR {ekeb Rl or segments

] popolymers@ of the bloCk interpolymer fractions have significantly
includisigesmingbaekscontent than either line at equivalent elution

[73fMPeratyasn fiis: W&W@%Aﬁ@ﬁ%ﬂ% INEsive 10 teERalRE With
|

and is believed to be due to the presence of differentiated blocks within

technighesgseA ONARITSaTr MABRRHSHOBRRIBNINEMR D) sRSsHSEoRYRIRlFE s g]
MoredvVidUier D SFARLIS U LS Ay BInTdREila FD/ R RGO MR MREFUHARES Bl
polymer desirably is first fractionated using TREF into fractions each having an eluted
temperature range of 10°C or less. That is, each eluted fraction has a collection temperature
window of 10°C or less. Using this technique, said block interpolymers have at least one
such fraction having a higher molar comonomer content than a corresponding fraction of the
comparable interpolymer.

[1] In another aspect, the inventive polymer is an olefin interpolymer, preferably
comprising ethylene and one or more copolymerizable comonomers in polymerized form,
characterized by multiple blocks (i.e., at least two b_loéks) or segments of two or more -
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15 polymer fractions for Example 5 and Comparative Example F* to be
discussed below. The peak eluting from 40 to 130C, preferably from 60C
wae@sgasthoth polymers is fractionated into three parts, eacRGHRES2N0tiHG9I852
over a temperature range of less than 10C. Actual data for Example 5 is
represented b trja S. The s?lled tlsa prec jate
polymezigs 3?(5“8 P AT B rs?rﬁ’c%e%? o eI Eﬁg&k%ﬂ

N erpo ymers
1nterpo(‘§ﬁﬁéi1)Dﬁ@sdﬁf@fﬁ@b%&ﬁﬂlﬁﬂﬂm&r&pn@m% saidétbels imterpnlysmisdmving a

fitted to the TREF value s ob al from ra nte
o (T R oA AT s TR A AR
collectmgtaaimlemel@ﬁ@hﬂdlhmﬂgﬁmm)pahatystamm@thmm\mw@as a
interpolymers re C rize molar comonomer er
comongmey ﬁ‘i’g Bflfé %’ B?F 5m ﬁé/ec HsAton ceur\%pa gqsigm %‘I?R‘QEF
w1dth/1%{1ﬂtﬁaxﬁﬁmnB(EWEé].\/D referablyuidtienshds peroent gy exiba cRmonoraer content
pre tlea nt. greater, [79] In.addifi
e B A A A P A Syt o
that of@hﬁjiﬁp‘é&ﬁiﬁleddrﬁm&mytamermmmgn&quiwlmtdrmmc ehoivm sappetatirs and
entive me a olefin inter fer lene
eXpanAf# dBHed Cfﬂé?)hpo ymerlzgg}é%c%@o#égrgﬁﬁ%o %%%eg%%m
comparmﬁeaamrmdthylmalhp&emﬁmm chasﬂlseg:mxemmonmllﬁfif)mmiehas a melt index,
erized monomer un| erin
densi (’o"fgénnéa aﬁt%?% y(r)rrl%? cPnnos q{re erGg R/ a mg% gﬁ%@g@%ﬁ@g&%m of
that ofthedioiktedpotyrpelyhmri n@rafmazhbc vt ¥iaAibm af hets empatablstinsanolpaer is

OC W e ractiona din
also Wﬁﬁé LEFE G Lae}‘s aP Fﬁoﬁ@%&%@g&lﬂ%ﬁ%cwus 00%352/%09852
interpclgmerieme taehtentdrigier, cordéatabithint 19aueiidaresantngtest ohdhe blocked
interpﬁr%];gga § aﬁlﬁa 1td"tll'9h %Qu?l'ﬁﬁ? B Wﬁﬁ\% RighR:NAR RLPLA the ratio of

mparable random et ne mterpolymer fraction eluting between the

methylsmthyﬂ\qﬂamwe&mﬂmwéﬁ%é%@mﬁtﬂéﬁh@ﬁmﬁéw%ﬁétecmf wherein
the tal esﬁ{ﬁ%@%}gﬁ P%Q]%}E j&&%‘ﬂ“‘?d%?&ﬁ?tﬁ@'ﬁh%@?m@ riah Pslerapwitisithesame

5 a melt index, density, and molar comonomer

deterntioederfictbadistribntioe whesterpbiingrFwARR B0 Pplecis VM areis defined
as the QJ‘Q& ép{ﬁé %@t@é@ﬁe’fagh’d tﬂe WM %mﬁ%%@?&termmed to the

Interpolymer is also within 10 ercent of that of the blocked interp lcl{fmer

left andmmqﬁ@mmmnwrsmmthw%@%mmﬁqm B ‘Wfﬂﬁ%\ahn@
hor1zo}19aW%ﬁ{%tﬁ)a%Ecﬁﬁg ehibakaldhs ploredinie H Rinsl Ot A feralyirve.

ove interpolymers are mterpolymers o] i‘/i ene and at Ieast one a-

calibrajiefireusepEuianpanssaciReRiINy in Sradedt Ry from
copolHRA &@t‘%ﬁéqsoﬂ%}&%§én%ﬁf@?orﬁmver@§pﬁvmhwf%@@m@ﬁhe TREF

avmg morethan about 1 mole percent comonomer, the blocked

peak. {sriBotyier ribtae o U tEBHRB RUBY 16 SPRER AR ReC gomonomer

type oPWESR 4Eh BN mErRRIRELP BN TR B YRALCOIA TR BN € Ll BRE cAntbe
13.89, more 15 prefe; Paél:‘)é{lgreater than or equal to the qual?tity (-0,1356

detenmneﬂdogge@,r@lmﬂﬂ 90n curve using its FWHM met methylené area
ratio [CH3/CH;] of the TREF peak.
[75] Comonomer content may be measured using any suitable technique, with

techniques based on nuclear magnetic resonance (NMR) spectroscopy preferred. Using this
technique, said blocked interpolymers have higher molar comonomer content than a
corresponding comparable interpolymer.

[76] Preferably, for interpolymers of ethylene and 1-octene, the block mterpolymer 7

" has a comonomer content of the TREF fraction eluting “between 40 and 130°C greater than or
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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
War2ond218ing compared, measured in C. [81] Preferably, for #ETAE3066/009852

interpolymers of ethylene and at least one alpha- olefin especially those

int mers havi lymer density from aboyt 0.855 to .20
equal %@ﬁ%&&@%ﬁ%@%ﬁaﬁ?@% f&@f?%?rf #Fé?éeﬁg%ﬁﬂé’h‘?&@]t%ﬂle
quantig 6 20430 1&-pRitcehvaoerofidsrtae, ihmétoakeslivtefpdost Hasiéh temperature
r content of the TREF fractian gluting between 40 and 130C
Ofthem%a%r? r(l)%eela af toRhe ql?é%‘%ft‘yl/“('db‘.‘z 3) T +20.07, more preferably
[7@teater thimurerdegraphicathedgpimtitn eOEMR)eRto2 1h0 blovhereeTpisyhRrs of
ical value.of the peak.elution temperature of the TREF fraction
ethy e Fbeidhle hers 4 Mot e colmandingr SoReRb iR IREE aigfon
tempejapanetioe mm@ommnablefmﬁylmrdd) Iwctslnﬁ mtefpbﬂliﬂh’eﬁs)(fmfdl‘éiﬂ@opoly?ers)
e r r . comQnQomers in_polymerize
o B e O i et P gution (-
0.201polymtigdds depiceddryumilsttiffdineg Alahdepicaldarphiysigahpropaitiestents for
. ' t_preferably a multi-bjock copolymer, sai
e O I LB BN e
copolyroarsand i 3dche ek fratetionTsiteet: fisictipiRiERdnigrifienidy batkadesizact
' t . iQn hayi maonomer,content of at least about 6.mole
conel OB SVEPHICANIR O SORS0RMS e 0 L LA S0
inventk ngraobones aothisrbebinvedttrbmdub ot paieper of diferehtin:6 bisiks

e ian. - 21)1)6/102151

i A DD A A B ARG R e o nigher.

[78hore prEieraply ceantipdiyrdisptrastibe IRER N atiehsthonatee eandnts of
I int th LT ds. to,the eqguation:

PO A e P SRR By B e

peak eldingava #84pd30 1R enreferablie oy 680 soa?d Mefor Intdrpolymenrs is

fractioRERSarAYEREPSHNg i Wiens /Ry 909 EE Gope erizﬁ?'s% than 10°C.

C erized by m

~ (SA)
comonomers in polymerized form, charact ultiple blocks or

Actualdato for Exampls &isweresssotiadbriidanghesncFherskilied ditfissingamappreciate that
an apﬁ@ﬁ%i@%a%b%ﬁi@r%%%ﬁ%%@&%gd %?rﬁ%%aﬁ%éﬁoé n&ri%{gra 1%e%ent

multi-block copolymer, said block interpolymer Ing a molecular fraction

comonpmeyisignde s wedwsencanpasisar B! tniten FRERonitesiaktained RER
compah%@fﬁ‘iﬁt@ﬁol?ﬁiﬁ@ggﬂ%%@ﬁﬁbtﬂﬁhgﬁ%%,fﬁ%&ipqmgoé&ﬁggrs made

elution temperature greater than or equal to about 76C, has'a

using 3 MetalRrene AT SHterhom Qe PRekS cRisYSy OB DSt Bareshuisdtiks tarplymers are

charac&!ﬂib%ﬂQﬁi deslpichminniks @&1&@ g?rZ&t%)(t%ME ORISR A HE G The
Celsius) -136.58, 15 [84] The inventive block interpolymers have a

. | m
calibrafi i 3F4is GG RN EIGNLOD MBER OTC RIREPEBCH o percent greater,
more prefelighlated dastng pRedningaments, characterized in that

[79] In addition to the above aspects and properties described herein, the inventive
polymers can be characterized by one or more additional characteristics. In one aspect, the
inventive polymer is an olefin interpolymer, preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form, characterized by multiple blocks or
segments of two or more polymerized monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a multi-block copolymer, said block

interpolymer having a molecular fraction which elutes between 40°C and 130°C, when

~ fractionated using TREF increments, characterized in that said fraction has a molar
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every fraction that has an ATREF elution temperature between 40C and

less than about 76C, has a melt enthalpy (heat of fusion) as measured by
WEBG,/ui®sponding to the equation: 20 Heat of fusion (J/gnmhGI/US2006/009852

(1.1312)(ATREF elution temperature in Celsius) + 22.97. ATREF Peak

n r. Composition Measurement by Infra-Red Detector [85] The
como oo o 1 FEER B rgdce o Shioes 10,
15, 2010fr & perdetebighay ditabikafrofia BatypasibhandylHgitend @ﬂﬂg}pob;mﬁr fraction
. . polymerchar,com/).,25 [86] The "composition mode" of the
elutm%&%%@ﬁ%q%%éedn\ﬁﬁﬁa%lrr%ségavs}ﬁarrggrﬂéglﬁ{({qggw BEAPSRE & !:f(’j@ition
interpgbm@rc(@nm)sﬂsahasarﬁmdmanmneﬁa);qbﬂeﬁémgdiﬁimiéafﬁ@céﬁﬂiﬁar@ér(s), and

.800-3 The measurement sensor.detects the methylene (CHz) .
ameltégﬁ)%(hg%%ﬁ?gén go%?naerrc&v%?c ‘H?Fe%?ff?‘é?éPé‘g P gpolymer) within 10

percenderigbaitefiiba boshdinmrpdijentne Preforpbhititie ddRspdstam sshemeshy|

: I . The mathematical ratio 30, of the
e S USRS BN SR PR e 0o
compasehlsitivisteotimer basontotabanotemafdheteneathiad Polyiger forsaitiOthat of

it is calibrated with known ethylene alpha-olefin copolymer
the bl%%gh%glr{d%i’% 0 \%’O 2006/102150 PCT/US2006/009852 [87] The detector
[ Prsterabdy Wiernbova iiREPolysicnmeaipeopidpade bf athgheeniidti®Neast one o-
( . iti ignal r nse of the eluted polymer

tein R LSOO, GRORER A LR SRR s

about B0 35eedeiwinenthenwespatiolis fingalyiBeas Bihiompaithaersboithiknokrpercent
easured by 5 NMR). The omer .

o g T e Bl LR e D R e et

betwegnd detadd B anenten drrootresvatito dherpantins(fd). tBEGNAIvIdG8 L Mare

' i0: H monomer content).
el LR AR L RO BB T R el
greateribatAt AAUEE W ha HeansiaR QBT ap Bl Wiermsbisthinteinaselinesio of the
peak ATREAuH R Q‘Aﬁhl%ﬁﬂ@%?%’éﬁﬁ%%@?f tggl{lrﬁalrzeﬁbmea ured in °C.
chromatogram. The full width/half maximum ca CUlation1s basaq oA the

[B¥htio of Féfiyatly nietilyserhe Ye dpisraad vasts [ClatiDeiR] dndmt teeshdiR BFpha-
olefin 3frecisgld ﬁ@&%ﬁ’t’érﬁ&?ﬁ%& tﬂ@vfﬁﬁ %%ﬂ&ﬁ%ﬁ%?&%ﬁ%ﬂ%qﬁg t:?éjbfrlg)[rﬁgg% to

base Iine,3and then the FWHM area is determined. For ution

about Q35 gih LaRdgmarerespacialie St nabym-haviagmoseddfinetias ihealrgercent

comondittte! IeHIeENeIRMNBER MbARS T2oARHMEF BRttlA &F 219_ .R%\’F]éactior}(eluting
rmined, to the left and right of the ATREF peak, by dividing the pea

d
betwe‘??i‘ﬁﬂ“ﬁ‘ylé)%? &hepten dhra o sripbin deenrbttdt ©20Eddst 1067 tagre
preferdblpisester hadest anehrighhpQ! LAY RFD CoV 68T R8he numerical

lication of infra-red spectroscopy to measure the comonomer content
value o%‘r%ﬁe peaﬁ elution temperature of the F fraction being compared, measured in °C.

[82] In still another aspect, the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more copolymerizable comonomers in
polymerized form, characterized by multiple blocks or segments of two or more polymerized
monomer units differing in chemical or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block interpolymer having a molecular fraction
which elutes between 40°C and 130°C, when fractionated using TREF increments,
characterized in that every fraction having a comonomer content of at least about 6 mole

percent, has a melting point greater than about 100°C. For those fractions having a

- comonomer content from about 3 mole percent to about 6 mole percent, every fraction has a
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of polymers in this ATREF-infra-red method is, in principle, similar to that

of GPC/FTIR 20 systems as described in the following references:
wWOoRankawiztsp Ronald P.; Hazlitt, Lonnie G.; Smith, Linley; "Dev@Gpigzaen09852

gel-permeation chromatography-Fourier transform infrared spectroscopy

for characterization of ethylene-based polyolefin copolymers”, Polymeri
DSC it AR 0 e UEH, 50 e BB BT ST
havingBtdeaRaNHivigsefddat cohigtorier, haQubSilyindtshopbattdimtvamesionds to the

’ microstructures in ethylene-I-olefin 25 copolymers using size exclusion
equatiqthromatography and Fourier transform infrared spectroscopy

(BRC-EF IR 6RalyIerd?A@dindRorhér 1Y the aidtioh)vhikds @ incorporated

by reference herein in their entirety,.[90] In oth ' t
133l LTI IR L U 10 e ac s by A Eh

preferébh@fébfﬁﬁﬁ&n@%ﬁhﬂ&h@hiﬁl@me@ltrtbferbzspod)yamﬁmbie atmondn@r8ihand a
molecular weight distribution, M, ./M. .. greater than abeut 1.3. The .
polymeae o Epc e ES A A R SRR R ot ol08 poymerized
mononfl@fdﬁﬁﬁﬁlcﬁfféiﬁlgﬁlhyfhamitﬁtﬁﬁphysibﬂimeqbértipse{bh:dth;biﬂ’@ﬁﬁlfmm)mt

nd 110C, with an increment of 5C - -21 WQ 21)1)6/102151 .
preferqBy ST DEF GRS R B B RS gl cfion
which $igtéhactianioPthanih 180t evéthy iracianatefivsingeRIBesrotetitsed in

reparative TREF, and.w; js the weig ent f the. ith _fracti
b e e o T e Sy
equal G0N (hHhts afvehichthalpytiestoiduBion) arndsued Ky IPBXOcorsponding

LnPr:LnPro 1/TA-1/TAB LnPA-LnP where Tx is the preparative ATREF
to the %‘mﬁgﬂnt’emperature for the ith fraction (preferably expressed in Kelvin),
Phidst iiefettoyl € gm)ote(FAGH S ATREF idutiantiomperaivtedarCplsing) — 136.58,
easured by NMR or |JR escri e |
13 con OF TS B T e s
betweanOPCadsd 330°6e whendtaetibbstedvmng MIRER memtents acbagastaizrEm that

every BASRA ga%?.%fatucsﬁeé‘f‘@%ﬁ&v@& JDlENRGIRE 20 RE U T&dhan about
segments Which refer to the crystalline segments of the interpolymer).
76°C, Assa finstt enteimphentinfdtisonias Mg ®ryRifesaresmandingdedhpr

equatigégh density polyethylene 15 homopolymer, if the actual values for the
ard segments"” are not available. For calculations performed herein, TA

iBap kS fosias (1/§9D] FAB I3 R ARG clutindempesabraiphelsine) + 22.97.
| . : _
ATRIER RN LI GRBASH AR KOS HRARRE D {sRCtion

e calculated from the following equation: .
[85] The comonomer composition of the TREF peak can be measured using an IR4

infra-red detector available from Polymer Char, Valencia, Spain
(http://www.polymerchar.con).

[86] The “composition mode” of the detector is equipped with a measurement
sensor (CHy) and composition sensor (CH;) that are fixed narrow band infra-red filters in the
region of 2800-3000 cm’!. The measurement sensor detects the methylene (CH,) carbons on
the polymer (which directly relates to the polymer concentration in solution) while the
composition sensor detects the methyl (CHj) groups of the polymer. The mathematical ratio
of the composition signal (CHs) divided by the measurement signal (CH,) is sensitive to the
comonomer content of the measured polymer in solution and its response is calibrated with

known ethylene alpha-olefin copolymer standards.
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20 LnPAB=a/TAB+(3 [93] where a and (3 are two constants which can be
determined by calibration using a number of known random ethylene
weopwitmess. It should be noted that a and (3 may vary from iRER{ISRH6AHISS2
instrument. Moreover, one would need to create their own calibration
urve with t lymer composition. of - nd also. in imij
7 otocu WAL SR e O GIARIU s
concenitegtight(€ffbyand twenmmisinati (Odsremimlostpoes dfdhe simiddpoipieeudaring the
weight ranges, such effect wquld.be essential Qi .
tio of
R B 0 G LBy o
the CHsetatibhsloippdlyrRers RBH 183WA ToXnerde 8ornTo (priferabiRrmpasured by
t erature for a random co r of:th itiQn.: q ab'ng
NMR). e ST A AT KR RS S RIG HERAT L A A0
applyingy B xherdfeSnce eatibivtiof 2O 121ip196 the 2156 R igiviing Q4 agddCH,
b 52.Pxoisth I | jon f I f th
.Pxoistheg e mole frac r copolymer of the same
reSponS(:eozr(ﬁ'ﬁb%fﬁ%rrlagﬁd&l)w{g\(l?ﬁé ‘gﬁsng%éﬁgtlg%g%g%gg%f Tx, which can be
[88talculafBotfapen dftiRxoeaks tan becdRa] athdoesthe o BkwisiblbdE npsiaseh
eparafive TREE fragtion ia ohiained, 106, WeIRRtAYS1a0e DIRCKIBdRKual
(FWH%%T%)? ﬁ\ﬁlé)%v 0 (r-:-a SI? rkr% rlggnri?ga?g%tltjlgtae% In some 5 embodiments, .

signal ra@lossgsdeter thafRBFochuatesegtiaan AUl svisitlibatf apaximom celaplstion is
0.3, | h i i
based Ofgp?ggaegs gﬁ@%ﬁgﬁ%ﬁfg@g ﬂésﬁsﬁé‘é%&ég 1@1@9%? BANhE A ERIIOHfra-

era n the range of from about 0.4 to about 0.7,
red detéainy, atdzreid Satotaltesti(ig ghest) tponls iaidantifiedt&amdbe base hingoand then the

FWHI\fE}QQ%'B;&Q 6B 59 1herRBas. o AL AP 2PREF Bedk MBFWEHM
about 0.3 to a

out 0.8, or from about 0.3 to about 0.7, from about 0.3 to
area is dbfioed 5, tho dremmaderthe Srvediserrens! bribi? apbeteold anddguare points

determ#ﬂeqm rEMRRANGHE ARhSATRE® ﬁ@ﬂ?bgfdf%@%tf%ﬂctﬁe?gﬁ #yleRo, and
r .6 to about

om about 0.5 to about 1.0, or from about .0, from about
then diBwing aimatipizernseh taberbass koutbritintersertstia lsbandoighbrasiens of the
ATRE?F'QurUQ.AnOther characteris_tic of t_he inventive ethyleng/a—olefin
interpolymer is that the 15 inventive ethylene/a-olefm interpolymer
[8%ompristreaanpheatineop SNFased RIS WARHIG APCISHTS HRsiRRi ppmer content

of polyRERAAINE ATREF WRIGU HRaeHO ipleckAndexaiRater GRI/FTIR

about 0.1 and u&ﬁéo about 1.0 and a molecular weight distribution, . _
systempiayNEscHReAE: Follominareiernss s MRt thB-pbiRyHty Lonnie G.;

Smith,[TaA1IN Y188R1BIRRKINCIEX B IR MGH AR A S TR iBien BaMEfbreh infrared

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

spectrqeeapp it sharagtesizaiontel sa s RseiP eI i S MUTRES - h AR

MaterialoReflifee s thespebrmer f1actipndass loglkiaipystieates, an RbbMing,
0.1 and up to about .1.0éﬁgéeater than about 0.2 and ugHto abo

L . t1.0,
D.C.; Shicheek-than asitipineahar 6y mBrtc 1162 gHesesry eéaaﬁflf%%tf’%%‘ﬁlfﬁn
copoly @R Wink: G- IAEHRIRM DA BRRI b yedidl P aheuislotn ImAtifledther
embodiments, the . .
spectroscopy (SEC-FTIR)”, Polymer (2002), 43, 59-170., both of which are incorporated by
reference herein in their entirety.

[90] In other embodiments, the inventive ethylene/a~olefin interpolymer is
characterized by an average block index, ABI, which is greater than zero and up to about 1.0
and a molecular weight distribution, My/My, greater than about 1.3. The average block
index, ABL is the weight average of the block index (“BI”) for each of the polymer fractions

obtained in preparative TREF from 20°C and 110°C, with an increment of 5°C :
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polymer fraction has a block index greater than about 0.1 and up to about
0.5, greater than 25 about 0.2 and up to about 0.5, greater than about 0.3
waeehe/poaasabout 0.5, or greater than about 0.4 and up to aboBCU/BS200¢8DISS2
other embodiments, the polymer fraction has a block index greater than
about 0.2 and up to about 0.9, greater than about 0.3 and up to about 0.8,
greater than about 0.4 and l%% a t“@%br greater than about 0.5 and

to about 0.6. [96].Far co ers of ethylene.and.an,a-ojefi e
where #ﬁ/ésnﬁ?e%to&%ﬁ%% ?éf'é‘ Fa%%%%‘ﬁ%é’sfé‘z‘% %1‘56&{1%5’ 5 gé&s-tg%gf& more
interpopyeferablyinédda yirdparaivie FRAL7 and st isdbt Heighnpenvrnsage ofdtetith at
. least 2.6, up to a maximum value of 5.0, more preferably up to a
fractiony »imum of 3.5, and especially up to a maximum of 2.7; (2) a heat of
[91jusion df@Gddt polassr (Byctinn2BI\@eZHO6/bP 2050 MBTIWGRIDEIDGO8BRtoNS
thylene content of ast 50 weight percent; (4) a glass transition

(both ﬁﬁ%ﬁa%vree,hfef %rflf::%f Vﬁige :-25C€,J mcr))re prefeﬁaz)ly ?ess than -30C, and/or

(5) one and only one 1/m, (1] Ftygher, the invenfive paBmers can have,

alone or in comlﬁﬁﬁiqmwl_ @y% offfe _p“ro‘pgmef agg@ sed herein, a
storage modulus, G', such that 0g (G") is greater than or equal 5 to 400

where KRds e farpalvtire ATRIER elotieq teahperatOrdfonflet ithtGagiemapreferably
100C reover,.the inventive polymers posse ' :

expresig TN MO (o E0BR RSt ROl e e RS fuAlGl Il uaes:

measufélLisyrdiietRioFR uedsydtibe dsabhueaResistithobthidekeovplsfractionardhe whole

heretofare.unkngwn for,an olefm gcopalyme iall
oA A0 SR SR AT AR SOBRTRG 8 e
or IR. Bt ainitRjsat6 the EREF mletinh teaoniGre i duretlyldne malskastioador pure

WEhRhmase e Reee doathand R uRiiBihiupeRtcPR

“hard 0GRS
A %tﬁc(g e inventive interpolymers may be further characterized

order dppextinertivogtbefamod| Rimujsts prsristristitowdipthigtidenpitipelyethylene
homoﬁé%'rﬁ%%# {gef%c%fgﬁﬁkgﬁa%raﬁewﬁgraﬁ _é%ltfll%ﬁ'tg;a:l:lm Qe RO 3 aRiulations

Pa). Alternatively, the 15 inventive interpolymers
perforwad heeinaTadsdo2iBeRarich! analysis penetration depth of 1 mm at a

9 ”;ip(ezfo m@%{h%eﬁﬁﬁis%ﬁﬁa%?y 25 2A8AHIR AN OF ldeaste3

a ey may be characterized as having an abrasion
compasitistancehioingimsthidesy oidlesiastionod B migerdy aheaes &am e
follo“/i ﬂﬁa‘(ﬁﬁﬁus flex modulus for the inventive polymers, as compared to

othier’known polymers. The inventive polymers have significantly better 20
flexibility-heat resistance balbRdasiad/tve dtller polymers. [99]

[9.ﬁdditi°n@%&h@aﬁ@}f'W\%Q@iﬂ%ﬂ?&@%ﬂ'@%%@%@ﬁﬁﬁl@drﬁ?|&éﬁﬁ@ﬁd3 using
ffom 0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/1Q

a numhghofksonpratsiers renroiarolymesss el dhhnonted tha eapd Aamgy vary

from QLA {9: A0 HIAMiNtERI VIR, GRidaiRuEMRed PRl iRir own calibration
ethylene/a-olefin interpolymers have a melt index, 12, from 0.01 toé%%gﬁo

curve yithihg pelymencenpesisonpiinisrsshand sl e touplgripaiara 1pnge
as the LAY MMLES 9Klight molecular weight effect. If the calibration curve is obtained

from similar molecular weight ranges, such effect would be essentially negligible. In some
embodiments, random ethylene copolymers satisfy the following relationship:

Ln P =-237.83/Tarrer + 0.639
Txo is the ATREF temperature for a random copolymer of the same composition and having

an ethylene mole fraction of Px. Txo can be calculated from LnPx = o/Txo + . Conversely,
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from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for

the ethylene/a-olefin polymers is Ig/10 minutes, 3 g/10 minutes or 5 g/10
WOorRoneee2 1] The polymers can have molecular weights, M,, fre@T/LS006/009852

g/mole to 5,000,000 g/mole, preferably from 1000 g/mole to 1,000,000,

. more preferably from 10,000 g/mole to 30 500,000 g/mal iyl
Protis (s HBEG IR USTS00 DO D AEP N ey S i a
having aﬁ|MRBPC&mF&ﬂMB &G tovRi@Dcgiche3 alod] pief érainl . foP eifrytdhe + .

ontain P ers from O / to0 0.97 gl tain. . .

[94£mbod|‘:$%t’?t§}%/rgl° %&%Aﬁﬁe rg%?n%%‘ Org' elr&%}%% po ym%ée%gﬁré}hbse%b %rrlﬁd’ the
weight @B88z60hIo8R IndismA BI, GoB e teib R fbty/areiScane VAR WANL6 NGRS )
embodigients, RBI i preates o Aerb ot G IO G658 T I B ROV T T 0.3.

| patent appilications: rovision
In otheAgpbodiinsnig AR T53e06:; filadbauth. 1 in@0p4o bbsut Proviiefeaibly, ABI

Application No. 60/662,937 .filed 7..2005; isional

ot R R R AR SRSy T SR, o o

about 0ApRiabtiaNNgo. I6GE66 2880 diilechts, MBL ks 17 {IROOS e el TiappieenidhNe about
PCT/US2005/008916, filed. March 17, 2005; P. icati

09, o 0B BOR L A AR 172 300200 Fe T RCBeahon gt 06

from 2T 033BCOBABIIA, fiitenl Memth.3 70 2608, &t ofweilst embiriogisalodl is in

the rangg ré?]}%%{] gﬁo%gf% Qol %l%ﬁgf rl%%%é}{'a ﬁte@‘.ﬁr{bf’é%oﬁ{‘ F. (i%‘%ﬂ%t_gﬂ&u 0.6t0

prises contacting ene and” optionally one or more addition
about 10)yroarizbaibie hiotwosheus bihdraimaabethI8rie aritr Ligitiama@bout 0.9 to about
1 polymerization conditions with a catalyst composition comprising: the
admixture or reaction product resulting from combining: a. a first olefin

[1]p@mﬁmazhax?mteamiyamhmm@mﬂim@mm{m&ﬁn dnigroedyioeT indlat the
. a segond olefi I izati i ' '
mend SR RSO0 U A SR RS R

be obtyinefthatpiyetesyitreiFREFerdaemeit thiefuntionbaser birsd sl greateichagy about
0.1 ang?lta.%sa%(tﬁ%: 290G a%%@@ﬂ?g Witliog: eenb RsRI seeNEtivR salalystseRd 1.3.

chain shuttling agent are as follow3. 1102] Catalyst (Al) is

In somietabediinensethyeokymphEngtieniang(plog index greater than about 0.6 and up to

about g&pé%%}@ bRy SaR P gl ‘aﬂ%‘M@W[_@Uéﬁ%ﬂ%ﬂ&%ﬁ%ﬁ@@élmmﬁ% about
imethyl, prepared according to the teachings of WO 03/40195,
1.0, oragesrsbanabaut A.S5aK unte2hod Gida M%;r smbogimetys (igpolymer

fractiogﬂgsd'z ﬁﬁ)&ﬁ%f{%‘f@é hE3RIA and up to about 1.0, greater than about 0.2

and up to about 1.0, greater than about 0.3 and up to about 1.0, greater than about 0.4 and up
to about 1.0, or greater than about 0.4 and up to about 1.0. In still other embodiments, the
polymer fraction has a block index greater than about 0.1 and up to about 0.5, greater than
about 0.2 and up to about 0.5, greater than about 0.3 and up to about 0.5, or greater than
about 0.4 and up to about 0.5. In yet other embodiments, the polymer fraction has a block
index greater than about 0.2 and up to about 0.9, greater than about 0.3 and up to about 0.8,
greater than about 0.4 and up to about 0.7, or greater than about 0.5 and up to about 0.6.

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

of 3.5, and especially up to a maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) an
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OH' (H3C)2HC CH3 CH3 [103] Catalyst (A2) is
[N-(2,6-di(1-methylethyl)phenyl)amido)(2 25

Worstloyiptisnyl) (1,2-phenylene-(6-pyridin-2-diyl)methane)|hafnREH/ Ui 2ot019852
prepared according to the teachings of WO 03/40195, 2003US0204017,

ety e S ern s R R TR o T of les
than - (?Hifcmbt@mfermhelemhm%ﬂ%aﬁ%)r i pisidlang dﬁlﬁ@xe Tan.
O R S
propeitidsigf @lmhae(mmmgd -mpdoles 16/1) sﬁeﬂmhﬂn%)@ tenyiy-greater thandor equal
o A0 O A o PR T et e
More(\)vleps@@mnmfﬂp@mﬁefs PbiBeB( [l ehtdlysitdrigtsmodulus as a function of

tempeilaéﬁt"y? Ingﬁrg Q&yﬁﬁ 1l s’%r(lzg:c:eoah in B Fi eeg)z’g}}quié ¢hpgacteristic of
block gqpm)m@a,lm IR@WIEG@Q@]()&’W)HM&EQOE{E H@Blﬁfﬁﬂ 8ypecilly@ copolymer

of eth}qg%_@c’ig ofi’Se Igg}g%;%)gh)p(ﬁz%tl (21% efins. (By the term “relatively flat” in this

context is meant that log G’ (in Pascals) decreases by less than one order of magnitude
between 50 and 100°C, preferably between 0 and 100°C).

[98] 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
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
flexibility-heat resistance balance than the other polymers.

[99] 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
embodiments, the ethylene/o-olefin interpolymers have a melt index, I, from 0.01 to 10 g/10
minutes, from 0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes, from 1 to 6 g/ 10 minutes or
from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for the ethylene/a~olefin
polymers is 1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.

