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Title: GRAPH TE NANOCCOWPOSI TES | nventor(s): Weiqing

Weng, David J . Lohse, Mguel Mta, Adriana S. Silva,
wWEdnanthoke Kresge FI ELD OF THE | NVENTI ON [ 000 1RCTVEB2909/048486

invention relates to el astoneric conpositions

conprising el astomer and nanoparticles of graphite,

typically for use as an air barrier such as atire

innerliner or innertube, and the tire innerliner and
Tigle; neRARITE M@@QM&’&%&F ESBACKGROUND OF THE

| NVENTI ON [ 0002] There is a continuing need to inprove
In&éﬁ?oﬂ@atWEﬁtﬁ{(%SW%H% DA 8l dhsd %EHEI' BtaOh dRARLUIBE VG, Edward N.

I res meri ¢ materials 'th 0 SO can I ncrease

Krtdge safety and performance of vehicles by maintaining

t he proper tire inflation for |onger periods, and they

FIEED. k5% IRV RIGNS!  econony by reduci ng wei ght. A

Sotthg—probterr—however, in the tire and

isiner [ner: t t .t
[Odgrigces"glgg 1{1{76{?@18% ftre%ltés a?fﬁllstg)?{seh S%ogépoosltfgﬂg ne%}p‘iﬂﬁllg clastomer and
namdpiativlds 6O prpbig, Sﬂyp@al&iy tforr atceng iad mlﬁfbdrrféu rsabh lak tay tief innerliner or
. the tire itself. 03] . Bronobut and chl orobutyl
innefiybe ragg Hiedire ymeelg}er 91141@@6@1&19% yeed hegeft% on i n

{ I
5 é g o SFHEIWEWTE?‘W styrene) (BIMs or BI MSM,

[0002Fh aphddose c@hﬁﬁﬁlﬁ%%edl o UnprovBahe hi@Sresiahbl afd ir retention of
and 5, 698, 640, have been used when heat resistance,
pneumpasic tiks. aklaptometic mqﬁ@'ratlsath@tedo Fheansiarisese b sefety and performance of
L di ent s. for the conmer ormul ati.ons of
VGhlPl% E rrpél%nstal n dgroger tlre 1 ﬁatbogl ff;% i;:oggo fpeI‘IOH anEi thegz can also increase

fudﬂ @6drogd; @y’lﬁkdhﬁﬁg a@@ght cat ¢cﬁfﬂ1naﬁh§ Iﬁdﬂﬂeﬂrﬁﬁowﬁféf i@ idcend innerliner
in the tire industry, processing propertles of the
indysige it thekiline@)mpeshmproresstiibtyiqfiad harmgre. syeh ayignerliners, without

cob BroARENL 86 SRS QT TG Ruohy PR S G pUDDer tire

osSi nature-o etire, i.e. bias
[00061 su SBlroaﬁhbaiyl tnd ehlo@bdtyp aﬁﬁ)en;gmt typétalysisdd foc kirsretesticn in tubeless

tirﬁﬁu rségogtfg}lgtqli ]éIZiaOebU['at%lls@Qr g{tgeat 11%{%&36 glg{;\?% %}\%ﬁﬁt&twch as those
dlsgfog&?fnt UGSS PARNIITBI @Y Q1481 dnd *5869"8' &40, Bﬁ&épﬁéetn' B’3d RARn BRENresistance,
to add cl ays (such’ as’ nanoclays or organoclays) to

inteit @st, osref snpoptafor. nTlze Sebextion @ﬁp@@dl@lts favtho composdidldggrmulations of

oo oo B, P B G RRG PE R Rrieh S Rl BF plion and end use
Fof 82818/ in QKA IR] BdW¥ey2 9&&/e5%412§§1%}3em@9m{é dr¥@e&unefired) compound in

i norgani ¢ partl cles used in nanoconposites are
theghryg Iplass WS@Same@mmqrf%mgm of theipeed nedber tiggrgopmesite, and the nature

of gngeﬂtz{e } %1&5 éerglas %&aﬁ% é %ﬂd ﬁggge"‘flt\%}/dﬁls t&rckuv%{rsﬁgsalljrcraft tire are all

ercarate
important con51derat10ns that must be balanced.

