WD 2010/ 016976PCT/ US2009/ 048486 Title: GRAPH TE NANOCOWPOSI TES | nventor(s):
Wei qi ng Weng, David J. Lohse, Mguel Mdth, Adriana S. Silva, Edward N.
Kresge FlI | NVENTI ON 5 [ 0001] This i nvention to

el ast oner %@g@éﬁg%&gh‘fl ons conprising el astoner and nano%(gﬂ/ﬁzgq%‘g’%"%?

graphite, typically for use as an air bather such as a tire irnerliner or

I nnertube, and the tire innerliner and innertube produced thereby.
BACKGROUND OF THE | NVENTI ON [ 0002] There is a continuing need to inprove the
heat resi stideicERAPHIAE NANOCOMPOSITESO pneurmatic tires. Elastoneric
materials that do so can increase the safety and performance of vehicles by
mai nt ai ni I e Ipof )} At i f of r | e can al so
i ncrease ? g%#@é@hgﬁn%&%%wegﬁ’u%%g}' Vi\gilﬁge hltgfIgIJ /iplg%ﬁaf ‘f‘%{‘dﬁ??ﬁ‘é :Eg‘r‘rr]%ﬁ%mever, in
the tire &mebgennerliner industry is the ability to inprove the
processability of air barriers, such as innerliners, w thout conprom sing

air retengRPDUY THE ANNVENIoRT the tire itself. 15 [0003] Bronobutyl and
chl orobut%‘%‘m‘e—ryp%l |y used for air-retention in tubeless tires.
Br omi nat e(@eoe] y ( Thbiskyitida erelees o NEithéicy EaRbitioR] W&ngﬁsﬁ@ MabbmesS Upd as

t hose disclosed in g S. ,Pat. Nos. 5,162,445 and 5, 698, 640, have been used
when heat n?né’gﬁ@f']aﬁe sraphiter typically, for Bise fas jagray pagsiek suchhes & dire dneeinep pr

i ngr edi enirgeduite, iMdehSMRTRIcAlR} ardAhBHuBE proBsce@theflbgsSt omer s depends upon the
bal ance of properties desired and the application®and end use. 20 For
exanpl e, BAGK{-ROUND OFTHEJNVENTON si ng properties of the green (uncured)
conpound e _cure

in the tire.plant.. -.servi for, f.th
Cobbor s [0kl Tharf P el R P dEove e B aSiitRgE Sp e BRSS! agi a

(

‘tire, landpppasatagres. FRs®msrié makKaly ¢as U6 satdnGinértdse thd @fcdy shdiekfoinidnes bant

‘/-"-“ .

consi derations .t hat. nust pe bal anced. .[ 0004] One nethod to alter  product
proper t | e Ul hym‘(@mﬁit& Hﬁ?‘fri“é?mg?‘&%‘efg’f fonger pedodseand they qap alsp incrgass, s

(such as feN@BhaNP bPredAEigRMRIZhAYS bodtRuRh FESUNIR Howeter! RItHR fre 2R NARARBOSI te. "
Nanoconposi,tes are mer systems containing inorganic particles wth at

0l yITE E !
east oncnsRis e AbiH P RrEPIRYe e Rraspssphilig of pik barrietsy sush anignerlins, without

2008/ 0420z xprothRMBRR ré¥RRD 188 chidRi§ATHE tRaftid €] €s used in nanoconposites
are phyllosilicatés, an inorganic substance fromthe general class of so

cal | et " nABIc| aljromabptyt & obysrh etbpts prqtypigilycused for air-retontiondam fubrless 30
o her, Bkshed oSS b BTN 1 A6 17,11
i nserti ordigplosgghot Het: Peo Mpouh H62445-atd 5,698,640, have been used when heat resistance,
inter alia, is of importance. The selection of ingredients for the commercial formulations of
elastomers depends upon the balance of properties desired and the application and end use.
20  For example, in the tire industry, processing properties of the green (uncured) compound in
the tire plant versus in-service performance of the cured rubber tire composite, and the nature
of the tire, i.e. bias versus radial tire, and passenger versus truck versus aircraft tire are all
important considerations that must be balanced.
[0004]  One method to alter product properties and improve air barrier propertics has been
25  to add clays (such as nanoclays or organoclays) to elastomers to form a "nanocomposite."
Nanocomposites are polymer systems containing inorganic particles with at least one
dimension in the nanometer range (see for example WO 2008/042025). Common types of
inorganic particles used in nanocomposites are phyllosilicates, an inorganic substance from
the general class of so called "nano-clays" or "clays" generally provided in an intercalated
30  form wherein platelets or leaves of the clay are arranged in a stack in the individual clay

articles with interleaf spacing usually maintained by the insertion of another compound or
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WO 2010/ 016976PCT/ US2009/ 048486 chem cal species between the adj acent
| anmel | ae. ldeally, intercalation should take place in the nanoconposite,

wherein t inserts into the space or gallery between the clay
surf aces. F%P??Jr?é@?‘g/ it is desirable to have exfoliatYORSHROMPES t he

polymer is fully dispersed with the individual nanoneter-size clay

pl atel ets. Due to the general enhancenent 5 in air barrier qualities of
vari ous polynmer bl ends when clays are present, there is a desire for a
nanoconposhemical dpecibobetatan the ndeadni lantcllae. ekiealbi, altbryalation dhoaldi tietblededat omer
nanoconposite such ag used.in the manufacture of tires. [0005] The extents
of di sper?ll%ﬁ?nog%‘%qsﬁﬁt%ﬁ?m%? ‘%‘f‘%’ o & spacg 9 epl -qut‘f’%"é’rr ¢ E¥¥h as
or ]gianosi | isﬂﬁ‘ice?, mt'mmelghyifl ri@fclaéi%bteﬁto E&\%pfﬂf@ﬁéﬁoﬁ,afvh&’@in e CpolyrfidUis Cfullf I O%I y
i nfl uence the erneahi ity of the resulting pol ymer nanoconposites. e
barri er pl’d&fﬁﬁﬁs?‘g th %@W?@P@W@W@Wﬁaﬁéﬁ*ﬁlﬁtﬁi Pug %@Pﬁeﬁl%regg@ﬂ?mw an
order 6f nmgiAbirteequaliidshdf vivioud ip&]l?ﬁi&%l@ﬁ&s@iheﬁ WRYs de bRWGDY,Fh&ER RREIFEHE a Of
exfoliated high aspect-ratio platy fillers, due sinply to the increased

di f f usi on nb%ﬁcgml’%%ﬁf@ it lowaair permgatititynespesial e veeanized clagiomer Renogemapasitet s

Ni el sen, duchM3asQN® heSBdnufadcladeiPires VOl . A, p. 929 (1967), discloses a
sinple nodel to determne the 15 reduction in perneability in a polyner by

account i nd0898} ¢ H&e exents afdisnersieny exfghiations andfarigntatiorpefimdaty abricefiliqy sachps y

oriented Blahdkifddek € - Ad ter. I : 41, (2001),
di scl oses ag%sim_ ?:agg’sﬁcgf ?ggﬁyaéﬁ%’o%éaﬁﬁngl yaf%dr}légte?%’nc?%?asﬁogl[%ytlﬁgu%ng%hj}%%i on of
per nedbi | pegneailiyidien repdtingpalymersiapetompesifes.a®hé barrief propeetypif atpplyiner irer  t hat

| 1AM . ki L cal,l i mul . b '
i oo ai maee dh s iE G BRIty SRk BF TR e e B 6 Pt For

r ubber cowmglomnadicragniaphHkxfolitéchipgh apetratioufiatyi fillens) dukel dimply U imseasad bon
bl ack and ;g4 L. ed_fagr. fatigue resistance, fracture toughness and
tensile s{il\r?%él'“rr'lla’g ﬁ?aﬁ{:ﬁﬁ ]beéﬁflfl% fh[éogg I 3‘?%§§£°Pﬁaﬁr°§ﬁdmt%°r @ﬁf‘l{%{?f tg?ﬁgseﬁoi
concent r aMecmimot si. §0Hem. jivol. atle pdede@ns?), distlsses plsahple Awdel bl deRihinadged to
reduc 5peregea%bi l.ity are. desirabl e iB el astorretts. To maxi m ze the effect 25
o acFbs FRNoR i pepREREOM § P9lvFieh B GrORDITE KF dhe, GETate BorHeIRY Fem ho
degr ee of ingxhetabRi pRRarin SrictitePplas Br®| Cubs & AL &1t Smrephivel 137 8. gesieral Iy
supplied 4?@0 hle_f rmof an intercal ated stack of the platelets. However, in
o

i sobut yl e€%Pol 4AseS 2iSURRI? sYTtrheh Pregcatislafimstionrrelting \theagduofin |eff s
requires gsaunbdt@litd i adpBM LR irBesSIRd Rhctiof QP eI PRI ARShAQRNIEEE tropic
us

penalties. As a_ practical matter, it has th proven to be very difficult

to di sperRsEmeabiity walues apenericeldy simylated aby olirggt thieeodigensionsl | fnifen element

NoNPOyAr , pdiEHARFENANaRIn@St oners. The prior art has, with limted success,
atterrpteopto | nprove di spersion by nodification of the clay

[0006] For rubber compounding applications, small sub-micron fillers such as carbon
black and silica are used for fatigue resistance, fracture toughness and tensile strength. Filler
particles larger than a micron act tend to concentrate stress and initiate defects. Thus, platy
nanofillers added to reduce permeability are desirable in elastomers. To maximize the effect
25  of aspect ratio on permeability reduction, it is useful to maximize the degree of exfoliation
and dispersion of the platelets, which are generally supplied in the form of an intercalated
stack of the platelets. However, in isobutylenc polymers, dispersion and exfoliation of platy
nanofillers requires sufficient favorable enthalpic contributions to overcome entropic
penalties. As a practical matter, it has thus proven to be very difficult to disperse ionic
30  nenofillers such as clay into generally inert, nonpolar, hydrocarbon elastomers. The prior art

has, with limited success, attempted to improve dispersion by modification of the clay




WO 2010/ 016976PCT/ US2009/ 048486 particles, by nodification of the rubbery
polyners, by the use of dispersion aids, and by the use of various bl ending
processes. [ 0007] The "i nertness" of saturated hydrocarbon pol yners such as
Bl MsM t heVP 2R ¥°&acti vity and i nconmpatibility with n’ffsW@P?? 848Gterial s,
and the difficulties in adhering them5 to, or using themin conjunction
with nost other materials has restricted their use in many areas. Chem ca
nodi fication of the elastoners, nodification of the blend conponent, and
the use ofpaatiits!byomadificaisRaf el b HolbineR ObyCATRENSMispersiibSailie ol B thenpt ed.
u. S 5,162,4%% di scl.oses a nethod to i nprove pol yner blend conpatibility or
bl end co- &§F SbYaFiPES PIERAINEIRtes?er i 2i ng an unsaturated conononer and/or a

conononer [tmf? NG The aGrerinssd Of ksatiited MAkdchsboMipbymefORIsh Yok HIRISNE. their Jew48. 029
di scl oses graft copol ynmers_ of jsobutylene-pnethyl styrene copolyners to

conpat i bi FFEEVIH decoawa@aiimmoaﬁ@%ﬁ@@ﬁ@ﬁ@é@%ﬁﬁ@p@ﬁ%m&@mmw S.
200610229404, Gisi6 R$E T SorfRIHGH witR 'mdiRbiBOmERANORAS feORSted thed st iR HaBYE"
wi th exfoliated graphite in which the diene nononers are polynerized in the
presence @feas.0Cherpicyrmedifieation b Kicalastpreprs prridification efithe bidnd cgmppneint, @and s
intercal a ' : énﬁ@staﬁlﬁﬁﬁin disel

refriger atrtllt% %Agggh&ntahb?i‘éa w tth an |%%§?& g%:glzdnglgésﬁp%(%?ﬁﬁéﬁagﬁé% %%qﬁg’?é%

copol yner disalokesra susthodat BhjBke \piotyimea rbl¢ndo coyapatibilita e | Hlend ceopebihiy buch as

graphite, .zifeconiy osph cal ni_d | c, kaohnite, .benotnife,
nont r nor i Ic@c?r%ﬁ?e, E (%g C orﬁefle,%org@%%lefogﬁﬁ?érﬁae %orme@grﬁlglé %%m dFH%hoscal e
mat er il@l s fimasomlityewitle mokutylend. N0 1Se 4548,02% disclodey geaficcopOlymersrdfisbhiytzne-p-

bi | .t f th I ic . jti difficult. P i
i ds sucn e leeaR e S ArineRp 0o M o PRty e W eREdishreRided 1 o

2 h§7gl ggz {0008] C cmnmre]dsmmezl Hﬁclﬁsﬁﬁhahetﬁatﬁfblr lnﬁ&mg&on@san%&m af % RiSRes f u. 'Si
, , .. er 1 ., 1 JTpr.qve [ Oocessabl |ty ue to.t presenc 0 olls
and resi n¥! 5‘3‘;95’ ipfed, praphife law%gbstgsﬁwaF PIORGMErs At wwe%w&ﬁaméw afgwe

col or, anpmGrHonesxfolReRiSiriphit So Bhi 186 bspkie iy andr@ikfied e he 2RBHARET L1 €S.

[0011} The preparation of Bl MSM cl ay nanoconposites from nelt- bl endi ng,

sol ut tdn HOBNGi nY-5RP48n8 2 Hisrleses Frippcsed bescs madevith pywer tbe easnesitipy o

assi gned MpRmithfl édpd rudBbr subl as BIVIARBwP 4n ind ahfc‘l&élfa?%lﬁﬁ&ﬁlﬁgﬁcﬂ or

Maki ng Nanoconposites, by W Wng et al., filed July 18, 2005, and commonly
assi gned . maphifsp Fireostiny phasphate, Nglcogenideg4talyo Baolimite,chenotnie.i mendmanllonite,

| sobut yl ege., PalidHiBsl norgani ¢ G ay Nanoconposites and O gani c- Aqueous
Enmul si on Process, by W Weng et al., filed July 18, 2005 (published as U.S.
Pat ent Pul#01®at i ke plosenOE AucOnpeS3lc Mateniady has 23¢ndeG p incraak viscosity and

2010/ Q16976 A8 0 here is still herefore, for

i npr o%/qlngsz)t e eét#?égogg%%lﬁ?y&g@e %%éls’%%%e%m O(S:%%)r%so%l? i @ﬁ@%ﬁs %Jf({flesspgral i res,

ai r bar ri sl , asanaphthenich @araffiviic) gandr eliphiati¢ mesimd canr dcemddednto thbi ¢lesteradriat ai ni ng
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) 'Or | mpr Ovcgoiaﬂyogiggnsa{.or coimrg?i? rs%alt?sisllleis.t ySe%]: fé;hgx%%p&? 'fPQSh,E%QEk% %%%Ythe

improved processability due to the presence of oils and resins may result in a loss of air
impermeability and undesirable color, among other undesirable effects of various other
25  properties.
[0011}  The preparation of BIMSM-clay nanocomposites from melt-blending, solution
blending and an emulsion process are disclosed in commonly assigned U.S. Application Ser.
No. 11/183,361, Split-Stream Process for Making Nanocomposites, by W. Weng et al,, filed
July 18, 2005; and commonly assigned U.S, Application Ser. No. 11/184,000, Functionalized
30 Isobutylene Polymer-Inorganic Clay Nanocomposites and Organic-Aqueous Emulsion
Process, by W. Weng et al., filed July 18, 2005 (published as U.S. Patent Publication No.
2007-0015853, January 18, 2007).




5 [0013] This invention relates to an el astoneric conposition, conprising:
from0.1 to 20 phr graphite nanoparticles (preferably graphene

nanoparti fc]fg 1 to 99 wt% of at |east one el astoner onent
conpri si n;&g’%gﬁ ogcryngncopol yner having at |east one C4 t%cwszl 'l9 Mol efin

derived unit; and 10 to 200 phr of at |east one filler that is not
graphite. 10 [0014] El astoneric conpositions with excellent air retention
properties and excellent processability are provided as are the nethods for
maki ng sanf@d12]n dfheremstilion eesip detdfore, fontimgiovingtthe pheesbibtyosfeslistomeric
conposi tion can.in re _nanoparticles of phene .The
conposi ti ot é’gﬁn‘fn{frlfsﬁgffqrﬁﬁs 8’15%05?16175(93@? SR fB‘?‘ﬂB%”@ atien c8HiSr i si ng
a random angitthipinglor haprovigg dic air&ﬁ@émﬁﬂlﬁli@‘bf&hbséﬂoﬂ;ﬁ)@iﬁaﬁpol efin derived unit,
and opti orﬂd&xl east one 15filler. [0015]In at | east one other specific
enbodi nment astoneric conposition can include one or nore

nanopart i qhEI3] CONpid iSvehBioNFMMIAN n cldbtohERSonDOSILEN, @&hfﬂm g:conponent
consi sting ess ntially. of polﬁ/lgp;gol efin-co- p rret hyI S yrene) and at | east
one filler. 6‘]q hto40 nbg gep psgiclesi(erefrabbogtaRhens teneparfigeNod can

incl ude i xi ngﬁeﬁael @rggwn%eofaple&%@@as&dn@ér%émﬁmdo 3%%95@81&8&6 into at

| east one el astoner. conponent conprising a random c havi ng at | east
one C4 t o cUPLYBEIBHES PpIshonelity lsewpnoc&&rfm derivedenit, amﬂqe filler, wherein

the mxing stepyRORYphr Sat aktdhe Aifidh i sperse the nanoparticl es
W thin the el astomer. BRIaEF DES%RI O%@%[Fh@ WNGS 25 [0017]Figure 1

gr aphil@al [§01#] | u&astomesic dzomyemﬂmrwmlatexmﬂentame mtmtmuspreqmnmm amgdf exgeligphene in
Geacr | beaPERFEIRES pitvided B S HEMGFodY hC pilfe Fmf U0 oF AN AT PERIS o o
ver sus annmh@dlmﬁntgﬁhaphanmerﬁmomposmm c:mtmdu@ mtoo mere muaopatticidafigiheden
[0010] A LpebRsPlEn B FEbFr RPN IRRT Sr<time popritiat obmiritiee abRe
G oups i scapeiythendasng atfleatsttdilel(]a thEMJﬁ&loolHi@ defiaddNE RGNy abRidebae 27

( Z|.98515 - él_ler. WO 2010/ 016976PCT/ US2009/ 048486

[0015] In at least one other specific embodiment, the elastomeric composition can include

one or more nanoparticles comprising graphene, at least one elastomer component consisting

essentially of poly(isoolefin-co-p-methyistyrene), and at least one filler.

[0016] In at least one specific embodiment, the method can include mixing one or more
20  nanoparticles comprising graphene into at least one clastomer component comprising a

random copolymer having at least one C, to C; isomonoolefin derived unit and at least one

filler, wherein the mixing step occurs at a rate sufficient to disperse the nanoparticles within

the elastomer.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0017]  Figure 1 graphically illustrates oxygen permeation rate versus amount of graphene
in elastomer nanocomposites in accordance with one or more embodiments described.
[0018]  Figure 2 graphically illustrates oxygen permeation rate versus amount of graphene
for in aminated clastomer nanocomposites in accordance with one or more embodiments

described.

30 DETAILED DESCRIPTION

[0019]  As used herein, the new numbering scheme for the Periodic Table Groups is used

as set forth in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).
-4




[ 0020] As used herein, "polynmer"” may be used to refer to honopol yners,

copol yners, interpolyners, terpolyners, etc. Likew se, a copolynmer may
refer to onprising at |east two nononers, tionally with other
rmnoners.qf'gg%%" sed herein, when a polyner is refelg G S%OITDI‘I si ng
a nononer, the 5 nononer is present in the polynmer in the polynerized form
of the nononer or in the derivative formthe nononer. Likew se, when

catal yst conmponents are described as conprising neutral stable fornms of the
conponent 0020f | sAsiedell harette rpolomer” bi;(a}OISHEuSEBitd) refer forhontdpolgkrs, tdpalynidas | oni C
f or m of the copon s the f mthat cts wit the noners to produce
ol yrrar s. ETPBESD: Rt i dikpistap Pl iy et 0 SO FUmEARS: 1| o
refers t0led@ytwﬁ%merspﬁptﬁﬁﬂmﬁmﬁ&lﬁjnoﬂﬁi—sy%rS (such as bl ends of

pol yners) nsistent with the ASTM D1566 definition. El astoner includes
i xed bl edf2igt PO Yok hsredty cthens? Relie{sciefrgred il /26 COmBEERD A BINOES Be

pol ymess. nidd@mee g PreSBRY @%&ﬁ(ﬂﬁn&ﬁhﬁfh@ NRIBERAREY fihd Bf tHCmbRIRRr drUiab@E " -
[0023] As used here| n, "phr" 1s 'parts per hundred rubber’ and is a neasure
conmon in E‘S"atﬁl’-i% a?ﬂtl thmémﬂowe&o PRESG sWhn gatalasip eTRONEHS AFe dﬁ%@%ﬂr &
relative tomgy @fmﬁsaqa@a{mm@m%um&r&%@% Hehght of
t he el astomer 121 rubber(s) [ 0024] As used herein but yl ene based
el ast oner 'artghat %@b&qtfgfmféh%@@mnm Wheformdhatwasebuﬂlyheemenmm preduber "
refers to %ﬂ% oners or polynmers conprising at |east 70 nol e percent

I sobut yl eRe. 0 [0025] As used herein, "isoolefin" refers to any olefin
monomé® h{@22h atslused herging“adswimer or (mstmmﬁhavompgﬁiﬂiqnd refats o iahy polynsr on

it g ik SRS A 68 pPECIRGE L pionliL bt A onliib it e ARG

nononer  cdefrifien rfgam«vmerdmmjndegm hilmibbﬁpdjﬁnels sihcaa m mixigrnd@ataactori ene

such as i e. As us rein anoc ite"
" nanoconpggﬁ‘iseor}(%%t § J’mf‘ Eu?e "HSICWEFE‘ qgﬁf%%nf‘éh%ﬁﬁ ng i norganic
particles [mm]h atAsheashierene: dr”rterysan@rpelr huridRed rabtReTaRidas a hitagee orhdbm i

poly r|x 0028] As used_herein, "intercalatigon' refers to the state
of amﬁ) B’H“gf POPeTES b SPIRPSItian HF measy “g%ﬂvaatﬂlacm@f’r slegamet

ol ecul e &i’m}idﬂEht wsmmrlo@ﬁare@ywagmofﬁleera&aﬁeﬂs)%enmw&sen each | ayer of a

platelet filler. is recognized in the industry and by academ a, sone

i ndi ci a of0024h eréﬁl“éﬁdl hsrei g ﬁomylﬁlﬁf‘eb@?ﬂ ¢lastergera ﬁd/'é?b“%%lﬁé’ﬂ$eﬁg>°b@e§’e?lect i on

of X-ray bijidbaslene based rubber" refers to elastomers or polymers comprising at least 70 mole
percent isobutylene.

20 10025] As used herein, “isoolefin™ refers to any olefin monomer having at least one
olefinic carbon having two substitutions on that carbon,

[6026] As used herein, “multiolefin” refers to any monomer having two or more double
bonds, for example, a multiolefin may be any monomer comprising two conjugated double
bonds such as a conjugated diene such as isoprene.

25 [0027] As used herein, “nanocomposite” or “nanocomposite composition” refers to
polymer systems containing inorganic particles with at least one dimension in the nanometer
range within a polymer matrix.

