WO 2012/ 045006PCT/ US2011/ 054345 MULTI GRAFT COPOLYMERS AS SUPERELASTOVERS
TECHNI CAL FI ELD 5El astoners conprising nmultigraft copol yners havi ng
random y wpaeex4biwanch points, for exanple conprising aPpdlusdiienssdbmackbone
and random y spaced pol ystyrene grafts, are described. Al so described are
met hods of synthesi zing and characterizing the copolyners. The copol yners
can be used as superel astoners, for exanple, in adhesives and/or as
conponents in a variety of products, including nedical inplants. 10
BACKGROUND Thernopl astic el astoners (TPES) represent an inportant
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pol ystyrene (PS) end-bl ocks an and B represent rubbery polyisoprene (Pl)

and polgmpondnene a(VeBE)y ofipteddcs kscludiag peatical énplanSome of t hese copol yners

are sold under the trade nane KRATONTm (Kraton Pol yners, Houston, Texas, 25

Uni'Yed States of Anerica). For these bl ock copolynmers, the norphol ogy

f or med, BARKGRQAYNPe nmechani cal properties, are directly linked to the

vol ume fr aCt”hPe?‘r%ogfasttip eelagtvo\l(r)ne(r:so {%]S? ?etpsfésent an important segment of the worldwide
elastomer market due to their combination of mechanical properties comparable to
vulcanized rubbers and straightforward processing similar to that of thermoplastics. See

15  Legge et al., Thermoplastic Elastomers, Munich: Hanser, 1987. TPEs are also of interest

because of their capacity to self-assemble to form ordered phase separated structures having
nanoscale dimensions, with morphologies and properties tunable by controlling the volume
fractions of hard and soft segments. See Rader, C.P., in Modern Plastics Encyclopedia,

Volume 72, New York: McGraw-Hill, 1996.

20 Linear ABA triblock copolymers, including styrenic block copolymers (SBC), are
often usable as TPEs. The SBCs include, for example, the SIS and SBS triblock copolymers,
where S represents glassy polystyrene (PS) end-blocks and I and B represent rubbery
polyisoprene (PI) and polybutadiene (PBD) mid-blocks, respectively. Some of these
copolymers are sold under the trade name KRATON™ (Kraton Polymers, Houston, Texas,

25  United States of America). For these block copolymers, the morphology formed, and thus
the mechanical properties, are directly linked to the volume fractions of the two components.

Star block copolymers, e.g., star polymers where each arm is a block copolymer,
having PS outer blocks and PI inner blocks, have been reported as having improved tensile
strength relative to linear triblocks of comparable composition and segment molecular

30 weights. See Bi and Fetters, Macromolecules, 9, 732-742 (1976). Commercial star block

copolymers based on S/I and S/B compositions have been commercialized by companies
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sel ected fromthe group conpr|5|ng an organic filler, an inorganic filler,
a wax, rgadibcing-funed partgludggiondiuses: | an anti-oxidant, a stabilizer, a
decoratlve agent, a b|00|de a flane retardant, an anti-static agent, a

égggﬁgtﬁmgg%bPﬂEWﬁ n: écg-reof. I n sone enbodi nents, the

15 In some embodiments, the presently disclosed subject matter provides a thermoplastic

elastomer composition comprising a random multigraft copolymer comprising a rubbery
polymeric backbone and a plurality of glassy polymeric grafts, wherein each of the plurality
of glassy polymeric grafts is attached to the rubbery polymeric backbone at one of a plurality
ofrandomly spaced branch points. In some embodiments, the composition further comprises
20  atleast one additional component selected from the group comprising an organic filler, an
inorganic filler, a wax, a tackifier, a plasticizer, an anti-oxidant, a stabilizer, a decorative
agent, a biocide, a flame retardant, an anti-static agent, a therapeutic agent and combinations
thereof. In some embodiments, the decorative agent is a pigment or a dye.
In some embodiments, the random multigraft copolymer has a residual strain of about
25  55% or less at an applied strain of about 500% or more. In some embodiments, the random
multigraft copolymer has a residual strain of about 40% or less at an applied strain of about
300% or more.
In some embodiments, the random multigraft copolymer has a strain at break of
1200% or greater. In some embodiments, the random multigraft copolymer has a strain at

30 break of at least 1500%.
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of glassy polynmeric grafts is between about 14% and t "26% In sone
emiddi meother dlissy raamd enpohyhterr gpalfytingbgbloyder polyyinipesidate)) pastarbbnae,
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volume fraction of glassy polymeric grafts is between about 14% and about 26%. In some
embodiments, the random multigraft copolymer comprises at least three branch points. In
some embodiments, the random multigraft copolymer has a molecular weight of between
about 400,000 and about 600,000.
25 In some embodiments, the presently disclosed subject matter provides a fabricated
article comprising a thermoplastic elastomer composition comprising a random multigraft
copolymer comprising a rubbery polymeric backbone and a plurality of glassy polymeric

grafts, wherein each of the plurality of glassy polymeric grafts is attached to the rubbery

polymeric backbone at one of a plurality of randomly spaced branch points. In some
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derivatives thereof, terpenes, modified terpenes, an aliphatic resin, a cycloaliphatic resin, an

aromatic resin, a hydrogenated hydrocarbon resin, a terpene-phenol resin, and mixtures

thereof. In some embodiments, the adhesive further comprises one or more additives

20  selected from the group comprising waxes, plasticizers, anti-oxidants, stabilizers, decorative

agents, biocides, flame retardants, anti-static agents, and fillers. In some embodiments, the
decorative agent is a pigment, a dye or glitter.

In some embodiments, the presently disclosed subject matter provides a coated object

comprising a coating layer comprising a random graft copolymer, wherein the random

25 multigraft copolymer comprises a rubbery polymeric backbone and a plurality of glassy

polymeric grafts, wherein each of the plurality of glassy polymeric grafts is attached to the

rubbery polymeric backbone at one of a plurality of randomly spaced branch points, wherein

the coating layer covers at least a portion of a surface of a wood, ceramic, glass, carbon fiber,

metal, metallic, leather, fabric, stone, or plastic object. In some embodiments, the object is
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and which is achleved in whole or in part by the presently disclosed subject matter, other
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accompanying drawings as best described hereinbelow.

20
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A 1s a schematic drawing showing the molecular architecture of miktoarm star
copolymers comprising two types of block material, A and B.
Fig. 1B is a schematic drawing showing the molecular architectures of regular
25  multigraft copolymers having rubbery polymer backbones and glassy polymer side chains.
The copolymer architectures include a trifunctional “comb” architecture, a tetrafunctional
“centipede” architecture, and a hexafunctional “barbwire” architecture.
Fig. 1C is a schematic drawing showing the molecular architecture of random
multigraft copolymers having rubbery polymer backbones and glassy polymer side chains.
30 The copolymer architectures include a trifunctional “comb” architecture, a tetrafunctional

“centipede” architecture, and a hexafunctional “barbwire” architecture.
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conmponentwQ 2odv/ogfoo6an al so apply to regul ar tetrafuncti @eaiusSpulios4pasnf t
copolynmers. The volume fraction of the glassy conponent is plotted on the x
axis. For sanples having a roughly equal volune of the two conponents, a

| anmel lar (L) 5 norphology is formed. H stands for hexagonal |y packed
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appears dark. The copol yner nprises 41 volume % PS and an average o
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star norphol o di agram based on exper.inental results. Epsilon (c) is a
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can be applie o regular multigraft copolyners by considering |ocal

asymmetry, IFRQI20 ng & hiadnsinissioregiié@ronmmhiciq@raftt (TEPO) Vinaps &f @ sédulags of
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poildt s. mpphalopx-igf@&nieds 14 vol ume % PS and an average of 3.5 branch points.

Fig. 2D is a transmission electron micrograph (TEM) image of a regular
tetrafunctional multigraft copolymer with a PI backbone and PS grafts. In the TEM image,
the PS phase appears light and the PI phase appears dark. The copolymer comprises 41
volume % PS and an average of 3 branch points. A lamellar morphology is formed.

20 Fig. 3 is a miktoarm star morphology diagram based on experimental results.
Epsilon (¢) is a parameter that describes the level of architectural asymmetry.

Fig. 4 are schematic drawings and a morphology diagram showing how Milner theory
can be applied to regular multigraft copolymers by considering local asymmetry, imagining
that the regular multigraft copolymers are strings of miktoarm stars. In the graph, epsilon ()

25 s aparameter that describes primarily the level of architectural asymmetry. Phig (¢p) is the
volume fraction of component B in the copolymer.

Fig. 5 is a graph showing the stress vs. strain tensile curves from data for
STYROFLEX™, KRATON™, and two regular tetrafunctional graft polystyrene-
polyisoprene copolymers. MG-4-22-10 has 22 volume % polystyrene (PS) and an average of

30 10 branch points. MG-4-14-3.5 has 14 volume % PS and an average of 3.5 branch points.



6 - WD 2012/ 045006PCT/ US2011/ 054345 Fig. 6A is a graph of previous
data showi ng the influence of the nunber of branch points of the %strain
at break wo20e¢4b@s mul tigraft copol ynmers. The average ROFASRo1ofos43amnch
points in the copolyners varied fromabout 4.5 to about 10, while the chain
| engt hs and PS volunme % was held constant. 5Fig. 6B is a graph of previous
data showi ng the influence of the nunber of branch points on the tensile
strength in regular tetrafunctional nultigraft copolynmers. The average
nunber of branch points in the copolyners varied froma little over 4.0 to
about 10, wWHipe6A hea ghaphroflrogbhs dandh&Singothu iefllénea s el thrslesrsifaninchFi g.

6C is a graph of data showi ng the influence of the nunber of branch points
on t he PrONts of dlaes "o eiFadiy gt Broakiin regiyteguitigrali egpelsmery| Thyregrescopsbgned s.
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showi ng the influence of chem cal conposition on the stress versus strain
curves hoS el Rt RhafrEreites SRAR ARkl grafe Besieh mrs Thgaerte

copol ¥ i di b ARCRYGHAAR tRfcopofi ARG ARG htin Q- ARBLYGRN dNafliIgfhev Of ume
% pol ystyrene (PS) and the other had 41 volunme % PS. 20Fig. 8B is a graph
of pr ewhairsledgtha asth@%ivodurhd &6 vaf heldoastaht. chemi cal conposition on Young's
nmodul us for regular tetrafunctional nmultigraff copolyners havin

pol yst yr ene N&{Qnis ao/%r?%tr@é dagp Ww&f@smﬁ@@% pbthg BEbEY J%ram%@%r%ﬁen%r s
hadnan r i : t t 4. 4.

P Q0o ABEE SERuOERET oo RANRRE RO R YBRLARAY) The Nfie BRI oS o
25 f ungioligleht waoheldhea soiseas 2980 whide thcragbimage uu®sr of brivddh uists heg sl ar

mul tigraft copolymers. Trifunctional copolymer MG 3-17-3.7 has 17 vol une %
pol yst yt'dfle and an average of 3.7 branch points. Tetrafunctional copolyner

MG 4-23-4.4 23 I % PS d f 4.4 b h ints.
Hoxat uneti ol Zapoh st BN dRe NP R R bortned sSpefl oo Bl &kage o
3.6 braneblypirnisth 3QEiGnctdBal Drandl dBHtOf  BpA AN fdint MecilREL uange, of

nor phol ogy "and nunber of branch
15 Macromolecules, 34, 6333 (2001).

Fig. 8 A is a graph of previous data showing the influence of chemical composition on
the stress versus strain curves for two regular tetrafunctional multigraft copolymers. Both
copolymers had an average of 4.4 branch points. One copolymer had 23 volume %
polystyrene (PS) and the other had 41 volume % PS.

20 Fig. 8B is a graph of previous data showing the influence of chemical composition on
Young’s modulus for regular tetrafunctional multigraft copolymers having polystyrene
volume % ranging from about 14% to about 40%. The copolymers had an average number
of branch points between about 3.5 and about 4.4.

Fig. 9A is a graph of previous data showing the influence of branch point

25 functionality on the stress versus strain curves of various regular multigraft copolymers.
Trifunctional copolymer MG-3-17-3.7 has 17 volume % polystyrene and an average of 3.7
branch points. Tetrafunctional copolymer MG-4-23-4.4 has 23 volume % PS and an average
of 4.4 branch points. Hexafunctional copolymer MG-6-21-3.6 has 21 volume % PS and an
average of 3.6 branch points.

30 Fig. 9B is a graph of data showing the influence of morphology and number of branch



WO 2012/ 045006PCT/ US2011/ 054345 points on tensile strength in regular

mul tigraft copol ynmers having 20 vol une % pol ystyrene (PS). G rcles show the
data for woi2bimasioenal copol ynmers, which had a spheri calPCRarSpéiolospys

Triangl es show data for tetrafunctional copolyners, which had a cylindrical
nor phol ogy. Squares show data for hexafunctional copol yners, which had a

| amel | ar norphology. 5 Fig. 10 is a series of graphs show ng the

hysteresi s behavior of regular nultigraft copolyners. The graphs show
stress versus strain data for material that has been stretched and then the

| oad i poissoNeshsild b@eﬂ‘gtlpﬂilhgﬁliaﬁﬁiultﬁgﬁﬁbepdlfyﬁiersﬂ&ﬁ'mgel()svdltlﬁlei"/ﬂbb]yeﬂyrene
di nensi ons exactly has zero residual strain. The gr (gé;] in the up

| ef t - hdR&)-s¢ deles @%ﬁheéa?aégnmﬁvn%@ﬁakm@hm%|Wfﬁel|l h3 rl@@@mryﬁ@l;)ghavi ng

21 vqu ong an 10 .av oi nts.
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mul ti grfularcs QROWYdHRA foR ek MBinddon4® Lopdty HeRSwhadH 181 a RREIRANRYSHASE. Of 5 S
branch points. The graph in the | ower left for STYROFLEXTmis shown for

conpari son. Mg shewn sci:ntﬁsmf@rbplmmm&png)&ret hneteredis bhlea\gcpra@ﬁregnlar mﬂthmétr

ht, th d f the tetrafu | | t
ool yrrepopiras RG aophe B S ertS trdinigt b Rewsor T das Pk iy
for STYRGRLEXHO YS! R rtRLIEL. The hypothétia) §§m 1% tRatFE@RRrSiks HtA d%ﬁ%l&g; the %

residual strain versus the applied strain for a hexafunctional regul ar
nul ti grexhttly bpokygroeresidanl sigaidl Vi graph%apghe mpw brfteh{rfdS)idend fana av@iage of
5.2 br%;%h poi. nt (squares), .a tetraf unctl onal ular mul ti graft copol yner

havi ng tE3a{psciipRa %ﬁ%@éﬁcwlm@r%@%@ SORIp %ﬁ%ywrw£% eqniente@yl angng a

Il o e R Sl P S e U
shown ftetrafbaogalal seiltigraft copollyh@r hdviAgilg valgah®nes contditaindng aybewe IOQS 3
bal | oon catheter assenbly inside a partial lé occl uded vessel per

Pat ent @nchpoags, Gepgraphin the lowerlgft fq_rﬁ" YRO L&ﬁ%ﬁ&@hwrbﬁoaﬁpmga@m&ﬁg

bal | oon,cat het ssembly W t h St e nsi de .a rtial occl vessel
vor 1 SnSRRE L RRREUR phriiit O reihilh o e BnRe ridf 3 bl SREhUPERRe

r adi al | t¥trepanaieiRd regul friggaft E8bollyfch §61@§m90%0at(31h MQd%B@i«M &91 40084 ent

i nsi de a vessel pé?guuarsmuPé%?aent ﬁ%ly 1 U Fig. 13Ais a
scHérratRezsuﬂlaéwrmgs ﬁiTcS/WYnB;OELIEéi‘lMOMcredaﬂghet er assenbly at a target site 30in

go\{gls 82 |508§ rﬁég g ]ﬁgQ g %%efpgl%)i gg@ sﬁ’ovzzlgnilg’ tﬁe9 JZ) resi%uél s¥gin versus the applied strain % for

a hexafunctional regular multigraft copolymer having 21 volume % polystyrene (PS) and an
average of 5.2 branch points (squares), a tetrafunctional regular multigraft copolymer having
23 volume % PS and an average of 6.6 branch points (circles), and a trifunctional regular
20 multigraft copolymer having 17 volume % PS and an average of 3.7 branch points
(triangles). Data for STYROFLEX™ (stars) is shown for comparison.
Fig. 12A is a schematic drawing showing a balloon catheter assembly inside a
partially occluded vessel per U.S. Patent No. 4,886,062.
Fig. 12B is a schematic drawing showing a balloon catheter assembly with a stent
25 inside a partially occluded vessel per U.S. Patent No. 4,886,062 with the balloon inflated and
the stent radially expanded.
Fig. 12C is a schematic drawing showing a stent inside a vessel per U.S. Patent No.
4,886,062.
Fig. 13A is a schematic drawing showing a balloon catheter assembly at a target site

30 in avessel per U.S. Patent No. 7,794,491.



Fig. 13Bis a schematic drawi ng show ng a ball oon catheter assenbly at a
target site in a vessel per U S Patent No. 7,794,491, with the ball oon

i nfl at ed WOd0td™@s®bent radial ly expanded. Fig. 13C is aPSThSatlios43ds awi ng
showi ng a ball oon catheter assenbly at a target site 5in a vessel per U S
Patent No. 7,794,491, with the balloon deflated and the stent expanded.

Fig. 13D is a schematic drawing show ng a stent inplanted at a target site
in a vessel per U S. Patent No. 7,794, 491. Fig. 14 is a graph of data
showi ng tensile characteristics of randommultigraft copol yners including
strain at brEiakli3B B8rsdchemsti¢ éngtihg sidviakadiallcomodthiétosassdi@blynt atargessig gr aph
of data showi ng hysteresis of randommultigraft copolyners includin

resi dudh astassglpeait 8y Patpet NP-rZ‘;W‘b%Iaewﬁlh&l%biﬂkqoﬁdﬂﬁéﬁdrw@tt@ stensradisdlygy
after tr}(ﬁ?lrfé(ierdst cycle at Enmax = 1000% Fig. 16 is a graph of data

show nge eresis of randommultigraft copol yners including residual

strain aft erFi{g.hFS@ﬁFaCHaHetﬁmé 8radifly QioizﬁihE_@tbiaﬂﬂorb&ﬁh&éﬁﬁsém@@%tﬁ%a@%ﬁ @fc the
15 second cycle at Enax = 1000% i 17 is a grggﬁgof data showi ng
pies fhgpéd

hysber ggiagessel perlddmPaight Ngr 4794.48 pov yinéhe ailagh defilatg nt gxpagidad.af t er
the first cycle d di ssipation.hysteresis, ener af.ter the first cycle at
Emax = 0,9 Ha 13D ascRepRgc ding Showing st napated pEiReays it uRe of
randomyailt § g At QPOYoRg S 20i ncl uding residual strain after the second
cycle and dissipation hysteresis energy after the second cycle at Enax =

0.9 813. DEWLLED iDESGRDR T MR W DL BElOSEDENEODVENTS dbhe nprlggeft | y

di scl osed subj ect itter wil| now be descri bed re fully hereinafter 25
With reOBPRHES irb“/hﬁ@g é%@aﬁbgw#n@nﬁwg@ %{Woeq%%m@éy&i n which

Cati . ‘ Hoo :
matPer can MBucuar - Garhuases Sy, RERIESP thidord R RRET oS AEl
const r ugdudhgresidtAdtamn dftee tiobgdeyaotsd 88tiphtst hydiaees oncrRatahter thetfhretse

enbodi nents are provioded so that this disclosure will be thorough and
conpl et@cleai@mnit 106031 y convey the scope of the enbodiments to those

skilled in tfﬂg. 7 tis a graph of data showing hysteresis of random multigraft copolymers
including residual strain after the second cycle and dissipation hysteresis energy after the

15  second cycle at €, = 1000%.
Fig. 17 1s a graph of data showing hysteresis of random multigraft copolymers
including residual strain after the first cycle and dissipation hysteresis energy after the first

cycle at €. = 0.9 5.