[0004] One method to alter product properties and improve air barrier properties has been
to add clays (such as nanoclays or organoclays) to clastomers 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
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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formwherein platelets or | eaves of the clay are

arranged in a stack in the individual clay articles
wowaih/oigrer | eaf spaci ng usual |y mai nt ai ned by BEEUS2009/048486

i nsertion of another conpound orchem cal species

between the adjacent lanellae. ldeally, intercalation

shoul d take place in the nanoconposite, wherein the

pol ymer inserts into the space or gallery betmeen t he
chenigyl geies begveeythg ﬁ%lt“‘élny lamallap s Idelyr gis¢realpbomstpald take place in

e r
the ﬁ%fn%l:&ﬂ%&s it dl I {n h% r#%n%?é%é%l 1?{605% eu%;)laé’ei %Pet 7 egn the clay
sutffazes. heUgﬁmielal 1te|[mammlh&nto ihavaiex fdbartion ewhqnead ithid @elynfer is fully

Gof Py RBLIIEEa ) S5 uhen, L 2y, 20, PLESSEt:. LISLS cancomen

in RELARRPY LS o LSRRTS @Bﬂ%e@b}éﬁhé:@'ﬁéﬁ 3@y§i@?§é§@iﬁr there is a desire for a
nanoconposi te such as used in the manufacture of

nandcoggosifc0®h Jlovher mmhlhtyofeslmhcafﬂeraswdna}mmdffdasttanema,nocomposne

nd or ati on. of ty nano-fillers such as

SUG aﬁé’ﬁ%%’rnl %glaggfac‘?ff%%fat%§/dr otalcite, graphitic carbon,

[005E . . TrRUWxEen$d s0MeYsibh fdk BAEEN,thE dPRAMESR bf plaly ol Mers such as
resul ti ng pol ynmer nanoconposites. The barrier propert

orgaﬂO%thy rmxcau :hydmws | Graplligei darkoantate. |cn=pl|dovté@1glwn¥uence the
pe%meag{hq rggriugtg 5 Hoq?lmey\%ér{?) 1{3@ dsqﬁgp%hglggrglce clé);éﬁg ofa polymer in

thebi’;aismgﬂlﬁ&aﬁaﬂ§ im@ttered) typhry oﬁd@r bf’lﬁlaglﬁlﬁfd%ﬁﬁ'ﬁﬁ thld fikspiabion of just a few
ath lengths resul ti ngLfrom ong detours around the

Bereed ofnpxdpliddpd high ganeetormgip plafy. fillemery sinyply . tOAuhe increased

2 1 a1 0, de e
510% %atglc?l g%hsl gésﬁffllngeg'érlnl 19 ﬁ%ﬁgﬁggﬁ}lﬁgrth%yb%%tg Nielsen, J.
Maammm’nﬁczngCﬁm )t thh Ahcp.€R96(19677)t distlosassd siynpla owwdel to determine the

redéip (g{] ?1} {)%qablgg W’%lf g‘[?%rll 36(8&' e;{r;tag%unl_al_lgé 0fI | ld%r%asecilfllstortuousny from
1m9é&%h&§e§1aﬁa® OBk&e8 iaY AR eXRRBERE 'aﬁ| AANEERN vol. 13, p. 1641
relating the Teduction of pernmeability to aspect ratio
(2(10ilbzeshs¢m5@m fsiraplei ometoliedt hﬂsp@lmmyl ffundteon trélating the reduction of
Wit h | ity

pergiahitnd hERan S pd bty KL Rhauiobtog B MR AT e Rigtates well with

pelﬁ&faﬁﬂﬁ@l Vallids @amettAlyl Qigulatt@OBP] difRt thieRBMmensional finite element
oundi ngi applications, small sub-mcron fillers