[0028] As used herein, “intercalation” refers to the state of a composition in which a
material (such as an inorganic or organic molecule or ion, oligomer or polymer) is present

30  between cach layer of a platelet filler. As is recognized in the industry and by academia,

some indicia of intercalation can be the shifting and/or weakening of detection of X-ray lines




‘the sane
“"suspensi apstalloptaphs dnelysis Ipdmenes; ovisress iheglarger dingnbionl ofiiaslpfr &re ggenerally sol i d,

WD 2010/ 016976PCT/ US2009/ 048486 as conpared to that of original platelet
fillers, indicating a | arger spacing between vermculite layers than in the
original m I 029] As used herein, "overlapping c j tion" between
t he opposﬁkgggﬂgpg%gt surfaces in an intercal ated partﬁ@@tgﬁéﬁﬁégpto an
arrangenment wherein the nolecular tails of the 5 intercalant fromthe
opposi ng surfaces are overlapping or intertwined in a single or common

| ayer between the platelets, whereas "doubl e | ayer configuration"” refers to
an arr angeseompadxbtochat of heginaitpbrtel el fillets, indichngea larggespaciag bstweeardvdrmicelid | n
nore or less separate layers. The overlapping configuration generally

mani f est s Wﬁﬁﬁﬁg}mg%%lgF§§“¥ﬁ5 ing, whereas the double layer configuration
yihel ds | arjge9]d ?m@;g@g:hgrkﬁ% O?Q&Iaﬁ?ing?&ﬁﬁi@ﬁfa&bm’z bét?ﬁeémlthatdpmmgr @fa_&’ﬂTﬁ to

t he separation of indiv a yers of the original .inorgani rt e, Sso
that pol yfefacEa WW%&%M&TP thriggn é’é’%‘}geg‘@%d’lq’ﬂ“é’aﬂﬁég‘??c& 48 .P‘“ P H%é?ﬁ

enmbodi Bentintehitdt ffdn He @PbyﬁﬁﬁgurQEesQ}élwerl iR broihtettfrindd 68 8 BinglR e WeMogach
platelet such that the platel ets are randomy spaced. For exanple, sone

i ndi cat i ore¥ST besee Mamlyrcsy whireas, danble layRr FpfiepRtion plofrs OB FFERBEX- r ay

lines or Lakasl il-iARAGIACHLAE§RUSRANy LALi HIAR Mcke of RAE sipErf 14 86" qased

separation of |ayered platelets. However, as recognized in the industry and

by academniozerlapping reopyigiration gragralle magifesty tighier plateleh sracige whersasl thg dgpble

exfoliati -ner. bd ol ting, electron mcroscopy, atom c force
WS URcATRES : Bidet bpdofia! | !

m croscopy,” etc. "For purposes of thi's invention and clains thereto
exfol il8t i 6305 mdesuseddetip, {'exdpiiatipe’Stedars & tetsepamationgf dedividyal (BEM) of ther a 100

Tatio of PREEHGpygsie ML 8l 56 feeP S 3Hhabndlcr B LR AR i |17

t he t hi ckesscmbodithent; sufficrend pallymeraf otlser nofteriahs racpohtdwbreat eadhrplatletcduciof

| eaves. The, thi ck s of the .individual |eaf,can_be determ.ned.b
cryetal | olPa s BRI o ehdkiik kPhicse P eRbhle” Sa adtEheh dektion o .
| eaf are gadredlatidnymacicarplbtrshckwing nadataydings drylarzeradisiciag ibevausd dfeha random

m croscop TEM , both of which.are 2 no in the art..[0032] The term
Mver 35 o pebib ok ngfeaied SRR et R Bive HAVBY S Ssaibs Pk oste | ¢ e
third nomegd lé)oacaua_ﬁiaaamepindro@t ingy B¢ sbdrilidtih@tute thel 18suSts OF BLolitid dutflesat ed.

[ 0033] As used herein, "solvent"” refers to_any substance capabl e of

di ssol vi nBeTERBRIKRtesing.lgrkp s FUEOSCRRe #iorHe fares TCESPARInetc] Ror pumesesof ey, ref er
to at | eagleR @l IEME tRireth WRfolhtidH fsCmSuR @ by AfinSmidBibe SRcARL AldrbRBpy | N
certain enbodi ments, the solvent is polar; in other enbodi ments, the

sol vent i 6'EAhopall80 nm tijigk sagapdg- 016976 PCT/ US2009/ 048486 [ 0034] As used

her ei gg r " ﬁfgbﬂt' Offhe fe%gés?)eét‘?atﬁ:" Yl deFstot téhéa‘?{hé?ﬂil f;iﬁ fafePllinicASofTHf ECUl ar

| evel o nic | eve one or nore subs;ances solute) 1"n one or nore
subst ancethe (lswtey et Plateletsr o napabiller, toothetthiskness of ¢be mdividual leaf or of theng

process. ol o HELARRANCT AN JFO5L HaBpsRYSE 56 L WABRudgR " 11

sol'vent or solvent m Xtures. her ei n,

lquid, O&et&%?neﬁs#ya larlﬁfysiisn bj[r) ; gl.j;n(filssei\gn %Ieci!n%r %ﬁcrrostcggy (f%,of)o%lof Svivl%ic 1 are
25  known in the art.
[0032]  The term “average aspect ratio” refers to the volume average aspect ratio, i.e., the
third moment of the aspect ratio distribution, unless otherwise indicated.
[0033]  As used herein, “solvent” refers to any substance capable of dissolving another
substance. When the term solvent is used it may refer to at least one solvent or two or more
30 solvents unless specified. In certain embodiments, the solvent is polar; in other

embodiments, the solvent is non-polar.




/ 5

[ 0036] As used herein, "enulsion" refers to a systemconsisting of a |liquid
or liquid suspension dispersed with or without an emulsifier in an

imm scible | iquid usually in droplets of larger than colloidal size. 10

[ 0037] As &é’@&%@?@%, "hydrocarbon" refers to nol ecul eSCHPS2ABPAL s of

nol ecul es containing primarily hydrogen and carbon atons. |In sone

enbodi nents, hydrocarbon al so i ncludes hal ogenated versi ons of hydrocarbons
and versions containing heteroatons as discussed in nore detail bel ow.

[ 0038] As e€34] her & wsed h@oihafsoptioniTrefersab @ hfifbrntndighedstd niiktutd £ W tblbdular

asynmmetri cal 15, arranged pol ar bonds in I.ch the difference jn

o 2ot e gdtiel b i evshit g OaTOe o gita CoNE 1 AR OBl M olgrn).

el ect r one gt ieXdrhpl€ Ssohition Pr&REsCrefdrd) @Na niRingMHodeSStaf BRR the lastbMeCiat hast to
ionic groups . in which there is charge separation to facilitate cation

exchange Wpdfiedrayerdfilisneemstn ks sama qegapiciselvent oy spleent mygpies.i s general |y no
char ge ssepgusaj | Oy RedRréh, ‘AhPeitdon” FFbR ko §5RURS oo Bidd SrarBhd dipdrfdshar ged
nanofiller surfaces, or to react with intercal ates attached 20 (chem cally,
i oni cal | y solish ligwigsir@as wsyplly i partislep of largeethan eolfoidabsizout usual |y serve as
di spersi o kfls & AS.4d.Rter.c P .er-red
erbodi ment" PP s 2Pas e dl S AUt St G o R Sonsis Bl b LR
( pr ef er ablsyspension dispiersed wish or withdug pmerhylsifier inrag iinnwissiblle kprid usuabippini dsopiets
1) fromO, ; ite nanoparticles (preferably graphene
nanoparti8?@%%?3@%§?k”§%%? to 99 wt % of at |east one el astonmer conponent
conpr i18i n{P037} andemsed hetcymethydragarioy” atfekse tis motwaleCér tsegtithtd b moieculeef | n

at

sderi d it:. d. ] 3) 10 00 ph f | fi,ll i
ot o e o stindE Drirmaciy hygileed dud ParB NG o % st eipoimpRs forfhon 48 ¢

resi n (basetidey alogdratedeveidibnsodf hidroceigne Sintli Wisiod30SgntAfihg diRGkdayoms’ koM 10
to 200 phr, of %.fi | | e{#ﬁ.@} Q\ptionally, from1l to 70 phr of processing oil;
and 7) opfieH§sadiy morsdsailPeW.o 15 phr of a cure agent or accelerator. WO
2010/ 0169RBSIT/ UA2 Q& Q&8ia8 BpdEiragibgiverefesd fiD0 pedtp dfOR0] Wi Rymskeialy

conponent can be or inc|ude one or nore random copol ynmers having, at | east

one CI° t ofenged polrheaisin whichth Jiktsranps in elepfiancgptid PIiBgHOmeISNgdke be or

Linus Pauling scale of electronegativities, is greater than 0.3 and less than 1.7. In contrast to
ionic groups in which there is charge separation to facilitate cation exchange with the cations
between nanofiller layers, there is generally no charge separation in polar groups. Polar
groups can interact with charged nanofiller surfaces, or to react with intercalates attached
20  (chemically, ionically, or physically) to a nanofiller surface, but usually serve as dispersion
aids and not generally as intercalates.
[0039] In a preferred embodiment, this invention also relates to an elastomeric
composition {preferably an air barrier, preferably a tire innerliner) comprising:
1) from 0.1 to 20 phr graphite nanoparticles (preferably graphene nanoparticles);
25 2) from 1 to 99 wi% of at least one elastomer component comprising a random
copolymer having at least one C4 to C; isomonoolefin derived unit; and
3) 10 to 200 phr of at least one filler that is not graphite;
4) optionally, from 0 to 49 wt% of a thermoplastic resin (based upon the weight of the
composition;
30 5) optionally, from 10 to 200 phr of a filler;
6) optionally, from 1 to 70 phr of processing oil; and
7) optionally, from 0.2 to 15 phr of a cure agent or accelerator.
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i ncl ude an el astoner having at | east one isobutylene derived unit and at

| east one other 5 polynerizable unit. The isobutyl ene-based copol yner may
or nmay not nat ed. [0041] In_one or nore enbo el ast oner
conponent cg%fg@ég%el ncl ude pol y(i sobutyl ene- co- al ky?ﬁ({@%@ﬁ%&ﬁg@ ef erably
pol y(i sobutyl ene-co- p- net hyl styrene), hal ogenat ed

pol y(i sobutyl ene-co-al kyl styrene), preferably hal ogenat ed

pol y(i sobutyl ene-cop-net hyl styrene), star branched butyl rubber,

hal ogenat dilastdrgar Commondnéd but yl rubber butyl 10 rubber, hal ogenated butyl
r ubber, %%JrTOb lg‘hﬁ?d or mxtu ?Jher eof.. . I n one or rm(ie eandl ment s,
the el ast “?:eérf"ﬁlé"’%ﬁn CFH: B &L 40hds 52y PO AL SRRP

chl or obut \Having bileast oﬁ@gﬂﬁ]ﬂiﬂismb oGlEfid ﬂégﬁied! ﬂiﬁﬁd’ll“léméliﬁomdr Rempbiai iNde olr I
conponent €9 r| s s a rubber or an ut u especially
hal ogenat é‘Ef’ ﬁ%o’{‘?f £35T;jong [iSQlyy g i"}ﬁ’gﬂﬂ&@t (FHE QST at ed

but yl subbarymeMIe ait, mgmaeﬁtymﬁé-sasamebpa@mkﬁﬁ?bsmgi nétbehhldgerted] sool ef ns
and multio &efm; honopol yners of multiol efnms. These and ot her pes of
ol ast oner J0041L” 28 | ong fmord) eibedizieptSas sipomes commBEN FP‘Rbeé’rl finol ogy

209- 581 bl | u bb
Fandbook Lo e B R Yo e o
Edwar d Kr 83lgeenatsd mly(@bumdﬁg-qomﬂzéstﬂem)f Reeferablye halegeagted @pb’ﬂﬁ‘dﬂﬂéﬁe@%m cal
Technol ogy,_3gkigdvren a)lerWéh@d' bistyLRIBBer, hdl gen@tte!f' sﬁfiFra%al%g’)bug% &rbgt&gg%l ror e

embodi ment's, the” el ast omer conpohent can e or inc uns
el ast dfrer subber rhabseﬂgtﬂdyl(utﬂotbhbqu polzisolmtylensp or mixtures dhereefopepes; or more

/ pol ybut adi I bb
BT~ br ancRagimBy /e (ko omoRAon | 2h 16T RE S5y A Bk Ul ofr

conponent cldemobiggl mdbite. by any sui tabl e neans known in the art, and the
i nvention not herein |i hod of e el ast oner.
LIVt | O ig3af1 Ot eh i Uit ISR SR USRS i

nononer s, ot tianchicd thutyd ritber, mg)aaiallj( Elﬁii)ger(aﬂe);l erdighst thersif2 Umﬂl M stainai® teprer

o0l L1 nioEHC RHERY ) RO GRE 5 BRPANERGh D roBYRRS SRS nhorer

m xture; i@éolémgﬁdf MmO Rand, Qr %nﬁpw@%brsﬂ'f&nﬁlﬁbfeﬁﬁi efiik$eOsHAORNBAL tyﬁésnoibe
pr esent é}the mononey mixture from30 to O %gor from15 to 0.5 wt%
8

or from selagiorpers ag il WG&G%%@PQP@?W@%PD hbes Teghnolaeyned%-38dol ef m

can be a (faride moﬁcaafpmsmafw H@ﬁqm)emé Wnde‘f’tﬁ@'lﬁszbé} Kadabbek fys-122¢! ude
i sobut yl ene, i sobutene é.l - but éne, 3-net hyl -1 -but ene,

2- et hy - GRobert Erf@hm gd., Bﬁli éﬁéde tfert-dne, 199 A Edwang Kresgnand Hi Golag in
vi nyl 3 i n@ichylcSiin ¥ Oy&@%&%fc%@&cﬂr’ﬁ&w& 934R$3t mﬁwﬁgﬁ%%{g iR & 0 can

be a G4 to Cl4 nmu n such as 1sopren buta
di net hy1-cd. 3983 adt ene or @m@@m@od@l@tsdﬂhpeclha}tbmen wrxmmel;lt thajpermiude

0’ 279" ase kgl AReBE Rl Iy @RpIbg S CRRGAE p MBS RFC "

."‘

“nononer s Eldivbatylent ypoéy(styandcdbmhdhmao,siawd rrebleer, estaﬂmmched uenydl rab‘tfeo,rand

hom)polytneFllr 3@|§g.or copol yneri zation in butyl rubbers. One enbodi ment of
10 the b pol ymer described is obtained by reacting 92 to 99.5
W % of5 | JOMB] Y| eTie aldstdined compeneBt vunbel rﬁﬁi&l‘lﬁjﬁﬁl.y suftabile ﬁmﬂ Lﬁmwta%m &t,0 wt %

e ene Ko e iR e DAY b e ot
3, 968, 07 Gxarftpld,” ButPiPribbets QS b plepard 1, 2eting Wmixture of monomers, the mixture
having at least (1) a C4 to Cy2 isoolefin monomer component such as isobutylene with (2) a
multiolefin, monomer component. The isoolefin can range from 70 to 99.5 wt% by weight of
30  the total monomer mixture; or range from 85 to 99.5 wt%. The multiolefin component can be
present in the monomer mixture from 30 to 0.5 wt%; or from 15 to 0.5 wt%,; or from 8 to 0.5
wt%.




[ 0046] A commerci al exanple of a desirable butyl rubber is EXXONTM BUTYL
Grades 15 of poly(isobutyl ene-co-isoprene), having a Money viscosity of
from32 3 to51 5 (M 1+ 8 at 125C). Anot her commrerci al exanple of a
desirabl e hutyl.- rubber is VI STANEXTm pol yi sobut yl aving a
nmol ecul ar ‘&gizg 0{Otlélé‘i%gcosi ty average of from0.9 0.15 tg&gn%ymg&ﬁg x 106
g/ mol. [0047] A branched or "star-branched" butyl rubber can be al so be
used. These rubbers 20 are described in, for exanple, EP 0 678 529 BlI, U. S
5,182,333 and 5,071,913. In one or nore enbodi nents, the star-branched
butyl rubd@044]" SBBic)isdodefm canipoListtd O @inpauixlit Kdr exatylerthe sbélbiiu candicagenat ed
or not, a jene; I opol [, £ r. hal ogengt ed .or not .

Sui t abl e po(fhgillddelDl géﬁﬁe{lg'y%%blg u(t:%ﬁg??}l r?%l 4 ??g%&ng?’gﬁ%ﬁtﬁﬂg"%%eenﬁt ‘g'"zﬁﬁ f r"gl'brlilg?l? ‘et

" pol ydi endstene, Zhuerze nedfyl oinyt ethbry indens tvinytirimethy kil snep heged) tand Yrmetfyithe

pol ymeri zation of. the. butyl or_ 25_hal opgenat.ed_.butyl rubber, or .can_he

bl ended wPFRTH erfB% FS}’f“"r‘if%‘b%‘P Yot £ ?‘?ngg‘h@gl@%%ﬁﬂ R By SR, §tadiens 2&'

Iool ydi Sne cﬁmﬂhﬁel Pbitadiend ?hjq?aeﬂ@r @E@ﬂih’gﬂlyagﬂfﬁne, amcﬁsehe éﬁlg@@%th(ﬁ&wi Snflot
imted to.t type, of polycliene, used to nake t B. 48] 1 n._gne  or
o 6. erbo R B ShesBRTom Soh B SriPeA TEP RSl S ra i Aged
butyl rubBere2agsdescri bed above and a copol yner of a pol ydiene and a
partially ‘gqo hydrogenat ed pol ydi ene selected fromthe_group including
styrene, pYMphut L&hsTepplymsrspbie sSopnames spdl 9% piyEsng | asd edichierostyssne arpplse |

st yr ene- bighipdiLRe hbHERB merBh i GNOpOI RN LSO irflh BP0 EOnd EhbdMk
et hyl ene-prlopyl ene rubber (QESPN%’ sPyrene- but gg!ingﬂg-ugt r??aéand r{/l\iglt()f
g

2010/ 3969 ertylusby gobnes ¢t rRbtainedhyersactiog W ein é%b’il wthk of dsebitylene s,

“Th | g %, i
oreater t hantFg S s RomSRDr SBRILA 0N 6 IR 176 st bR 16 A
commer ci aButyrisdhbersaund nagthods SBEcirpraicton gle désgibed fExdatriMnbidr eSmeple.cHIS. 5

Conpany, Vj i ity (M. 1+8 at 125C, ASTM D
1646) of F$§%E%3%§Qzaqégg’?ﬁ§r4%§@%% %?%?3 Itezfi stics of SB Butyl 4266 are

as fol | owi0046H | & GEnm@cidlN:xampMlofiasdeditable butylFublisr in EXSDMIDBIBNL Gide650] The
el ast r £0 nent. or parts thereof can be.halo ated. Preferr

nal ogThat SLPTTBRETERel BoRrtnD B MOPeR TP G BBt & Lo L 1

bromi nat ed gogoliysrens Whother | coairtroihle BRandiMél dTas adeIRAUNY | Bukyltsee rubBE0d nat ed
copol yners_of isobMutyI_ene and par anet hyl styrene, and m xtures thereof.

Hal ogenat ¥ HREX™! pdipisebutdens iyblive Baving & mlecnlar ygishbyr@sinbrverags ob oy

rubber prgguc 19gchi-besk apevemotial ogenation can be carried out by any
means, and the invention is not herein limted by the hal ogenati on process.

Met hods of00AE ogértaenched polsjandranched thutyd rigles sandis| afspehesusad.e Thessomblsed i n
-3 Fo O3dre Werivdy B2 ForStAmpit OEL 004 $3%1, 4 S5%1 Bs by B B3, 1 oitBG 072

4,513,116 and 5,681, 901. one or nore é ments, thé butyl er is
hal ogenat mdrei embrslinends, dhé wianbraachefl rbonyl 4ubleer GUSBRIYiing Gmapuisitien (oBra2putglr

/' chlorine ) I t] at . The hal ogenat ed butyl rubber has

~a Mooney ’Sflﬁé%besllﬁl[ 9*‘% 8e %8%9%180% %l(a[}d%?@ﬁmf?é Eg)f: k ?%g%?er’o?%f’ rlr)lbatr@/gfgat?‘?(;or%. The
hal ogen wid i Smithle polydibnesthlddk aupblymas axt Hranching tahentswhegditiafief "pdiglidebdgenat ed
butyl rubber i

or.from0O.5.to 5,20 wt% .Inh yet.anof her. enbo t, the
ol gen- i b Strioal Aty Jeishind afd Bl Plestny et o PRb et St B 9551 A
COME2Li allalepichact BEpt rubber] Biecdnabeoplemizt aethOtht Wutyl wiHber td forBrRsTBBBL YThe2222

branching agent or polydiene can be any suitable branching agent, and the invention is not

limited to the type of polydiene used to make the SBB.

{0048] In one or more embodiments, the SBB is a composition of the butyl or
halogenated butyl rubber as described above and a copolymer of a polydiene and a partially
30 hydrogenated polydiene selected from the group including styrene, polybutadiene,
polyisoprene, polypiperylene, natural rubber, styrene-butadiene rubber, ethylene-propylene
diene rubber (EPDM), ethylene-propylene rubber (EPM), styrene-butadiene-styrene and
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(ExxonMobi | Chem cal Conpany). Its Money Viscosity is from27 to 37 (M
1+8 at 125C, ASTM 1646, nodified), and the bromne content is from1.8 to
2.2 M%relative to 25 the Bronobutyl 2222. Further, cure characteristics
of Bronob re as follows: MHis from28 to 40 . M s from?7
to 18 d. | Kﬁ%r%"%ﬁ%%ﬂﬁal) 2084). Anot her commerci al enbodlﬁg%%?mf‘ﬁ‘éﬁ

hal ogenat ed butyl rubber |s Bronobutyl 2255 (ExxonMbil Chem cal Conpany).
Its Mooney Viscosity is from4l to 51 (M. 148 at 125C, ASTM D1646), and the

bromi ne content is froml1l.8 to 2.2 ww% Further, cure characteristics of
Br onobut y| st@@iEss@emerstyras blotk ovmlyddzs.i STHeso pol3diches #48 ;ﬂesléhﬁ;nbaﬁéli orf ther om 11

el ast omor RASTIOR oYl 4 Apeuteneben £ ST LR S R a deato A g

rubber. | nw®he or nore enbodi nents, the hal ogenated WO
2010/ 01697 / US2009/ 048486 _ st.ar br ubber. HSBB
conposi tid ﬁf@ %&PW F‘?Pgﬁg%boé*@'\e’%%t? ﬁgﬁdégﬁiaélé‘a{ 6?66n@f"‘°f5\ﬁ?13ﬂa&'ﬁﬂ“9ﬁl ene

or bl ogk epadyEliousRhthHe! hidieCoRidah % ML 1€ 2h BI500ERTAOD 1BAOESS S
desori bed orbatyy Houst nms e josteg ) 1(t 1 A8 E e laTMD IO and

6, 228, 978 frophd4 tordfe nifuryer, cere wb@rammﬁnpe@f $§/Bmé4m& #ods Bilowsr MHhis Ore6 HSBB,
The 5 pol yﬁu[g)nﬁillpﬁpggzpﬂﬁ@}rymﬁmgéo gmanching agents (hereinafter
y

"pol ycli enes are typical cationic I |y reactive and are present during
the pol ymd9058ht i dieoflagioracrhenmyponent halpegerthereef banm pb haldgosated. or Pefarrele

bl ended f h
or anchi no " aggnpeg ks ARuAESERERE b HodtitShole Grbilpled Sntoitin (e

-1 nventlDon of ssabotyldne runtl @m-memymytepp,ebmﬁm;mddy copelyenenss ofl idobutykle ahdh @atdSBB. 10
“[0053]In On%})’ nor e

tion of .the tyl or
hal ogenat S HUYXIT S (5} gée&'?‘? eﬁiaé%{?gei*d‘ty; ngg%: VInB’F"dB‘fed Dbofggd?/ene
and a par halagénymhyﬁﬁ’uhgbn@l ﬁﬁb@(ﬁr&dﬂc%@cﬁ‘ﬁd&bbw Hilegenkhéh giMécatrivdl dudli ng

St ene: o Bka, s B EhS 5o rUEL B LSl ot N
styrene- bﬂfme@ﬂﬁn@tpé[ﬁi&s @aﬂl mwg;wm&p%%@mwm@s :.*3&31(?984 Coo9) gqxers. 15
on

These $O| ydi enes are nonomer. W% i n an amount

great & t fante2% %%9026:( 416%%3:1@ B3T3, {593,146 apd wh%3.981+ olmone g mgorg 0054]
A commer Cbﬁ&&ﬁt}ﬂ?%ﬁ@l‘aﬁtgﬁuﬁa&em Fﬁ%%ef(\ﬁﬁfgg&gig% %i%g? g&rﬁ%ﬁ;@a Lﬁ]ﬁ?em cal

Company), havin Vi scosi t rom 27
to 37, anblroamm@m) necld@rmee(ﬁtz) ofth¢ hajegeRationtager®t, Ghevhalogephtad butgl mbbar has EHSBB '

ULt SRR B B3 o, PSRRI e RS TRSs Tp Bl o 1

nore e nbodlﬁmnm $ to 1het%e basl drearthe weigﬁﬂemhe lcaadgei@ﬂecalﬁutjd&msﬁegfdr Frofm@pPOloysTer

corrpr aI onet ene derived upn The hal o | styrene un|t can
be. an? Wanotﬁ%rmﬁaﬁéla% gm hal0gEwiY of e §199¢ﬂéwg% qubbqrné from 1
hal onet hydosgtyw,@e derived unit 25 can be a p haI onet hyl styrene havi ng at

'Ieast 80% nore pref erahly at | east 90%Db ht of the gan-isorrer. The
~"hal 0" ﬁ%]

Bl c anAremamsycidl smehgdiment ak the A} ogcreﬁﬂ utylaubher iy Bramebutylrge22 _
hal ogenat @x@dm&peﬁém@ayc&ﬂmyj N s UWtSorky NELdoRIR id £6S moeﬁﬁgmnﬁss attherein

at |east sonme of the al kyl subStituents groups present in t styrene
mononer ul¥iStE, 48HMaltd6hmedified)cardathe Qemmm ccsmm iofrérerl. § tor2:? m%ahlagva)tmp

descrecl ARk IR ey L IBTEI 85 0.1 Bl S ©
sinply IISd'thQMQQ)dNym,EML is fiyh 2&6%%&7@@&[ w2000/ ﬂﬂtﬂﬂ&ﬁmmmerc:al
embodiment of the halogenated butyl rubber is Bromobutyl 2255 (ExxonMobil Chemical
Company). Its Mooney Viscosity is from 41 to 51 (ML 1+8 at 125°C, ASTM D1646), and
the bromine content is from 1.8 to 2.2 wi%. Further, cure characteristics of Bromobutyl 2255
30  are as follows: MH is from 34 to 48 dN‘m, ML is from 11 to 21 dN'm (ASTM D2084).
[0052] In one or more embodiments described, the elastomer can include a branched or