Fig. 18 is a graph of data showing hysteresis of random multigraft copolymers
20 including residual strain after the second cycle and dissipation hysteresis energy after the

second cycle at €., = 0.9 ¢g.

DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS
The presently disclosed subject matter will now be described more fully hereinafter
25  with reference to the accompanying Examples and Drawings, in which representative
embodiments are shown. The presently disclosed subject matter can, however, be embodied
in different forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the embodiments to those skilled in the art.
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technical and scientific terns used herein have the sanme neani ng as

comonl y woadersuswd by one of ordinary skill in the art PCO/GSR0OIGI054305 S
presently descri bed subject matter belongs. Al publications, patent
applications, patents, and other references nentioned herein are

i ncorporated by reference in their entirety. 5Throughout the specification
and clains, a given chem cal fornula or name shall enconpass all opti cal
and stereoisoners, as well as racem c m xtures where such isonmers and

m xt ur es exiGiilessothddefisadefinotll tddhikddl end dveerftidiclte@manged Bere larve thrdahreved t o
be well understood by one of ordinary skill in the art, the follown

def i ni tNeMENZREcRNopkyrigersgoadds na ¢ltasdiaap] dikhin B agito pruckpthespigsengly
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t o one refer@icdl RdMYiofd hdreintark Mecodpdrated bihtefdieriddan Pic@s@itirbty. 15 di scl osed

subj ect matter bel ongs. Although any nethods, devices, and materials

si bl ar or eupvghanthe spachoxmeodesdalded, Agheinncheancdouseld drmanteeshadlact i ce

oL 5 T B P 3sTLEE b B0t s SRLGERT

| ong- stapdifagepat ent | aw convention, the ternms "a", "an", and "the" refer

to "one or nore"” when used in this application, including the clainms. Thus,
for exanple, 20reference to "an additive" includes a plurality of such
additives, and_sq forth. Unl ess otherw se indicated, all nunbers
expressi ng ua&i’i%\‘lﬁ&‘—sof size, nunber of netal ions, reaction conditions,

| _ , nunb _ 0
pei g rodi 11 8 e PR R BREL Lo REho R B e Tl ol g R UGS RS

i ndi catigdhé¢ ertf the fotlotvimr Jefidiiendaskt €ath pafaeitriterepiahtibof thd prebdntls
specification and attached 25 clains are approximtions that can vary
dependiditflessdrnubiest @e8e ed properties sought to be obtained by the

preoenL 1Y, oSSR T it S RIS e D BT
or per GRdmMEEad SoriR@ATy hrRlcBASRIMASR ofdfrilidbiyodksl] ¥ thel 4t HONEICR MROsHcs@AtS 20%
in sone enbodi nents 18@6 in sone enbodi nent's 5% in sone
15  disclosed subject matter belongs. Although any methods, devices, and materials similar or
equivalent to those described herein can be used in the practice or testing of the presently
disclosed subject matter, representative methods, devices, and materials are now described.
Following long-standing patent law convention, the terms “a”, “an”, and “the” refer to
“one or more” when used in this application, including the claims. Thus, for example,
20 reference to "an additive" includes a plurality of such additives, and so forth.
Unless otherwise indicated, all numbers expressing quantities of size, number of
metal ions, reaction conditions, and so forth used in the specification and claims are to be
understood as being modified in all instances by the term “about”. Accordingly, unless
indicated to the contrary, the numerical parameters set forth in this specification and attached
25 claims are approximations that can vary depending upon the desired properties sought to be
obtained by the presently disclosed subject matter.
As used herein, the term “about”, when referring to a value or to an amount of size,

weight, concentration, or percentage is meant to encompass variations of, in some

embodiments £20%, in some embodiments £10%, in some embodiments £5%, in some
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0.1% fromthe specified anobunt, as such variations are appropriate to
per f or m tWe 2di2agb@sed net hods. The term "and/ or PCRABSR01088434% O
describe two or nore activities, conditions, or outconmes refers to
situations wherein both of the Iisted conditions are included or wherein
50only one of the two listed conditions are included. The term
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"characterized by" is inclusive or open-ended and does not excl ude
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rather than imediately following the preanble, it limts only the el ement

set5foﬂﬂﬁyDneDﬁﬁmt@bd@ﬁ@wxmﬁﬁénwéW@ﬁﬁhK@dare not excl uded fromthe claim as
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cl ai med subject na h respect to the terms "conprising"

" consi sfiémentefor methad 'Stepmsﬁ@brnpglsas«@é’emtal tatrhyfaft ysedhiar@daionangfiagcheheht hr ee
ternms is used herein, the present di scl osed and cl ct matter
can i ndPere thatghe pancglel %ﬁ%%?re&ﬁsetnﬁé bﬁ‘i‘%hertf&%"?f@? ?@%e@%ﬁi el vid} ﬁ@ 2 the
tenp ' QQkﬁﬂhﬁvﬂﬁhMﬁﬁg&%gEo?ﬂkcﬁﬁh?rs to an ionic polynerization in whi ch
the kinetic chain carriers are anions. Accordingly, an anionic

pol ymer i zat i &udedadrtdinthe pheuse HedrRistiagolf ™ oxclideswily @lenidie, Wem ok hgeéditie
pol ymer chain_proceeds by reaction(s) between a nononer(s) and a reactive
si t e( s)nopppPacHecdivltyheping hwhﬁn\mqphrmg @ﬂ@?l%tﬁ pBrapeears iea ¢langa ke bwlysf; tae( s)

ol ace. v e AunEAER PR RBroxBk AR sRe MK BBt s EL i R
ni tril ahatc@ilRexdther OBRRMLs,ar@A6t excluded from the claim as a whole.
15 As used herein, the phrase “consisting essentially of”” limits the scope of a claim to the
specified materials or steps, plus those that do not materially_affect the basic and novel
characteristic(s) of the claimed subject matter.

29 66

With respect to the terms “comprising”, “consisting of”, and “consisting essentially
of”, where one of these three terms is used herein, the presently disclosed and claimed
20  subject matter can include the use of either of the other two terms.

As used herein, the term “anionic polymerization™ refers to an ionic polymerization in
which the kinetic chain carriers are anions. Accordingly, an anionic polymerization reaction
is a chain reaction in which the growth of the polymer chain proceeds by reaction(s) between
a monomer(s) and a reactive site(s) on the polymer chain with regeneration of the reactive

25  site(s) at the end of each growth step. Anionic polymerization typically takes place with
monomers comprising electron-withdrawing groups, such as nitrile, carboxyl, phenyl, and
vinyl, or with monomers that can stabilize the anions through resonance. These
polymerizations are initiated by nucleophilic addition to the double bond of the monomer,

wherein the initiator comprises an anion, such as hydroxide, alkoxides, cyanide, or a

30 carbanion. In some embodiments, the carbanion is generated from an organometallic
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vinyl, or with nononers that can stabilize the anions through resonance.
These pol ynerizations are initiated by nucleophilic addition to the double
bond of tWe atas®6, wherein the initiator conprises anPamitusa011983WS as

hydr oxi de, al koxi des, cyanide, or a 30 carbanion. In sonme enbodi nents, the
carbanion is generated froman organonetallic WO

2012/ 045006PCT/ US2011/ 054345 species, such as an alkyl lithium e.g., butyl
lithium or a Gignard reagent. Anionic polynerization typically is used to
produce macronol ecul es from nononers that contain a carbon-carbon doubl e
bond, $mehe@Sm&hwmemea&@dﬂﬂhmhuuﬁgl@m@dlﬁhﬁhnr@ﬁﬁK&Q@ﬁndnﬁagﬁﬁen&@@ntﬂ as
anionic vinyl polynerization, 5As used herein, a "nononer"” refers to a

mol eculROIYIRERIZA RN tupgelhgs used {prreruea méefomql@méﬂ@ﬁ% MaIoBIfrs gt contain a

constity a%b %garbéj cgusdl %ec uﬁ%c%nas%&?@%garnd% gaug ene gﬁtenﬁp oﬁs 1% Fe%‘ér%%&l al

struct Ufeed erern, cPorof ectl Oefers

to a nmsel(ﬁwrﬁco hp@l mlegilzatiorye nol ecul ar nmass, the structure of which
conprises the mJPItIp e repetltlon of units derived from 10 nol ecul es of |ow

rel &tive nolAcudedhensns mO@memmrﬁetpsa rapl¢cele thiticgpradergo polymemrzatlon
"oligo refe i.nternedi ate rel ative nDI ul ar

the St rbeeby EoBF e RoBTHi T afls iy 1T BT & EEPa APPSodBs Foeaber om
mol ecul @$,cRfe bpﬁ‘%{acfﬁh@kbﬁ’lé mol ecul ar mass. A "pol ymer" refers to a

subst ance conposed of macronol ecul es. 15A "copolyner"” refers to a pol yner
der i ved fromsrosed Hdhan, ofimaspeciles &t refien ommemolecule OAhlgthsrthtlhemmlequla

"bl ock macronol ecul e" refers to a macronol ecul e that caonprises. blocks in a
| i near BaYudifc atrugture, pp erhich é’PE}Péls% ﬂa: Hawplsnreaﬁtﬂéow rBWs| %emeé tcrﬂlalt has

at 1bea§f‘ecu ;8%&'\&{)1%1& tmbl% m% 2 U 1[1‘0&19[% aﬁﬁlq@%ﬁé&m@%”' ons of the

macr ono cop of ers I'n"whi ch adj acent

bl ocks are Q@ﬂﬂs‘bhg@ﬁqbﬁnﬁﬁr}f t@llaffhereeﬁle oft infermed 2 eéi@ﬂilvé)fnoﬂéw&@ rhhRc KR
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speci eStHFUED RS Nénclbpomptwﬁs@ﬁ small durabongloenity daived fseguanleeulgs of 1ower i on

of const EUtIO units.
a Ve Mo ecular mass,.

A “polymer” refers to a substance composed of macromolecules.
15 A “copolymer” refers to a polymer derived from more than one species of monomer.
As used herein, a “block macromolecule” refers to a macromolecule that comprises
blocks in a linear sequence. A “block” refers to a portion of a macromolecule that has at
least one feature that is not present in the adjacent portions of the macromolecule. A “block
copolymer” refers to a copolymer in which adjacent blocks are constitutionally different, i.e.,
20 cach of these blocks comprises constitutional units derived from different characteristic
species of monomer or with different composition or sequence distribution of constitutional
units.
For example, a diblock copolymer of polybutadiene and polystyrene is referred to as
polybutadiene-block-polystyrene. Such a copolymer is referred to generically as an “AB
25  block copolymer” or an “AB diblock copolymer”. Likewise, a triblock copolymer can be
represented as “ABA.” Other types of block polymers exist, such as multiblock copolymers
of the (AB), type, ABC block polymers comprising three different blocks, and star block
polymers, which have a central point with three or more arms, each of which is in the form of

a block copolymer, usually of the AB type.
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For exanple, a diblock copol yner of pol ybutadi ene and pol ystyrene is
referred to as pol ybut adi ene- bl ock- pol ystyrene. Such a copol yner is
referred wo 2gexvmasiosal | y as an "AB 25 bl ock copol yner" oPCIRUS2AB/0843% ock
copolymer”. Likew se, a triblock copolynmer can be represented as "ABA. "

O her types of block polyners exist, such as multiblock copol yners of the
(AB)" type, ABC block polyners conprising three different blocks, and star
bl ock pol ynmers, which have a central point with three or nore arns, each of
which is in the formof a block copolyner, usually of the AB type. WO

2012/ 045006 RGI/UdE2 Okt D543 4graft madkemosedldrebei prafa capo@fmerfmamforotecul e
or "graft copolyner"” refers to a macronol ecul e conpri sing one or nore
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termed "short .chain,byanch, " ereas, a.polynmeric, branch,,can he terned a
Fong. RAFTFDar RIS ARSE RS ot S HRRG Ahx B Eiogh i Fgih ol eormert

macr o mﬂr%Wrﬁeri@@f_fQio‘oERBﬁfa mQ&roﬁqché&ﬁé‘cﬂé?n.CRﬁRﬂﬂgéhﬁﬁc BdraicReah beterHcanched
sequence of” constitutional units between two boundary constitutional units,

wher ei ri‘shtwe chawn boanohd awhiereens polyntdrertahnanéansbectarmedafilongeham wadchyt oup, a
branch point, or .conbjnations thereof. A "main chain" or "backbone"
refers to a4iReaP Efffélisﬁoft%mh\ﬂ% ot of ysrorpplsrHe. Ay eligupely Qea PAckpei ng

T e

const i tashkt@nabnalnidits] hakreo iy tvée dotidare xbh&itutiynad funits AR rcoMprBE Wnecrar
ol i goner and, by definition, is attached to only one constitutional unit of
a macr dFeIRAandY Peni gosembimagans ter9Tmmcr onol ecul e” refers to a

macr onol ecul g.conpri si.Ng . in.chain with miltiple trifunctional. branch
poi nt s 1 rom st hianoa AR el ! Babaf Koo bbich Gt Uy
poIynen%g&gg@a§b&ﬁ%%eﬂ@bxner conprising a macronol ecul e conprising a single
branch point fromwhich a plurality of linear chains (or arns) emanate. A
st 46 pol ynerA §sidembaioiinéfersub e lwicahchani whicheiaatte¢twidie agnainahimampt fairbomdbhe
branchIPoint i's

oint.

An “end group” refers to a constitutional unit that comprises the extremity of a
macromolecule or oligomer and, by definition, is attached to only one constitutional unit of a
macromolecule or oligomer.

20 A “comb macromolecule” refers to a macromolecule comprising a main chain with
multiple trifunctional branch points from each of which a linear side chain emanates.

A “star polymer” refers to a polymer comprising a macromolecule comprising a
single branch point from which a plurality of linear chains (or arms) emanate. A star
polymer or macromolecule with “n” linear chains emanating from the branch point is

25 referred to as an “n-star polymer.” If the linear chains of a star polymer are identical with
respect to constitution and degree of polymerization, the macromolecule is referred to as a

29

“regular star macromolecule.” If different arms of a star polymer comprise different

monomeric units, the macromolecule is referred to as a “variegated star polymer.”
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25 referred to as an "n-star polymer."” If the linear chains of a star
polynmer are identical with respect to constitution and degree of

pol yrer i 280i2012/045(8¢ nacronol ecule is referred to as a " PEFGUISA11954305
macronol ecule.” If different arnms of a star polymer conprise different
nmononeric units, the macronolecule is referred to as a "variegated star
polymer." WD 2012/ 045006PCT/ US2011/ 054345 A "m ktoarm star polyner"
refers to a star polymer conprising chemcally different (i.e., "mxed")
arnms, thereby producing a star polyner having the characteristic of

chem cal asyArmiiktparndbtar pbilyivieg’ @fférs Copoday palymer comprisihp ghiémichBy sliffsvsntc onb,
centi pede and barbwire regular nmultigraft copolynmers where the branch

poi nt s (hee @Y ) argpathercby saduainga Hacrelymer haviag theghagpgresistic afiehangieals ¢
copolngrﬁ¥nén the regular multigraft copolyners, the backbone chain
segnent pe mé%h each branch point is the sane |l ength. El astoneric
properties of certain regular multigraft 10 copol yners have been descri bed
previously. See e.g., Zhu et al., Macronol ecules, 39, 4428- 4436 (2006).

Wt Bout bei df boldltigrafsfppolymarheory, the el astomeric properties of

mul tigraft ol yners conprising rubbery backbones d gl ass or

e - oryst alEYE) TEy AP ORe S HRBFEYE TEDBES Fa A o e HoPE RIS ere

| mpar tifg whaGt PJoaRh | drk YeveMy lspaddaca@hadfl i bga&rohe,eh._@.%t%gﬁﬁp%ﬁﬂﬁgraﬂﬁe
mul tigraft copolynmers show i'nproved strain at break in conparison to 15

ot her Tdémslyqeery. In the ieplilackubtgaft yoperlwhershihb baskbdne chdie saimeent beterehapnadhd | oad
transfer bg;we,en .the rubbery tri?é and. the many dj sper.sed gll assy .donmai ns.
Fi gur e DIRNGHBORL dbibe sp@ptle ERStOmsTIsnPTaPCES ofly Aertadn iggylar iMEtigRbnch

s At . . i k hai
B eq 0o nt Pl R AN bspAER SR8 BRY R, K6 G O S B e RS RIS 00 o
t he presignt (200d).sclvithedt Beibp esdundedot efy 020 théorys the klagtodttrichptopthitesr@hdom

pl acenent of the grafts does not negatively affect the elastic properties
of t he raelsigrafheapslyrrers sempripingirabbsey backbengsaad dassy tesevircristaliing) grafts

| . . | her Dot iaatiied | o at
copol yrity Befigndh sEieR P the SashbRRE bbpSTy eoleinify. MRS B oM bl o
el ast or@4ssic r&lovesy. LR EIABrafecopy RIS gmirﬁﬂ%&e@mﬁﬁﬁi BredlyinddchRfison 6 on a

| arge scale, it i's further believed that the random multigraft 25 copol yner
candbe ateardiREs (povwiibledk Eepolymes), debewpidbbe dtie trenhandedApad3rafsferGepotopner
Synt hes'hs ) Va({i ous synthetic routes can be used to provide

mul ti grif FURbSpoMpHET and g mayy %?edng}ﬁﬁsyéir%gfatmscopol ymers can be prepared

by metal | ati qﬂ'?%l% 12 ROk b SPEABRERANE baFiiRd 6ogiél§rﬁe1§§zh%&%hé BFrALE &g rom
strategy"). See Harada et al., J. Polym Sci. Part” A-1, 6, 559-573 (1968);
WO 201 2r&4nd 06IRCIpadSP olbh ¢ BedBdkbone, wherein the backbone chain segments between the
branch points have different lengths. In one aspect of the presently disclosed subject matter,
20 it s believed that the random placement of the grafts does not negatively affect the elastic
properties of the copolymers. Rather, it is believed that the random multigraft copolymers
can provide elastic properties similar to regular multigraft copolymers and/or superior to
block copolymer TPEs traditionally used as elastomers. Since they can be synthesized cost-

effectively and easily on a large scale, it is further believed that the random multigraft

25  copolymer can be readily provided for numerous applications.