pem’:@ iligg cdelpfgmmsbl ack and silica are used for fatigue
[O@i(%f' Stl%lilcr% bél‘r u%dl egﬁﬂgg‘[%ongngm&ﬁe Qﬁl!) tnﬂ%r%k dﬁl{l]e% Iguch as carbon

| er parlcles are amc

blackagéBilicate Std ﬁﬁrSfaﬁgld: regibthh @t &adafeet@hghneﬁwmi. temlatsyrength Filler
nanof illers added to r educe perneability are deS| rab
paitigles lafgeiothan ¢ MieEpn3ek tGRdAe CPH%engﬁ?ee%&eSwnda@a@é% ?fﬁftﬁ 0 "Thus, platy

11%? JRRR | Jd)dc%g I Bl‘ﬁ gieg?‘ab‘l’esﬁlf éfést&tﬁ?tga)f‘o%égmlze the effect

egree o o I spersion o
of pd;mttefaﬁbsqn mdmxehblhtyeregeﬁmna[tl iy usefppto mdximmzd the dogram affexfoliation

BUREEE SIS LT T, - T I L —

staBk 8f henARelets! |}%\§e\fe€ qQHiigoityRHe ol BaS, digeeli@Phfd exfoliation of platy
ent hal pi c cont ri butions to overcone ent ropic
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
nanofillers 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
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penalties. As a practical matter, it has thus proven
to be very difficult to disperse ionic nanofillers

we b/ oa®7€l ay i nto generally inert, nonpol ar, PCT/US2009/048486
hydr ocar bon el astoners. The prior art has, wth
limted success, attenpted to i nprove dispersion by
nodi fi cation of the clayparticles, by nodification of

the rubbery polymers, by the use of dispersion aids,
pargiglesphy mRdificaonet hisrnbResy BPEAEIH§Y phobissafedisparpemays, and by the

turated hydrocarbon pol yners such
lwe&?%ﬁkﬂi?%ﬂﬁﬁgpr %ﬁ%geact|V|ty and i nconpatibility
[00071 h st "iatdness"mef edtinatesl, hydrocarbe golfyfecsubitchess BIMSM, their low
adhering themto, or using themin conju

reagBety SRohBFomBtdH iy Vet mesttgr materis.eRd th ncﬁ}gﬁcwltwsaaﬁgihermg them

to, Q{r%ﬁlg #BaTh G3hj P WedBiheR oter thRe®lIQBOMB R ted their use in many
nodi fi'cati on of” the bl end conponent, and the use of

arcasldiGheonal nedifpatiobiof ithd elgstbinersd modtﬁmh@n v thehzZlsndbe@nponent, and

4 i scl ose
the g A R AN B RS S POITPIC G Braiemipied. US. 5.162.445
dis6Rs&U b aRethioll Ytob ¥mseRe | poRRhérZ blRgd adbny$iBtiHy adreBlend co-curability by
cononomer and/ or a conononer having reactive
cofalyimeiizngl rpy unsatiraicdolrompnemer Udr 5a Sa@nggner  having  reactive
fun%hgﬁehﬁseslthglrsggutql(é&? ngr'rgsl;é%g%go 1§/crlr%sre% aft co&?_pyr{ler% olf 1sobutylene-p-

meﬁi}eﬂﬁl@n@ Eo@&irﬁér@&ceébrﬂlmﬂlbtl%aﬂéﬂdabﬁ ﬁat@a&ﬁtaﬂﬂﬁhs?atmbﬁ%@ Qq?a]stomers.
S. 2006/.0229404 di scl oses a nethod for nakln%
W‘E‘@hposwsu 8PR0/832944 dlisglosem mafiadhios prakineasppastignmiof @n clastomer

w1ﬂhrbx\ﬁl;ﬂa%h %\?ﬁige' fFhilP HRGE R A IH&JS %%e%dlgﬁgni&l ﬂll'fﬁ'e Rraetsence of 10

presence hr or nore ex I ate te so t
pht drengreagfoltaeedi gaphlmeeso cladt dte@“aphltehs irhecahtad twothethe clastomer.