"star-branched" halogenated butyl rubber. In one or more embodiments, the halogenated
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[ 0056] The isoolefin of the copolyner can be a C4 to Cl12 conpound,
non-limting exanples of which are conpounds such as isobutyl ene,

i sobut ene, 2-nethyl-1-butene, 3- nethyl-1 -butene, 2-nethyl-2-butene,

1- but ene, met hyl vinyl ether, indene, vinylt IS|Iane
hexene, aﬁﬁcgw ﬁﬁﬁn? 1 -pentene. The copol yner can alé%qﬁ%?¥ I ncl ude
one or nore nultlolefln derived units. The nultiolefmcan be a C4 to Cl4
mul tiol efin such as isoprene, butadiene, 2,3-dinmethyl-1, 3-butadiene,
nyrcene, 6, 6-di nethyl-ful vene, hexadi ene, cycl opentadi ene, and pi peryl ene,
and ot her sualfbnmhexi Isughublsr d’lHSBBj'ﬁdaﬁa bcrm;ﬁl‘s&tﬁnmﬁ bbb netbek, Litler hSI,ogéiﬁtealG and

5,162, 425. bIe Shyren no der uni ts.that ri se the
copol yner 0|rnnc &1%5 orrhg? (fogf’ ‘ic'j% 850955 &t ot. :@{e %8ne, 10
i ndene ancbmmhamedeheﬂbedam desil Imrwis.camm 038;i S0, 91*3;?6@3580{! 095%:1 ki S 3dnd| east
one specif' odi t.he. el astone t. C e a random

el ast oneri ﬁ@?g& yquge inyjention i ok Hie ‘{1@ tgg ‘i}ﬂ‘?q ggor&‘%tlieoHé@Ba dib&f i n
derived umolydisnek/Eockh edpoliichy bSbihdig Sihis }%@reiﬂ&ftér Rlyafeasap! aye typicall

p- hal onet h | east. 80% npre referably l'east 90%

l.st.yr.ene contajning at
by wei ght © % %‘@Y PECHYS %IHJ:@F ngﬁept &lugige W%ﬂaﬂff@?%?ﬁ a dniy} ex hfﬂsgenated
i nt er pol y1gaty® ridBE 64 dan Bk bledswiRPIE bRty1 &BIRkdardd b%%@ %&Hb&tts Fhe5n QL BISRS.

pr esent in the St rene nononer units contain benzy hal ogen or sorre ot her
f unct i onal h@rb&yﬁhmsazqnam ﬁolych@@tc;smbymy suitable brmhu»s@gaﬁyan@fth@ inverfitisinl iswi ng

mononer URbf Bmicng il Talplc Pt quéﬁ g chain: wherein R and R
are |ndependentl hyé%%ge Iomer ui F% pre rably Cl to C7 al kyl and 25

(primar{ ol088kon rOpeanrkyllorehamb@hmmdthx HSBR lﬁmwommm[ongof)ﬂp butghoas a
hal ogen, t1l her tional ou
o o ot SUEFPRISHED o/ del LA BT TREL (BBt her BedHon (bl bh R Bpen P

Desi rabl e gens rnc
Pref er abl fiydRogamatefR| pelydiewsa csalebtydir Grgmn theT reroupCRAd4diflg astyken@RBleblgadaems can

posi 11 ons PeBEElk, pp GBI R i bt b s i F e Broeb e ne

present diene rubber, styrenc-butadiene-styrene and styrene-isoprene-styrene block copolymers.

15 These polydienes are present, based on the monomer wt%, in an amount greater than 0.3
wit%, or from 0.3 to 3 wt%, or from 0.4 to 2.7 wt%.
[0054] A commercial embodiment of the HSBB is Bromobutyl 6222 (ExxonMobil
Chemical Company), having a Mooney Viscosity (ML 1+8 at 125°C, ASTM D1646) of from
27 to 37, and a bromine content of from 2.2 to 2.6 wt% relative to the HSBB. Further, curc
20  characteristics of Bromobuty! 6222 are as follows: MH is from 24 to 38 dN-m, ML is from 6
to 16 dN'm (ASTM D2084),
[0055] In one or more embodiments, the elastomer component can be an isoolefin
copolymer comprising a halomethylstyrene derived unit. The halomethylstyrene unit can be
an ortho-, meta-, or para-alkyl-substituted styrene unit. The halomethylstyrene derived unit
25  can be a p-halomethylstyrene having at least 80%, more preferably at least 90% by weight of
the para-isomer. The "halo" group can be any halogen, desirably chlorine or bromine. The
halogenated elastomer may also include functionalized interpolymers wherein at least some
of the alkyl substituents groups present in the styrene monomer units contain benzylic
halogen or some other functional group described further below. These interpolymers are
30  herein referred to as "isoolefin copolymers comprising a halomethylstyrene derived unit" or

simply "isoolefin copolymer".
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WO 2010/ 016976PCT/ US2009/ 048486 in the interpolymer structure can be the
finctionalized structure (2) above or from0.1 to 5 nol% In yet another
enbodi ment, the amount of functionalized structure (2) is from0.4 to 1

nmol % [ 00 I r nore enbodi nents, the functional be a
functi onalségrzglggﬂ’?’fhat can be incorporated by nucl eop%%rﬁ%g?@gg‘??t ution of
benzylic hal ogen with other groups such as carboxylic acids; carboxy salts;
carboxy esters, am des and i m des; hydroxy; al koxide; phenoxide; thiolate;
t hi oet her; xanthate; cyani de; cyanate; am no and m xtures thereof. These
functi onaliP3d i stheoisealéff ioh tio pepojymesr sgant beear Carest Kod carhipqundpaerakimiing

nmet hods of | i .k zaLi [ e .parti ar i.scl osed in
s 5 10 aes bEWRicoRE Bl U B BOBUPRAS MRS S Al bR EACTEN 1 T
el ast omer ingetiryd+ ehotenien t2empibyly2rbuteney f 1-beieine)t Yibateac,amnttiail kyihglt wthene indene,

pr ef er abl .D-}iwqaeﬂ%’ tyrene, containi fromO0.5.1t0 20 .nol e% al kyl styrene,
pr ef er abl g/(mlﬁ’ et 'Sg? Vit Z‘R’éfnemﬁ%‘i glfﬂetg%']t'%mg@e'm S OIOYRYE A% Fl‘ﬁ‘?/ furifler
subst i Suentchgle@up sr morsadtiolefin térdrel anizsy | Theinngticlefit @inrbea ¢yt6 0, Nauldblefill ori ne

atom preferably a bropine ato - hbr t hyl styrene), ~as,. we|l as acid or

ester functiiofk/foPEge “@‘@F%q’ o&ﬁgfr?gwg-gg%wn yﬁ“é”n%ra@ 'd’é‘ﬂetglfltfﬁ%vﬁ%?s been

]gi spl aced lh_bgad{mé,ﬁiyelopéﬁm ' ,ldaldqﬁpd@y[eﬁg aid bﬁgp@ﬂﬁqﬁm@@l{cﬁlag Qislobdd in EP 0

ol 'y 1 SobarY HahEnEE Sy SUBAVE 10 5 4501 SsorDesBa R iR monorer derived unitstht

pol y (i sobutaylcemeri&ahe HindhRIRQlyrene SMBth Ak itfkh ' under

t he nanme E P II'\l/l El ag@_g@_rs (Exxo)r{lf/eggil Cﬁgﬁr@%{@ﬁ?&rﬁ%ﬁ%y&nﬁ%ﬁﬁ%ﬁé@m | t

(s und@r simleee andandepe deriyativess andicembimptigns sgreofia| ogenat ed” or " br oni nat ed”

‘are not | ygpsted - Of i I , rel
(00sYPd 1o 135 RL BAdieRS eé:hlﬂ:ﬁ;lcd&%an nah gféset%ﬁt; éb%sﬁ%ga& oIk dgy&on{fe y

descriptive of the copolyne _ _ t I sobutyl ene rirved
units, thelagomenihedpelymer pbarethylonscienivgd wnit erradCs todCop-tlafin derivey lugit ymdbare

Gubst ant i S Py RURRAah SATSEL WEChERRAL PSOBRNTRER EELTAY IR Ot osos

by wei ght mofe praferabbi stnieast BO% by weigitofdhk pirsispmenend alsd értudwiftrdviionaliaéd of t he

avera p-.al kyl st yrene.cont ent of e pol r. More preferred _polyners are

al so ¢ arlélg?—%(}ri 280 oy %@F?%\R?%P}égﬁla%ylﬁﬁaﬁlfmﬁi ‘-&FQEFP?%&D ¢ of

| ess t hanmbpomer enipr ebrasiabbanzllés halbpan o2 . somea ofhee ffandtionhl Vieemsi Byitadblker age
nol ecul ar. weight in the range of from 200,000 up to 2,0Q0, 000 d

preferr edmﬁeﬁqugpcra%q H’ﬁgldﬁﬁﬁ%ggﬂ’grt{’&%‘?"&ﬁtn’qnﬂmF%EmPJﬁ@@“g¥ Smcswalgsg gﬁb to

750, 000 apolgnérehainned by gel 30 perneation chromatography. [0061] The

copol ymers can be prepared by a slurry polynerization of the nononer

m xture using a Lewyjs acid catalyst, fol hbowed by hal ogenation, preferably

brom nation, in WD 2010/916976PCT/ US2009/ 048486 solution in the presence

of hatogen and a radi cal. bniLiRLor such as heat and/or |ight and/or a

chem cal initiator and, optionally, foll owed y efectrophilic substitution

~of bromne with a differst unit. [0062] Preferred

“hal ogenat ed pol y(i sobut -co- al kyl styrene) I referably hal ogenated 5
pol y(i sobutyl ene-co- p- negIN\1 styrene), are phat ed pol yners which

generally contain fromO.1\to 5 wt% of bronmonmethyl groups. In yet another

enbodi nent, the anobunt ok-hkonogethyl groups gsyMrom0.2 to 2.5 w%
Expressed anot her way, prefe]erred copol yners contlai n fromO0.05 up to 2.5
nol e% of brom ne, based on tehe wei ght of the polyner, nore preferably from

0.1 to 1.25 nol e% brlorri ne, and are substantially free of ring hal ogen or 10
hal ogen iwherdie RparidyReareljaddpbudeetly hpdrogen| fovenelkyt, prefersblyrioni Crealky and

descr4jcbed. . | y b Si: 8. COROLY A to C7 isomonogl efin

deri vjesd mageglrrl}te%[@%ys y %r?glf(%ﬁrﬂg]’?e%(agfé %L‘f)u—oﬁaelt ﬁrﬂlgtsﬁ’lgﬁé,agléﬁ’g%d units
and pr ef eriethylymmopiuhg | tanethiplahsiopiven eordethe échctiorial Frouph e Mekitabld Ralogens

p- hal onet.hyl styrene .units are present, i n_.the_.interpol r fr .4 to 1

ol o6 bas bk HIREE, HBimsE o e BlaFiERg theresr Rt Bome i séch udioged.

p- hal onetThy|-SRR{ERAd HGRRX #oupy GNbFBLbInREd 60 stylde AponeythdfitReasid,y (1+8,
125C, ASTM D1646, mpdified) is from 30 (j@o 60, I\/ltJ [0063] 1 n_one or nore
enbodi me /ML Of FE2 pesiqns, RIpferb o Hdhte Q04pole Ot theer-sHbstitntied SEFBE RICEEST one,
two, or nore different elastoners. For exanple, enbodi nents of conpositions
described may contain from5 to 100p.gb.hal ogenated butyl rubber, fromb5 to

functional deriy




20 95 phr of star-branched butyl rubber, fromb5 to 95 phr of hal ogenated
star-branched butyl rubber, or from5 to 95 phi of hal ogenated

pol y(i sobutyl ene-co-al kyl styrene), preferably hal ogenat ed

pol y(i sob I p- net hyl styrene). In one or nore e t
conpositi g{r‘{é 2{@3&% from40 to 100 phi of hal ogenat edmém‘&“

pol y(i sobutyl ene-co-al kyl styrene), preferably hal ogenat ed

pol y(i sobutyl ene-co- p-net hyl styrene), and/or from40 to 100 phi of 25
hal ogenat ed star-branched butyl rubber (HSBB). [0064]In one or nore

pref er r ed iertioshitamoigser strinetur as tbe ke fumotipeiiadtstractnrel@) above e ifioeel.had &r al

r ubbers, poly RLEne rub STy ene b t ne .rubber l.y,hut adi ene
r ubber, |s%%lr/lef1[§ BUT8drene %‘té% ﬂﬂ“&é’ﬂ%‘ggﬂfc %aﬁﬁﬁ% gﬁlgolt]ubber
(SIBR), etrglteene- propyl ene rubber et hyI ene- pr opyl ene di ene rubber (EPDM ,
pol ysul fi itrile rubber, 30.propyl|lene oxide pol ar.- branched
Dol YSUL {1 Sipse]l | st Ot B BEARYL RS Lo ROV e 5 Sttt anched
rubber 5 c hhzﬁ Ichi) 8¢ @dokpdiaydd ByupBophitit siibshfufioe besbnaﬁwhas@bﬂ twithestBer! iR ,

star-branched bromi nat ed (pol yi sobut yl ene/ i sopr ene copolyrrer) rubber
VO 201010897 6PCH @omlgag%é@xm i %ﬁqnyyrs@% #pidsy 2 dEydegn Bydroxy;

pr ef er abl wikokfAeUbNdnBXIAS; MBIdME; SThiceBRE £aaialeY FPinSdes GthaftS amino and mixtures
i sobut yl ene/ net a- br onpnet hyl st yrene, i sobut yl ene/ br onomet hyl st yr ene,

i sobut yl engreat] oTBeret Ripetionglized cisomenogiofiat epolymstutheie metipd] of ervpadlieme, and
i sobut yl enghicdak 8F RRBIJANEALY, SRERE SeFhott P Jﬁ&lirﬂﬁthgﬂﬁedﬁﬂbgoﬁﬂi qyssone

enmbodi ments, the el astomneri ¢ conposition descri’b erein nay further

conprilfe e[“@@]:ond*é?sy asefidt e sucho nfpoetionalizsd| enatesialst rasen elastogeniu prapdomsi st i ng
~of natural, I e r R),

pol ybut adi e&gpl?ﬁo Ofl,q&lbx perﬁgr?gggucﬁlﬁgpené %{@Dﬁ FP %’-‘Q@KE& CEMQIB& thot?
styrene-i §c5pﬂoe'%ﬂbmbl§r%adk)dsterenubbderabl$I ;Bﬁ)athybquple,ewberpncwﬂoeﬁﬂemola%bﬁrthe
et hyl ene I suI Lden N rubber
propyleneggggxgﬁﬁgwgbéggqﬁ§?g ﬁgﬁgﬁnﬁrﬁé Hb%r”ﬂ""eﬁéfbegﬁ%ﬁgﬁ
star-br anpfeédaﬂijnia;ﬂrommblamm (;bbmmomﬂgﬁqbeﬁe};l asrweblb&r ac1d:b1} enterrfaic&dndluédll

rubber . star- br ol ene be ran hed .br.om n

buty ! 13 pol PEBL HEFPL PRI R dalbets SO hisrteeh dislaped B Hafels anbyade o

i sobutyl eB&&I@bhﬁhdﬁHaﬁfyﬁﬂ&cﬁDﬁﬁbﬁd@hﬁr Sl]'ﬁ&heaaﬁterpolymers are termed "hangenated

i sobutyl ene ononet h i sobutyl ene/ by ononet hyI styrene,

i sobut yl eRRY 'F‘P]‘?TIE‘T"%//)F[ haI o@Enat eé" '&i’b‘?ij[yl ePRIy(sgbutylene-co-p-

cycl opent ﬁféth?ﬁgnrexﬁj\‘d ah$ Q&Uédﬁhﬁé}@/aﬁfi laQ4iRBRLIHALS KRR BREPROM Wigknider eof .

In other enbodinents the el astoneric conposition described herein has |ess

than 10 pHixxopabib ChemigalComppanys Housionc BRk oft s wndgestaodhat dinss b te terms

pr ef epgbl vhaﬂaiiigted@foﬂ ﬁﬁoﬁhﬁ%@% slogqaﬁredbﬁ,dth%bgﬁﬁmasof ﬁﬁ g@cr W of RSt oner
corrponent n at | east one Specl fic enbo st oner
COMpoSi t| enpo | merelyndasomptive 26 the tsiopelymia wiichl canuisblads tigr isobisglers bed i n

detarl byqSuon BERNEN A BUBRES (T RENDALORN I a3 000N scbliyRal rubbers

~can inclu ose se rot $1% aysl an rubber
such as S0a6@}V, Meﬁ'pnmlﬂzed p‘.éﬂ\ﬁmﬂﬁ) ,prrafﬂdblgl\/ﬁavﬁoa esrutistmtmlim rlesmogéreowof |

G T S N TR R R NI AN
ref er2®ed slkylitgreatd contet within 10% of the average p-alkylstyrene content of the polymer. More
preferred polymers are also characterized by a narrow molecular weight distribution
(Mw/Mn) of less than 5, more preferably less than 2.5, a preferred viscosity average
molecular weight in the range of from 200,000 up to 2,000,000 and a preferred number
average molecular weight in the range of from 25,000 to 750,000 as determined by gel
30 permeation chromatography.
[0061] The copolymers can be prepared by a slurry polymerization of the monomer

mixture using a Lewis acid catalyst, followed by halogenation, preferably bromination, in
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25 accordance with ASTM D-1646. [0067] Some commerci al exanpl es of synthetic
rubbers i nclude NATSYNrm ( Goodyear Chem cal Conpany), and BUDENETmM 1207 or
BR 1207 (Goodyear Chemi cal Corrpany). A desirable rubber i's high

ci s-pol yb is-BR). By "cis-polybutadiene"
pol ybut ad:’&ﬁ%ﬁ'}ﬁ%ﬁ%s meant that 1,4-cis polybutadi ene &Ls’g%g@ﬂﬁs%erel n the

anount of cis 30 conponent is at | east 95% An exanpl e of high

ci s- pol ybut adi ene commerci al products used in the conposition BUDENETmM
1207. A suitabl e ethyl ene-propyl ene rubber is commercially avail able as

VI STAL ONT rso{ultiex dm MelyprésefdeenfihelaperCaniparadical inkf¥to? Gddh/ ﬂ]tﬁ&?sﬁn%’f ﬁl@B?:&G&ﬁ- @48486

e T e
descri bed dlfferbht&mcﬁaﬁaﬂﬁémwdunﬁ 326, 433. Gener aI ly, the SCC i s a copol yner
of ethyle L pr | ene deriv jts gnd a- f|n eri units, the
a-ol efm hgg?'ﬁé f rlg' %e/ege‘fgal%mﬁtﬁ&b’é’ﬁ’? eﬂeaﬁ’i’oa tﬂﬁ’ee ’oPreger‘ﬁ’&F Balgggaienent s,
the SCG i poly(is6tRfisiteio-RinchyRit@By Herinmhatdi fotyrdds vl ghbhdaifietonad
units, the a- Ief|n hawgg}p rom4 to 10 carbon atons, wherein the SCC has

some degr d@Mb{0-Ictoy3 474 phprofpomethyl, groups.ndr Yeh#nsthemsmbodiment, drcameuns of
copol ymer b@éméméw%?&pgesrﬁa@@ sztssw@)ad FapRiRE anéh @ eyl Pre eld\é%lﬁflso ht he

other a-olefin hawg romb5 16 carbon atons, wheréin th as

sone degr éentain frany § qultﬂl%@mobﬁfeogmﬂ%% based @niibe weighipefl rerpelymeer, anary| ene
10 and st if)f‘é?&@bl [ERR 8}1' 0 OFn e"/grglro?mﬁ‘eﬂgﬁﬁi 'afbeﬂttiﬁmnt{apg U %ntﬂalloﬁﬁ %'t]p X I's

a conbi nation of ogen an atri arnnoni um functi ona
scan bd0i ndslopey it éh# belymemn beskbensh Fhaig §ub816| Qmmpmnembommldﬁsmhai otgen WI th

1ot onalEgErls o JopbhBPL Y M G b B4 T a8 et

i sobut yl emaefdr&alamdp-pu:ﬂadslmmy Idexiwed eumts candtmfmawg d pdualothethylsor@ davived

f h
e berTt ot ML HLYLERGneMARLERD Wi 4 R3O S SN el D4 B LY | e

e.g. a chhmﬂ%mesedronmeaﬁermmmerahtxmm mr@émd&mmtsa(hb pcnmmﬁwdtﬁtwle pe)),
and triet E%/I anmoni um anqlzcan opt . onal ude ot her functional groups

such & TR, The Soonen a1 gs K ASTM BI04 BRateghis ooy

have a subgtasingl |y hompgeneous conpositional distribution such that at
| east 95% by wei g‘bbt of the elastoner has a panal kyl styrene content w thin

10% of t hé00&3ler adfe opg oB mork pmbedimenis, the rlasipmesit qonv@om ymarmchmsswam e
i nt er pol ygﬁé&e& £3 &% Q?QeoPhﬁé Calﬁéfea@%m%m%rsnaffr %ﬁ ghaf

di stribution 1ess t an 5, nore prefera
preferr edcampssibions @esgﬂ@dggar contain from 5 to 100 phr of halogenatcd butyl rubber frorn 5to

20 95 phr of star-branched butyl rubber, from 5 to 95 phr of halogenated star-branched butyl
rubber, or from 5 to 95 phr of halogenated poly(isobutylene-co-alkylstyrene), preferably
halogenated poly(isobutylenc-co-p-methylstyrene). In one or more embodiments, the
compositions contain from 40 to 100 phr of halogenated poly(isobutylene-co-alkylstyrene),
preferably halogenated poly(isobutylene-co-p-methylstyrene), and/or from 40 to 100 phr of

25  halogenated star-branched butyl rubber (HSBB).