II.LA. Graft Copolymer Svnthesis

Various synthetic routes can be used to provide multigraft copolymers. For example,
multigraft copolymers can be prepared by metallation of a polydiene backbone (referred to as

30 a “grafting from strategy”). See Harada et al., J. Polym Sci. Part A-1, 6, 559-573 (1968);
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M noura and Harada, J. Poly. Sci. Part A-1, 7, 3-14 (1969); and Tate et
al., J. Poly. Sci. Part A-1, 9, 139-145 (1971). Wiile original netallation
synt heseswoaepe/me@orted to | ead to degradati on of the p®Cydisena/obsakbone,
m | der netallation conditions can be enployed to m nimze pol yner
degradati on. See Falk et al., Rubber Chem Technol., 46, 1044-1054 5
(1973). Pl-graft-PS nmultigraft copol yners have been prepared using mld
nmetal lati on conditions in concert with high vacuumline techniques and a
vessel equipped with an optical cell to inprove control during the

synt hesh'/[aqouﬁeaqd-ladﬂaﬂﬁhk iPelyi. SeisPet: All, 7, 3J14 Ao69Manddiate dbal. ynPoBh 8. PEdt 16,
851-858 (1978); ichristidis, et aI . Polym Sci. Part A Poly

Chem , 44, 9333%- 1é§ 9712190‘&}11 eamglwlrmgtablﬁfdow@hesys IR YigPOIRY to mdt toa;

Pol ym rgé?argatlon 66#%% %ﬁhFa? @ac%(%ogzolgﬁéer n§ ﬁrrt‘fo fl‘{%i?tlons%aa%%te%lﬁﬂye% t%r aft

copoly Vi a 'on usr’ng i um-an

tet ramhﬁ]yrhezem/dlﬁm ﬂd@g’fhﬂ]ﬁldn-rmalk%t%ﬂe%@b@nCﬁ?@hCT&h%@ﬁ 56! B4a0] o3 ene
backbone chain that can serve as initiation sites for the grovvth of

pol Pst Y1 8nd. sPlgrafhBSnwultignafe @os@lmem) h@m) byeit prepaecdcusinpenipd sokiakationi t can

b f t ft
oopol yribndi@heit @Rked WA i b e el Moo verseh e P G Bk e om
Strat e%ll@@ﬂnﬁi‘o‘v@ MRt dLﬁ‘fn' Qhe @?ﬂ‘ijésw QRS Hali@fristiaRre LlV@P%lﬁ@'Fc?lf%%/r}?

synt hesi zed by a "grafting to approach, “involving the use of hydrosilation
chem stihyst Bd.i hér&du®es d8I8); dﬁldlua}mestfdmcttalodal’olg/m Sat Farthe Babkbdrieni20

chain as shown bel ow in gchene % The chl orogi | ane groups can then be
r eact ecj}&,\ﬁghl-é;%él (2000); and Uhrig and Mays, J. Polym. Sci. Part AT Polym. Chem., 43, 6179-

10 6222 (2005). Scheme 1 shows a route to a graft copolymer via mild metallation using sec-

butyl lithium and tetramethylethylenediamine (TMEDA) to create anionic sites on a
polydiene backbone chain that can serve as initiation sites for the growth of polystyrene side

chains. While some homopolystyrene can be produced, it can be removed by fractionation.

©
CH <
3 sec-BuLi CH,
TMEDA
/ > /
n n
styrene

graft copolymer
15  Scheme 1. Synthesis of Graft Copolymer Using a “Grafting From” Strategy and
Mild Metallation Conditions.
Graft copolymers can also be synthesized by a “grafting to” approach, involving the
use of hydrosilation chemistry to introduce chlorosilane functionality onto the backbone
20  chain as shown below in Scheme 2. The chlorosilane groups can then be reacted with pre-

prepared side chains. See Cameron and Qureshi, Makromol. Chem., Rapid Commun.,2,287-

291 (1981). The “grafting to” approach allows for characterization of both the backbone and
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prepared side chains. See Caneron and Qureshi, Mkronol. Chem, Rapid
Commun., 2, 287- 291 (1981). The "grafting to" approach allows for
char act erwgavizaswb bot h t he backbone and WO 2012/ 04500@PT/SUIB2034BAD54345
side chains prior to the grafting reaction. Further, the reaction of the
pol ystyrene anions with chlorosilane groups is generally free of side
reactions. This strategy can be extended so that each branch point can have
two side chains (i.e., tetrafunctional branch points) by using
di chl oronet hyl silane in the hydrosilation step. See Xeni dou and
Hadj i chyidesghatlispriobtdfae peafoh@mabesn. Biktheb6ROa69sh ¢fEROBYlystyrend adionSahgime 2.
Functional i zati on of a Polydiene as Part of a "Grafting To" Strategy for
t he Syrfbhresidansiereunsyiagenceypolt¢hefsidengagtipnsi Thissfiatagyspg bagxtepdtdseehatzat i on
of macr ners. has al.sQ heen.shown to. be an.effectiVv tr for the
oyt nes ot BPTEL R AR ITR oSG g Frcte R LB E) AER AhETEy g
Macr ono]igigbtodethyAi3ilandd 3 - $re68yddR@ion AtepViakbenxamidonaus HadlichHolidig) Sci .
Polym Chem Ed., 39, 3547-35%5 (2001); and Pantazis et al.,
Mac PorroVeouimesecuds, 3 B78003%®9 (1998)2003) . For exanpl e, copol yneri zati on of
pol ystyrene macronononers with di ene nononers in the presence of
random zers can provide nultigraft copol yners having pol ydi ene backbones
i i t af unct.i opal ltigrafts. See

. Part K Ppoly =24078 (2005);
and Ni ko Pol y i. Part [A: Poly 45, 3513-3523
(2007) . can incﬁhﬁéﬁy$or exanpl e, potassfum al koxi des and
ot her alkali mnetal oxides. The synthesis of pol ybut adi efie- graft-pol ystyrene
"doubly tailed" multigrafts is shown bel ow in Scheme g “c

Scheme 2. Functionalization of a Polydiene as Part of a “Grafting To” Strategy
for the Synthesis of a Graft Copolymer.
10
In situ synthesis and polymerization of macromonomers has also been shown to be an

effective strategy for the synthesis of comb and other graft polymers. See Knauss et al.,
Macromolecules, 33, 3557-3568 (2000); Al-Muallem and Knauss, J. Polym. Sci. Polym.
Chem. Ed., 39, 3547-3555 (2001); and Pantazis et al., Macromolecules, 36, 3783-3785

15 (2003). For example, copolymerization of polystyrene macromonomers with diene
monomers in the presence of randomizers can provide multigraft copolymers having
polydiene backbones with randomly placed tetrafunctional and pentafunctional multigrafts.
See Driva et al., J. Polym. Sci. Part A: Polym. Chem., 43, 4070-4078 (2005); and
Nikopoulou et al., J. Polym. Sci. Part A: Polym. Chem., 45, 3513-3523 (2007).

20 Randomizers can include, for example, potassium alkoxides and other alkali metal oxides.
The synthesis of polybutadiene-graft-polystyrene “doubly tailed” multigrafts is shown below

in Scheme 3.
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WO 2012/ 045006PCT/ US2011/ 054345 benzene s-BuLi + SPS-Li+ +
titration Cl- S - CH3 C Net. | oot NO A HCCH3
WO 2012/045006 PCT/US2011/054345

. benzene .
s-BuLi + S———» PSLi +

Cl—Si—CHj
Cl
titration |
SXTE R® v g% :»R \8‘ T \1‘&‘3
33{: ﬁ“&

Scheme 3. Synthesis of “Doubly Tailed” Multigraft Copolymers.

5 As described in U.S. Patent No. 7,619,036, incorporated herein by reference in its
entirety, multigraft copolymers having regularly spaced branch points and a controlled
number or branch points can be prepared using a macromonomer end-linking reaction
scheme. Polymer backbone segments (for example, polybutadiene (PBD) or PI) for

multigraft copolymers can be made using the dilithium initiator:

10
Difunctional Lithium Initiator (DL1)
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Scheme 3. Synthesis of "Doubly Tailed" Miultigraft Copolyners. 5As descri bed
in US Patent No. 7,619,036, incorporated herein by reference inits
entirety,woubtgs@bt copol yners hayi ng regul arly spacedPbomamsetn1/96i3ns s and a
controll ed nunber or branch points can be prepared using a macrononomner
end-1inking reaction schene. Pol ynmer backbone segnents (for exanple,

pol ybut adi ene (PBD) or PI) for nultigraft copol ynmers can be nmade using the
dilithiuminitiator: Difunctional LithiumlInitiator (DLi) WD

2012/ 045006PCT/ US2011/ 054345 Use of the difunctional initiator
results in the éfahedifuncticaial fmiﬁabymultyvirt therfeagitioneofanpepmeatvithodchctéreds of
the chain: DLi +BD ->Li PBDLi . Pol ymer branches (for exanple, PS)

can be W%@Pﬂgﬁf&s@émﬁ@m@h onal anionic initiator, e.g., sec-BuLi:
sec-BuLi +S->PSLi . 10Accordingly, nmultigraft polynmers conprising a "conb"
architecture can be synt |zed Vi %% he foI I %m%%g)ﬂeactl on scheme: PSLi +
MeSi C13 (| arge excess) - S)(I\/b) YPS) (M) Si C12 + Li PBDLI
(smBl | excess) -> PBD[Si (PS)(M)], PBD.

Polymer branches (for example, PS) can be made using a monofunctional anionic

initiator, e.g., sec-BuLi:

sec-Bul.i + S — PSLi.

10 Accordingly, multigraft polymers comprising a “comb” architecture can be

synthesized via the following reaction scheme:

PSLi + MeSiCl; (large excess) — (PS)(Me)SiCl, + MeSiCl;1
(PS)(Me)SiCl, + LiPBDLi (small excess) — PBD[Si(PS)(Me)],PBD.
15
Multigraft polymers comprising a “centipede” architecture can be synthesized via the

following reaction scheme:

PSLi + SiCly (vacuum titration) — (PS),SiCl,
20 (PS),SiCl, + LiPBDLi — PBD[Si(PS),],PBD.

During the synthesis of graft copolymers, samples of polymer segments can be taken
during the reactions (whenever possible) to allow for the independent characterization of the
precursor segments and the final block copolymers by absolute molecular weight methods

25 such as osmometry, matrix assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF-MS), and light scattering, as well as by gel permeation
chromatography (GPC), nuclear magnetic resonance (NMR) spectrometry, and infrared (IR)
spectrometry.

30 11.B. Morphology and Mechanical Properties

Variations in the molecular architecture of graft copolymers can be manipulated to
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15 Multigraft polymers conprising a "centipede" architecture can be

synt hesi zed via the follow ng reaction schene: PSLI +
5i C14 (vawoum2i4s00ati on) -> (PS)2Si C12 20(PS) 2Si C12 + LiPPBDISR0HBH54345
PBD[ Si (PS) 2] " 13BD. During the synthesis of graft copolymers, sanples

of polymer segnents can be taken during the reactions (whenever possible)
to allow for the independent characterization of the precursor segnents and
the final block copolynmers by absol ute nol ecul ar wei ght nethods 25 such as
osnonetry, matrix assisted | aser desorption ionization time-of-flight mass
spect r awatroy thehAlanb-steke-shiarturadotphghigys aad tievit fglitya® foeillors rdngegrtier
perneation chromat ography (GPC), nucl ear magnetic resonance (NWR

spect r shemgpelfzgsemblyr dpduovifey desedipeivanayce, thaisizepshags ppdheyragpytrymnd

Mechani cal _Pr rtal Vari-ations. incthe nolecul ar b of graft
copol yrisrb BEE g Ron APE Al e I bebi 05 MR s EoR S MED PSR 28T o
thei r nasgenaatteontrol &t At okfBIPRRh @eMyerRivdal higdat ADidiblbyk tE6pd1PMbts and

| ong-range order during self-assenbly. To provide a desired Eerformance,

t hedsi zeBAdhblosk appblsyrrsdor yhichrle manephase separaiee nforplaalpgnwbichdpfnfs(eegit
types of . domains can be cantroll ed independent!ly. This.independent contr ol
2P ot b ondigEn clBisTB ot Bhiar evRuSr SARTEY 3t koL S OEs SRSt Ran
tri bl oGk GRP B ¥ AEESof RE tWh bfikiRSefsIQophase separ at ed nor phol ogy whi ch
forms (e.g., spheres, cylinders, cubic bicontinuous gyroid, or lanella) is

tied directl@nd ovayhe unebwgile béockodaptyrherandbiphotogyf froneits migidodepekderetemi al s.

One way to uncoupl e bl ock copol yner rphology fromits rigid dependence on
conpon&MRAGLHNEC Mg lraciions ik tq Balvdﬁg?%ﬁ{;‘é@m%étﬁ“&%hﬁyewm P& .exwplfaagorof

Er a0 S TR U Sha RS P SR R BRI D
the rat+ m@ip)ACOCHUNDersn 0, /bf)es thordbloosfkartyP@aban df tieptves Bluck tihe and

asynmetry due to the architecture and the conformational asymetry between
t he t wdChlcRIks Mgesrnacyy dye Wdpe asiectpie angd she eonfgymatiangasywiwibetweent he

ratio e ntal volune to t sqguar.e ati stical segrent. | ength for
the. ol Q8% REPER P ERsbRatd MBS, Rividd MRSl BERIP 2 sSSHe .
part ofyou@eneirldgaed FIMIRBEL YePABRTBEER fHOthedYckahateligl vari ous graft
copol ymer architectures encountered have been devel oped. Further, these

metlhods haveMbeeds teeddtening the aghitsrsirabasyorpdtof pat obd genanaized asymmedyl st ar
and graft shaped bl ock copol.ynmers., Al sg, co ex graft copol r

o chit QUFUPBET T B B8 AR O PRfe ORI TEn g par s GeGUerge b can
be U”dgfe%l%?gd.np&r%?,l tREHeG A th¥ddhhve Be 1R LW ithexIiRAR MRS RbIoBith] Ghdigs & ocks

defined as the average structure per junction.
model star and graft shaped block copolymers. Also, complex graft copolymer architectures

with regular multiple grafting points (e.g., Figure 1B) can be understood morphologically by
20 analogy to fundamental building blocks defined as the average structure per junction.

This fundamental component of a larger graft molecular architecture is referred to as
the “constituting block copolymer.” For a graft copolymer with a backbone of A and blocks
of B joined to the backbone at trifunctional branch points, the constituting block copolymer
is an A,B single graft copolymer.

25 Previous characterization data on complex graft copolymer architectures with
multiple grafting points has been fit into the framework of a theoretical morphology diagram

(see Figure 3) calculated by Milner, S. T., Macromolecules, 27,2333 (1994), whose analysis

predicts morphology as a function of composition and molecular asymmetry (architecture)
for materials with a single junction point. For example, at ¢ = 1, the Milner diagram models

30 linear, conformationally symmetric, AB diblock behavior with symmetric morphology
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Thi s fundanental conponent of a larger graft nolecular architecture is
referred to as the "constituting block copolyner." For a graft copol yner

wi th a bawRhkzore#46d06 A and bl ocks of B joined to the backlpOmaSat11/054345
trifunctional branch points, the constituting bl ock copolymer is an A2B
single graft copolynmer. 25Previous characterization data on conpl ex graft
copol yner architectures with nultiple grafting points has been fit into the
framework of a theoretical norphol ogy diagram (see Figure 3) cal cul ated by
Mlner, S. T., Macronol ecules, 27, 2333 (1994), whose analysis predicts

mor pholwigyoas adoundng +@n5.0Asahemposibet oharamdofMeleegpetias imsyaatiayive to the
(architecture) for materials with a single junction point. For exanple, at
g = 1, ather, hweier. the mgrrhinleaierd bshaaon Gapdseome grenpdnatyinynetricyvidyispract foc, AB
di bl ock behawi or. w .S ri.G, morphol o 2012/,045006PCT/ US2011/ 054345
e Voh S T g R e A SR i e

rel ati welife tthRtioh 8 be LtAWRNE!  THIRE tHPMBASHIEHCadn BERAMED findcPEnBEENES
strongly asynmetric with respect to volume fraction. This behavior all ows

t he 5s owghtmea ffrastionyoadisting b melepilor erphittetura. v dMilnes’sftheeryi ismot otringly

hi d...T th I ) ied ind tl 5
Fract| GRPHE QT m RS LT EFEr ORI TR e or Toerv . (heges of o
stri ct lp,iRRRY B16A0Ehcifle BRME c6QMRLEE b1FK ddpBlyindtelihd QR %@%qr{iﬁél_@éﬂc@l‘ S,

however. The use of the building block principle of the consti 1'hg bl ock
copol yrhatior ofiderlgplangaft meatomalp el mgpmag timhdacloto dfe mutd wplleingeatdod

mat eri al s by ppi.ng them ba to the nmpre wel | -underst ood behavi oy of
si ngl eanfia‘rlpr gﬁ%l@glpgr%ft lﬁlagerﬁﬁséws g@%fmeﬂéa.ef/sés SHOVIhID FHewicgu fiesaldephBae | deas

h 1 j fF - ediGhi
ror Sl 5o Saet 1By KRR ApbALAAR AR o oI SN R Er o 1
Mor pholmgiccalar aeaiteauershaaniinTigfrendgul ar tetrafunctional multibl ock

polymers is presented in Fi ?ur es 2A-2D. Morphol ogi cal characterization of
t hese mul ti griamhofaesgicad| hetactcszpbey ok regWatetiafyncienslaanltibleckepolypgrs i ssi on

scat t el e o b RRRERE dard R ALBEBH LROSHEIRh Lo POE
(PS vol dgpBlynicts Ch® DB rAY-SpALE trakkTRR S oR fol @idh i cR&op® | BEM) 8haging SRIMe

enbodi ments of the presently disclosed subject matter, increasing junction
poilht frasipracehapdice pniatiomgisesttomnetS AKX Ssnden N Sndcleliqesi city. And for a

fixed PS vol fractjon and j tion int functionality, in_.so
embodi ment s GRS Hungy belaaiayabl i el BaciemPat avetaet Spbenof S3TnEC ne
number gb1cLRS th 0RO eRibd dREENLE BPQhY {ﬁ?;ésehﬂfjrcﬁ?@t@s%dt A&t Lrﬁﬁ&tr,hinc?éalrsﬁig” at

break, and elasticity. In a representative conparison;, the presently

di scl ogenctsumbpeant fumatidrerity acresoparacdial strédpgh ahd etgtitity. e Aadtfoca fixcd S
strain at break performance of commercial thernoplastic elastoners, such as
KRATONTRlwRE feetpmppiunstiog: Reiphiunctippa ttpninpyysremeodipandy shthersesantlyuni t ed

St gpes (ﬁgclmrshﬁj%c?rﬂgtter, increasing the number of junction points per copolymer increases
the strength, strain at break, and elasticity. In a representative comparison, the presently
disclosed subject matter can compared to the strength, elasticity and strain at break
performance of commercial thermoplastic elastomers, such as KRATON™ and
STYROFLEX™ materials (Kraton Polymers, Houston, Texas, United States of America and

25 BASF, Ludwigshafen, Germany, respectively).
Figure 5 provides arepresentative test that compares the stress versus strain curves for
KRATON™ and STYROFLEX™ with previous data for two tetrafunctional multigraft
copolymers comprising regularly spaced PS grafts and a polydiene backbone. Each of the
multigraft copolymers comprises 22 volume % PS grafts. One (MG-4-22-10) has an average
30 of 10 branch points, while the other (MG-4-14-3.5) has an average of 3.5 branch points.
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25 BASF, Ludw gshafen, Germany, respectively). Figure 5 provides a
representative test that conpares the stress versus strain curves for
KRATONTMWOQRORINROFLEXTm wi t h previ ous data for two tetPaffascelLoOmsis

mul tigraft copolymers conprising regularly spaced PS grafts and a pol ydi ene
backbone. Each of the multigraft copolynmers conprises 22 volunme % PS
grafts. One (MG 4-22-10) has an average 30 of 10 branch points, while the
ot her (M5 4-14-3.5) has an average of 3.5 branch points. WD

2012/ 045006PCT/ US2011/ 054345 These tests utilize a scal ed down ASTM

st andarthesdagstdbatiize andaleldtdivwn gSIMt @sidand) “do@tboatT asd bptdie gdobdgedingken
tensil e specinens to produce new specinens for further testing. This is
done bytatistigs B BusingPrele Bpylesneeiatynp snodpee 1YY sRIcHRCNSIRE fqrg“gfr fEng.

anneal i ne | e,.f] r om whi ch w. d nes_ar. oY
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pr esentdaphpld SEhPHEE Wwhibh A6 dFRLoRES are cut. InkbSidre@sHANNlEs IARWepreRRaaRt at i ve
tests that in some enbodi ments are applied to the presently disclosed

subpecttestas employei g therespont 6Chehpescatly dischusied anbjaet matsar. bot h strain at
break and tensile st th increase as, the.nunber of .branch poi.nts i,s

hor 6aced WHERUSEGREN STun RS CR I BRPCRTER ST S Ref EheQtSt BRICHAEe dat a
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| oad di'stribUtion. Wthout being bound to any one theory, i1t Is believed

t hat i ripeadwvaed tedsilaistre@dth brceedse asthdmentbor effiramdheubihte adntrecasedfvarentsegmesn t he
rubbery backbone and-the-nﬁny di spersed gl assy side chajn d@ﬁahns. See
Fi gur e l9ngthy apd apmgotibon heheld ronstagh ThesCdats apraay tyraploseethedhgpradhat
matrher, : ' g n larly
paled T AR AEAP B E Rl AR ERD 1 NG bR R il IR AP T 1

nunber wlicsé¢dithacindirosed Sraoh agirealt BrduenP ofilizcce 1dad tidnefcp bomakh itesrubbetyhe
copol ymer than the spacing of the side chains. i gures 8A and 8B show

) . Fig
r epr esdnickpongeanddhe sanytisnepscd alas sy sisedhadndamaing dppFigare ToAcherdpie9ent | y
di scl osed subj e mat t er. ..Fi,gures, .8A and 8B sh revi ous.data_regardi ng
Chei nraane: §Fhe PREGTh ORI SRR BREI BB fad BREL
regul arp1ad dfited flotila2l spARA JdEERin 1A AR T igart 2R ithisIRASEthastlcf f ness
of the copol yner. Figures 9A and 9B show répresentative tests that in
sof® enboeharehssleatheinappbf grtateo imhertpreede thd progesich of 8w cpojyener thain ther .