O] S, 382583 Bl B e igh b R Syt e fube Cormposiion of

a HrORRaWIRIopb ARG st By @SasBE INPM/M IR afBndrBi&&Hh&lar compound such
[ amel | ar conpound such as graphite, zirconium

as }gmpiarihazle:onuam pbosphice salcogenales kat, ikaoliate, bemasnid, trapntmorillonite,
épnrll onite, mca, chlorite, etc. [0010] The
nnﬁ?@ QRS such nanoscal e materials has a tendency to

[0010F I eaBiR preROS bl YichMdnSRaldBkReriIEhdY DCASGRD It idcYeadE viscosity and
the elastoneric conpositions nore difficult.

s0 Pradse d prgessbibitys ol the adastaparicheampositipas andre diifficulan dProcessing aids
suc%I | 5’ h &Jbﬁle{n‘%s'ﬂ%afﬁ A Qa%dag%)%%tlé eglgg %l a%% Oa{rlﬁ Ji rTprhee clastomeric

Ions’t at sucht 1ssue ,

corﬂp&ltleﬁlsZ‘rB%é&BHat Joolevsakes. tlee, Ifdﬂl’pémnqﬂ PUR es32N0D84. t)However the
. due to the gresence of oils and resins may result in
lmpreggd Brocsssebilign duerdatha Pieyensh Pt riliedr igping nay gesult in a Yoss of air

le'ﬂhh Ghd q%g?%%%ﬁ l:@lo?f étﬁ&ﬁ offfer HE%?%E}V?%{%{}S of various other

perti’es. e prepar lon o
pnmmﬂmsonp05|tes from el t- bl endi ng, solution blending

[Oﬁjggi gn emp'}l_egi}r%n {q%ﬁ%]?\i%lﬂ[[ di_ngutl:olc%%lep%siite% rgn%gt%lending, 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
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).
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No. 11/183,361, Split-Stream Process for Making

Nanoconposites, by W Wng et al., filed July 18,
wQ@eas/n1@nd commonly assigned U.S. Applicati on Ber/USN09/048486

11/ 184, 000, Functionalized |Isobutylene

Pol ymer - 1 norgani ¢ C ay Nanoconposites and

Or gani c- Agueous Enul sion Process, by W Wng et al.,

filed July 18, 2005 (published as U.S. Patent . )
[0M3h i cHrerdis Nyl a2mg¢- g@ffé@@s for jigmuayipe the prgowpbilino 9 plastomeric

g i i | e , (P i . . .

con PRl or B CrE ey FBLE ot Bl hIREANAAM 1F Feontion, while
maitaiamg aiimplyaing the air iapangabilineof thbsen@snpostiohs.i ng ai r

f ntion, while maintaining or inproving the air
S—'%Mabi ity of those conpositions. SUMVARY [0013]
(00131 S I THE R tb 12laALsqS ah Q1aRBnRYRSHANEHisn, COMPASInI O,

conprising: fromO0.1 to 20 phr graphite nanoparticles
( pr &Per dblty 2¢ phipgrepigteranopatitles (pesfprably gaplient oagspavticles);

of at |east. o | ast oner conponent conprising a
randigm EBo1 Yhae ORI Gt Bhet CORRTang fpraprishe  random
copt kif I8 dned, 61T tisonddtbo kPintRriv@&Pumbran@f at
east one filler that is not graphite. [0014]
El adf 6n20Q phradeplegstione ddlenhahisawtalapkite air retenti on
roperti J.ent oce i)t £ I, ded
RSP SaRRY BGSHIP RHCSRIRAR it i BEPH dna cncen
prézp&abillitye aenpodided ik ,aré hig: flctRUO T8 makmgniaa®l t inoix kkaf onc specific
i nclude one or nopre nanoparticles of graphene. The
cmEBHESH-thoHa MG PATRRISIIARcIan delede Qnezs Mmsp @araPaEicef graphene.
r r L
T SRABGHn EARAS (O Lo TG LRI colPbha @mprising a random
compymentaving atledseast Cone€ - fisdrh@rooldfidQithled miitand epsénadipet least one
ot her specific enbodi nent, the el astoneric conposition
fillehn i ncl ude one or nore nanoparticles conprising
[0@ESRPhERSt 18kt dneRoter QPR iR ARDAITBRENC HIREREIMerUdIpDEiBA can include
essentially of poly(isoolefin- co-/ ?-net hyl styrene), o
ongpumate haapartioles chinbrigng gfaPpddi} at leasitont elstoneneomponent consisting