[0064]  In one or more preferred embodiments, the elastomer component can be or include
natural rubbers, polyisoprene rubber, styrene butadiene rubber (SBR), polybutadienc rubber,
isoprene butadienc rubber (IBR), styrene-isoprene-butadiene rubber (SIBR), cthylene-
propylene rubber, ethylene-propylene-diene rubber (EPDM), polysulfide, nitrile rubber,

30 propylene oxide polymers, star-branched butyl rubber and halogenated star-branched butyl
rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched polyisobutylenc
rubber, star-branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
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25 nol ecul ar weight in the range of from 200,000 up to 2,000,000, and a
preferred nunber average nol ecul ar weight in the range of from 25,000 to
750, 000 as determ ned by gel perneation chronatography. [0071] The
functionalized el astoners can be prepared by a slurry ner i zatlon of the
nonomer ni XPAPROY®Thg a Lewis acid catal yst, followed ’¥§&P‘B’ &84 i on,
preferably 30 brom nation, in solution in the presence of hal ogen and a
radical initiator such as heat and/or light and/or a chem cal initiator,
and foll owed by el ectrophi I [ c substitution of bromne with a different

f unct i onalpoR@isetutylentCdd-Ady e fRIBRORD lerféVtﬁétBﬂEt?Qné dbplyrenakiched

el astoners WO 2 0/016976P%;"§U82009/ 048486 gener.al ontain from 0.1to
5 nol e perdoRHYIgF Mt PTomSIBYSEE et hyl st yr ene g‘F‘Eh&’BQe“P oPemEhIEYeRR ¢ ot al
anount  of uEBBﬂ@[%E/cﬁi@fdn)éﬂﬁddﬁﬂbﬂes | Ralbfhale@! Y (®butyldie a“Qgélé‘ﬁ enfRACli MR, the

total anmount Of brononet h¥ and TEA- net hyI roups can fromO0.2 to 3.0
nol e per capbutyleng/ghloromethylspyreneppd aniguyes disreof.n yet anot her enbodi nent, from

0.4 t052. 30683} © NRLGAE bmbiuikEhis ih@a%&ﬁén@wa%gﬁs@aescﬁm Het @My FuriRr 2. 0 1 0
yet anot her enbodi ment, wherein a desirable range nay be any conbl nati on of

any upper cplinme wsqqqn@w clagiper mrnpqnentae!ﬂc@ém Sheogmen consisting o€ haturabd

Ten based o iRViEpRet @b, Suhle) Rl nRE J8BR holBldteds ABLET Foa

br om ne anmiprEA buhamot tubberemm mbfrﬂnp-lmpchnéﬂbotadﬁmﬁ ruighed (\S&I@htetﬁgéament in

nal ogen | ARPHIETE qponeEr S e Ene R Sbbe o Zhoriu foer it RAGE. 0,

‘br onoridt hybi-opyrené bﬂd& polyBiehdS sfanbynahed datyl mhbgeaﬂd h}mn@ndttend/\/ettar-bmimhkd d)ﬁtyll : 100,

1: 50, 1:20 1: 10 n er |im erelna
destr ai o obR e buR) RS shlorated Spucd ot B Pried oBircm b e
lim It [ OGubBEd, nst&-mmgih% rﬁdnﬁml fdlbﬂgnt(polyfjbeblﬂjrlaﬁéfﬁménel s:o@ﬂymml b a

copol yner . o i SO0 in derived units (or is

par a- met hW&‘E‘%"lﬁ‘?{@e %m?rPI\/B)‘Ch pEn (! tlb‘%%’@ g‘P?’P g‘)" g?é?qeved

uni ts (Br 3k 1@%@1&1@@ Btykdne! BbbutY Ik dHRIbM @@Mbswd dd Behityigsk units
( TEAPMD) , V\/net)r’gl n the TEZP%GSnum tng’are resefﬁiﬂl n the i r%?gﬁ&pol ymeterrl fromO0.1
to 1.8 nDPi@lcri’éP’é@ﬁ@esb@@eéﬁobﬁﬂﬁﬁﬁé"m‘&'f’@mhﬁ’éﬂ%@e otud; sE¥IEs | fersefd PNBother PVS
UNi S ar eeRbefbity i1 cllBnlonb eARRIsHTR dodetiB00 Rrdn hés BsndiPlpHRGERRAbIAASEd 0N
the total noles of isoolefin 2 M5, and the PNS derived unlts are
present fplgrafa Sp@pnﬂgywbﬁwmer parpoamt, prateadlioh pl@lmaf theoelagtompass deseritestd abpree

pol ymer i «om 4 weight percent to 10 wei ght percent

i n anot he%’(éa tgﬁ?%c& {I;erlllftone or nore enbodi nents above or el sewhere
herein, t 0866 aslrmtéeastamnpwlﬁcl e@rrboclmmnt,malamwnwpwwp@momc% ofludhmatemle or
nore gl as ri nts,
T B HANE b BRSNS ok Bl AR R e BB
nor e el as2@smersos). cdﬁqnﬁmbmb@emrcaalmslhdnmcm stlacted dront thmgmuprﬂnosistmgnbs t he

o1 ast omer MECSRE B e P SPRLCYT otk SRR IR S, BLhBh AdaRefh, ™ °

el ast onertheRHM %bﬁemﬁe ﬁaﬂra{:ﬂmb@fg Rawrfa Nb61By 4485 cbdty &P 106°80 (ML 1-h8 0P REmM NOr e
el astoneric conponents_or
to 120, more preferably from 40 to 65. The Mooney viscosity test referred to herein is in
25 accordance with ASTM D-1646.
[0067]  Some commercial examples of synthetic rubbers include NATSYN™ (Goodyear
Chemical Company), and BUDENE™ 1207 or BR 1207 {Goodyear Chemical Company). A
desirable rubber is high cis-polybutadiene (cis-BR). By "cis-polybutadiene" or “high cis-
polybutadiene”, it is meant that 1,4-cis polybutadiene is used, wherein the amount of cis
30 component is at least 95%. An example of high cis-polybutadiene commercial products used
in the composition BUDENE™ 1207. A suitable ethylene-propylene rubber is commercially

available as VISTALON™ (ExxonMobil Chemical Company).
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30 elastonmers. In one or nore enbodi nents, the el astonmer conposition can
contain of from40 to 80 wt% of the one or nore elastoneric conponents or
el astoners. In one or nore WD 2010/ 016976PCT/ US2009/ 048486 enbodi nent s,

t he el ast rmﬁ)%%%si tion can contain of from40 to 60 wt % of the one or
more el astomeric components or el astoners. Ther mopl ast PEV/PEPP48074] The

el astoneric conposition can include one or nore thernoplastic resins. 5

Sui tabl e thernopl astic resins include polyol efins, nylons, and ot her

pol ymers. Suitable thernoplastic resins can be or include resins containing
ni trogen, [6868)en,Infoat ogewre sbddimerns, tind Hastoraeraspposap akl Rckfle bid &r@eki ng

with one or hore. romatilc fun P na% r ou 1.such s a hal qgen, or. acj dic
groups. [ Ol f@ﬁl@%lcgp?%?r gg‘ti e"%e‘@’ 106 899 eﬁ%ﬁgﬁaﬁ%&é d Boly¥ ni des,
pol yfar b ? rmflteasgo%@gmsse s?@e&uy,nﬁk peulita rAué%oly@@A ?ﬂ eﬁ%ﬂ@i@?ﬁ prdi@leg@ﬁ?{s%%)s ,
acrylonitrile-bu ene-styrene resips (£ , PO enyl eneoxi de :

pol § pheny I“Qﬁ%a@tﬂ'&eh% Q%fﬁiﬁéiﬁmtb &%‘?@E‘éh’é’mgs%% gﬁ‘é ig PW%h?t?Wslaéd Hedferps
(SAN), 5st yiice embBdifiests, A BACI 9@ dopsiymer ¢ lenedPNB LifitsPRl WKSILLD 8SivelPEEK,
PED, and PEKK). and %nextur es thereof. [0076] Suitable thernoplastic

pol yani deé‘_“’(t‘?aﬂ‘eo%%e AAVIPG S ta: 19 Sarben aters, oyhereis theo¥(sC hasssomeciesiesiofeul ar
wei ght  solciydtaRRity "R 5 firfhed éh%o%e%%&ﬁ’é s«g@ F.ssa &iﬁglggﬁf el Jg{ff@ﬁéde%% 15&9 s;?ﬁ& urring

am de units within the polyner chain. Polyam can be prepare
pol yner i z&ethsr coplelim deriied ppitcthe phier eralefiadesging fonch taad6 carporvatams,avherein

pyrrolidi gR&gcd A ¥ds! ﬁ?‘%ﬂ* { ﬁlm n i or by
condensati on of (%kf basssiaﬁlkgg%rgg&an I a%ﬁggg%%ah%ﬁ)%g}-c?%orl ngggngie?f%l di ng
gr ade 1fy| endstares. sui t abl e. Exanpl es of such 20 pol yanides are

pol ycapro m - R | Lackam. (nyl on- 12). .

pol yhexant%?/fenépéé}lggfﬁ ec (e%q\ég%%eg?/SB)ﬂ%pgﬁfl%%%gﬁ&uﬁﬁ R asunbingtign of a

(nyl on- 6, 83logepaing laeviethEsthmbeinesfehaivasti gieup(thatl cam b6 intOporated by a nucleophilic

pol yhexanet hyl enei sopht.hal am de.(nyl on-6, | nd th onde tio roduct
of 11- amnﬁlgf’%tﬁ enc%fflboﬁ%@’hgc |a§’gf'hwtg ﬁ%%lz_mﬂa SF %‘?‘ﬁﬁamﬁ@ﬁﬁ“@% %‘a&@? actory
gol yami dgaseﬁﬂsaﬁemdhaﬂm?ﬁohhgs«kniwnf 'nggrﬁls@mwh@mim&ﬁha?/oi EsEEi)tyllzﬁb are
escribed in 16 Encycl opedia o em_cal, Technol ogy 1-105 (John Wley &
Sons 18683%£I@5%W@¥%Eﬁ@§€?%@mgm 8115&1’ Qpré‘?‘ﬁ%?"% gararpethylsiyrenss WhesHh W I ey
& Sons, 169f)60 MoK pkitch TR MRBYI sibofudie lngg profdn€ B SheAtdlzyl @B RBhIREY,
392-414 (John W@iy & Sons, 1969). Commercially avail abl e t'hernopl astic

pol yam de® XA ohRAlogeD8- 2 5Blotiar §r RIsiserbly a Bromimsaom najalbrampmetaylsaTapal des
havi ng a gRftHeliRamRRIuR, oM cdEdghHoRAIyRRE e i ng
preferred. [0077] Sui tabllé1 tﬁer n%lpl asy?i %ﬂ%eoﬁggstergﬁ%%@gfﬁg%e?%% ude the
pol yner r@B&tion products of one or a mixture of aliphatic or aromatic

R R K R R A R G T

pol y (tr asesmpesitionsy disothution eveh et &t keash @5Ui bameighy ofitleselsuarherdss a para-

POV eyl EARBPWNED F05 418 e BNt Wi O Y GOBRRYY! o

adi pate); clI's or trans- ane
al kanedi dagsirady rm¢rpelymes lvamsls@p bé yiaracterizediby 5 nayod alviscalaediight ditiBnion

oxal at e Ly-(cis=1,4-cycl ohexapedi met hyl ) succinate, poly (C24
al kyl enea@g“r'/gfﬁ)lt%afié%t thay 453 He %%%F@%%Me?g éapme?%eat‘@“&ﬁ average
pol yt2st r anstdujdr evsgiarie phd hagaoe fop02§0,(0024 & KYO®om, 250 RNirbRiad aembdCh as
pol yet hyl enei s%ﬁﬂ h@ll_at e.and pol teté met%l ene-isopht hal ate _and |i ke
et or | al SYURRLPRIGCHAT YEEPEL Blearalipe ok EPm, AX00Y 7 Mg Cetemined dunali
aci ds sughrmastideibiabgaplsy or phthalic acids and C to C4 diols, such as
[0071}]  The functionalized elastomers can be prepared by a slurry polymerization of the
monomer mixture using a Lewis acid catalyst, followed by halogenation, preferably
30  bromination, in solution in the presence of halogen and a radical initiator such as heat and/or
light and/or a chemical initiator, and followed by electrophilic substitution of bromine with a

different functional moiety such as triethylammonium. Preferred functionalized elastomers
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10 pol yet hyl ene terephthal ate and pol ybutyl ene terephthalate. Preferred
pol yesters will have a nelting point in the range of 160C to 260C.

[ 0078] Pol y(phenyl ene ether) (PPE) thernoplastic resins which can be used
are wel | rcially available materials produced by the oxidative
coupl i ng ;@ﬁ%(oﬁ%g?ieon of al kyl substituted phenols. %wsé?gé‘”ﬁ@ﬁeral ly

| i near, anorphous polyners having a glass 15 transition tenperature in the
range of 190C to 235C. These pol yners, their nmethod of preparation and
conpositions with polystyrene are further described in U S. 3, 383, 435.

[ 0079] The gehembippdnasit fromr B tonS mokipekdeht dffandtiodlize® niethglsp@tnéGastpe iditdre

anal ogs of, _the | yest er.s descri,bed,abgve such as segnent ed poly (ether
co- pht hal afPéQe) foﬁﬁﬁﬁﬁ%%ﬁg%ﬁﬂmﬁagP%ﬁé }e‘b%qo §’E§'§Wl1é§“t= the
copol yner so@f aiéyat efBrowobldtHyEasl THAMAE 1 FRJudk 6dn BOféE Y] @M 0 midiepdral) and
resi nous copol érrer§ of styrene, acrylonitrjle and butadi ene (ABS); sulfone
pol yners 03do 38199 eripentdn yet s ,e%ﬁ?ﬂ%ﬁ§°&h9}4ﬁ‘bﬁéﬁml9ﬁﬁfﬁ%ﬂtm yet

et hyl ese aRgthererhbbdizRerd Aldkdm 9.3 i0M2.0NE yOF andRer cRBRBALAE Bhsrefh Q0RROLY Mer
of propyl ene derived units, and in one Or nore enbodi ments a random

copol ymer THECHNChE Y sempistion el EypPeniémi avthamy lewiertlimis nExpresed pratler
derived uRits |} # [ i : ' : t.
[0080] 1 n oo BioRA okt LD R vRh fioml 62 1930 Foiahl Bk R0 i ArbineSll' |
t her mopl adifiAs bagedansthe aveiaht pthemobuner.ofrers Oz tohemwright perednt tasal taomine and

t her nopl asgtraC; i - ar r. | Nt ] |y
vul cani ze?EgT F@Eﬁgﬁb@%@ﬂ?ﬁﬁpg%\%féﬁﬁﬁ fcgﬁ"lgﬁgo%%e%ﬁ%é&%% ﬁ J(1)
‘connotl@ a cambe aulisteatialtynfreer ofcrisgs hilogentvir dialoghre inethg i pobyeuer ihgckbesd nhaimd Tae 30

“vul cani l.cani . XY f high . As
asort 2 Mot 5 b TEA ALY SARLAGE IR TERNSIAS POSmRL ot et Poe ©° °

Eane™

di sper sed leveer flimiteofpal(0; £15651:20, oa 1'16] oran upeés'lint bhHi:n, 1:Del:Bngilngetierth £ €si n
matri x. .2010/ 016976PCT/ US2009/ 048486 [ 0081] Dynam c vul cani zation is
ef f ect ed ﬁg“ﬁﬁ‘iﬁ?&ef‘ﬁégf’ﬁ@w&f@#@a a“é’“Pé?Fg’é‘P ‘%‘i‘@%&m’” it 5t or above
t he curingzeppelns preferld dnfbedidlens iinEistirieraslor MoMMds Sebpblydter bOC) td1T) | S,
kneaders or mxing extruders, e.g.,

Coi - S5 ofRRET QBBree PHR oL AP ERP L R SR E Sr eFEcFE(E) Pour cq
conposi ti giémébethyldyrene) derived units (BrPMS), and/or para-(triethylammoniummethylstyrene)
derived units (TEAPMS), wherein the TEAPMS units are present in the interpolymer from
0.1 to 1.0 mole percent based on the total moles of isoolefin and PMS, BrPMS units arc
present in the interpolymer from 0.3 to 3.0 mole percent based on the total moles of isoolefin
20 and PMS, and the PMS derived units are present from 3 to 15 weight percent based on the
total weight of the polymer in one embodiment, and from 4 weight percent to 10 weight
percent in another embodiment.
[0073] In one or more embodiments above or elsewhere herein, the elastomer
composition can include up to 99 wit% of the one or more elastomeric components or
25  elastomers. In one or more embodiments, the elastomer composition can contain of from 30
to 99 wt% of the one or more clastomeric components or elastomers. In one or more
embodiments, the elastomer composition can contain of from 35 to 90 wt% of the one or
more clastomeric components or elastomers. In one or more embodiments, the clastomer
composition can contain of from 40 to 85 wt% of the one or more elastomeric components or
30 elastomers. In one or more embodiments, the elastomer composition can contain of from 40

to 80 wt% of the one or more elastomeric components or elastomers. In one or more
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5 notw thstanding the fact that the el astonmer conponent can be fully cured,
the conpositions can be processed and reprocessed by conventional rubber
processi ng techni ques such as extrusion, injection nolding, conpression

nol di ng, . or flashing can be sal vaged and re

[ 0082] Par te?vc%uﬁogﬁlggq%r eferred thernoplastic polyners usg‘?ﬁﬁgﬁ%ﬁ’?‘%ﬁﬂ% i ncl ude
engi neering 10 resins selected fromthe group consisting of pol yam des,

pol ycar bonat es, pol yesters, polysul fones, polyl actones, polyacetals,
acrylonitril e-butadi ene-styrene resins (ABS), polyphenyl eneoxi de (PPO),

pol ypheny| emtedsudnts, de {l@R@)er cotmpositier eanr gontiiri bf frbe 40esi G0sw(?SARNhe one or

pol yi m des tyrene .mal ei c_anhydride (SMA), aromatic pol yket ones ( PEEK,

PEK, and Iﬂg?{%e ¥ erﬁ??('.'lf’“é'gnq‘f ﬂl)e/fgi Py ef err ed engi neering resins are

pol yam desThefheplatic eesitb pr ef erred pol yam des are nylon 6 and nylon 11.

Preferably engi neering.resin(s) may sujtably be present in an anmount
rangi ng fr[gﬁ"iboﬂﬁml gty \ﬁ%’?‘@‘;ﬂgoﬁe?%'efﬂc!u r?—f"%e?"aﬁfofﬁ fhegmoRlptic 885t 0 95
wei ght SperSuétable thdioplagtit RERE ifdhilicOfol pS1EHRAN iylofs, Sihd ST NbolyAdEl NShitablgm
about 2 to, 90 i%gt .percent, preferably fromabout 5 to 80 wei ght percent,
based on tth%mﬁg%} P e opindude 678 CoRtininRitresrsy 0xyecHh halogen, Spifresi d

conposi t i QheAgrdipk k&ﬁb@%fdjn&ﬁ@ﬁ%eaﬂﬁ B 8 fhokDar6RIRALIAY f8sis such 3983] The
el astomer conposition can include up to 49 w% t hernoplastic resin. In one
or nore emBEPhRCIc grRPSe| ast oner conposition can contain of fromO0.5 to

45 wt% th | asg,t i . ONe: Of: e i .

Compoa 11 WP ASuitibll HhiroplablicoReind lind e pATRAS TRl Imide ey AR,
‘mor e dffbodplyesiers, pelyeulfoness tnotict®s,c polpessials, cuarydenitribontaiionesfyréneorestist o 30
‘Wt % t her t] ' : r odj t he el onger

comoo: ¢ | RBSR piyitiitheotily XBRODY pORRERSERO SHFRL Brs) ot EhASH. Thfrene.

G aphi t e/ @rajphdnle refio) YN styetresmalnier anbpdnpiesiesino (SNARI arahbtic polghdtses

nanopart i r i efera graphene), typically present at
e YEILGERER) WL ool

Prar

fromO.1 I'cl es" as used herein refers to
particl es [@76ho| Soitdbéds theernepldstiamoly@thides inyltedse icsn inthgie Zeystdllie. otfesihe@st one

di nension engt h,, wwdth or.thickness) is. |less than 100 nanoneters).
Al ter Bt eH(glht W@Iea}“ﬁfe ﬁéﬁlﬁ% sS°&?' ePOIYpsTS o%‘}@fa 9%9&#@52 grpASISE PF‘)E%t h,
width or tdeueiepesnideatsitsl @sint g pbYehch ALt EPAyanalidse iR iRl Yrephied t By €€

di mensi ons (| engt.h, v%dth and thickness) are |ess than 100 nanonmeters. In a
pr ef erredp‘élgPHB‘E’ég‘H%tO QB n2n GI985 tSPeilen lactamss a4 aCAPFRIAGATE ) PYRplidiancof | ess

than 100 paROERiMNRAd ddfhodndefRBidladit, @amModol, bR conderbtidn@R albadil adilldTes
greater thgﬁqj_lt he thi ckness (pref erablgl( 20 to Boﬁi nes, 5npref gralﬁly 30 to

500 ti mes#qdfEaminet Beth diber-forpiog prgh molshinggrpdecnylens srefuitplie| Hxamplesaf sty m of
one ofy MopAvaxte | abgd 9LaRBidbIGLAY er l&o 1 as nped
gr aphi te)i.s lIr'he exfoli at_ecgJ rfﬁ%i%i% Ia?ggdlsﬁ (@’an %&@Ea{u%ﬁlg%%a us?‘ﬁg&{]ﬁé’
Ht unner s prlyhesamethylepesdipemisle b a edoreo i o sioldheramathnileneszetanidan kioyiosi6,%)Sas ha;
/ Dikin, D E};m - Vioh: wBivi vin.M ;. Zinpey,
\“'Eri c J. D@l%%%aﬁﬁ%yl rve i&md&@%{oﬁ%}%@hg&gh%&@@%@%ﬁop ﬁ@giﬁﬂl&r\léh (qé%?n' of f
Rodney S. IP) Natl uthe , copdidéation 40di8 2 118@)ino-Rindecaoap htid dnyloadl pd Additidnals
manner can hayve one or nore hydroxyl . xi de,. carbonyl, and/or carboxyl
functi ona?xaﬁipic%ﬁSgsﬁ%ﬁgﬁ?g@@ﬁ“ﬁ%@?ﬁ%ﬁﬁﬂﬁf 0% @P%?‘S‘T‘:I%'e"g“@ Wgﬁlé’wcé% Gg)e used
to rezst amk téschibedchil0 ALy SpRBRBf Cherhid 'F-Hcﬁﬁilé%?ﬂlld% ONfley &Bong 1 o8gHS can
al so be uged.tq render, the sheets | ess hl%‘/ldrog ilic by reaction with
non- pol ynfe?eEse ipayRsiB oh Felgmerpsirneg 216 186l Alohs WikyafnSoes 1890) anéf1Q)
reactive EHQUBSedid6f PEGmicS QEXARALRS TcARRBIBEY 39531 P Qlokh I Wil it oRe 1gs).
hal i de, hydroxyl, and Ot hers. )
ommercially available thermoplastic polyamides can be advantageously used with linear
crystalline polyamides having a softening point or melting point between 160 and 260°C
30  being preferred.
[0077) Suitable thermoplastic polyesters can further include the polymer reaction

products of one or a mixture of aliphatic or aromatic polycarboxylic acids esters of
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[ 0086] The exfoliated graphitic |ayers can be produced using a nethod
descri bed by Robert Prud' homre at Princeton University ("Functionalized
Si ngl e Graphene Sheets Deri ved fromSplitting Gaphite Oxide "; Hannes C.

Schni epp, M chael J. 20 McAllister, Hiroaki_ Sal arita

Her r er a- Al %’ﬁ’?ﬁﬁ’%"@ as H Adamson Robert K. Prud' honﬂET’U%B"éq‘? ¢ Car"
Dudley A Saville, and Il han A Aksay J. Physical Chemstry - B 2006, 110,
8535- 8539; "Oxygen-Driven Unzipping of Gaphitic Materials", Je-Luen Li,

Konstantin N. Kudin, Mchael J. MAIlister, Robert K Prud homme, || _han_ A
Aksay, andanRedrites andaiic orhiniiteralof B&. ewduqﬂdsej’f%af?dﬂ&ﬁ)ry Bblyestef S hik)ude PBlys 1S

essenti al | a -Ste 5 SS I rst, ite | converte to graphite
oxi de by p -Lé—%y@ot;e%y%neaﬁfz ﬁﬁ’f‘?lcﬁ o“ﬁqb 'Ei"quc,l “aeyephenilens; ¢
acid, and smeélaea@l URAC hpely at(@aﬂsqm Gydfdhef; b&i’e d@ddﬁate)Thb& PUfcs oeﬁyg@&hsmm eties

of various s (epoxy, arbox etc onto the raph| e sheets and this
opens the Cé’ﬁ'é ’ﬁ’r@edb‘g themaﬁ/‘Pﬁ‘Fd%‘ﬁ@%lélé’Gﬁd st@}ﬁgt he & aphi pdy(sitilagt i s

heat ed st amyélbﬂeﬁaﬁedlﬁéﬁﬁene}_@kﬁatﬁ wsmchxgtqaaﬁéymoﬁé,lan%muaﬁeﬂesxg&&aﬁe bey to

CO2, and the evolution of "'this gas spl material Into I ndfvidual

sheets. THEse allpyisse stergphithylatgynsush rﬁsapﬁm}{lelﬁmmtha@te @;@/gelwtetramethﬂlp@e very

corrugat eqergﬂ, y d f I
bl endlgng W t t%%ﬁ/n%% (éﬁrergikgleﬁgbl tlﬁltﬂ% ale[lé(%t |§]\£/cél ggsp&?%; &Bgt e} sevaglflal
hundr ed. \Rehyitettapicthylene-trapitbajste aad dike\anarerialy. 0 PEEFBRPHNISRB0OE M@Gﬁmt h
d

o1 ast oner aroriirs ol BUNSAG AR RRICR St B aTto LIS Nes e can
(si gni fl0c arpplyythybdﬁtﬁecnhélahﬁaamdl polyputyjena térapitthaiatbef’vémedaaomegteg mﬂlOﬁﬁe? iln i

h nbodi t he h r ite.
‘anot her e i i men %{ ﬁotéﬁ%iﬁage erein is an expanded grap

Expanded %% {51 ROt by i mrersing natural fiake graphite

in a bat h [@f78pcCi d’o(yﬁbhéhyiaﬁe Stﬁél@fIHPEﬁth@ﬁh@Iasﬂb trédints WhicH ,ca:@ﬂb@ B6EhtCwali d,
conbi nati ons thereof, or th onbi_nati on chrom c acid, then concentrated

sul furic XEPWS: commmerdiplly e qrﬁ%telaﬂfl@g&oavcefi &vtthf‘c@ﬂﬁﬂaﬁ gauplipg pelymerigasion

tex pitgdbng ﬁf Bﬁyﬂd’uﬁﬂ?ﬁtﬁf hethQB Sﬂa%’y afcSicalhlly ADE AIRRATPASES Hafinf 3ighrs 0- 01
o] r graphite referab
15 ptrans?ﬁonptemperatmpe in the range of 190°C to 235°C. These polymers, their method of

preparation and compositions with polystyrene are further described in U.S. 3,383,435.
[0079]  The thermoplastic resins can further include the polycarbonate analogs of the
polyesters described above such as segmented poly (ether co-phthalates); polycaprolactone
polymers; styrene resins such as copolymers of styrene with less than 50 mol% of
20  acrylonitrile (SAN) and resinous copolymers of styrene, acrylonitrile and butadiene (ABS);
sulfone polymers such as polyphenyl sulfone; copolymers and homopolymers of ethylene and
C; to Cs o-olefins, in one or more embodiments a homopolymer of propylenc derived units,
and in one or more embodiments a random copolymer or block copolymer of ethylene
derived units and propylene derived units, and like thermoplastic resins as are known in the
25  art.
[0080] 1In one or more embodiments, the compositions can include any of the
thermoplastic resins (also referred to as a thermoplastic or a thermoplastic polymer) described
above that are formed into dynamically vulcanized alloys. The term "dynamic vulcanization”
is used herein to comnote a vulcanization process in which the engineering resin and a
30  vulcanizable elastomer are vulcanized under conditions of high shear. As a result, the
vulcanizable clastomer is simultaneously crosslinked and dispersed as fine particles of a