Fi gures 9A ang QB.ah&w.t he i nfluence of branch point functionality on
mechani PaF g0 Hisr 1e€haiBt ai ned from previous data with regular muitigraft

copol ymers. s, R08WaniiRBEhGW BpRBentathvedBsty Blat sBRcRATdd diiEn D EreabYnREd doonal

the presently disclosed subject matter. Figures 8 A and 8B show previous data regarding the
influence of glassy polymer content on the mechanical properties of regular multigraft
20  copolymers. Increasing PS content increases stiffness of the copolymer.

Figures 9A and 9B show representative tests that in some embodiments are applied to
the presently disclosed subject matter. Figures 9A and 9B show the influence of branch
point functionality on mechanical properties obtained from previous data with regular
multigraft copolymers. As shown in Figure 9B, at 20 vol % PS both the hexafunctional

25 (lamellar) and tetrafunctional (cylinders) samples exhibit high tensile strength and
elongations well over 1,000%, but show large differences in modulus. The trifunctional
sample (spheres) is much softer and less strong but again has exceptional elongation at break.
In short, the property profile can be tailored to meet a specific application by changing the

architecture (branch point functionality) while keeping the chemical composition the same.
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tenper ghuk@bery backbohisteiMRr&INBQMULP Abfhaidshe presently discl osed subj ect
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corpri si ng df dafibek, yn pddiyioerto cerisde kbanet south serpparatake, ttynole pHrfessyn@oaty meri ¢
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poi nt s SOFY HHHCHBLIANEES %and%e@x%ﬁae%, tGHNIRG @?@F@?ESBWW@&&&HH&}%% olse,

for 25 ' [ - Lhe j ' ' raft
s att Ane e ppop L, PR BRI R, End IR O e T e
i N whi ghateriBls @it 2bdim @ideclatdted batpahtueacdinbdlandb epaluated. OTha@nmbgxafimegid onal
barbwi re architecture, in which four grafts are attached at each branch

( ) g : .a :
poi nt . analysis (TGA) qap bgawed enipyeitigatethe cherispkstgbilipyegidhe magerilyyiolavated: hat
hagoa %I ass rr:étsnsi tion 30tenperature of about O C or less (e.g., about O,
167 - 26"P¥80 40, -50, -60, -70, -90, -100 C WO

2012/ 045006a@w@%ﬁﬂoydﬁﬁ&ﬁgah@preg&mfs,)disdmea@ﬂ@e@trmfarpwées ddoengodhipr y

pol ymer backbone can conprise one of the polyners including, but not
| i m t ecconmrispry aiagdpmend tigtafidropg bmadredmpois inigsopbeerg popuhgrinbaatib@resnd a

o oS e BELIRUS A She PSR HEnS B RESS oy s
R S AR S SRR C R e N R PR,
25  example a trifunctional comb architecture, in which a single graft is attached at each branch
point, a tetrafunctional centipede architecture, in which two grafts are attached at each branch
point, or a hexafunctional barbwire architecture, in which four grafts are attached at each
branch point.

In some embodiments, “rubbery” refers to a polymer that has a glass transition

30 temperature of about 0 °C or less (e.g., about 0, -10, -20, -30, -40, -50, -60, -70, -90, -100 °C
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ur et hane rubber, and conbi nati ons thereof. I n sone enbodi nents,
"glassy" refers to a polyner that has a glass transition tenperature of
about 60 wWoap12as@6(e. g., about 60, 70, 80, 90, or 100 ECOUSPOINMF434As used
herein "glassy" can include sem -crystalline polyners (e.g., having a

mel ting point of about 10 60 C or greater). In sonme enbodi nents, the gl assy
pol ymer grafts can conprise a polyner selected from but not limted to,
pol ystyrene, hydrogenat ed pol ystyrene, poly(anethylstyrene) or another

gl assy styrenic polymer hydrogenated derivative thereof, polyethylene,

ur et hare 1bs).d Id eomicrembpeliyests ethe mbbatgredoiythaebivkboyd aire compasObie bl gleassy
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b ¥ o SRS B BineC R IR e R aR R e et PR R B RS et
i ncl Ud%o%br%l@ﬁitﬁ | Bil R PulRr (e.g., FANBIRNSthY 1S | PGS Or arfdthdr@Nak 8 poBiifer),, U. S.
Pat ent No. 7,619,036, for exanple, describes nmethods of sul fonating PS

gr abt s acryl@zoubbgropglehleroprensy ethylepe pvangileng capedymer cihylsnd/aegliecheomese as
an ionong%jc nggpraﬁg, ﬁgghtas i.n fyel cells and other applications.
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15, 16, tethperahife of8ho2 G0 °Clor 2@ e (28,, aBdyt 60570,288), 60, 264 .°C or mor&ends asddy, t he

random nul tigraft copol ymer can conprise at |east three branch points
(i .e., DeRCIRVERSYe an mpdeda seanimrysieling splyingrs (4. ke amssdigRyRiof aB%t

L . ; b i x,
ol On ALl GRGT"n Efe ERRBALRGS I AUELTIE Ao T R, co e alpolper®!
2012/ 04RQACT Q2 0L /b 4Brited to, Pigstyame] Yyeirognatedapelystyyersli palb(e

mol ecul ar weight (i.e., any suitable average nol ecular weight). Typically,
t he nolneethyktyrord)ght sinpther t glessyr stlyemti¢ ypadyset dydtbgsontpdedernatize ethpreogsed as

have. = TSIEURGS. R gH nar dABst. DRSS OPY S RIS CRB S0 O o daod:
400, 00 i , 0,
about S5 SO g AT R o A g oS T e
sort® enbaghtmhts, pdliyeychaiegadibas, hyelrglenatednpdipcyeiaickediene, greainebinatiars

exanpl e, in_sone enbodi nents, the nol ecul ar wei ght can be about 25,000 to
about 4@@?9@0 (e.g., about 25,000, about 50,000, about 75,000, about

225, 000, abauto365: S0 ARErBE SR ol EmsBetH et dRs S nsfR g hetB 5o
about 3aRctitiizebuincBidp a0Qhizglile ghaipt (e40LadXylic acids, dulfonarte, @ohodl.gent s,

e.g., using a nmacronononer approach and ani onic polynerization, the random
nul t i grizgtentcdpol Aokt 0anfasecxapimnlpe descatbes onptheds aofndulfawting| BE ugtafts wai ght

di i but i ] . mbodi men h is less than 2.
sor? erpBhRRt 4 e ob T RRE Tl ablifel e oy B85 g, sifh g
than 1.i} fudhesgandbihewappiatigne in contrast to the MADs of regul ar

mul tigraft copolymers, which are typically at |east about 2.
Typically, the volume fraction of the glassy polymeric grafts can be between about 5

and about 50%. In some embodiments, the volume fraction of glassy polymeric grafts is
between about 14% and about 26% (e.g., about 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

25  or26%).
Generally, the random multigraft copolymer can comprise at least three branch points
(i.e., an average of about 3 branch points). In some embodiments, the multigraft copolymer
can comprise an average of at least four, five, six, seven, eight, nine, ten, twelve, fourteen or

more branch points.
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In some enbodi ments, the random nultigraft copol ymer can have a residual
strain of about 55% or less (e.g., 55% 50% 45% 40% 35% 30% 25% or
209 at amoappliswestrain 20 of about 500% or nore (e.gPCTAISCU/0538% 600%
700% 800% 900% 1000% 1100% 1200, 1300% or 1400% . For exanple, the
copol yner can have a residual strain of about 50% at an applied strain of
900% I n sonme enbodi nents, the copol yner can have a residual strain of
about 40% or less at an applied strain of about 300% or nore. In sone
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can be present in an anmpunt that is |ess than 50% by vol une or by wei ght of

the conposi tlneumﬁ@nﬁmdanmmﬂee raptd@nmtioredt quolylmeermuhha‘garaaffeslduw]miamm can
conprise |less than 50% of the conposition as i norganic
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ceramcs filler, etc. Exanples of inorganic-matter type fillers include an
oxi de sucHppled strain o4 900 atln seime stbodimerts. thaeonaiymer ¢am1@ve@é¢§1dmalrstrm de,

dr I h d
agnesi ARt PEBS G me e YER L a0 At U b R e g
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calbi um sul fTheepreserglyl dlsdt)mdsmﬁmlmensaymca]@ hyye highastrazs bebteak., Iglsas®
fiber,

e%lqbaosd?ments, the multigraft copolymer has a strain at break of about 1200% or greater (e.g.,
about 1200%, 1300%, 1400%, 1500%, etc.). In some embodiments, the random multigraft
copolymer has a strain at break of at least 1500%. The percent strain at break can increase
linearly with the number of branch points.

30
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each in the formof powder or 5 granule, including a netal elenent or
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stainl ess steel, solder and brass. Metallic fibers can include, for
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(e.g., kaol IAK)cordlngly, in sexeergphtesliméntsrthapieserftiyl disnl sseild sobjactamatieupravidesraot
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pi eces,t ?ﬂﬁléiné fOBE s COHPRTHHPR ccwrgz%@ﬁ ‘de af FHdom gypligsatyecqpopaper
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m crocrystal li ne waxes, polyethyl ene waxes, pol ypropaa/:: ene waxes, by-product

pol yet H9 |aétﬁ@1e\¢1at5aethe rEpbey @olyreiss bickhare 8t 0g iod |aztéur s eh emndppdp sehcaiaxes

and func nal.i zed es suc s hydr ox earanl es.and fatty am de
naxes. BanRILAEAATRER Rl o B YRR SRER PROMB LS OnalblethRG

nel ti NGiIRY] 4 invEedske filfer] NG d@plasth&eﬁ@bkﬂﬁek QY a@iﬁL&ﬁ&irﬁra Webibher (e.g., a

pol yet hyl ene waxes, by- product  pol yethy ene waxes and Fi scher- Tropsch
waxes. thmmma‘lloedN/asxzé:sllzarhca dl@honzgmﬂ ageht, ackipatde, adhinfd retardeitesn sntkstas

AC- 400 (Honeywe I.nternational .In rri ?t own, New J ﬁf ?3/ United States
of Amerd 1&1}, a herapeutlc agent, a processing ald such as a Tubricant or a mold-reléase agent, and

combinations thereof. The type and amount of an additive or additives can be chosen based

on the properties desired for the final end use of the composition. The additive or additives
can be present in an amount that is less than 50% by volume or by weight of the composition

20 as a whole. Alternatively, the multigraft copolymer can comprise less than 50% of the
composition as a whole.

The inorganic and organic fillers that can be used according to the presently disclosed
subject matter can be of any known type and can have a form, such as but not limited to,
granule, plate, lamella, fiber and whisker. The inorganic filler can be an inorganic-matter

25  type filler, a metallic filler, a ceramics filler, etc. Examples of inorganic-matter type fillers
include an oxide such as silica, diatomaceous earth, barium ferrite, berylium oxide, pumice
and pumice balloon; a hydroxide such as aluminum hydroxide, magnesium hydroxide and
basic magnesium carbonate; a carbonate such as calcium carbonate, magnesium carbonate,
dolomite and dosonite; a sulfate or sulfite such as calcium sulfate, barium sulfate, ammonium

30 sulfate and calcium sulfite; a silicate such as talc, clay, mica, asbestos, glass fiber, glass
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and MC-400 (available from Marcus G| and Chem cal Conpany, Houston, Texas,
United 30 States of Anerica), naleic anhydride nodified waxes such as

Epol ene GWO&o012248006babl e from WO 2012/ 045006PCT/ US2011/ ©@6434301HAS434RN

Chem cal, Kingsport, Tennessee, United States of America) and AC-575A and
AC-575P (avail abl e from Honeywel | International Inc., Mrristown, New
Jersey, United States of Anerica) and oxidi zed waxes can be used in the
presently disclosed conpositions. Typically, if used, the wax can be
present in an anmount of between about 2% and about 25% 5

Pl ast i djatleos, dlaxs busd chleivinhsilipate seotthordionit asebertormipg aichibonsueteds darteinude
any plasticizer known in the art., including, but not limted to, ester
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carbonate), oxides of varying hydration levels (e.g., titanium dioxide), sulfates (e.g., barium
15  sulfate), silicates (e.g., calcium or magnesium silicates), talc, amorphous silica, silica gel,
carbon black, and clays (e.g., kaolin).

Examples of organic fillers include, but are not limited to shell fiber such as husk,
wooden powder, cotton, jute, paper pieces, cellophane pieces, aromatic polyamide fiber,
polyimide fiber, cellulose fiber, nylon fiber, polyester fiber, polypropylene fiber and

20 thermosetting resin powders.

Waxes suitable for use in the presently disclosed compositions include, but are not
limited to, paraffin waxes, microcrystalline waxes, polyethylene waxes, polypropylene
waxes, by-product polyethylene waxes, Fischer-Tropsch waxes, oxidized Fischer-Tropsch
waxes and functionalized waxes such as hydroxy stearamide waxes and fatty amide waxes.

25  Itis common in the art to use the terminology synthetic high melting point waxes to include
high density low molecular weight polyethylene waxes, by-product polyethylene waxes and
Fischer-Tropsch waxes. Modified waxes, including vinyl acetate modified waxes such as
AC-400 (Honeywell International Inc., Morristown, New Jersey, United States of America)
and MC-400 (available from Marcus Oil and Chemical Company, Houston, Texas, United

30  States of America), maleic anhydride modified waxes such as Epolene C-18 (available from
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terpenes, e.g., styrene/terpene and al pha nethyl styrene/terpene; (4)

pol yt er pene resins and hydrogenated pol yterpene resins; (5) phenolic

nodi fi ed werpeyaswesi ns and hydrogenat ed 25 deri vati ves PCharSefl/0543a3
exanple, as the resin product resulting fromthe condensation, in an acidic
medi um of a bicyclic terpene and phenol; (6) aliphatic petrol eum

hydr ocarbon resins, e.qg., resulting fromthe pol ynerization of nononers
consisting of primarily of olefins and diolefins; and hydrogenated

al i phatic petrol eum hydrocarbon resins; (7) alicyclic petroleum hydrocarbon
resi ns BRthirm€hdiyidn gemapeort, ﬁ@rﬂememm&dmmﬂeeofAmnda)(a&h AaC450BAtand /AaT-omat i €
or 30 c cloalég@atlc/aronatlc copol yners and their hydrogenat ed

der i vatiAEdavasiablg from Hejoytve ldematwlzmzmg@ cuskEoseys Hnied States

e Ll ReisE M i okl BRI o PO TGN e SRR RANES LonpSRRBYERT
cycl oal TyhalliyCifesd, %WQ}@&M réwht mrﬁmcﬁmt FASTRACTIBUHLYQ0R abbmEast man

Chem cal” (Ki ngsport, Tennessee United States of Anerica). In sone
emb&di ments, the tackifier is selected from 5 the group conpr|3|ng rosi ns

and derivat| t her r penes dified ter enes ic.resin, a
o ool i v et bR 6Pl ih PSRty BREloS e oS DR L e aBY b eos |
a ter paneRhenPhhd a8 'ihcl@dlﬁg n’be&t Héteﬁnﬁdaart%ofester lasti®¥els, Qb aRt pradghiel ves
and stabilizers (e.g., thermal or UV stabilizers) can be used to protect

t he copnhyﬂﬁn&saﬂ@mﬁmp&byaﬁﬁ;ammmmknﬁxphsmmemm@egKmﬁﬂuegﬂMMBDﬂmgnmmm

fabrication 10 and/ or e the articles S|ngthecrrp05|t|o
Thus, B euanpited Pt ?ﬁtorl%@ﬂ%escawyeﬁiefsegfpwk Oégaepew@ pled A Eﬂdat. on

dugot 0 EXROS LT:‘l tfc?zelr d(ﬁatﬂtalsoAﬂélhﬁé( 'fgla@g’aﬁqé)tlé/ E)%&?ﬁ]!né alld ﬁ%qjﬂtﬁe&?ﬁet%l?ﬂ“%gk on of

pressure sen5| sives caf out 3

W % Stiglliyl ﬂeﬁﬁé@ amﬁammﬁ‘eelqerafﬁntc aie nagtithéniol foed and, teelmxaldgade sitgfel cal |y
hi nder ed phenol s, butyI at ed hydroxytol uene (BHT), benozophenones, ami nes (e
g., hi redokan rargral coilsy sanghiskitlptic tlijuad saligomerp indsplybeienc, apalyprapsaene- |

dj d_ b | S der ed | .i,zed
berei n HongptrsBe 6 TESRARER g Dhbrebeere iPE R R RS o b E 8 g
nul t i f yedbAdaly fmhamahﬁi rﬁlﬁ%ﬁ:fﬁﬁ 1§éﬂd‘r&&'ﬁn§@gﬁﬂﬁﬁ%ﬁhﬁ7n%&r£9mlﬁgﬁ'nﬁgecﬁﬂ'ﬁnm S.