speci fi odi pent, th t hod can. incl ud i Xi ng one
et ot oS P S s e s e T ot
[0018RSt 1aNe 1&kASAOSRE e UFRRIAGNENt CORRHd tBdI BarRink RIAE @fiking one or more
copol yner having at | east one C4 to C7 isononool efm o
nagPperticdes ennprisngl esphreadnto oielopst] orer clagimericamphacnt comprising a
ra @H%ﬁl OBt h%%%gra% 1 ts‘hgner ?t %o %lilfigol olngglteﬁégleglﬁgcp §ifii? Gind at least one
TRE hAnopar t el es withr n the ef astoner .
fillDE SR kKN Gingl KEp DRAW NGErdtOQulTitichi @udispetse the nanoparticles within
graphically illustrates oxygen perneation rate versus
th CTof graphene

BRIEF DESCRIPTION OF THE DRAWINGS

[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 elastomer nanocomposites in accordance with one or more embodiments

described.

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 -
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i n el astoner nanoconposites in accordance with one or
nor e enbodi ments descri bed. [0018] Figure 2

w@eaphiead |y illustrates oxygen perneati on rat BCESRNN%B048486
anount of graphene for in am nated el astoner
nanoconposites in accordance with one or nore
enbodi nents descri bed. DETAI LED DESCRI PTI ON [ 0019] As
used herein, the new nunbering scheme for the Periodic

[0024h) e 4 BRdsharaing spadyaer saey P e fonrefigim omopaRmers, copolymers,
1ntﬁ§9g?ﬁ?ﬂt%‘g)l mk ' et%s ﬁ%eglu éeg;g)?&@ne% 919@ %fefbﬁ) a!fcﬁgmer comprising at

o're
lcabtamopodnomsrs opdomilyymlt sthet mbmsmabyrrer S, t er poI yners,
Lkevm a c olmamay,reertoa yner
lﬂ‘@aﬁpr. i MFda Berpla Sttepy PROMSHS geffeﬁﬁﬁi t%ﬁémomﬂsmﬁ a monomer, the
mdAbRRF iSPRABRS & tl{eolgcﬁ}ﬂneﬁfﬁl WS JoRBlcti-a fHRALRFahPPhIHFRIer or in the
is referred to as cohprising a nononer, the nonomer is
derpragive nforinntheh mOpomynerlenWIShe Vﬂ@hyq@alyzte dothpenentf atchdescribed as
nonaner Qqr ative formt.he

nQmer . o
copRahE SetrahBhlecErty 9% © CONPOHDHY 4 g gBgTS By gge skilled in the
art COBPhE SdrIfoM@MI comhkst it eleBrthdt R cRAMBPME Michonicks to produce

is well understood by one skilled in the art, that the
polysiere form of the conponent iIs the formthat reacts

h t S e »

[0d#2§ ei n&e”eei asetqgﬁ‘e rel%t&r{lé)el%gs férgrtg%{égc ccgrngﬁggs)ﬁ%]ill o'r%%erﬁg(any polymer
or b@hpéﬁtldtﬂofapt){ymeﬁs)(ﬁiﬁﬁh A bleiypsrgiolyradts PfonpBleRith the WSTM D1566

as bl ends of mers) consistent with the ASTM D1566
defipitip Eiaéwmeeu%@,@%émw%bhea%%f nALyers iHeh#smelt mixing and/or reactor