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

polymers from 0.85 g/cm? to 0.97 g/cm In certain embodlments the dens1ty of the

~ ethylene/a-olefin polymers ranges from 0.860 to 0. 925 g/cm or O 867 t0 0.910 g/cm
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(CH3)3 [107] Catalyst (B2) is
1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-

waorenrptthyl)(2-oxoyl) zirconium dibenzyl C(CH3)3 H3C ZPXI/US2486)B9852
O N CH3 X=CH2C6H5 H3)35 [108] Catalyst (CI) is

108ty P S B BACIIR G REMERTLE S AL batent
app hca%%% ?ﬁg};ﬁf&&@)%@ﬂﬁ&ﬁb@)% Moscsweﬁs fﬂmmmmy%; 102465,
Poovis R NN AR RSB oLy BEnieng Application

No. 6otsazbm&‘@émmeh29@3mms Pzayw@aam@pmamsﬁ No. 60/5662938 filed
5 March R Y P 0992 TR SIBIGAHR, MERG R P
Apphcémbntbdanmdtwwmgxma@hsnﬁlﬂamdm2|, 208 3aBhRCEApplication No.

ror g L o AP s e
herein h3Gefe EHRD . [Ib&]e@ﬁtqﬂestd@l)smh method comprlses contacting ethylene and
Opthl’l%lS(r%gQ;tf‘h Iéj'!]g Ifll 0 fnqgffzngl%%ﬂlo%rglg 0” 3 %¥ﬁ‘§}ﬁglee1ﬂ859 addition
10  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. asecond olefin polymerization catalyst having a comonomer incorporation
15 index less than 90 percent, preferably less than 50 percent, most preferably
Jess than 5 percent of the comonomer incorporation index of catalyst (A), and
c. achain shuttling agent.
Representative catalysts and chain shuttling agent are as follows.
[102] Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
20 isopropylphenyl)(a—naphthalen—Z-diyl(6-pyridin-2-diy1)methane)]hafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May

2, 2003, and WO 04/24740.
@CH{CHa)z

(H;CH S \—7 @
N ¥ @
Hf:
(HsCRHC 7y, \CH3
[103] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenylamido)(2-
25  methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl)methane) hafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May
2,2003, and WO 04/24740.
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(H3C)2S1 zrCl2 O /[112] Shuttling Agents The shuttling agents

employed include diethylzinc, di(i- 10 butyl)zinc, di(n-hexyl)zinc,
Warpstleydedadninum, trioctylaluminum, triethylgallium, i- butylalurREes2006/009852

bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),

n-octylaluminum di(pyridine-2-paethoxide),

bis(n-octadecyl)i-butylalumin yutylgluminum bis(di(n-pentyl)amide),

n-octylaluminum bis(2,6-di-t-b enoxige,_n- octylaluminum

di(ethyl(l-naphthyl)angiéj(é)), ethylalugnuyh bis(t-butyldimethylsiloxide), 15

3% )2

ethylaluminum H /
di(bis(trimethylsilyl)amide) uanLyﬁbis >3
2006/102150 PCTIUS200 52 aZ¥fcyelehef
n-octylaluminum bis(2,3,6, (i 0.k az3 clohéptaneamide), n-
octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzine
[102)6-dipfeayigse@3)de bisgNinethyizing. (t-butoxide). [113] Preferably, the
., _foregoing process takes the form of a continuous solution 5 process for
trl(mefgym?%&wféﬁ Isardiammeihaipinmdilinged copolymers, preferably
linear multi-block copolymgys of two or Aigre monomers, more especially
ethylene and a C3_20 olefin or 6lefm, and most especially ethylene
catalysts that are incapable of

and a C4-20 a-olefin, usin

interconversion. That\is, the catalysts are chemically distinct. Under
continuous solution palymerizatiorFEanditiong. te precess is ideally suited
for 10 polymerization@r;ghres ofponomers at2}1igh monomer

conversions. Under these pdlymegization conditions, shuttling from the
chain shuttling agent to the catg pecomes advantaged compared to
chain growth, and multi-HeCk TR mers, especially linear multi- block
copolymers are formed in high efficieraay [114] The inventive

lnterpolymer y be. differentiated from conventional, random 15
3 u?:%polym@r‘g?%%’lﬁ ‘S@W@&X&Kg?ﬁ%@ie&ﬁ%*b%me}&o}y%ﬁs(m@%a}wenyl)-
2-phendaseefhightintlcherarodr, adijtianctnionalgalss], sRigaicLaaRtanisy
ACCOr cﬁh’%‘ Q&I:y[gée |znzéésoor}1§§§%2§§%@rgﬁ§rucuIar, compared to a random

copolymer o ame ?‘nonomer content at equivalent

crystallinity or modulug/tae inventive interpolymets have better (higher) .
heat resistance as [

)- by melting ointr TMA penetration
temperature, higher hic ﬁ@@@ éngth, and/or higher
) : .

high-temperature torsion s{orag Us As
;naerﬁzamnl(;:r?(ljrinalyss. pﬁg%?d%a @ﬁzcé?m_c :

efigang omgr content,tf in , m#ilrpolymers have
lower compression sg rticu@,l:lyléfweLeélate geratlifes, lower stress
relaxation, higher creep rsistn‘cﬁfgjghe teay/strength, higher blocking
resistance, faster setup dy ighe

polymer containing the

[106] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-
10 methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
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25 crystallization (solidification) temperature, higher recovery (particularly

at elevated temperatures), better abrasion resistance, higher retractive
wows/1@atbbetter oil and filler acceptance. [115] The inventiv@CT/US2006/009852

interpolymers also exhibit a unique crystallization and branching

distribution relationship. That is, the inventive interpolymers have a

relatively 30 large difference between the tal peak temperature

measured using CRYSTAF and DS HChyivetioy of heat of fusion,
same

or pﬂ¥ gt polymers, such as a

blend of a high densityolyRyer anqé\%)wer density copolymer, at
equivalent oyEsQGens Qvedkl 9

O 2006/102150
PCT/US2006/009852 thatthis uniqueC;_E ? e of thexawantire
interpolymers is due to the umgue dlstr of the comonomer in blocks
within the polymer backbone. ticular, the inventive interpolymers

y rise ajt ting blac iffering gom ent (jncludin
ool HNBIGREE) i s BRIy 48 CEMALS dohessD-
immirhptrethyioe? oo yi) ibemind/dibbiegk size of polymer blocks of differing
density or comonomer content, which is a Schultz-Flory type of
distribution. In addition, the i inve terpolyingy also have a unique

peak meltlng pomt and cry

éf@ﬁ@:polymers
e 10 that are

dO\A/@H.p Iess than 1.3. [1]
y-ge prepareliin techniques

contr I|n of 5 shuttli as well
s e A ?@ﬂﬁ?@dﬁ@ﬁar@%@ﬂeﬁﬁ@@dﬁ RS ek
yl)silanatitdnliesn Aisethyksprgpaemkfittstthim iy ecamting iththe distpesryfthsPas
6, 268m§4degree of blockiness is increased, the optical properties, tear
'strength, and high temperature recovery properties of the resulting
polymer are improved. In particutag, haze geécxeases while clarity, tear
strength, and high temperatur @ ery propérties increase as the
average number of 20 blocks itk :w,
shuttling agents and catalyst comb Fajjons having the deswed chain
transferring ability (high raté€s@kSs uttllngamgb\zlow levels of chain
termination) other forms of polymer ®rmination are effectively
suppressed. Accordingly, little if an O h dride elimination is observed in
the polymerlzatlon of ethylene/ a-ol&fth &Bmonomer mixtures accordlng to

bodi E sultin f}){ e 25 hlqc
1 1-
[ ﬁéghly, c@eﬂs‘%ﬁ)ﬁi tla %f) (?ng poILshggegsm ?emc?;aq ﬁaiﬁ“
10 inden-1-yl)silanetitanium d1methyl prepared substantially according to the teachlngs of US-
A-2003/004286:
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branching. [117] Polymers with highly crystalline chain ends can be

selectively prepared in accordance with embodiments of the invention. In
WeRstsrdasepplications, reducing the relative quantity of polyRE&F/1F2006/009852

terminates with an amorphous block reduces the 30 intermolecular dilutive

effect on crystalline regions. This result can be obtained by choosing

chain shuttling agents and catalyst g an appropriate response to

hydrogen or other chain;termipgting Specifically, if the catalyst

which produces highly crystpoly g more susceptible to chain

termination (such as by use ofp#dragen) than & -30 WO 2006/102150

PCT/US2006/009852 catalyst respg slrble,férri(ﬁ%lﬂucing the less
crystalline polymer segment thr gh higher comonomer
incorporation, regio-error, or atagtie’ polyraatdiggmation), then the highly
crystalline polymer segmeﬁ?gwill preferentially populate the terminal

tions qf th er. Not only ar resulting termjnated groups
0 R o er A RS 8 g RS GBI TS
indacaatblyRidiieeti-mnes diashsyalahieonisiniigilonetopoiysertherealiangs of US-
A_zodsggg i%%[ly formed polymer is therefore another highly crystalline polymer
pn ."Accordingly, both ends of the resulting multi-block copolymer
are preferentially highly crystalli
used in the embodiments of the f
of ethylene with at Ieashgge C3-C20
and a C3-C20 a-olefin are egpecwlly p Q€
further comprise C4-CI8 diole 5
unsaturated comonomers useful mefliiith ethylene include,
for example, ethylenically unsa &d m@nomers, conjugated or
nonconjugated dienes, polyengssgienyl gnes, etc. Examples of such
15 comonomers include CB:&20 a -olefins such as propylene,
isobutylene, 1-butene, 1-hexene, 1-pentene, 4-methyl-l-pentene,
11 epterfeatriystdRd) 1s hindisactivddistpsanmindenskbylzBensivanadighloride
availai,ig%ﬁpsq%gﬁmg@ll{y preferred. Other suitable monomers include
styrene, halo- or alkyl-substituted styrenes, vinylbenzocyclobutane,
1,4-hexadiene, 1,7-octadiene, and phthenics (e.g., cyclopentene,
cyclohexene and cyclooctene). 20 Ahile ethylene/a-olefin

interpolymers are preferred polymersr ethylene/olefin polymers may
gfekto a family of unsaturated

also be used. Olefins as used herei
hydrocarbon-based compo wh at lea ope carbon-carbon double

. 951 IC D . .
bond. Depending on the seléctiomof catalysts, any olefin may be used in
embodiments of the invention. Prefeé®ably,/suitable olefins are C3-C20
aliphatic and aromatic compounds 25 c ing vinylic unsaturation, as
well as cyclic compounds, such as cyene, cyclopentene,

0

] The ethylene a-olefin interpolymers
riftor| are 10 preferably interpolymers
afin. Copolymers of ethylene

ed. The interpolymers may

dicyclopentadiene, and norbornene, i g but not limited to,
norbornene

[112] Shuttling Agents The shuttling agents employed include diethylzinc, di(i-
butyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium, i-
butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),
n-octylaluminum di(pyridine-2-methoxide), bis(n-octadecyl)i-butylaluminum, i-
butylaluminum bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-di-t-butylphenoxide, n-
octylaluminum di(ethyl(1-naphthyl)amide), ethylaluminum bis(t-butyldimethylsiloxide),
ethylaluminum di(bis(trimethylsilyl)amide);ethylaluminum-bis(2,3,6,7-dibenzo-1----- - - - -
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substituted in the 5 and 6 position with CI-C20 hydrocarbyl or
cyclohydrocarbyl groups. Also included are mixtures of such olefins as
waibaEsidttures of such olefins with C4-C40 diolefin compour{tgUS2{)& 209852
Examples of olefin monomers include, but are not limited to propylene,
isobutylene, 1 -butene, 1-penteng, él\?;lée ne, 1-heptene, 1-octene .
aacyCl BB B B, O AR e L saide). -

octylalhRiEiAG A HABmbtREQIiIg BBy biniuinn €2,8-BIhAE1 (06408 50d
| PCT/US2006/009852 methyl- I-pentene, 4-methyl-1 -pentene,

ethy Z‘H%C‘dm%)-l -hept_ene, 4-vinylcyclohexene, vinylcyclohexane,
[113prborpdlippsiotimiidere dinghiatrencatysitraoianef syoldiexenaplution

dicyclopentadiene, cyclooctene, C4-C40 dj , includj imited.
procestf ok OBEHARIBoEk QOBOBERESRIEH S LA BTN KSR Crab inea

multi-@lgcggébiféﬁ?)ﬂ%r_é&mad bR pihitedsGAra &sdefiliy, ehyl¢he dildba ;.20
certain embodiments, the a-olefin is propylene,]-butene,.1- . .
olfin G HE RS AN BHL T ERRE B B SRR Gere e Ko RE Ry e
cataly Sty HRCAERPR42BI3 BINGtecwi v gL plbatdstihlycatdyseans ebieimically distinct.
embodiments of the inventjon, racti%a%l issu?ﬁ% such as mEnEMe
y

Under g9RHRBA SeLLIoRRT HRCTIANG B SRR Ny PR e e od fo

' Emove unreacte
polymBIRAAGIEST akmifee 6€suliioegpalyntegimayroesarenvespsolbledeaticeas

s A O T PSR A o
advanﬁ@b@lwfﬁpa_ﬁﬁdl)iedl‘mm lyroeth, coih pridtivplovkrmgolyiveneeapeniatiic linear multi-
monomers inclyding, styrene, a-methyl styrene, p-methyl styrene,
block F‘Pﬂﬂ&mﬁ@ %ﬁ’&%ﬂéﬁﬁ’@rﬂl ﬁfglgllr |C‘@fi/ar, interpolymers Béomyprising
[1BHpyleneTasdisiptitne insnatypiesaray by differwiiptébitoactongentinal, random
herein. Optionally, copolymers compyising et .
oo S SRR A0 i
monoﬂ(ij‘i_rep ededopr dhadtes] catelystprepand of@ebsisilaikg potyowaizaiaa dechniques.
iene monomers can be a straight ' ' i
o T SR Bl o conte
at equbtiitatiierymaiiadjug ateduisn e inleuisydntape yordmrse &méﬁéaher) heat
., chain acyclic dienes, such as - i . i . .
st e e gher bigh-
temp&?tl‘ﬂ;ﬁwi\ﬁgéshengdiemi/ﬁrﬁ@hﬁéﬂ@hﬂ%@@ﬂéﬁ@@%@ﬁ%ﬁ? modulus as
-, 7Z-octadiene and 1mixed | i i o
e B B e opemadener
the saind woyeiahensatidmeor Byttt dheriovEntive stsFERiyBWEt haveieVEhd
comp{rgéjrsléI -rril/ rs&%dlaé'agﬁ’ﬁlﬁ?aﬁ? %?em@%&ﬁgéﬂmg? NSReSHeds@felaxation, higher creep

R / ene, methyl 25 tetrahydroindene, dicyclopentadiene, |
resistiicyclogiRetade sepreth, highadlosking reaikpnaedastes raBmidus fodHgher
loalkyli - :
crysta IRk AR G ORI AHEMASHRr TRIMANGATAURAN ANALMNS).

y ag propeﬁﬁ-ﬁ%ﬁ%&pr};)}ggll}dene-z_-rf‘(});:@omene 4 .
temp&aiiressIbgeerabrsionosistimembiebes felaItiiterR-319 brbistihand filler
accep%xgyl-z-norbornene, and norbornadiene. Of the dienes

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

a function of heat of fusion, especially as compared to random copolymers containing the

same monomers and monomer level or physical blends of polymers, such as a blend of a high

' dénsity polymef and a lower deh;ity cdi)c;lymer, at equi;r;tle-nt overall density. it is bélieved
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typically used to prepare EPDMs, the particularly preferred dienes are
1,4-hexadiene (HD), 30 5-ethylidene-2-norbornene (ENB),

WG iwyliase-2-norbornene (VNB), 5-methylene-2- norbornen®@(MNBY06/00852
dicyclopentadiene (DCPD). The especially preferred dienes are 5-

thylidene-2-norbornene (ENB) and 1,4-hexadiene(HD)._ -32 WO |
that thy Rjale g R SRERE RSP PRI BRI Haigraslistpbiyinaret the

comotidaicedn ﬁ@dﬁ@d&lﬁh&ﬁ@@f&?ﬁﬁi I?ﬁ&klﬁiﬁ@é%ﬂigﬁmo !fir?ﬂl‘i‘e'ﬁi&%@ﬂ?l are
. elastomeric interpolymers of ethylene, a C3-C20 a-olefin, especially. )
mtefPB{%‘Bﬁré Né%yaﬁmtﬁs:%ﬁm% dore ol i Ting RmeRomsEropieat (inoluding
homopo@_ﬁf&iffbf%ksﬁeﬂﬂethiSéhMté@BIﬁcﬁéFﬁﬂé?%@ég SOUBIHIRL MiStribution in
sSSP e SN U T e ol o i
whichifcluSehitit-Bleryn efgnafektabireny |ﬁﬂ§dd§ﬂ&ﬂtiﬁ@ fiﬁvén@%@ﬂ@_rﬂollyrlners also
have 4 HEIRHBEAIRAITE PO S L ERAPERPBHLU PRI e tantialy
indepgehatalfiptieicedsnsinythodiilas bRl eidrFHaM 30T e vefSHiPOILBIRARSL, the
i B e e S e
that arehditingyislieblerfipnlyajdien dicsiesaapslfsieg feighhtPIB30VCABONR are less
h 1P,/eferred ienes in Iyd((f 1,4515 nta |eni, 1,4-hexadiene,
than S-E?ﬁ)?l‘llgreln%s&ﬁﬁad}tfc)rh QAN fclsetB@htkdiene, cyclohexadiene, and 5-
[1bMiglideve; Zhndnventepdnidrpaliitelafyapreaireshabéneing techniques to influence
the denr&inylidene-2;nor ornen(-i,h% 24h1Because tt}e diene cor]taiai[%%é)ﬁgly ers
© egger%priseevgﬁ%ma Sy Mt b Bk S SRRy 78 185 S8F

polymgubiuitiesr st gneediena bmdaltedélld?m @bﬁhgﬂﬁ@;ﬁ&ﬂéﬁio@;ﬂ w?ﬁiagﬂé?iebyﬁ@%nd

total quantity of diene and a-plefin.may be reduced without loss .
shutthfh e8P Welhox Whe tcmperatre o e polmerieation, il sk gl ansiation
variablepndnserpravieg (hefefie nfidily pieapoeatedisnte divedyps didlacthotidpece of

. er rather,than uniformly or . randomly throughayt.the polymer, the
T N
propetties pdlthe egsoitimbedigter eontnopieycSubh prssilakdile dastases sldhdclarity,

r antaged properties, including higher tensile
tear st}gﬁgﬁfétﬁggﬁg%ﬁé%ﬁlﬂ%#&%%cove& ﬁrﬁ_)}eﬁws 1ncrease, as r}% a‘%ra%ﬁ élum er of

i
Sstr astic recov n some embodiments,

blocksnindhgipelimsmolerses. nBydeeleitingshetilialy sgentsconpoatlpst diffebingtions

. iti . . i i | formed there 5. .
Y SR ARSI B . ARSI Y
tennir@éi,q@,ﬁtbelffmng@ﬁ@gmmimmwﬁ@eﬁvdﬁsupp@sﬁdm Wccordingly,
little 1?515%%%}@?&@91@1’1%@&&%%&ﬁ’éc{rﬁ%&%é@ﬁ%ﬁ%ﬁ%?ﬁg@?ﬁ-g at-rc}?eﬁn

total weight of the polymer. Further preferably e multi astomeric
comonRan YK Eseageredingdnsrobadementsiedrihe e8P perod theaadidting crystalline

- i : .40
block SRR, BRI AR.H) B %l?ﬁﬂn@gr?pgg?g%feﬁ%qg%egr{ glrgo[gqjéocf&ﬁ

percent, based on the total 30 weight of the poly olymers
branchipg high molecular weight polymers, having a

[117] Polymers with highly crystalline chain ends can be selectively prepared in
accordance with embodiments of the invention. In elastomer applications, reducing the
relative quantity of polymer that terminates with an amorphous block reduces the
intermolecular dilutive effect on crystalline regions. This result can be obtained by choosing
chain shuttling agents and catalysts having an appropriate response to hydrogen or other
chain terminating agents. Specifically, if the catalyst which produces highly crystalline
piolymerr is more éﬁséeiatiblé to chain termination (such és by ﬁsé (-r)rf h};&roge}lj than ;d-le
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weight average molecular weight (Mw) from 10,000 to about 2,500,000,

preferably from 20,000 to 500,000, more preferably from 20,000 to
WG3QQ0R1&Nd a polydispersity less than -33 WO 21)1)61102 PSU/REZNGBD852

006/1111985 2 3.5, more preferably less than 3.0, and a Mooney

viscosity (ML (1+4) 125C.) from 1 to 250. Mqre preferabl ,su%h lymers
catalyheR7E oY Bl RO HBA N T 8115 P B ORHE S SRESTE SRR BES G

higher 8 RESEBRIeAREAPoRafltRiiRpeaanéHT oo S8 prse éntmbl), fthen the highly
ethylene/a-olefin interpglymers can pe functionalized b 'nc%{)orati{n&eat 5

crystallingspelyenes seemsaigrol @ﬁ#ﬁf‘&ﬂiﬁh@?@ﬂiﬁ*&?ﬁ% .teé%ﬁ?})?aory FiRctional

polymEONIBE SRBY a#8 eliedes iR rinfieaed pianisalysunkas) tateshoreemantion, the

) di-functional carboxylic acids, _ethylenically unsaturat o-and ..
highly GFYGHUNEP PG TG AEEALHFS 08 C2LR SUARIBoF AN LS HeiaBet

esters thereo

polym&HekniHR6HONMIRHRSy Teea goafine i thieretbydemetiser diighiy crystalline
interpolymer, or it may be copolymerized with eth and an optional
polymgERHEBIEN 10 ol R S e L s erger B
prefergﬁﬁgltqu@mgrﬂ@@meand optionally other comonomer(s). Means for
grafting functional grqups onto polyethylene are described for example i
ke phadee reslefnTabman atey sk e PReRlagE s B R o e
preferffly iRSEpBRIRIRES afetindenpartest herionsydppencelifithel giyetyrs of

One particularly useful functional group is malic anhydride. 15 [127].Th
ethylepgriodr Gﬁtﬁ@eme%ﬁfﬁh%m%?é%ew{@ﬁﬁffﬁé- tdheds Yé’?ﬁ%ﬁ%%]rfﬂ‘étﬁer

comprf§e t%ﬁi f;zg‘@@ﬁﬁ%%??lﬁ%f%@&@ﬂ& beRLpie 0h i BrRRYMSHTRE useful

une Iinterpolymer in"an amount of at least about 1.0 weight
for polyenesiningreftrathyl atddashidboior Sxwnibt ¢thybaricalqupsatugied faeiismpers,
. atleast about .7 weight. percent. The f i Wp é%'”];’ I6AlNMOE such
conJu%??@%eoﬁﬂ%nﬁoégﬁ%ﬁ?/erggﬁ%sé o r?&etrllgrsl’a#g% gliirﬁéerr%rec()?fyrﬁer in a%%?r%ount less
comoRftharinehele @§-Gpightqlefcersyqiresaraiplyl coss isebntalsoat Bhwaight -hexene,

percent, and more preferably less than about 25 wejght percent, Other
Lpen R (LD PRe O P ol B A e 1

Buten@%gfppf&%n%mﬁ&l@ytbﬁ’e%ﬁim m%rgﬁﬂaﬁmmmmesiﬁlhdp smgmlrn@ halo-
and/or controlling the viscosity, adhesive prqperties, shelf-li tabilit
or Sl EHBRTR AU BT SHAPA ERE e g cnes
naphtbRatdl %g%.?@&l@éﬁfégﬁ; |é§&£1§12é1|agneilﬁ1®rc:gc<ltmmleﬁeojfli), Waf>|<es,
antioxidants, UV stabilizers,. colorants or pigments, fillers, flow ai
0 s S R e R SR STt VLR Biner

ethylzRrohinationmiberanly SleviscansthoDkiissfes astidsivecmfgdsitdanilack
eR i R R e U A
Depegditpostindenisledtibe ofwenatysts vaitly ofefiitoast beouiit itiombodiments of the
invention. Preferably, suitable olefins are C3-C2( aliphatic and aromatic compounds
containing vinylic unsaturation, as well as cyclic compounds, such as cyclobutene,
cyclopentene, dicyclopentadiene, and norbornene, including but not limited to, norbornene
substituted in the 5 and 6 position with C1-C20 hydrocarbyl or cyclohydrocarbyl groups.
Also included are mixtures of such olefins as well as mixtures of such olefins with C4-C40
diolefin compounds.

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

dodecene, 1-tetradecene, 1-hexadecene, I-octadecens, 1-eicoserte, 3-methyl-1-butene, 3-
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WO 2006/102150 PCTIUS2006/009852 [129] In some embodiments, the

compositions disclosed herein can comprise a tackifier or tackifying resin
Woereekilesoresin. The tackifier may modify the properties of tHRCT/US2006/009852

composition such as viscoelastic properties (e.g., tan delta), Theological

roperties (e.qg., yiscosity), tackiness (i.e., abjlity to stick), pressure
et e BN G St U LA drtah e leReTeRss
vinylaysbsheaantp taxediiadieiinahglifdienoobopasit 08y dId sihRh < BYaslBxeRtS,
dic Cltge ﬁ?ééhgil% is uEed to re uc§ the,viscosity of the compagsition. In further __
YO R SRRy TP TG rie S HR SFRS FRGUIRG RumpbEmERdto 1,3-butadiene,

1,3-pefiaa e - sansiivaiast) ash RexHaieALl ¢ Uas @RI M OIS HARIRCKIET 154-C4 o-
used to wet out adherent surfaces and/or improve the adhesion to the

olefing ek & kketabeasrtain ¢adurnsntactitier dabwis prepplasni-biterdinkry
pentetkiLIR {82 HaH D6 usEShiBiHB ARSI ‘,Zﬁ{ﬂgl&%ﬁét%{# %2#%35%0? (§taining

Tackifiers Suitable for the compositions disclose r e solids,

a vinyd ggoupaimrisnialigmay be p@g@in@mbgﬁé@m@t_s rqﬁthﬁ megienam@ésabissues such
as mokRftiieRAINBHAS, Cosnai 36 R AT ORIRRP Bm SO R W R omer

rosin, tall oil rosin, distilled rosin, Hydrogenated rosin, dimerized rosin,
from the desliinerRivmes sy, beygRr moleagbisnmsinas tithmelceskerseight of the

monoﬁ@pg@g@ﬁgs%qﬁ@g rosins (e.g., the glycerol ester of pale, wood rosin,
the glycerol ester of hydrogenated rosin, the glycerol ester of polymerized

[12d4in, thd heaoixeriatinrtacessenregihedibereisite ayedl gvated for the
produbsieH 61EFRAHARFRED QRN SeiRvalyIRRINY ;ﬁMWJHSﬁ%eMCWﬁing

terpolymers of natured terpenes (e.g., styrene/terpene and alpha methy

styrengynapeiieh sereye By pethrd sheisasdshy ki eneitnsbihatbleobnpertiewer,
interpbBids oM BERNGHGIERAIHEdiiRERE REd BeipRANE WY %ﬂﬁ%ﬁ%@he teachings

. derivatives thereof (e.g., the resin product resulting from the

herein GRiiRat o FORR M Efe AR R T LRY ansicERnectpd A ari2e plrbailefis)

opﬁoraw&tfﬁqusﬁyg@@upbaaafaagmaemgﬂﬂg Ded 308 LY O 9B
derivatives thereof (e.qg., resins resulting from pofymerlzatlgn i
[123dnoméisitbisistingquimgarely ditndafinncanet s dinldfensiral ylarcmatjGranched

. r ins a. hydrogenated.derivatives thereof; (8) 25, .
i AR D AR
non-conjeigatpshditaus decludey /s tirensuflinnt ¢ tonbiniunhihesepflit dieassoumrh as

E g ifier.i npQsition cay he from about 5 to about 70 wt %,
eI, SRR SRR M e
such agpfamgidight 4fhesadisnpdsitidimftiayi} 1ib stttedienty Scllrdemeshyihd frokifidisne and

cod ros; ifiers (8 ATAC(1).9027, AQUATAC(r
B e SRS AR S
1,3-cyplepenadivnanlchicyrlehesadiite; H15-cyclweadiand euin éhtgclodtaekifitene, and

: 7 i e -35 W
o RIS O SR

tetrahydeindens, diryelepumtedipng, icpeie(2Abobpierts-tiene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB); 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbornene,
5-cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene, and norbornadiene. Of the dienes
typically used to prepare EPDMs, the particularly preferred dienes are 1,4-hexadiene (HD),
5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-norbornene (VNB), 5-methylene-2-
norbornene (MNB), and dicyclopentadiene (DCPD). The especially preferred dienes are 5-

_ ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD).. . _ L
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tackifiers include aliphatic hydrocarbon resins such as resins resulting

from the polymerization of monomers consisting of olefins and diolefins
W@EWe/BIBOREZ(r)1310LC, ESCOREZ(r) 2596 from ExxonWeBilUS2006/009852

Chemical Company, Houston, Tex.) and the 5 hydrogenated derivatives

reof; alicyclic petroleu ocarban resins and he dro nate
gﬁwaﬂv@s C(i%sesgé T r@&@@f{rﬁ%’ﬁ r% G %ﬂ‘ie wit
embodixandtditie @h&rrtloal a@@dﬁmﬁmaﬁd\iﬁﬂé@iﬁ%(ﬁsr eSEﬂB}ffﬁ{B E&34r13Q a-olefin,
Chemical Klngsport Tenn.). In further embodiments, the tackifiers are

espec baﬁfga BP AR ARHORALTHERS M5 RAIRSISHE Manemsin feaiwes {eiplefins for

use inEECEAVodincAb OB e prdsepoinhtalib Cheisal faf B BRERVCHD=CcHR*,
ften Eﬁ point resms (e g,, AQUATAC 5527 from Arizona Chemical,

where R 138 gritfar 1 ranclueshalky Bwrﬁéﬁr@%éqéa&ﬁ&qg afmRphagaples of

suitabliyy clrolefioindRie) baving @it|Bagtdive G ile Rbbuly18HE -butene, 1-pentene,
1-h emb%_dlmg s, the tackl has a Ring and_Ball R&B%softenlng 0|nt
X AT B G FeRBIER AT oRERER SAHG Bty PisTred Repleinsipropylene.

The pﬁfmflmﬁd’lbe@allfﬁ@hléih eropetepdidestiRat it \ad Mtad BIMGIEIPITM polymers.

ed hereln referen 5 [132] In spme embodiments, the

e.
Suita R S B A O 5 AERIR e SPeERE S Bl Hoeome
polynfeﬁemluﬂa Mﬂigamwdﬂh@wddﬁyugammﬁagﬂwbmm@&w ane/plRledn
1 hcp&xlé/mer Preﬁeraa{)f/_r? e}l\f#bo tions W|t des%z:;lgle adhesive
po yc%)croper STEAHE SR it & thitisred dirpetinelugin dreentadiene,
1,4-hentdiaady feth il axdmpithontas, ﬂlmpaﬂﬁlﬁéﬁémwrdﬁeﬂdﬁ@ﬂdmﬁaes
orrect concentrati qn to the infe deswa ck 20 properties can
butyhéeenﬁr% UCEGm Xli't%ou aﬁﬂ%%‘?ﬁt’éﬁb‘fg S fHiere }ﬁ%fﬁﬁihﬁ]r%’d’u%él‘d@gm%
[1?3¢k proBertaass theyliesycoatuistaptpdiymass cshgiride sitebietmopaitivgts or
xample, the erties of the camposition.cap be fine-tuned by
blocky B B L P FHSS CLOR SAGRA P L B0 A
(includimg/nomedrtasetiie caitisive divangtd ahdoficietistibs r&ﬂa%dmﬂﬁhﬁm Noss of
0 ts, the ompggition dlsclos dhereln tlo can 25
Subsec@ggrlf?[pﬁd [2%% rotP(%r;ter ortfgﬁa{s]fgtf%ln%uso?l %r Sle%e a&u %’Hﬁi?erré@ﬁ%e
prefervmiﬁdbitylmmtﬂdl m@m@@tppufﬁﬂmbk&fﬂmgd@%az&tﬂendwﬁ tdidormly or
e art ma
o O D U8 R S SEHE A gy e
crosslipk densityedinthtigotyars, dmmbmbdﬁcutamtvelgidt rﬂllybleﬁmslmkabla:elhqwﬂhers and

e R GRS 1) B PR o

elasucdﬁdoﬂ‘ﬁé”ﬂ‘ derivatives, petroleum derived oils, and comblnatlons thereof In

npensAnbAdENa deIRGlaRE f&tggqegv%@féméﬁgmﬂ%w Ralpuene.
ydrogenated polyisoprene, hy rogen olybutadiene, po yplpgryfene
incorpariing3h fikaing qoentioes 56 qomvmmnhmesmmghsmmmwmhe fornfed thereby

from 9@;5%( 296 Rt SORIGRR B NIRIKA M % AYEL Jf#q@ngeuclzar WSS om 20

between about 350 and about™10,000. In other em ent s
to 90 pareemi FedienecsanteaipEdromdsicios WF precentuandeanytaoldSmeehtent of from 10 to

80 perBQYBEEZAUR TRREHRINA 6 e polymer. Further preferably, the multi-block
elastomeric polymers have an ethylene content of from 60 to 90 percent, a diene content of
from 0.1 to 10 percent, and an a-olefin content of from 10 to 40 percent, based on the total
weight of the polymer. Preferred polymers are high molecular weight polymers, having a
weight average molecular weight (Mw) from 10,000 to about 2,500,000, preferably from
20,000 to 500,000, more preferably from 20,000 to 350,000, and a polydispersity less than
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[134] In some embodiments, a suitable insoluble plasticizer may be
selected from 5 the group which includes dipropylene glycol dibenzoate,
WQeeaerytieitol tetrabenzoate; polyethylene glycol 400-di-2-eHriesadase 09852

2- ethylhexyl diphenyl phsophate; butyl benzyl phthalate dibutyl phthalate,

35, dioct Ig vario, substlwﬁ)d citrates, an ycerates Suitable
SE N A HRON D o Bl o 250
More pwﬂialsled sﬁ&@&ﬁb&@h@wﬁléﬂiy%m&ﬁﬂmfﬁ@ﬁim@ T8. penelar tBliene
sigpations "Be zoflex 9 10 88 and S-552", respectively. Further, a

conte% 815’I§ EoRBH§Ehe @l‘?@ﬂ%lﬁg%%eforﬁg}’ﬂéﬁ%rchased

[lﬂﬁrn C. F’l“ﬁé&lﬂ@mﬁwarm@‘frﬁhléﬁgﬂ)yrﬂbrﬁB%b%ﬁ@%ﬂ%@B?ﬁﬁébrporating at
least mer 809". A suitaple 2-eth Ihex% %«% os hate andabutyl
eas %‘ee BRRL R R R RIENIREY

1ncluc@01fmpa{amp1lébthjbllelﬁchﬂ1® uﬁsd@ﬁzif&%l Haale- dﬁ% |Qiﬂﬂﬁwﬁlo§a’ifﬁéﬁiﬁ®ﬂié hcids,
and 1 |ve enzoflex is ysed as a asticizer in an
ety B BRI ST ARy g hreof

and esstabilizadich sdaeﬁweaondllgfoape mae@écgfdﬁbdlﬁedh ethylener ¢ osksgiaf
da ers an adut |nco mence é}y&%l% further e §%glments

interp the Eompositiehsa 0(%?8 éﬁeﬁgf ol CNE S
comomoaer dol lﬁo:mtlaﬂ mtektpﬁbmt@'ﬂatlayidﬂw thtofiedticing eesthofidy &Y@bﬁﬁmally

known to a n of rdin il in the can be used in,the adhes
other cOmpositio dlscf’ese %e%rgﬁnl% Fh‘i’ﬂﬁggé QAP SFLS BPSY ?&2‘@‘ Scnbed
for eximshie éndét8oRatemte/dboas 4, poygRefin, 92x888stath zassowmodmuieﬂm@btof

lyethylene orR e s nthetic waxes affl
these B e o M o DS L ity wsetur
functiod4@rdipdk enalicopsghiidees and combinations thereof In some

bodi nt the IS ow molecular w lenpe

[lzﬁnopgg/?l ner or mﬁ%o y%g(r: avm%rouﬁ &m%ef%%%%%‘?%@ ec%fé?%%%wr can
vary. Sheboetitdal tgrainp aai6tPp0 ajiyrind résepaiticutapollymirvigptifanctionalized
verag mol ular w: | t
e T B e e A S bt
weightipertens,andiypore mr@etﬂpiamﬁﬂaﬂ\ma i sed gtit @eaneot ket ftmtnmalrgroup
] 150,30 Wt% from

will t%‘ﬁﬁmﬁ?ﬁ%ﬂtqﬁ% 98 6%@ ?ﬁ? [F%%%{%o ﬁze e tla%l%%% ]gfhan% mt less

about’10 t 45 W %, or fr to abou
than ahyjHe weiskt @smg@smfﬁre@?y\lm TROGNOR BHOREIIYS2006/00086%
preferLH}rlJ%riﬁSﬁ QBWHPQWQ ttp&&glmpositions disclosed herein optionally
can comprise an antioxidant or a stabilizer. Any antioxidant known to a
PeraRP ChRisiRans skill in the art may be used in the adhesion
composition disclosed herein. Non-limiting examples of suitable

1asutIOXIdaIrH§ dBRiPes N IngT RBRRAI NHONIARER SE R ARFIKYAL, in addition to the
henylamlnes 5 phenyl-a- naphthylanlne alkﬁl or aralkyl substituted

interp Q?ﬁfl’ ). H’x}?ﬁﬁ‘?ﬁﬁ W 6n Ak ias pn‘é@cosrcy, adhesive
propeifitiasheethitdiamingdinbepylamios-Bagihe dikensed diaderschRN & Bponents

include tackifiers, plasticizers (plasticizing oils or extender oils), waxes, antioxidants, UV

stabilizers, colorants or pigments, fillers, flow aids, coupling agents, crosslinking agents,
surfactants, solvents, and combinations thereof. Some components for adhesive
compositions have been described in U.S. Patent Nos. 5,750,623 and 5,143,968, both of
which are incorporated herein by reference, all of which can be used in embodiments of the

invention with or without modifications.
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compounds such as 2,6-di-t-butyl-4-methylphenoal,
1,3,5-trimethyl-2,4,6-tris(3',5'-di-t-butyl- 4'-hydroxybenzyl)benzene;

wWaoewekigmethylene(3,5-di-t-butyl-4 hydroxyhydrocinnamate)] P&t $2806/009852
(e.g., IRGANO)TM 1010, from Ciba Geigy, New York); 10

adecyl-3,5-di-t-butyl|-4-hydroxycinnamate (e,g., IRGANQ)TM 1076, .
llggﬁqmerﬁw@}nsmb%ﬁwﬁa O GG PR SR ST A
tackifliesed thioki Bitpuetiaf dheachifixieiant MhheclamRasiionsdfyadiaopatiryof the

ter than O to about. 1 wt %, f bout 0,05 tq about 0.75 wt %, or
°°mpgrgd?§§r8% %S.fl%% %%W%’Rﬁrﬁ}é% %Ee %J?a‘iw& g%%ﬁ?ﬁ@a&&?mﬁ%’}ﬁ%ﬁﬁ-&s

viscoditB) rokimereti e Mitsitnanitck) epeesnpe %Et@iﬁvﬁhﬁ,%?&déﬂ%ﬁg ipropdienalty some
an comprise an UV stahilizer that m reyent or reduce the, ,

embo &a%faéﬂ%nt TS sSSRgmETsye fastasn bl Emeentioe: Inoie

embotiinzeprrsha tatloftinarysidid ﬁdﬂlﬁzathmﬁyd@ﬁtlyﬁﬁdh@o%lﬁﬁﬁ%ﬁtﬁip Mn further
omposition disclosed herein. Non-limiting examples of suitable UV .

ernbog R R S Ao M e RO PRI BT MO v

In pardicnfiic estedintsottre sackdilve Barkehbaekohindreashbstingss ek improve

h d%uencqert . hi ereg] ar#jnes, phenolic antioxidants, metallic salts, zinc

the adhesion to the %1}

compounds 3%0616%1 AfiBhs thereof. Where used, the amount of the UV

bilizer,in the sition,can be from ahout greater tﬁzr%n to about 1, .
3. 1o e RSOt i 5 1 S5 i the
adhesioh%pofpbetiotedisvkisgt lnfrdie. ChankidsitsionitablE1f8he tortipesitions disclosed

. e i S ositions disclosed herein optionally.can. compris
e L PR o
tackifprgimmlyde i) inathea bandap dif edseriins frega ¢oesiosicowgasitisin, tall oil rosin,

distillg. %ﬁ?ﬂﬁﬁf) éhalt\é(aq'(!mp@& fi‘eﬁ'?&?&? e];nscP itgf) leecr?zlgr r%%%rgr -g%]egetrsol and
include’inorganic pigments SUCh a8 titanitim dioxide and carbon ,
pentagstitheitotysiamepigmei mndmd diffiet wganie. pigie plgcsudrests:3 pale, wood

s A SESHGRTAR IR SO o
pentacTyibpiiiebester airusihagenatednsircand sl thenalioumdifigdepeotaeaythutol ester of
rosin)gkgg%%%gm@rmﬂa%ﬁﬁﬂwg‘ JHaman ?L% ?e. %%98%&%%%1?%%% gﬂpha

2 06/009852%?reater than O to about %%, from a :
methy} stenp{igrpsne); ibhpelstaupens tesias god hydiopsestadom it wensresith €5)

pheno@ﬁ%ﬁme%g}gi lasiethig _ﬁ%@%ﬁ&%&%e%ﬁg@ RASIOPG %jf?llx%%%gin product

herein optionally can_comprise a filler. Any filler known to a pérson
result%#%ytgﬁiﬂ%‘{ﬁé‘?ﬁﬁ%@W&%W@WB@@@W%&W@Ma phenol); (6)
aliphHSBIOSRIJABHSHA NORHEBHPhGX SIS BRI AR BEEE Sabreof (c.g.,

. talc, dolomite, calcium carbonate, clay, silica, mica, wollastonite, feldspar,
resins st m dhed cdymsrzatiopa hreenamsreongisi sesesmagixsef olefins and

dioleffALY ?Q%Eﬁaﬁ@@M@dﬂ%ﬁ%@ﬁﬁﬁ%&ﬁﬁ@ﬂ?@i@é@ﬁa@@&%ﬁ%s BRIHRSE, (8)
wood flour, and combinations thereof. Where used, the

aromatic modified aliphatic or cycloaliphatic hydrocarbon resins and the hydrogenated

derivatives thereof; and combinations thereof. The amount of the tackifier in the

composition can be from about 5 to about 70 wt %, from about 10 to about 65 wt %, or from

about 15 to about 60 wt % of the total weight of the composition.