"micro gel” within the engineering resin matrix.
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10 graphene) nanoparticles. In one or nore enbodi nents, the anount of
graphite (preferably graphene) nanoparticles ranges from about 0.05 phr to
about 5.0 phr. In one or nore enbodi nents, the anpunt of graphite
preferabl a hene) nanoparticl es ranges from about Ehr to about 5.0
from a 1@% "hr to about 5.0 ph; from about 1. OPSHP3PGM%&86t 5.0
phr In one or nore enbodi nents, the anount of graphite (preferably
graphene) 15 nanoparticles ranges froma | ow of about 0.05 ph, 0.5 ph or
1.2 ph to a high of about 3.5 ph, 4.5 ph or 5.0 ph. 100891l n ot her
preferred @udgdi NBfiasnit RaicEHiRdMdL LS PRGed bs BRM ftﬂﬂ@tmgrﬁdl&ﬁ@q{ 8-tbinf@atdfe

pl ate-Ili ke, th an aspect rati o greater than 2. (preferabl greater t han
2, prefera‘!ﬂ“§ Grat 8T &hove fhsrrugng fruperiurs ol thg elagiorier inpgHipgen &t eol|illgyr eat er
than 10, PB&bRFARTM iQPS, %oﬁtﬁm@r% m@@rspkﬁéaﬁéﬁmrhﬁfn@r@xﬁ'u&e% e INRHR LG
aspect ratio i$ the ratio of the | ongest di mension to the shortest

di mensi on EdgEh, Thi aniguantharericartice of )the fdypsaicglr e eepmpositionseisadest, | n

ot her ebaghipRRtS 8t JON 0.9 to
ot her O RAAah B i P30 ARBEEIm LA hP iy SR dpido

pl at e- | i keean |bg Hﬂ@ﬁ@%randmﬁmpmdt by Wryegmtaphmbéen Bmpftsbmertcdlenluemhms
graphites 0090]
In sone e 1&?\{ ﬁ&gj% ??ﬁtbgs pr gg’ ﬁtﬁ%ﬂ%&/‘: ég"r ‘éﬁ@}g‘hﬁﬁ caH%e Sal [i

pr esent irandtm)rcbtetsadform typically form5 to 30 w% In ot her errbodl rrents

Lypi cal 1y AP Eaicily oA haBefi BoRER ol iy P ussPhiheB81) T

(pr ef erlfed residso déiemed ﬁ*ohhe;h@gmtpdahisesugg agfhipbl@anthlys, hpdecawwates ptcly@te@s‘ t he

30 fol | owin erti befor nsron article size of o 200

nesh, (al tPBE’ﬁ@fé’Eiz &° pB? ﬂ?ﬁ%?‘é‘?leﬁ’gwéwﬂe'ft&re%or%nér z‘?‘gé

(al ternat @bwpﬂe@leha)x&ﬁQPHO‘; I’Iﬁl}fphergrldne @ﬂﬁa@rnps;, sftﬁlilerﬂe]?&?’lizlﬁﬁ'@é"ﬁ);ﬂls SN, or  b)
Q 0

expansion rati of u ﬁ:yg cc/ Qr c)
2010/ 016978 ﬁ%ﬁ%ﬁ%ﬁ%} &Wﬂ? mvlylﬁsro@eer%%r@ BEKg and 5y |
Expandabl eEgikg paﬁidtﬁlx‘ﬁﬁ-é‘s BRrd¥r Ghakaed feﬁ%{ﬂ%e%ﬁﬁ'ésﬁc Brel llsﬁlﬁinﬁaés' Ofiﬁé nRre ASbury

Car bons, AnthraC|te | ndustri es, anpn hers.” Particul arl usef ul

expandabl EreiiEedrnalmnides| ae aglont A -Efseferebly| the @aamﬁnpg resin(Remannd t he

expandabl
5,176, 863§mﬁbgpgy§)tr ﬁse%% gﬁ ko Hﬁgh% ?6’ ngﬁbé%l @%398 g&é 6@ 55 p%ﬁ%? ﬁjl'%.s']'.%blry ;l#r g}ar bons
Expanded &pquhR9 t@%wea@@ewmthe tlrstomeg@mde PRAFE in 3 Fount mga“ﬁmsabow%

3570, and, nt the
xpandal 2 G0 Rleh Burddh IREubly 1RE kbl oo RS ML Ppbal Mol e R BEL AR

begi ns t oblerpaRuferafly dic cl6@Brcois preseet inahiderompbsitign 20Mrielor dispersed inl€id

al terpat eL Q‘Q? reg nore, alternately 600C or nore, alternately 750 C or
nor e, ~al te te %/ 800 C or nore. Preferabl y the expandabl e graphite has an

ex p]an5| gln[(maI]l Io @he al'astdamasdon}ﬁamﬂmc@?gnclﬁﬂeefpetbaFvatvaﬂheﬂnﬁn@&buch;éﬁnl 1€ 64,
refera at least..200:1 cc/.0 refera at | east 600C. In
{gnot her e%/fb Wﬁ dipEs.e (S lerkarhes ‘@F&’Bﬂﬁt{% Ay LouAine fggfﬁg’i @1% *%agl MG at
| east 50: theﬁﬁdpgasn@featle Mabhy oBdnode @atbbditRQis,1the ¢latompF &i‘nﬂfo&lﬁbﬂ cé cdn@@sbr 200: 1
cc/g, prefe ablg at 15 | east 250:1 ccﬁg atl 50C. The graphite may be
expanded i3 o DRBRIpLEHGTES-t NB oReheF T sEnbedrRsaite Hies e’éttomﬁr may be
expangked wmﬂogmbﬁ QRAl dddtad bh Rh e tob|3§n»dt‘}9QH&%&B§'1'3$t§ resf. S Y ConEMROFLAENL S,

the graphite is not expanded (or expandabl e) formation into the an
article (FeRodimants theaelpstoyper qomiposition gan ¢qnéain phEpmi Heio) 25 Y6 gByrmaplastic
preferredegpbodi nent the graphite is or conprises graphene. G aphene is a
20 one-atomthick planar sheet of sp2-bonded carbon atons that are densely
packed irﬁ_@mmf@sﬂphm crystal lattice. The carbon-carbon bond I ength in

0] aPnene dhosd DDAl BRI odon i BRI G AT Rac PR LiBs f WFaphe ferdiably S U7 2

erralrs In
30 graphene), typlcally present at from 0.1 to 20 phr The term "nanoparticles” as used herein

refers to particles or molecules less than 100 nanometers in size (i.e. at least one dimension

(length, width or thickness) is less than 100 nanometers). Alternately two dimensions are
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as graphite can be considered to be many | ayers of graphene. G aphene can
be prepared by m cronechani cal cleavage of graphite ( e.g. renoving fl akes
of graphene from graphite) or 25 by exfoliation of intercalated graphitic

conpounds. _Li kewi se, graphene fragnents can be prepared through chem cal
modi fi cati 99 B %Pnite. First, micronystalline graphPEHUSRIWERE oy with a
strongly acidic mxture of sulfuric acid and nitric acid. Then the nateri al

is oxidized and exfoliated resulting in small graphene plates w th carboxyl
groups at their edges. These are converted to acid chloride groups by

treat nent @énigth, tWHdthror| thicklesy)i sgke les thsh ,108 Qab difdtersll StefRRVEEIN Ged @inlehsions
correspondjn nt with octadec The

raphene am de_vi g treat | am ne. .
resul ting g?"%‘r (’E‘?#E 535) @'iegﬁiﬁ @f@P&mﬁﬂs‘s. aé’ﬁgé‘??dg‘?ﬁ‘r}?qqiﬂé%%s) i s
sol ubl e | Nuan¥frZd & DURHRREE MB2RAGR: O R4S hah 100 AN RérY b a length and or

tetrachl oronmet hane, and di ch| or oet hane. &fﬁee_Ni yogi, et al. Solution

Propert i esWigth thah phit deasinl0 Gmes psender than she thivkapss (grferably 20o1p) 50§}, times,

7720- 721 (;:200Rb1)30[t0 08 s ROMidk8Esspbodi ment , the graphite is present in
the el astoner_ conposition as di spersed nanosheets having a thickness of
| ess than [ﬂw}nan[ﬁ}%féﬂl%t,e iy prefesabdp in/the daysn effene son@e axafiebsted erephitip fayeisr abl y
| ess than 20, NaRO0EL essiagd) Al r yments,
t he el ast o(rrpr corrép%sqféals?)x c(gl}(rc\l1 ?ﬁéﬁ&g}de o‘?leex%ggﬂr?m]rgléa?’gfrﬁggassﬁ E;gl gﬁ E@H]%%Pt abl e
pr ocessi ngsgdbe dhummers method. KGraphancibated damiposite materiph 4 SStankoyieh,s$asha;

tacl dfi er gy; eXHERES 5. HeheituC |t I 3] 2nt s d
pepti zer ss%lﬁlglhbas ?Oﬁ 'heD(racapt ?301%%2%52%%@%&3’“@%’2¥1 ?é‘g‘%ﬁg‘g%b?%&m | s,
-m ner dl0 oilrg, A.pRmaf, Richacl Di; Nepysno ByRitlefie RubffsRodwep ISt; Memire, 2006,5¢42a28mt i C

{‘oils, wax resi ns,, .rosi.n r other synthetic fluyids vi ng, a | owe our
i ot o). O et SR Bl R et B aRE b ey St e SO o U
Icihke: Sf) ﬁ)&nﬁ/ﬁfﬁﬁfbﬂgﬂyﬁﬁm@hﬁﬂbﬁﬁﬁpﬂbc@é@?&é ig?phi;géosjﬁetaz Exh&b'%? lIMC?]aSmd I
emcals), a na enl c ocess| n ol l, xXon | e ca
Corpany) , 4B %@ﬁaonf!sgfam@g@ﬁ%&sfamﬂ ﬁ%?ﬁ?@ %m@ﬁ cag, A5 Be ue8IR cul ar
wei ght of réddemhdQBedto 1639 Gdroptilk by Eoichibnl With Hos@oiVaRkL HohRBABE clmiagy), a

paraffinic petroleumoil. [0Q0Q96] Preferred plasticizers include

pol yallﬁhaé‘l’a@F‘Pﬁs E(xpmg§§ pf pﬁeéﬂ r%pyq growg}g@er 1§pKyanates, amines, carboxylic acid, j
benzyl halide, hydroxyl, and others.

[0086]  The exfoliated graphitic layers can be produced using a method described by

Robert Prud’homme at Princeton University (“Functionalized Single Graphene Sheets

Derived from Splitting Graphite Oxide *; Hannes C. Schniepp, JeLuen Li, Michael J.

20  McAllister, Hiroaki Sal, Margarita Herrera-Alonso, Douglas H. Adamson, Robert K.

Prud’homme, Roberto Car,, Dudley A. Saville, and llhan A. Aksay, J. Physical Chemistry —

B 20006, 110, 8535- 8539, “Oxvgen-Driven Unzipping of Graphitic Materials”, Je-Luen Li,

Konstantin N. Kudin, Michael J. McAllister, Robert K. Prud’homme, llhan A. Aksay, and

Roberto Car, Physical Review Letters 2006, 96, 17601). This is essentially a two-step

25  process. First, graphite is converted to graphite oxide by putting it into an oxidizing solution

of sulfuric acid, nifric acid, and potassium chlorate for over four days. This puts oxygen

moieties of various types (epoxy, carboxyl, etc.) onto the graphite sheets and this opens the

spacing between them. In the second step the graphite oxide is heated rapidly to 1050°C.

This converts nearly all of the oxygen sites to C0,, and the evolution of this gas splits the

30  material into individual sheets. These sheets still contain a small amount of oxygen, and are

very corrugated so that they remain separate under further processing. In blending with

polymers, they exhibit effective aspect ratios of several hundred. With this morphology, and
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fluid conpositions (HPFCs) and Group |1l basestocks such as those described
in WO 2004/ 014998. Preferred PAGCs include oligoners of decene and
co-oligoners of decene and 20 dodecene. Preferred PAGCs are avail abl e under

the trade nane Su%er SynTm and SpectraSynTm PAO from ExxonMobi | Chem cal
Conmpany, i WOBWYLBA Texas. [ 0097] Sui t abl e pol ybut ene of YHYUSAPA48H6 (v of
| ess than 15,000 g/ nmol. Preferred pol ybutene oils al so include honopol yner

or copolymer of olefin derived units having from3 to 8 carbon atons,
preferably from4 to 6 carbon atons. In yet another enbodi nent, the 25

p ]gl ybu]E enewitts ig@d%ﬂ?ﬁﬁﬁlﬁm'ﬂﬁhycﬁmﬂiolﬁrﬁbhnﬁrs mcecmozl? adf ]%Iﬁgf(éM ePBtogigi3) thement

of preferreq.|ow.nol ecul ar weight polyners terned."pol ybutene" Rpaqj. rsis
descr i bed %%ﬁl,tw? Bf *Sle 7 S Paris A ERietied ExfBRenc &R SeifieAnily gﬁﬁimwﬁaﬂ%g?f
Funct i onaly fhbtot kbwerh 8-2893. (Leslie R Rudnick & Ronald L. Shubkin, ed.,

Mar cel Dekker 1999) (hereinafter "E%)I ybut ene processing oil" or )

"pol ybut erl@987] 3dn[motey crbediecal thpesrbiipdariHehersin ishan sarapdet et | can
be a cgpol del QRIS be_ﬁﬂtygfcalll)?ﬁé h‘lag§ Bf%ﬁleﬁﬁl% MRQiANVRAle lgfughﬁe PR ¥ath of

optionally 1-butene derivéd units, and/or 2-butene derived units. In one or

mor e enbodPidetfieh a1 iselplygio Buid.eniériq goid, muhwerticyasiss dombingtionst ek, or the
2010 10169%@5%&6’%?&%?&%%&@, thdn ﬂté}pg&é( Qﬁﬁgﬁ%@gﬁ%ﬁ@%ﬁg%@% stal BHicENe Or

2-butene, or a terpolymer of isobu ne an tene and 2-butene, wherein
t he i sobutpjdnenapatcthisaxganding the graphite: om 40 to 100 wt % of the copol ymer, the

1- but ene iy ed 1 a %, h opol . 2-
but ene de ﬁdesg urﬁlj {%&gly’ehfer %‘#1%83 [?%Jsﬁf)%\g\?%fﬁlhéo gg%oﬁ%n%gﬁﬁ tFn{%gégeeé@? nor e
cenbodilfrentgsaphéne) henopatiglesit émend er moropiodinemtso thet amquot yigmaphiteaipeiferatiihe
“i-sobutyl ene derived units are from 40 t 9. wt % of 't opol yner . the
but eme. dcaeheich SEfontiled o8eBs B aboly R0 Borole it ol Bl hi $RE gk el

2- buL ene @mbodigwntsthé sSmaure lof gﬁpﬁi& (tp@efaﬁblng%phcliney hmwa}ﬁek%mgcﬁ frdin Wiedut

anot her enhodi nent, e te is ater nier of t ree unjts,
wher o+ A AnE BeAopt S EnEBeinataut s p & bk B At R Senst A le et 50

copol yner phi. henl oBelt &N ehodke rdmbBdimeis) She Gniuet fof OffaphiteO (HEFcibEP @fagyhéﬂé)
copol gﬁrrgr and the 2-butene derived units are from2 to 20 w % of the

copol yer Menopagighes gagesfaem alew of akowt 0.05mér. Jon Pl dreplirdo 2 ighRfsdputdet or

copolyrrerpm4_i5§,gp&t5\_/¢?ﬁ_e and 1-butene, wherein the isobutylene derived
units are from65 to 100 wt % of the honopol yner or copol yner, and the
1- but ene HWB8PL ed Iy Athes prgifcared rephodingepts3the \mﬁg@? hasha shansdhgtnis meediglike or

[ 0099] Pol tiane I -0l i I cul ar
el ght (R BRe R 26 SRELAS Bisgiet YRS pleriaMy e IR BRI e R
6000 g/ nothan|3n pyeferably gneater dabollipreferably gisetep dlapblfl emefersbly flam 2 tmPRber
aver a ! 0 o/ nol rea t 700

q ot 2 o st frof P ylen e HABRs thEpHoltp s Ml difbiflon B8

conbi nat i shortest dimgnsicom@ength, widthwad ttacknessp pérthd ipadtitleleore bverageor I 0thex anpl e,

/1n one or re e di ments, of the pol.ybuten e | ~. 1 he, pol ybut.ene has

e nonber SRmETTIGE SRR b an aEoGRiY P ABADGT (i oDt bR S5 S ang

from 700 rjkdmlf splﬁbrﬁﬂoa;tgismbeéltihmefgugggukescaﬁiatnbfhsr @ﬁlbbdiﬁlempltyeggfgph'ﬁe isf 2

processi ng .0i rom 10 to t (centistokes) at, 1 , or from 35

to 5000 cBYV e@@@%ﬁ@ﬂ S S 0353&%6&“6&1:0@@@300&2@%- greater than

100 c3 afpodsl0C. In2 Sorhd GhBimeme E:Cg'raﬂhit@?(g@érﬂﬂ'\%%gfr?ﬂh%e&)%'& aipeto0k swttsncl ude
xon

t he PARAPCLTmM Series of processing oils Il Chem cal Conpany,
Houst on | B¢psent ficthe heta gaymnppicsiysioom S7go30 who, In gther cbestimeniyy the glaphiten e

COMeEr Ci a{p&éferﬁM@g!r@h&&) RARAE T M t‘ﬁ@_raip@ﬁ 6, ﬂl‘a{d}iglﬂ};ﬂ&ﬂ{ REQGRSS] R QelS are
synthetic |iquid Eolybutenes, each | ion having a certain
a

i ndi vi dual fornula
mol ecul arfoy; pypferably| 4 wiobetifoami ons of whi ch can be used in the conposition

30 descri T i ght [ 20

gimol N POkapcR ARG EaY BBl e Stodtt CARNIE Y Bt Bpebamere B 1y
gel p¥r nefellpwing ghepsrtes dbefarshsxpanbion):NaNpagicle size PABRARORFrmssH, (altamagely far om 1. 8
to 3 or fﬁgﬂﬁnzpér@clgdémeter of 0.1 to 500 microns (alternately 0.5 to 350 microns, alternately 1

to 100 microns)), and/or b) expansion ratio of up to 350 cc/g, and/or ¢) a pH of 2 to 11,
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WD 2010/ 016976PC T/ US2009/ 048486 Table 1 shows sone of the properties of

t he PARAPOLTM oils useful in enbodinents, wherein the viscosity was

determ ned as per ASTM D445-97, and the nol ecul ar wei ght by gel perneation
chr omat ogragh . Table 1. Properties of Individual PARAPOLTmMm G ades of

Pol ybut eneW ézlé?@é"""l\’m (g/mol) Viscosity @100C, cSt 450°PUBBS2449/04848¢0 700 78

950 950 230 1300 1300 630 2400

(preferably 4 to 7.5, preferably 6 to 7.5). Expandable graphite can be purchased from

GRAFTech International or Asbury Carbons, Anthracite Industries, among others.

Particularly useful expandable graphite includes GRAFGUARD™ Expandable Graphite

Flakes and the expandable graphite described in U.S. 3,404,061; U.S. 4,895,713; U.S.

5  5,176,863; U.S. 5,443,894; US. 6,460,310; U.S. 6,669,919). Asbury Carbons Expanded

Graphite grades 3721, 1721, 3393, 3772, 3577, 1395, 3626, 3494, 3570, and 3538 are aiso

useful herein.

[0092] In a preferred embodiment the expandable graphite has an onset temperature

(temperature at which it begins to expand) of at 160°C or more, alternately 200 °C or more,

10  alternately 400 °C or more, alternately 600°C or more, alternately 750 °C or more, alternately

1000 °C or more. Preferably the expandable graphite has an expansion ratio of at least 50:1

cc/g, preferably at least 100:1 cc/g, preferably at least 200:1 cc/g, preferably at least 250:1

cc/g at 600°C. In another embodiment, the expandable graphite has an expansion ratio of at

least 50:1 cc/g, preferably at least 100:1 cc/g, preferably at least 200:1 cc/g, preferably at

15  least 250:1 cc/g at150°C. The graphite may be expanded before it is combined with the other

blend components or it may be expanded while blending with other blend components. In

some embodiments, the graphite is not expanded (or expandable) after formation into the an
article (such as an air barrier, or a tire innerliner).

[0093] In a preferred embodiment the graphite is or comprises graphene. Graphene is a

20  onec-atom-thick planar sheet of sp’-bonded carbon atoms that are densely packed in a

. honeycomb crystal lattice. The carbon-carbon bond length in graphene is approximately 1.42

angstroms. Graphene is the basic structural element of graphitic materials including graphite,

as graphite can be considered to be many layers of graphene. Graphene can be prepared by

micromechanical cleavage of graphife ( e.g. removing flakes of graphene from graphite) or

25 by exfoliation of intercalated graphitic compounds. Likewise, graphene fragments can be

prepared through chemical modification of graphite. First, microcrystalline graphite is

treated with a strongly acidic mixture of sulfuric acid and nitric acid. Then the material is

oxidized and exfoliated resulting in small graphene plates with carboxyl groups at their

edges. These are converted to acid chloride groups by treatment with thionyl chloride; next,

30 they are converted to the corresponding graphene amide via treatment with octadecylamine.

The resulting material (circular graphene layers of 5.3 angstrom thickness) is soluble in
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“their i dent| ty, net

2350 3200 2500 2700 4400 5 [00101] O her properties of PARAPOLTM
processing oils are as follows: the density (ghat) of PARAPOLTM processing
oils varies fromabout 0.85 (PARAPOLTmM 450) to 0.91 ( PARAPOLTmM 2500). The
brom ne nu&@_loé%? ) for PARAPOLTM oils ranges from 40 for the 450 M
processi ng for the 2700 Mh processing oil. 1’€F"[’Bmw4?ﬁe

el astoneric conposition can include one or nore types of pol ybutene as a
m xture, blended either prior to addition to the elastoner, or with the

el astonmer. The anpunt and identity (e.g., viscosity, M), etc.) of the

pol ybut enetepashgdesish) gettichlorometiane a0 dichRrostiane dsdeNildii, St sTPSURRIn PrbPéSes

Gesor | be SRPRLBARmbBIY 500t 1B R THER T UBGlr "vi scosity s 16

desi red, de0BHpAsi annthmsembmhmaft the paaphite wepreeire irothh efastohRe oahpasition as

nmol ecul ar ight. In this manne th ropertie

conposi ti o‘ﬁsﬁ’g’gﬁé B"’em@%?ﬁg#’é‘}”f’%a °§§$Sf¥bcaﬂcl§blngn ”? S’Bﬁq%gglélgﬁesﬁmaﬁgﬁt ene
processi n@aﬁ&xheters,erefeﬁBlyM@stlﬁﬂeOﬂﬁﬂﬁﬁﬁéis ng oils" include a single oil or a
conpositi &p of .t nore oils used to obtain any viscosity or nolecul ar
wei ght (o—r%“ﬁﬁﬁé#g\ﬁgﬂéperty) desired, as specified in the ranges disclosed
herein. 2(pé¥3103]in bhe o%@&%ﬁﬁoﬂ&eﬁts' th@lelaSiohSr é‘cﬂiibobﬁo@ c&SRBfudé Bnd dtnore

el astoneri ¢ conposi.tign descri bed froml to 70 phr; or from2 to 60 phr; or

from 4 to PEScHHiE 2y Pritablesprogrssng i canrwyhfs#eoh‘ésaﬁ At bmitedoto. plapticizesn be

present i RuadliRrel r "REsd; one
enbodi nent froﬁ%ﬁ%gémoéhgﬁ?al n antg(%iﬁgr %g%gg%@%@ Eééﬁm !mé Pcﬁge@{%c%%s phr in

yet ar8t h éRereapisBY ipREleum pBEyisasized vegeablemils, mmerabm&pmﬁmwﬂeam&gtmﬁ on can

‘include ongg q{apﬂﬁf,zﬁc bitd, lafmatid Q@EOXI gg TNl (gtﬂéo LAY il ﬁ?vm%%l '_ CaV\D

and silicatés c, trtanium st arch, er organic -

2010/ 0169mw82®09ﬂm¢6688fm1 Bler, sompartd a:spamﬁdwfcbraumprahnd apd thzolikeb| ack.
The filleg pi e t m;LO o 200
ohr of 1 nECRSnREhE Bk f Brickellel 8P SNBEXED Sl ik

enbodi rrenmsphthm PoCasEing odaPhRAPﬂﬁ%l(ExmnMoﬂB‘e@matMpa@m ampohydutegxanpl e

Regal 51is a car on bl ack 1t hat has i pl i han
[t 182 bighsli ARk SRipbot Rt ST B o o LG8, FLERON
differ ent T’%(Ez&c&ﬂ&'olﬁf@b@ucdlﬂeﬁmr@q,,alia!M“ﬁﬁibfpém‘laﬂﬁoipl acks whi ch have been
treated d en al.so be r ex e a_carbon_black that has
been chemhi!)gﬁr h%‘?ﬂngﬁ’l?:s&ﬁlzﬁé "&‘g’ﬁ% ok Wlﬁg‘%ﬁ @M&ﬁ“ﬁﬂ B‘&‘Fythﬁféioc‘ﬁ Q1 not .
The car bofyfal aﬁﬂrpo@ﬁoﬁwmm@ a%ur(ﬁ@%? H 8ase@bcks €%8h 1l aRos3 0dR&Ad andvey not a
di butyl pht hal ate oil absorption_of |ess than 80 cn8/ 100 gm rmay typi caIIy be

present at00#¢la9%. %Pfefff’"éﬁﬁ@st“&? hugigpligpmers gf é?céﬁeaﬁdycol‘élg@@mtsé’f%@%m

pr ef ep@bl Yo dBercOPrbRPred MOS w@a@i&é GIdRPhY trafe Adtncl SRR A Sﬁ%&%a%

preferal¥40to 140 [00105] In one or nore enbddi nment th

el ast oner P40, llﬁﬁm%b@‘@m@n@ﬂéfb&us%ﬂ"@wéxf oliated clays.