I r ¢ »

o0 YR B 11 B0 A BB nl SRR
[0(1213]3 t eAsrudaduiziban,” phi’ OQZ@]artsApeniamdrdalenubbe’r atigb e & niezasure common in

art.s er hundred rubber' and is a neasure .common |
het e e M@P@Pﬂe%ﬁﬁ&n@%o%m A8 GROICH TG 15F &0 & major clastomer

SR %‘élsédedf%h'lm phis By WRIGAE ofth@ 31 QfFRTcrS PHRABEL s).
ased upon 100 parts by weight of the elastoner(s) or

[002d4bbe rf{ksylsed[h@t)@zn,] “ls@utys},@d Has&rdeq:lmstoﬂlmé’oin ispbetytenbdsexd polymer” or
.. el astomer” or. isobptyl ene based polyner™ or ..
isSPEghl PrerBhe e d b L B PRREs 8 PaBILs FaRargng at least 70 mole
pefRehtEBHuSyI&RNPri sing at |east 70 nol e per cent

|sobuixl ene. [0025] As used herein, "isoolefnt refers

[0025] anyApuedd hergimoreplchiayitaiprato pwslefgn aogp@hiheving at least one
ole@{c c%?bao*%h ﬂ%ﬁ%‘é’osuﬁﬁﬁéﬁqnts;&'tﬁﬁ% Q3nt hat carbon. [0026]

use ers to any nononer
[0028Yi NOAS mdd{erémr‘&nﬂﬁul@ﬁﬁ” befadso ahgmaapheyving two or more double
rrul tiolefmmay be any nonomer conprising two

A ijjgeaqa@@led dupplgiolefin may be any monomer comprising two conjugated double
bonds such as a conjugated diene such as isoprene.
[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

between each 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
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bonds such as a conjugated di ene such as isoprene.
[0027] As used herein, "nanoconposite" or
WO pEnotOmposi t e conposition” refers to pol ynmerPGHESMNE048486
containing inorganic particles wwth at | east one
di mensi on in the nanoneter range within a polyner
matri x. [0028] As used herein, "intercalation" refers
to the state of a conposition in which a nateri al
as e(gggeﬁecbgo that qfr%ygggﬁ platedet fgl,egsa Hdicatigpe @defger Yrcingpetween vermiculite
A 11's present between each |ayer of
kwgktﬁatetg?B?g?Plﬁﬁ’ is recognized in the industry
[0(1219]1 byAsaaadé nieagins Goecriapdingi aoiguratioa’” cbdtaicto rthe aﬂipﬁoeing platelet
the shifting and/ or. weakeni ng of detection  of

surfacys dhan ¥ p%l&ClﬂﬁsgrsotP TGP AEReTS wﬁl%%fhefmp et tails of the
1nté1%91hﬁ@ﬁrbrﬂgh@olgﬁsgl%rsu§fﬁ@é‘s' 48 o@@r}aggz dfeiﬁt'&t%édtlﬁ al QYAE 8r common

han in the original mneral used hereinm,
lay'eobetW(eap phaplatedets, |\ghnrat5| ‘@h‘ub]bdtamemnﬁgmraoptpomfﬂg to an arrangement

plat et surfaces in an i ter d particle refers
wiish e RaRD o ergrily madorhd i B of |6 GFPERE lavers. The
ovéﬂapgrr@aé@&ﬁtgufah@m deferanp RRGH R&s ShiRGRSCRE Sp RS, [WARBaRGhe double
or intertwined in a single or comon |ayer betmeen t he

laygr eandigarasion widdsclaeger dopasing. | ayer confi gurat i on refers
[063%%2?6@{ ugggi Ht “\r/]\'ggha% ol rgfgrs AL %c% FiHont IV?([eured% layers of the