[131] In other embodiments, the tackifiers include rosin-based tackifiers (e.g.
AQUATAC® 9027, AQUATAC® 4188, SYLVALITE®, SYLVATAC® and
SYLVAGUM® rosin esters from Arizona Chemical, Jacksonville, FL). In other

- embodiments, the tackifiers include polyterpenes or terpene resins (e.g:;, SYLVARES®
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amount of the filler in the composition can be from about greater than 0 to
about 60 wt %, 10 from about 1 to about 50 wt %, or from about 5 to about
WO/ PR bfothe total weight of the composition. [1] In formula®eT 4ig2006/009852
composition, it is preferable that each of the additives are compatible with
t hylene/a-olefin interpolymer. disclgsed. herein so that the additives do
terper ety R PPt i
tackifiers|teclsiataliphatic hpdecalbireresimpatibiliyrofian esdiive frdth the

Py e SRS s e e R IS o c,

etween their so Yy paranteters suc
ESCOREZRE96. fRomxtiddbiubih Chahibiitg papame Hm e fabulnted fae

in: rton, A. E. M. ndboagk of Solubility and Qther Cqhesion
hydro %\%ﬁ@é’?ﬁ%‘aﬁﬁs a?r&‘i%c?m‘ﬂg@%}’é%@a?‘ﬁ% TR IS IS A ers
hydrogerieshdesatatseheatypiifers. BIRUDREA® 6300ad83dR0 3 Edfiol ExxonMobil

S RG L RE S8 R it R5E 6

further-rmbirdivients, Puytackiflaguick miedHotibwiBtaraiifiarmadidi&e tnoliding aromatic

r r a Raton 0), all pf.which are
com B R Bo E el e Geal Rt
softening podiy meeinsn@yeh ACUEATBASY AR dramduimenér @ttenn cabifikeoneilegFL). In
indivi | Kli olubility parameters.for each monome
SO L ool LR ) S e st g carbon
atomsAlirother prabertiouints HeltaskiticP heam Rins addB Ot (REBYbefiaring point equal

nitudg gf the

r 12.(1990). The, ma
o o oA e R BTSN CHC TR
methoghdsactiberkin dSIAVIdEN, lushtisincotpotdtecivheight lof thfersalgener, as
noted in Barton, pages 446-448. 30 Therefore, there will be a preferred
13bleculdp soersramhadienents Gioeréorye/eheatesisrisiies b hmeackifiar in the

compAUNRSHSRIER Méﬂ%ﬁ%@éﬁ@b@l%%@éﬁ%%&%%ﬁ Gl %Q Gthylene/a-

molecular weight of the ethylene/a-olefin interpolymer-or the additives
olefin %waym@ta%aﬁéﬁblwlwwmmmwfp@m@@dbmampmisemm be

obtain&MWRHIAGHRriN8ABSO IR SHBIE NG IS HASHHADR SO Wl AAFAM t dna
ad the

%t%veen the _ethylene/a-olefin interpolymer and an additive such

b . : . !
compaiiple fagkificictsaddrdinthesrurare oneentantionteitheatinglymey desisable tack

propertit@tihtbeahetdfi MRREb: o 1ehRh il Saeki [ MEAL; ﬁ@%&ﬁéﬁrable
about 4.0 MPal/z, or abqut 1 to about 3.0 MPa"/2, 5 [141] The

tack PrORTHHSEIREY BtahLekad e dnnastathenfgrible papitisterBormsenplenthe
properéiooiehd IRHPHRRIR Y MBetpRLRBE BF YHMENtBRY LY PRIIEERIRR Gl ted

analysis. The cloud point temperature Is the temperature at whicha =
compaé‘g’%‘;y&‘bf?efﬁgﬂ%% tackdrur A/ dncreass the sobssinerrtienateicharsiearistics.
ase tg the solid phase. For example, for. waxes, the cloud point is
I B R e o e 67 PO R iy LS o Rl can
comprizeagftioidet éemipsiaizire; dhlcogtpaietcHir CoilBatBilijyrelheecladd@9iahd/or

. measurement is disclosed in,
improve X propel[hes. }%ny pﬁst{mzer known to a person of ordinary skill in the art may

be used in the adhesion composition disclosed herein. Non-limiting examples of plasticizers
include olefin oligomers, low molecular weight polyolefins such as liquid polybutene,
phthalates, mineral oils such as naphthenic, paraffinic, or hydrogenated (white) oils (e.g.
Kaydol oil), vegetable and animal oil and their derivatives, petroleum derived oils, and

combinations thereof. In some embodiments, the plasticizers include polypropylene,

- polybutene, hydrogenated polyisoprene, hydrogenated polybutadiene, polypiperylene and
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"Adhesives and Coatings Manual" by National Distillers and Chemical
Corporation (1983), which is incorporated herein by reference. [142]
w®@smatizifdechanical analysis (DMA) can be another techniqit€ ToUigieneifn98s2
compatibility characteristics of the additives with the ethylene/a-olefin
interpolymer. When 15 an additive, such as the tackifier having a first
copolyjness @éxﬁﬁrméwb}%ﬁn@ergyﬁighedmﬁaﬁmamrﬂ% a1 avsighs
betwelNGHADSBENAURLAIBLO0NIIR GuldMAnBeaR I, IBYGMSIRIL Y HuaRs ceryl

transition zone but with the second Tg shift to a different temperature due
esters gf the eBlrBHGsids a9 pRlymgTiraiionRreddsts Shetrdfnate mix (solubility)

between the tackifier and the ethylene/a-olefin interpolymer. In case of

[ ompditsinte owpodimeaiect vinbl s ssafublelastierraaipb Resr esied fom
the gréh Al AtINBREpRAC/ SHlsfiniRieiRal matadryaRam iRabbnzoate;
Compositions Comprising Ethylene/a-Olefin Interpolymers [143] In som%nzyl

polyethylppgighiealet Wrdicdmibglans Aeteidartodhorsl cphs iyl ahepbatenty

phthalti6! IBRIASHRRAREINE A PRSItRAS, GamEsisanrthyierR Bleflycerates.
interpolymer, a_tackifier and optional other additives, The blendirtlj%Fof th

SuitabledifsqByientegy sRleHbERAoMP S8 neRasEy LRl st absnpratsdRa) Mciased
from WBRY¥E!T0aEMIdANabaRAKS IHICH agolataniithb amRosreaisicistrBetialex 9-

of the components of the adhesive. The ingredients of the compositians
58 an 1002 iSRRI ot ERTEu RUBIA B A URHLBI BT SRR oat
may bglrf)uﬂb'm&d’fﬁ%'ﬂg Cramples ehphitp bECHRAMS) gimetdedthéehddelsigihation
" ending, solvent blending, and the like. 30 [144] In some embodi S
TeaniE Hare MBI e LB ORI ATSRAENEN B LBSGEAAg et
may bdgsaobadaiomnavioshatoihihSrilatbehiial €dhgah§Df-ShaoisisaMo. under the
olvent; - - - - - -40 WO 2006/102150 PCTIUS2006/009852 _(if used).is
trade asﬂ%??éﬁ’?ro%ﬁ‘él%ﬁﬁ%ééﬂ ﬂﬁof h&&HTG S a%BFS %%eoéﬁ%%%gae)d asa
plasti¢epiaradiéhesiabaih 606t aloantiZlyChercayzmaltiziiin in dapat dotsC
..at a pressure of aboyt 5 Torr to _about 10_Torr. Then, the ingredients ar
stab R T A0SR AT AP B R PG
inconfignedghydueating the contents of the vessel to about 150C to about 175C

5 while stirring. [145] In other embodiments, the ingredients of the
[185inposifinfigthee privelsedtssihe ceulpesitibtsrtinctpsThddraimartitionally can
he blend ar stantial ' I ic
com R . Ay s
knowndmbjrasionadfodipansiskilbindteisiritnatives msgihin damadbasietgoimposition
. rng 1 i f
dlsclogﬁéz%lg%lﬁﬁgmgﬁ{%oe%%ﬁﬁg f %ﬂ@&ﬂ?@%@x@? chenp emﬁtwagés,o

ng ca used. Non-limiting examples of batch methods

polyolnfiusiaxhe sechathodsnalirey BReGENDEry lenRinyrebmpmElence gynthetic
waxe:%1 @ﬁ%ﬁl %%ﬁ&?y&ﬁﬁ%&%‘é@ﬁ@%?ﬁ%%&oﬂys BEAPEHSIR’ss to about

truments, Inc., South Hackensack, N. BURY(r) internal )
110°Qn5éﬁ¢§qn’1§rcppﬁqh1 M¥ieps and combinations thereof. In some embodiments, the wax is

a low molecular weight polyethylene homopolymer or interpolymer having a number
average molecular weight of about 400 to about 6,000 g/mole. In particular, the inventive
interpolymer having such an average molecular weight can be used as a wax, in addition to
the higher molecular weight inventive polymer being used as a polymeric component.

Where used, the amount of the wax in the composition can be from greater than 0 to about 50
wt %, from about 10 to about 45 wt %, or from about 25 to about 40 wt % of the total weight

of the composition.
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(available from Farrel Company, Ansonia, Conn.) equipment. Non-limiting
examples of 15 continuous methods include single screw extruding, twin

wa@enegextsading, disk extruding, reciprocating single screw eRGTdiRZN0a060852
pin barrel single screw extruding. [1] An aqueous dispersion of the

thylene/a-olefin interpalyrner may also be used, in the formulation of
[lsarious co ﬁl%?g’g@‘ eI QIR YA shislnssrEsiapBonally can

compristearaatdddeint or #stabiitedy, taaghesitedane RAGWIOM o RIUEONSordinary skill
in th %il%persigns of oleﬁogtggco olymers in the presence of a stabilizing and an
© &hniigkiRg ShBURE %ﬁfﬂ%ﬁf’éng%% clofed hereinsopripiting examples

of sui’eﬁlemyﬂ&bﬁﬂiﬁlﬁt@ ndhele m&@%ﬂaﬁtﬁhﬂaﬁfiﬁﬁ&%{?lmkgp diph%nylamirll(es,

nonyiphonoxy) ammonium salt. Such, methods can alsg be used to make
phen R Pt ) R e SRR M S ted -
phenywitaﬂikm’rim?m&i&afr&l@iﬁd%&ﬁdoﬂmﬂeﬁyﬁﬂiﬁfétdﬂ@-‘rﬁbfﬁ-l’x%g%}&lﬂh}}i@f’éiﬁphenol

incqrporate referen erejn in its entjrety. 25 Applications of
comp B S hioh & P S BBl BN ey it bty
4'-hydeoxypestybsiscto sschkisféinedandhe 8 gediasvhgimelt adhesives,

ressure sensitive aghesives o eplastic marking compositions., It
e o R S T g
octadaeidiBsutiesivetylr b inrdssuyrdmainsity ¢. ad RSN ORFIN0TE G SxanBRIBS Of

. itable aricles.include paper products, ing 30 materials,
avaﬂaﬁgémt?nggﬁe 1%/)\%%81%@”%@% c lgg{?ﬁg}ggﬂ‘g‘)&g%ﬁfgggﬂa ampuphetihe
antioxifiapkirs thh ospitaisganiscdarbénframsaitaryreapkinsa ﬂtﬁgiﬁ)%wllaﬁ@S’?,tMabout

s,trays, medical 241 WQ 2006/102150. PCT/US2006/009852

005 e oG AN SR o b et of th
compasdtieposition can be used in tapes, cases, cartons, trays, medical devices,
and bandages. [149] In some embodiments, the compositions are used as

(138t meltladrebayemimdiments thelcerdhesivensdisplositibinsdianpigoustg éan

compridleR0Y aRBlIEAH AR A a0 RRelaging. heALIHAIN N compasitions by

temperature use such as tor dairy products or forfreezer packaging
UV radinfipproduatd) Vistahilizen knppai ép e ssercofistdiverastidleis, thor examples used
in the SURREICH (BMPINRHAR AR S SISk S
N ,e_ applications i|{rz1chU((:I)e bogqéﬁaﬁé{i%gfﬂwﬁﬁ %%QE#%%%? Q%Seﬂngs;mf%al?r?
stabiliggieinghidsobrnronteneresdiemeticrmadiseid st tve raimnilidysbecuditieaters,

Foma&ﬁd%mm&:@%q'af&ivcﬁn@aé@méﬂ@@gg@&@ %&Pég dtgrﬁnl%ggp:lg%lglic

products (e.g., decorative, reflective, and ical), stock, an

antioxjauiintrstathe slisstagcempoundirand wearingjisavtherans il Heysarsihghe
amour@ B QWiE%ﬁi%ﬁlj?@?ﬁ@céﬂﬁ@ﬁﬁ%%@%ﬁp%ow%@%?ﬁﬁ%? 0 to about 1
propylene (e.qg.,

omprises a nonwoven, papert, polymeric film (e.q., po
Wt %, % P Fbp p y (e.9.,p

AR Heh b py v &oqmOigm) abe S ihyeowi hiUrd 6 of the total

weightRsHyRS iR BitidR. Polyethylene terephthalate (PET)), or release liner
(e.g., siliconized liner). [151] In still other embodiments, the compositions

[1384n be wiilfaetidoctabodiangts dheuappifidns Bt amelAReEY tan
compoIsition is aPplled to at least one side of the
comprise a colorant or pigment. Any colorant or pigment known to a person of ordinary
skill in the art may be used in the adhesion composition disclosed herein. Non-limiting
examples of suitable colorants or pigments include inorganic pigments such as titanium
dioxide and carbon black, phthalocyanine pigments, and other organic pigments such as
IRGAZIN®, CROMOPHTAL®, MONASTRAL®, CINQUASIA®, IRGALITE®,

ORASOL®, all of which are available from Ciba Specialty Chemicals, Tarrytown, NY.

Where used; the amount of the colorant or pigment in-the composition'can be from about™ ~ -
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backing of the tape. The adhesive composition may then be crosslinked to

further improve its shear strength. Any suitable crosslinking method (e.qg.,
W@2pss192d 30 radiation, such as 20 ultraviolet or electron beanf@k/US2006/009852

crosslinker additive (e.g., phenolic and silane curatives) may be utilized.

[152] The adhesive compositions disclosed herein may be applied.to the
sreten 040 S LRS00 RcHEFRBOTH iy, JIEE srBhi ot TS SR e Agovt
wt % ofhifsedmeihadituTate Yagitesiady. for making tapes, cases, cartons, trays,

medical devices, and bandages. In other 25 embodiments, the adhesive

[139pmpodiiidinsheasbodppbats ijiecooatisiibradior oxzdderairthphssatyatenl

.equipment, The adhesive compositions can be applied. as fine lines, dats.
compri 4 15 AR RN B OTICP LM i L a0 Ty e
adhesiqotaenpmbiistirnizolssdd dadine Nen danifiogitonaan diesblie dillsin thohede

xtrusion.techniques. The adhesive composition can be. applied by either
sand, 5 SRS CFURIER CHPBPaLE bt AR BRI QIS o rpds
silicateplaaimanhpdatpd Hlomivhidassibesily glesnnpiositphels tveemnia midrsspdtere,

tq which the adhesive.composition is to,be-adhered and a - -42 WO
thermog s BT P RS OR OIS S B RARtS S scd. the
amountohtsivdlen fothe acoposisitecan bet fiem Ahoek gnepter dian ¢omahoae wt %,

orming methogd,.inclydes drawing t dr?esiv oM OSiti £ih
fom o kG S b AUD Carate Se ek o Ol et of e
composiidming plastic web or other suitable substrate. 5 [154] In other

embodiments, the adhesive compositions can be coated using a

[1]solve ntb_a@mmmmmmﬁm itHe pxsiicanhlp el ardeidhe additives are
compafBIERARIRE %é’l?%?@%&gﬁnqxtérx?)%mgf@%o@éd(ﬂé@iﬁ%ﬂﬂgt IRl £RAERG do

gravure coating, rod coating, curtairn coating, and air knife coating. The

not phassesepissivisnmshssthaltimesivelcmiptsnnms thastiriarninsmbes gide. In
generaz,grg&@(gnf IRIEIR0 Y e-A0RlIGS SR VERRATERAAD RN filPhiSeases

jected 10 to elevated temperatures, such as those supplied by an
with a dvereass ixibedlifierpipgbptTRenBire @h@mgl@m%%&h{%%bmd
solubiiy PASGELAG IR AR YARE BN S TIORIESH S MAKIRGCOTRASUO RS Wlvents in:

marking roads. The thermoplastic marking compositions can be in the

BartongohnFoiVh.Haerdbrabef Sab ibaamdadicg Ghesion Bpraretsat i RC
Press, ?g%mgt&iﬁﬁta(ﬁpb%i oRd RRKIRG o8 RISHBRIMAIRBIKER RiHsislane,

simulation or training road marking, preformed extruded traffic symbol

Handbgokaged FeihiSeansirapkdpditsiprarsestifts tehecisnaNg - faess 0 19-557
(1989 NAKING R, Wiknradrflaciverrafitsaiedin Matig Allre BENEWdbook of

formulations and descriptions of thermoplastic marking co$r2£ositions

Polympprléquicfrigisaaesd mame e gudoriybEigsba aresrich RaAceshdiaradt aton,

FL (19%5eimRy (elanearsindoparicdacriladistenisd herberiieplastiGolubility
marking compositions comprise the ethyleng;f\- 20 olefin interpolyme
[

paramefierf5E & P MR ks S HIRtSIHSES Grietime fprgive e ehting of the

individual Hildebrand solubility parameters for each monomer comprising the copolymer, as
described for binary copolymers in Barton A. F. M., Handbook of Solubility Parameters and
Other Cohesion Parameters, CRC Press, Boca Raton, page 12 (1990). The magnitude of the
Hildebrand solubility parameter for polymeric materials is also known to be weakly
dependent upon the molecular weight of the polymer, as noted in Barton, pages 446-443.
Therefore, there will be a preferred molecular weight range for a given ethylene/o-olefin

interpolymer, and adhesive strength may be additionally controlled by manipulating the

~ molecular weight of the ethylene/a-olefin interpolymer-or the additives such as the tackifier. =
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Preferably, the filler is glass beads or glass microspheres. [156] The filler

will be provided to the thermoplastic marking composition in an amount of
War200640215®0 weight percent, preferably from 50 to 90 weigh®Poar&iépa041909852

particularly preferred embodiments, the filler will comprise a combination

of th folowr to, 60 wejght percent sand, 0 to 100 percent dolomite
In sonfs, OB RSO TR RS SR B Reecn
the et}géenembplamﬁmefﬁ&ﬂﬁw @Idlamsad&ﬁiﬁ%%ﬁé}itaméhﬁéﬁiﬁ&laﬁflﬁﬁtﬁﬁﬁﬂgﬁ oil, and
COMpOosit ve reflective attribu eflective ingyganic filler will be
the Waé?f]ﬁé ’é&é?@ 5%?58&%%&7’?}%?@%%@ el OiNGrganitlhiie Oid tadeut 5
MPaI’hmmmemwhmeaéetmmmamCaﬂﬂaf 3soennpidyed, it will 30
typically be provided to the thermoplastic coating composition in an

[14Hhount Ghettensatibilisi gmmeademymrerﬂmbf ahjtas/dQMRighiapremsr can

mote at.least 20 wei 3, WO 2006/10215
also b B P e e R R iR b The
cloud pmwdedpamhedlnetmapinpemamaun@hm}nmﬁﬁmmtaﬁgﬁnu RUET® or “cloud

» 70 ref abl han.5 ercent, and most
o asg}g;’zrafb y noarglore ?/\Slgl tﬁpé%bﬁﬁ“ﬁf&?@%ﬁ%ﬁﬂ‘%%gg’éﬁ?@%ﬁﬁer%‘e
cloud mlimypluaﬂﬂhawoymmmmgeﬁmmnﬁr&ﬂmeﬂhé}eﬁewﬁy ahtewer the cloud

I t fill oIo ite clay. When
pio IR G SHIANE SN SRR PR M b s
"Adhegiedg randéfaemgmfafmpaé‘féxyablytmmdbEhsm&wagmqnemm Gurgoratish (1983),

whichngﬁ%ﬁfbfﬁ(]ﬂfe%d Io¥nr eﬁ’ ercent of the thermoplastic coating

composition & will typlcaIIy be provided in an amount of

[14%) Morepihag, R0 yueight per ggav%,lgr;g tE%c‘inﬁcrﬂ‘]E t‘ée%

percent, and most 10 preferab perce

comp%@#ﬁrog‘ra&réw@mgﬁ&m%ﬁw fmﬁg]her@lmm@mbeimlmanmner When
an addERRPORIHORTY . adyRPiAgEYS m@g&&@j b tg}’mpgﬁlgggal%ﬁ A é“o

be applied by the various techniquesuse ein nce,

compahlewifsthsisieaevenefia bitrirotpmauhaiong whtehng a&g,tiéMéegqnyrally
reveal #BRY %Hl SXEUSING R 56 Bl SRARY IROVAIMES s LR H P éﬁﬂ}%ﬁem temperature

therm astrc markin mpositions will preferably exhibit esion,
due tofhe g {h%orh%be%réh d& wihisHedisaresianinsiseateonixitseibitiplebPiwesen the

tackifief khPRYGMINE o-B1ehR i Qfﬁﬁé?aﬁ %a@éﬂﬁ?ﬂégn{i{e& Bfﬂgly[ﬁ{/ﬂgac%h detect

1.2 N/mm2, more preferably at least 1.3 N/mm2, and most préferably at
a sepafgiegphase ﬂmﬁé’qﬁe cpeherihedagkelier and thei atholepeltealefie r@tﬁrpylymer
r 1ark|ng comloosrtlons will
axiene/p-aleiin laterpo huaessith the

VT B T e
thermqpiafeiahiyrkingashifsitions comprising an ethylene/a-olefin interpolymer, a
tackifier and optional other additives. The blending of the ethylene/o-olefin interpolymer
with the additives can be done by any known method that can result in a substantially
homogeneous distribution of the components of the adhesive. The ingredients of the
compositions can be blended using methods known to a person of ordinary skill in the art.
Non-limiting examples of suitable blending methods include melt blending, solvent blending,
and the like.

[144] In some embodiments, the ingredients of the compositions are melt blended

- by a method as described by Guerin ef al. in-U.S. Patent No. 4,152,189. That is, all solvent -
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[162] The thermoplastic marking compositions further exhibit good low

temperature 25 abrasion resistance. The subject formulations exhibit
Wonpreved 3Iow temperature flexibility and low temperature ad®€Siars2691d009852

exhibit improved smoke and low odor properties at high temperatures.

The subject formulations SXthI abroad potential ran %of af Il%goner ture

(i used i P SR R RS S TE R TR B R E i
of abouBOEE themBostatrie tarabpplita6un toyblifie et hacmprdseurinsfabost thEorr to

ability of the compositions to be 30 lied at lower. applicatio .
sbout 18l RS SR B BB B ABOUR 15000 I C FARRREiens:
The bléidRRiRfiolanplitstinaing iisinranaiiteeekwifoedowhl E0tistabitytof75°C
.. the -44 WO 21)1)6/102150 PCT/US2 00 6/11119 8 52 compositions to
while Sﬂg’é‘ﬁplied at higher application temperatures, that is, temperatures of 200
to 250 C.makes them suitable for licati A ' :
d
e
solveniiténtdimgarthiiherdieafeiatiy bidnbdilessbstasod Iy sedulibiiinthe refivents used.
systems which lack the homogeneous ethylene polymer. 5 [163] The .
[14sbject Physiotfidersing desitatiyhappiedddalispeasive srbsag sHatERIINIIRIXINE,
techniques.| i SuRjest loiBtions, NAERE oM S
ora coglrge%arltrgr?ed) gadgig%\%%%é%j H;gé%on %he%surface and béngeg %?I}t%by

homogheatinglevids, Bothatchiend eradinuene mepwsisafrhitieslddpdingsaade used.
Non-1iffHER ¥k 1Y JPing, el E Rl viRRplications ot ihasmopaRie

arkimg compositions are in hot 10 melt extrusion road marking; hot melt

mixingspyaiproen (arkKBRARFNINER BRER STRITFB® avrilhle S iGr o Rybender
Instru 136t MACKE DipYEICaNesi2Rp I8 b LY ARBY RV Hisian! Mtk andfroll milling

simulation/training roads for icy Surface driving; preformed extruded traffic

(availabjerfbors (etish GemantwAneanits Gomn)auy ipipes(Siep i dpg apaples of
continGis MrelRERMAIRRe ‘3%‘%?&%%?&%5&&@@9 it SEhRNEIRAIER, ARk Beltuding,

tapes); marking of flexible and soft sports/playground surfaces, 15 such as
recipraeating Foelaseravee e, and PSRl TN ST B SHBYHRd indoor
sports floorings, etc.); safety markings on ships,_oil rigs, etc.; and
[1reflecting tragfieusrdisressian g ths cihleaR e%ﬁﬁ%f&‘fgméf&@%m plag be used
in the ReaHTMoAbLVIRH RS UDRISSI RV INDNBAREN N[ 105400 naefssradd by

application, the subject thermoplastic marking.compositions will b
rferer AT B S AE Y RFGE UL B FTRIRGR et

copobfﬁﬁﬁeﬁh %@ffﬁﬂmﬁhﬁﬁﬁiﬁmﬁgiagcmémmﬁiihigﬁny‘d%ammﬁﬁiguhmhﬁing
reflective particles, such as glass, beads, to the extru rking,:
sutactpogaci) SHUBSPAEE HENURBSER A fo BRI B AT S g slfo-0
(nony@ﬁﬁ@xyaémm%ﬁﬁsad.nmgngstmasmﬁimaqeimgﬁmtamcpmdms

. enhanced water drain and improve nighttime reflective propetrties, ..
cisper R A S LT LR R GG TR E DA plosed
in U.SheaisieRb00, 539, a2ivantage liadorgoraimbop seftard hesainy its entirety.

applications, as they provide the requisite degree of flexibility, adhesion,
apgpliicasins ofEnmpodiions|G demperes dith denefitiddefin Interpolymers

[148] The compositions disclosed herein can be used as hot melt adhesives, pressure
sensitive adhesives or as thermoplastic marking compositions. It can be applied to
manufacture any article that requires or comprises a hot melt adhesive or a pressure sensitive
adhesive. Non-limiting examples of suitable articles include paper products, packaging

materials, laminated wood panels, kitchen countertops, vehicles, labels, disposable diapers,

~ hospital pads, feminine sanitary napkins, surgical drapes, tapes,-cases, cartons, trays, medical
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[166] The following examples are presented to exemplify embodiments of

the invention but are not intended to limit the invention to the specific
Wepibeti1ents set forth. Unless indicated to the contrary, all PA®E2606/009852

percentages are by weight. All numerical 30 values are approximate.

When numerical ranges are given, it should he understood that

devicgsyndhanedagetulgiaditRer SR dangHs g dbamTaIcamBRS HnSas ke gped in
tapes, I AOYEAHINE, tr4Ps MR RON 2SS ARAGANISR06/009852 Specific

details described in each example should not be construed as necessary
[18tures Iaf sthesiavbot tnedieslie e dMaibsidsdn dheussd@astos i Joleses. Such

the fgllowing analytical techpiques are emplpyed: .5 GPC Method for .
ot mell aheatVE CoRRpHUE 6o B SEH RSN R RTINS BBt RRpagine.
particwiiflyafberiedsiegstasetie siolGsisodskitipasithenodddr freezer packaging of

1,2.4-trichlorobenzene stabilized with 300 ppm lonol to each Jried .
food EyE et A R R A G A S HASIPR AFD G S0 ST iy feminine
care patls,roapising)aaddhialikeadoibetixid iiatianiphsatiohhizrladd 6 dkObidding,

hours on a ted, orbital 10 shaker rotating at 250 rpm. The

womé%%&é?ﬁr%‘fége STW%er solution is then diluted to 1 mg/ml using the
e LR g o AL an s el e Rl S SR ef,

ymyx Rapi systeni Is used'to detérmine the mo wel
PSAsdstechidSeaadhssivptenty Gitsors 8560 puappliet tatshd@ tingrpindlats (ate,is

d helium- pur 2-dichlorobenzene.stabilized with 300
decorE R e R R B e WS can b
any siNiptdel tBp8adimateridl Slependoigmnshel desidethappliestmmd Freetetditoehbodiments,

e T

biaxiaﬁmrmfbneéypremimwnmflm@m?mww pollaniwsfsa(ﬁrfﬁs
t . . usin e

robeERARIAIRASNC PR Nt SIS R A e

liguid-han érial analysis of the 20

[189]yMer RAMA!Ea SN RMIChEI JORRS ARchO VaHBRRIBEAGE USRS #Se. For

used. The sample data is collected and analyzed using Symyx EpochT

examplestha RS porksmelinrdhesine sarappstdendns annbedisatleastoaryide of the

backit 8fRlapd ePRERSHURTR régﬁéﬁggﬁﬂfﬂ REhPROVEDRRS i AER 4 ther improve
calibration curve. Standard CRYSTAF Méthod 25 [169] Branching

its shegstsBEBhs M1 Yetbla Fresshp dntantbogion srripemire e fshation such as
ultravi61B 62 SER 4458 A) GRASSEAMIEOMM AL Qe enicially axRHaR IR drOfatives) may

_PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4
be utilizefiorobenzene at 160C (0.66 mg/mL) for 1 hr and stabilized at 95C for

minutes. The sampling temperatures range from 95 to 30C at a .
[lggl)ling rf{% afﬂaéﬁé?rﬁﬂwmﬁlﬁmﬁr et fsrein may bs Arplied/e the desired

substrate or adhered in any manner known in the art, particularly those methods used
traditionally for making tapes, cases, cartons, trays, medical devices, and bandages. In other
embodiments, the adhesive compositions can be applied by a coating head or nozzle, with
associated equipment. The adhesive compositions can be applied as fine lines, dots or spray

coatings, in addition to other traditional forms as desired.

[153] In some embodiments, the adhesive compositions can be applied using melt
extrusion techniques. The adhesive composition can be applied by either continuous or batch

processes. An example of a batch process is the placement of a portion of the adhesive

composition between a substrate to which the adhesive composition is to be-adhered anda - - - -
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30 the polymer solution concentrations. The cumulative soluble
concentration is measured as the polymer crystallizes while the
waepaiixe is decreased. The analytical derivative of the cuPQIIALH2606/009852
profile reflects the short chain branching distribution of the polymer. -46
WO 2006/102150 PCT/US2006/009852 [170] The CRYSTAF peak
surfacrapeblg e elees e thadhesiveriadasyh e Qmens Hp sl o die kaamaleef 2

continBHRErSrR¥g It @ TAigLRESIAL 2RO AdheFIOY/PBRIF3RT0N BIR R heated film
Spain). The CRYSTAF peak finding routine identifies a peak temperature

die angsubseguRAtiCANtASERE DS frati EORRP OB 0-ABBANEE PIRE RO other
suitabROsibég-dpflections on either side of the 5 identified peak in the derivative
curve. To calculate the CRYSTAF curve, the preferred processing

[1Ba]amet i e %B?ﬁ@@iﬁ@@!@éﬁﬂ?ﬁﬁ@é&ﬁﬁo@i@%ﬂgit?@mﬂwh ¥using a
parameters, above the temperature limit of 0,1, and below the .
solvenfzhase ?f?bnith%r(i’?If‘;g"@%?ﬁi%%%@%@%ﬁ&ﬂ@%ﬁﬂ%é&ﬁbﬁ coated
by sudnhdhiodd k¢ khidéfterantin-Sitaoaing, Gaetiroetminasud asetiglarminacoating,
using a TAl model 10 Q1000 DSC equipped with an RCS ¢oqling . .
and aig kniteeoating, iﬁ%ﬂfﬁ%@éﬁﬁ%@%?ﬁﬁ%a@ﬁewg%a%sﬂm &%&%ﬂmﬁqs
remowStd. sbhesamplersbprasseghphital adhentlbasaddhelied st gitResisalubjected
aboyt 175C and then air-cooled to rpgm temperature (25¢). 3-10 mg of
to clep e R TR e PG SPORARL I A R K AR SR,
laced in a light aluminum pan (ca 50 mg), and then ¢ctimped shut. The
(1] o) LSS SRR e o R e SR S
thermteplasticanmécipbidenisitisasolenardpiitgdusatEhictthdBoe lastichetking
complXPHIRLTAL (0033 RIS IR ACPLIG QRONS A1, PIUIRUS, MBIl NSIOR oaq
PORe sample Is thers cég}ecf?o -4 a?x%léllomm cooling rate and Reld a
markingf) Golom8lnhmd espliéd readple sngh eoloeat do ttnel 5o dtkad bigaieitane,

. 2ating rate. The coaoling and second.heati [ arerecorded. [1./72
s R G L SRR A R hdbte ana
soft spwvis/playevethdeupiact matking safechaseithingavwashipweareBedivnttathid safety

. ting. T  fusion | | o
T

have hgendisclEsest inliHoS SRatamie a.-4, S 1A0CVivi jsTiheogeestsdzcationby reference.
In paﬁﬁ{gg%}ﬁggﬁﬂg&@! W %&91@%%&%&%85 & Blé%&‘i’ﬁoﬁ? éomgéqgggthylene/a-

0
Model PL-210 or a Polymer Laboratories Model I

/ ) : : L-220 instrument. The
olefindaligrmalzmercdissleseidwieparartashisiena sidlstand entiopelly. anpigseent.

PrefefaBlyMe hﬂ@Pf?%%E%%&st@i"é%s'\ﬂ%‘ééﬁh%?&.m”5 are used. The solvent

is 1,2,4 trichloroBenzene. The samples are prepared at a concentration of

[186} gramsif HelyRar ik 5%013@[!"% %Iﬁﬁﬁ@fﬁ%ﬂl&&@%ﬁ%g%@rﬁﬂﬂtﬁfn in an
butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly

h 3
amoupy 05 Epm, 65@ TEeiehtmeEcrib s Hemslitns o siskt srissata
partictgrfiPrdRiRS dnfboaimeiiylithe filler will comprise a combination of the following: 0

to 60 weight percent sand, 0 to 100 percent dolomite or talc, 0 to 50 weight percent glass

microspheres, and 1 to 20 weight percent pigment.

[157] When it is desired that the thermoplastic coating composition have reflective
attributes, a reflective inorganic filler will be employed. One particularly preferred reflective
inorganic filler is glass microspheres. When a reflective inorganic filler is employed, it will
typically be provided to the thermoplastic coating composition in an amount of at least 5

weight percent, preferably at least 10 weight percent, and more preferably at least 20 weight
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[174] Calibration of the GPC column set is performed with 21 narrow

molecular weight distribution polystyrene standards with molecular
wasigite2ianging from 580 to -47 WO 2006/102150 PCT/US2PO6/08986/209852

8,400,000, arranged in 6 "cocktail" mixtures with at least a decade of

eparatiqn between indiyidual lecular, weights. The standards are
Pefceréufﬁﬁésﬁaqﬂsml%%?m&f&& -ééfoz@#% REfhEIORANIE SRR ENe
compigiotiditanane @repstad abtRm e peeiordPlyibiirie efasalyani et percent,

lecul ights eqyal tg or greater than 1,000,000, and 0.05 grams in
and ménﬁ? Berc ﬁ?ﬁ:l? %%@%qgﬂﬁ“rgpﬁb(g}&bﬁf%&ghts less than 1,000,000. The

lystyrene standards. dissolved at 80C with gentle agitation for 3
L R o T m el e H R Sl e the
cost ofitheréasiniptiogh Esternoitbildarstenitjng dirapizriebdtc eitani ¥ehetegrgdeayiat) the
The.polystyrene standard peak molecular weights arg converted to
colom B A RS R R BN BB o preferay
least 2€exerghe derea)|zaxh snasichverdbly diddasi B weiihtPetgent béthéthéAdoplastic

. (1968)): . lyelhylene.= Q.43 1 olystyrene) [175] Polyethylen
coatin R T e o T R S R 4R o more
than 87 @Bt geiveatenveesioel& bl Compoesshan Sewkight oot piéssian set

' d ing to, ASTM D 395..The s le is _prepared by.

S O e e T e e
ickne ' IC I T [ cut
12 e L A B F A ey
be reagily<lesigned thddatnphindbrcheivioins tedmpressusedion BerindnstiFOr instance,

it is nd@l I}S’&%I@X@@ew&)_@ Ei%éﬂti Qo?ﬁﬁ?ﬁgnfm FnQy gé)‘%%gg'gl}&g p%@?%)ﬁr g}e

press with cold running water at 86 MPa. Density [17
eXthU’é‘néﬁSP?ﬁe%m%é?@arélﬁﬁepared according to ASTM D 1928.
Measurements are made within one hour of sample pressing using ASTM

(169792, Mt deemnoplastis aasking rovpasitiersrthpeforebinexlibif apgidhesion,
as mea3HOPIAHAErEAVORPIAIRR ROIGH LS9 et M E)XQLA%S?E?E TS WEhaN® Zent No.

6552 ﬁzrcent secant moduli gre measured according to M D-790. Stora

SaS leo A BRGNS 5 U0 Tesre geplenely o feast 1.3

N/mmieehaifiés: fefisabipraneies. SINALIME §f PAMNEIEKR9S818'% incorporated
. compression molded using a hot press (Carver 30 Model
herelni’ld@é@ﬁ??lOOlR). The pellets are placed between

lytetrafluoroethylene sheets, heated at 190 C at 55 psi (380 kPa) for 3
G o BTG TaRr B D RAPIR Y e pance

factor,iasihesairedei urtbadpiessvivhihkrolngeelsetatettinExMipee fowd of U.S.
Patent No. 6,552,110, of at least 70, preferably at least 75, more preferably at least 76, and
most preferably at least 78.