Exfol i at eﬂ) g’haySSul E‘O 5lgl§lﬁéﬂeesjilst Bav%san W%g l@éésthan %%og:’e%:'n i(n%et:r
E preparation and bl end Wit Pymers IS

di scl osedpalybuténgoils also include homopolymer or copolymer of oleﬁn derived units having from

3 to 8 carbon atoms, preferably from 4 to 6 carbon atoms. In yet another embodiment, the

25  polybutene is a homopolymer or copolymer of a C, raffinate. An embodiment of preferred
low molecular weight polymers termed "polybutene” polymers is described in, for example,
Synthetic Lubricants and High-Performance Functional Fluids 357-392 (Leslie R. Rudnick &
Ronald L. Shubkin, ed., Marcel Dekker 1999) (hereinafter "polybutene processing oil" or
"polybutene").

30 [06098] Inone or more embodiments, the polybutene oil can be a copolymer comprising at
least isobutylene derived units, and optionally 1-butene derived units, and/or 2-butene

derived units. In one or more embodiments, the polybutene is a homopolymer if isobutylene,
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15 exanpl e, JP 2000109635, 2000109605, 11310643; DE 19726278; W98/ 53000;

U S 5,091,462, 4,431,755, 4,472,538, and 5, 910,523. Swell abl e | ayered cl ay
materials can include natural or synthetic phyllosilicates, particularly
smectic clays such as nontinorillonite, nontronite, beidellite,

vol konskoi WO 20106330 t e hectorite, saponite, sauconitePCHESAMN4B486
kenyaite, stevensite and the like, as well as vermculite, halloysite,

al um nate 20 oxides, hydrotalcite and the like. These | ayered cl ays
generally conprise particles containing a plurality of silicate platelets

having a tdHadopeSmePbf {61142 106utde bt A-bulkRENsl 4 RERIARE oRRELRPIBEAIH

exchangeabl e cations suc , K+ or Mg+2 present at the

h Na+, Ca+2 _
interl ayerl'é‘t‘}%%é%b‘{tmiﬁgismﬁiﬁ@ iselyrlens derixgd whls apefiomi@ie A0GwEd oty
exfoliat e%&yﬁ@@%@?—%ﬁtﬁ%ﬁ@iﬂﬁ%ﬂé Ere?ﬁi)rﬁ'@l 5ol 8, bR NR! &g&gﬁ&g%ﬂé tﬁﬁeﬁapab' e

of undergoing”ion exchange reactions with the cations preséent at
i nt er | ayerbusme {dexieed upits ercliora (4o 40 wetol dfdba eopoSuier.abl enesvandre pgbediments,

i ncl ude catd Qi r; j i .
Kyl auncry P sl BhAR S Sp 5Bl ROLY e BUNIBR ABSePlts are fom, .
or sul f oni4fntod® witatoll tiess capolyaear,pthatl-mtenardsnmgd unitrarafiphal itp HAtWits afribees,

phosphi nes d Y . i rab ani ne.co unds (ol .4 he 30 correspondi ng
anmoni um ic(())%lﬁg% a{“kglge% 1\’/\‘?&%‘! ‘e’éag?nrlucatr% rﬁgmln@mﬁfﬁ OV{ht%er ep ﬂgﬂe,r' E?Z?‘Qand
123 ar e ClanbtberC2abaditophts the palybetess inhi cdtpadpmerbef tthke tiresTnids, whdréiarthat . | n

one or nor.e 2010/ 016976PCT/ US2009/ 048 enbodi nen t he .exfol.iating
agent is ésoggt\;\ggleggbve 613‘3‘9 %rﬁgfr’ﬂl e 9?&\9% ﬁ%@?g&ﬁﬂ’g%f'g?w ee(§§l S
/Cl4 t d0C2Qrefrday 2 to 40 altdoasTehe ¢oPOlithét, and telPebutciealeivedf uniivvedel frong2 RORNWES

‘incl udes tgo e whi.ch caggbe COV@| enlltnh .bonded to the inter] %er sur f aces.
These i ncl® &Ee FepQlEmet, n du Y5t anphers embediment, thy P?ﬁyg?‘fﬁ? #harhentepolymef 108 5

sanme or dicf)ﬁcgfrﬁél{qfadob@@l‘ehe BSC LLOHIBRY; SvhaReh the isdBtPIeheaerfve® Mhittl e Fromalskoxy or
oxysilane and R2 is an orlganlc radi cal compatible with the matrix pol yner

of the corfbatteof thedwmepplyorenar coplymsh and &igel-Pytens degjus wnits gee frpre 03¢ 82 onat ed
ani no aci ¢geathe@bdigmbhner eof containing 2-30 carbon atoms such as

12- am nododecanoi ¢ aci d, epsilon-caprol actamand |ike materials. Suitable
swel | ilAg #4981 s Zebybptens prosessing ovils thipiesllyahavei - gumbsreaverdes imolesulap sveighe 10

di scl osed 4 4 , , 82.
[00100) i BF R, (8,000 Bepch B i o0y 0% oF 0 000 ot Shp 801 o
in an anomete smbddiménsnitthe polybuteneopil has & mpmbercaverage immpledular weightof geehter

propertie P oY 0 i t a ite . tensile
Ot rongt h GERCads7BHEE BCBRLL BnCod Db R BRBE B oo | B3Pm0, 5
to 15 w %mbedifictneahtte 4 QombRGtianr off aryniotvet dinbit withganpapper mit thessipolFprner 15

conte of the nanocanposite pressed i arts, per. _hundred. rubber, the

clay &) cerbifcRane cnipecs rbet RS 2Ry bl giestioat B gRbPHERT Bt 20

plhrk y In Oﬁﬁnw}r afﬁ_?&gk Iﬁdjllbaﬂhl 'rﬁﬁglﬁgf ﬁ'ditﬁﬁﬁ&%@hdggdl!fgom gflm?)l', Snd;lﬁfom 700 g/motl)to

¢ al kyl am ng- exf o ed .cl.ay...Carbon Bl ac rbon bl ack can

‘pr oduced g?p%tﬂ'{ oi.' ﬁ%ﬁ?ﬁ‘ﬂl‘éﬁc SlE??rPSG‘%“t?‘EYP“&“JRF‘&SﬁF’!S Ogg‘a%f’ﬁsﬁfoghi(g? 6%1)[.]@5% are
two mai N peekiked)QR 100°0C 65865 3505 SHEEITRPISPE! & & Btar&ahBOTs Brackioeehe oi |
furnace process and the thermal process. In the fufnace process a fuel is
bur ned i norin gesricethan B0 cfit at 149°Gr oduce finely divided carbon. There are

sever 3t oot RO HlnBRRTP Hobon5R 5 iy il BARRBRAA segargpti o

pel | eti zi I'Ng. rocess 1§ simlar,
cont i nuougroéassingoils (Exaomdsbil Thanidateldngany, JdaisehyI0f subh b iPARAWDIEMI430s 25

(ASTM has, establ i car bl ack cl assificatiqn ed on
particl ea’zq()z§5§h&§@{;f2%8@eangx$5§§“ hﬁ? CRRRIGFGH G%Yalléf‘ﬁﬁ %%%@%’?g%‘?sf e

oxi dat i onpaftutdit Sprodessiig bils tatd Bynétetic iRl plBénck,| édck dndiviabalr fobmuramiands .
The "N' denotes normal curing blacks and thﬁ "S' refers to slow curing

bl acks. AaVEE Q\FGB‘PmST}OIE’Wg“fWeﬂ%hE! ations phwhich carpbepsg in g opmRosiBNG j i es

the pgytidds@ibetiz e TR IndIdtRlar SAELHE RY thyPAR WHE™MALEs RS SRR IRhél Bl | Y. 30
[00111] Carbon black owes its reinforcing character in rubber to the size,

shape andPARAPLIE™ 4382709 glgrol Mac(PARSPEY Y @56D)ren detgmained iy eehperanationt s of

primary pag dl&ﬁgrﬁmwwb'afmmwa}sm%mkﬁ&f&?ﬁk&@.h.‘ y bonded
to one anot her. t wo nost |rrportant
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WO 2010/ 016976PCT/ US2009/ 048486 properties of carbon black are surface area
and structure. Surface area depends inversely upon the size of the primary
particles, and is one neasure of the area available for physi cal

Surface area ranges from10 - 140 nP/g

i nteractio pol ymer. th

t her mal &9}%3}%&%7%?9 t he | owest val ues based on mtro’é‘éﬂ”%%“‘ﬁﬁon (NZSA)
Vi a ASTM D4820. Surface 5 area is also neasured by cetyl trinethylamoni um
brom de (CTAB) absorption. The structure of carbon bl ack depends upon the
size and grouping of these primary particles in the aggregate. The nore
primary pdfdbiecl eshows sbhe oagger eapbeies bhehehPARAPOSIY Witk ursefubin Eﬁlﬁocﬁﬁéﬁt@,n

bl ack duetoth mare .co x shape and or o Strycture
vari es fro‘ﬁli‘eé%n @f?“ﬁ‘%%%’t aﬁé’&’éﬁgmxgd%é%ﬂ‘ w?‘@%%y oi |

absor ptlorgeyp@me&wca%ﬁﬂaéo Useful grades of carbon black as described in

Rubber Technol ogy_59-85 range from Nl 10 to N99Q. Mdre desirably,
enbodi ments of thd2Ralpb PB’I“&%R“H@%?‘*L‘}P RARARQL ™ Liradss|of Polypytens 1 eads ar e
N229, N351, N339, NZZU, ana NIJI0 provM eU T T ASRMLI Y . PLoL0, and
D3765). Enbodi nents of the carbon bI IE in, fobﬁéagg?e, sidewal | s
in tires are ||u N2 =Y Hrert$ of the
carbon bl ack u rI € b@l H-ReHS—oF ;7&.crt'ub bs are N550,
N650, N660, N7g=2; S-—apid e k@ TOO**h The-tconpositions—¢an i ncl ude
car bon bl ack haw suP3d of IQQQSQhan 30 W/gz&d_a_

di but yl pht hal at oil ahsldPBtion of lless tH308 80 ¢ 6 pon bl acks
can i ncl ude, t are not2400nited tol|N762. 239974, 07. N0, Reghl 85, and
/Regal 90. Tabl d__2. shows 25f@perties of use2ZW carbon bl a&408. 20 Fable 2.

"Propersl es of Individual Carbon Black G ades G ade N2SA, nR/gm DBP

T

Absor pti OTOUI%IPS/C%:[(I)E?I Ig'opelyt?egoo g CI\)IZ%l p%oSCeSSSBmgNgi 2ar% 6as.6follows the density
(g/mL) of PARAPOL™ processing oils varies from about 0.85 (PARAPOL™ 450) to 0.91
(PARAPOL™ 2500). The bromine number (CG/G) for PARAPOLT™ oils ranges from 40 for

the 450 Mn processing oil, to 8 for the 2700 Mn processing oil.

10 [00102] The elastomeric composition can include one or more types of polybutene as a
mixture, blended either prior to addition to the elastomer, or with the elastomer. The amount
and identity (e.g., viscosity, Mn, etc.) of the polybutene processing oil mixture can be varied
in this manner. Thus, PARAPOL™ 450 can be used when low viscosity is desired in the
composition described, while PARAPOL™ 2500 can be used when a higher viscosity is

15  desired, or compositions thereof to achieve some other viscosity or molecular weight. In this
manner, the physical properties of the composition can be controlled. More particularly, the
phrases "polybutene processing oil", or "polybutene processing oils" include a single oil or a
composition of two or more oils used to obtain any viscosity or molecular weight (or other
property) desired, as specified in the ranges disclosed herein.

20 [00103] The processing oil or oils can be present in the elastomeric composition described
from 1 to 70 phr; or from 2 to 60 phr; or from 4 to 35 phr; or from 5 to 30 phr. The
processing oil or oils can be present in the elastomeric composition described from 1 to 70
phr in one embodiment, from 3 to 60 phr in another embodiment, and from 5 to 50 phr in yet
another embodiment.

25  Fillers
[00104] The elastomeric composition can include one or more fillers such as calcium

carbonate, clay, mica, silica and silicates, talc, titanium dioxide, starch, and other organic
-26 -
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fillers such as wood flour, and carbon black. The filler components are typically present at a
level of from 10 to 200 phr of the composition, more preferably from 40 to 140 phr. In some
embodiments, two or more carbon blacks are used in combination for example Regal 85 is a
carbon black that has multiple particle sizes, rather than just one. Combinations also include
5  those where the carbon blacks have different surface areas. Likewise, two different blacks
which have been treated differently may also be used. For example a carbon black that has
been chemically treated can be combined with a carbon black that has not. The carbon black
no having a surface area of less than 30 m*/g and/or not a dibutylphthalate oil absorption of
less than 80 cm®/100 gm may typically be present at a level of from 0 to 200 phr, preferably
10 10 to 200 phr, preferably 20 to 180 phr, more preferably 30 to 160 phr, and more preferably
40 to 140 phr.
[00105] In onec or more embodiments, the clastomeric composition can include one or
meore exfoliated clays. Exfoliated clays, also referred to as "nanoclays," are well known, and
their identity, methods of preparation and blending with polymers is disclosed in, for
15 example, JP 2000109635, 2000109605, 11310643, DE 19726278, WQ98/53000; U.S.
5,091,462, 4,431,755, 4,472,538, and 5,910,523. Swellable layered clay materials can
include natural or synthetic phyllosilicates, particularly smectic clays such as
montmorillonite, nontronite, beidellite, volkonskoite, laponite, hectorite, saponite, sauconite,
magadiite, kenyaitc, stevensite and the like, as well as vermiculite, halloysite, aluminate
20  oxides, hydrotalcite and the like. These layered clays generally comprise particles containing
a plurality of silicate platelets having a thickness of from 4-20A or 8-124, bound together
and contain exchangeable cations such as Na”, Ca'?, K™ or Mg present at the interlayer
surfaces.
{(00106] The layered clay can be intercalated and exfoliated by treatment with organic
25 molecules (swelling agents) capable of undergoing ion exchange reactions with the cations
present at the interlayer surfaces of the layered silicate. Suitable swelling agents include
cationic surfactants such as ammonium, alkylamines or alkylammonium (primary, secondary,
tertiary and quaternary), phosphonium or sulfonium derivatives of aliphatic, aromatic or
arylaliphatic amines, phosphines and sulfides. Desirable amine compounds (or the
30  corresponding ammonium ion) are those with the structure R;R»R;N, wherein R, Rs, and Ra

are C; to Cy alkyls or alkenes which can be the same or different. In one or more
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ARO 60 23 58 SL 90 25 58 WD 2010/016976PCT/ US2009/ 048486 [00113] The
carbon bl ack having a surface area of |less than 30 n2/g and a

di butyl pht hal ate oil absorption of |less than 80 cnB/100 gin is typically
present at §Ie el of from10 to 200 phr, preferably 20 to 19{@ nor e

pref er abl YW PS8 phr, and nore preferably 40 to 14BCHHSZ009%448486g Agent s
and Accelerators 5 [00114] The el astoner conposition can include one or
nore ot her conponents and additives customarily used in rubber m xes, such
as pignments, accelerators, cross-linking and curing material s,

ant i oxi daninshodmndntso tenafiliatinga@nf islal sorcalled Bn® BaiD tertitdy BmMDRBEM 4 feast
processi ng, ai ds, (resi such as naphthenic, aromatic or paraffl ni c

ext ender 1|1§3§W§033§3@§é'ﬁ5@6%0m 1to 30 phr In one or nore enbodi nents,
napht heni qooml7} ph&ddiler cREY GFsielling agineh ikEludds ‘ﬂﬁfse %hﬁﬁ%ﬁd Be doRaleitly Bdeddbl S are
substanti aI | y absent fromthe conposition substantial ly absent", it is

meant t hatREfEEREspEaces T}M‘iﬁﬁc@de Qﬁbﬁﬁ@%?@xﬁﬁﬂm&ﬁﬁeﬁl(%}zgnﬁwré R dsihas are
presents, ishmabr difterent £ eth S6hiRke AR i§ @a@&é‘dﬁm amﬁg Sa%h%ys b E,Bﬁ.ms istion.

[00115] Generally, polynmer conpositions, e. o} pro uce tires,
are crosslaf graagic rpdicgl §°IRPR§KM¢ Wikfthe m@xmmmfﬂlpmpmsm es, performance

characteri g‘? 108F. GRg %ﬁ}a %tagosslln}%hg %{%draﬂﬁgc%?&s%ﬂfﬁo

directly related to t ensity) and type O#CI’OSS i nks
f or med durcprigininge2-3¢icarkon @mmsowch @ad2iaprinodp@wenoie agid, epddon-caproladta afithe Post

Vul cani za il

G osor | niieeattrAR @it SR afihs i PrGLeoft Forlybitaraing e ey ey

‘aci ds.10Pedirlosts i Ur$ Wéﬁé&;ﬁl 8ﬁﬂ;ﬂ3é,l43839t$5mswdll 209242582, pol ymer

‘conposi ti ne oro addln curatjve nol ecules, 20 for

exanpl e smur Pt d‘i‘ﬁﬁéeg‘:? eﬁ?ﬂ‘ﬁ’dﬁ% éhemﬂ%‘ﬁ‘ésﬂtﬁ’f fr EBMPOunds,

radi cal i sifficiahicn develdpcan nfr@tdvemn‘t behehmhdmi@.l pﬂo@eﬂ&é{[ &1 tatHen bropbries fathe owi ng

are conmon curatives that | | ncti, on in the present invention: ZnO CaO

V0, A 2ogog oSttt Raslisroanth W e owises aorsbbfiSox postis AR S0G | n
conj unct i emgwiiom 0.5& QSDM%§@CIM11 Ngo M8 tabs; sf fiamat ® LRI R¥ed éh We polymer

Zn(Stearate)2, Ca(Stearate)?2, (Stearate , and Al Stearate)3) or with

stear e afqtient o Hhe pgnosompetites Expressse 1 aefsoen Bunsdredumbbarithe slay ok pefeliatethpound.

(See al sOclafres™H ftd ﬁnﬁéﬁqw@o B o™t TWRSHRC e I y: s for
Seal s, Ruf)ggr V‘brﬁﬁd e25- ? oThIS nmet hod Cané%i&r;i%g@%?ﬁ%gmgﬂlg@

of ten useﬁf‘ff’]éa}"ectﬂ@fWﬂ?é‘kﬁﬁa@&ﬁ'%ﬁﬂ@ﬁdé‘laﬁstorrer conposi tions. [00116]

Accel er at 5 $oh gpdlcgde am nes, guanidines, thioureas, thiazoles, thiurans,
sul f enam TeS, eni mi des, thiocarbamates, xanthates, and the Iike.

Accel er at [08hYf Chddor theclﬂ@atprhgce@duwnbbéhadnmmléts h@@hbluwmddf rgygang t he

t t t
Vol L) bR T ardoc g BECAbcesof DA MRS (g S Bl ne
curative, mhﬁmmce rpmc@ss argicthe vieetroal praess. phil therduraacel edehd y fuedhlis burhed ean
| abl 10/ 016976P S2 48486 t th
( ? \(;?Ima? i oﬁ o?ss f agP v%ro(d,?cgcéﬁllj Rgv%ﬁ)gﬁrbf’%l e[r%galé%/ﬁ‘é‘lfes \(l:éﬁr}ﬁ‘ﬁ nt}ﬁ?a?ns
and enhanggmtite reatival filtratioreangtsepapition) ellecikigeand rgying. theﬁhﬁiﬁﬁpptﬁcess is

accelerators are known jn the art and |n Iude but. are not lLimted to, the
foll owin el B aa&?’%im“ﬁ'f“pﬁ‘&iﬁ? PHITET a q_'iﬁ@} Sogighy rofnkasting Matssialem

di sul45 d A(SM)Dhas ékta‘ﬂ)hsﬂétltd’lbﬁﬂdd PREPBREAQLDTIMm vasddedd phnby! d2i 4gam
di sul fide (TIBTD) - benzot hi azyl disulfide (MBTS), hexanet hyl ene-1, 6-

bi st hi os Lﬁ“rfa%eeowaélaea ASTNPIT63; rhprdggise of syifase SRRt TFrCts)the ewrs dimei of 2 ol e
(MBS or 'mn-m&m&atrhmﬁ c%go%ﬁ&@ MER dde]aggéé M1 CMR B90ks a nd the *S"

N-tertiarybutyl-2-benzothiazol e sul fenam de (TBBS), and N oxy I et hyl ene
t hi ocar bemimtms@»wmg hlaclesn Afan N @it thedfirstrombs) of thé fheeealigit suffix Flentfivsat e

(ZEH), N1thé\barﬁlélg 5By dndtehd %H{aﬁﬁlg two digits are assigned arbitrarily.
30 [00111] Carbon black owes its reinforcing character in rubber to the size, shape and

surface chemistry of the aggregate structures which consists of primary particles essentially
spherical in shape that are chemically bonded to one another. The two most important
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10 [00117] In one or nore enbodi nents described, at |east one curing agent
is present fromO0.2 to 15 phr, or from0.5 to 10 phr. Curing agents include
t hose conponents descri bed above that facilitate or influence the cure of
el astonmers, such as metals, accelerators, sulfur, peroxides, and other
agent s conHOPIHIENE art, and as described above. Pr ocB@E’PWQO%‘Hs‘F@Olw]

M xi ng of the conponents can be carried out by conbi ning the conponents in
any suitable mxing device such as a BanburyTm m xer, Brabender TM m xer or
preferably a m xer/extruder. Mxing can be perforned at tenperatures up to

the nmel ti ngopiidyt oftartiolleblfkamé SitBice ARG/ DH stribtbR! SAFRde brtaldd Pe:ﬁ@ ARREeE On at
a rate sufficient to | 1w the graphite and/or clay to exfoliate and becorre

uni formy ‘&ogﬁ]éﬁr%@cp ¢ RFRaRartslasy sad,is OBe mepsyre Hcho erep avrileblefophyaical
[00119] SuUiderdliéh Witk iktIpd] dﬁaas GAcd a@g%ngésomlﬁh@m 1@%*7@’%&%&%%1&&0?