H nder ed phenols are well known to those skilled in the art and may be
chéﬁact\eelg]ated\/lasy pinchnalsi are oopoandsommiartially spaitabit.ai n sterical |y bul ky

radicals in 0 roxim to the 20 nol i ¢ hydrox ro p thereof..
bart1cut ar | SURPEPGE BT IS b8 CoameaPhf i oSty (Eep S gD
benzen%a%%@ﬂor'n@ocﬁﬁec‘l RRR sQ0E fRHfexhif 1605§ ydyasro&ﬁltgfl'o‘ﬂefo&ﬁ dlE’tﬂled
phenol i ¢ hydroxy group. Representa Ive ndere phenol’s include: 1,3,5

-t ri metrbyin, 2ydrdgehatied 1(031,n5 dmhefﬂzed tresbnl ythd polgimoniydal eoxdty; Iz)bg}yzerrmé and

pentaerythrltﬁ tetrakis -3 -di-tert-butyl4d -hy droxtﬁphen
pr opi orienEerythuito] geenspf Bﬁ‘@Ef'ﬂ@f (@de‘i@tdépﬁmﬁy&pyhl rfﬂre%mple as the gygeisthester of

(6pper tpal?éJ, nydod(%oé:lﬁ,e[ﬁgl iycet?dl Qster of hydrogenated rosin, the glycerol ester of polymerized
rosin, the pentaerythritol ester of hydrogenated rosin, and the phenolic-modified
pentaerythritol ester of rosin; (3) natural terpenes and copolymers and terpolymers of natural
terpenes, e.g., styrene/terpene and alpha methyl styrene/terpene; (4) polyterpene resins and
hydrogenated polyterpene resins; (5) phenolic modified terpene resins and hydrogenated

25  derivatives thereof, for example, as the resin product resulting from the condensation, in an
acidic medium, of a bicyclic terpene and phenol; (6) aliphatic petroleum hydrocarbon resins,
e.g., resulting from the polymerization of monomers consisting of primarily of olefins and
diolefins; and hydrogenated aliphatic petroleum hydrocarbon resins; (7) alicyclic petroleum
hydrocarbon resins and the hydrogenated derivatives thereof; and (8) aliphatic/aromatic or

30 cycloaliphatic/aromatic copolymers and their hydrogenated derivatives. Specific polyterpene
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25 di-tert-butyl phenol; 6-(4-hydroxyphenoxy)-2,4-bis(n-octylthio)- 1,2,5
-triazine; di-noctadecyl3 ,5 -di-tert-butyl-4-hydroxybenzyl phosphonate; 2-
(n-o0 c tywoh12austohyl 3,5 -di-tertbutyl-4-hydroxybenzoaP€T/tsadl1864345 t ol
hexa[3 - (3,5 -di-tert-butyl-4-hydroxyphenyl)- propionate].

Decorative agents include materials added to enhance the visual appeal of
the article 30 prepared fromthe presently disclosed conposition. Thus,
decorative agents include, but are WD 2012/ 045006PCT/ US2011/ 054345 not
limted to, pignents, dyes or other colorants, and materials such as

gl i ttertackifiemtiathide, ftusdxandpde, WXNEHIAACKRNheS deompdSeddyenr (@oodeat dive aelt al |1 c
pi gnments (alum num and brass flakes), Ti02, mca, fluorescent dyes and

pi gnentiubbsh6opanEstiion. Phimbited SiatenhehAmerisgdr apecifiaayqlod phabigresns i ron
oxi des .ir0n. cobal t oxjde M gk o d i ron, 5 riumferrit

otront i er 17t ST RasTRRARGIT AN MBpu it RGN B b fore

si | i coneenhbébie SUnitcdkStafek GMARMcFicaf| IaMoRR!@SbodeREAR] the PAHIRRISsclddt@Rbmes,

ul tramari nes, phthal ocynines, azo pignments, carbon bl acks, silicon dioxide,
si | Bca,the royp chmipdsipgrosind amsidenivetivspiereels terprnes. umediBed ferpenesvanlabiphasivi t e
and the l.ike. LnISEnE enbodi nent s, otherl1 dditivg@rgan e added to increase
ot her d§PBct 9 PRAIGIESht 10 S SYCFECRPER Oy BOCPDPATEL PRt he

pr esentdpn d0dLBChAs Rk GRARRSELS Ons, such as, for exanple a fragrance. The
presently disclosed conpositions can obtained by m xi ng and honobgeni zi ng

t he conponemstifoxidaheaddstirads ame stabdszenf (el ,abdrned ot B8 miaiibegrs) candetuked to

sequence of adding the caonponents nmay be varied. Exanples. of suitable
mi xi ng RQGFIREREP Y@e@&ﬁﬁFﬂPng@eb?OWS&tﬁpﬂ@%ﬁﬂg?@?d%&%Wﬂ&it%gLHW@,n

pl agt o ! i : t i ingl e- or
Pt oS e BRI XGPS B7 Q1AL 1 A 1R
honmogenaaysotetxtheragiscled frofoderraduiodi dilenbd xpodige by Heeit Aytichidalto sgucally
conpositions are prepared by bl ending together the components including the
nul ti griged lrctﬂgmrwﬁwloam pershaie sgardiiTe sdhesives g be presenidn gegmosdt eff umbiet ween

sbout 2R, L 0yehee O ROTHE R RO TP T8, REahEEIh c o
phenols, butylated hydroxytoluene (BHT), benozophenones, amines (e.g., hindered aromatic
15 amines), thioesters, phosphites, and triazine-, piperidine-, and benzotriazoles. Sterically
hindered phenols utilized herein include, for example, high molecular weight hindered
phenols and multifunctional phenols such as sulfur and phosphorous-containing phenols.
Hindered phenols are well known to those skilled in the art and may be characterized as
phenolic compounds which also contain sterically bulky radicals in close proximity to the
20  phenolic hydroxyl group thereof. In particular, tertiary butyl groups generally are substituted
onto the benzene ring in at least one of the ortho positions relative to the phenolic hydroxy
group. Representative hindered phenols include: 1,3,5-trimethyl 2,4,6-tris (3,5-di-tert-butyl-
4-hydroxybenzyl) benzene; pentaerythrityl tetrakis-3(3,5-di-tert-butyl4-hydroxyphenyl)-
propionate; 4,4'-methylenebis (2,6-tert-butylphenol); 4,4'-thiobis (6-tert-butyl-o-cresol); 2,6-
25  di-tert-butylphenol;  6-(4-hydroxyphenoxy)-2,4-bis(n-octylthio)-1,2,5-triazine;  di-n-
octadecyl3,5-di-tert-butyl-4-hydroxybenzyl phosphonate; 2-(n-octylthio)ethyl 3,5-di-tert-
butyl-4-hydroxybenzoate; and sorbitol hexa[3-(3,5-di-tert-butyl-4-hydroxyphenyl)-
propionate].
Decorative agents include materials added to enhance the visual appeal of the article

30 prepared from the presently disclosed composition. Thus, decorative agents include, but are
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20 nore) until a honogeneous nolten blend is obtained. Any heated vessel
equi pped with a stirrer can be used, including those equi pped with
conponentworo1pe®sur e and/ or vacuum The thernopl asti c Pprapsesttioss4df t he
presently disclosed copolynmers and conpositions | end thenselves to the
fabrication of a variety of articles, via nolding and ot her nethods of
fabrication known in the art, including, but not limted to injection
nol di ng, conpression 25 nol ding, extrusion, and cal endering. Accordingly,
i n some enbodi nments, the presently disclosed subject matter provides a
fabri catoedinaitdd to| pighoompy,idyengr athenbelornt)lahid ghaétials opeh yaplitter ldramétabici cat ed
articles can be for exanple an autonotive interior or exterior part (e.g.
an ai r Bh Ber examplagthgse@mpositivagancopérin maetaldig aigments (elumiegm| anddypsier

upholst q%gger degor a Id| e r ot her
shoe paratk%g) el |crﬁl\,/(\:/51 S %Orﬁ%fenFS Y8 at | aper %lﬁﬁ%%ﬁi’té S)phgpq% entbg) I%er% or

at t achnemhfatracieste Vet il Hdh R ESes itoRYDbLIR bxﬂéé tehroM¥fdm dioxide, iron,

2012/ 045006PCT/"'US2011/ 054345 f or toys), ball oons, lﬂ%s t ubi ng, r oof i ng

til&s, hasgickirigesionsism fgrrde @h@@ﬂlﬁbmagnmcmaﬁgcl@mtar moy bsiehem, ©lieater oni ¢
deV|ce nents. For.exa at ent i cation. Pub ti on No.
5000, odbBR RGBS PR EIRE Ceprmigpigonnro bR § St PSR et &
bubbl & gL ARnisy cABoAWIAASHioR dibNaSAMRL AL ERRES, ANIE ARARPALLLONS
can be used 5 provide elastic or fl'exibl'e rol di ngs soft -t ouch"

appl i céctalrmrrsfemc\hohatcgmemnd tireeliictl és soranembbdimenty; btcesddigesioat be addudt ches,
housi ng[s wth seal ing lip con roI knobs, fl exagraphic printing plates,

hoses BrpgPIss OtheragPecss 015 "thér?§5t ﬁ%?@??éPPf br@rtidgeprepared deanp phaisently
ngQL‘ﬂéﬁhCOHﬁggﬁﬁhg%Wgﬁ Q#ﬂ&e%qggﬁﬁlcsound deadeni ng el enent s,

f ol oat 1 ngs arpet backings. 10In sone
enbodi ment s, THdygeshtly diseldssd aoﬂﬁpdsmaﬂls @a\vbetned\Bdinbahg sieVh@asgaaring el ude,

components by the usual methods of plastics technology, and the sequence of adding the
components may be varied. Examples of suitable mixing equipment are continuous or batch
kneaders, compounding rolls, plastographs, Banbury mixers, co-rotating or counter rotating

15  single- or twin-screw extruders, or other mixers which will provide essentially homogeneous
mixtures. In some embodiments, the presently disclosed compositions are prepared by
blending together the components including the multigraft copolymer and other additive or
additives as desired at between about 23 °C to about 100 °C, forming a paste like mixture,

and further heating said mixture uniformly (e.g., to about 150 °C, or to about 200 °C or

20 more) until a homogeneous molten blend is obtained. Any heated vessel equipped with a
stirrer can be used, including those equipped with components to pressure and/or vacuum.

The thermoplastic properties of the presently disclosed copolymers and compositions

lend themselves to the fabrication of a variety of articles, via molding and other methods of
fabrication known in the art, including, but not limited to injection molding, compression

25 molding, extrusion, and calendering. Accordingly, in some embodiments, the presently
disclosed subject matter provides a fabricated article comprising a random multigraft
copolymer. The fabricated articles can be for example an automotive interior or exterior part

(e.g., an air bag or air bag door, a seat covering (such as artificial leather upholstery),
bumpers, decorative molding pieces, etc.); shoe soles or other shoe parts; elastic waistbands;

30  diaper or sanitary napkin backings or attachments; adhesive tapes, membranes, toys (or parts
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but are not limted to, infusion kits, dialysis units, breathing masks,
cat heter tubing, intravenous (iv) bags or tubing therefore, blood bags,
syri nges,wpnrostdigioscs, inplants or inplant coverings (ePgT/USeotiiosy3esii c

i npl ants, stents or other endoprostheses, or coverings for pacemakers or
cochlear inplants). In sone enbodi nents, the article is a balloon catheter
or 15 a stent. For exanple, the article can conprise a balloon catheter
wherein at |east the inflatable portion of the balloon catheter conprises
the presently disclosed thernoplastic el astonmer conposition.

Cat het ebs tew), baltdondebagy thbibpngodfmggtilesf hexidal @leoices, safd Eletubhiogyiringat can
be inserted into a body cavity, duct, or vessel to inject or to drain
f1uids. CWH@gSo@H9ﬂ@a\¢ﬂqc¥r0nt9;u@€fm%ﬁome@wts Yor expmpls, QS BatarprAepligation

4t gt RS 0 RSB ERE Se VrRR A AR S Bt

space, Bdb@lesp&ﬁbﬁ g SuEP A6 Bice.LlifsorRabmBodintts) ﬂ{eecfo'inpd%ﬁidiﬂ €aRBe lu@éd @t abl e
bal l oon at or near the tip of the catheter (|.e., the "distal" end, the end

of Hhe mavidetedastic or Hlexitle eraldimgh oo soffetobollyyppliThdonsashdt ay giips, ihasdles.ed

into the. b esse| r cavj th the aIIoo .def | |nse tion
A g s e A R A ST M o R R

renove ﬁ rff?lln lfﬁ&eh%esoﬂrbﬁfe‘é" rﬁ@d@éﬁﬁéﬁﬂ; Rydlétd 1%90%&%%@%1&1%&*‘&1&%9&}% The
bal | oon can then be deflated again for renoval of the catheter. The ball oon

cat het €or omnlabieg ionsleratladg icabhlos, tshenddeydenmgddéinees, @ldhgbtllowgrobxanmplle, t he
stent can be placed over the balloon portion of the catheter for insertion
|nto t OBy anEFRCHPIKEES| nsi de the body at the desired location (e.g.,

bl ocke r P
i Pared, R oEE® éibogﬁﬁgn@"’tb%%ﬂ 0 ARUALMBORP SISy 00 2
t he Cat‘thﬁte&é rroeriimgeld tb,emfiigign thie, sliayiis iunitpoBicathomg whiskk Ncdtheteboghing,
Stents are tubular, radially expandable é .g., self-expandabl e or ball oon
expandabirayengns (&) dags oF tuhisgrthersfore.nblood bass.rowinges rpehetiest Hapleayor o

th Thus, f t he stent b
voedt o Fotge 80 P RRRR ARt S proHer BERTEO Shess Be b st B Sucn
as, foreXaaRdrs or E&hildas rBpRAtsh| Badnid P¥bddinenty hhaartﬁné@mbaﬁa@m&ﬂet@/or
atheroscler05|s Various stents are described, for exanple, in U S. Patent

No.154, 886te0i62 Foi ksampls; dhedrthde eam chynprieé @r allveni cathater wihelrenretay least et s can
have one_or re .branch | nt For exa stents c shaped, . 10
et udi RGO AR Ohite b8 U SRS B BRE N PO S BRRR ST o t o
tubes. M&Lshse Qqidabricated frommetal, polynmers, or conbinations

t hereof . For exaﬁ% the stent can |nclude a wre nmesh, a netal coil or
coils, or nv@z&hetersmga nodwdr @ty thpingr(d/earflexdriaec tedt wibing]) that raseintdried
dlsclosed conposition. Alternatively, the stent can conprijse the presently

di scl 0SB IR ESIHY. shich PBresseito ijee o BdRinduifs r TheRadyenavisel dige of Kessel
MabEN i gly, phgo >£ ISSLP%a@tIﬁ%Cﬂhegtﬁ%cfd%g%qug éc&%;ﬂ ?g 2 rfféu?m all}%g Aaltﬁ £ry062

show how a ba er ass can Pe Use |c coi
stent idicg the kﬁﬁaﬁlthe hearFltg@m%nilsZA,familirpmr@ecm% fépidﬁfal@pa@e sthosbarsbid oned
agai nst blockage 7 in vessel 8. The blockage can be a plaque in a bl ood
vessel .SpFee ctral Babeorceathriersrinedudenn nflatae balipongit g neartthetipof dreosatheder t he

cat hot aF 051 el M50 R ape By Bt iR R 800N T BB s ng

bl ockaggseftedliftohbBdy vidlel of &ﬁl@%lkm@ bﬁﬁ@(ﬁ’ﬂs‘d&"faté@% Ihfiﬁﬁserrﬁ&?iﬁ?@a VéS@@lV I'ng
behi nd expanded stent 1, hol ding bl ockage 7 open in vessel 8.

Pa5 Nar cayirpin, th@body, ﬂmha;bbpatadbmmﬂatetd tbyern@\fe&rldnd@germr othsr\mse exmtnyla al so
shows an exenpl ary net od 0 all oo can. be used pon a
stent . TEFIGNY RéssageavaysB the gy, ea&a%ﬁﬂep%&ﬁe &]a@d 83 Omﬁem@w%ﬁqﬂ&g
shown i u v

t hat de }ge'ltt%d Frgaljoﬁlgt())onrpg%ﬂl& %}e?@%eﬁtreg zlgtﬁg!tléetr) 5 , tdeﬁ{)&girézg G F&ts%!at g’et

si te T.th&kent cdn iswplacedoiser died baltea }hﬁhbl@Oﬁt}&&atﬂdﬁeerQUTsertibﬁBntohhb lbody. 30 is
inflated, radially. expanding stent so that stent contacts the sides of

vessel Whep plaa%&%q g bpdy ahthpudgmr%d lpgationed ¢ oBR 131@06@(1 wagy bdhe ballaps: er 32

is deflated so that the balloon no | onger 30contacts the inner
circunference of stent I. Stent | remains in position in contact with the
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WO 2012/ 045006PCT/ US2011/ 054345 sides of vessel V at site T. In Figure 13D,
bal | oon cat heter 32 has been renoved fromvessel V, |leaving stent | at site
T. Figurew03m24ksms pol yner coating C covering stent |, PClaSedy/0f434%1 ng a
continuous surface connecting an underling netal or netallic conponent
(e.g., awire coil or coils or a wwre nmesh). 5The stent can be coated with
a drug-eluting coating or the thernoplastic elastoneric conposition can

i nclude a therapeutic additive, which can elute fromthe conposition upon
pl acenent in the body or upon exposure to particular conditions (e.g.,
heat, pddn teniaylaesl, tiedreby) expamidirgxtepitent. thiee ballddngeaaf thea dleadefieyd arechtHee

bl ended with a bi odegradabl e pol yner having an encapsul ated or ot herw se
conpl exatheggrugmoyody l&vipythe sfgnt inpegtroppathinghg body: . No. 5, 851, 217; U. S.
Pat. No. 5, 4 a U. S, Pat. . 344 i b he 1 ncarparation
of drugs 1 o i 80Py sRi B LR R SRR phlSor SRR

dr ug- pairiemes fdr dRFtSorAing ARAtdVe PadsAgOMEhO bodPlotinERRSER titBuaPPleipadaibens.
Thus, for exanple, in the presently disclosed subject natter, a nultigraft

copbl yridtusstos pxamgplenthic sicyt ednt beouspd kg/ireat ot preaerih disease-iadused safrawirngf a
covere ith drug 15.1 ayer. . The.drug |l gye can be . covered with

bi oabsﬂq%{bqaal o, Fas eAile S8 eee 6 Bofohagiier Y SEY diiaged by

pol y(! aghdrd&158sQ! Widug%)entsoére%E&(ﬂwﬁjf&@gﬁ{p}’& ah §7.S0pMBhENB! £X86,062,

U S. Pat. No. 5,843,172 describes a porous netallic stent in which a drug

i s | oadecbrpotated lerepdryaefaéndehe itsehatety.The stent can al so have a pol yneric
cover, which can contain a different drug than the drug Ioad%d into the
Sryugla@F@rti ng

metal por es.SHe caR (igve ARe T EWrHErPCBPOHEY AT EXENDIS. FiERtHCaR

| i ! ‘ ! - t Pat .
Rod 87 by RERARERFoy BAOSHalofl by DGt ANES sl cBinb R IR Staleqrl
entir ethy, fadesated hond heglepolyynegs, ot edindiraintidns tientoff rurewampte, cnpentséang a

plurality of drug eluting reservoirs. The drug in the drug-eluti ng coating
or t he inpladepavtd megdyennctabrpebiorpoilsrorgaetal figes qayensl yhand/ oregomppetad piith

o 2L OTGESERERRY LB 2 Rk AR R SR B ™ 1
sel ect effsdis QM dohRf)odit RURISHRINS aRtal dd cRhg ForGloBicn @S lyRbdric marial. _
i Mmunosuppressive, an antibiotic, an antirheumati'c, an antithronbotic, an
antlbhyper | i giigeres d 2AalRACEpiodhidsl from, Us. Caleoi Nm 488a.46Aiskow haw 4 balégmi n
| nhi bi tc%‘[ﬁete%nasge%‘ti)l?llclagrb%ilfs’ed % p arc]:te iaor)r(lietgl ﬂ:t dOi]aStgl?El ilntbo/e|1 lvlcs%efnltn 1%H}esf2A,a
balloon catheter 5 is shown positioned against blockage 7 in vessel 8. The blockage can be a
plaque in a blood vessel. The balloon catheter extends from a guiding catheter shown at the
left-hand side of the drawing. In Figure 12B, the balloon of balloon catheter 5 is inflated,

20 thereby radially expanding stent 1, compressing blockage 7. In Figure 12C, the balloon
catheter has been removed, leaving behind expanded stent 1, holding blockage 7 open in
vessel 8.