[162] The thermoplastic marking compositions further exhibit good low temperature
abrasion resistance. The subject formulations exhibit improved low temperature flexibility
and low temperature adhesion, and exhibit improved smoke and low odor properties at high
temperatures. The subject formulations exhibit a broad potential range of application
temperatures, particularly at temperatures of from 150 °C to 250 °C, which makes them
suitable for application by different means. For instance, the ability of the compositions to be

applied at lower application temperatures, that is, temperatures of about 150 to 170 °C,

- makes them suitable for application by extrusion coating techniques;-while the ability of the
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-48 WO 21)1)6/102150 PCT/US211116/11119852 min. The compression
molded films are used for optical measurements, tensile behavior,
W0o00we09138nd stress relaxation. [180] Clarity is measured usiRgBY006/009852
Gardner Haze-gard as specified in ASTM D 1746. 5 [181] 45 gloss is
measured using BYK Gardner Glossmeter Microgloss 45 as specified in

composgings tp bapiiisd pitvighesiaparead v iannreruremhaK ieangrdpres of 200 °C
to 250 ezaratRasedibR B RIdAS By%%%&ly E%a‘%in%'kea&ﬁlcgiéé.s BRI 4Q

the film surface to remove surface scratches. Mechanical Properties -

formuedionpearpipieiably, ienigtaude firt piek-ureud Srthariunterrdiyexiibiidges

viscosRP SR BIMLRIAICE 103paNR MAibh1AQ8HICHBIRDS R8RS SART: polymer.

Samples are stretched with an Instron at 500 % nun 1 at 21 C. Tensile
[168ENgth Badsaigegatinn abivasksiesensrashiaivan s adRed, and extrusion

specimens,, [i] 100% and 300% Hysteresis is determined from cyclic i
techn%%fén% ?&Silés% &%@%f%fogfpéeﬂ%&wﬂgaxé%mmmsrﬂmﬁem@pes, which
are laipgRingiRsuriticaand satdd\o sk ieatihg Nith, fosatailslés 4Qaderand

.__unloaded at 267 % rujn-1 for 3 cycles at,21 C. Cyclic experiments at 300%
optm%ﬂa 8 rasr‘ér%‘?)m&eté@ﬁ%f‘rl}ﬁea?ﬁ VittiR8ental chamber. In the 80 C

eriment, the sample is allowed to.equilibrate for 45 minutes at the test,
ol ey PRELATOH THE 45 98 G B Ky E SRR o i ot
melt ettteusidrantadensarkigahdinfieh spain doadnibsfirgt honlaelihgndygiplisd road
iregorded. green ecoiéeayfor elll Fﬁ)ﬁperimint are calculatetd from the 20 ¢
MarKIREet Rida ina é?/% errtlj%lin% tRlcgysctreal a0 WIHCH l#’é/ [AE R PHES (S 1B 0
simuldinen/Thimipgroends fecoyeny facdefinddeapréfitmaduriyndedfirabi XS0 HS (such as
1] where of.is the strain taken for. cyelic Igading and ss is the strain wh
e O R U R g, SR ey Ctso
called prersarkslaxhtiomédt rapesy reabing® HHexdbie stndisodnub &Tspliypidhdwustaces,
!'Gg InstronTM.instrument equipped with an environmental chamber.
such #Ee ga?%)g ig?le{{))ar%(gi’r)llnvvf':haes Qﬁ?ﬁqﬁl mm X 0.4 %Llan?% er elauﬂﬂgrzﬁ?ngs at
flooriggaCetor) Agfeiiy inathingnoirchips midirighatehemdhefkatintdraiic sufetghedtings

% sirai % .min t was recorded as a, function of time
ot O R I B
usin . / .
[laRgle laxa%%@%@%?gdﬁgg&@&g %%%?e%ﬁﬁ:e%%?agag 8@%@ c§11ﬁ§§§itlons
will be employed in embossed road markings. Embossed road markings are formed by

extrusion of a marking composition onto a surface; applying reflective particles, such as
glass beads, to the extruded marking; and embossing the extruded marking such as to create
channels or other ridges. Such embossed markings are desirable, in that they provide
enhanced water drainage and improve nighttime reflective properties, particularly in rainy
weather. The thermoplastic marking compositions of the invention are advantageous in
embossed road marking applications, as they provide the requisite degree of flexibility,

adhesion, and abrasion, even under cold temperature conditions.

[166] The following examples are presented to exemplify embodiments of the
invention but are not intended to limit the invention to the specific embodiments set forth.
Unless indicated to the contrary, all parts and percentages are by weight. All numerical

values are approximate. When numerical ranges are given, it should be understood that

_embodiments outside the stated ranges may still fall within the scope of the invention. .
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LO where LO is the load at 50% strain at O time and L12 is the load at 50

percent strain after 12 hours. [187] Tensile notched tear experiments are
Wweaspgtalvon samples having a density 5 of 0.88 g/cc or lesBUBRReEN6/009852

InstronTM instrument. The geometry consists of a gauge section of 76

mm X 13 min x 0.4 mm with a 2 mm notch cut into the sample at half the

Specifig defailsrgesiifad ineash sisvaplestherld awthsemstnerhas negessaty fratses of

the inbéaaka. The tear energy is calculated as the area under the
stress-elongation curve up to strain at maximum load. An average of at
lexei@npoRrémeas are reported. 10 TMA [188] Thermal Mechanical
Analysis (Penetration, Temperature) is conducted on. 30mm diameter x

3. B S errAmples HptAlosk e el wiaganehica) technisees At cnpipyed:

GPC MRigivg fuesauipliari>gawdiesand then air quenched. The instrument
sedisa TMA 7 br%{;ld axﬁ/qailabl from_Perkin-Elmer., In the test, a probe

(181t 1.5 ARPRIRASH By & 1pRlsquipsliddthrhentad peed s patdo
160° Gyt disewishobgioroed Thehterohaiadaea ishibiagchath S00pimmbPa oach

. , The probe penetration djstgnce is measured as a function of temperature, ,
dried ?&é@ﬁbéﬂﬁ?&%f"eﬁ% AR ﬁf@lﬁ%@lﬂagﬁéﬁ it 1/himal g stir rod is
placedatptachvbe 128 Ihyunaphis Aerbanicrl Petaly Sisr (DG4 isagrawEbesital-

hak corrggressio olded 20 disks formed in a hot arf)‘iress ,atg}gogélat 0 MPa )

shaker rotating 3hr ¥ Tl P& AANFRATREA ROLIBREFORTHAR i5rthel 418k 1onhime/m

using TiestingnsacadycibdasingganhRind totikoledwisdie sheometeC.(TA
instruments) equipped with dual cantilever fixtures for torsion testing. [190]

[168].5mmApBauexiR gres6RC anstatisnuaciao détimensiha srid2eci2mmeighedata
purgeftdi3-diciicrob a0t (Babiheedteth Flgguh fenubescherentivdleqpbisa through three
mt TP IR AR SRt IS il
160°Ghat ﬂ’rdm@bs Ehﬁi(_l@ﬁ Eﬁt_:d:cttmﬁmesede?aiﬁ_m mﬁﬁmpmmmﬁmBQOfC, the
Nl LA 0 0 0 PO B
(400-20) XRanNSeqlba @,lyheegmmémimwgd in dl@bfébal}d\mmmple injected into a
2 G A AR B8
polympnsaapletvpmattreswiishedilpopmapd exererpingiaiedion g hesode chhthsample
data igiéﬁif&ﬁe&eﬂﬁ%@éé@ %ﬁéeé&lﬁgfﬁpochm software. Peaks are manually
integrated and the molecular weight information reported uncorrected against a polystyrene
standard calibration curve.

Standard CRYSTAF Method

[169] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4 trichlorobenzene at 160°C
(0.66 mg/mL) for 1 hr and stabilized at 95°C for 45 minutes. The sampling temperatures
range from 95 to 30°C at a cooling rate of 0.2°C/min. An infraréd detector is used to measure
the polymer solution concentrations. The cumulative soluble concentration is measured as
the polymer crystallizes while the temperature is decreased. The analytical derivative of the

cumulative profile reflects the short chain branching distribution of the polymer.~ =~
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[192] Melt index, or 12, is measured in accordance with ASTM D 1238,

Condition 5 190C/2.16 kg. Melt index, or lio is also measured in
WQezewrdez16e with ASTM D 1238, Condition 190C/10kg. ATRBEFET/183§06/009852

Analytical temperature rising elution fractionation (ATREF) analysis is

ducted accordin the method described in USP 4,798,081 and )
ﬂ%‘fde, Lﬁ%@fﬁd’%ﬁf&ﬁ%ﬁ%ﬁﬁ?@ﬂ%ﬁ% FRIdenEerhhysiisPesl analysis
moduBRraibided Rigts @RMES“KF%&W) hW@rﬁBﬁ ﬁﬁm@%lgﬁfmf e\Bakdncia,

. Polym. Sci ~441-455 (1982), which are incorporated by reference )
Spamgeﬁ?ﬁ ﬁ%@i‘%ﬁt .?I#fa%ﬂ?%'a% AttHase aRallisEPRERLE R a dnpimum in
the dWidT eigheaze fiecaneh Mipwesh I EDrsiallize dii feGallEBRSE HaiiRer MU ST the

S the temperature to 20C

cq . ort (stajnless, steel shot) by slowly reducin
dent g R T P BT THR RO CRRS OB WR bt dread
procesigigaiararAstdd REvieh wm?w&aﬁ;]e @Hﬂ‘ﬁ‘ﬂ)ﬁ?‘d{)@&}ﬂ??@ﬂl@&ﬂ%b@hﬁig't ' ers
crystallized polymer s le from, the column by slowly increasing the
above, é%%ﬂ?égéﬁﬁ%ﬂmg %@%ﬁ?@ﬁi@%ﬂ&%@%@gﬁwto 120C at a
DSC Stimdird Methoa (B3I Snalprs 2Q B d ?e@)amples are prepared by
ing ximately 3g of /R0 mixture 0 . .
o S Sfa10 A UPERS SF b 678 O SAmiBRe ig Ty mode
Q1000/DSCtetpeippére vétnap RESrendiasohedseng aﬁmmgandmﬁapwheAg{i&dg@lq purge
tube and its contents to 150C. The, data are, collected ysing a JEOL |
g 18y B R AR o kP FIRRIP 5 BRP SPGB P B ApONt the press
at abogp@Zitinatéthentizspoieting focmlidtipasanran2s iR qummg)ﬁ)i%éﬁdﬂé-then
. _The data 25 are acquired using 4000 transients per daja file with a 6
out mts?e%g?lnanpl)u & reg%rea%%haace%%? owglgfl?l%a)é’ ‘iﬁ?ﬁﬁﬂl ranﬂsg hﬁ%%‘?%@%@a >0
mg), apdathtitetiimpethiyisis, Theltipmddtsefitedoarst dadeshptgethaesiibaispaithiahe
idth is 25.000 Hz with.a minimum file size of 32K data points. The,
folon BRI B PO ERIT S TP, PO et Gl MR sothermal fo
3 mingtsmonodertinconpveatignpisvitete theimed hisitgyR dhdalispiat thethagbled to -
° .C. JIMS-Rev. Macromal m, 3Q Phys., €29, 201-31
a0°C R orbh I AT o ORI Bl R B e v
150 *CradiSednom byatiRERtS ITWCRR1Id6HD 2conh) RefingS2itd 164 AtaARE2
5] Large- fragtionation is carried by dissolving 15:20 g of
] or s el R S R e R R
with reg@et tTHbediigan dassbhetidravafbetedeny: A8 @ sind (@D R@] thitgo Géire hiagd of
: j lumn pac ith, & 60:40 (V:V),,.
oo e g e RS H  H bine
using eekjpgridiasfidng. Potters Industries, HC 30 Box 20, Brownwood, TX,

GPC K@éﬂﬁh%ﬁﬁ&{ﬁiﬂ{gﬁgﬁﬁ%ﬂs B2 d X Zeym) diameter cut wire shot

available from Pe
[173] The gel permeation chromatographic system consists of either a Polymer

Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C. Three Polymer Laboratories 10-
micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are
prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing
200 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2
hours at 160°C. The injection volume used is 100 microliters and the flow rate is 1.0

ml/minute.

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

7Weirgrht disrtribllﬁrirc_)l_l’Boljfstyreneﬁ standards with mdlrecﬁlérrv&;eigrhts ran;ging from 580 to
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Inc., 63 Industrial Drive, North Tonawanda, NY, 14120). The column is
immersed in a thermally controlled oil jacket, set initially to 160 C. The
weoelnitvigfirst cooled ballistically to 125 C, then slow cooled RERUK2006/009852
0.04 C per minute and held for one hour. Fresh TCB 10 is introduced at
about 65 ml/min while the temperature is increased at 0.167 C per minute.

8,400,005 1emBpesditnfeRP oD mrixgHRs Ity ¢ ledst frdrragrolsparation betkgen
indiviaQH 0] RIA£AVEBIRE. TR 1 atRIg  algR RN {E8G RN PUBAIRE TdMRdratories

polymer is concentrated in each fraction using a rotary evaporator until

(Shropghite 55 The polsrtisens stonrdotisreparrdipld- OPeetane ih dQ mililiters of
solveriiGibilinaata Ak eqstaRe averightheiare0adtiinaayres makancio

15 filtering, and rinsing (approx. 300-500 ml of methanol including the final

millilitersof sphent fpaalesu s dysightisetithina SHHARBN TsRRI BEmssigndards

are diHEVEWSIQ0RNWiSH SRR abitabiely Bl 3l werartly ene £aRsersiHiRaRaNaixtures
(available from Osmonies Inc., Cat# Z50WP04750). The filtrated fractions

are rug £irsfrand i eFARg IO ifegreating Mehrshaplse e R SHEsOmRPRSRE P minimize

degradat@iticCEADBRANGOrBRE B gD PetRSHABL A MEH shikeng ok AR tholyethylene

Strength (MS).is measured, by using a capillary_ rhepometer fitted with a 2.1

moleqyiar Wicheliising. heioNarngmeaHAo 5 ARTEedpr Ok ams g Ward, J.

Polvﬂqgﬁgqa;1ﬁﬁtq;&gu@@li@1@t{mg@$ﬁ samples at 190C for 10 minutes, the
piston is run at a [iJ ed of 1 inch/minute (2.54 cm/minute). The standard
tegfltém%?aﬁjpe‘@ @?tyrﬁ@'sample is 25 drawn uniaxially to a set of

[1asFelerapoly eipddasatpavilramlbalt wregtie st alonsceepeavandf using
) 2.4£ng€ c2..The rgt%nred#ensile force is recorded as a function of the
Viscofgk ] (288@%?% Y The maximum tensile force attained during
Comjibestasi Betdefined as the melt strength. In the case of polymer melt
ibiting,draw resonance, the tensile foyce before.t et.of draw . .
I onan TR R FE iSRG ORIBE 3o L ot LoFctepaleds
prepatadce bt elvidQris (dahi) . diag MEOr3ind)Biske 2E31) Mea] AR, kel /.25 kRn
. . 52 Catalysts,[198] The t “overnight”, if used, refers to a time o
thickeg R TRkt o oh B R RS e T SUREA 0 SRR IZ 7 om x 12.
cm comppasiairecdd RDpRiy s ancl dbé wéthna hotiyectalkatee e édtisatimg conditions:
commercially obtai ixture of.C6 inhatic.5 hydrogarbons availahle
2er0 e L S A P80 MR Bz renpi e b5
coolifgamsphnthel prifse withroldewaing ohtecenddid. herein does not conform
D 1o the structural representation thereof, the structural representation shall
ensit . .
control. The synthesis of all metal complexes and the preparation of all
[18Gle eninfaaxplesi fioe dtnsigrecoanriadentitin prefryredtrsgertigtoshBEM D 1928.
MeashR R A0AROXACAANESn AR YP SR AP 8 PSRBT R ethod B.

were dried bertore their use.
Flexural/Secant Modulus/ Storage Modulus

[178] Samples are compression molded using ASTM D 1928. Flexural and 2
percent secant moduli are measured according to ASTM D-790. Storage modulus is
measured according to ASTM D 5026-01 or equivalent technique.

Optical properties

[179] Films of 0.4 mm thickness are compression molded using a hot press (Carver
Model #4095-4PR1001R). The pellets are placed between polytetrafluoroethylene sheets,
heated at 190 °C at 55 psi (380 kPa) for 3 min, followed by 1.3 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
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[199] MMAO refers to modified methylalumoxane, a triisobutylaluminum
modified methylalumoxane available commercially from Akzo-Noble
wWEmpEoeion. The preparation of catalyst (B1) is conducted asPlolada200)009852
Preparation of (1-methylethvl)(2-hydroxy-3 5-di(t-butyl)phenyl)methylimine
15 [200] 3,5-Di-t-but sallcylaldehyde (3.00 g) is added to 10 mL of
min. s copiRETHIOE. mE) éve ddims Arapiad fRivrtisAumegursmentdeatlahghavior,
recovéry) Qg@gﬁ@g@g@[ﬁ%ﬁor 3 hours, volatiles are removed under vacuum to
ield a bright yellow, crystalllne SO|Id 97 ercent yIEIC(I]) b) Preparation of
[lgﬂb bis- é@l&i IS0 Wétﬁ% | SZ@L ney Haze-gard as specified in ASTM D
1746. methylethvl)immino)methyl)(2-oxovl) zirconium dibenzyl [201] A solution of
Eﬂ methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg, 2.2 mmol)
b mL ﬁug%f@sg%m%@}wd&%%%% Glocymsianiigiosiatg 42128

Spemﬂgmly\g"m@mytgtuene The resulting dark yellow solution is stirred for
30 min. Solvent is removed under, reducedggﬁessure to yield the desired

(1828 quct fuemalduienipraraitdisng Prdpfapdrstibler saidbasedey ASTM D

1003 P%&Hﬁi@%aﬁﬁi@ﬂ%lﬂis%ﬁﬂﬁ@%@ﬁlm surface to remove surface scratches.
(1 (2-methv Hg/clohexyl)eth [)(2-oxovl-3 5- d|(t butyl)phenyl)imine [202]

Mechgnjifal ysterasisg and Tigd)) is dissolved in methanol

[1639 mL)S&B@@h&tﬂ%ﬂﬁaii@ﬁiﬁ&ﬂwﬁaﬁh@&%ﬁaér&@a%ma%ﬂfg@@m pheos
reacfF n mixture is, stirred for thre g\%furs and then cooled to -25¢ for 12

MiCTOfRSIe PSR SAMBIE SRS 5 *ﬁﬁh@.%meabaoﬂy/ﬁmaﬁoﬁt&ﬁdc
TensiW3FBRGNAII Gt fAHIeAYr6AIXale ﬂéﬂ;bl)teﬂrﬁbfﬁ%ﬂ dii"éﬁ%él BesIsRARES.

is11.17 g.of a yeII solid. s consistent -

ress re The
e, e%ipe%n iR A RIS ey fase %*@d@&é@ﬂs@m
strainésTl/ 38006 00F8S dnte) deapite 3peciBbns with an Instron™ instrument. The

samp]]%ﬁjﬁ?gezc%%t& ﬁpaﬁ%%ﬁg%)%%ﬁnggﬁ I%gﬁ; els(ta‘P 5 X&D h(?yéil)c experiments at

300%(én628me1laymaheoew)&ﬁhgl)aﬁz@nmdn&w(teﬁmwﬁrlmeﬂw)&mFr(ee(ip@ﬁrgent the
2 t | ded to a solutio
sempl ATBRA) 0 ScaDtats BF a Ao T L GRS TR s et In the

21 °Cy800% sthitopdkc stipadnient] ﬂhe wettd L€ sihéw 8015006 sa-adil teehfthd st

ith 680 mL tolu ive a solutio a concentrati f 0.00783
unloaf iR ST HERRIAEE, Bedten oS T P B R R e e
first uhBbodirakey@e ntafig drie phermydt)bmhmb tlickendneatitarcd o denbuse Haeat@he percent
recovgr %acgerg%ex reaction of a long chain trialkylamine (ArmeenTM M2HT,

Forn Akzo- Nobel, hie.), HCl and Li[B(C6F5)4], substantially as
dlsclosed in USP 5,919,9883, Ex. 2. [205]({/‘oea;al){st 2 Mixed C14.13
alkyldimethylammonium salf pRecovery =

&r

[1] where ¢ is the strain taken for cyclic loading and & is the strain Where the load returns
to the baseline during the 1% unloading cycle.

[186] Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using
an Instron™ instrument equipped with an environmental chamber. The gauge geometry was
76 mm x 25 mm x 0.4 mm. After equilibrating at 37°C for 45 min in the environmental
chamber, the sample was stretched to 50% strain at 333% min™. Stress was recorded as a
function of time for 12 hours. The percent stress relaxation after 12 hours was calculated

using the formula:
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bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared

according to USP 15 6,395,671, Ex. 16. [206] Shuttling Agents The
Wwaheing gents employed include diethylzinc (DEZ, SAl), di@®@GTysiei009852

(SA2), di(n-hexyl)zine (SA3), triethylaluminum (TEA, SA4),

trioctylaluminum (SA5), triethylgallium (SA6), i-butylaluminum

bis(dimethyl(t- butyl) SiGaRe) KAk Py elLiminyy

bis(di(trimethylsilyl)amide) (SA8), n-octylalujnum 20

Wheredlléq% gﬁﬁﬂ?ﬁlﬁ% %omde) (SA;W Ei??%‘g*( g,%?ﬁglzp R}/Ialuml(rgéj%rps 2{16}11.'9 o 12

hourshis(2,6-di- t butylphenOX|de) (SA12), n- octylaluminum
thyl(1- SA13), ethylaluminum bis(t-
B R S S PR 0 G RERCL Ah remytptpeensit
of 0.8854d59r leﬁbyiahgmmmﬁ@thjﬁ@ Hbrindhen20d-geaayaipbeRirncanaigRlge section

SA16), n- oct m|nu 3,6,7-dibenzo-l-azacyclohe eamlde
oF 76 (&R 1 L AL R AL Bh Dol AL 5 i e
length(2 Fhel q}inqﬂyln#ﬁfwm&)a@%hﬁ)n amg SHPTINT GhbLiobies. (3L War energy is

s1- 4 Cqmpara mples A*-C* General High Through
caleul §?a { Siineh a%rt%?ﬁ é%’ﬁ&r? AT YR A SR r{gag'lglum . An
averag@uﬂ&ldkﬁﬂt&ﬂpgcaﬁnghdi‘ummmt, parallel polymerization reactor (PPR)
available from Symyx technologies, Inc. and operated substantially
according to LISP's 6,248,540, 6,030,917, 6,362,309, 6,306,658, and
[188316 66H1eﬁnbyMeelmpmlyA1mligﬁsi (PenatetonTuipelfttds3 0 candueidd on

th -54 WO 6/10215
somn e P A T amirnaon Mols A G AT A SFLpg Mee
moldlbgsedsmetcfwlma@&s taﬂddl(dnhlequnm:lhaeﬁs ’MahemsMMy&ﬂ gl éseMMA 7
brand %b fﬁ%ﬁ(ﬁ}g Zat rllr? a\;ﬁﬁ eqes(,:tted n tﬁnglb'pr?ns?g I%Flglpgip N519-

contamed a reacft0|p ensina anay
0416)fistepiphitth ta tbc&w&%eﬂtgmsrmulbehmnhdm ifigre|irhe tiengeehtuesaictogised at

st 30c FRLDEL R oA UG A1 RSB, C ARG

stirfing provid indi ua g |rr|n S € monomer gas and
tempemtmh@agmrpmmnﬂﬁwéenyhnmrme RRRennitaded lcnmu’ml(edl'lwsample.

automatic valves. Liquid reagents are robotically added to each reactor

cell by syringes and the reservoir solvent is mixed alkanes. The order of

[18%ition Ryneasdel Mikehwaicabivaaly ¢is (MYLANHY meesurasotervempmssiommolded
disks fribh ﬁP&ﬁtﬁ'}S?ésL & LRy W%re ¢ KRS ﬁlh#g@égg&&) th{é@p gooled

catalyst or catalyst mixture. Whe cocatalyst 1 an
in the prephatf0°6F tworcatesting is exrdictad u@@g@mé&@&ﬂemaﬂddl steaigrmbdiometer

(TA Mdﬂh&ﬂ@?ﬂ@?@f&%@ﬂ%ﬁ?&%ﬁ%l&é@%&ﬁﬂ%&%& Sﬂnaté ntis

omitted in an experiment, the above order of addition Is o erwise

[199%intaindd. meatien@wmwfbﬂﬁmwzﬁzmm The
samplénﬂ@ E’fﬁﬁp&'@m Bf)?ﬁi @fﬁ@&%&%%ﬁﬁ%@%&%ﬁ%@ﬁ%& r(%?ﬁ)héee%aﬁ%%n AL) and

guenching with
subjected to successive temperature steps from -100°C to 200°C (5°C per step). At each

temperature the torsion modulus G’ is measured at an angular frequency of 10 rad/s, the
strain amplitude being maintained between 0.1 percent and 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 AL increases

7With the temperature, partieulaﬂy aboye th_e melting or softening point of the polymer
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15 the reactors are cooled and the glass tubes are unloaded. The tubes
are transferred to a centrifuge/vacuum drying unit, and dried for 12 hours
WQ@e@0/®2Tie tubes containing dried polymer are weighed an#CiéIS2006/009852
difference between this weight and the tare weight gives the net yield of
polymer. Results are contained in Table 1. In Table 1 and elsewhere in
samplg, The Sests10RS abiipBIRHRIEy IFNBETESs A8 Whradheiey beruesaiag fistures
reachedb32081 Examples 1-4 demonstrate the synthesis of linear block
copolymers by the present invention as evidenced by the formation of a
Melt *harrow MWD, essentially monomodal copolymer when DEZ is

[1ppgsent ansliardisrodat, road-slacklac welahte AstHASIPOIRIAEt Gondition
ixture of separately produced polymers) in the absence of DEZ. Due to

190°Cigel ke tHY B SRy taliits RROWMERSUFRCbIm BrSpadansicokRcAS TRAR 1238,
Condigatalyer(B1b)kthe 25 different blocks or segments of the resulting
copolymers of the invention are distinguishable based on branching or
ATREEsity. -55 WO 21)1)6/102151) PCT/US2111)6/111)9852 Table 1 Cat.
[1(932]00 Y(g%l;@:}&%%ﬂl\;n hexvlgg_l%%%{(éo?k (?%%@Eﬂi%gg?? b%mﬁ?%@gg%go ?1>531§
condugted gepqyding ig, the prethed dewsibed o USP £79866 band Wide b.; BylodBR ;

Knobél@@l@,@@@ﬁeﬁt?l.k.@@@t@*i;iiga:l‘z%% ‘0%1&81 37%%%5%%{%&)/@% and
0.06 0.1 0.192 - DEZ (80.0) 0.1468 2161 1.12 14.4 3 0.06 0.1 0.192'-

Lthylepig k qpadyrestd 2ys 1564, 48 4 bby ¢ 1P 82).gphichease inyaporaisddy
refereBeRetenfif theik ERIRANIINEE chAIPRRMAN BELAAIPaaAR &inpdal

maqlecular weight distribution 5 [209] Further characterizing data for the

trichlosghsnzeite g Allavied f aRilathiFRol By olurBRs ERAB IR RJDRESSUDRRE (stainless
steel sHOECHiCAbW R Sedacid thRlemperitlife 3520 the: tolesing rdi HHoTPe BSE The

curve far the polymer of example 1 shows a 115.7C melting point (Tm

colump;is, cawipned, Piiiam 1freess flefrstorn A EREE fhRme iR g anrvg igehen

genersBOWS éhﬁiﬂgHﬁéleﬁ%E@M&ﬂhﬂrﬁﬂ@h&&?ﬁl@ﬁ?ﬁtﬁlﬂﬁ%ﬁ?%}}@ﬁmasing
difference hetween the DSC Tm 10 and the Tcrystaf is 81.2C. [21 e
the te%@éa%ﬁwﬁ f ﬁ%&%ﬁﬂ?@%@ﬂﬁ%@%ﬁmﬁ%@gmwa%@.v@e of
1.5°Chnéiting point (Tin) with a heat of fusion of 214.0 J/g. The corresponding
B~ ORYSTAF curve shows the tallest peak at 46.2C with a peak area of 57.0
C—N@&éﬁ'@ difference between the DSC Tm and the Tcrystaf is 63.5C.

[1] The samples are prepared by adding approximately 3g of a 50/50 mixture of

tetrachloroethane-d2/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The
samples are dissolved and homogenized by heating the tube and its contents to 150°C. The
data are collected using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™
400MHz spectrometer, corresponding to a 13C resonance frequency of 100.5 MHz. The data
are acquired using 4000 transients per data file with a 6 second pulse repetition delay. To
achieve minimum signal-to-noise for quantitative analysis, multiple 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 incorporated by reference herein in its entirety.
Polymer Fractionation by TREF
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15 [212] The DSC curve for the polymer of example 3 shows a peak with

a 120.7C melting point (Tm) with a heat of fusion of 160.1 J/g. The
weeonsgpariding CRYSTAF curve shows the tallest peak at 66PLT/U2008/009852

peak area of 71.8 percent. The difference between the DSC Tm and the

Tcrystaf is 54.6C. [213] The DSC curve for, th | . Of I .

OB e B e e A LR PR e
2 liters%oé%ﬁﬁ%%‘i&ﬂ&&%f&@ﬁ@fﬂggl? @ﬁﬁﬁﬂg?]ﬁﬂm@oﬁhwsﬁﬁ@taﬂ"éstmﬁhm

- 30 ith a peak area of 18.2 percent. The diff h
tiony naeh b o pear ) BB BT oo B A R R e s
colum LR J/g@#ﬁm@@ﬁﬁﬂg@g%ﬁﬂmmm goiesthefifadjdrcifical

. . esponain

R L T R T T Y

. _ . _ . _ ues are
76801 FARBISIEREWItR]/ 6N Fh 0. Foley dladensityutfhizekifer éncelidavesn Hudlets,

DSC Tm and the Tcrystaf is 41.8C, -56 006/102150. . .
Inc. GHEAISEOBEIOANSE RS AL NE A or 5 I o Bl B
thennam%%@ohg_@ &% é{fi&dg{%ﬂﬁiﬁh@r{b v6re haae eblusiarisdiR8doolddgbathigically
corresponding F curv ows the .tallest 82.4C with
(0 125, Ca AT DY RPNy B RERE THRICE 8 PRI foh fresh 1B
is intrc%_@&@dt@f@hb‘é)gﬂ!ﬁﬂ %ﬂﬁ?ﬁ%ﬁéhﬁe&%ﬁﬁp&mmbﬁmwmd DI 6TMGner tinénute.
erystaf is 7.4C, The DSC curve for Comparativ X

[1%lows Wgé@%{ﬂ p@l‘%ﬁ%ﬁ#%%&%?ﬁ%? r%eqa%@% Jjg. Tﬁglumn
are coﬁ%ffﬁﬁpﬂd@gﬁeﬂ,ﬁgﬁgdcﬁﬂw&mmiw. tElle pohyendr as Sdnseatsaied in each

. peak area of 34.7 percent as,well lo crystalline .
a8 A ST SO G BB S Lo L Ao femains
The c?béﬁhal@d@mﬁdﬂﬁamwmmdmm inepoghtiesforh eddiffigrexeass methanol,

. between the DSC Tm. and erystaf is 43.5C. E -
Bltering AT B A S e ol ety e ARt thito), The
filtratiDEAJR i7p&Efontirdansasd piiitiopolyerz asistscfidtoingsthbor wsg 5.0 um

computer cantrolled utoclave react ' ' in | stirrer.

Bl A L AT T B e ol
ZSOWleger‘S(((tj)al Tenfivany)] ftiyiemesat dricd e/moght(in 22 kginauey en 266@Re, 2nd

. .a rogen.(where used)are ' 3.8 L reactor equipped with
we1ghg£ié) %If aﬁc%%%r%?p%ﬁﬁ‘&%%én%%éyr%egﬁ%rql?é nal thermocouple. TEe

sWeloSteenigih the reactor is measured by a mass-flow controller. A

iable diaphr I
1§ PSRRI A4S RUTB.COB Bl s oz Iau Uk onded
. [ ?x—issure _5 g]grfélé% o@%ﬁ? tﬁue g%sﬁ':%garg of th% pljﬁrgp%g_’side strean% IS
with 4@kemto diwodtbe, B0shdHowsithormtisatuanes sl afanmseaimteinfbc e #ves
and.the reactor aqgitafor. Sd‘P icra-Mati

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

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

melt strength is recorded in centiNewtons ("¢N”).
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valves or by the manual adjustment of needle valves. The remaining

solvent is combined with 1-octene, ethylene, and hydrogen (where used)
Wa@eehéadatsehe reactor. A mass flow 25 controller is used to d{VBiUS2006/009852

hydrogen to the reactor as needed. The temperature of the

solvent/monomer solution is controlled by use of a heat exchanger before

erégffr’;‘tésfﬁe reactor. This stream enters the bottom of the reactor. The

I lutions., tered usin d mass flow
e o AR R I L ATLS YA RP SPGB A8

hoursjhihe teedrtiom &fﬂbaiﬁﬁé’?@fef’éﬁi@tw{gﬁa’p&dﬂﬂe' WQ@‘—%’JL‘?, 59% fh%'?eirm
«_._ (3.45 30 MPa) with vigorous stirring. Product is removed through exit lines
mlxeﬁ%ﬁ% 6‘?%{5: 128 SOIPmEIFitY phainrg iR gt for- orlrhEin traced

hydroamtidns iaiiteb1e ahdverieatian igesioRagsh ioihe BEJIGR pkacsmribamount

ter into the exit line along with any stabilizers or other- - - - - - 57 WO

f
Chemizsh Eqmptis e RISTDEERE PS8 TRRIEI dEEHRSSE Higadorm to
the stﬂﬁﬂﬁitﬁ‘hrébf@&@iﬂaﬁcﬁi&ﬁ@r@dﬁﬁhe'ﬁhﬁg@ﬁfﬂlt@gfé&’%ﬁﬁﬁi&%ﬂ%!ﬂ_?ﬁﬁ‘ﬁ%ﬁ[ e
assing through a heat exchanger before devolatilization. The polymer
Synth%}aaf@igl% 98%}@8"@ Bt arenaiAtoR At ol seirsrig e tRaRR Ry were
carriewaie icadischiedgsiz embBsprassusietails gag f&%h@rfqlgsesmg%a{f\}/@gérﬁs@able
lected polymer properties are provided in 5 Table 3. -
were éﬁ%@@?@?éﬁ%ﬁéﬂr‘%gﬁz%ﬁe Y% 52 CONIlo" mN t~-+N~-4 6 N
I N~6 -~/ "1-N~7'0'0 N W O1-N- -~ NNNtiti -ice -Uti b _
RO . MNED e i Regh Aot PP R egodified
methyafime:@ne eitlgbleTcehibrdialy trofd M A INNIO Cbripodiibu707b | V VI
~Q~0 ~O ~D ~0O.~Q +D I=hd; 00 |~ I~ N .~. ~7 RCN NW ul gOmNT VI
B RARIRAR S B8 B M G BN R RO T n €1 G ol i vl Nr
t A) NArephtarion lof K inethyl €hyd ¥ pAmlrelxmO ¥ Ii@OMVIOSIE b My o1 h e
[2&)]0 O Q.f,Qﬁig-%lngSglgﬁélgelﬁyde (3.00 g) is added to 10 mL of isopropylamine.

The solution rapidly turns bright yellow. After stirring at ambient temperature for 3 hours,

volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent
yield).
b) Preparation of 1.2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-
methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
[201] A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg,
2.2 mmol) in 5 mL toluene is slowly added to a solution of Zr(CH,Ph), (500 mg, 1.1 mmol)

in 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-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)imine
[202] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90
mlL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is

stirred for three hours and then cooled to -25°C for 12 hrs. The resulting yellow solid
precipitate is collected by filtration and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of a yellow solid. 'H NMR is consistent

~with the desired product as a' mixture of isomers.™
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6N W 0 ~~ ~~~ Mco o. CT ro.n AUo 00 1 node o0o: s7*N a) Q" 3
0~mo00~0 ~NN~~rnt~m zr N 0t O'* OO OO N--~--N C. W W x | 00000~ X
ooooddddda ,~ .~'~~pw C qgaO O7Vo7 mp~; 'Y'omN mN C UW

00G) IRBpalmiDg of bis-(1~2-@ekhyl6y 8 shexW) By QR BBVES 3dl(=008BFhahyl)
. .bh~JulOOP~-0Q,M0..0-0000VAD~ 1T UWX00000000
mé‘ﬁgﬁe’ilﬁlé—‘gl’eﬁ’étl?-%‘-@’-}\|UpAyOMONONNYV UYpPVO-000MV
[203]- U 48 sBIovp@bO (1 LQ-MkByickelGhbk NV Q-vkbyE3 3-@¥ VI - ~O i.

V., U
butyl)pLenyl)lmme ( %i?g?ZSS 2 mmol) in 200 mL toluene is slowly added to a solution of

Zr(CHzPh)s (5.28 g, 11.6 mmol) in 600 mL toluene. The resulting dark yellow solution is
stirred for 1 hour at 25°C. The solution is diluted further with 680 mL toluene to give a
solution having a concentration of 0.00783 M.

[1] Cocatalyst 1 A mixture of methyldi(Ci4.15 alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCI and
Li[B(C¢Fs)4], substantially as disclosed in USP 5,919,9883, Ex. 2.

[205] Cocatalyst 2 Mixed Ci4.15 alkyldimethylammonium salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
6,395,671, Ex. 16.

[206] Shuttling Agents The shuttling agents employed include diethylzinc (DEZ,
SA1), di(i-butyl)zinc (SA2), di(n-hexyl)zinc (SA3), triethylaluminum (TEA, SA4),
trioctylaluminum (SAS), triethylgallium (SA6), i-butylaluminum bis(dimethyl(t-
butyDsiloxane) (SA7), i-butylaluminum bis(di(trimethylsilyl)amide) (SAS), n-octylaluminum
di(pyridine-2-methoxide) (SA9), bis(n-octadecyl)i-butylaluminum (SA10), i-butylaluminum
bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-t-butylphenoxide) (SA12), n-
octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide) (SA15),
cthylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA16), n-octylaluminum
bis(2,3,6,7-dibenzo-1-azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-
butyl)siloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide)
(SA20).