RPM | n one or nore enbodl nents, the m Xl ng rate can range froma | ow o
about 60 FRNng thplorpsy vabies awd Rpmitegen amogmoaf(Na%hwasﬂeﬁ‘i%RMSZQ SodacRPM  or
8, 000 RPM 4 ln;014 | X fr a | ow
ot “about 250 pre ThesfRel IBTeAH SRR bghRgy i bRHUACTARS baRif 8 o)
6, 500 RPMstryetug off 0b@Phick depeds upen the size anvkgrdimegefghese m;mmartgplasan thecan

6500 R 08 b FReY brited e F I iogle, e Hiche S hB: Be Melldn®y, S0

rate can rodaslaué toghe smoloswnyplexabape ang vORIOvoRRM (pbrofiDY). BRMtuvabieOBEMBPM t o a

ermbod ment 20 <rivd S0kt e et Bl 1 BPh P sy o BREIE sdoc

I'n ond0or Usofub geutixosti carhioh dlack e ducnbmntfamparmmmgaw 85001965 tange edput  80C

“to 300C. | ne t he ure can range from
2 ow o NiePIoNEI THar Rt Srne  aih gaie suion HECL waBin Gr BUTEdS hi g
of about #R&ds &3@1229,@?%534&@39:110\2200?294 aﬁ@Ng(I)@éﬁimgoéﬂ'@ﬁﬂASg% 3(11’»‘7XD2910IZI

t enperature a roma | ow o ut or to a_ high of
about 120€1d @33@5 Fhbodrents o %f@fhﬂ“%?%ﬁ#é‘s%fﬁlﬂﬁdfoﬁéwlestsﬁéwﬁﬂ%‘ﬁ@% dre

t enper at UN33¢.aMI12NESD, NEB0) K600 7620 WiboBRients (T c%on%@ k&ufinMogh of
about 270C, 5 300C or 340C. [00121 In at | east one specific enbodi nent ,
70% t 45 1068aEHe. inerlinges oF inngpbes aredNI59I62D, Nas, %76%;1)2%&9 and the likg. e not ed
above_for [(ﬁﬁ 30 94 364 ﬁﬁms 9511 ﬁi@ltuli cdrbiéh b1 %M&@@%@fﬁffegsotﬂhﬁ% to

60C. Then, of t he | [ er, e remal ni ng rmun astoner, if

any, can Hb/ga?@de’ddlbléﬂph@almemlr abmﬂom&ieﬁﬁgh@aﬁ() Gmr{ﬂ‘i)(hgm uerrbdn tlimks can

L enperat UiidBARRGR ddt AR o m?zl%g%oﬂ“%o RO BETRYNDE dor 18l £an Pe
added, as as processing oi m Xr'n i“Nue ant i

t enper at ushwseaapieriss bf waeful d@t WackeOC. The f| ni shed m xture can then be
fini S?\ﬁd by sheeting on an open mll and allowed to cool to from60C to
100C When the curatives are added. [00122] The conposition described herein
may be incorporated i Mabledr Propeeiss ofludividasl CarboiEBladbGiai@et s, nol ded parts

(andthellke se-u-bad—hel-ea-n—naac.beforrred
aB%.I’tS (such as si dénal md/gm RRYAbserplieny cwdid00 i nner t ubes,

into tires, tir

|nner||ner3 apex, chafer wirecoal and ply IcBBt) tubes  pipeg or any

ot her applicatilio6here air inper mbadil| advant ageoug. [00123]
In a preferred @¥Hddi nent articles|2brned fron& he el ast oneric g¢onpositions
20 descri bed hef¥762 have a perneab{Réty of 10564vm cc/ MR-day or |less,
preferably 100 |iNE@/ M2-day or | ess|apreferably705 nm cc/ M-day ¢r |ess,
preferably 90 nmmey/ M2-day or |essjapreferabllgo85 nm cc/M2-day ¢r |ess,
preferably 80 r}rmgm/lvz day Or Tess|j@S deternigged on a MOCON OX{ TRAN 2/61
perneabi lity tg§y@p atr 40C as desC[HDed Det o 22 p [

enbodi nent , t hi bN jVEIILI UII retates 0} 25t | d.bl. oMertTC cOopPo it on,
1 1 . "g [ 4 3:8 L £ =

conpri si ng: fr IR J8 t-o—26 [ SALLE L t-e-1anofgt t+—+et-es prereraB3qy gar aphene

nanoparti cl es); fgalgs ~of—4—t-6-99 *! of—at '33’ ore—etast-ener{ conponent

conprising a r g+ &ﬂ-&epol-yme#—ha-w-%;—at_l_ea&_zne CA4 W _C7 isompnool efin

derived unit; gutRO60 58

SL 90 25 58

P P H
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10 to 200 phr of at least one filler that is not graphite. 30 2. The
conposition of paragraph 1, wherein the random copol yner is selected from
the group consisting of a hal ogenat ed pol y(isobutyl ene- co-p-nethylstyrene),
hal ogenat ed st ar-branched butyl rubber, hal ogenated but r ubber, and

m xtures t REFREHOI9%6 5010/ 016976PCT/ US2009/ 048486 3. Péﬁgs@mﬁtion of
paragraph 1 or 2, further conprising a thernoplastic resin. 4. The
conposition of paragraph 1, 2 or 3, further conprising a pol ybutene oi
havi ng a nunber average nol ecul ar wei ght greater than 400 g/nDI and | ess

t han 10, 00@ogi3yol The &rbo’ﬁhmmm@gabmuae @ifea raﬂreﬁsghm /g WES @ibikylpRhalate
pol ybut ene L{i%bsgrese from2 tq 4 he conposition o ragraph

hr
1, 2, 3, 4oipgbsartigy 1@%8&'}%8%&98%%6@&&%&9@% ptripyahef Gemdp ta hs,tr ng
of calciu @@fdamtsas@ @ymof@p;érmﬁrylsmézaﬁsﬂrlaﬁahﬁﬁe pJePc!rébly Ad tbfv}abﬂﬁ?

di oxi de, starch, vvoo our, car bon and m xtures tHereof. The
conposi t i orEk 5 8 3, 4, 5 or "6 furt her conprising an

exfol i & eqogi }’eeEltaﬁgm&f %Héﬁcf%ﬁloﬁr&&lpm(éﬁﬂi'eolig' ImBle Sr?ﬁE lﬁé{n@nﬁ%‘dr al or -

synthetic nontrnorillonite, nontronite Irte olte
| aponi te, addiivey qustomasiygsed tneubls@ammsr sugh amgamts,ta@celmmgsacma-h@m@@dsr te,

Vrereor ! (Grind dhdi R, il OGRS AIGH O et & B ffhalflC

t her eof . n 1 nnetline re éonprisin Fon orT
par agr aph processing3 aidg (rcSmS)Gsmh a3, naphth&uc Tzlrernemmpngamfﬁnm e:itemhr ais api b3:, 2,

3, 4, 5, articl s are 1 rap nano rticles
present a eus%ntﬁ%ong ‘Q{E%ﬁ Hﬁﬁe 'IQI% eem% b%aé’ﬁ fheRiglip ’gacragﬁl y of
/pol y(ildoolotHer naroma’qnc rrmnhsylaﬁd yiknedke. sub&ﬁnué[lye ahs@ﬂm(fmni It oﬁﬁlp@siﬁ(&gr aph 9,

‘wherein the 0 - p- hyl ren a enat ed

pol y(i sobuf'ipf)%ﬁ a(dé’ ﬂ’ﬁ"“ﬁefﬂ&?r‘g‘iﬂg‘lt gﬁé}‘g{ph%he%ﬁa cH?ﬁ%’g%‘ nd Qthst appmatigr aph
10, V\/nerelréhlﬁshﬁeﬂiraéeﬁgm&hlﬁdoméﬂéﬂtﬁeﬁﬁh&fﬁﬂﬁiﬁﬁlﬁmdﬁﬁfp%&&i yrene) has a
p- br onone to 1 %based on the wei ght of

t yr ontent of fromO.
the copol ﬂ'ﬁr@ e @BlﬁB’G‘ér‘Ean’r‘?SIHPnsan?/goft 387 in s producs PIesnfalI?ther

conpri si NGro3sIEMEQNARITY kBbwis LRiTBhc GRNHON Sbpdrisf fp@l‘fﬁ'ﬂfanéer Qﬁgréc%sﬁésr $hd
el ast gner conponent) selected fromthe group consisti ngl natural rubbers,

pol yi d8pr Seebiligh gk vulcanizaderibbes soatrourtls #resiertly Sbryd w2 Biepminglist erasstinke

rubber, t ubber
(STBR) | et pgnamabest QoS ihed duind nShIEE D ARERC (! R ER8 Loy

pol ysul fi &, ThaiRosi Kdeanigatien Sta@llmﬂé@rw&ﬂld@elprﬂdé8é3 (59%).- Groasrtifidng but yI
rubber ang, d&gmg%g@atf%aﬁ&@rmﬂar gt %ﬁﬁﬁb@hgigpry RRe rondQM%%%%}Sbﬁayh s§ ubber,

chlorinate st ar-branc ene ru
st ar - br anbhostdb Genemby, @dlyimst pomgqsions eamohet ordsshinkiei sbg pdding c@etieapalkguiesy )

r ubbe I s0b n t t copolyne such

i sobu? 9I e?}@/ éﬁ%ﬁggr gl{r@?r’e%h? &féf% gﬁlée » PSR ’eﬂ@aﬁ%%ﬂ%tcﬁWQW’e fgical
| sobut yl eméfatdrb,cate rfe]ﬂdwddsliyyheaﬁ@ In particular, the following are common curatives that
' will function in the present invention: ZnO, Ca0Q, MgO, Al,O;, Cr0;, FeO, Fe;0;, and NiO.

These metal oxides can be used in conjunction with the corresponding metal stearate complex
(e.g., Zn(Stearate), Ca(Stearate),, Mg(Stearate},, and Al(Stearate)s), or with stearic acid, and
25  etther a sulfur compound or an alkylperoxide compound. (See also, Formulation Design and
Curing Characteristics of NBR Mixes for Seals, Rubber World 25-30 (1993). This method
can be accelerated and is often used for the vulcanization of elastomer compositions.
[00116] Accelerators include amines, guanidines, thioureas, thiazoles, thiurams,
sulfenamides, sulfenimides, thiocarbamates, xanthates, and the like. Acceleration of the cure
30  process can be accomplished by adding to the composition an amount of the accelerant. The
mechanism for accelerated vulcanization of natural rubber involves complex interactions

between the curative, accelerator, activators and polymers. Ideally, all of the available
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WO 2010/ 016976PCT/ US2009/ 048486 hal ogenat ed i sobutyl ene cycl opent adi ene,
and i sobutyl ene/ chl oronet hyl styrene and m xtures thereof. 13. An
innerliner for a tire conprising the conposition of any of paragraphs 1 to
12. 14. The conposition of any of paragraphs Ito 13 wherein the

el ast oner WO 2XOUMIFHEd with 5 a thernoplastic resin to PEFRPMOMMBEA cal |y
vul cani zed al | oy. 15. A nethod for making an el astoneric conposition,
conpri si ng: m Xi ng one or nore nanoparticles conprising graphite into
at | east one el astoner conponent conprising a random copol ynmer of

pol y(i sool &frdiive % dmiRhdaYh MoRMebn 8PHRtivd G8alini ehidl jolnSbgetHe? W cﬁ*:aeli he

m Xi ng step occurs at a rate sufficient to disperse tthe nanoparticles

wi t hi n t hecheinagpd fphance the oyerall sfreratih ofithe qrolymek imagidan Nametons accelorigrs aesi ng:

a) heating,gypandabLe gk %Mcfe?bl%toarQQB@Eﬁ%t&?F)?%%dgﬁtvﬁlﬁi tearic_acid, dipHthy1™ Xi NG
one or nore graphene nanoparticles wt 711 er and ancel astoner c%rrponent
15 conpr i susgidine (BRGontetapehylihiyran fdisufidsu (M B 4,4'-dithiodimorphgling ITRIMY t he

mXLUrs | nbafdiudet iaisde (TBTOSDEb SRR diulihe SRRSO GEMI SRl 121 ©

sufficient to disperse t rticles wt toner, -an erein
t he gr aphibisthidsydfgtendisodium tshig dihydpem de@ndrpholihethia) thietdothidzeleo@BBS @d MOR}R

t enper at ur f.0 1o 20 17, t ragra or 16 further
conpri si né:%gjg'?%tﬁ)onnlsnog é:ﬁ/g 1\'%:(ajlr}osf)n rzq %@?ﬁﬁ@%ﬁoﬁrgﬁ&%&wﬁ@ﬁ% sOeneabiepls
during m sulfenamiideh (TBBSE| aisd d¥rerydidiRyldiee thteddnianydN-paidiktiyi@b dilfonddideor 17
further c l.Si_ng .0 IL.ni ng t a rticles by heating expandable
graphite gﬁ]i}@rsitzb'%r?f%ﬂé‘e “gﬁem’e‘%eﬂg@?@ﬁ@?’f.tﬁ’@%&%@LEs 25 [00125] The
(f or egdiong [0MIG'S Ih @fe 6AMoRcerhboiinials A&l eddd $rfd duEhE bEME R PrésehiPom
follow ng Orzon-hjyf 1 ting exanpl e?). I n accordance with one or nore enbodi ments
H ) e

descri bed B SieE By dAp0eRhr rins agente dhclugde ithesg comaenens; dseribed ant | y
i nproved @yys@ahatRdiBRtel @ infRicARENE AT ofielabtoBR! QA Us PeRFE 8&R R ibrk Ysu i,
certain elastoneric conpositions suitable for use as tire inner-Ilinen.
Expansi on Peioxides gnd ether agersy sommen indhgierhlend gy desgribed abaBout 1 g) was
transferregd@if a cruci ble and placed in a preheated furnace (about 700C)

for 2 mnutes TG0 expand. The heated graphite was ten
15 [00118] Mixing of the components can be carried out by combining the components in any

suitable mixing device such as a Banbury™ mixer, Brabender™ mixer or preferably a
mixer/extruder. Mixing can be performed at temperatures up to the melting point of the
clastomer and/or rubber used in the composition at a rate sufficient to allow the graphite
and/or clay to exfoliate and become uniformly dispersed within the polymer to form the

20 nanocomposite.
[00119] Suitable mixing rates can range from about 60 RPM to about 8,500 RPM. In one
or more cmbodiments, the mixing rate can range from a low of about 60 RPM, 100 RPM, or
300 RPM to a high of about 500 RPM, 2,500 RPM, or 8,000 RPM. In one or more
embodiments, the mixing rate can range from a low of about 500 RPM, 1,000 RPM, or 2,500

25 RPM to a high of about 5,500 RPM, 6,500 RPM, or 8,000 RPM. In one or more
embodiments, the mixing rate can range from a low of about 100 RPM, 750 RPM, or 1,500
RPM to a high of about 6,500 RPM, 7,500 RPM, or 8,500 RPM. In one or more
embodiments, the mixing ratc can range from a low of about 5,000 RPM, 5,700 RPM, or
6,000 RPM to a high of about 7,000 RPM, 7,500 RPM, or 7,700 RPM.

30 [00120] In one or more embodiments, the mixing temperature can range from about 40°C
to about 340°C. In one or more embodiments, the mixing temperature can range from about

80°C to 300°C. In one or more embodiments, the mixing temperature can range from a low of
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WD 2010/ 016976PCT/ US2009/ 048486 transferred to a 1 L beaker which was kept
under a vacuum oven at 100C until further use. The graphite was
GRAFGUARD(r) Expandabl e Graphite Fl akes (GRAFTech) 160-50N (reported
expansi on vol une at 600C of 250 cc/g) or Asbury Carbons Expandabl e Graphite
3772 (repoVPetil@®ii%hsi on ratio 300:1). 5 Preparation O?C@éﬁ‘ﬁ'fs’@’és“f@OlZ?]
Five sanples (sanples 1-5) were prepared by nelt mxing. To prepare the
sanpl es, a BRABENDER(r) m xer was preheated to 130C at 60 RPM then 36
grans of the el astoner conponent (brom nated

pol y(i sobuihyhteRece 269e, R0V 36 YrigHe b Beotk r’rg°d01 70000 dsmztdqal swd@rtﬁ Iﬁ&'et s,
0. 85 nol % benzylic brom ne functionality and Mooney Vi scosity of 10

+1-1, (heri@indimeais, themiging frEeiyys cwgnq&fm wloy ofipbouE 80, 908 ar|180° CBPIVBM

el astoners, gih 6}0£B?5'?1f QQ@"d 3&5@“@' baBh@cas IIP%QV&TI%@ éiﬁﬁd?i'iﬁén%s fth® Hhixin
ExxonMbbi | Chem cal Conpan soon as the el astoner was OW n %e

not ed anouerPaEE R BnEe @'Pm@f 10&’)6%&]5\@}5@5 gﬁ ARG er { MEG)o \%é@haﬁdé@llt%ﬂﬁcer one

m nut e <of 3%6@ 34gpP€ graphite-based nanoconposite was mxed at 130C 145C
with 60 phr car on [ack (N660) for 7 minutes. The mixture was then 15
m xed wit Hﬂﬂlﬁé] c Un at legst onp spkidigsmbadignept 70%tte dP9% od dhedone lor nquh elagerders. 911

Vander bi 1 22 R o R RAERE oSSt of 4 e Plctots BT ol

resul ti ng 40Ubiped0°CoMhony 3t ofthe ﬁilbﬂ, enﬂ the ommingss anountof destomerdifeuy.edn bCur e

ti d 20 0 C d 3 d Test
Cpoct mons 498788, 0° Biauend Mtk Al Gpndt Pl the e eo P iop G o o
/appr o[oi atls0wml Ne)it,a@.y eBibR@] fillcacin baafikd, asasclcanmpoassnDoil, rmkidmdmgnchﬂn sI ow

Used for PolBB ued AT S Pereet Bafiet BmBEE Ko OCo e ARiBH LGP AL was

around 0. e ﬁﬂisﬁéﬁaymhbanngldilaﬁ@p@ﬂmﬁr Haralipwes b codl ©Fd60°C. th 10T Whertheli Sks
wer e punched out fraom nol ded pads for perneability testing These di sks 25

wer e condPPRbYREAE449e- vacuum oven at 60C overnight prior to the

neasur enepfg123jne T SdfpodRiof dbREibELhdrQh nfd¥ 6 Bl RRFARIGhioARIIRASIEh BFBMsS USI NY
a MOCON OX-TRAN 2/ 61 perneability tester at 40C with nltr%gen on one S|de

of thd5di sheetst moldod meptaerd thelltkepsBeprifisaly Greompmppsitie deserbesk hegyingngiybn
the ot her g, 108 iith TRed, FY 28 G RABSAL, ArREE TR Qap, NhAMHGABS Bimelinsts, Or

for oxygen concentrafion on the nitrogen side to reach a constant val ue, 30
was recor éeat, ghafen seitecod, dnd elyricoat), tmbes;)memrp@wm@m epnligatioph wheret aio

sanpl es WEL & %@H%@gu@%‘eg aE@%e(ﬁ@”E procedure, the average perneation rate

results were rom neasurenents and are given in the Tabl es
bel ow. WD0223]0/ bl 6 P7&xcad leiﬁﬁﬁxﬁ@kﬂzlﬁtiﬂes Taipked fiom thel ¢laswmrentg comp@sifigan

Per megh i o B8 8 fesSn Tl Q-p]érzniga.%}fj)w SRl %ﬁ(%%zpﬂy or less, preferably 100 mm-

cc/M’-day or less, preferably 95 mm-cc/M>-day or less, preferably 90 mm-cc/M>-day or less,

preferably 85 mm-cc/M>-day or less, preferably 80 mm-cc/M>-day or less, as determined on a
MOCON OX-TRAN 2/61 permeability tester at 40°C as described below.
[00124] In another embodiment, this invention relates to:
25 L An clastomeric composition, comprising:
from 0.1 to 20 phr graphite nanoparticles (preferably graphene nanoparticles);
from 1 to 99 wt% of at least one elastomer component comprising a random
copolymer having at least one C4 to C; isomonoolefin derived unit; and
10 to 200 phr of at least one filler that is not graphite.
30 2. The composition of paragraph 1, wherein the random copolymer is selected from the
gfoup consisting of a halogenated poly(isobutylene-co-p-methylstyrene), halogenated star-
branched butyl rubber, halogenated butyl rubber, and mixtures thereof.
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3. The composition of paragraph 1 or 2, further comprising a thermoplastic resin.

4. The composition of paragraph 1, 2 or 3, further comprising a polybutene oil having a
number average molecular weight greater than 400 g/mol and less than 10,000 g/mol.

5. The composition of paragraph 4, wherein the polybutene is present from 2 to 40 phr.

5 6. The composition of paragraph 1, 2, 3, 4 or 5, wherein the filler is selected from the
group consisting of calcium carbonate, clay, mica, silica, silicates, talc, titanium dioxide,
starch, wood flour, carbon black, and mixtures thereof.

7. The composition of paragraph 1, 2, 3, 4, 5 or 6 further comprising an exfoliated clay
selected from the group consisting of exfoliated natural or synthetic montmorillonite,
10  nontronite, beidellite, volkonskoite, laponite, hectorite, saponite, sauconite, magadiite,

kenyaite, stevensite, vermiculite, halloysite, aluminate oxides, hydrotalcite, and mixtures

thereof.
8. An innerliner for a tire comprising the composition of paragraph 1, 2, 3,4, 5, 6 or 7.
9. The composition of paragraph 1, 2, 3, 4, 5, 6, 7 or 8 where the nanoparticles are

15  graphene nanoparticles present at up to 5 phr and the elastomer component consists
essentially of poly(isoolefin-co-p-methylstyrene).
10.  The composition of paragraph 9, wherein the poly(isoolefin-co-p-methylstyrene) is a
halogenated poly(isobutylene-co-p-methylstyrene).
11.  The composition of paragraph 10, wherein the halogenated poly(isobutylene-co-p-
20  methylstyrene) has a p-bromomethylstyrene content of from 0.1 to 10 wt% based on the
weight of the copolymer.
12. The composition of any of paragraphs 1 to 11, further comprising a secondary
elastomer component {different from the first elastomer component) selected from the group
consisting of natural rubbers, polyisoprene rubber, styrene butadiene rubber (SBR),
25  polybutadiene rubber, isoprene butadiene rubber (IBR), styrene-isoprene-butadiene rubber
(SIBR), cthylene-propylene rubber, ethylene-propylene-diene rubber (EPDM), polysulfide,
nitrile rubber, propylene oxide polymers, star-branched butyl rubber and halogenated star-
branched butyl rubber, brominated butyl rubber, chlorinated butyl rubber, star-branched
polyisobutylene rubber, star-branched brominated butyl (polyisobutylene/isoprene
30  copolymer) rubber; isobutylene/methylstyrene copolymers such as isobutylene/meta-
bromomethyistyrene, isobutylene/bromomethylstyrene, isobutylene/chloromethylstyrene,
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95.0 [00130] Figure 1 graphically illustrates the oxygen perneation rate
versus anounts of graphene, as summarized in Table 1. As shown in Table 1
and depicted in Figure 1, the 5 presence of graphene provided a significant
i ncrease ip oxygfn retention (about 20% . Hi gher graphene Ioadln%s appear ed
to make |i VAR EFErence, and the type of graphene shBGEHSROUMPASS ar
effect. Not wishing to be bound by theory, it is believed that the Asbury
mat eri al expanded better. This is shown by the physical appearance of the
material after expansion and the behavior of the perneation rate with the

i ncr easi ngla@dgﬁhl'ﬂéd Bbbultyltdeadyclopéitadidhe araRMARN e QR IB RIS Ig0yrend H8Gnikbres
GRAFTech a highly agglonerated state after expansion, while the
mat eri al gﬁ ed by Asbury was in a | oose agglonerated state. This

suggests that tAﬁnﬁ&MtYoﬂMr@Eéxﬂ%ﬂSﬁi@Rﬁ@ ElizhoBiibh 6F an Iotfphtﬁgijaﬁds'quqg that the

degree of expansion provides b er dISEerSIOH of tThe graphite/graphene
materi al wi% hi Fhe GRMpREHiE Ghpsehnaragraphs hirsl3 whesein theslasiopgais cambingd with

retent |50natg§{l{39pa§§dre§h\6efo§ﬁ% L RnibAry W hlcadiBEFaiRy SO Prepared by sol ution
m Xi ng usi ng various solvents. gbare the sanpl es, the 50 grains of

El ast oner 1A wa# pethod for making antla}stamem@namsmme:nmpnsng her hexane, THF,

50/ 50 m x hexam Fne %} (i%‘e %ﬁ&o&)@{t%lﬁal%gtsngﬁ.élgg Fﬂ}géﬂg"ﬁf&? a?ieet h(¥1le e?c c}n?‘eg'e

(300 nL) was poured Intot accelerate

di ssol ut i eampénenh eompprispreep ratrdottheo;m@nwtddm&;disuﬁaﬁmtdwp thylamatealamdmg t he
pol ymer aqgmhggfﬁgivent was put 20 overnight on a horizontal shaker at a
sl ow shaki hg cyc The expanded graphite (0.50 g, 1.0 phr, Asbury) was
(added 100 700 nivheroin thtimixing e adusat ¥ exnd sufffdient KUdipRAR| ty manBserSdes wittiied f or
24 hour s h?n t he pol yner solution and graphene suspensi on were

t hor oughl YRSHI&EFYn a 2" L beaker. Excess |sopropanol was added to

preci pit atie. thﬁdﬂ&wﬂﬁﬁmmkﬁégiaﬁ&@ngnmhmh The precipitate was filtered,
allowed to dry room t enper at re, nd t en put into a vacuum 25 oven at

80C overni ght . ® eﬁﬁﬂ?ﬁ”% CErR tap) nagppgsticdede ni xture (36.0 g) was
m xed with 60 l:ill);]\fux i3 dae Br Qb%aph@n@n&hﬁarﬁ@&%zﬁlﬂ-ﬁ@erﬁﬁ& a1 8tom@ tmportnP N
e

stearic acid. absol ut e oxygen perneabll ty obtained fromthese sanples
i s surrar PoBRFisE agpdosn conglymshof isotylene; Wo 2010/ 016976PCTME2009/ 048486

Tabl e 2: Sol ut {3fmivh ﬂ@gnghm%ugaggﬁlg; expanded graphene Sanpl e Sol vent
Oxygen Perneablllty cc-mm n2-day) 1 Hexane 102.5
wherein the mixing step occurs at a rate sufficient to d13perse the nanoparticles within

the elastomer, and wherein the graphite does not further expanded if the article is exposed to
a temperature of 0 to 1000 °C.