U.S. Pat. No. 7,794,491, incorporated herein by reference in its entirety, also shows
an exemplary method of how a balloon catheter can be used to deploy a stent. Figures 13A-

25 13D are reproduced from U.S. Pat. No. 7,794,491. As shown in Figure 13A, balloon
catheter 32, is positioned in vessel V, so that deflated balloon 30, of balloon catheter 32, is
parallel to target site T. Stent I surrounds deflated balloon 30. In Figure 13B, balloon 30 is
inflated, radially expanding stent I so that stent I contacts the sides of vessel V at target site

T. In Figure 13C, balloon 30 of balloon catheter 32 is deflated so that the balloon no longer

30 contacts the inner circumference of stent I. Stent I remains in position in contact with the
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30 retinoid, a flavonoid, a carotenoid, a lipid inproving agent, a DNA
synthesis inhibitor, a W 2012/ 045006PCT/ US2011/ 054345 tyrosi ne ki nase

i nhi bi t oryvoan122m40p! at el et, a vascul ar snoot h nuscl e anPCpruskoifiOs4sHs ve
agent, an antiinflamratory agent, a biological nmaterial, an interferon, and
a NO production accel erator, such as those descri bed herei nbel ow. In
sone enbodi nents, the presently disclosed conpositions are provided for use
as 5 adhesive materials. Thus, in sone enbodi nents, the presently disclosed
subj ect matter provides an adhesive conpri sing: a random mul tigraft
copol yndes@drpisebV agsiee T.ulbliipyredSDy belldeh dxdtekdr®2echas bderareplaiiedlfioiy veskelgl assy
or sem-crystalline polyneric grafts, wherein each of the plurality of

gl assy Yrleddng stepyEatitei IheFigare b skowy alymer soingle severing et I thebbyy

pol ynmer4 ckbone at 1 n f lurality of rand . S ranch

Poi it o oGP G PP Eo HsBoR B i e A BTt SRR 02 %o ve

or a hayireedil oREhiRSIvEWRBInGAN be used, for exanple, to adhere plastics to
other plastics or to other naterials ge.g., paper, wood, nmetal, glass,

etcd). Thrrréent ek be certed amthisedragnelWing coptieg prdkith¢raropiastid el ionissie

her ei nabove. . The adhesive can further. conprise gne or re other additives,
tich AT Rg e B e Raae Ty e St S0 Eora K Cosfperiprtion |
WV- st abjih dep®ing in BRAVIF I MBDoRLKPESre b P5tidERr cohATBnd RIAT BRI, &PYimest ati c
agents, and fillers. The adhesive can be fornulated to provide either

t enpor anty.).oF orpeanmphe e mdhasafd nopolymer cafhiee i eedeeintitly a disicpeslebl capdheserv e
conposi tions can be usgd, for exanpl feg&pto act as a rel easabl e adhesive for
hol di nd'3yiH& Ac¢lIcaRs Witee PR RINCHY a8 CPBPEXCAL Wht 0 paper or ot her backings 20

f onnt enpor arpy di r S [ . Nt D [ n be
prégent as ;ﬂg%??gbﬁ%8%?ggﬂﬁégaig%kgﬂagﬁ%ﬂg%ﬁ?é%%h&%{ﬁ%aﬁéﬁggﬁig¥ﬁtgﬁd a
gi ft cara Nelaerd, 038 dRcitibethgiiddorga@tdon f gruld Rdnat@ie lhy@sof hsinpelpd®fmert he
adhesive releases fromthe gift card or the holder. The strip of adhesive
can t hem Bénpulwikdcss theeftugepolymer dayars e dipphed HB il @BrMOLCt CRRSSPYLE,

manual | y. .. The present di scl osed, adhesi yve compasitions can al so .be

o ov el TR fof SuPRlaEng SPEShYT AGTRRALhERE REAG Ry bEran

r el easahslyRastkiddg of RIMENERIEpbRAer &80crRd sRat kA bé AFMEdol 4188 watl Hlrde0 Use
of the adhésive. The conpositions can further be provided as adhesive

badki ndsyan The ldewg laperscanbs coeergd withaitabahsostadpmglymet, soolt aseoly (Ltlactic
bandages. gr ot her.wound care itens, .dru atches, diapers, etc. In sone
enmbodi rﬁSHBsPOQlfV a%‘:t&ﬁ%gb’égﬁ&}p%ﬁ’ﬁ?@ﬂgr uﬁ'éatﬁ'rCB\'/Yaa%rgtqs'n t he form of

spheres, barsyay phodg, %%4'[3?1@'2%15%8%&%g)oﬁsr}ﬁ{;]t'gmﬁlsEenY\Ql which a drug is loaded

2012/ 045006PCT/ US2011/ 054345 "adhesi ves, in t one, e.g., for various arts
or cr afih® the ppestod thometah Thedttiattcgn aBodaye b polyniericcanvst, mddth can odntaiaradboar d
boxes Odriffferoeilt érrl],lz t}fla%btilie &glfgl lgerl]de%fintsoqgé Enie‘pa pg‘rqelsj.i ”Phrtcec?rhg 8erln etll(s)g gé provided in the
20 form of drug-eluting polymeric components located along the inner wall of the stent. U.S.
Pat. Nos. 7,163,555, and 7,435,255, incorporated herein by reference in their entirety,
describe drug eluting stents and stent frameworks comprising a plurality of drug eluting
reservoirs.
The drug in the drug-eluting coating or the therapeutic agent added as an additive to
25 the thermoplastic elastomer composition can be a therapeutic that prevents thrombus
formation or restenosis. In some embodiments, the drug or therapeutic agent is selected from
the group consisting of a carcinostatic, an immunosuppressive, an antibiotic, an
antirheumatic, an antithrombotic, an antihyperlipidemic, an ACE inhibitor, a calcium

antagonist, an integrin inhibitor, an antiallergic, an antioxidant, a GPIIb/IIla antagonist, a

30 retinoid, a flavonoid, a carotenoid, a lipid improving agent, a DNA synthesis inhibitor, a
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The presently disclosed conpositions are also useful as elastic or flexible
coating | ayers over other objects, particularly for "soft-touch"

appl i cat iwa2012/@8G06 t ouch™ applications 5 include thosepCrars2émasesnte, for
whi ch one or nore of a soft texture, shock absorption, ergonom c confort,
slip resistance, and flexibility, are desirable. Thus, in sone

enbodi nents, the presently disclosed subject matter provides a coated

obj ect conprising a coating |layer conprising a random graft copol yner,
wherein the random nultigraft copol ynmer conprises a rubbery polyneric
backbongroaing kangdt itttabitdryarodntigladisy a oasciibr seivbthanysi@ddtipnaifoeltiygegdnt, qr af t s,
wherein each of the plurality of ?Iassy or seni-crystalline(golyneric

gr af t s angliflanBpedy tagchhed riploaisa] punighak | & daekisee Hid andQfpradyitional i ty
of randg ace ranch -0t wherein the coating | ayer covers at |east
a portiac():gh%?a%%’ glﬁcﬁijragégosgfdegg%eo ,er%lélg%ll e, gl ass, carbon fiber, netal,
nmetal lic, | eaatsbie enttflimentsStheProsetly BlsaidbédcRp&etionslaie pRIEIRNTBPHI®RNT S,
the object is selected fromthe group conprising an 15 article of clothing
(e. §., alhstive nmteranlporlihupningfonze eimbedinzmeh the peesshidye dselosed fubjedr mhdgredi c,
athletic ar children's shoes or for work boots), an eating or cooking

ut ensi [PTPYAES an BAESNECOOMUSTIE ot her i nfant feeding tool s where a soft nouth
feel m ght j I I I e.g.,
nammer 5.t eneg CuIIH DR L ARG TonHR AR AIRER pRIVierk; BdpbRgRa

st ent s, plpatignak glassy opstrheearysiatiplcapdlginericeaftg|wisweigi @ah dfabé plhyrelity. of
retractors, 20scal pels, clanps, etg¢.) and wring and el ectronj c devices
(e.qg., BIB¥OF W’c‘?%ﬁaﬁﬁ]@w ymﬁ?%gra?rmﬁ aétaﬁIl%QI teghe w@b@m I%.ﬂ?iémFIHC ’@%quea%t) .

I n450 i ' ) ' Ste Nt st ent
congy i 2 SRR ot AR R pRRE L PacRifh The alfiRHE fhn 2R
shape, pressaregnbiyivt hghedas dmghotayelr adiRisivieadldecanilcalssd ool exahple) toaadheiteer i al s
for form ng the stent framework, such 25as the nmesh or coil(s), include,
but ar eladics e piheeplastécs agttaiofics srateide (e.g.ppararnapd.tnetahiglass, ataht al um

ni ckel -ti tanju cpbalt, chrom nd_al l.ays..t her eof l.n _sone

erboa ment o, Tl eh e ARG sieadie i s83Gined P hpus  TreaiPrd
used asfah&f dbenprRk®as bPhosOGhbMEldithHs sRA af, Hut Aot TRAitERo, wapésa?tasmiz&g,h_er
medi cal device, such as stent, the conposition can include a therapeutic

agéht , atiedxidantd UtV n@bilizersi desdratiye agerBgbaradasodarae iatgrdants iantnstdwgpntessi ve,
an antibiofic, antirheumatic, an antithronmotic, an WO

2012/ 0A300EHEE LS00 48 b oY AFS KDiPERVG et RERorsmi o pemangnt

cal ci umgapt;ggoni st, an integrin inhibitor, an antiallergic, an antioxidant,
a GPlIb/IIla antagonist, a retinoid, a flavonoid, a carotenoid, a lipid

i nprovi ng adent presenDijAlisyorscd @adhssivandunypdsitignsaah Ye osed) €okdéxaagde, itahetrstaor , an
antiplatelet, a vascul ar snmooth nuscle antiproliferative agent, an.

ant i i nfFkAAGIdhesiys der holdige giibgirdapr ethamplasticardsenty para o8 PEIT bagkdngs NO

pr gductd - al L tat C i pel . Lmted to,
0 20 Jpr RaTEER PR or BPER bR RS P IS St B B TS

hydr ochheuinté¢beth@eh b @lontado@etheeft chiyidindtagyift eBidnl de@ X Mienanegift card is
cycl ophospham d. | munosuppressives can include, but are not limted to,

si rol i mudled awey dtonnihs hieder dheadhesivientlopres fiwm dyeifssprdior the holder. The strip
My coPheNQlRESIPLE! thin bIBIREE bFHSHDY e QSR 1 H%he BB if iRt Banually.

The presently disclosed adhesive compositions can also be provided in the form of

25 adhesive tapes, comprising one or more releasable backing components that can be easily

removed just prior to use of the adhesive. The compositions can further be provided as

adhesive backings on other materials, e.g., 1abels, stamps, automotive trim, bandages or other

wound care items, drug patches, diapers, etc. In some embodiments, the adhesive

compositions can be provided in the form of spheres, bars or rods suitable for use as hot-melt
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10 Antibiotics include, but are not limted to, mtomycin C doxorubicin
hydr ochl ori de, actinonycin D, daunorubicin hydrochl oride, idarubicin

hydr ochl owpae12/qasevar ubi ci n hydrochl ori de, acl arubi ci n hpdrashé1a0s4es

epi rubi cin hydrochl ori de, peplomycin sulfate, and zinostatin stimal anmer.
Antirheumatics can include, but are not limted to, sodium aurothional ate,
15 penicillam ne, and |obenzarit disodium Aantithronbotics can include,
but are not limted to, heparin, ticlopidine hydrochloride, and hirudin.
Anti hyperlipidem cs can include HVG CoA reductase inhibitors and probucol.
HMG- CoAdhedues, as ehel iomdid @r forcanioiinattsidecrabiprejeets n@tinlindustgd eleq, for the
serivastatin sodi um atol vastatin, nisvastatin, pitavastatin, fluvastatin
sodi umCogptyenAf] |qar hogrﬂam@@ ior forthe fafricatien af mrﬁag aglslpm@‘nt aeYF-nhi bi t or s

i ncl ude, but yi.napr i i ril
erbum ne, ¢ raageane b, e AR Al R & Bl B s PERH

hydr ochhgdrs 8or oﬁfb@b@jé&ﬂs pdﬂﬁé&ﬂﬂ}eforf%c&’c fRBRT ig)plﬁﬁﬂo@apsmfddch” applicati&@l ci um
antagoni'sts can include, but are not limte ni f edi pi ne, nil vadi pi ne,

di | bi azeeluly dhasehifar indanchefor dilpemenpyadrivets of & deft tenaire| Séi@bldlafosmtlon

S e T e L R

Ant i oxi dant st RChYemeCRIHRLRhARS, thep@sent &%éeﬁ%%ﬁ%ﬁt&%&ﬁa&)a coated
ant hocyani ne, proant hocyani di n,” | ycopené, and 13-carotene. Tyrosine ki nase

i nhi bi taject conmprisiag abumtlrgleyembniprlmnlgadamdnmgmlﬁu@pelymeriwhq:rhmsthe randamd
apstatin. Antiinflammtories, inc| de but are not. limted to,
dexametRRALISFA CoRAbHREIEATBRTESeS &RHbbRTY PAMES 1c YW Rty Af ghppsy or

2017 baspbere Uke T BR S SRR SRR h*a%@b{)f’%%%%?Leﬁ‘pd‘"ytstaﬂmﬁep

(epi derpmjzmgrﬁ@\gtdftsf Baitached MEHBE m%as@ulbcaymend@ableﬁoml atgrmevétha paghioty) of HGF
(hepatocyte growmh factor), PDGF (platelet derived growmh factor), and BFG-
(basi c rﬂncﬂmlgq waeed PEWCh Imttﬁowﬁere%mec@atlngﬂamt@vaﬁwtr}e%ﬁt EaporEon gif @al

t ool s cogtté1 th o £9 osjitions can

d
be.pr oWt R cE I Tl shtea i Melal) MeGliRS GRS, FRTRO SPhE TS,

appl i caﬁla@ﬁ%bjﬁum sérfle %ﬁ%dﬁﬂ&ﬁ@'tﬁ@%ﬁet ik @@e@trea&fﬁm ke stosif lcoppeismdhinect
matter provides an object for inplantation (e.g., a stent) in a subject,

ei tlher qmq:lmrﬁ@mthmgde gt enyoecaria portidhef s shpecuch ss dsboe adzibyfoa ohthopedic,
is, to be.unde vert.ebrate.species are

subj ec al.t hou ood that .all
L e B TR Shof ST Ll bl B eaiint e AP SRR e B 10
SUD] eCtplBh Sorf8aTHPRARTSY T R bl LSRR hGMANvSERL | n

the treatnment and/or prevention of di seases or ng surgical intervention
i n war neclabiabbesbelos, toad)r atods(e. ghhleﬁnmtefsewpemQEsLtdcyevddmcdm%m,aﬂrtt)c:dneélca:lan be
used far the treatnent of mammual s _and bjrd re particularly,

provi deBPHEYEiers. St PReenakers: 6echiqe lfflP]éa‘tS}réﬁlﬁdl@ﬂ/SWFﬁ%#O@S (8 gehctEstHtnans,

as WE| lscﬁ?gfshagﬁpg)% el ki %8 £ fe@ﬁl&%cq 1c£ss0(eb e'en&tﬁ%ﬂ%a\gﬂgﬁr g)q fi %E#’cgﬂm; f or

er|an econ m ca ance ( ‘ni mal's rail

consunmir@l@ bmtdﬂmmlﬁse)araﬁay)or soci al inportance (animals kept as pets or in
zoos) to humans, for instance, carnivores other than humans (such as cats

and dogs), dWi Wéne( simpoditens, theneoaied @bissacomprisasrianstants Wharein the stant | e,
A'so’ provngie” REFEoh iR oo bR e atsne G BRaeS o ERluRg Tt he
t r eat meRhtifg 18R SRuitable metals and metallic materials for forming the stent framework, such
25  as the mesh or coil(s), include, but are not limited to, stainless steel, platinum, titanium,
tantalum, nickel-titanium, cobalt, chromium, and alloys thereof.
In some embodiments, wherein the thermoplastic elastomeric composition is being
used as a drug-releasing coating, such as for a medical implant or other medical device, such
as stent, the composition can include a therapeutic agent, such as but not limited to, a

30 carcinostatic, an immunosuppressive, an antibiotic, an antirheumatic, an antithrombotic, an
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20 kinds of birds that are endangered, kept in zoos or as pets (e.g.,
parrots), as well as fow, and nore particularly donmesticated fow, i.e.
poul try, Woeh12agsqar keys, chi ckens, ducks, geese, gui neacﬁmollamu he

i ke, as they also are of econoni cal inportance to humans. Thus,

enbodi nents of the articles described herein can be used in the treatnent
of livestock, including, but not limted to, donesticated swine (pigs and
hogs), rum nants, horses, poultry, 25and the |ike. EXAMPLES The foll ow ng

Exanpl es have been included to illustrate nodes of the presently disclosed
subj ectaneibypetipidemit,i @htAOCE inhéifor.esefilicidins ahtagonie:, andirtéyeirg emtebadr, lavel of
skill in the 30 art, those of skill will appreciate that the foll ow ng

Exanpl e’f‘éltla]rl@fgil%ﬁé gatiexidantya C@%Eq%ﬂlaawamgl%oqmtmab@éb@wwz@famwghsl only
and th Us ch n no IO and. al.t. C oyed
it nout RAHFORHE: BRI B SREBE S AROE. o BRGHR b SRR R A E R T
Exanpl & *lascﬁlﬁy Binde& musfle Wﬁfd\/h‘ﬂnﬁd Spcat, tan@ﬁ@ﬂlﬂ'dfﬁlﬁﬁtory a entTﬁ]‘Blcﬂ thiesi s

of randomnultigraft copolyners conprising, for exanple, PS si de chai ns and
a PP bavitboalean mcrrfetren,tmﬁ@d\IQ@ermtlgsecct@ﬂermmGammmﬂgs b@@nch@emam mor e

S S, BT SRR AR LKL AT S N PO R

nmacr o e Ch t c I '
SR SRS k] oo, i o ot

Rahman Iﬁtmmiosupﬂ)lktsmmmd:m:uichﬁie BHibt aﬂ:212<5t— B230d (t20€8)limhy) teantimas thytdmte

previ ous studj es, ere branch point ci ng was IJy controlled (see
Uhr| g arathigpyac, QysOspeRy). SR aoRken emv%@ﬁw&mlw@a%qc{* K. P THBARIBINGC enent

bhe Qﬁfo%lcg a}ﬁ%lﬁﬁe gy Er‘éeﬁ'otbﬂ i0g 92 fifd rfcor?‘l‘% 1?%;1‘(8%&1‘32111%%&1&”

|t|ve arin € dnioni ¢ copol yreri re ase

rracr omamm;:amd D helaugonibivie. hip@@echlorida, Etlambicin Jhydﬁobrylmldamplra,rutﬁeinym
Chem, 43, 4470- 407%wg2005) Pol ymer s can be pami)red havi ng 15 melght % PS
si de cHuidrechlqrede, aglpmbiein hishashledd® cpnyigarhy, rileapeompeiasulfate. ansi ght

can be ab% i %g and for the tetrafunctional centi pede polyners the
branch%ﬁﬂ Pn ?ﬁﬂt can be 16,000. The total nol ecul ar weight can be

about 400, Ooﬁnﬁhe@@@ués QAR MRRrde Tt Mkt hal @fntited0 t6,0ROdiMAE abirtRIdnRSate,
characterized, for example, by SECwth Iight scattering detection,

d|ﬂﬁerqnmuammnmmrammOMEMamuhaHUwﬁkamu@M@hmegwamﬁwbnb5@adw®mﬁymaﬁﬁ§heets
can be perfor I a, SAX S tron Addi ti onal i
el uai g Gar by GoEk REe IR BTRg: ARyEYF G ST G Bt RYO-CoA
char aCtr‘é&ﬁ&Qste' 1Hl'?1b?t6f§ a!i’igep?%dc%ﬁ RGN I LR K M dr D c&rbﬁlcﬁfdte blﬁ%?e n@t g.,
Schl egel , et al 50, 6297-6304 (2009); Thunga et al 9,
597- 6051r(11‘2ﬁ083 seﬁtla}milmgﬁhumt atllvastafur nisPadtytin, plta,vastdtln &Tﬁ&s&ﬁﬁﬁoﬁﬁﬁﬁm)
Duan et ~al., Macronolecul es, 42, 4155-4164 (2009). Exanple 2
simvastatin, lovastatin, and pravastatin potassium. AC 1nh1b1t0rs include, but are not limited
20 to, quinapril hydrochloride, perindopril erbumine, trandolapril, cilazapril, temocapril
hydrochloride, delapril hydrochloride, enalapril maleate, lisinopril, and captopril.