Examples 1-4, Comparative Examples A*-C*

General High Throughput Parallel Polymerization Conditions
[207] 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

7Ethylene copolymenzatmns are condﬁcted at 130°C and 200 psi ( 1 4 MPa) W1th ethylene on
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M co N O\ M o to FH~hd tNNN r~rhhooco<rco'ONNv O U O 01 cO c0 d' O\

O-000 NOOMOO HuMh VA
demandiemg -GN G LGRS L BRsehon 1R R0 RS DR S
when Wg 15}51‘&@14’:? A%@eﬁdoﬁ)blﬁﬂ‘dri‘idﬂoﬁé Atd\conbiudtddl iy O pdralldp@sstire

IUGO7d MONNMMM
reactonPRRY SpIGLPL A8 g AL IR RECI T A BB E S a2
pre- Wegé 'glé\l,secﬂb\é NI%NVB&Q&QMQ&&& @e0cfo0 21019 600 QD OFAch @€l is

0000 OOMOONM---~hNN--i\0l0,-. 0~0OV tIN
temperpus @wdwesgumcwmlﬁéml FRER P D P LA P AR s

The m&AO '%%Ea%&@ 9 R REHIUER B ARANEPOIO ¥h DD ENE] by
OOMONOO O'OOOVltoOO"oOOOOON M N 00 W 4 0~q
automgtipyvghvesolNaNidoreagenicaRe Yobpieally #ided ip € FP%‘OH 03%% VRESS and

the resBoir soRent 2 nflxedtiakiQes~1he Orheh Glalditidn (3 Biked QlRanBs' @dveint (3 ml),
ethyleqoy:ﬁ lql\gpypq?ﬁ(\}%laﬂpgﬁ%r%lerﬂ) Nccla\clzgteﬁ)ysl\‘lc '1V|otr| concz-x:cal}lysct) 1%1-“". 1rr|1;xtQJre ;Emtthng
agent, and catalyst or catalyst mixture. When a mixture of cocatalyst 1 and MMAO or a
mixture of two catalysts is used, the reagents are premixed in a small vial immediately prior
to addition to the reactor. When a reagent is omitted in an experiment, the above order of
addition is otherwise maintained. Polymerizations are conducted for approximately 1-2
minutes, until predetermined ethylene consumptions are reached. After quenching with CO,
the reactors are cooled and the glass tubes are unloaded. The tubes are transferred to a
centrifuge/vacuum drying unit, and dried for 12 hours at 60 °C. The tubes containing dried
polymer are weighed and the difference between this weight and the 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 (*).

[208] Examples 1-4 demonstrate the synthesis of linear block copolymers by the
present invention as evidenced by the formation of a very narrow MWD, essentially
monomodal copolymer when DEZ is present and a bimodal, broad molecular weight
distribution product (a mixture of separately produced polymers) in the absence of DEZ. Due
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.
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YPri~O~-i.OrOLNON'6Ot7M OINENNtpNNOOaofOoO
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W@R0M/OR D h 00 00 00 h W00 00 ~h h00~M ----N 00 QCtCTYL2®E 09852
00DDCOOO000000C~000000.01C~Av0O0OOOOOOOOOOOQO
0000 A ONOO WO 2006/1021N) PCT/US2111)6/111)9852 [218]

The resm&\’lmll‘ymers are tested by DSC and ATREF as with previous
exaanphes. Cae@il)s Goeatis fiawe: §RliBjnghe DSC curve for the polymer of
Ex. examelle 5(atolys dpeelk vithel)l @GiCumaltiftelddint ¥im) wikivaVieahetyls'

A* 1,89 of 60.0 J/g. PECorfdponding CRYSTARI3rve3s0shidwasihe tallest
B: peak at 47%C with%!pRak BPea of 59.5 percerfl:[Fk dékaSBetwddn the2.5

C* D&ES Tm Old the PelRtafi$72.0C. [220] TheO38%8 cufveZor tha%olyniet

é of0 mple'6 shows g peak with a 30 matd 4po' ”ﬁm)w& a h%ﬁz?t4

3 Offfggion of 60.4 Jig. The corresp Y cu 7§ho '.%zthe 46

4 taflegt pea at 44.26 whth a peak aFpa RiFR. 7 Q'Tg%nt.3 g del %%etv\r/]edeﬁn ‘
or the

tm@%@g%@&ie@mmeﬁggy&%b@z&r $nsl221] The DST curvé
1

palyings Wﬁﬁ&é}gﬁﬁ&%ﬁﬁ&{“h a121.3 C melting point with a
heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows the

tallest peak at 49.2C with a peak area of 29.4 percent. The delta betyveen
209 DsFyrthessharstydpirgdats for the pelymasiof felisCarudeteforitied by

refereRQUNE Bl A SXBMNRR SREYAABERISEY iﬁﬁ@&iﬁﬁ@eﬁﬂtm&%tf(ﬁmmg:
with a heat of fusion of 67.9 J/g."The corresponding CRYSTAF curve

[250bws tHdedRe&t pear Eargbeolyuigr afirrampled iawsa péscéi. Melting point
(Tm) daka DeAvEER G B3RS STm%nq"ﬂ%ecgﬁggggﬁdﬁl4%ﬁ%8[ﬁg§]c-rhe S(v:vs the
f I ow 5( 4.%

curve for the polymer of exartiple 9 s apeak withal
tallest peakirg FoiT ith withad heeatafT TS paroém3. Fh différerverbespendihg DSC Tm
Y. = G hows the tallest peak at 80.8C with a peak area of 16.0
and thgg\;%riﬁ-{a ?ﬁd\gig?between the DSC Tm and the Tcrystaf is 43.8C. [224]

[2THe DSTlrb&Couthe folwpoliasamplarflsnonsws ASRsWHIRLIG §oC
et i R AR T R e
showsSReAglbraqnrukidelfeia betegsalberEdSE 5T pekite TREVER ihééd betveen the
DSC Tm and the Tcrystaf is 63.5°C.

[212] 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 Tcrystaf is 54.6°C.

[213] 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 Terystaf is 74.5°C.

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

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

- 56 -



10

15

20

25

30

[225] 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
waeoentsgperiding CRYSTAF curve shows the tallest peak at 39PST AA9E6/009852
peak area of 25.2 percent. The delta between the DSC 30 Tm and the
Tcrystaf is 74.1 C. -61 WO 21)1)61102150 PCTIUS211116/11119852
[2Ed6] ThalsSES e edpticopugiridyo eamplpiB “ shens\ed g skmating point
(Tm) m% fe NS RGBRICE 434y Wgh "Ph@%%h%g&ﬁmﬂé)&ﬁ%{g”f]ﬁ&? Jli%e shows the

corresponding CRYSTAF curve shows no peak equal to or above 30 C.

tallesf(lfcﬁkawzd"@mptwepaakfamh@f 6&1&9@1@1&3 Bvibrefdhessetaduedoms) chngistent
T t ] ,
with acﬂerévﬁé?gr the f yrrhlaeern% Exam pfﬁ?ﬁlf ﬁ%@?ﬁ%ﬁﬁ‘ wﬂf?dzﬁl aﬁﬁéﬁh %%Séaf '

47.4°@oint (Tm) with a heat of fusion of 49.4 J/g. The corresponding CRYSTAF

HHE et BORIRe 8 BELOTHER S HORGT S B3 (oA oo
(Tm) eitbheheatynrstdiexadple 14 sMawsoarpgndvilh GRI2OIBAG soeliéntiodd the
point (Tgﬁ with a heat of fusion of 127.9 J/g. The cmiondlng

tallesipeakcit R 8. With 3/pealh 8o AL 3 eRRr Sy 5] Chyalipe peak at

52.4 92 T REepMatiEBIERHY eRD HRsKE REohRisaif withl e ié?é@éﬂ@e”& Q&igh
5229] The DSC curve for the polymer of example 15 shows a ﬁak with a

crystajline 3ud adaw sgypaltinemalymes alhe sidererss hestvssmtpPFhd m and the
TerysBRTTE3R2REING CRYSTAF curve 15 shows the tallest peak at 32.3 C with a
peak area of 9.8 percent. The delta between the DSC Tm and the
T &yamples 8518CCopamrathee IXE. Ceutirueuh Selationdtolymeraabie
A1/BShopsA peak with a 116.6 C melting point (Tm) Wlth a heat of fu3|on of
g. The corresponding CRYSTAF curve shows the tallest peak at
[248]0 C whthrdinrens seliioneolypeiizationy pee seiicdaiden aeapiter coptrolled
autoclh Mmaﬁfﬁﬁéafdﬁtﬁgrpﬁteﬁ%éﬂﬂ_@@r Dﬁ%ﬁé’&%ﬁﬁ%‘@ﬂ%&%ﬁb’mﬁkﬁi (Isopar™

example 17 shows 1geak with a 116.0 C melting point (Tm) with a heat

E avagableisane Faxolylgbit kemicakfomnanys Rthutengat 4@ [oybovs the2 ke/hour),

dallesi PR Bk leWitheayralnaisintos -8 Pereaitiorl R hatwg
1OCtt he D£C§"i¥rr§é and({ivhe Téﬁfyst)s;‘%s %ﬁgc 25 [232] The Ssg&él&!ﬁ;/e for the?‘ﬂzket

for tepprrsiEreoteEthind 48 iafanal thpeaecantica Th sobyemdntddpintqasioy is

measWdd ByERR-sioELatrdde 8 A/arldiRecqites Rening & By Adneslfhe solvent
shows the tallest peak at 70.0 C with_ a R%ak area of 94.0 percent. The

flow ratqranddtirenane the seackas aptithselirehpaesrot the Rrep Akt pizepa s taken to

provi@s SO ARG R YIRS QI P ARPIRD dlaSP W InjeRBak N3 anlidHed&acd® agitator.

melting point (Tm) Wlth a heat of fusion of 174.8 J/g. The corresponding
hesedtoyss prepamegayged by Micro-Motion mass flow meters and controlled by control

~ valves or by the manual adjustment of needle valves. The remaining solvent is combined

with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass flow
controller is used to deliver hydrogen to the reactor as needed. The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the
reactor. This stream enters the bottom of the reactor. The catalyst component solutions are
metered using pumps and mass flow meters and are combined with the catalyst flush solvent
and introduced into the bottom of the reactor. The reactor is run liquid-full at 500 psig (3.45
MPa) with vigorous stirring. Product is removed through exit lines at the top of the reactor.

All exit lines from the reactor are steam traced and insulated. Polymerization is stopped by

- the addition of a small amount of water into the exit line along with any stabilizers or other- - - --
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-62 WO 21)1)61102150 PCTIUS2 0 0 6 /11119 8 5 2 shows the tallest
peak at 79.9 C with a peak area of 87.9 percent. The delta between the
wOHG/Ter1and the Terystaf is 45.0 C. [234] The DSC curve forRO&/pegnoa098s2
of Comparative Example D* shows a peak with a 37.3C melting point
(Tm) with a_heat of fusion of 31.6 Jg. The corresponding 5 CRYSTAF
B

additivergadpetas i sakvgrtreyena dabeaiss . Betrmdpdsiream isdhgn heated

by pasidnsBiRRbWHE Mt eREhARaEIDIW NSRRI At dalR BERRG pIRGURSE
Tm and the Tcrystaf is 7.3C. [235] The DSC curve for the polymer of
recovereRyaeativsiendiae Bevluiznpesiudatand 1ie otk mel i (Fragess

detail¥yviHH 3cbeRd Qfclusitmidlinorablin . Tha &IEEsP9REPBrobiEE MR AGVEY 9n
shows the tallest peak at 79.3C with a peak area of 94.6 percent. Both of

Table fase values are consistent with a resin that is high in density. The delta
between the DSC Tm and the Tcrystaf is 44.6C. [236] The DSC curve for
the polymer of Comparative Example F* shows a peak with a 124.8 C
melting point (Tm) with a heat of fusion of 90.4 J/g. The corresponding 15
CRYSTAF curve shows the tallest peak at 77.6C with a peak area of 19.5
percent. The separation between the two peaks is consistent with the
presence of both a high crystalline and a low crystalline polymer. The
delta between the DSC Tm and the Tcrystaf is 47.2C. [237] Physical
Property Testing [238] Polymer samples are evaluated for physical
properties such as high 20 temperature resistance properties, as
evidenced by TMA temperature testing, pellet blocking strength, high
temperature recovery, high temperature compression set and storage
modulus ratio, G'(25C)/G'(100C). Several commercially available
polymers are included in the tests: Comparative Example G* is a
substantially linear ethylene/1-octene copolymer (AFFINITY(r), available
from The Dow Chemical Company), Comparative Example H* is an 25
elastomeric, substantially linear ethylene/ 1-octene copolymer
(AFFfNITYOEG8100, available from The Dow Chemical Company),
Comparative Example I* is a substantially linear ethylene/ 1-octene
copolymer (AFFINITY(r)PL1840, available from The Dow Chemical
Company), Comparative Example J* is a hydrogenated
styrene/butadiene/styrene triblock copolymer (KRATONTM G1652,
available from KRATON Polymers), Comparative Example 30 K* is a
thermoplastic vulcanizate (TPV, a polyolefin blend containing dispersed
therein a crosslinked elastomer). Results are presented in Table 4. Table
4 High Temperature Mechanical Properties -63 WO 2006/102150
PCT/US2006/1111985 2
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TMA-Imm Pellet Blocking 300 % Strain Com
Strength G'(25C)/ Recovery (80C) Set (70C)

pression penetration
Ex. (C Ib/ft2 (kPa) G'(1 O0'Q

wW@pessaniipercent) D* 51 - 9 Failed E* 130 - 18 - - F* 70 141PE B)US298616¢p852
100 5104 O (0) 68149 6110-552 7 113 -4 84 43 8 111 4 Failed 41

Table 2 Process details for preparation of exemplary polymers
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Table 3 Properties of exemplary polymers

Thus the exemplified polymers have a unique combination of properties
unavailable even in some commercially available, high performance

warnsopiestic elastomers. 1240] Similarly, Table 4 shows a |RETHS2€EY6/009852

storage modulus ratio, 15 G'(25C)/G'(100C), for the inventive polymers of
6 or less, whereas a physical blend (Comparative Example F*-) has
a-storage-modulus ratio of-9 and a random ethylene/octene- - -64 WO
21)1)61102150 PCTIUS2 006 /11119 8 5 2 copolymer (Comparative
Example G*) of similar density has a storage modulus ratio an order of
magnitude greater (89). It is desirable that the storage modulus ratio of a

polymerbe as Tiose o Las possinje.[Sych ppiymers will be relatively
unaffected|by temperature, and fahrigated|articlesimade from such
alymers dar] be ysefully pmplpyed|over|a proad 5 temperature range.
Ef@sgeature of Ipw storage mogdulug ratiq and|temperature independence
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K fen) \O — [~}
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2191t N NTe IRSghcsrvenor the pylpmer ofigxanple THhaws wpeaknwihed 19.6 °C
oufl 8 L PR T B B e
shows-1® talleshprakod V6 Kivaith a-paak drea-of 6DSNpéneent) Higidelta between the DSC
Tm and the Terystaf is 72.0°C.

[220] The DSC curve for the polymer of example 6 shows a peak with a 115.2 °C
melting point (Tm) with a heat of fusion of 60.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC
Tm and the Terystaf is 71.0°C.

[221] The DSC curve for the polymer of example 7 shows a peak with a 121.3 °C
melting point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 49.2°C with a peak area of 29.4 percent. The delta between the DSC Tm
and the Tcrystaf is 72.1°C.

[222] 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 Tcrystaf is 43.4°C.

[223] The DSC curve for the polymer of example 9 shows a peak with a 124.6 °C
melting point (Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 80.8°C with a peak area of 16.0 percent. The delta between the DSC
Tm and the Tcrystaf is 43.8°C.

[224] The DSC curve for the polymer of example 10 shows a peak with a 115.6 °C
melting point (T'm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC
Tm and the Terystaf is 74.7°C.

[225] The DSC curve for the polymer of example 11 shows a peak with a 113.6 °C
melting point (Tm) with a heat of fusion of 70.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 39.6°C with a peak area of 25.2 percent. The delta between the DSC
Tm and the Terystafis 74.1°C.
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CRUV~-C~-fWMNNOINUM NN DO ~Fb CRdy1iOW"'"0O7O0,
NwoOMIDNVIOVOoOMoowwVb Fwwer NNM rmcnNN..
WORBD6ANRTEO~Yy NN ~ONO+NOMV--~MM O O V- .N'i GBCWB2806009852
OO0~%Xx*0O0.-.-Nen7w'ONO0O*Xxx*k GQWWWwWIONooC .-~
.. mo WO 2006/102150 PCT/US2006/009852 [2431 Table 5 shows
[2283ults s Baawse oo peahobymetiod siamplsiymeievusapsplayidya 113.2 °C

melth%’%ag&‘ﬂ?@‘}HSR@ﬁﬁ%@ﬁ'Xﬁiﬁﬁi‘oﬁt&'ﬁ?@?ﬁ*fgﬁeﬂféeéé%ﬁa%d&iﬁ?&ﬁ?ﬁﬁ@ curve

t the " Inventive polymers have very good abrasion resistance when
showsestpdakicepalitgaoal®ee41Y;. ddinersitf Seningsasvallfimibdoseloflatin is

ereEASPHHS0 VS RIETRRDI IS5 1930 FHOUER TS, A ssperily

ess thanab m er numbers indicaté highe
[220jume |D8s BISCE cunse Gyaht pidywesraliiasiaiple s Biioos. dpdk Wbdia 114.4 °C

. strength,as measured by tensile notc tear strength of the inventive
melti TR)guiRAfeR1 65 mw%%&ﬁ?ﬁga LRGP rabRE LRI AF curve
showsStiRNGRIOpIAIe HYSIBIRE vRRIWPELR GA¥A BE AT Higters 3PN tiwy&the DSC
as high as 5000 mJ. Comparative polymers generally have tear strengths

Tm arﬁb"h‘?g?@b’%%ﬁﬁ%‘lﬁg: [245] Table 5 also shows that the polymers of the
[ZEMent'onIﬂ@\f%QefB?rtﬁ@t&%@r SH&EShhd 29 BRIGSMHRIWith a 120.8 °C melting

(demonstrated by higher retractive stress values) than some of the

point éme%giﬁtieén@émﬁesi.oa@&b’é?r&M@ %ﬁpm@m@n&ﬁaﬂs%‘ﬁ@m shows the
tallest:’ ﬁ\%@(cgtvﬁ%reésx%ﬁ%;e@;k]égapo?@fat %&r@éﬂt O%%Odgl?aab%{\i%%ﬁ’tﬂgﬁ%n@ 'm and

entive polymers 6 retractivé siréss values at 150 percent strain o
the TGPRMRA4LEA°A1) to as high as about 1100 kPa (Ex. 17). Polymers having

igher t ercent, refractive stress value d be quite useful far, . .
288t o R On S PR o AP ) LAl ek & 1143 °C
meltiMOpuravVErnipbigsa Gihest appitaliceingudadrpaspiydieRCRESTAF curve
medical garment waistband applications, such as tabs n((jéﬁastic bands.
showy3hei BB R 2o affsf’a&i%érpegf%- pﬁ’é GipgiysEn the DSC

Tm adS@dmerResisiesgydor the inventive polymers as compared to, for
example, Comparative Example G*. Lower stress relaxation means that

280 polyrhie fas: frcthopabimarassrealad 6 sbaves? argberdthnd 166 °C
melti&*b%ﬁ&f{ﬁiﬁs%twﬁ FEEIGIH0LRA BF £IPSYAPrPREBISR PHRABLH IR TAF curve

showsp géqtglslea;t peak at 48.0 °C with a peak area of 65.0 percent. The delta between the DSC
Tm and the Tcrystaf is 68.6°C.

[231] The DSC curve for the polymer of example 17 shows a peak with a 116.0 °C
melting point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the
DSC Tm and the Terystaf'is 72.9°C.

[232] The DSC curve for the polymer of example 18 shows a peak with a 120.5 °C
melting point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 70.0 °C with a peak area of 94.0 percent. The delta between the
DSC Tm and the Terystafis 50.5 °C.

[233] The DSC curve for the polymer of example 19 shows a peak with a 124.8 °C

melting point (Tm) with a heat of fusion of 174.8 J/g. The corresponding CRYSTAF curve
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body temperatures is desired. -67 WO 2006/102150 PCT/US2006/009852
Optical Testing Table 6 Polymer Optical Properties Ex. Internal Haze
wa@pessanidlarity (percent) 45 Gloss (percent) F* 84 22 49 GPETBBH0E009852
137260 6336953 7285759 8206562 9613849 10157367 11
136967 1287572 1377469 14591562 15117466 16 39 70 65
shows|thotiligaseakaie192 60with 2 pepk sacf &7 Bpsecart: [Phydet betweendhe

DSC PR @ﬂﬂhmec&g;%gqls Qr?)geﬁies reported in Table 6 are based on
olded films’s

compression ilms substantially lacking in orientation. Optical
[284d perticEheISE polyn fos theagolbemeard € ovparatite Fxagede Miestows a peak

... varigtian in crystallite size, resulting from variatign in.the quantity of chain
with &3 e o T T TR B e R B o SR mestiRe
CRY SIopbyings sHewS hb dsak tqustiecias shdhe T0olgmBsinbLirsRplem & dand

.Comparative Example E* are cqonducted, In the experiments, the polymer
consigEph NANAISEHER RIS Pl hed TR BRGABATAS
TerystfisgoRa@a type extractor. The extractor with sample is purged with

nitrogen, and a 500 mL round bottom flask is charged with 350 mL of

[28Rkthy thePhe st the Ralrawtokhonpantiv: Emsaple & ighoauapeak
with AMEPRING SHUEE Poiti®m) with a heat of fusion of 179.3 J/g. The corresponding

CRYSTAF curve shows the tallest peak at 79.3°C with a peak area of 94.6 percent. Both of
these values are consistent with a resin that is high in density. The delta between the DSC
Tm and the Tcrystaf is 44.6°C.

[236] The DSC curve for the polymer of Comparative Example F* shows a peak
with a 124.8 °C melting point (Tm) with a heat of fusion of 90.4 J/g. The corresponding
CRYSTAF curve shows the tallest peak at 77.6°C with a peak area of 19.5 percent. The
separation between the two peaks is consistent with the presence of both a high crystalline
and a low crystalline polymer. The delta between the DSC Tm and the Tcrystaf is 47.2°C.

[237] Physical Property Testing

[238] Polymer samples are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and storage modulus
ratio, G’(25°C)/G’(100°C). Several commercially available polymers are included in the
tests: Comparative Example G* is a substantially linear ethylene/1-octene copolymer
(AFFINITY®, available from The Dow Chemical Company), Comparative Example H* is an
elastomeric, substantially linear ethylene/ 1-octene copolymer (AFFINITY®EG8100,
available from The Dow Chemical Company), Comparative Example I* is a substantially
linear ethylene/1-octene copolymer (AFFINITY®PL 1840, available from The Dow Chemical
Company), Comparative Example J* is a hydrogenated styrene/butadiene/styrene triblock
copolymer (KRATON™ (1652, available from KRATON Polymers), Comparative Example
K* is a thermoplastic vulcanizate (TPV, a polyolefin blend containing dispersed therein a
crosslinked elastomer). Results are presented in Table 4.

Table 4 High Temperature Mechanical Properties
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[240]

DEZ [251] Continuous solution polymeriza
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ions are carried out in a
computer controlled well-mixed reactor. Purified mixed alkanes solvent

ﬂ%ﬁ he two

mass-flow

temperature of 100°C or greater. Further, examples 10-19 all have a 1 mm penetration
temperature of greater than 8§5°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 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 temperature (80°C) 300 percent strain recovery.

Thus the exemplified polymers have a unique combination of properties unavailable even in
some commercially available, high performance thermoplastic elastomers.

Similarly, Table 4 shows a low (good) storage modulus ratio,
G’(25°C)/G’*(100°C), for the inventive polymers of 6 or less, whereas a physical blend

(Comparative Example F*) has a storage modulus ratio of*9 and a random ethylene/octene -




10

15

temperature of the feed stream is controlled by use of a glycol cooled heat

exchanger before entering the reactor. The catalyst component solutions
Wa@esogeietsd using pumps and mass flow meters. The reactoP@I(usR006/009852

liquid-full at approximately 550 psig pressure. Upon exiting the reactor,

water and additive are in'ectgd in the polymer solution. The water )
COPOIWSXF(S@?@@%F?@V&E&I%@{%M) @ SirpidaE S REtY SmieTiorREs Mdts o an
order dNRARSHIEASIASPIYYPNIISIREIr A58 1GE: TP ePRLRIAB JRRA ¥Ry 88Folymer be

devolatization. The solvent and unreacted monomers -69 WO

as closg)igs) s PSHPE THRsB PRlEIGHORHD be el rtiNnsdy daafhstryl ietemperature, and
fabricSRUAAIFAIIBN M TSRSl (él%ﬁ@?? AN iSPRIPERA IR FIBVEN a broad

underwater pellet cutting. Process details and results are contained

tempefgtyrayangs. 3biedratiFoRiay Svssermastabes poiard rmpsmByeadependence
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possess FAPIAEGRPYRG Hlasng Rirepsty dn Rty gtolixpeply N kgspelleiblpeking
strengfi'of@ Fiita,hEhANQ iPisFréé Moblit: @ridePtle EdAAFRWs tested, compared to

Comparatives F and G which show considerable blocking. Blocking strength is important
since bulk shipment of polymers having large blocking strengths can result in product
clumping or sticking together upon storage or shipping, resulting in poor handling properties.
[242] High temperature (70°C) compression set for the inventive polymers is
generally good, meaning generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 100 percent (the maximum possible value, indicating no
recovery). Good high temperature compression set (low numerical values) is especially

needed for applications such as gaskets, window profiles, o-rings, and the like.
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Table 5 Ambient Temperature Mechanical Properties
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as for various comparison polymers at ambient temperatures, It may be seen that the
inventive polymers have very good abrasion resistance when tested according to ISO 4649,
generally showing a volume loss of less than about 90 mm?, preferably less than about 80
mm’, and especially less than about 50 mm®, In this test, higher numbers indicate higher
volume loss and consequently lower abrasion resistance.

[244] Tear strength as measured by tensile notched tear strength of the inventive
polymers is generally 1000 mJ or higher, as shown in Table 5. Tear strength for the inventive
polymers can be as high as 3000 mJ, or even as high as 5000 mJ. Comparative polymers
generally have tear strengths no higher than 750 ml.

[245] Table 5 also shows that the polymers of the invention have better retractive
stress at 150 percent strain (demonstrated by higher retractive stress values) than some of the
comparative samples. Comparative Examples F*, G* and H* have retractive stress value at
150 percent strain of 400 kPa or less, while the inventive polymers have retractive stress
values at 150 percent strain of 500 kPa (Ex. 11) to as high as about 1100 XPa (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.

{246] 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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3 N WO 2006/102150 PCT/US2006/009852 Examples 20-22 -
~ Ethylene/a-olefin Interpolymers [253] Continuous solution polymerizations
Wog@eatietl out in a computer controlled well-mixed reactoPCPR{pRe$/609852
mixed alkanes solvent (ISOPARTM E available from ExxonMobil
Chemical Company), ethylene, 1 -octene, and hydrogen (where used)

We@ﬁﬁﬁfﬂlﬂl(%d and fed to a 102 L reactor. The feeds to the reactor

were measured by mass-flow controllers. The temperature of the feed
stréabiefRobergrShiephfrRReBies glycol cooled heat exchanger before

eriering thehergior (Jde aflaiaiypReng Nt SOIUUeNg e Rraaigred
USiNg puswps and mass flow areters. The reactorjwas run liquid-full at
aproximately 550 psig pressdre. Upon exiting theégeactor, water and
pflditive| Were injected in the p@lymer solution. 10:Bie water hydrolyzed

tHe catalysts, and terminated $8e polymerization fe8ctions. The post

rdactor s&fution was then hepdd in preparation foP8 two-stage
18volatilizdtion. The solvent | £Ad unreacted mondffers were removed

Heirino f'\g}‘do\lrﬂofi“voﬁnn DL ’\&&cc Thae. nalvmar ré'glf was. numned to a
Cr LiL lv LY |T MU VUTUALTTTLCALTOTT Pl -4 == T T\ Pulylll\.ll T LSe TC VULA ~ r.lulllrl\/u A4
N forv.isindonaator nallat. crbthid =S DA~ oo aotalle SR raciilic.avrao
Jlﬁ TUT I Ol VvatCI pCIICt butmlég. rrTtuuclttsSso dctullo Vo ICQUItQ Aar?T
. L I D IR, WOT, W e e L OO0 | e N DN | L Lo fiim limb [l
CQRtameG T Tavte 815 Exgmptes-23-26—=FEthytgng/a-otefimtnterpotyiners

2R4T CORtiNUOUS Sotution pgiyierizations Were cgggied out i a computer
controlleédavell-mixed reactol egjuipped With an infggnal Stirrer. Purifie
miged alkanes solvent (ISOPARTM E available frasn ExxonMobll

CHemicaB€ompany), ethylengfl1-octene, and hydé6gen (where used
wEte supflied to a 5.0 | reagtét equipped with a for 20 temperature
cdftrol a8 an internal thermd@ouple_The solvent $8d to the reactor whas

n&}gljem,canablg,s;é%dmaphLagm_pump

3
'\gﬂ"-rn“r :5 tha..caolsant-flower AanAd nracauirn +n '1§6V'Q’Jf‘j'f\lf At th
yﬁ*uunu j.llb ISOTVETTCTHOYY-T¢t P tosurc o 1}5 reactot—/At-th

+
P

in (]

L] Ia £ .+l H +. AL tal Bt e aansial flaolaflavasd f
L"BL'IIGIE io}l U PulTiy, a St .73|.|C‘(.1||| V-VQD (ARTTI ngJIUVIUC IIUIDII TOWS 10r
hecatatyst-and tocatatyst-1 njectiontmes-and-the Teactor agitator:
These flows were measured by Micro-Motion mass flow meters and

Réilrolled By SBfeRRropTEt Rl R this O AleRptrd s rrBpsatigngnolded
filmyalgsnbiaky Bitiaiy g GhivatibwasSpaeihpiopetivi b iiiRaie N @ihee varied

an%l hydro{ge& % here %sedgland fﬁfi tto the re%ﬁtor. mass 1'I{ovv. C%Ptrolleg.
OV RS SR To TN er Ty drBgan T the Teartor 2s Heedad. PHEHRMB IS iRty
of clfinthbusihinve agimicmapheed duthepelmmaontiolied by using a heat

exghangear hefereSRigiing %Jﬁﬂfe@r' This stream entered the bottom of

thereactor. The catalyst component solutions 30 were metered using

BdRlps anertmssion stidiseadidenelviess ebenpmiiasyith 1 Carmpetiigdixample

£* Solaihard. N atusqe-itenBaRoSOmef e SRACIE A T8 HQlMasiflia
liquid-full at-406-- - - - psig gf;‘?HMPa) with vigorous stirring. Product was _ .
extrgghy FGHERT iR e SHTRReAE STRY SRS o JdR 5ster with sample is

pm@&ﬂ@ﬁ%ﬁﬁ@@ﬁﬁ% OhenLerehod béﬂcﬁxlﬂimeﬁ trempdhevidarsomyese diethyl
ethe%.t Al H%ﬁ%g tﬁé}? fAted ll%tgade' elgc%*lg,/cqg)?.r Iﬁg%ﬂ}ar is heated while being stirred. Time

is noted when the ether begins to condense into the thimble, and the extraction is allowed to

proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is
allowed to cool. Any ether remaining in the extractor is returned to the flask. The ether in
the flask is evaporated under vacuum at ambient temperature, and the resulting solids are
purged dry with nifrogen. Any residue is transferred to a weighed bottle using successive

washes of hexane. The combined hexane washes are then ew}a:porated With another nitro gen
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was 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
Whrgehoaistatic mixer. The product stream was then heate @GP/ troLevo852

heat exchangers, and passed through two devolatizers in 5 series before

it was water cooled. Process details and results are contained in Table 8.
purgl SIS LLEATRIES &&&%@L%&%&a%@ﬁghq &_WéT%EM&H&%E&%@ Bl

distributions were determined by crystallization analySis fractionation
extryetiR yamrge 5 B CIRYSSTRAF 200 unit commercially available from

[y merChagc ol engitronR@bbibhe AN PAasWErRHISSOME b i dxdad hQhen

trichlorobenzene at 160C (0.66 mg/mL) for 1 hour and stabilized at 95C
compesefbin i rKkacine TamtshrreisAperddnendranyil e gt ayrianed of
reflugooling MateifeKefme iAfvstifoaced celeaisinhyasouse dhienbleabeaeibas then
" oAymﬂhs%ut'on nce ;fratioris. The cumulative solub{g conceptratiggnsfem d
SOPRAS a8 ared B e Poly et crystalfZédr ifie e temperatire Was
backdedtedbal, The amaldicatoenvdivevitvetbomukivepnofilet milsetdd the

hai , tribut n

A R o e fhea o e
succhseiviel beraneatrsy Shaltesusiaiatbe Mesksis 9 200Esd by g RiERSPRPUILS, and the
residd@BRESBPAIRY Jhenthap{RE. peak finding routine identified a peak

temperature as a maximum in the dW/dT curve and the area between the
ﬁ%i-?gﬁst poSTROWEETIRBIO FPRRRine i Seuribe RiEnthfcdpactions the
transferiva ivencipbini Bl <l eulaliglibe HoRY Sld v aiveiribe opseigtied 40°C. Results
are &)ﬁgﬁfﬁi?gﬂ%{g@eters were with a temperature limit of 70C and with
SmMoo ?ung parameters above the temperature limit of 0.1, and below the
tenfpblature limit of 0.3. The CRYSTAF peak temperature and the peak
area offeach exa@PIa s diSted @] 1ani§ RRROWnkRE DBE, Standaiidue
Method far Polyners| Bifferentiah8eanningubrlarinienly 25vesults)wipigole
Sagefermiried usitmy a TAeneds| t8ee:NSE equi anith aerRES |qeoting
g?messohﬂ% &G hutosepler, R Aitrogeh2ptirge e flow d8 50 mlirﬁﬁw
N 16y

s pressed-intp a thin film and melted |

AL

i Hhen-aif—coole *pﬂgoojrﬁgsnner;*f?g (25Ck-—Fhe
1.39 33 10012 1110 "o 117 109

—Samp et&r%;ﬁgdﬂ" & IetT-Ctt oot Gfameter-aiSK-atcuratety
weighedf, pface ina light aluminum pan (-50 mg), and then 30 crimped
shut. The thermal behavior of the sample was-investigated with.the

AdciQURNBGrymer ARG @él’i@?&-@f&nﬁﬂﬁoﬁé‘@kﬁlﬂiﬁ‘fé‘ﬁiﬁ%ﬁﬁéﬁﬂ@aﬁ $A%/B2

and held isothermal Tor s -/4 WO 2006/1021 06/009
+ DBdnutes in order to remove any previous thermal history. The sample was

[ﬁ‘ﬁ] COO'%!\)@H{&Q%@H@SH ﬁﬂﬂrﬁﬁ@ﬂﬁﬂﬂo@tﬁg@oﬂcﬂﬁﬁiﬁ)@g}rﬂ@@ﬁ%‘&r controlled

minutes. e Sa e was then heated to at ut eatin i
well e HEREE iR QUEsH A ﬁﬁ?&% SRRre @@é’&%@? %’1‘8 ﬁi‘éﬁ%ﬂg"bﬂ
Cheprdait Compamd, edoliage phaki¢hy, watd piteyemi(welbre used) are combined and fed to

a 27 gallon reactor. The feeds to the reactor are measured by mass-flow controllers. The

temperature of the feed stream is controlied 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 Hquid-full at approximately 550 psig pressure. Upon exiting
the reactor, water and additive are injected in the polymer solution. The water hydrolyzes the
catalysts, and terminates the polymerization reactions. The post reactor solution is then

' heated in prepai’éﬁoﬁ fora tW()_—stage devolatization. The solvent and unreacted monomers
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5 [258] Where a minor melting or cooling peak was observed, the peak

was noted as Tm2 or T2. The heat of fusion, T. and T. of each example
waremstetisn Table 9 below. [259] GPC Method. The gel permeaisneos/ 009852

chromatographic system consisted of either a Polymer Laboratories

Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The

I ompart W .

i e A e S S A S

undesphiehpsligbeutina-trichlorobenzene. The samples were prepared at a
[88Rcentration. of fdhiay amsaliRobNeHUNRA MHUers.of SOMEN polymer
containing 200 ppm of butylated hydroxytoluene (BHT). Samples were

Pmpﬁ?é‘??aﬁ’@&W’ﬁﬁﬁé’ﬁﬂ@Wﬁﬁﬂé‘?&r 2 hours at 160C. The injection volume
used was 100 microliters and the flow rate was 1.0 ml/minute. 15 [260]
Calibration of the GPC column set was performed with 21 narrow
molecular weight distribution polystyrene standards with molecular
weights ranging from 580 to 8,400,000, daltons arranged in 6 "cocktail"
mixtures with at least a decade of separation between individual
molecular weights. The standards were purchased from Polymer
Laboratories (Shropshire, UK). The polystyrene standards were prepared
at 0.025 grams in 20 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 were
dissolved at 80C with gentle agitation for 30 minutes. The narrow
standards mixtures were run first and in order of decreasing highest
molecular weight component to minimize degradation. The polystyrene
standard peak molecular weights were converted to 25 polyethylene
molecular weights using the following equation (as described in Williams
and Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)): Mpolyethylene =
0.43 I(Mpoiystyrene) Polyetheylene equivalent molecular weight
calculations are performed using Viscotek TriSEC software Version 3.0.
In Table 9, the weight average molecular weight MW, the number
average molecular weight Mn, and their ratio M,/Mn are reported. -75 WO
2006/102150 PCT/US2006/009852 [261] Density . Samples for density
measurement were prepared according to ASTM D 1928. Density
measurements were made within one hour of sample pressing using
ASTM D792, Method B, which is incorporated herein by reference. The
density of each example is listed in Table 9 below. 5 [2621 Melt Index.
Melt index, 12, was measured in accordance with ASTM D 1238,
Condition 190C/2.16 kg. Melt index, ho, is also measured in accordance
with ASTM D 1238, Condition 190C/10 kg. The 12, 110 and 110/12 ratio
of each example are listed in Table 9 below. -76
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ExxonMpbilChatdcal Compsty oty dne, 1pctens and g whérdi®d) weaiso
comBPRALLPBPY 4G WLO&QQJ?. Gy Qe b 1PRRILORBXE WAEWER by mass-flow

controllers. The temperature of the feed stream was controlled by use of a glycol cooled heat

exchanger before entering the reactor. The catalyst component solutions were metered using

~ pumps and mass flow meters, The reactor was run liquid-full at approximately 550 psig

pressure. Upon exiting the reactor, water and additive were injected in the polymer solution.
The water hydrolyzed the catalysts, and terminated the polymerization reactions. The post
reactor solution was then heated in preparation for a two-stage devolatilization. The solvent
and unreacted monomers were removed during the devolatilization process. The polymer
melt was pumped to a die for underwater pellet cutting. Process details and results are

contained in Table 8.