20 17.  The method of paragraph 15 or 16 further comprising obtaining the nanoparticles by
heating expandable graphite during mixing with the elastomer.
18. The method of paragraph 15, 16, or 17 further comprising obtaining the
nanoparticles by heating expandable graphite prior to mixing with the clastomer.
EXAMPLES

25 [00125] The foregoing discussion can be further described with reference to the following
non-limiting examples. In accordance with one or more embodiments described, the
following examples are provided to illustrate significantly improved oxygen retention
properties with improved processability of certain elastomeric compositions suitable for use
as tire inner-liners.

30  Expansion of Graphite
[00126] Expandabie graphite (about 1 g) was transferred into a crucible and placed in a
preheated furnace (about 700°C) for 2 minutfes to expand. The heated graphite was ten
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THF 98.3 3 50/50 m x hexane/ THE 102.2 4 Ethyl acetate 96.6 5 Hexane/ et hyl

acetate 94.5 [00132] As shown in Table 2, the various solvents provided

perneation rates within about 5% of one another. Although it was observed
that perneation rates were simlar, additional 5 information was obtai ned
about the WOI2WA6X¢ of El astoner A and the di spersabi PETHSWIY@B48phene in
the solvents studied. It was known that Elastoner A was sol uble in hexane;
however, it was |earned that Elastoner Ais not soluble in ethyl acetate.
The foll ow ng order of decreasing Elastonmer A solubility was observed:

hexane> 5 ) | F: ] . te, >
et hyl ac e?tga?lgfeﬁlbzﬁ({‘ﬁié?ﬁ%&@%ﬁﬁvgﬁeﬁgr 5%l)rﬁ %{p}ﬁéﬁgﬂlﬁgﬂ\%ﬂﬁgﬁﬁ%p‘%ﬁse I n
hexane butThehanaphites was tCRAEGUABD® \Rapindabje Aptaphite Whkes EGRAFYedt) 468456Wd i n

THF, it al ' I ' O~ e T in h ., and
in a 50/ 50(§ '%%%ﬁéﬁ%nt&%@%ggé@c%%?gag%%e&?gﬁ%ﬁvf aﬁ%"“& r éﬁdg}ﬂ%&%@@gﬁsi ng
di sper si or3MR §repdyed expaisiod @tioG0Milx hexane/ THE > THE > 50/ 50 mi x

hexane/set La?a%%%}@aﬁ el hyl acetate >hexane. [00133] Preparation of
ani nat €d derhvati ves™of “El astomer A: One hundr ed granms of 15 El astoner A

wer e di ssdb@E] i rFildd Qénpits Gamipled élgﬁ)gwbmnpxﬁpdwcemy??ﬂh@ﬁﬂﬂg OTo tpedpdengd}y i n a
2-L reactor. Tri ' was added at three di rent |evels (0.0018,

0. 0036 anduplsh PP ENDRR ) R Batsheactia Tuiars M hih & fabs iekFon o
70C- 75 C angtohief cdmpaehtS(bringted 9oly(ikcdltyldheapiAaeth@ ea?omhﬁﬂgemwzw of
0.05 mol % 0.08 nol %. a %0110/8 mol %  respectively. [00134] Sixteen sanples
(8-23) wer®t %Jﬁ'a?eel&mﬁy& BA'7s Renlinbsepiy fenctiopaliierand Mosgey, Misqesity @f 32

(deri vapi veg-10thelim&tOMEastmeR AY))0K A R0 thEQniREES Pinfal BRFSMSAHIRINRSs ardS- 0 0
of Elastoner Awas put ina 1 L jar. A 50/50 m x hexane/ THE (500m) was

pour ed i nicemmgEcigliyravaibably asslerape T glastomessritam Exyorddehd] Chemieal Giompent Adn of
the pol ymggod £ &eleYRidmer Wa€ flo@ingC MY Adtéd &ﬂoﬁﬂ??se@oi‘aﬁﬁpngfq%?ﬁ%dﬁ#gﬁgt was

pl aced ovem ght on a horizontal "shaker at a slow s
am nat ed @¥rd)vees ipdded. d¥fter Preminyteent npxingythe graphiteabas@ranocamgionid wehmixed

ol ast oner % S CTBIC vl PP LEth blOidbo) B 1 SISO TR RN RLET OO
As Ibu { )1(5) %; a?kﬁdheitlathd ﬁiﬂd}fﬁrﬁﬁg:ad(agd da phmstdzaki_tla_ ﬁ?ﬂahﬂ @mﬁa@gm&am gdncﬁll Apho ?er A
i . . / ] -
i xed ot SRR Ak el PRI o o o RPARR RN 1 30R°
and 40 RPM for 3 minutes.

[00128] The resulting rubber compound was milled, compression molded and cured. Cure

properties were measured using an ODR 2000 at 170 °C and 3 degree arc. Test specimens
20 were cured at 170°C, for a time corresponding to T.90 + appropriate mold lag.
[00129] Each sample was compression molded with slow cooling to provide defect-free
pads. A compression and curing press was used for rubber samples. Typical thickness of a
compression molded pad was around 0.3 mm (15 mil). Using an Arbor press, 5 ¢cm (2-in.)
diameter disks were punched out from molded pads for permeability testing. These disks
25  were conditioned in a vacuum oven at 60°C overnight prior to the measurement. The disks
were tested for oxygen permeation measurements using a MOCON OX-TRAN 2/61
permeability tester at 40°C with nitrogen on one side of the disk at 0.07 MPa(g) (10 psig) and
0.07 MPa(g) (10 psig) oxygen on the other. The time required for oxygen to permeate
through the disk, or for oxygen concentration on the nitrogen side to reach a constant value,
30 was recorded and used to determine the oxygen permeability. Where two samples were
prepared using the same procedure, the average permeation rate results were obtained from

two measurements and are given in the Tables below.
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WO 2010/ 016976PCT/ US2009/ 048486 A sol ution was added and an appropriate
vol unme of 50/50 hexane/ THF was added to nmake the final volune 2 L This
suspensi on was hi gh- shear m xed at 6500 RPM for 20 m nutes. The sol ution
was then transferred to a 4 L flask Excess isopropanol was added to

preci pi t at YA WWHEPYEt omer AJami nat ed- El ast omer A / gr apRERESHPXMEBE. The
precipitate was filtered, 5 allowed to dry at roomtenperature, and then
put into a vacuum oven at 80C overnight. Finally, the El astoner

Al am nat ed- El astoner A /graphene m xture. (36.0 g) was m xed with carbon
bl ack, MBTS, Zn02, and HSt. Tabl eTshisumed h&as t he absol ute oxygen

perneabi lity obtai nedfromthe am nated Elastoner A/ graphene sanples that
were hi gh sheared m xed. Tabl e [3: Aninated r@bigerP e XEG (phr) Ml %
Ami nation Oxygen Perneahility (lcc- my nP- dafptegecimaym’-day? 7 9 1.5 0 91.5 10
Sample Xz (phr) GRAFTech { Asbury
1 0.0 120.0 120.0
2 0.5 102.8 94.6
3 1.0 92.0 94.2
4 1.5 1060.1 94.2
5 2.0 97.0 95.0

{00130] Figure 1 graphically illustrates the oxygen permeation rate versus amounts of
graphene, as summarized in Table 1. As shown in Table 1 and depicted in Figure 1, the
5 presence of graphene provided a significant increase in oxygen retention (about 20%).
Higher graphene loadings appeared to make little difference, and the type of graphene
showed a similar effect. Not wishing to be bound by theory, it is believed that the Asbury
material expanded better. This is shown by the physical appearance of the material after
expansion and the behavior of the permeation rate with the increasing amount of filler. The

10 expandable graphite provided by GRAFTech was in a highly agglomerated state after
expansion, while the material provided by Asbury was in a loose agglomerated state. This
suggests that the Asbury material expanded better. It is believed that the degree of expansion
provides better dispersion of the graphite/graphene material within the nanocomposite and
thus, improves oxygen and air retention.

15 [00131] Five samples (6-10) were also prepared by solution mixing using various solvents.
To prepare the samples, the 50 grams of Elastomer A was put in a 500 mL jar and a solvent,
either hexane, THF, 50/50 mix hexanc/THF, ethyl acetate, or 50/50 mix hexane/ethyl acetate,
(300 mL) was poured into the jar to dissolve the polymer. To accelerate dissolution of the

AT

polymer in the selected solvent the jar containing the polymer and the solvent was put
20  ovemnight on a horizontal shaker at a slow shaking cycle. The expanded graphite (0.50 g, 1.0
phr, Asbury) was added to 700 mL of the selected solvent. The suspension was sonicated for
24 hours. Then, the polymer solution and graphene suspension were thoroughly mixed in a 2
L beaker. Excess isopropanol was added to precipitate the Elastomer A/graphene mixture.
The precipitate was filtered, allowed to dry at room temperature, and then put into a vacuum
25 oven at 80°C overnight. Finally, the Elastomer A/ graphene mixture (36.0 g) was mixed with
60 phr carbon black, 1.0 phr MBTS, 1.0 phr ZnO,, and 1.0 phr stearic acid. The absolute
oxygen permeability obtained from these samples is summarized in Table 2 below.
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Table 2: Solution Mixing at 1.0 phr of expanded graphene

Sample Solvent Oxygen Permeability
(cc-mm/m*-day)
1 Hexane 102.5
2 THF 98.3
3 50/50 mix hexanc/THF 102.2
4 Ethyl acetate 96.6
5 Hexane/ethyl acetate 94.5

{00132]  As shown in Table 2, the various solvents provided permeation rates within about
+5% of onc another. Although it was observed that permeation rates were similar, additional
5 information was obtained about the solubility of Elastomer A and the dispersability of
graphene in the solvents studied. It was known that Elastomer A was soluble in hexane;
however, it was learned that Elastomer A is not soluble in ethyl acetate. The following order
of decreasing Elastomer A solubility was observed: hexane> 50/50 mix hexane/TFIF > THF
> 50/50 mix hexane/ethyl acetate > ethyl acetate. Further, it was believed that graphenc
10 would disperse in hexane but that was not the case. While graphene was readily dispersed in
THF, it also dispersed in a 50/50 mix of hexane/THF, in ethyl acetate, and in a 50/50 mix of
hexane/ethyl acetate. The following order of decrcasing dispersion was observed: 50/50 mix
hexane/THF > THF > 50/50 mix hexane/ethyl acetate > ethyl acetate >hexane.
[00133]  Preparation of aminated derivatives of Elastomer A: One hundred grams of
15 Elastomer A were dissotved in 1000 mL of hydrocarbon solvents (hexane or toluenc) in a 2-L
reactor. Triethylamine was added at three different levels (0.0018, 0.0036 and 0.0072 mole)
to the reactor. The reaction mixture was heated to 70°C-75 °C and for 4 hours. This resulted
in amine levels on the polymer of 0.05 mol%, 0.08 mol%, and 0.18 mol%, respectively.
{00134]  Sixteen samples (8-23) were prepared by high shear mixing Elastomer A,
20 aminated derivatives of Elastomer A, and graphene. To prepare these samples, 95.0 g of
Elastomer A was putina I L jar. A 50/50 mix hexane/THF (500mL) was poured into the jar
to dissolve the polymer. To accelerate dissolution of the polymer in solvent, the jar
containing the polymer and the solvent was placed overnight on a horizontal shaker at a slow
shaking cycle. The aminated derivatives of -Elastomer A were used as 30/70 aminated-
25  Elastomer A/Elastomer A solutions to give the required amount of aminated elastomer (see
Table 3 below) and were poured into a 2 L beaker. Expanded Asbury graphite and THF were
added to the Elastomer A/aminated-Elastomer A solutions to make the final 1 L volume.
This suspension was high-shear mixed at 6500 RPM for 10 minutes. Then further Elastomer
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A solution was added and an appropriate volume of 50/50 hexane/THF was added to make
the final volume 2 L. This suspension was high- shear mixed at 6500 RPM for 20 minutes,
The solution was then transferred to a 4 L flask. Excess isopropanol was added to precipitate
the Elastomer A/aminated-Elastomer A /graphene mixture. The precipitate was filtered,

5 allowed to dry at room temperature, and then put into a vacuum oven at 80°C overnight.
Finally, the Elastomer A/aminated-Elastomer A /graphene mixture. (36.0 g) was mixed with
carbon black, MBTS, ZnO,, and HSt. Table 3 summarizes the absolute oxygen permeability
obtained from the aminated Elastomer A/graphene samples that were high sheared mixed.

Table 3: Aminated rubber

Mol % Oxygen Permeability (cc-
Sample Xgg (phr) | Amination mm/m’-day)
8 1.0 0 102.7
9 1.5 0 91.5
10 3.0 0 85.7
11 4.0 0 86.5
12 1.0 0.05 100.8
13 1.5 0.05 93.2
14 3.0 0.05 84.9
15 4.0 0.05 79.2
16 1.0 0.08 96.1
17 1.5 0.08 87.0
18 3.0 0.08 84.8
19 4.0 0.08 78.2
20 1.0 0.18 101.8
21 1.5 0.18 87.4
) 22 3.0 0.18 88.5
(- 23 4.0 0.18 71.1

10

[00135] Figure 2 graphically illustrates the oxygen permeation rate versus amounts of
graphene for the various aminated nanocomposites of Table 3. As shown in Table 3 and
Figure 2, the oxygen permeation rate decrcased as the amount of graphene in the
nanocomposite increased. It was also observed that the addition of the functionalized
15 eclastomer improved the interaction between the slightly polar filler and the slightly polar
matrix, decreasing the gaps through which oxygen molecules could travel and lastly
improving the barrier properties of the system under study.
[00136] Various terms have been defined above. To the extent a term used in a claim is

not defined above, it should be given the broadest definition persons in the pertinent art have
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CLAIM5: 1. An elastoneric conposition, conprising: fromO0.1 to 20 phr
graphi te nanoparti cl es; froml to 99 w% of at | east one
functionalized el astoner conmponent conprising a random copol yner havi ng at
| east one C4 to C. 7 isononoolefin derived unit, wherein the elastomer is
functionalized by a conbination of a halogen and a triethyl ammoni um group;
and 10 to CIDAIMS: of at |least one filler that is not graphite. 2. The
conposition of claiml, wherein the random copolyner is selected fromthe
group consi sting of a hal ogenated pol y(i sobutyl ene-co-p-net hyl styrene),

hal ogenat qd st &y hAHRBRE cRHpositidrt BABPrisii@! 0genat ed butyl rubber, and

m xtures thereof. 3. The conposition of clTaim1, further conprising a

t her nopl asti ¢ rees 6.1 to 20 phihgraphiteuaniopartiolesf claim 1, further conprising a

pol ybut ene oil ;havin u r .average nol ecul ar..wej ght greater than 400

g/ ol and | ess SRR %%%fat i&ue.agTﬂEe ﬁﬂ%&?&?&‘%&%&mg}e&mﬁwn@%rei n

t he pol ybumegsmg anﬁmboﬁdlmeeha@n%lﬁt RAst-oneC, e, KOMBASIIEAP BerPfedC! @i M 1,
| e

wherein the filler is selected fromthe group consisting of calcium

car bonat eunig| wherejs thg elastomerais fnetionalized by al eombinationi ofna bhlogeniand st ar ch,
wood fl ou t@ﬁ Rl §g!§, afgy m xtures thereof. 7. The conposition of
claim1l, ;:rlx” érpﬂlc%orrpr Si Rg an exfoliated clay selected fromthe group
consi sting of edtoRi®Eplecdiaaicdstaine dillesthat Rebt graphié.norillonite, nontronite,
beidel lite, vol konskoite, |aponite, hectorite, saponite, sauconite,

magadi ite, kenyaite, stevensite, vermculite, halloysite, alum nate oxides,
hydrotal chte, @R BhBbihi&sof f 'ﬂpgr ' r Pl
conprising the conpoé?étf{lonoo?g{:n?gf W]h .eﬁbﬁkﬁﬁe asc%"(s)& rf:{:%csgﬁr?ﬁg)egi (lmén,
conpri si ntre \groupo EomBisphg  ofie aorhalogeratehnpplg(isobutyenecscnpmeathylgtyehaphene;

halogenated star-branched butyl rubber, halogenated butyl rubber, and mixtures

thereof.
3. The composition of claim 1, further comprising a thermoplastic resin.
4. The composition of claim 1, further comprising a polybutene oil having a

number average molecular weight greater than 400 g/mol and less than 10,000 g/mol.

5. The composition of claim 4, wherein the polybutene is present from 2 to 40
phr.,
6. The composition of claim 1, wherein the filler is selected from the group

consisting of calcium carbonate, clay, mica, silica, silicates, talc, titanium dioxide,

starch, wood flour, carbon black, and mixtures thereof,

7. The composition of claim 1, further comprising an exfoliated clay selected
from the group consisting of exfoliated natural or synthetic montmorillonite,
nontronite, beidellite, volkonskoite, laponite, hectorite, saponite, sauconite, magadiite,
kenyaite, stevensite, vermiculite, halloysite, aluminate oxides, hydrotalcite, and
mixtures thereof.
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at | east one el astonmer conponent consisting essentially of

pol y(i sool efi n-co-pnethyl styrene); and at | east one filler that is not
graphite. 10. The conposition of claim9, wherein the

pol y(i sool ef m co-p-nethyl styrene) is a hal ogenat ed

pol y(i sobutyl ene-co-p-nethyl styrene). 11. The conposition of claim 10,
wher ei n t 8¢ halAwgenetiadr foohtire sahptisihg the-comppsitior bfiglaih \Ir ene) has a

p- br ononet hyl styrene content of fromO0.1 to 10 wt % based on the wei ght of
the copolyner. 12. The conposition of claim9, further conprising a
thermopl agti ¢ rasélRstomdrie coffostidi esinptifigof claim9, further conprising a
pol ybut ene oil having a nunber average rm%ecul ar wei ght greater than 400
g/ mol and | ess upheaA.0lphr 006 oymeps nanoparticles sowpripiog igtapbeneyf cl ai m 13, wherein

| Sl el

t he pol ybut ene resent, from2 to 40 Pi 1
wherei n the fi Pt BPHoRe Eitomersompaiert rensitine s
car bonat e megh efitgand Si lica, silicates, talc, titaniumdioxide, starch,
wood flour, carbon black, and m xtures thereof. 16. The conposition of
claim9, furtheatlcasepe fillerigatis nekg@phite-ed cl ay sel ected fromthe group
consisting of exfoliated natural or synthetic nontnorillonite, nontronite,
beidellite, vol konskoite, |laponite, hectorite, saponite, sauconite,

Lragadi [ ]celO.kenS[hié banpediﬁ'memcﬁhim 9,}/\ehei‘bﬁzuhé pﬁly(ikt&ilémyad-paneth#dw?lréiﬁ) & oxi des,
ydrotal cite, an i Xt ures er eof . 17. The conposition of claim?9,

wher ei n tﬁgangF’F’é‘?‘{géY@SBB’ regok methydstyreRe). conposi ti on of claim9,
further conprising a secondary el astoner conponent selected fromthe group

consi sting of natural rubbers, polyisoprene rubber, styrene butadi ene
rubber (SBR), bbé¢ gtmmpesiticmet ¢lailob &9, whereiprtba balbgerathidgrudy(isobbiytene B3R)-,

styrene-i sQprene-butadi eng rubb S1BR), eth ne- pro en ubber,
ot byt one. BRDSTERES it A0 PoTHETCtaBBRe BBIeYLSt FPRL b 10 ST biton
pr opyl eneth@ﬁ@%tww Slynfdrar - branched butyl rubber and hal ogenated
star-branched butyl rubbér, brom nated butyl rubber, chlorinated butyl
rubber, star-branched polyi sobutyl ene rubber, star-branched brom nated
butyl (polyis tyl eneliso ne | yier) .r.ubbey ; . )

Csobut y1 el et i FeeeRiieRe st & Flhet Aot A emephistiaresin

br ononet hyl st yrene, isobutyl ene/ brononet hyl styrene,

i sobutyl ene/ chl or omet hyl styrene, hal ogenated isobutyl ene cycl opentadi ene,
and i sobultd/| enEh BeBPRSHEAH Of §lﬂ}me9}eﬁ'ﬁ§%§f ePwplsing a pelybeene oilchaviyg a

composi t 1 2Fyrad ol QAL bRl AP piclfr SN0 Bl arlofi BT G000 BBicked i 1 o
t hernmopl astic resin to forma dynam cally vul cani zed alloy. 21. An air

barrier comprising an el astoneri c conposition conpri sing:
14r.rp The gomposition of claim 13, whrrcrr)ein the polybutgx}lje is pres%nt from 2 to 40

phr.

15. The composition of claim 9, wherein the filler is selected from the group
consisting of calcium carbonate, clay, mica, silica, silicates, talc, titanium dioxide,

starch, wood flour, carbon black, and mixtures thereof.

16.  The composition of claim 9, further comprising an exfoliated clay selected
from the group comsisting of exfoliated natural or synthetic montmeorillonite,
nontronite, beidellite, volkonskoite, lIaponite, hectorite, saponite, sauconite, magadiite,
kenyaite, stevensite, vermiculite, halloysite, aluminate oxides, hydrotalcite, and
mixtures thereof.
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fromO0.1 to 10 phr graphite nanoparticles; froml to 99 wt % of at

| east one el astoner conponent conprising a random copol ynmer havi ng at | east
one C4 to C7 isononool efin derived unit; a pol ybutene oil having a
nunber average nol ecul ar wei ght greater than 400 g/nol and | ess than 10, 000
g/mol; and 10 to 200 O of at least one filler that is not graphite. 22.
An air batt.i er Thoogmposition dffvhimdpdetrdin the fifer < @rbondbladk3. An air barrier
conprising the conposition of claim9. -42 - 24. The air bather of claim
21, wherein the filler is selected fromthe group consisting of calcium

car bonat eg.cl ayhe Fofiosifibh | 51 clgim | S Afubiher ‘b@ﬂn?nsﬁlgt@%wﬂdﬂbpéla%meﬁt arch,

wood fl our, carbon black, and m xt ures t hereo he ai'r barrier of

claim 21, Oﬂﬂmpqﬂhetr seloctpd |fgq>mgﬂ1§ng1@)4po¢qnalseng cifagatural gubbats,f pelyispprengr oup
consi sting,of exfoli nat yr ynt m)nt r| llonit ontronite,
bei dei | 1 VE0BTo PR BIE0eRE ik (EBRIIR e rC TR vaorng, Buafies
magadi i t embk&IBRY, Gsm@h@is@ﬁ&h&-%uta&fbh&rﬁ&ﬁekt(SIBR‘yale{@YéilbI;ﬂopﬁédﬁﬁubBéle oxi des,
hydrotal cite, and m xtures thereof.
ethylene-propylene-diene rubber (EPDM), polysulfide, nitrile rubber, propylene oxide
polymers, star-branched butyl rubber and halogenated star-branched butyl rubber,
brominated butyl rubber, chlorinated buty! rubber, star-branched polyisobutylene
rubber, star-branched brominated butyl (polyisobutylene/isoprene copolymer) rubber;
isobutylene/methylstyrene copolymers such as isobutylene/meta-
bromomethylstyrene, isobutylene/bromomethylstyrene,
isobutylene/chioromethylistyrene, halogenated isobutylene cyclopentadiene, and

isobutylene/chloromethylstyrene and mixtures thereof.
19.  An innerliner for a tire comprising the composition of claim 9.

20.  The composition of claim 1 wherein the elastomer composition is combined

with a thermoplastic resin to form a dynamically vulcanized alioy.

21.  An air barrier comprising an elastomeric composition comprising:

from 0.1 to 10 phr graphite nanoparticles;

from 1 to 99 wt% of at least one elastomer component comprising a random
copolymer having at least one C4 to C; isomonoolefin derived unit;

a polybutene oil having a number average molecular weight greater than 400
g/mol and less than 10,000 g/mol; and

10 to 200 phr of at least one filler that is not graphite.

22.  An air barrier comprising the composition of claim 1.

23.  An air barrier comprising the composition of claim 9.
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24.  The air barrier of claim 21, wherein the filler is selected from the group
consisting of calcium carbonate, clay, mica, silica, silicates, talc, titanium dioxide,

starch, wood flour, carbon black, and mixtures thereof.

25.  The air barrier of claim 21, further comprising an exfoliated clay selected from
the group consisting of exfoliated natural or synthetic montmorillonite, nontronite,
beidellite, volkonskoite, laponite, hectorite, saponite, sauconite, magadiite, kenyaite,
stevensite, vermiculite, halloysite, aluminate oxides, hydrotalcite, and mixtures

thereof.
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