Calcium antagonists can include, but are not limited to, nifedipine, nilvadipine,
diltiazem hydrochloride, benidipine hydrochloride, and nisoldipine.
Antiallergics include, but are not limited to, tranilast. Retinoids can include, but are not

25  limited to, all-trans retinoic acid.

Antioxidants include catechines (e.g., epigallocatechin gallate), anthocyanine,
proanthocyanidin, lycopene, and [-carotene. Tyrosine kinase inhibitors include, but are not
limited to, genistein, tyrphostin, and apstatin.

Antiinflammatories include, but are not limited to, dexamethasone, prednisolone, and

30 other steroids, and aspirin. The therapeutic agent can also include a therapeutic biological
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General Methods for Morphol ogi cal Characterization 30The follow ng
procedure is a representative nmethod by which the norphol ogy of a WO
2012/ 0450806RCI/043M011/ 054345 bl ock or graft copol yner i $CENSRUANSH4S Thi s
procedure is the sanme general approach that has been enployed in previous
bl ock copol yner research on PS-pol ydiene materials to produce a sanple
representative of the equilibrium norphology, and to eval uate that

nor phol ogy. See Gdo, S. P., et al., Macronol ecules, 29, 7022 (1996); G do,
S. P., et al., Macronolecules, 30, 5 6771 (1997); Pochan, D. J., et al.,
Macr onohstetihle sucl29s, BitOdot(1LOR6J ;to,PBCHFaepidermadl gretthafactor)l. VPOFy(vascuded . . .
Part B, Polyner Physics, 35, 2629 (1997); Lee, C., et al., J. Chem Phys.,
107, 648dotiebatarowthtactar), HGR (hepatockiserewi faeiarne BDGEo(plagigpdqrivgd zrowihee

C, et al..P 1 1998).: {dou, M, et al., Mcronol ecul es,
31, 76 Ct{’?@@%%@y@ra?lbé@%bﬁ?&eg?g‘ghfaé%@morml ecul es, 30, 2373 (1997);

Bever, F. L.Me&iaBinplad@sidiediesidiesicalidols06dd (Nlt%%?):bmgiﬁ inBeNEpresdntlyl. , et
al., J. Polyner Sci... Part B, Polyner Physics, 37, 3392 (1999); Bever, F.

L., 9 etdisdlosedivaomonitioss airebe pagidea0Rougc2ni®rh hBuagaxdi@l applicatibng and in

Ma I I 3,..8739-8745 (2000),; Al D. B. t al., ..

Vacr oG TFEL PRSI ST [HbaByomegiHegmE T the Dissly Fislfedsnbiostaree, 2o,
2934 ( 198ViMes lihoe;%éet Br ihlfla@@%rpgé?%.?caukt%ﬁb)_iﬁga sgl%e%Zt, (B8O herdAitIp: o et
al ., Macronol ecul és, 26, 4506 (1993); and Wnev, K [I., et al., J. Chem
Phys. , tempoikbidi6rhd sli®t}) is desirablpe hinchaf shbysctpdltholngh itlipwikbeamdgrsafad thatmdll vy mer

material , approximately 1- to 3-mmthick are cast fromsolution. Toluene
is the ‘ée{ffﬁﬁ@é? weﬁﬁﬁaﬁrle?eéfi%ﬁsm%m@aﬂmth? E?ﬂnpéﬁ@lg@tyr Eﬁ]%pmsg}tiysmaclosed

Ly . ‘ ol ‘ .
e
mol eculgevdns®hfof\duehsts i @igihg suipéca hteieghten of whendlsakgde catcblatesi IThube

sanpl es can then be increased by thermal annealing at about 120C. These
cast i nghanepsanthedistlasedatigios icamse Hagdefop drntreasmeat elonpmsindt endlirds assenbl y

f wel I - or dered t hol ogi es. i ' t udi f ft
copotyrer s p{n ALY HRGHOGT TR IR 1 Tl e BRI REPRIASE ooy
thi ck afigndik oRal @fastRbscdRarhEMIUTS ¥ AALQUUR Y0 BEME Bhd 4Bt &l (b HsMberkine

sections of PS-PBD nmaterials are stained in 0s04 vapors for about four hours
t 0 1beadtgewi)t bf edvmorBO bnpoktadeeu@nendle mais¢d pedakerd fog coheseptidobk Sudank) i n

TEM i magi,ng vi.a .mass thi ckness contrast.. See Kato K., Pal ynmer Engi neering
and. ol DR S8 IBIPOREBES /I MEGk RAFS PR OF 1 208 ARAEEfor gAace, SHT(DG55) |
Smel | afgdanse fhinghd (ﬁcﬁéﬁgéﬂls %ﬁﬂ?&g@?@w‘ﬁfe @?gst Hg%%%nﬁ%?d boat@PlifihahR

accurately 30 determne t attice symetries spaci ngs of the

nor phol(egthess cdfila | dxeangicep XHamys, \WDaPod 2cod S0A6PERONWSAR ddME4)34bd doedet.er i ng
(SAXS) and smal |l angle neutron scatteri n% %SANS), can be used to study nodel
graft cobepyeaded haspirgre aicks fping fieawpent ppirds Apglneing the tedtmgntofthesst i ng

angge SONEES IR tﬂat%%én%aﬂ?&é&,%ﬁjt inazro(?)é‘OIdfstpee(ffsI e, ﬁ%%?&sewgﬂ as fowl, and
more particularly domesticated fowl, i.e., poultry, such as turkeys, chickens, ducks, geese,
guinea fowl, and the like, as they also are of economical importance to humans. Thus,
embodiments of the articles described herein can be used in the treatment of livestock,
including, but not limited to, domesticated swine (pigs and hogs), ruminants, horses, poultry,

25 and the like.

EXAMPLES
The following Examples have been included to illustrate modes of the presently
disclosed subject matter. In light of the present disclosure and the general level of skill in the

30 art, those of skill will appreciate that the following Examples are intended to be exemplary
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Synt hesi s and Ml ecul ar Characterizati on of Random Multigraft Copol yners
The synthesis of the multigraft copol yners havi ng doubl e pol ystyrene side
chai ns orwg@raf¥@sewandon y pl aced on a pol yi soprene backlpocmas¢eiajossus
tetrafunctional multigrafts) followed generally the published procedure of
Driva et al. (P. Driva, H latrou, D. J. Lohse, 10 and N. Hadjichristidis,
J. Polym Sci., Part A Polym Chem, 43, 4070 (2005)). These workers
reported the synthesis of conmb branched pol ybut adi enes having both a

pol ybut adi ene backbone and doubl e pol ybut adi ene grafts. However, in the

pr esentongx ang kieit nmet@ushdhan e, neodli figationnramonadtesativek & ab dsethdoy@bwithdytr ene
side chains and the backbone was pol yi soprene. 15The purification and

synt hesiepasngfeemy die scone of theapresadlyslisclessd sgbigacmanet i ne conditions as
described by Uhrig and Mays (D. Unhrig and J. Mays, J. Polym Sci., Part A
Polym Chem, 43, 6179 (2005)). 4-(D chloronmethylsilyl)styrene (DCVSS) was

prepared using the Gignard reacti gRa@bldt chl orostyrene with
trichl oronmet hyl sil ane. Each pol yner synthesis was based from about 240 nnol

DCVBS (480 nnol Si - C1) Symthicsis ofRendomrinbigraf Copolynyans y(styryl |i t hi um
ni 1S of - but Lt SRS RRE TS a0 FoRe ki et s SR RGBlfy B sidc

moni t or@diRYndlai FIYALRRRAcdNR B8 Bf 1138 REMIRAShOTo RS BERLLIE /P more
nonitoring, on the order of 5g PSLi for each one dependi ng on the nol ecul ar

wei ght K3Miajdeactthimesy grrgidned dpydadionie dpedymetizatiqnobnother tjolwhetizat 00 G dsyj
benzene in the reactor. Then, on the order of 20 g isoprene was added,
al ong zfsilaw%%wg% ﬁlvgé%arsemc QOREPIBStIZREPR OF t%@ﬂ@@rworﬂ%rp‘éﬁailwr% he

B8 e (A RSB 4" DRI A PRI PR, rRAR BT R G170

m . Thet0783200 9N ana Rahhlapvedlt a/ni-omekdukever,8225-8230 (2008). In contrast to

previous studies, where branch point spacing was carefully controlled (see Uhrig and Mays,

Macromolecules, 35, 7182-7190 (2002)), the random placement of the grafts can be achieved
by the use of a potassium alkoxide as an additive during the anionic copolymerization of the

15  styrene-based macromonomer and the isoprene. See Driva et al., J. Polym. Sci.: Polym.
Chem., 43, 4470-4078 (2005). Polymers can be prepared having 15 weight % PS side
chains. For trifunctional comb polymers, the branch molecular weight can be about 32,000
and for the tetrafunctional centipede polymers the branch molecular weight can be 16,000.
The total molecular weight can be about 400,000 or about 600,000. The multigraft

20 copolymers can be characterized, for example, by SEC with light scattering detection,
differential refractometry, and NMR. Morphology of pressed polymer sheets can be
performed via SAXS and synchrotron SAXS. Additional studies including mechanical
testing, modeling, hysteresis and softening characterization can be performed by methods
known in the art. See, e.g., Schlegel, et al., Polymer, 50, 6297-6304 (2009); Thunga et al.,

25 KGK, 9, 597-605 (2008); Staudinger et al., Eur. Polym. J., 44, 3790-3796 (2008); Duan et
al., Macromolecules, 42, 4155-4164 (2009).

Example 2
General Methods for Morphological Characterization

30 The following procedure is a representative method by which the morphology of a
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days to one week before term nating by addition of degassed nethanol, and
I n sonme instances a trace of unincorporated nmacronononer remnai ned. The

wei ght - aweoage/mslcecul ar WO 2012/ 045006PCT/ US2011/ 05434 BCRAISQIT &543M\) and
pol ydi spersity indices (PDis) for the nultigrafts were determ ned by GPC
with |ight scattering detection. PDIs of the nultigrafts were in the range
of about 1.1-1.2. O her nolecular characteristics of the three sanples were
as follows. M54-15-7/8: 5 PS arm Mv = 8.0 kg/nol; Miltigraft Mv = 807

kg/ mol ; 15% PS MG 4-15-4/5: PS armMv = 8.0 kg/nol; Miltigraft Mv = 434
kg/ mol ;bldd%rRBatt QopdByrhe23-cvaluridda Mniswosedlie 13 thegdammd genbkd] tpgroati thikhas 566
kg/ nol ;. 20% PS The foregoi nq three random nmul tigraft caopol yners were
each cd¥enemplaysdinpicsioys WOPI% copfyiageres et @m@pmm@ nygterialy to prAGUGSE vent

anneal SR ESHBRRE AL SBE edhuIPmIRra e S bR R forp ol

Dog bor@ldshgqe%tapem%mdl@&&&r jo.) W@2Q@1®6)| ENol $P St 4. tMQ@ro@E’éleéMiéseS@t anped
fromthe Tilns, whi ch obtain a thickness of about 0.4-0.7 nm Tensile and

hysber €74 (ﬂ%%l)sm@%ﬁa}_m_@&i Ylarramlecidod, 2R/ FHS1 (1199, Peelsml Dr dsetiahg/20

machi n | oa tran s u an
ext ens ’p‘f)ciwﬁmf?/%c{%i@m B ys%d#g)ez&%ﬁ%%’t ; ﬁg v@’déxﬁbz?rel y
I

L han oo e o B T R R e o e

wer e colél gdons); tamédduo Mll: ev et Mubvensdeqpl/es, Bﬂpﬁtﬁikh(’r]tﬁ?@) a]ﬁ_ei{&sl Fppageal..The
t hree randomr;ultlgraft copal yners vvere def?rmed la

Macromolecules, 30, 2373 (1997); Beyer, F Macromo ecules 32 6604 (1999);

10 Beyer,F. L..etal.,J. Polymer Sci.: Part B, Polymer Physics, 37,3392 (1999); Beyer, F. L.,

et al., Macromolecules, 33,2039 (2000); Burgaz, E., et al., Macromolecules, 33, 8739-8745

(2000); Alward, D. B., et al., Macromolecules, 19, 215 (1986); Thomas, B. L., et al.,

Macromolecules, 20,2934 (1987); Thomas, B. L., Macromolecules, 19,2197 (1986); Gido,

S. P.. et al., Macromolecules, 26, 4506 (1993); and Winey, K. 1., et al., J. Chem. Phys., 95,

15 9367 (1991).

Solid films of the block or graft copolymer material, approximately 1- to 3-mm thick,
are cast from solution. Toluene is the standard non-preferential solvent for polystyrene (PS)
and polyisoprene (PI). Casting from other solvents that are selective for either PS or PI can
result in shifts in morphology away from that which the molecule itself would prefer. The

20  degree of long-range order in the samples can then be increased by thermal annealing at
about 120°C. These casting and annealing conditions have been found to promote self-
assembly of well-ordered, nanostructured morphologies in previous studies of graft
copolymers.

After annealing, ultrathin sections approximately 30-80 nm thick are prepared for

25 TEM observation by cryoultramicrotoming. The sections of PS-PBD materials are stained in
OsQO4 vapors for about four hours to react with the PBD block double bonds, rendering these
blocks dark in TEM imaging via mass thickness contrast. See Kato, K., Polymer
Engineering and Science, 8, 38 (1967); and Kato, K., J. Polymer Sci., B 4, 35 (1966).

Small angle scattering experiments can be performed on all samples to accurately

30 determine the lattice symmetries and spacings of the morphologies. Small angle X-ray
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25 head speed of 33 mmmn resulting in a strain rate of 0.023 s-1.

The results of the testing on the three randomnnultigraft copolyners are
shown i n WD@e12/0480068. Tensi | e Behavi or 30Wth i ncreasi ngCmarsRen/0s634Hr anch
points, the tensile strength is decreasing, whereas WO

2012/ 045006PCT/ US2011/ 054345 the strain at break (gB) and the Young's
nodul us are increasing (conpare Mz 4-15-4/5 and M5 4-15-7/8). Increasing
styrene content leads to a higher tensile strength (G) and a higher
Young's nodul us (conpare M5 4-20-6 with the random multigrafts, containing
15 wt. YatBiree($)X S bardyshall &isile ndetsén sdattbriny (SANGYQ4h be used fWstddylmodél8
obtains the |l owest residual strain (g"") in the hysteresis test after

def or medRB §ORPI YIS ENAX STH98 b@i@é@ﬁa@&éﬁr erapRle day dsinga rofating paedespEre | s
quite |arge (62% for 4-15-4/5 and M>4-20-6). In the second cycle, this
par aneta%figﬁtgﬁodélcreél lsolnﬁNIGgarF%%gtSS{S‘ 10- 1 012%for all investigated materials.
Hysteresis Test at Emax = 0.9 cB Simlar values for Ere, were
expected if the sanples are deformed to a maxi nrumstrain with respect to
thebr strain at break gB. The resuExempie MG 4-15-7/8 and MG 4-20-6 may 15

support thls @Esugnot R 4- 15-7/8 reveoe%I -.o e - A-.. e and the

| owest di ss¥ ] Y e 4 144 PR e:rs!—bvxlever,
the hysteresfig sfyﬁﬁfe§is%m‘%&m%95f{5c@obﬁﬁ&>§ hﬁvﬁg%oﬁﬁl HARNEy ranS4i80ERdicH | Y

1
| arger Ere, conpared to the hysteresis tests at Emax = 1000% 20It wll be
under stgrafis tdng@bminpilarad oded polyssopfeniehmchb@sefrahdond itatcd fosanalbjudtcdrafist t er
may be changed w t hout H%gfg]rti ng fromthe scope of the presently disclosed
YO R

subj ectfohavFeenqeatly the edipyRce f‘egﬁPﬁga gedlcth Brvant batgoyy Dy hd Wit pose
of 1p! I URLrR! HARIAH¥idis2NIPBRn. [R5, PAR RUPBRRE Eferh! Hst 8H7®%2005)). These

workers reported the synthesis of comb branched polybutadienes having both a
polybutadiene backbone and double polybutadiene grafts. However, in the present example
the double tailed macromonomers were based on polystyrene side chains and the backbone
was polyisoprene.