Examples 23-26 - Ethylene/o-olefin Interpolymers

[254] Continuous solution polymerizations were carried out in a computer
controlied well-mixed reactor equipped with an infernal stirrer. Purified mixed alkanes
solvent (ISOPAR™ [ available from ExxonMobil Chemical Company), ethylene, 1~octene,.
and hydrogen (where used) were supplied to a 5.0 L reactor equipped with a jacket for
temperature control and an internal thermocouple. The solvent fed to the reactor was
measured by a mass-flow controller. A variable speed diaphragm pump controlled the
solvent flow rate and pressure to the reactor. At the discharge of the pump, a side stream was
taken to provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor
agitator. These flows were measured by Micro-Motion mass flow meters and controlled by
céntrol valves or by the manual adjustment of needle valves. The remaining solvent was
combined with 1-octene, ethylene, and hydrogen (where used) and fed to the reactor. A mass
flow controller was used to deliver hydrogen to the reactor as needed. The temperature of
the solvent/monomer solution was conirolled by using a heat exchanger before entering the
reactor. This stream entered the bottom of the reactor. The catalyst component solutions

were metered using pumps and mass flow meters and were combined with the catalyst flush

solvent and introduced into the bottom-of the reactor. - The reactor was run liquid-full at 406~

psig (2.8 MPa) with vigorous stirring. Product was removed through exit lines at the top of
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Wiy 30964081 7 >-9Q ZZ R$ F vt O WO 2006/102150 PCT/US2006/689852
PCT/US2006/009852 [263] Tensile Mechanical Properties. Stress-strain
behavior in uniaxial tension was measured using ASTM D 1708

the xSHIGE2TENRIIS PRECINERS S MPISS WAL S SHEChed Wi ANIRE 981345 A% on

% miri 1 at 21 C. The tensile strength and elongation at break of each

was ERRRsAIBY e RIAIHIR Aol armavel ah Wt R dbs A Snf ] e Wihetth

stabifigétieot Bheleuaiivibdidifaesmatid achanicakApal ysiand MAd: TT8e product

penetration temperature was conducted on 30 mm diameter x 3,3 mm ]
S“eaﬁ%i%ﬁtsé%‘?ﬁ%r"&%‘%w Fﬁ{ﬁa@a 1&%&?&%&%&9&@6@@%&%&@@3 ARSRIfEers

serieptedste & forsSyamrutiasedn dittvensaidegpibneidadsuiidenn stintaiesd mskblvds
a Perkin-Elmer TMA 7. In the test, a probe with 1.5 mm radius tip (P/N

Testius v xare)ies-2pplied to the surface of the sample disc with 1N force.

The temperature was raised at 10 5C/minute from 25C. The probe
evletraticieBkEd LR LSEAR Methady Reanching deviibntions e determined by
crysiQRBRNGLH0RUeHMNSHAH0E @RS %@m&ﬁgr@mdylhmxly 'mlg) the &ﬁﬁi&él fsially
T m enetration temperature of each example is listed in, T 10
evai B R TS R B PR AT BB o

a0 cL Ve T T A TN A e P e
n I d -Imm. .| ensilie I
The bk 0BNAC e LRI S0 MO IS S0 o)

infratgbdeRdiorSmsapetige maages trapolmer saiagtiongndenipations D umative

solugi%o%%é&%&% %@E@eﬁ&%@ WA Remibel @Ak B 8a00amR Gras

decreased. The analytical derivative of the cumulative profile reflected the short chain

branching distribution of the polymer.

[256] The CRYSTAF peak temperatﬁre and area were identified by the peak
analysis module included in the CRYSTAF SoM@ (Version 2001.b, PolymerChar,
Valencia, Spain). The CRYSTAY peak finding routine identified a peak femperature as a
maximum in the dW/dT curve and the area between the largest positive inflections on either
side of the identified peak in the derivative curve. To calculate the CRYSTAF curve, the

preferred processing parameters were with a temperature limit of 70°C and with smoothing

. parameters above the temperature limit of 0.1, and below the temperature limit 0£ 0.3. The

CRYSTAF peak temperature and the peak area of each example are listed in Table 9 below:

[257] DSC Standard Method for Polymers. Differential Scanning Calorimetry
results were determined using a TAT model Q1000 DSC equipped with an RCS cooling

accessory and an autosampler. A nitrogen purge gas flow of 50 mi/min was used. The
sample was pressed into a thin film and melted in the press at about 175°C and then air-
cooled to room temperature (25°C). The sample (~3-10 mg) was then cut into a 6 mm

diameter disk, accurately weighed, placed in a light aluminum pan (~50 mg), and then

crimped shut. The thermal behavior of the saraple was investigated with the following..“ -

temperature profile. The sample was rapidly heated to 180°C and held isothermal for 3

- T4
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[70% LPE & 30% 12450N4]7 62 15 1,097 KRATON(r) 1652 107 32 609

15 VECTOR(r) 4211 85 15 1209 1 ENGAGE(r) 8100 is a polyolefin
Vlastoriii Wotained from The Dow Chemical Co., Midland, NHCT2US2006/609852

ENGAGE(r) 8200 is a polyolefin elastomer obtained from The Dow

Chemical Co., Midland, Mt. 3 LPE is a homogeneously branched

mm%é&itﬂ%?% w&%% Migﬁet@&ﬂ%% . %&@éﬁ%@l 'WLQSl‘d’lé'l g)o%ﬁed to

0s. 5,272,236, 528,272, 5,665,800 and 5,783,638. 20 4 12540N is high
-40°@ ehsRYHBipepdiagetivomdarrddab ot Chdiid anauii He Srmyanihesheated

to 158 RALAMO/ A ERAI5 A F:CONR! BMhe AiRiIResh PR Jiraten-Ralaers,
Houston, TX. 6 VECTOR(r) 4211 is a SI5 from Dexco Polymers, Houston,

recorfed. P mRenaLwkd IrbiberPEyanentile tNerais e ifnents in a

Haake mixer bowl. 25 Ethylene/a-olefin Interpolymers Examples 27-31,
[338] and Jke{e6shiExamylibe 27 coginmpeaiweerbssrephiibd peikgras noted as

Tz & ?Cé‘?s’f’h%i HUARGIRINGORE A% §essuberbieia Il FAamR'epf o fRIND

2006/102150 PCT/US2086/009852 Process detaiis for Examples 28, and
[266 inuous, solution polymerizations are carried out in a )
2P ot a1 8 BRSSP ASEARDAS P ATUA SSRaN i  ither
a PofyB@ARFAbEaWdaki @Tran doa®olind LEhemoris Gty Hiydenment.
The édﬁﬁ&%”a%d%@oﬂg’ﬁ‘i' 5 W%ﬁf?&esr%d s PBteedand fed 1g a 39
galion reactor. e feeds to the reactor are measured Y mass-T1iow
Labogaionield ismitren dipuldt edvoimbavéceuseiredhs iolvontivlied by use of a

1,2,9960 £0Rleskhe R Ghanaeh Bl Bre ARIBLING R KRR oF e GRlANNE

component solutions are metered_using pumps and mass flow meters.
polymgpineitiilliditern ey cartapinsaAtaer b redmrgolyprnBHT)-
Sampriinerthespasiry wWaleandhdditveaaupiactes’d the:palyenes selutiehsed
The water hydrolyzes the catalysts, and terminates the polymerization
was i gdﬂﬁﬁ%ht?ﬁ&%gﬁe é%‘&‘iﬁ%‘gﬂftrloﬁ @@Wﬁeated in preparation for a
two-stage devolatization. The solvent and unreacted monomers are

. [Réfloved delimgtior débe Gl Eatnnproeryss PréopaRfhTeimd RETv mpleauiar
weight BidigniioMnsrwaialeneliclaculting Rpcass driais ahinterpeiirogrseof

Examples 27-31, 3la, and 3 |b and results are contained in Table | Oa,
8,408,000, RaN R FrREs Fopdriseckint 1B iSRS ettt deendentrrpsaiion
betwWARid0REI1E245RRET #IHRA0 IR0 9B hIaMs Mdxt vt Rdsdd fdin\PdiyiddvIl N

LabOLIJanI']%S (Shropshire, UK). The polystyrene standards were prepared at 0.025 grams in
50 milliliters of solvent for moiecular 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 were dissolved at 80°C with gentle agitation for 30 minutes. The narrow standards
mixtures were run first and in order of decreasing highest molecular weight component to
minimize degradation. The polystyrene standard peak molecular weights were converted to
polyethylene molecular weights using the following equation (as described in Williams and
Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)): Mpoiyethylens = 0.43 1(Mpolystyrens)-
Polyetheylene equivalent molecuiar weight calculations are performed using Viscoiek
TriSEC software Version 3.0. In Table 9, the weight average molecular weight My, the

number average molecular weight My, and their ratioc My/M, are reported.
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ASTHID YL, Mhsa B; Fhkch Bin¢dYbbiaibi medéied bySefifnce. The density of each

example is listed in Table 9 below.

[262] Melt Index. Melt index, I», was measured in accordance with ASTM D 1238,
Condition 190°C/2.16 kg. Melt index, Ijq, is also measured in accordance with ASTM D

1238, Condition 190°C/10 kg, The I, Ij; and I;4/1; ratio of each example are listed in Table
- 9 below.-
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Example (C) (MPa) (%) 27 83 12 1,305 28 107 16 1,002 29 119 26 1,063
30688 1,646 3110013 1,313 31a959 1,520 31b 884 1,507 31c 51 8
WA A201B18NM 4 2,201 General Procedure for the PreparatioP@f/US2006/009852
Adhesive Formulations 5 [267] An 18 mm 30:1 L/D twin screw Leistritz
extruder (Micro 18 GL, obtalned from American Leistritz Extruder,
R PRHISSH RHRSORIRRER Akt MpIBG RS ieg: was
measHEE AR IUITIAD tﬁﬁ)@@lﬁ@ﬁb‘t’&%ﬁ heerpmdesiapwasarstkietled with an
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extruder, other mixing methods could have been used as well. These

Table6URHR IR %@ﬁi&%@d%aﬂi&é@@%&ﬂd@%ﬁ@% X86-75 IENefAGE®
8100 RIRESABIE0, REIR PEREBAIHE Merer 1o Ahnuh EORECPBR E)4d sOMe
Cases a nitrogenibiankeriayYRE used r-rgm%%gthl e GasiERGr83 WO
208&dihpR2150 PCT/USzaeeing®52 amount@frgckifier amdsiatiizer jare
then 2tded and mixed untilSthelted completely8The polymet.&#%hen
addedlwhile mixmg until allléd the nnly her is id3he mixer. THe*PRixer
wouldihen be-covered-and the-contents-rixediunti-the u"’};ggu WAS
smoofh—and-freeof |uu|pa.112|c oitisthen blUV!@/ addetand lgslgxeu for
aboups5 Minutey untir totallyf smooth. NM NM
26 54 NM NM
ENGAGE® 8100" 70 15 829
ENGAGE® 8200° 56 6 563
LPE’ 53 12 1,277
[70% LPE & 30%
12450N%)’ 62 15 1,097
KRATON® 1652° 107 32 609
VECTOR® 4211° 85 15 1209

! ENGAGE® 8100 is a polyolefin elastomer obtained from The Dow Chemical Co., Midland, ML
2 ENGAGE® 8200 is a polyolefin elastomer obtained from The Dow Chemical Co., Midland, ML

3

5,278,272, 5,665,800 and 5,783,638.

PO ST I

12540N is high density polyethylene from The Dow Chemical Company, Midland, ML
KRATON® 1652 is a SEBS copolymer obtained from Kraton Polymers, Houston, TX.
VECTOR® 4211 is a SIS from Dexco Polymers, Houston, TX.
This sample was produced by blending the two components in a Haake mixer bowl.

Ethylene/a-olefin Interpolymers Examples 27-31, 31a and 31b

[265]

described herein for Example 22.

-79

LPE is a homogeneously branched substantially linear polyethylene as described by Lai et al. in U.S. Pat. Nos. 5,272,236,

Examples 27, 29, and 31b were prepared using a process similar to the one as



10

15

5 The contents are then discharged into a suitable release lined container.
The total batch time should not exceed two hours. This is a general
WaQleewritsdas), and variations may occur depending on the comPOR@IEY 009852
the formulation. Table 11. The Formulations and Viscosities of Adhesive
Examples 32- 69 and Comparatlves L Z and AA-AE. Adhesive Polymer
Processdaiatls ogbxammptesili 3l aBedldokfield Sample Wt % wt % Oil
VISCOSI'[y wt% 177C eP) Ex, 3223 WINGTACK(r)95 25.5% 54% 20%
12861285 ERNEBUSNS RORIE TRV S HEOBY AT £0513%5H 0472 SOBBI qontrolled

well-iNéaA6akHs). SRRIGHSH Mexba @ikines 3 c1behl (1S H1AA0% BARRIAbRXGth 20
WINGTACK(r) 95 25.5% 54% 20% 134 221 Eﬁyi 3521 WINGTACKs(l ) 95

ExxonMey} Ehomissh Comeay) cileng: £es BB INERAR NG

combiebIabEWt8A%LER6S réaxtcrd 232:%%@%%&%&&&%5@5%&&?&2@%1%5 -flow
,958 Comp, N LPE TACK(r) 95 25.5% 54% 20%

contiois B EFNETACKYS G508 9408 S0bhsie ok BUSelGed hea

exchaﬁgHﬂBeBrK Eiﬂéﬁﬁ@ (Hl 2ty INGd é@diﬁﬁ)%ﬂ@&%ﬁﬁﬂ’mt?&% #3cA@8tered using

pumpS AR RITRE 23 SR 4988 P S BREPCSOBE (BEpoe

pressurd @ﬁ&ﬁﬂh@&E%&wﬁ; Ralér a8 ditivi?ireGojpeSin €% pdPfmbr solutlon.

EASTOTAC(r) 22.5% 3% 5% 12,537 30% 2450N8 H142R Ex.3
The “@}Eékf’w}ﬁ%% f%g g%}a §5% %{ b fefnyigat eﬁ%%ﬁg Fafiqigactions. 2 post

reactdr AR ACHHYnl Rk bl 30 Yrepadatidn & dtivb2RagddidladiZ4096nl Afhsolvent and

EASTOTAC(r) 19.5% 50%.30% 3,204 30% 12450N8 H1 R 39 22
wnree R RO RE L5 SHUS0A S 1B P01 Sk Pomer el i

pumpE%E@W[)xﬂérﬂ%dﬁ%lB(%ﬂ;@Oﬂ’rocess details for 1nterpolymers of Examples
27-31, 31a, and 31b and results are contained in Table 10a. Selected polymer properties are
provided in Tables 10b and 10c.
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H142R Comp. W 70% LPE & EASTOTAC(r) 14.5% 55% 30% 3,569 30%

12450N8 H142R Ex.40 23 EASTOTAC(r) 15% 45% 40% H142R 5,309
WEXNAZ1BBIFASTOTAC(r) 20% 40% 40% -84 WO 2006/10215@CT/US2006/009852

PCT/US2006/009852 Adhesive Polymer Tackifer Polymer Tackifier

Kaydol Brookfield Sample wt % wt % Oil" Viscosity wt% 177C (cP)

Table 10a Process Conditions and Results for Examples 27-31, 31a - 31d.

H14PR 15,376 Ex. 43 R3|EASTO AC(r] 10% 60% 30% H142R 3,611
Ex.44 23 EASTGTACE) R63p H4% X)9%&|H142R 189,959 Ex. 45 23
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S~ =3
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Table 10b. Various Physical Properties of Examples 27-31, 31a - 31d.

[-1142R 172,151 Ex.53 23. EASTOTAC(r) 10% 70% 20% H142R 943 Ex.

54 23 EASTOTAC(r) 20i 70% 10% H142R 36,592 Ex. 55 23
WEASIOTIAC(r) 30% 70% 0% I-1142R >300,000 Ex.56 23 EABTDUREGEN09852

45% 55% 0% H142R >300,000 Ex.57 23 EASTOTAC(r) 60% 40% 0%

H142R >300,000 Ex.58 23 EASTOTAC(r) 60% 0% 40% >300,000

H142R Ex.59 23 EASTOTAC(

r) 40% 0% 60" H142R >300,000 Comp. Z

AA BNGAGE(Y
Cong)g

= =

KRATEN() GIW
8
AR GPYOE

INGTA
100 Wi
AP

CK]
NG

(1)
T/

95 30% 54.50% 15% 1652 5,829 Comp.
ACK(r) 95 30% 54.50% 15% 234,012
NGTACK(r)95 30% 54.50% 15% 8100 38%

ANl el 1 NUE &1 AV FAPAY
N

243878 Ex|61

Al o~ n
1504 22D D

I\I} L

WINSTAGK(r) (95
95 38%) 54.50%.]

INGT|
D% 5
16

N

780 W

LTIL0O

3w

A(

LK
09

x.60 7 WINGTACK(r)95 30% 54.50% 15%
195 30% 54.50% 15% 141,845 Ex. 62 8
h 15% >300,000 Ex. 63 13 WINGTACK(r)
Ex. 64 16 WINGTACK(r) 95 30% 54.50%

=Y /U .49,

10%321652

g

|

3[641
09.55% 40% 804

@)

O

mMp.

448

=P8

TON(r) G- ESCOREZTM 5400 30% 29.50%
NGAGE(r) 8100 ESCOREZTM 5400 30%
P006/102150 PCTIUS2006/009852

Wt % wit % OQil'

—

ESCOREZFM:b4

Adhesiye-Pglyme

(7]
(@)

agkif
osjty
%

(
S 9@ 5 fne iy

ymer Tackifier Kaydol Brookfield Sample
177C (CP) Comp. AE 62% ENGAGE@
D% 40%

120
120
120

122
119

116
119

108/40
117

Heat of
Fusion
Jg)
26

57

89

30

54

51

54
44

31

Mw/Mn

2.1
2

2.3

2.0

2.0
1.9
19
2.0

Mn (g/mol)

64,800
58,200
52,500
41,100
42,400
32,100
28,000
30,900
34,800

Mw (g/mol)
135,000
127,200
107,500
93,200
84,300
63,600
52,200
60,100
68,400

110/12!
7.1
6.9
6.9
73

6.9
6.6

6.6
6.3

72

110’
6.4
6.9
7.0

36.0

34.5

96.9
215.6
95.6

100.2

1.0
1.0

2
0.9

5.0

14.6
32.9

15.2

13.9

Density
(g/cc)
0.8649
0.8769
0.8929
0.8665
0.8775
0.8783
0.8780
0.8699
0.8701

Example

27
2
2

30
31

3la

31c
31d

"Measured at 190 °C.
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5

10

15

20

8100/ 38% AFFINITY(r) PL1880 66,267 Ex. 65 8 ESCOREZTM 5400
30% 29.50% 40% 133,097 Ex. 66 5 ESCOREZTM 5400 30% 29.50%

W@ 0518D2 Ex. 67 7 ESCOREZTM 5400 30% 29.50% 409%BQI008B26/009852
Ex. 68 13 ESCOREZTM 5400 30% 29.50% 40% 182,461 EXx. 69 16
ESCOREZTM 5400 30% 29.50% 40% 177,774 ' WINGTACK(r) 95 is a

Table thgeifirbrRsorr ShrrepbMrchemen Finmtttiexobizammesriclhy 312-31d
H142R-is a tackifier from Eastman Company _Kingsport, Tennessee. 5"
ESCOREZTM %406\i8,a t:;\[ckifier frgm ExxonMg@bil Chemical Company,
Houston, TX. KaydohOil is BemsikeraEitdrton AMCO Chemical, Oakland,
CA. ENGAGE(r) B1romis |p¥iigpstiin ethBteaher| obtained from The Dow
Chemi le SERIGAGER 8200 is a polyolefin elastomer
obtained-#dm-The o fQiand] MI. LPE is a
homogcnfzéusl‘ l'bktantbalw—lh%polyethylene as described
by Lai et 5.2720%8 5378 272, 5,665,800 and
5,783,63 > yrotyethyteng from The Dow Chemical
Company UicHas ON(-1652+s-a SEES copolymer
obtainee-omm-Kr :ojstsf‘.zpr,zx. 10 VECTOR(r) 4211 is a
SIS frg xeoPoh Huugmun, T/\l.’ 3 269] Examples 20-24 and 5,
7,8, 15; aﬂ 16 ‘aﬁ‘lwmc L,unﬂ‘ucn,ia: blBh\i!llUl as shown in Table 11
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above wete-formutatectinto pressure-serisitive-adhesives (PSA) by the
addition of a tackifier and Kaydol oil. The resulting viscosity of the

logBialee Ysiee 1P iR GAEARUIBI0E PasrRalder. The

vi € as measured to indicate Its ability to be applied
[262pilY ONAG 3 SURFIENG- IDP [GHEECLFaRaSsRiv SRk eR s OB eIl aR b

adhesive are from about 500 to about 300,000 cP at 350F (177C) as

from Ajagdcrad-piptBTISKAEAER A<UpeHtiono RO BesTa S N i Hrithad Blaako copgputer
contr(?gﬂlla_’:él%ﬁpyggguggd A meshPieiamRyEe MR et 49 AR 28099, D

specially preferred are higher flow multi- block samples (i. e., -10 12)

corotafing iV rEeyphdumpestirpsebaitraics pirbnsadieg Ploessios shean mxdng
preceER@b3IOFARRERRA AR A RAIGRRIAEE AP dNReneiResHe 8doihe blend

used. 25 [270] Figure 8 shows plots of storage modulus versus o
througha spad fierol EScapRired Byoaizonescuripartal 8 cdAfoa Vet Ram pROsC-

The diedtd Wbakig e SoSEOWR PSR SRIRUEy At (PEAP iMBRRIHEME
Examples 34-36, as compared to_.comparative Examples N, P, and

mademp@@g@@nqjﬂgo eeslesw gy aBe for the tackifier and another for?héSG

polymer. The oil was injected at Zone 2 using a calibrated positive displacement pump. The

extruder screw was turned at a drive speed from 150 to 200 rpm depending on the blend to
effect maximum blending. The extrudate was purged about 3 minutes prior to collection in a
wax paper lined pan. The components of the hot melt adhesive (HMA) blends were dry
blended and then fed as a single component through one K-TRON feeder. The blended feed
was prodded continuously into the extruder using a high density polyethylene (HDPE)

polyrod. As before, the extrudate was purged about 3 minutes prior to collection in the pan.

[268] Although these particular samples were made on a micro twin screw extruder,
other mixing methods could have been used as well. These include the use of a Sigma blade
mixer or a Haake bowl mixer. A general procedure would be to preheat the mixer to about

163°C (325 °F). In some cases a nitrogen blanket may be used on the mixer. The desired
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Coating of Pressure Sensitive Adhesive Samples [271] All pressure
sensitive adhesive samples were coated as hot melts by hand onto 2 mil

W@R008/Mdfdns) Mylar film using a P.G. & T. CO. #1 applicatorRETAliizxr/009852
steel wet film applicator available from the Paul N. Gardner Company,

eated to the adhesive applic
%dwﬂgm%mlfﬁg SR
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cOnﬂ;cP R BT TV G TR @95 T ST 2550 TaGRAE O G TS5 458

Comp (PO FEEISRETN TCT CRRGTAGRRRT SIS 53 TUp & sHigre 1 HagT Wites 230
Bt otsampt Ve WasToeaEt: Petyee T ety tape Syaps, etk o3

bonding the paper shgets. Thex#eets $0 bonded were cuf crosswige into

Constrlps of widltPE ‘inch andief FA6®abdut Z-Mehes, 6deh dtrip2ffaving a3

e 25 2o athesty TA'{:@"V’C 202’%@{,7102 15§3/ 5% 3537

C ASTO 3% % % )

B S%uéﬁf 2 [sampig4@nd in the centel. The adhesive coat
\An:lﬂhf 'Fr\r ':- cnmnlnc WaS 25 Aramc nadr cornralt matar AHhAchvA td

Ex. 38 - T REASTOTAC® T 195% | 50% 1 30% | st 1,182
procedures HI142R

Comp. T LPE’ EASTOTAC® 19.5% 50% 30% 2,779

H142R
Comp. U 70% LPE & EASTOTAC® 19.5% 50% 30% 3,204
30% 12450N° HI42R
Ex. 39 22 EASTOTAC® 14.5% 55% 30% 1,896
HI142R
Comp. V LPE’ EASTOTAC® 14.5% 55% 30% 1,005
H142R
Comp. W 70% LPE & EASTOTAC® 14.5% 55% 30% 3,569
30% 12450N° HI42R
Ex. 40 23 EASTOTAC® 15% 45% 40%
HI42R 5,309
Ex. 42 23 EASTOTAC® 20% T 40% 40%
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Brookfield Viscosity 5 [2731 Melt viscosity is determined by ASTM D3236,
which is incorporated herein by reference, using a Brookfield Laboratories
W2e/ 102480 meter equipped with disposable aluminum sampRETHEZI96/609852

In general, a SC-31 spindle is used, suitable for measuring viscosities in

the range of from 30t
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ExIBOITE( e(m amp ;s] ZIZaE Fom?ﬂ_emomw Werepressedat 1} 7/Cel (390F) Tor
0 a plHHAR using Teflon shims The desired | >300,000
Congidkng ss‘?%‘f“@}@ﬁlaq e WHETA5E82 5 rart*1if the’4aMple cddld ndt bg 456
ComPTRASEH HRIAGERIERY HOTWINGIARK® 95 30% 54.50% 15% 234,012
Comp. AB 62"8/01 §§G§3f® WINGTACK® 95 30% 54.50% 15%
AFFINITY® PL1880 118,100
Ex. 60 7 WINGTACK® 95 30% 54.50% 15% 243,073
Ex. 61 5 WINGTACK® 95 30% 54.50% 15% 141,845
Ex. 62 8 WINGTACK® 95 30% 54.50% 15% >300,000
Ex. 63 13 WINGTACK® 95 30% 54.50% 15% 160,903
Ex. 64 16 WINGTACK® 95 30% 54.50% 15% 223,389
Comp. AC KRATON® G- | ESCOREZ™ 5400° 30% 29.50% 40%
1652 3.641
Comp. AD | ENGAGE®8100 | ESCOREZ™ 5400 30% 29.50% 40% 89,981
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placed directly on the bottom plate (7.9 mm parallel plate). After molding,
a 5/16" punch was used to remove a test specimen from the plaque. The
Wa@pewiremswas loaded into the ARES rheometer fitted with 7. BATAIS20061169852

plates. The sample was placed on the bottom 10 plate at about room
temperature The top plate was brouaht down until it touched -the samnple

Asiheéﬁalcﬂeate3°éy’i‘18rmél]forcejﬁflgfﬁrto 3J035°;t@§bd érdwfi"t &t wa%&ﬂ&lde &ﬁl’s‘zlililyd
"Both the bottom and {op plates. The tgmperature control Chapher wag;; oc

closed and the sampl¢ was heated to 150C to 3170C and fallowed tp  (cp)

ComequliljrezteEatHoecte mpe ERILOREMSY stoouf 5 Batautds.29 bessgmplevas
comprielatd 1o, m thickness. The clhamber wias openefi and exdess
samplprma® trimmed. |15 While the sample was $till hot, the gap sefting 267

Ex.W8S decreasedd by abouescOrRERTY 8200.9 MBEM. [ hE chaeviogr wassclofeass,097

Ex.@8d the sampke was dllayeoriy. egudbbilatessgain Tavabeu] 3 #B6UTeS. 105602

Exi@mpefature was decrpase0rez 6400 Aftendaminutesset- [0C sthe Shmpses20

ExWw@s tested. The DMA testoesaitssane |istadvn 1 pbiest® bElowiyd he vahagsl

ExlpoTable 12 ware chopersabrieTetases] tesperafure.swreyneniso tie 177,774

stated temperature. Thus the values could 20 be taken at a maximum of

1.5 C different than the stated value. Table 12. The DMA Testing Data of
Advesivas KR (Gs) a Adhiesiten(GdRaroCRa)E HRapét, (Pa) G' (Pa) at G'
%OEAIS'G)?(AS@))ITF&R 152 Bgifiepfeonfadnan 2o@atyshBesons5C 100C G' 50C)

53§08 P%ali Ex. 32 1152 +O§ 8.%& +0 z}?g +04 3.1 E+Oﬂ 6E+03
A e e T s L e
ConpaEER Q0607 pbi ¥ QR st dia bEdied MAFMRDINM AR A SMiandAMI.
8. EREAQE®! 88150 poR IS m +QSidh & bbtrindd 3@ Ehe(Zbw Zlei8ict X o3 Midland, ML

6.28E 06hR170ErgBdyd8Eele GrOSE Ryl ingE poly @lyle® Edaspritwd by Lai et al.
BAES O NOESOB LI E208 24 D680 mnd 79856538 Ex. 36 4.52E+06

§ i hi i ¢ igpl v Mi
Ea e

6.44E+05 1.41E+05 4.72E+04 3.08E+04 124 14 8 COMP. P 6.74E+05
9.66E+04 1.00E+05 7.56E+04 9.60E+03 7 1 -1 Comp. Q 8.45E+05

[26HO0E+0fah@let 042 L4bd 0474 458081716 Lifll o dombideciflholymers as
2.37E+05 5.41E+04 3.28E+04 1,16E+03 200 7 14 _Co%. R 9.095+9%
(PSA) by the

shown 15 kablssld alagveqaeie dapagated P Prepsls Sensiiiye alcrivss
additidA Qe R EHEPRI/KSHID6I0098E Zestififig WAsdbasiust (héHapntuldte) SERM) was

low as(/-3 é@%?fé%)ﬂ\% é%s(é) C g%%:zrs / Eaigcgsi‘%fxmyl’gkov%aggnze%gu% t%cl:n?ﬁcate its
ability to be applied easily onto a substrate. Preferred ranges of viscosity for the formulated
adhesive are from about 500 to about 300,000 cP at 350°F (177°C) as measured by
Brookfield viscosity, more preferably from about 500 to about 150,000 cP, and most
preferably from about 500 to about 50,000 cP. Especially preferred are higher flow multi-
block samples (i.e., ~10 I,) which yielded especially low viscosities of from about 1 to about

11,000 cP at 350°F depending on the percentage and type of tackifier and oil used.

[270] Figure 8 shows plots of storage modulus versus temperature for Examples 32-
33, as compared to comparative Examples L and M. Figure 9 shows plots of storage
modulus versus temperature for Examples 34-36, as compared to comparative Examples N,
P, and Q.
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Comp. S 1.90E+07 5.62E+05 8.83E+04 3.52E+04 3.38E+04 215 16 12
Ex.38 3.78E+04 7.30E+03 4.99E+03 3.62E+03 NM 8 2 12 Comp. T
WQRA06102658. 73E+04 1.55E+03 NM NM 2188 NA 9 Comp. U BCA7ES20{6/009852
1.69E+06 5.16E+05 2.46E+05 1.25E+05 63 7 8 Ex.39 2.21E+04
2.12E+03 8.99E+02 1. 02E+03 NM 252 15 Comp V 1.31E+06 6.94E+03
1.63E+02 3.00E£98H0L Of L83 Y A ARIPIR 3AE+05
8.54E+04 3.59E+04 3. 26E+0 204 15 12 Ex 40 NM 2. +04 1,22E+04
[2€1] 1 £+ oA DrBws w1 SRIATAVR RADESIVE SRR ES, YYBTS %eﬁ}?z@%&% y hand onto

2 mil @SQQEﬁ%goﬁéﬁﬁyﬂQﬁfﬁtﬁ ndthghXP48. &413.53*@.3%@ 6 atB(IRAETER steel wet film
2E NM 16 3 11 Ex.4 E+04 1.00E+04 5,74
applic3iqh B IREA SR Lo GORITE S TRE 8 SR G L pghich s

prehedt o 1R Alksike @ﬁlﬂﬁﬂiﬂlvﬂ t2rhpdra1dze NI IINONBS 0¥ NAudl bidaxtatdrawing
1.40E+06 3.10E+Q5 E+05 1,.35E+Q5 1. 0 Ex.48
down 316 8 e 5 5 P 5 0B ORLA AR Db GPIpIoNfS Ngated briefly

over 23B{BEer¥ufnPioHpE 3ttt BB EEA3 Mb@H dnd Sirdakifipe Yo3tBrkEas05
.1.04 1.54E+04 1.5QE+03 1.00E+02 22 69 -13 Ex. 49 9.44E+04
possﬂé ?E% ’E%Yféﬂﬁh‘ieéé}éi?f@é ?f@lmaig?@%f EFDS RS sippare meter).
1.33E+05 8.67E+04 5.06E+04 3. )3 9 3,:8:Ex51 NM 7.08E+04
3.08E+04 1.52E+04 7. g@%&%@ﬁ%@% 2 75E+05
8E+0 12E+
232 0 - oA A el it Sy el A g apto Krat
paper §15BEd 05at ROEek) Biir@3ER G &86. (). 44 appliveter48EintGBsREEWSBlm

o SR R L BRSSO o

adhes/@ Appl3BIRBAERDIBUrS BE-UZ72C(330EX. 36 thoossepipaftkefysmulation was
t00 m%rb%ogy 1R An3bEiPAdWABRE TR, %&H‘E&ﬁ%&&@#&? &@é’eﬁt%wc

+04 1.69E+04 4.15E+03 39 2 5 "Com 9.91E+06 2.06E+05

(375°K)3 Mhe s anG0lEsrBers BRPAE F30249'e shn@tﬁ of AB prendKogtpaseqh of

aboutJG Q(GFQ 10ehas O@I%f %400 (zl%xge&sciolr@ E@I@Qlé"b%%%ﬁp;hge?q 1se and
2.76E+05 1.90E+05 1. 08E 05644 14" Ex. 61 1.67E+07 5.40

separgtezidpypgap 8B ik 27 gEmpwers adhgredirsparaliyifagion wglé’é or 2 inches

(45 ort3Pkm cé@fr’ﬁ% of B8 Q34 ésgli!re %én@?t&e%@ﬁé"%ﬂa@%ﬁas@ﬁig tape. The
4.49E+05 2.75E+05 1.56E+05 26 4 1 _Ex.64 3.86E+06 4.10E+05

adhesivesEmpls todweateiass beaadiy M ‘€di) Ricandrizzled inporeyer manner

downEREHR Jf %Yégg"'a%fwea Berden the tape strips. Then, before the adhesive could

unduly thicken, two glass rods (applicators), one rod riding immediately upon the tapes and

shimmed on each side of the gap with a strip of the same tape followed by the second rod and
(between the two rods) the second sheet of paper, were slid down the length of the sheets.
This was done in a fashion such that the first rod evenly spread the adhesive in the gap
between the tape strips and the second rod evenly compressed the second sheet over the top
of the gap and on top of the tape strips. Note that just prior to drawing down the adhesives
onto the Kraft paper, the coating edge of the applicator was heated briefly over a Bunsen
burner to help facilitate obtaining as smooth and streak free coating as possible. Thus a
single 1 inch wide strip of sample adhesive was created, between the two tape strips, and
bonding the paper sheets. The sheets so bonded were cut crosswise into strips of width 1

inch and length of about 3 inches, each strip having a 1 x 1 inch (25 x 25 mm) adhesive
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Comp. AD 3.51E+05 1.62E+05 2.22E+04 1.44E+03 2.81E+02 16 113 -33
Comp. AE 5.37E+05 2.73E+05 1.34E+05 3.01E+04 1.42E+02 4 9 -32
WEXNGG19205E+06 6.24E+05 4.25E+05 2.75E+05 1.24E+05 2 2CITUAR6609852
4.40E+05 2.77E+05 1.90E+05 1.34E+05 3.47E+03 2 2 -36 Ex.67
6.34E+05 3.99E+05 2.86E+05 1.89E+05 6.31E+04 2 2 -37 EX. 68
sample e ipdbe agtersTfeoBeRly opAENRIA Haell samplssiass igms per
squar%gr”% 3.67E+05 2.77E+05 1.62E+05 3.20E+04_ 1 2 2 -38 Note that
"NM" stands for "not measured." -90 WO 21)1)6/102150 PCT/US2 0 0 6
AdhediV2 148 Hebc2df2d6] The storage modulus data (G') of the adhesive
compositions at various temperatures and their ratios, as well as the peak
in the tan delta curve or Tg, Bieoldirlibt&dcssifiable 12 as they are often
used as a means to characterize the goodness of a pressure sensitive
[2Z8hesivéViElt BateasitiEd JétandbedkioABIBESRE Be ndiiiveisiivespesated herein

by refgeagsf.32%%5@»5.232&%%@%6%%@\%@?&55&'C R

alumidwihesiuplpuperties.Wergeneak a8t -0 spiedtiet ssedptoiabiel fonchedsuring

AFT eeI to st ess ely
o D L o A BT 6 Y ROl i
rangemmmmmhwmmm Whg:hresesltahte dorlbgvijonityoae polymer.

RIS 1900 DA SIS ORI
wide, >5 11@51¢Salpng mmgbgrlmwmom@mmp@mg]wm@ rgrams of
polyn} Wbﬂ‘flé'e?g??e e R0eHMECHD) %%%&“%ﬁ%iﬁj i ¥§x%§%t§ 2 BRI

the gen emp rature range of interest rom O to 75C),

Therniogit atiddatiedlinic piave miﬁlebpmbp@@ﬁbsn@a@ms) e} hqmnleélhmbgr has a
notch%'ﬂ]ﬁ]xl t?%%%ﬂéﬁ'?seﬁetﬂg SR DN AL SRR PR o WP PRl FOME! the

e.g., Examples 32-69) made from interpolymers disclosed herein
chamlmve rotalBevel Hir o whendha shinddeipinsaried padgeifaingo thesanple is

heatea%'ahle'aeémﬁa{eﬁqpﬁ}gﬁ&ep%ﬁﬁd%ﬁopﬁor@ﬁ@@gwcﬁﬁé?e@ pornNd Bvdred and
made from conventional block copolymers (KRATONS and VECTORS).

the spindie srbmsrzas buaithe stsnple ehambay kBT Hiagise rnbaurdunitlPprackets on the

v1scoﬁ?é§)éﬁgﬁ7&Qﬂ@ﬁq1m&po‘#ﬁls lilehaut £Llrhed @malort b4 RaPeUE

1, from about 1:1 to about 25:1, from about 1:1 to about 20: 1, from
whwlhl%@ﬁ D7 {9aBRIRAting iR hA EB8EIT Oty A0RAraet , Readinsurie fakep every

minu@IBHLEHt TOMiRR LI nia aRAHIG stipmRPM hidntthabaut Lddiem

about 1:1 to about 6: 1 from about 1:1 to about 5:1, or from about 1:1 to
recordgly, e Brogkdielchy Ay istraatke e diseddniapls AR PPRYeo] Shear

adhesion failure tem erature AFT) o ch sample was measured
p State Dg\/IA of )Ac{he{siive Fonn%lat\{\(l)ns

[274] Dynamic Mechanical Analysis (DMA) of pressure sensitive formulated
adhesives was measured on an ARES controlled strain rheometer (TA instruments) equipped
with 7.9 mm parallel plates. The sample was subjected to successive temperature steps from -
70°C to 200°C (3°C per step). At each temperature the rheological properties (storage
modulus G, loss modulus G”, complex viscosity n*, tan delta or ratio of G”/G’, etc.) were
measured at an angular frequency of 1 rad/s. Other parameters used were a soak time of 30
seconds, an initial strain of 0.1%, a delay before test of 2 minutes, autotension (in

compression mode (applying constant static force) with an initial static force of 1 g, an

- autotension sensitivity of 5 g (sample modulus less than- or equal to 5x 10% dynes/cm?), and -
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according to ASTM D 4498 with a 500 gram weight in the shear mode.
The tests were started at room temperature (25C/77F) and the oven
wasatixe was ramped at an average rate of 0.5C/minute.PKUS2006/009852
temperature at which the specimen failed was recorded. This 30
measurement was used as an indication of the heat resistance of the

autostgqgﬁ.,%@m@hl

AR SHBRART Pof CANSTIMRECTR S AP W il

adjustisigekinaple 13 below. -91 WO 2006/1021N) PCT/US211116 /11119 8 5
2 Peel Adhesion Failure Temperature WAFT) [280] Peel adhesion failure

RN peraﬂdi‘ﬁe(Bﬁiﬁ@s&yﬁﬁléeﬂﬁﬂcﬁb@ﬁ[dld@dtm&§ﬁ&ﬂu@s #AQ8 avtibre MBh were
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iﬁﬁ? the sample

‘?%‘ g 150°C

to 170PCTaizleall Sl mdﬁﬂtﬁrﬁamﬁﬂeﬂmﬁwﬁﬁdaﬁoﬁm@ resfes| Abéemigple was

comPIESS;

To Sél

ss Stee SS)
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Xam
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BlesMe:
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Whild\MieasaRpbd mmi]klio@fﬂé\@pdéaﬁﬁxgﬁﬁmmcdtbyﬁaﬁwsim mmp;nslrﬂeann.

e RARD S SRR

to PP

B4

SRR

{min,
omp

LR SN

minutEx. hd 45p¢13t8r Wibdl déMeErB® 121°64 ABONMNMS TofSOMik3mBgle was
tested;'%%elﬂ}{%%\ét results are listed in Table 12 below. The values in Table 12 were

chosen at the closest temperature increment to the stated temperature. Thus the values could

be taken at a maximum of 1.5 °C different than the stated value.

Table 12. The DMA Testing Data of Adhesives.

Tg (°C
Adhesive G' (Pa) G' (Pa) G' (Pa) G'(Pa) | G'(Pa)at | G'(0°CY |G (25°C)/ 'lgagl 8)
Example at 0°C at 25°C at 50°C at 75°C 100°C G' (50°C) | G' (75°C) | Peak
Ex. 32 1.52E+06 | 8.27E+04 | 4.94E+04 | 3.14E+04 | 2.86E+03 31 3 3
Ex. 33 1.73E+06 | 1.14E+05 | 4.43E+04 | 3.20E+04 | 6.60E+03 39 4 11
Comp. L 1.06E+07 | 1.69E+05 | 2.45E+04 | 1.55E+03 NM 433 109 8
Ex. 34 8.62E+06 | 4.81E+05 | 2.03E+05 | 8.31E+04 | 3.28E+04 42 6 9
Ex. 35 6.24E+06 | 2.70E+05 | 9.88E+04 | 6.03E+04 | 1.79E+04 63 4 8
Comp. M | 8.86E+06 | 1.49E+05 | 1.85E+04 [ 4.08E+02 NM 479 365 9
Ex. 36 4.52E+06 | 1.44E+05 | 5.90E+04 | 3.95E+04 | 6.27E+03 77 4 9
Comp. N | 434E+06 | 8.25E+04 | 7.36E+03 | 7.84E+01 NM 590 1052 9
Comp. O | 1.75E+07 | 6.44E+05 | 1.41E+05 | 4.72E+04 | 3.08E+04 124 14 8
Comp.P | 6.74E+05 | 9.66E+04 | 1.00E+05 | 7.56E+04 | 9.60E+03 7 1 -1
Comp. Q | 8.45E+05 | 1.20E+04 | 1.10E+04 | 1.24E+04 | 4.45E+03 77 1 9
Ex. 37 1.08E+07 | 2.37E+05 | 5.41E+04 | 3.28E+04 | 1.16E+03 200 7 14
- Comp.R | 9.09E+06 | 1.02E+05 | 5.66E+03. [ 1.35E+02.| - NM .. | -.1606 - 758 - 14
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Ex. 36117 47 4.14.20.9.NM Comp. N 129544.44.21.9NM Comp. 0
11546 3.4 4.1 0.9 NM Comp. P 191 88 4.9 3.6 NM NM Comp. Q 104 40
W@GB06/508130NM -92 WO 2006/102150 PCT/US2006/009852 RIGAISFIH€/009852
Mean Peel Mean RT PSA SAFT SAFT Adhesion to Adhesion Loop Shear

Exam Je (F) C) SS (Ib) to PP (Ib) Tack (Ib) (min) Ex.37 153 a7q9nngg(°C)
e B § R ot 1ds oo bt S Yol | Tmd
Ex 4e4( S g “'5a CCO%O C:I-‘-5 06'7 ° QEO%)UC% Peak
Cofnpt S--9 LOORNYY 1339009 PPV Se8R- [V 116 4(6.99.7 £.912
ENBE COMRBEWAIY,36p303 P 4obpa ¥V b2aa3. [£ Il 82]6.9 jIM NV 20000 15
Cotr®P] Adoi-ne% 6 4.5 80N M MY gHU00N 0mMpP. AR134 541@s2 7/ [NVNAM 9
compQP0|B%760230 8dEPoed NENNY PRI 08 PMBEASs 155698 02 NI NM 3
Ex.3900 £0m4AD. BERE £9.doRNN NMosdoe OMpnE 81 205<0.1 N NM 15
Cofnp. X 6b33813¢ NIVs2: lo2spsmerembpdinwents| theo$SAHT ofthe | 8
codgihesivemempdsiiansoaresgigatar thaveeiesaseiadOF, greater than of 12
Eequal fo 1%0F, dreaterdshan ormqualeto: £8@H arugreaigr tham orjequal to] NM
EX0F. |n.gemes) 4beEach esivE compaosiiaas hasmga hight SAET can bg  -24
Exised gt $ughiBiteprE-ai2es1IER85] m7oe? embodimentsidéhe 180 slegree 11
Epedl agheSidn of thoBdheiveEtEMPodiiig Bb1SS-@re gridater thar80.1 [bNM
Egrésate| $HARH5)| 1B.] 67 Gfeptd S BHAR (3L I FFRAMPISE+B7| and#39 showgood -16
Excifbinatid®lof high1EART andMigh peMadhesidMio $S.N2861 InMhen NM
EprfibodidrtRe061 & . 1851 ¢fen2ddRibs ) AHELn hPMHa0Adhesie 10 2 -10
ExcthpasitRiBsad iy BroéhyI6AZEHP) 4pdR1Adatd 0884080 1 IP greiaterdhan| -19
Comps ¥ | 7889tht 4.29E+04 | 3.53E+04 | 3.78E+03 | NM 2 11 -10
Comp. Y | 3.34E+05 | 1.04E+05 | 1.54E+04 | 1.50E+03 | 1.00E+02 22 69 -13
Ex.49 | 9.44E+04 | 3.97E+04 | 2.70E+04 | 1.85E+04 | 5.21E+02 4 -19
Ex.50 | 7.48E+05 | 1.33E+05 | 8.67E+04 | 5.06E+04 | 3.11E+03 9 3 -8
Ex. 51 NM 7.08E+04 | 3.08E+04 | 1.52B+04 | 7.04E+02 | NA 5 -1
Ex.52 | 5.30E+05 | 1.75E+05 | 1.18E+05 | 7.36E+04 | 5.12E+03 4 2 -16
Ex.54 | 6.61E+05 | 6.37E+04 | 2.44E+04 | 2.52E+03 | 3.85E+02 27 25 60
Ex.55 | 1.77B+08 | 1.31E+07 | 9.53E+05 | 1.30E+05 | 1.93E+04 186 101 44
Ex.56 | 5.48E+06 | 8.75E+05 | 5.03E+05 | 3.26E+05 | 9.46E+04 11 3 -7
Ex.57 | 8.13E+06 | 1.03E+06 | 4.95E+05 | 2.95E+05 | 8.48FE+04 16 3 -4
Ex.58 | 8.36E+05 | 5.20E+05 | 3.37E+05 | 2.34E+05 | 5.75E+04 2 2 42
Ex.59 | 5.05E+05 | 3.00E+05 | 1.91E+05 | 1.31E+05 | 1.75E+04 3 2 42
Comp.Z | 7.71E+05 | 2.63E+04 | 1.96E+04 | 1.69E+04 | 4.15E+03 39 2 5
Comp. AA | 9.91E+06 | 2.06E+05 | 4.31E+04 | 4.60E+03 | 5.88E+02 | 230 45 8
Comp. AB | 2.01E+05 | 2.93E+05 | 1.06E+05 | 3.05E+04 | 4.00E+02 2 10 18
Ex. 60 | 1.78E+07 | 7.99E+05 | 2.76E+05 | 1.90E+05 | 1.08E+05 64 4 14
Ex. 61 | 1.67E+07 | 5.40B+05 | 2.23E+05 | 1.53E+05 | 3.78E+04 75 4 14
Ex.62 | 1.37E+07 | 2.69E+05 | 1.22E+05 | 6.57E+04 | 7.34E+03 112 4 11
Ex. 63 | 1.16E+07 | 1.02E+06 | 4.49E+05 | 2.75E+05 | 1.56E+05 26 4 1
Ex. 64 | 3.86E+06 | 4.10E+05 | 2.55E+05 | 2.06E+05 | 8.54E+04 15 2 1
Comp. AC | LAIE+05 | 1.15E+05 | 9.48E+04 | 1.27E+04 | NM 1 9 -30
Comp. AD | 3.51E+05 | 1.62E+05 | 2.22F+04 | 1.44E+03 | 2.81E+02 16 113 33
Comp. AE | 5.37E+05 | 2.73E+05 | 1.34E+05 | 3.01E+04 | 1.42E+02 4 9 32
Ex. 65 | 1.05E+06 | 6.24E+05 | 4.25E+05 | 2.75E+05 | 1.24E+05 2 2 37
Ex.66 | 4.40E+05 | 2.77E+05 | 1.90E+05 | 1.34E+05 | 3.47E+03 2 2 -36
Ex. 67 | 6.34E+05 | 3.99E+05 | 2.86E+05 | 1.89E+05 | 6.31E+04 2 2 37
Ex. 68 | 2.80E+05 | 1.49E+05 | 9.92E+04 | 5.04E+04 | 2.10E+03 3 3 -36
Ex.69 | 5.47E+05 | 3.67E+05 | 2.77E+05 | 1.62E+05 | 3.20E+04 2 2 38

Note that “NM” stands for “not measured.”
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than 3 Ib. Example 39 shows good combination of high SAFT and high

peel adhesion to SS as well as high peel adhesion to PP. This peel
WQahesior1id PP is much higher than that of the KRATONIB-4SBE#S2006/009852

formulation (Comparative Example P*) with a slightly different formulation.

15 [287] In other embo imentsécgwe, logp tack of the adhesjve .
[288mpositiBhstarsg A uHa0S hoblerdheri SOomPorErR e thanus

tempelanEXAANEIhe P S SUTRIIBHIGHE ik IRpMetagkdefltd duibe OicBletrtabulated in
any other adhesive examples tested. -93 WQ 2006/10

150
Table @49 Sy ORISR BT ABRI S aFRS o FRIPER S R

sensitWé‘é@ﬁ@k%ch(jM 'S,alMéi\’(E/H'.)rM d Qalf(c @{M@l@ﬂr? Benditnz, AdieziveNsdknology,
strength and % elongation at break o xamples 5-26, AFFINITY/(r) G
Chaptgodath WREINIFHET 1968678 YLierye @&éﬁ%@égs&aeémife}ééaol
Van Nosaand Rk a 9895t dBeoiRkhiatshvites sibte MhebburanehMdédit datimples and

. imilar to th f. AFFINITY(r) . GA 19570. Simijlarl le 25 h
includi S AR]: BSOS IREOTS), (DR IREOTICTE T SR E5 ndts P
tempeRdrimdNIR ¥ Shead\ TR todfa BN bAisIA°) 95 GomneladifekiNel SR4iNpleA atOERown in

Fi are p};ﬁduced using a single site catalyst. Having similar values in density,
igures 8 ARAeld viscosity, Mw, M., or MW/M" ratio, Examples 25-26 show much

igher melting temperatures (110 C) than.the, carrespandin o
2o A ST S e TR Al 2o (o e A eqRppetins ot
25°C GAAAAAK6TIC) x[26Y]dataniples TS-PS, fAREHITIV2 X G kositbanslx 10° Pa, or

from %g)dlillwq\[ ) t{c);@%lgog }\(NledePfaormulated into hot melt adhesives by the

ion of' a ta |ér and a'wax according to the formulations listed in

le 15, T ves e, 66 . ,
28 A B AR v PR SR O R R oty G
curve ST ganetfijemppantulth s Ego o_ﬁﬁetm%@ﬁuw(i%rfrppsﬁxwﬁgx}b indégating the

G’ ang?)(?gi%%dr%?ﬁé%rre]—ﬁgd&g@e 'E%t}@%rr@%yé?yggfﬁa%ﬁ{ﬁé?gtﬂ%lﬂg‘f)el}iﬁ&cllc_e. In

iscosity, PAFT, SAFT, and fiber tear test results are listed in

further antbotmpaisc i Gibel spawer R/ 206] rhéspapien et madestpmasterpolymers
disclosRA ALRIECIMIN A GarVaR ARG, *%f%&?é%‘%h@‘f&%%ﬁ%@ f’aﬁé@%ﬂd@&'%l’@

test. The adhesive sample to be tested was heated to 177C/350F and

whichyiasiapisida besnBodxHr(estoslonnaridvesds ek @snd 7d phmyde from
conveRESAROMIRK %G?Sf?rﬂ\é'xt? (ﬁﬁlﬁlﬁ%w@t%’dfvﬁ?ﬁ@ﬁ@w lensthwiagr df8odiments,
e was applie

adhesive samp , running,len thwise, as about a 5 nun (i.e.

the rapges RIS RAGE ORI BT KRR GOWR )R Dermabont Al 6 RBOWAARO:1,
from EPRICAOT NSt SaCendSHbBuY s 3pRBBEWENINFRRE50MES ANt BBkt 20:1,

with moderate pressure, for 5 seconds to laminate. Laminated Sam%;%z%b "
-4, from

from ghere dohtntbREl o dFeBnabout hdute 2o B Lhost 15!, o
aboutlPkd S6MREed fRbIRSHRS: FArt8asdubeleCiRIABRRIBILS aBJaiBatRsn about

sheet was held near one corner and using a spatula, one
1:1 to about 5:1, or from about 1:1 to about 4:1.

Shear Adhesion Failure Temperature (SAFT)

[279] Shear adhesion failure temperature (SAFT) of each sample was measured
according to ASTM D 4498 with a 500 gram weight in the shear mode. The tests were
started at room temperature (25°C/77°F) and the oven temperature was ramped at an average
rate of 0.5°C/minute. The temperature at which the specimen failed was recorded. This
measurement was used as an indication of the heat resistance of the composition which is

important for shipping. The SAFT test results are listed in Table 13 below.
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corner of one of the laminated sheets was folded back to form a hand

hold. With the 30 laminate held as near as possible to the source of
Woeteig23seooling in order to maintain the conditioning temp&(RaFs2009¢009852

folded corner was manually pulled as rapidly as possible at -94 WO

2006/102150 PCT/US degree angle

relative to each shESH39aH badddive bond. The

cent iber estimated (fi or FT) in 25% i
B60c;, Betssion o %ﬁ&?@@&é&%ﬁ?ﬁm@ AR A D
4498 wigls 46/00aiemoRdiykt iietlicptel sandpleTlangdisevarcsagr dhthesa tamperature
o Funs. was orted 5 In, some bodiments, the PAFJT, qf the hot
5Ol b oSO OSSP A HESORS EA) G LR, e
5 PAFTomseiesuhanrd hofed i atisie émbeidiments, the SAFT of the hot melt
adhesive compositions is greater 180F, greater than 190F, or greater
than 20QB0[Pe2}da RBeshaA diredion ito Steiim|elae Stkih gnoff Roky Fibpyl@iear of the

hot melt adhesive 10 compositions is 100% at 77F - 140F. In other
[28HbodirdetsSehdegatinpeet ddbesibe targaindissiste¢lcmndelsaitthpelypropylene test

pamelsC kR g‘ég gécl Ihg% t rtﬁf’?é%@% Esear O#QIE hﬁé’fl’gg‘@ﬁ M eRERRh a

em O Iments, t ting o Ot melt adhesive

peel rfsrmpTiimisuits. S0% Uilglegtes predRdhsi a0BYstainkaF stealS pos)
10 polypfSRALS PP NBUS AN PRIAYIRRART and SAFT, as well as

ear over a WI e temperature range. Therefore, Example 66 may

perform well over a wide tempe@ggg@j{ge. -95 WO 21)1)6/102151)
PCT/US2111)6 /11119852 o,~~, Hooooow d o 000 n~g 001 O) N M

[282P ti N 1Y 6P el Qese @by M%@&S@Mﬂ%@%&lt'm&ﬂ@d@ov@wh is
w~+Wo0 000~+0010,010,vi "tTINN-NU H
1ncorporated herein by reference. The loop tack test results are hsted 1n Table 13 below.

RT Shear

15 |283] Static shear at room temperature (RT) was tested using a 1 kg weight and a
modified ASTM-D-4498, which is incorporated herein by reference. The static shear at

room temperature test results are listed in Table 13 below.

[284] Table 13. The SAFT, 180 Degree Peel Adhesion To Stainless Steel (SS) and
Polypropylene (PP), Loop Tack, And Room Temperature (RT) Shear Test Results of PSA

20  Examples.
Mean Peel | Mean Peel Mean RT
PSA SAFT | SAFT | Adhesionto { Adhesion Loop Shear
Example (°F) (°C) SS (Ib) to PP (Ib) | Tack (Ib) | (min.)
Ex. 32 129 54 3.2 0.2 NM NM
Ex. 33 111 44 1.6 0.4 NM NM
Comp. L 137 58 0.4 0.1 NM NM
Ex. 34 147 64 3 3.2 NM NM
Ex. 35 147 64 0.8 0 NM NM
Comp. M 137 58 1.4 1.1 NM NM
Ex. 36 117 47 4.1 4.2 0.9. NM
Comp. N 129 54 4.4 4.2 1.9 NM
Comp. O 115 46 3.4 4.1 0.9 NM
Comp. P 191 88 4.9 3.6 NM NM
_ Comp. Q 104 40 6.6 6.5 6.3 NM -
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U~yy0_ O~ MMMMRIt CLlL ol E NQQ ﬁ/\ AL 000 7
1, . & a
y K 4751;%19 ouoor%‘gqo < %‘@%mnt - Megn Biseh f?flﬁ B o oMM M M
O0b7 v HTNE %f:‘@ O bEQIED I éb)vn Vimin®- T
a~"YaNg 7 FTaMIS YO oD O, g QIZTTY Of~[HT. AMMNN
A, A ol kP ¢U EEI- 560 |- PY 9§ 0 U [K™=JNNNTA T M NTgrae
WO N o ST WV CCLJT A Co0g3 D000 T L7 38, UCF U
Ex. 38 104 40 5.8 4.1 9.5 NM
Comp. T 125 52 7 6.7 0.9 NM
Comp. U 101 38 2.4 1.8 3.9 NM
Ex. 39 131 55 6.9 6.9 0.5 NM
Comp. V 116 47 6.8 5.7 2.5 NM
Comp. W 99 37 3.6 3.1 6.3 NM
Comp. Z 180 82 6.9 NM NM >5000
Comp. AA | 153 67 0.33 NM NM >5000
Comp. AB 134 57 0.27 NM NM >5000
Ex. 60 130 54 0.24 NM NM >5000
Comp. AC 155 68 0.2 NM NM >5000
Comp. AD 87 31 <0.1 NM NM <1
Comp. AE 81 27 <0.1 NM NM <1
Ex. 65 89 32 <0.1 NM NM 2

In some embodiments, the SAFT of the adhesive compositions are greater than or equal
to 90°F, greater than or equal to 110°F, greater than or equal to 130°F or greater than or equal
to 150°F. In general, the adhesive compositions having a high SAFT can be used at high

temperatures.

[285] In other embodiments, the 180 degree peel adhesion of the adhesive
compositions to SS are greater than 0.1 Ib, greater than 1.5 b, or greater than 3 Ib. Examples
37 and 39 show good combination of high SAFT and high peel adhesion to SS.

[286] In other embodiments, the 180 degree peel adhesion of the adhesive
compositions to polypropylene (PP) are greater than 0.1 Ib, greater than 1.5 b, or greater
than 3 Ib. Example 39 shows good combination of high SAFT and high peel adhesion to SS
as well as high peel adhesion to PP. This peel adhesion to PP is much higher than that of the
KRATON®-based formulation (Comparative Example P*) with a slightly different

formulation.

[287] In other embodiments, the loop tack of the adhesive compositions are greater
than 0.5 b, greater than 1 1b, or greater than 2 Ib. Example 38 has a surprisingly high loop

tack of 9.5 1b, greater than any other adhesive examples tested.
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~ FLNNIC.3N zO'FH zW CQ7zQ Olzy10v,H.NOFi N-~O ..

NmaappDIiC~~x~WKk'OifHH U UO -Ixl to o in WO 2006/102150
WEDTUIE2006/009852 Hot melt adhesives (Examples 68-75) PRIA[S2006/009852

Interpolymers of Examples 22, 27-31, 3la and 3lb were used in

preparation of hot melt adhesives and their potential for use in pressure

sensitive adhesives (PSA) and graphic arts was evaluated. [295] First

288y polghIERE VA Sk ASPIEPIRe  HRB B I s b

of fuswﬁman,lm,Crg,or@mmlm@meﬁgm&%mm@hemmak oEDSTHPIEATIHG,

ity PR e o RN DU G 156 LT etk et

ExampRbeie urﬂéﬁﬁif&aﬂﬁ)dl&iéﬂﬂﬁﬂs&rmwmIMgChﬂddduM (atanipldar to those of

T T L e

and l\/gm,pnfaaacﬂinfﬁiramtdahose wAA FRINET Y& Gantabter sAFSRNIEYi@f«ived 260eand

man tat 177 C t|rr W|th Caframa,m
NSk S e e R R
dens1t@®1tea<§amm3mﬁmwmlzgiWhmmggvﬁymmpkdegihﬂﬁsmde1gher
melti hot melts %)é S POQ tﬁ h (I)ar fllm sing a P.G éce'léxco
%ptﬁﬁ%%% was Y RN IAY &Héswe%pp‘ilcatl aml%mperafure
AFFINIBS® QR 1950 mﬂfcmaddaMW\M@I@Aatﬂ{éB(ﬁé&bnto the Mylar film,
the coating edge of the applicator was heated briefly over a Bunsen

[289ner tERatpplasififals, dEtEINH@Y'S@ SrAdRP0zand AFFERHE® GGG were
form RS R H&%%%%%{XS\%% Ol 490 ﬁ'%éﬂ&@l%wmwm&&amg& the
Tens ile and Elong

gsm (gram per square met ation sample preparation

form\fl2gghkighdindablontas Wl@tmstdtaﬁzec@e&mﬁgz a-giasanieldssHirarmaeito 20
Comﬂﬂé‘f’rv@sf% and AG) were tested for Brookfield viscosity, PAFT, SAFT, and fiber tear.

The Brookfield viscosity, PAFT, SAFT have been described earlier. The percent fiber tear
test is described below. The Brookfield viscosity, PAFT, SAFT, and fiber tear test results are
listed in Table 15.

Percent Fiber Tear

[290] The percent fiber tear test was conducted with a corrugated board stock
according to a standard industry test. The adhesive sample to be tested was heated to
177°C/350°F and was applied on the board stock cut into 1 x 3 inch (25 x 76 mm) rectangular
sheets with the corrugated flutes running lengthwise. The adhesive sample was applied,
running lengthwise, as about a 5 mm (i.e., 0.2 inch) wide strip and could be drawn down with
a spatula or hot melt applicator. Next a second strip was applied within 2 seconds and held,
with moderate pressure, for 5 seconds to laminate. Laminated samples were conditioned for
at least 24 hours at temperatures (i.e., 0, 35, 77 and 140°F) selected for testing. For each
selected temperature, a laminated sheet was held near one corner and using a spatula, one
corner of one of the laminated sheets was folded back to form a hand hold. With the

laminate held as near as possible to the source of heating or cooling in order to maintain the

_conditioning temperature, the folded corner was manually pulled as rapidly as possible at
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of each material was made by pouring a puddle of adhesive onto silicone
release paper and drawing the glass rod over the adhesive. After cooling
Wared@ig ivere removed from the silicone release liner and inPSGRAES2HSE99852
talced to reduce surface tack. A Carver press and an ASTM D- 638-4 die
were_used to cut dog bones for tensLI; and ejongatiQn testir}é;. -97 WO

roughly 6ty 10 9 sl ecrrpiomiRTp SRR e TIFINES ¥90 F [udfakeve
bond. SHYBISsAE BREHIATRY IR BsWRERdA(TibateshieZPThiBBRtigitresmuopy., 0%,

25%, GBI R G AT A1 L, RESURSB ISP e

replicabtANG AN @axaneeh s uHgs Bobvann wasmebdriadth 1 being no
evidence of staining and 5 being complete staining of the paper stock.
[2919rmulaiosae ¢ RtepetietsiahabhdSvel ExdoptaslcBidsiarecompostitnsds

in, Tabl . Resistance tq Plasticizer Migrafi t 120.F [30 oate
sreate B IO BRI R 1) 35 T Cheb Sasd T the
SAFTfabitie Aochesinaitiesied ebrhpOsHitos dspremdrdBofiE wreeter Atané 930, of greater
week, the laminates were removed from the incubator and allowed to cool
than 28% to room temperature. The coated films were then peeled off the vinyl
[2533)“0 aqg Vcl)%jagxxf)%scpe%trﬁg { E?Vﬁ%z%er&eg%fﬁf%%‘?f@é{?%ﬁﬂe Hgf}ﬁ’?elt adhesive
Hdhesive doe o mlgra%n ofp &sficizer: Contamination usually results in
compeaitfieniig I00¥het 4ARE sitd 6TRd In sthererdasiments 1tha rrsise of coh Edoe Tear of

the hof iCHn L ABRCIMES AL ADSI 56 @ A APRBR (RO b Wil 1n
eing no eV|§encepofsm|grat|on of t pﬁiSthlzer into the adhesive and 5
furthebeimgpdiauents hgratimg rdshitiRtpon Toal b skedfctonelspdhetien gepoaBiens 1s

50% oé%r'ég{e?‘éﬁ%@”i’gﬁ%%?@g f_oi pesive Examples 68-75 Ingredients
ample Example Example Example Example Example Example
2&3PMPIa: 08,07 68 dobs @oﬁ%igrh RBavmanlr RiEa% S/lyMas &¥1128 fiber
25% Polymer Ex. 29 25% Pol rer Ex 30 25% Pog]/mer Ex. 31 25% .
tear OYRBlgieRRNPEr 206 PEBAdhEselorra Brsun pie PMBIRE REFRHYRNY Rugfdovide
tem 9&'&%’@%@.&% 25% 25% 25% 25% 25% 25% EASTOTAC(r) H-1008 50%
pe 4
50% 50% 50% 50% 50% 50% 50% IRGANOX(r) 1010 0.5% 0.5% 0.5%
0.5% 0.5% 0.5% 0.5% 0.5% Tests
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and HL-2053 from H.B. Fuller Company, St. Paul, MN) are provided in
Table 17. [303] Polymer Example alb was selected for testing in two
WG helavdi@raphic Arts formulations (one with a blend of rosilP€$tEs2006/009852

hydrogenated DCPD resin and the other with all DCPD resin). An
Industry Standard adhesive used for comparative purposes (HM-948) and
results can also be found in Table 17. -99 WO 2006/102150
PCT/US2006/009852 Table 17. Formulations and properties for adhesive
examples 76-80. Example 76 Example Example Example Example

' : BiRs $3-7R)79 80 Polymer Example 3| 25% 25%

25% Polymer Example 40% 40% 31b Kaydol 25% 25;6 25%
SRS TOMONOROORE B2, AT 6FrATLAE TS0k US040 Preparation of

hot mer 2GR dna4ir o ¥entieP PRE H PradiR 304t BRallil BWA) B graphic
SYLVALITE(r) RE- 35% | OOL IRGANOXO 100 0.5% 0.5% 0.5% 0.5%

arts was BualygiStkfield Viscosity 20190 19760 23000 10670 10460 6625 13750

60 f35 T171 SAF 667 155.1 .
) Loob a0 3 26 Bl e T lEghs e PRt i )t i
polymeleg Biee i fiei6udeB 5.2 8y9l16 genstei IRCB B teckificAyatl péod €5 dtening point
from Esats mg%séh“e)mical (i.e., EASTOTAC® H-100R). The oil used was a white mineral oil

from Sonneborn (i.e., Kaydol oil). These formulations and results for this series of formulations
can be found in Table 16.

[296] The formulated products (Examples 68-75) were made in each case by melting
everything but the polymer together in a one point can in a forced air oven set at 177 °C. Once
this part of each formulation was molten the containers were transferred to a Glas-Col heating
mantle set at 177 °C and stirred with a Caframo mixer. The polymer was then added slowly and

mixed until completely smooth.

Coated sample preparation

[297] All adhesive samples were coated as hot melts by hand onto 2 mil Mylar film
using a P.G. & T. CO. #1 applicator which was preheated to the adhesive application
temperature of 350 °F. Just prior to drawing down the adhesives onto the Mylar film, the
coating edge of the applicator was heated briefly over a Bunsen burner to help facilitate
obtaining as smooth and streak free coating as possible. The adhesive coat weight for all

samples was approximately 25 gsm (gram per square meter).

Tensile and Elongation sample preparation

[298] Each product was melted at 120 °C. Using a glass rod shimmed to 20 mils, a film
of each material was made by pouring a puddle of adhesive onto silicone release paper and
drawing the glass rod over the adhesive. After cooling the films were removed from the silicone
release liner and in some cases talced to reduce surface tack. A Carver press and an ASTM D-

638-4 die were used to cut dog bones for tensile and elongation testing.
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Loop Tack (pli) 3.2 4 4.4 6 3 180 degree peel to 6.4 5.1 5.2 6.5 stainless

steel' (pli) 180 degree peelto 1.4 1.8 2.7 6.9 3.7 stainless steeP'(1i 180
Welgepel to 1.2 1.2 1.4 3 PE( li) 180 degree peel to 2 2.1 P 3I20P¢0(9852

li Cold Crack @ O Pass Pass Fail de rees F PAFT Kraft/Kraft 115 130

138 F SAFT Kraft/Kral 210 211 154 Peak Stress 350 568 605 (psi)

ASTM D638-4 Elongation (7a break 529 152 >1000 (%) ASTM D638-4

Bleed testingatone 1 2 2 3 week 120F 3 daysonvinylat221.55 120F

' When coated as hot melt by hand. 2 When machine coated using an
BM@?&H%@%& top slot die coater. [304] As demonstrated above, in
rtain odiments, increasing the melt point af the, tackifier has.
p%%sitive e??e%? 5%“18%5 e c%n%’%“#%%%ﬁ?%&ﬂﬁﬂ%%% iu?fe#@’,mghmess copy
paper EHQRRE LT M in@0OLONGE 20 0B0 L0 TbE6VE GEHKS 280BOQABE v Bk the back
. ' ' ighe k. and.SAFT as compared to, their
e o R S TR R R R L ena
with 1H:@,igg@gm&wm@gﬁh@wp@@u@wggoma@eh@hénmwm stgek.
FormuMHRY @ P BPLVIE ViR e i i Bicsk oy els of RIAGKINGSS THBR: 16.

formulations 'show good aged properties. The adhesive formulations

Resisthagad PradRiverevii Exacmle 199 rave properties close to and in certain
embodiments, superior to HL-2081 which is considered to be a high

[3@Hrforma@nsrdhimghphiaaiffesibtinerBiohased MHdu¢d @S T hdwabeseahiany]
. arts products olymer of Example 3Ih are co rable tothe .
nore SRR B PSP TR R A1 RISl i

were reprnvgkhfionsthedumbdtor and allowed to cool back to room temperature. The coated

films were then peeled off the vinyl fabric and visually inspected for evidence of contamination
of the adhesive due to migration of plasticizer. Contamination usually results in softening of
the adhesive and in severe cases the total loss of cohesive strength. The adhesives were assigned
a number between 1 and 5 with 1 being no evidence of migration of the plasticizer into the

adhesive and 5 being severe migration resulting in total loss of cohesive strength.

Table 16 Formulation and Properties for Adhesive Examples 68-75

Ingredients Example | Example | Example | Example | Example | Example | Example | Example
68 69 70 71 72 73 74 75
Polymer Ex. 27 25%
Polymer Ex. 28 25%
Polymer Ex. 29 25%
Polymer Ex. 30 25%
Polymer Ex. 31 25%
Polymer Ex. 22 25%
Polymer Ex. 31a 25%
Polymer Ex. 31b 25%
Kaydol oil 25% 25% 25% 25% 25% 25% 25% 25%
EASTOTAC® H-100R 50% 50% 50% 50% 50% 50% 50% 50%
IRGANOX® 1010 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Tests
Viscosity @ 350F (cps) NA 97500 86000 18400 17500 8450 6880 3100
SAFT! B 155 139 105 159 131 127 130 125
SAFT? (F) 160 134 129 127 125
Loop Tack! (pl) 1.9 0.5 1.3 3.3 0.3 0.4 0.4 1.6
Loop Tack? (pli) 4.1 0.7 1.3 12 4
180 degree peel to SS'
(pli) 4.1 2.7 0.4 6.0 4.2 4.1 3.8 6.2
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herein have superior low temperature flexibility. In certain embodiments,
the low temperature flexibility is useful in making freezer grade
WQass02s0In certain embodiments, these polymers find utiliBGVAE2906/009852
plasticizer resistance is required (like bonding vinyl substrates). Elastic
attachment test procedure [306] For the examples in Table 18, 2000 gram
batches of each adhesive were prepared in a high shear sigma blade
mixer set at 325 T. The adhesives were then transferred to a melter set at
325 F and-applied-with a Nordson spiral spray Q\IQme onto fhrpe strands
of &S iread (eCitex 90 yﬁ’é‘;’&% Exa"lfﬁ’ {niampls ) Expmple 4 fxample | Example
Adel 201 B sgengigl, 842,666 Aﬁe;r eguikleratings 4o roomotempesature the; 5.9
1?&%@?@;@?%& re then stretcped to 95¢ 19f full lextension %Qd fa%ened to
1 carapoard. Tng enas O the efastic were therncgt throu Jﬂ
—%ﬂ?“ﬁhﬂgﬁ‘i}“"ene film—and-the fest-boald-placed if-an t@@baier%et at 1003
€ peel to PPY
@ /4,&? tefiza Pperigd of four hours the test |hgard was rempveg angdothe 27
Blistriesi® BE&p calculated using the, formulg: Initial j}englt_h minus final
5 IG0gW Glyidgd py initial tength fimes Ig0. This method|is desciibed maqre
fully in U.S. Patent 6,531,544. Tn Table 18, Comparailve Example AF and
| Measpd- P& iffeditmt BOF-follevo @ohpadsquBbriagbadyNy@retugedtocdefnp tsing.
Whe“ﬁ? bz B Fﬁ&’ﬁc‘i dheswe am Ie 81-83 and HL-1486 (from H. B.
When magiine %artnp‘éfhnfag f’rkﬁf\?ﬁls Pise 18 S npare to the elastic
atiachment Examples 84 and 85. [307] Pressure sensitive adhesives
beebmelhadhesives (Fxa “Md 30 are more resistant to bleeding at

3020 F f&'géeéﬁégé@%ﬁgbetaammlseema)ﬁﬂmfm s 6575,
8 were less Stl 1Zzer atlo en
i A A AR

designsthtoddmdySBC: Hasteat adheswe HL-2053. Examples 101 WO
2006/102150 PCT/US2006/009852 76-78 maintained good adhesion to
the vinylngresong ke melepoinyek festrdfifohardve strength. The HL-2053
SBC ba&@&eﬁ@ewﬁ {rstal Ohlth Gohr e @%M@ﬁ%%celgﬁﬂy different feed
extremely gummy after only one day in this test. Construction Adhesive
Bond Pr&{yaftion Substrates and Equipment Clopay DH-203 1.0 mil
boss et ne BBA Style 717D (16.9 gsm) spunhond nonwove
BT oS IRE B PR B AR HTAA! AR SR AR Herence
in conﬁptﬁ)dlﬁysﬁmtdﬂlamsen}ﬁm@imedlhﬁmﬂ)bﬂi BaBAIGAlRNHZ 30 aMGRH 100 to
producg da:ﬂ%gso esr"u%l)goqg? {84 lﬁg&b&ﬁﬁ @pﬁ 6 gog(t)% heﬁ (%Jte gl ea 01nt tackifiers.

esive formuilation was prepare in"a sigma PiiiXer se
ESCOREZIY B4 0thwasrestdcts ﬁl@ielbhélrﬁfwanﬁsfeed@m@namd@ﬁmefﬂnd\nm@stSe

formulations compared to a high performance, high heat resistance SBC based PSA (HL-2081
and HL-2053 from H.B. Fuller Company, St. Paul, MN) are provided in Table 17.