15 The purification and synthesis of reagents were carried out using vacuum line
conditions as described by Uhrig and Mays (D. Uhrig and J. Mays, J. Polym. Sci., Part A,
Polym. Chem., 43, 6179 (2005)). 4-(Dichloromethylsilyl)styrene (DCMSS) was prepared
using the Grignard reaction of 4-chlorostyrene with trichloromethylsilane. Each polymer
synthesis was based from about 240 pmol DCMSS (480 umol Si-Cl), which was titrated with

20  poly(styryllithium) (PSL1) of the desired molecular weight, previously end-capped with 3-4
units of butadiene, to the 2-equiv point, which was 480 pmol anion, monitored by aliquots
and the use of gel permeation chromatography monitoring, on the order of 5Sg PSLi for each
one depending on the molecular weight (M) and everything diluted at this point with about
300-400 ml benzene in the reactor. Then, on the order of 20 g isoprene was added, along

25 with fresh sec-BulLi (approximately 30-50 umol depending on the experiment), and
potassium 2,3-dimethyl-pentoxide-3 (ROK), approximately 1-2 pmol (1/30 of the sec-BuL.i),
and more benzene for final a volume of 700 ml. The reaction was allowed to proceed several
days to one week before terminating by addition of degassed methanol, and in some

instances a trace of unincorporated macromonomer remained. The weight-average molecular
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WO 2012/ 045006PCT/ US2011/ 054345 CLAIMS What is clainmed is: 1. A

t hernopl asti c el astoner conposition conprising: 5a randommnultigraft

copol ynmerwoanti4stoag a rubbery pol ynmeri c backbone and aPplarsadiiig43s$ gl assy
or sem -crystalline polyneric grafts, wherein each of the plurality of

gl assy or sem -crystalline polynmeric grafts is attached to the rubbery

pol yneri c backbone at one of a plurality of randomly spaced branch points.
102. The composition of claim11, further conprising at |east one additional
conponent selected froman organic filler, an inorganic filler, a wax, a

t acki f ivegights (Pl ahd poRBdispeRity anditesgR DU For; tha nsildfriatts #ere daerddnat ot GPE
agent, a biocide, a flane retardant, an anti-static agent, a therapeutic
agent OFitl i ssattearsdeteione fPDI 98 thhauligiplbswercon the ranggofpboutihked el n t he
decorative nt _1s a;.pi nt. .o _a 4. Th sition of claiml,
wherern ¢ ne VaneBisE GRaRerRlin e s S B TRATA FBB8i v or about 559
or | essviagi4aB3-aRplied strain of about 500% or nore. 20 5. The
conposition of claiml, wherein the randomnultigraft copolynmer has a

r esbdudlS amer Mwn=d%.0 kpowal; ¥pdtigeftMes 807 kg/nagpl %P Sstrai n of about 300% or
nor e. 6. The conposition of claim1, wherein the random

mul tigraft copolynmer has a 25 strain at break of 1200% or greater.

MG-4-15-4/5:
PS arm My = 8.0 kg/mol; Multigraft My = 434 kg/mol; 15% PS

10  MG-4-20-6:
PS arm My = 10.0 kg/mol; Multigraft My = 566 kg/mol; 20% PS

The foregoing three random multigraft copolymers were each cast from solutions with
toluene (approximately 4 wt. %). The solvent was slowly evaporated over 7 days and the
15  cast polymer films were annealed at 70 °C under vacuum for 3 days to remove residual
toluene.
Dog bone shaped specimen (according to DIN EN ISO 527/type 5B) were stamped
from the films, which obtain a thickness of about 0.4-0.7 mm.
Tensile and hysteresis tests were carried out on a Zwick/Roell universal testing
20 machine equipped with a 100 N load cell. The strain was measured using an extensometer
(Zwick/Roell MultiXtens). This strain sensor shows extremely low contract force and
enables strain measurements at deformations larger than 1000%. The contact points of the
extensometer and the clamping device were covered by tape to prevent the sample from
damage and slippage. The three random multigraft copolymers were deformed by a cross
25  head speed of 33 mm/min resulting in a strain rate of 0.023 s™'.
The results of the testing on the three random multigraft copolymers are shown in

Figs. 14-18.

Tensile Behavior

30 With increasing number of branch points, the tensile strength is decreasing, whereas
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7. The conposition of claim®6, wherein the randomnultigraft copol yner has
a strain at break of at |east 1500% WO 2012/ 045006PCT/ US2011/ 054345

8. The cowpasizi4ssmweof claim 1, wherein the random nul ti gcaftS2aiopsiyirer has
a percent strain at break that increases linearly with the nunber of branch
poi nt s. 9. The conposition of claim1, wherein the random nultigraft
copol yner 5conprises an architecture selected froma trifunctional conb
architecture, a tetrafunctional centipede architecture, or a hexafunctional
barbwi re architecture. 10. The conposition of claim1, wherein the

r ubber yhpetrainat bicab gk badh coompig’ sesdplob Jicsogieadieg (dontapgRI@es-4/5 and
pol yi soprene _zol ybut adi ene, hydrogenated 10 pol ybut adi ene,
pol yi sOBE-{118nEY). duergnsing pieane cppiept Isedsda .aém@leé tfmatl,@ gtr%leﬂt (s e)d akighen i cone

rubber &ngypogum%gg?m RO IRIPLRNThe EERULEREIREARY LSS SOPPL YT,

ethylene , urethane ru P RACT 0N

11. Thestoemppsi tion of claim 1, wherein the gl assy polyneric grafts
conprise 15 pol ystyrene, hydrogenated pol ystyrene, poly(a-nethylstyrene) or
anobher glassy styreni c polynmer or hydrogenated derivative thereof,

pol yet y.e zgane hﬁﬁghgonaln pol yester, pol ynet hyl net hacryl ate or
anot her §§ 8853 B p pol yvi nyl chloride, poly(vinylpyridine),

pol ycar bonatMG MIsofg ARAMEHhY | ER&st Liediarnt s!haélﬁt(éres% %'tﬂ&lﬁ%t@&%%&@&ﬁer
hydr ogenat ed pol ycycl ohexadi ene, or conbi nations thereof

conposiddfamatfonaipatons,), Thvetissipationehystendses i tholfysteycie 1srqt1ﬂee lmge (439Yy¢0) rfors es
I dth I I I | yst
Pl Y1 S QRG2S s b IG5 AR TR S i par R RSB 8 o

10  12% for all investigated materials.

Hysteresis Test at €, = 0.9 €5
Similar values for ¢, were expected if the samples are deformed to a maximum strain
with respect to their strain at break gg. The results of MG-4-15-7/8 and MG-4-20-6 may
15  support this assumption. MG-4-15-7/8 reveals also the lowest ¢, and the lowest dissipated
hysteresis energy under these test conditions. However, the hysteresis tests of MG-4-20-6 at

Emax = 0.9 €5 shows a significantly larger ¢, compared to the hysteresis tests at €., = 1000%.

20 It will be understood that various details of the presently disclosed subject matter may
be changed without departing from the scope of the presently disclosed subject matter.
Furthermore, the foregoing description is for the purpose of illustration only, and not for the

purpose of limitation.
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13. The conposition of claim1l1l, wherein the randomnultigraft copol yner has
a 25 volune fraction of glassy polyneric grafts of between about 10% and
about 50%0 2012/045@4. The conposition of claim 13, wher eiPETIUSRON OF434%
fraction of glassy polynmeric grafts is between about 14% and about 26% WD
2012/ 045006PCT/ US2011/ 054345 15. The conposition of claim1, wherein
the randomnultigraft copol ynmer conprises at |east three branch points.

16. The conposition of claiml1l, wherein the random nultigraft copol yner has
a 5 weight average nol ecul ar wei ght of between about 400,000 and about

600, 000. 17. A fabricated artCcA8MSonpri sing the conposition of claim
1. 18. The fabricated article of claim17, prepared by injection
nol di ngwhéblﬁﬁil?’é@ﬁiéﬁﬁ 10nol di ng, extrusion, or cal endering. 19. The

article of claim17, the article conprises autonotive interior or exterior
parts, shoe soles or other shoe parts, elastic waistbands, diaper backings

or attachments, A therAdPREtiY 8lak@RRE cofPEbitidnedmpbialigoons, bags, tubing,
roofing tiles, nedical devices, electronic 15 wiring coatings or electronic

devbce conpongmdem multigra GopTlysesraoimyirisingf a chlhieny polymgresr backbohe andtai cl e
is a nedical device selected from a bal l.oon catheter an tent...2021. The
et ol sy BF 5 SEAGREr Y s B sl e LR e PRl her o1 n
at glassy or semi-crystalline polymeric grafts is attached to the rubbery polymeric backbone at

one of a plurality of randomly spaced branch points.

10 2. The composition of claim 1, further comprising at least one additional
component selected from an organic filler, an inorganic filler, a wax, a tackifier, a plasticizer,
an anti-oxidant, a stabilizer, a decorative agent, a biocide, a flame retardant, an anti-static

agent, a therapeutic agent or combinations thereof.

15 3. The composition of claim 2, wherein the decorative agent is a pigment or a

dye.

4. The composition of claim 1, wherein the random multigraft copolymer has a
residual strain of about 55% or less at an applied strain of about 500% or more.
20
5. The composition of claim 1, wherein the random multigraft copolymer has a

residual strain of about 40% or less at an applied strain of about 300% or more.

6. The composition of claim 1, wherein the random multigraft copolymer has a

25  strain at break of 1200% or greater.

7. The composition of claim 6, wherein the random multigraft copolymer has a

strain at break of at least 1500%.
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| east the inflatable portion of the balloon catheter conprises the

t hernopl asti c el astoner conposition of claim1. 22. An adhesi ve conpri si ng:
25a randowormiza4groaf t copol ymer conprising a rubbery polpgwarseelvaskbone and
a plurality of glassy or sem -crystalline polyneric grafts, wherein each of
the plurality of glassy or sem -crystalline polyneric grafts is attached to
t he rubbery pol yneric backbone at one of a plurality of randomy spaced
branch points; and a tackifier. 30 WD 2012/ 045006PCT/ US2011/ 054345

23. The adhesive of claim 22, wherein the rubbery polyneric backbone

conpri ses pd.yi soOfieasvenpdRitibnagefdiel] vaadryinsopraadem moltighift esbodynaer has a

hydr ogenat ed pol ybut adi ene, pol yi sobutyl ene, butyl rubber, .

pol y( buleagfiné peaip @t Araai|thilngrpassy lingardy withdhenymbpieef brarelypaiatsy ubber ,

pol ychl oroprene, ethyl ene propyl ene copol yner, ethylene/acrylic elastomner,
uret hane 5 rubber, or conbi nations thereof. 24. The adhesive of claim

22, wherein g he gflfbsﬁamﬁ@sliMBi@rdchlgih@fE SwIEQ BRI {heemnBehy Sulti 8RR, cdppiifpgenat ed
pol ystyrene, poly(a-nethylstyrene) or another glassg‘styrenlc pol ymer or
12

hydPogevapetscsien prchitbataret sedaceast frop el tyigarvyibaalecombr achiensurigas ttiddurmitional
pol yester,. 1 |.ynet hyl met hacryl.at e ,or, anot her gl assy acrylic pol yner,
Dol v RSP T) G AT PTGy VBS R EUPBBRS: o, nyl on. ol yet hyl ene
t erapht hal ate, pol ycycl ohexadi ene, hydrogenated pol ycycl ohexadi ene, and
conbi nati ons thereof. 25. The adhesive of claim 22, wherein the graft
copol yner colfpri sBs aompbstiohidfecthim el ,seheeire dhd robbeay tpdlfmaat i bmnkboreonb
architecture, a tetrafunctjonal cen&i pede )

comprises polyisoprene, hydrogenated polyisoprene, polybutadiene, hydrogenated

10  polybutadiene, polyisobutylene, butyl rubber, poly(butadiene-co-acrylonitrile), a silicone
rubber, acrylic rubber, polychloroprene, ethylene propylene copolymer, ethylene/acrylic

elastomer, urethane rubber, or combinations thereof.

11.  The composition of claim 1, wherein the glassy polymeric grafts comprise
15  polystyrene, hydrogenated polystyrene, poly(a-methylstyrene) or another glassy styrenic
polymer or hydrogenated derivative thereof, polyethylene, urethane hard domain, polyester,
polymethylmethacrylate or another glassy acrylic polymer, polyvinyl -chloride,
poly(vinylpyridine), polycarbonate, nylon, polyethylene teraphthalate, polycyclohexadiene,
hydrogenated polycyclohexadiene, or combinations thereof.
20
12.  The composition of claim 1, wherein the rubbery polymeric material

comprises polyisoprene and the glassy polymeric material comprises polystyrene.

13.  The composition of claim 1, wherein the random multigraft copolymer has a

25  volume fraction of glassy polymeric grafts of between about 10% and about 50%.

14.  The composition of claim 13, wherein the volume fraction of glassy polymeric

grafts is between about 14% and about 26%.
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architecture, and a hexafunctional barbwire architecture. 26. The
adhesi ve of claim 22, wherein the adhesive is a pressure sensitive adhesive
or a hot wel2012adbw@si ve. 27. The adhesi ve @CTalSaé1mio2345 wher ei n
the tackifier conprises rosins and derivatives thereof, terpenes, nodified
terpenes, an aliphatic resin, a cycloaliphatic resin, an aromatic resin, a
hydr ogenat ed hydrocarbon resin, a terpene-phenol resin, or m xtures

t her eof . 28. The adhesive of claim 22, further conprising one or nore
additives, selected fromwaxes, plasticizers, anti-oxidants, stabilizers,
decorative agent sThebtompodton fdfagivint df, ayvistaginsthearindesit atultigrafiesips]yaad
fillers. WD 2012/ 045006PCT/ US2011/ 054345 29. The adhesive of claim
28, whewosimisehat lged dhrge blanch@eitsi s a pigment, a dye or glitter. 30.
A coat ed object conprising a coating |ayer conprising a randomnultigraft 5
graft copol yner, wherein the randomnnultigraft copolynmer conprises a

rubbery pol ymeri crieasohbificdnst caifl Uvatldréiv ted raaamSituleior eedpotymst i@dslal ne
polynmeric grafts, wherein each of the plurality of glassy or

senb- cryeighl dveragepodgaelar weighapf betiveemnbawHéd,000 andetboub®¥rL§0Ghol yneri ¢
backbone at one of a plurality of randomy spaced branch points, wherein
the coating |layer covers at |least a portion of a surface of a wood,

ceramc, glagss, %rf?&&afédbﬁ'ﬁele%hﬂs’rfsiﬂ%h@'cbﬂn%osiﬂi@h eatRAgh. fabric, stone, or
pl asti c object. 31. The coated Object of claim 30, wherein the object
conprises an article of clothing, an eating/cooking utensil, a nedical
inplant, a medical/surgical] tool, or an el ectronj evi ce.. )
i 18.  The fabr%lcate article of cla{m 17, prepared by 1n§;ecg10n mo?dlng, compression

10  molding, extrusion, or calendering.

19.  The article of claim 17, the article comprises automotive interior or exterior
parts, shoe soles or other shoe parts, elastic waistbands, diaper backings or attachments,
adhesive tapes, membranes, balloons, bags, tubing, roofing tiles, medical devices, electronic

15  wiring coatings or electronic device components.

20. The article of claim 19, wherein the article is a medical device selected from a

balloon catheter and a stent.

20 21. The article of claim 20, wherein the article is a balloon catheter, and wherein at
least the inflatable portion of the balloon catheter comprises the thermoplastic elastomer

composition of claim 1.

22.  An adhesive comprising:

25 a random multigraft copolymer comprising a rubbery polymeric backbone and a
plurality of glassy or semi-crystalline polymeric grafts, wherein each of the plurality of
glassy or semi-crystalline polymeric grafts is attached to the rubbery polymeric backbone at
one of a plurality of randomly spaced branch points; and

a tackifier.

30
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15 32. The coated object of claim 30, wherein the object conprises a
medi cal inplant or a nedical/surgical tool and wherein the coating |ayer
further cwOpRPi2eEsc0a t her apeuti c agent additive sel ect ed PCramseeth@s4grdup
consisting of a carcinostatic, an i Mmunosuppressive, an antibiotic, an
antirheumatic, an antithronbotic, an antihyperlipidemc, an ACE i nhibitor,
a 20 calciumantagonist, an integrin inhibitor, an antiallergic, an
antioxidant, a GPlIIb/lIlla antagonist, a retinoid, a flavonoid, a
carotenoid, a lipid inproving agent, a DNA synthesis inhibitor, a tyrosine
ki nase i nhi @3 or T}&radaasti{/@d)ﬁdlﬁhen wheds thelrabbespolymeni¢batiebone comprises

ant i proI i ferative ent, an antiinflammtory agent, an interferon, or a NO
pr oductRodyisepiees elﬂ rggenapsl polyisopgaie, Tiedybugdiens. dnjdsegenated cP%]B’h\ltaélen%erel n

th t b { t |
ot ar | TRl IR RRER Pobl ERbapich P RR Sl bOS) AL ERIP RIS BT e
wher ei nybke, ﬁbl&@léﬁ%ﬁf&n@!etﬁ}%ﬁe PropFloNEE SR laNer! &Ry leA@hiBc blayBer, 3fethane

5 rubber, or combinations thereof.

24.  The adhesive of claim 22, wherein the glassy polymeric grafts comprises
polystyrene, hydrogenated polystyrene, poly(a-methylstyrene) or another glassy styrenic
polymer or hydrogenated derivative thereof, polyethylene, urethane hard domain, polyester,

10  polymethylmethacrylate or another glassy acrylic polymer, polyvinyl chloride,
poly(vinylpyridine), polycarbonate, nylon, polyethylene teraphthalate, polycyclohexadiene,

hydrogenated polycyclohexadiene, and combinations thereof.

25.  The adhesive of claim 22, wherein the graft copolymer comprises an
15 architecture selected from a trifunctional comb architecture, a tetrafunctional centipede

architecture, and a hexafunctional barbwire architecture.

26.  The adhesive of claim 22, wherein the adhesive is a pressure sensitive

adhesive or a hot melt adhesive.

20
27.  The adhesive of claim 22, wherein the tackifier comprises rosins and
derivatives thereof, terpenes, modified terpenes, an aliphatic resin, a cycloaliphatic resin, an
aromatic resin, a hydrogenated hydrocarbon resin, a terpene-phenol resin, or mixtures
thereof.
25

28.  The adhesive of claim 22, further comprising one or more additives, selected
from waxes, plasticizers, anti-oxidants, stabilizers, decorative agents, biocides, flame

retardants, anti-static agents, and fillers.
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29.  The adhesive of claim 28, wherein the decorative agent is a pigment, a dye or

glitter.

30. A coated object comprising a coating layer comprising a random multigraft
graft copolymer, wherein the random multigraft copolymer comprises a rubbery polymeric
backbone and a plurality of glassy or semi-crystalline polymeric grafts, wherein each of the
plurality of glassy or semi-crystalline polymeric grafts is attached to the rubbery polymeric
backbone at one of a plurality of randomly spaced branch points, wherein the coating layer
covers at least a portion of a surface of a wood, ceramic, glass, carbon fiber, metal, metallic,

leather, fabric, stone, or plastic object.

31.  The coated object of claim 30, wherein the object comprises an article of
clothing, an eating/cooking utensil, a medical implant, a medical/surgical tool, or an

electronic device.

32.  The coated object of claim 30, wherein the object comprises a medical implant
or amedical/surgical tool and wherein the coating layer further comprises a therapeutic agent
additive selected from the group consisting of a carcinostatic, an immunosuppressive, an
antibiotic, an antirheumatic, an antithrombotic, an antihyperlipidemic, an ACE inhibitor, a
calcium antagonist, an integrin inhibitor, an antiallergic, an antioxidant, a GPIIb/Illa
antagonist, a retinoid, a flavonoid, a carotenoid, a lipid improving agent, a DNA synthesis
inhibitor, a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle
antiproliferative agent, an antiinflammatory agent, an interferon, or a NO production

accelerator.
33.  The coated object of claim 30, wherein the coated object comprises a stent,

wherein the stent comprises a metal or metallic wire mesh or a metal or metallic coil having a

cylindrical shape, wherein the wire mesh or coil is covered by the coating layer.
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