[303] Polymer Example 31b was selected for testing in two standard Graphic Arts
formulations (one with a blend of rosin ester and hydrogenated DCPD resin and the other with
all DCPD resin). An Industry Standard adhesive used for comparative purposes (HM-948) and

results can also be found in Table 17.
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10 PG melter for spiral spray application between polyethylene film and

nonwoven fabric. All of the adhesives were applied onto the polyethylene
WwWhaelkghgaitand then laminated using 30 psi nip pressure to tRETHBINAGGHHI852

fabric. The web speed was adjusted based on the adhesive through put

to obtain a coat weight of 6.2 gsm at approximately 500 ft/minute. The air

flow and nozzle height was adjusted for each adhesive until the best

possible 20 mm wide spiral pattern was obtained. The spiral patter.ns

were then rated on a 1-10 scale with 10 being a perfectly concentric

s (viffPyBblticgerd arepriiss oredhesiywergmpples 26189 pattern that

ACIC mduct

appears exipkemoTe ikesmgit htewntharsniralz4 SR TS a5

;—-ﬁtanﬁﬁ\fdpolymer tand -adheszigfe (HL -mz?s%\f : mgsg/ w? HeComj agatlve_ Fpased are

Polymerhﬁéﬁﬁﬁd with-the :Q\'en§i e Samples Spi nl@{’\my. 124%1(1 Cesting [309] The
31b__ poly/nonwoven laminatigns werg peeled| apart using an |-Mass slip peel
Kaydol yoster seft at a f8él rate if 125thchiesitiniite and the average force

EASTOTASERFRY aver %0 secand time| period.|Fdf%eadh product 6 copstructd

T ars B&%led anfi’the avdrage aflthe 6 averages recordell along with the
W@w@!gmgﬁ !niﬂ%]_pg?gi eans peeled at foom temperature after
———ﬁWESCOREZM“ ing-at-foorm-terperaturb fOr 24 hours.-Aged meahs aging

155 para = $rooa toroddo ot e DY uZ2ndn 2% for two weeks ?nd

SYLVALL HELITYS atTourT—teTT TAtOTCroT— 2 Tioour-ot gt 5% 1. |

€ 7 .
10L__then equlilibrating at room temperature for 24 hours and then geeling. {The

(RGANOXS %0l meaficonditipniiy tHe BEAAS 1024 holf¥alRT and then

%‘%‘2’8@?{?&%‘% the constructs in|a Shamber et at 47°C forBie hofffarld PERINE

SAFT' them at 7 C. 102 WO 2006710P158 PC T/US2006/009852 Table 18, 132

F) PI 1 . £ TN H arahlas 01 Ty
SAFT"  FOIMUIA[IONS angy PTOPETESs30r atRgSvE EXampreS o-poXxamiif )

)___Comp.-Example Example HI - Ekample 81 Fxample 82 83 AP HL-8 128
Loop Tack! r )

@i 84 85 1486 Polymer Example 30 ' 20 Polymer Example 3 |b 20 2§  ©°
Loop T ffinity 6A-1900%55 60 Kaydol off 262525 15 FASTOTACG H-TOOR|G0:3

AN el als Yor A

e el Ay AN o 0

stainless Yl AN AN 0091010.0.5 0/5 0.5 0/5 0.5 05 Brookfield Viscosity At 300
Agedpeelto ' *' * 7¥X==5g" t 53 " P 12200
stainless' (@) 4850 20000 15000 [7125 3050720000 1220D 5725 {325F (¢P) 1

Loop Tee§@rB1) 51h0 1575212200 7216 2850 *350|F CP 6700 3125 1050 [840 Chak
10 it s 6.2 6°2 62 62/6.2-30 30 30 >

stainless
180 degree peel to 14 1.8 2.9 6.9 3.7
stainless steel® (pli)
180 degree peel to 1.2 12 1.4 ' 23
PE* (pli)
180 degree peel to 2 2.1 2.6 3.0
PP? (pli)
Cold Crack @ 0 Pass Pass Fail
degrees F
PAFT Kraft/Kraft 115 130 138
(F)
SAFT Kraft/Kraft 210 211 154
03]
Peak Stress 350 568 605
(psi) ASTM D638-4
Elongation @ break 529 152 >1000
(%) ASTM D638-4
Bleed testing at one 1 2 2 3
week 120F
3 days on vinyl at 2 2 L5 5
120F

! When coated as hot melt by hand.
? When machine coated using an Acumeter bench top slot die coater.

[304] As demonstrated above, in certain embodiments, increasing the melt point of the

tackifier has a positive effect on loop tack and on SAFT. In certain embodiments, ESCOREZ™
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Pattern Width mm 20 20 20 20 20 6.4 6.4 6.4 Target adhesive flow
(ms/min) 18 18 18 18.9 18 30 30 30 Actual adhesive flow (ms/min) 18.8
WQQ04611823508.3 19.4 22 25.2 25 Web speed (ft/min 522 567 S2CTAZREHR09852
366 420 417 Nip Pressure (si) 30 30 30 30 30 30 30 30 Temperature (C)
150 165 165 150 150 150 165 165 AirPressure (psi) 621101317686
Nozzle Height mnr 50 50 50 35 25 25 25 25 Pump (RPM) 2,42.42.42.2
2.33.2 3.4 3.4 Pump pressure (psi) 194 185 397 388 108 228 282 190
PattemRating (1-10) 107899989 1189'281 265 187 240 2 165 191
5400 arg>4 b ginesskight higher bon gk a9l 440 B 433 BpSRBD A BAYDOIAC®
0 itial P %P tQ, .
o e 0 DO (MRS B B i ey s
have highanSAd B s gl sgeetisrghangolymers with Tedasbigh leyel90r iR Kiaess.
The fo?endiaRodslshbdlobad ag@@%mﬂe?ée;}sq}ie]&%éé{% FQRILPR LS Based on SI()el}énier

Exampic 3§ PRBHIE OB S, B Eh oAyt oI Bl 0D which i
consideAd 1B OB dBFerformance, high heat resistance SIS based PSA.

[305] The two graphic arts products based on polymer of Example 31b are comparable
to the industry standard HM-948. In certain embodiments, the graphic art formulations provided
herein have superior low temperature flexibility. In certain embodiments, the low temperature
flexibility is useful in making freezer grade adhesives. In certain embodiments, these polymers

find utility where plasticizer resistance is required (like bonding vinyl substrates).

Elastic attachment test procedure

[306] For the examples in Table 18, 2000 gram batches of each adhesive were prepared
in a high shear sigma blade mixer set at 325 °F. The adhesives were then transferred to a melter
set at 325 °F and applied with a Nordson spiral spray system onto three strands of Lycra thread
(Decitex 940 type 151) using the method described in U.S. Patent 4,842,666. After equilibrating
to room temperature the laminations were then stretched to 95% of full extension and fastened to
arigid piece of cardboard. The ends of the elastic were then cut through the polyethylene film
and the test board placed in an incubator set at 100 °F. After a period of four hours the test
board was removed and the percent creep calculated using the formula: Initial length minus
final length divided by initial length times 100. This method is described more fully in U.S.
Patent 6,531,544. In Table 18, Comparative Example AF and HL-8128 (from H. B. Fuller
Company, St. Paul, MN) are used to compare to the construction adhesive Examples 81-83 and
HL-1486 (from H. B. Fuller Company, St. Paul, MN) is used to compare to the elastic
attachment Examples 84 and 85.

[307] Pressure sensitive adhesives based on Polymer Examples 27 and 30 are more
resistant to bleeding at 120 °F for one week than the standard SBC based adhesive HL-2053.
Examples 76-78 were less affected by plasticizer migration when placed in contact with 25 mil

vinyl fabric for three days at 120 °F than the standard SBC based adhesive HL-2053. Examples
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5154 161 569 159 178 6 128 165 457 134 190 Average Peel @ 100F

PE to Nonwoven (132 153 314 151 162 [310] As demonstrated above,
WEGPIREB1-83 all exhibited good viscosity, sprayability, paREmli3aHae/009852

(10 being the highest) and good average and aged peels at 100 F as

compared to Comparative Example AF and HL-8128, indicating that these

materials would be good construction adhesives. Example 83 also

showed unexpected and favorable behavior in that the peel increased

with aging at 100 F indicating that it may be more adyantageous for use
76-78 a%%@mwgo%ﬁqéﬁq@@mwe Hhsey g rndienty svffiurdss Bl ess 00eTesiigusheength.

The HLO53 SIRCHa4YadREGVENSLIAR Brelt e&@gb@gipé_ng{mx@&faﬁggggé&%

Table 19. Formulations and properties for adhesive examples
gummy aiier pniyeope day ithis 1¥lymer Example 310 25 Polymer Example 31d
25 Kaydol oil 25 25, EASTOT 50 50 EASTOTAC(Y)
0.5 BrooRHe r-vAsegsief 300 F (cps) 16900
15800 325 F (cps) 105(ubffes3al Eqahshofid10 6880 Loop Tack' Pli 2.3

2.1 180 de reeeel 1,95, Bi 2,2 4.1 180 degree peel to PE'PIi 0.9 1.9
150 degree e AL 7507 LT T SRINIRR, macine
coated using améﬁﬂggétﬁ{o g B)ﬁ)srli% Ig,50a efr.n[gﬂfnl'able 19 shows
that t_he adhesi‘lﬁ?qﬁf%eﬂb%%l_ Mg\m%wghé@e@%me overall .
density but W”W@B‘?ﬂiﬁ@%‘ﬁ'ﬁ‘&i %h@y!;ogp SF g]lfllequ_res 11 and 12;
with Polymer Evanelasiediayinga it malling curve with peaks at
108 C and 40 C and Polymer Example 31d having sharper melting
havior with a melting point at 117 C. Both samples, - 104 WO
e RETRREH

06/1822880 BbREpD AdReslYR dArrRr tiparaas srenstad goosigma blade

high shiscosity: ssticatisgRhaiabpiiieibevarnlied fidbearpiratiary s R 900

- | tack, pee] to various substrates and SAFT.
10 PG %3%9 gr s%g'gl Ep%%g a 8ﬁgatloo%pbetweele polyethylene film and nonwoven fabric. All

of the adhesives were applied onto the polyethylene backsheet and then laminated using 30 psi
nip pressure to the nonwoven fabric. The web speed was adjusted based on the adhesive
through put to obtain a coat weight of 6.2 gsm at approximately 500 ft/minute. The air flow and
nozzle height was adjusted for each adhesive until the best possible 20 mm wide spiral pattern |
was obtained. The spiral patterns were then rated on a 1-10 scale with 10 being a perfectly
concentric pattern with good edge control and 1 being a very poor spiral pattern that appears to
look more like melt blown than spiral. A SIS based industry standard adhesives (HL-8128)

along with Comparative AF based are included with the inventive samples.

Spiral Spray Bond Testing

[309] The poly/nonwoven laminations were peeled apart using an [-Mass slip peel
tester set at a peel rate if 12 inches/minute and the average force recorded over a 20 second time
period. For each product 6 constructs were peeled and the average of the 6 averages recorded
along with the standard deviation. Initial peel means peeled at room temperature after
equilibrating at room temperature for 24 hours. Aged peel means aging the bonds at room
temperature for 24 hours then 50 °C for two weeks and then equilibrating at room temperature

for 24 hours and then peeling. The 37 °C peel means conditioning the bonds for 24 hours at RT

and then placing the constructs in a chamber set at 37 °C for one hour and peeling them at 37 °C.
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[312] As demonstrated above, embodiments of the invention provide
adhesive compositions which can be used as a hot melt adhesives or

W@ ressiweisensitive adhesives. Some adhesives may have reRGEil&l§200gH09852
SAFT temperatures; other adhesives may have relatively high peel
adhesion; still other adhesives may have relatively good temperature
resistance. Consequently, the adhesives can be used to make labels,
tapes, diapers, decals, cases, cartons, or trays, medical devices,
bandages, hygiene products, etc. They can also be used for book
binding. In certain embodiments, the pressure sensitive adhesives are

freezel afrtedis ti & aghesivogxnnesiBlSatio
been described with respect to |alimited n@mbe of emb@dalﬁﬁl@ﬂtSsthﬂe HL-
specific featukesmtiibncea Indent shouldfot|BE- H tolothdr 1486
polymenExbymitithents of the invernifon. No single embodiment-is-reftesentative-¢f
Polymgr|Eppapiidts of théd invention.th-some-ex irmepts—the-compesitiefis-of
Affinipy(GtHh80s may include lnumerous—cotmpaundd-or steps-iotmentioned
|_Kayddhailrain, |n of bobimdhts-the-compesitionslormethodsdormots
| EASTRIARRIEI8 dre sibstahtiall-fre-of-any compotinds-orstepsot—
EASTARAGREYAMRd herein—Variationsiand modifications-fronrthe described
ESCQ s-exist—inalt Al nomber dib%.iUbeu' hergin %'r;oui ' bgs
ReANGK R Med-to-mesn approximate; Jardiess of whether|the wordabout
Brookfield,Viscosity at. L . i
Of qappluml Id.LUIzﬁ IS Used mg SCTINg n%lr;su De3(r)50| ne a(s)pg)ended %Ialrn§725
l?%ﬁ@)(u CCVGr sHthase %Qq\j)di“ ,al]:fj()iqioa ne-varigtions as TATTTg WItNIN thes
| S2UPEPbf the invention-188MASEES diaittl 11 Al mbedtibn— 210280
cantrpEsing: (i) at least one ethylenéi® -ﬂjeﬂmau: in-the | 1840
| cont wlavlese/a-glefirs interpalybder: (a) $as alM 9" frondBbout 297 t4 ab&ut 30
PateR Fidisieiast jone 2melting [8int, [T s Celdlus;land denshi—ei—4
Target adhesive flow; . . .
gms,1r|;1ngrams/cub|c centimeter,;yvherein ghe numerical vad- ues ¢b T. andsd 30
z\gﬁzﬁgyrwrﬁmd [0 the relatlonzsgi}ip: T,,ﬁg_gooz 91§§5u8.$9(ﬁ1)-‘242322(d 2,05, (b) 45
Web ;rl)(e%b( n%ﬂvu norg gwou 1"/ JoabouL, 3.5 ang,ls chagacterized by a hgat ¢f 44,
Nip BORIOf  I 170; and jadefta qirantfy, AT, jy degrees Celsjys, defiaed ds 5
Tempa} ureugncmperclture1§;]merenccgspetweepﬁthe tallest DSGpeak apd the igdlest 165
i P B PEakK, gvherein the nuymetir cal vajyies|of AT and AH haveghe | ¢
Noza CHOWIRG, refations, ships: s 50 35 25 25 25 25
Pump (RPM) 2.4 2.4 2.4 2.2 2.3 32 34 3.4
Pump pressure (psi) 194 185 397 388 108 228 282 190
Pattern Rating (1-10) 10 7 8 9 9 9 8 9
1 189 281 265 187 240
2 165 191 280 199 205
3 183 185 196 189 199
4 213 183 238 230 252
5 200 170 279 206 297
6 193 153 409 220 188
Average Initial Peel PE
to Nonwoven (g) 191 194 278 205 230
1 100 59 24
2 100 48 21
3 90 60 24
4 88 49 18
5 100 52 21
6 87 49 20
Average % Creep 94 53 21
1 120 132 139 92 155
- 2 o122 . 1550 - 402 - |, 176 . |- 130. .
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AT>-0.1299(L1H)+62.81 for aH greater than zero and up to 130 J/g,

AT?48C. for AH greater than 130 J/g, wherein the CRYSTAF peak is
Wa@igeesmiatd using at least 5 percent of the cumulative polym@®CHitG2016689852

than 5 percent of the polymer has an identifiable CRY- STAY peak, then

the CRYSTAF temperature is 30 C.; or (c) is characterized by an elastic

recovery, Re, in percent at 300 percent strain and 1 cycle measured with

a compression-molded film of the ethylene/a-olefin interpolymer, and has

a density, d, in grams/cubic centimeter, wherein the numerical values f

Re and d gatisfy the following felatignshighen ethylens/apolefiltample | HL-

interpolymer issudsstamtiaily frdesof a crpsstflinked-pkfase: 8 85 1486
Re>1481-1629(&): or|-108MCELLP (d) hd¥ a molécularfrastign-whieh
elutes hetweenZl0 C land430 C Whenfrationatedustng FREF-¢eharat
terized in that th# fraati mestar dnmidhadhatBaomiant of de laoor
HTotrer QU T roTToT e T COTNICTIT Ul CIcast v

nefrent hiaher BN that A652 chmATrodia 13 a4 1800 ) toe b o

Avera PeeT IOOF o) -- —tHe - thHiat o CpThippoiragic TarmogTTT T UTy feTic it IJUI_yIIIU

PE to iy elutingilpetween thie samestemperatures, wherein said

comparable random ethylene interpolymer has the same comonomer(s)

(31619 hag aqnrlded SenailsxansiseiRssameRaBiRd oot tbsisgd on
the whole polymer) within 10 percent of that of the ethylene/a- olfefin 0
spoyati BORRTRITORE L) hESHE S DO eSS BRE Pas 100 F o

yanda
comparSiPiQ @R Hasiive Bt AP CAFGIHEMM CB) 28/ Hedtiatiinetheatinest BYRED: pould be

G'éiQQ C.) is in the range of abput 1:| to about 9:1: and (i) at .
w00 ORI AR OERRIS B BT L NP LSRR Cerllor i
that the peel increased with aging at 100 °F indicating that it may be more advantageous for use

at both room temperature and higher temperatures such as 100 °F. Figure 10 is a DSC curve

showing the melting behavior of Polymer Example 30.

Table 19. Formulations and properties for adhesive examples 86-87.

Example 86 Example 87

Polymer Example 31c 25
Polymer Example 31d 25
Kaydol oil 25 25
EASTOTAC® H-100R 50 50
EASTOTAC® H-130R
IRGANOX® 1010 0.5 0.5
Brookfield Viscosity @ 300 F (cps) 16900 15800

@ 325 F (cps) 10500 9400

@ 350 F (cps) 7310 6880
Loop Tack' (P 2.3 2.1
180 degree peel to SS' (Pli) 2.2 4.1
180 degree peel to PE' (Pli) 0.9 1.9
180 degree peel! to PP (Pli) 2 0.2
SAFT' (F) 147 156

When machine coated using an Acumeter bench top slot die coater.

[311] Table 19 shows that the adhesive properties using two polymers with the same
overall density but with different melting behavior as shown in Figures 11 and 12; with Polymer
Example 31c having a broad melting curve with peaks at 108 °C and 40 °C and Polymer
Example 31d having sharper melting behavior with a melting point at 117 °C. Both samples,
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olefin interpolymer has a M"/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
W@enimeres) wherein the numerical values of T. and d corresREWIUS2(106/009852

relationship: T, 858.91-1825.3(d)+1112.8(4)". 3. The composition of claim

1, wherein the ethylene/a- olefin interpolymer has a MW/M" from about

1.7 to about 3.5. and is characterized by a heat of fusion, dH in J/g, and a

delta quantity, AT, in degrees Celsius defined as the temperature

difference between the tallest DSC peak and the tallest CRY- ST.AF peak,
when fovheiletedjsbowed exod visdosity ondirating el 3haliier teheeremehiomat the application

relati 0S: O 9
o ERS, ST DA St venn Ranancang e

3 1EF3‘<_fif,Qse&§]ﬁﬁB'&%%x%§ i&l&b@é%' 6}1?%51&@{@&'{]&@& thecgtioapashiedmnliesii

and if less than 5 percent of the polymer has an identifiable CRYSTAF
compopEaRs tHiRGEn bRPIHRE Rl PE RS LA DS Some
adhesi@l@mﬁ hwhRekeiniiBE atblISAS/R talpkretniespeyenadlissivammatehized tytarely
) elastic recovery, Re, in percent at 300 percent strain and | cycle .
high poALEFI, AN O1TES RIS AT IR STt S TP e s
Conse@f#}’ﬂl@?fhﬁﬁkﬂhb&iﬁea charisitysel to rgakmiatelditpendinpts;, det a3, MSSL ¢gptons, or

wherein the numerical values of Re and d, sati [
ey, A RS S I 1 A FUPHE Bl o ook
bindingrdssétkiectmhadmdRts> hrgirsem0 ()sis va Adhesias Gribeea otiads pressure
sensiti\%he?cfheeigi‘{?se. numerical values of Re and d satisfy the foIIo_vving

relationship: Re>1491-1629(4). 6. The composition of claim 4, wherein

3 f§§>n1 . @f_ﬂ'&@%&g)&%ﬁﬁ@%&ﬂ Ratshedneifioliespbagtoalatianahipimber of
embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or methods
do not include, or are substantially free of, any compounds or steps not enumerated herein.
Variations and modifications from the described embodiments exist. Finally, any number
disclosed herein should be construed to mean approximate, regardless of whether the word

"about" or "approximately" is used in describing the number. The appended claims intend to

cover all those modifications and variations as falling within the scope of the invention.
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7. The composition of claim 4, wherein the numerical values of Re and d
satisfy the following relationship: Re>1511-1629(4). 8. The composition of
claim 1, 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 c¢ éefg\{
of at least 5 percent higher than that of a comparable random ethylﬁﬁ LP
interpolymer fraction eluting between the same temperatures, wherein

said compatabiengandom ethyl- ene interpolymer has the same _
comonomer(s) and has a melt index, density, and molar comonomer
content (baéeﬁmmylmﬂmb(@mﬁé’@ﬁwthm 10 percent of that of the
ethylene/a- g ﬁ{tndagemﬁmgﬁe@ef&e lefimpusitotyaietamidewti@eein the
ethylene/a- o %fﬂwréﬁémlm@ﬁhhﬁ@emagg modulus at 25 C., G'(25 C.),
and a storage maduily ﬁ&qmmsm tharplig ol (25
C.) to G'(100 & i¥hihe “rapg ut 1:1 to ab %ﬁdia&gp

composition of cI%’iH Elglﬂ?é ?Fmé% ?ﬁi) en IS aﬁﬁ?s
composition, or AHEERRS(THLHEGHAY re&ﬁ va
composition of claﬁw)]f%héféﬁrﬁim@ F@ “H?‘Btb‘ﬂene

1-butene, 1- hexene 1 1 entene norbornene,

1-decene, 1.5-Hexadl 518 5&%:2%& |0ré10thereof 12. The composition

of claim 1, th{ﬂlma@eatwm iSrdhie 360U e taaberftdibahadt 5% to
about 70% by Weight.of {50y, COMPASIDRsish, TRE Ganfositenzof

claim 1, wherein Cf{]?itaCkme[ §U %8_? ﬁg@@@gﬁglr&%@ 19 Ble
greater than 80 bﬁ 1 @Pmﬁ?ﬁé“&’ﬂ Qgt%@? eé{krther

comprising an adth rou cor%sstmgd%)f t|0|zers

oils, waxes, antlo&&%ﬂ%‘é tﬁﬂ?@t ive

cal values of AT and AH have the following relanon— |
ships:

AT>=0.1299(AH)+62.81 for AH grearer than zero and
up to 130 Ig,

ATZ48° C. for AH greater than 130 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 CRY-
STAF peak, then the CRYSTAF temperature is 30°
C.;or
(c) is characterized by an elastic recovery, Re, in percent
at 300 percent strain and 1 cycle measured with a
compression-molded film of the ethylene/ct-olefin
interpolymer, and has a density, d, in grams/cubic
centimeter, wherein the numerical values of Re and d
satisty the following relationship when ethylene/a.-
olefin interpolymer is substantially free of a cross-

linked phase:

Re>1481-1629(d); or
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ments, fillers, flow aids, coupling agents, crosslinking agents, surfactants,
solvents, and combinations thereof. 15. The composition of claim 1,

wherein the composition has a shear adhesion failure temperature MCSLLP
(SAFT) of at least 32 C. 16. The composition of claim 1, wherein the

composition hi‘ﬁ)%%.?@%@éﬁﬂﬁ?ﬂ@&f@n&xﬂﬁ%&@@%@ﬁ@éﬂ%weaﬁ
about 100 N/dm Q?Q\%i%%loﬁ tf(%fi 31 ﬁ/gﬁg@f@ﬁp E%Q@smon
d
jal

is a hot melt adhe S|ve§un
composition is fro

omposition
of claim 17, wher&fi&tfo®d @“&53 CEEirfbe @&?5 %e?}? ﬁ}p
adhesive composfiﬁiﬁpﬁ’ ‘Fh}ﬁ]%@@m -§LRy u’(ﬂi@d@‘i YHREIT @CUOH
composition of clattntingiereie thihesayisneapereflieateypelgmeaakh

density of about OcBDitenadisiat &ﬁ&o@oﬁl@@eﬁ&m&x@m’m&ymﬁc@&n 1
wherein the ethylene/eleoplefifbinte(Ppbirehding aeenisiieef donsity. 56
tciha?out /% 5375| %’%ﬁd%%oTﬁec%%%ﬁi&rb%ﬁéﬁ bkb@dﬂ@;@méfggls 0
ethylene olefi lﬂgieg@

g/ 10 minutes. 22 B‘t’% w(;fg{%loﬁ%)%éfgéhl wherein tg ltﬁylengl/a-
olefin mterpolyme a8 dh m hex ofabout 10 to about 30 /10 mlnutes.

23. The compoéﬁﬁolfhﬂefﬂcﬁi@ﬁﬂgemm&ﬁ@ thylendfd2iefin), an
interpolymer is presergia moednhs aondabeut (ﬁd‘%)fﬁ) @\Butv\ém@fﬂylhﬁelght
of the total compogitieno24' X Omposiidnot Claims ia, thhenagethé

additive is a plastigigat Whieh iraummeralmil, liquid polybutene, or a
combination thereof. 25. A composition comprising: (i) at least one

ethylen6la-olefifiintarpriynoee tahkiBar.the . ethylene/a-olefin interpolymer

has: (a) a moleeyllgnfzactippusirihebitepheyearhdR . @edethylene/o-
olefin interpolymer has a M, /M, from about 1.7 to about 3.5,
at least one melting point, T, in degrees Celsius, and a

density, d, in grams/cubic centimeter, wherein the numerical
values of T, and d correspond to the relationship:

1, 2858.91-1825.3(d)+1112.8(d)".

3. The composition of claim 1, wherein the ethviene/ot-
olefin interpolymer has a M, /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 CRY-
STAF 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 /g,

ATZ48° C. for AH greater than 130 /g,

wherein the CRYSTAF peak is determined using at Ieas*t 5

percent of the cumulative polymer, and if less than 5 percent

of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30° C.

. 4. The composition of claim 1, wherein the ethylene/ct-

~ olefin interpolymer is charactenzed by an elastic recovery,

Re, inpercentat 300 percent strain and 1 cycle measured with

a compression-molded film of the ethylene/a-olefin inter-

polymer, and has a density, d, in grams/cubic centimeter,
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130 C. when fractionated using TREF, characterized in that the fraction

has a block index of at least 0.5 and up to about 1: or (b) an average

block index greater than zero and up to about 1.0 and a molecular welgv% SLLP
distribution, Mw/Mn, greater than about 1.3; and (ii) at least one tackifier.

-16hbieiblh&ndfmeHtelcampesitidteaindaiagsyvihergifl dhe ethylene/CL
0'%9 i@IMﬂi‘i‘ﬁﬁxhﬁ% l@&;@rofra%%%@@ﬂeﬁ% sfgtween 40 C.
ﬂ@g%f@gp&g&a l@gﬂ é%EF characterized in that the

ractlon h s a block index of at | 5 and up to about 1. 27. The
composﬁf&ﬁd’é% 425, wherein the ethylene/a- olefin interpolymer has

an agerage kigglsidexoisRianinan. 2ere 0 Hibtaaber-4i0 and a
molagular pelg @l&%@ﬁ@fﬁgﬁf%@@?éfﬁ {figp;gbout 1.3. 28. The

composition of claim 25 composition IS a hot melt adhesive
compostiahdi 48Hérmoplastic mark- ing composition. 29. The

CompOSTtiN & alsiwl 2on WIIRININS asQlefiniStRlyFeReeREgPYlene,
1 QH EQ@&R@{%& GAEt nﬁle4f5'f \{hé%qgé%%% rbornene [-decene,

exadiene, or a combi- nation t e ‘composition of claim
25 Wheigéfm?]]eil%gﬁher is present in.the range from about 5% to about

70% Dy RIGhdbe et compasiion: Rl heeompasifion of claim 25,
Whve]'i‘a@s thefackiies bags 'ﬁ%%ﬁf’iﬁﬂi%%‘?% to or greater than

C. 32. The compositiort of claim 25, further comprising an additive
selectecfeffdfﬁ tHé? F@up consisting of plasticizers, oils, waxes,

antlogldmts@dﬁﬁ cuRlilizersslaplorantsiR%Plig- tHéeﬁﬁnyiféf%ﬂOW aids,
%&P HQ?Q%&%E&?MSM 3ol eniz.and
“0'365 18Rk 5o E‘*&‘fiﬁl?ﬁ%‘é%narcf‘usmg ein the

ractenzed in that the fraction has a molar comonomer
conteni of at least 5 percent higher than that of a comparable
random ethylene interpolymer fraction eluting between the
- same temperatures, wherein said comparable random ethyl-
ene 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/c.-

olefin interpolymer. o
9. The composition of claim 1, wherem the elhviene/on-
~ olefin interpolymer 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

- It to abour 9:1.

10. The composition of claim 1, wherein the composition is
a hot melt adhesive composition, or a thermoplastic marking
composition. |

11. The composition of claim 1, wherein the c-olefin is
styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-
1-pentene, norbornene, 1-decene, 1,5-hexadiene, or a combi-
nation thereof.

12. The composition of claim 1, wherein the tackifier is
present in the range from about 3% to about 70% by weight of
the total composition.

13. The composition of ciaim 1, wherein the tackifier hasa

- R&B softening point equal to or greater than 80° C.
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has a shear adhesion failure temperature (SAFT) of at least 32 C. 34.
The composition of claim 25, wherein the composition has a 180 peel

adhesion to a polyester substrate of at least about 100 N/dm. 35. The y1ng1 1 p

com r eC Iti nelt adhesive
an Cﬁ%ﬁ%ﬁéﬂg@ %Wla? ‘Eﬁiﬁ Iﬁd egﬂ/WHéll Q&n PSI}P% om about
1x1 fé"gbsgu? O% %ﬁ?\ Ampositien ofp mlgg Wherein the
ratfy 'St WS AH0E ﬁg&ﬂ%ﬁ%lﬁg % dthposition is
frofesbUtiers tlaoiies LR 1572 T8RS ATBSSHIvH D&‘%ﬂ&#ﬁss wherein
thes unlagiosttorn ikcatiotrdetoainasiienanacnse SAFT of the hot melt

adhedtve] termpasitisiti i grbalmnthg méR1€in 1he d@B041R088. The
copositineneldlaiti @b favheecientherethydefford dlefifi anfergolymer has a
densityof about 0.85 to about 0.88 g/cc. 39. The composition of claim 25,
whergig fbﬁeeéeﬁh%%{aoﬂ's&'ezmtﬁ@o%v&é%lm@&% Séﬁ%ébom 0.86 to

ab ut Q.
ethy eneﬁ%{é ﬁ%%gr%} ymer aggnlgéei{t |ndgﬂgr% (ygout to about 50
o/10°H he compasition of claim 25, wherein the .ethylene/a-
olefinifterfoRAmRATHLR Prf@jlﬂﬁ’v]’a %IBBEJ ?6%5&%%16159/10 minutes.
i @@@ﬁwfﬁmm@ézwe ShiePetmprirIReDiin
interpolyersias présantahantdrdd tierataBurddbla. abut 5011,6 by
weight$of The totahporipositidnclaBnTHE, cuhypesitidre oftkaint 32, wherein
theGaAzBtve. JsaGhiastdizes ivhidioisoeetnintired iod, digqujs siakybutene, or a
combinatonthereaf :44LHi artigle comprising a substrate coated with the
com- pesHAN QfiflIGh of claim 1, wherein the ethylene/a-
olefin interpolymer has a density of about (.85 to about 0. 88
gice.
20. The composition of claim 1, wherein the ethylene/a-
olefin interpolymer has a density of about 0.86 to about 0.875
g/cce.
21. The composition of claim 1, wheremn the ethylene/a-
olefin interpolymer has a melt ;ndex of about $ to about 50 |
- /10 minutes.
22. The composition ¢f claim 1, wherein the ethylene/a.-
olefin interpolymer has a melt index of about 10 to about 30
2/10 minutes.
23. The composition of claim 1, wheren the ethylene/o- |
olefin interpolymer is present 1n a range from about 10% to
abut 50% by weight of the total composition.
24. The composition of claim 14, wherein the additive is a
plasticizer which is a mineral oil, liquid polybutene, or a
combination thereof.
725. A composition comprising:
(i) at least one ethylené/a-olefin interpolymer, wherein the
ethylene/a-olefin interpolymer has:
(a) amolecular fraction which elutes between 40° C. and
130° C. when fractionated using TREF, characterized -
in that the fraction has a block index of at least 0.5 and
up to about 1: or
(b) an average block index greater than zero and up to
about 1.0 and a moelecular weight distribution,
Mw/Mn, greater than about 1.3; and
(ii) at least one tackifier. '
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45. The article of claim 44, wherein the article is a r_ngdical device, a
bandage, or a hygiene article. 46. An article comprising a substrate (_:oated
with the com- position of claim 28. 47. The article of claim 46, wherein the

article is a medical device, a bandage, or a hygiene article. -111 MCSLLP

26. The composition of claim 25, wherein 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 block index of at least
0.5 and up to about 1.

27. The composition of claim 25, wherein the ethylene/o.-
olefin interpolymer has an average block index greater than
zero and up to about 1.0 and a molecular weight distribution,
Mw/Mn, greater than about 1 3.

28. The composition of claim 25, wherein the composition
18 a hot melt adhesive composition, or a thermoplastic mark-
ing composition.

29.-The composition of claim 25, wherein the a-olefin is
styrene, propylene, 1-butene, -hexene, 1-octene, 4-methyl-
1-pentene, norbornene, |-decene, 1,5-hexadiene, or a combi-

* nation thereof,

30. The composition of claim 25, wherein the tackifier is
present in the range from about 5% to about 70% by weight of
the total composition. .

31. The composition of claim 25, wherein the tackifier has
a R&B softening point equal to or greater than 80° C.

32. The composition of claim 25, further comprising an

- additive selected from the group consisting of plasticizers,
oils, waxes, antioxidants, UV stabilizers, colorants or pig-
ments, fillers, flow aids, coupling agents, crosslinking agents,
surfactants, solvents, and combinations thereof

- 33.The composition of claim 25, wherein the composition
has a shear adhesion failure temperature (SAFT) of at least
32° C.

34. The composition of claim 25, wherein the composition
has a 180° peel adhesion 1o a polyester substrate of at least

- about 100 N/dm. ' :

35. The composition of claim 25, wherein the composition
is a hot melt adhesive and the G'(25° C.) of the hot melt
adhesive composition is from about 1x10° to about 1x10° Pa.

36. The composition of claim 35, wherein the ratio of

- G'(25°C.) to G'(75° C.) of the hot melt adhesive composition
is from about 1:1 to about 110:1. ' |

37. The composition of claim 33, wherein the composition
is a hot melt adhesive and the SAFT of the hot melt adhesive
composition is greater than 82° C.
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38. The composition of claim 25, wherein the ethylene/c.-
olefln interpolymer has a density of about 0.85 to about 0.88
g/ec. _

39. The composition of claim 25, wherein the ethylene/c.-
olefin interpolymer has a density of about 0.86 to about 0.875
. gfcc.

40. The composition of claim 28, wherein the ethylene/o.-
olefin interpolymer has a melt index of about 5 to about 50
¢/10 minutes.

41. The composition of claim 25, wherein the ethylene/c.-
olefin interpolymer has a melt index of about 10 to about 30
g/10 minutes. _

42. The composition of claim 25, wherein the ethylene/a.-
olefin interpolymer is present in a range from abour 10% to
abut 50% by weight of the total composition.

43. The composition of claim 32, wherein the additive is a
plasticizer which 1s a mineral oil, liquid polybutene, or a
combination thereof.

44. An article comprising a substrate coated with the com-
position of claim 10.

45, The article of claim 44, wherein the article is a medical
device, a bandage, or a hygiene article.

46. An article comprising a substrate coated with the com-
position of claim 28. '

- 47. The article of claim 46, wherein the article is a medical
device, a bandage, or a hygiene article.
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