Yy en in nmore or |ess eparate

or{gfﬁnel m@rah@qmﬁtge G0t @ulyaicr @in gerRndlor yuMdﬁ escrnsSeparated particle.
ght er platelet spaci ng, whereas the double | aye
In % ﬁmb@@}frm Shffigicat aglyr@f gepthgr g}%%liah@ Pfff’@eébﬂtwﬂ@l @?@bcplatelet such

thailf] ﬁg? \;)!ﬂa eletlgx% erlaﬁ'dd a@écf’r Fok ®x ltal S &BAL aﬁlhl%gtl&f oF ee’xfohatlon or

ayers o he ori gl na nbrganlc parti
intsoalbtiad mpp by Imnr_lot@hnws.ngrrroo}{maiy bnessarrlarguindispaaghbecause of the random

t d ticle. , ff t
Spﬂ&&i{)%?‘;fglpgf&? SRRHaGAR %f? asgrof ”P%Slgg”ﬁ ﬁffo“t%?mé Fecgpiged in the industry
an®b@taRh&dmig Usthert Ralcid BRyRlcatehigs 1ﬁ’([1§até ALY §P&EBRation such as

For exanple, sone |nd|cat|on of exfoliation or
petinrgtabilitya teating relagtrgn mC@scpjpm atomowfonee mo:r()scppy, dt¢. Fes porposes of this

iy had 5PRES P B SRR e iRl T RS e Osptron, icroscopy

(TEE@QﬁRiﬂﬁﬂmhmmkpgmmagustry and by acaden1a ot her
indicia my be useful to indicate the results of

(00311 ol i Bhei torm SypRCtaBtipes n@dmomiyo e Fhﬁgfatlé loé #herlgpger dimension of
them%e%(fgss 5P pﬂateﬁt On}” %a];lcgﬁ % thl? SR Yess S the ﬂltd.n%,ﬁa‘f ORES or of the
of 't clains

I S i‘nventl on hereto exfo i on

aggmmswteedr bickt bamswes sihenthikaeds rcxfrthénufm@lﬁaﬂplyaf( denMye dedrmined by
0 nmthick sanple. [0031] The term. "aspect ratio
CWS@U%@@?I&%@Sﬁd@ﬁ%ﬁ%@@h@hﬁrgﬁs theofrgen ¢limgpyy of a leat"are generally

o0 B 00| T, B Sl OB 6 i

knagyglotireket e or stack of |eaves. The thickness of the

[063%“ vi "queatlemll eg‘\]ﬁelratl:gaenaS]geect ge%o rn}e?set% tEg volume average aspect ratio, i.c., 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
solvents unless specified. In certain embodiments, the solvent is polar; in other

embodiments, the solvent is non-polar.
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crystal | ographi c anal ysis techni ques, whereas the

| arger dinension of a |eaf are generally determ ned by
W@ eEby 936 by transm ssion el ectron m croscopy PAENE2009/048486

both of which are known in the art. [0032] The term

"average aspect ratio" refers to the volune average

aspect ratio, i.e., the third nonent of the aspect

ratio distribution, unless otherw se indicated. [0033]

[0084] ys s wse dicrein. §<apwﬁ’tvefer8e®ew@nfoanb}h@wwwt%&ée at the molecular
leV%pPIaBIH?C f%(leldbfs(éj&! 81' ﬁgreaﬁl%%ﬁﬁéess(%ﬁ{e?ﬂi:gne Wﬁ‘l@ret %lﬁ)sttaﬁée@ (solvent).
vent 1's used it may refer east one so

Fookxdngle osolntsre peotssentes tinlaemiximpeoickisethat bothctae teddstomer and the
embodi nen the salvent is polar; in ot

m@%ﬁ*ﬂ ?f{ ﬁﬂertrﬁ@a@dwl&ﬁan}esormc BRIVEIR of efgmt NS d

[0038] €1 M uRAIHdEdi® n‘suéb@ﬁs%t? &fér@to@éy@f%ﬁ%dﬁs@uﬁ?@f S88lid dispersed in a
m xture at the nolecular level or ionic |eve one

solgl, liquideosghssiseailyes p@stmllastOé}argﬂ tharecadloidambsige.subst ances

1065051 ngRbiscb B fn P PHBIN CRL" F LR SH G of  ifuid or liquid
suéﬁ@ﬁ’dldc)ﬂ 8idpdraader il of With&it ah @bl gifiérin lah 8mBASELIO Tig@idiuSually in droplets

sol vent or solvent m xtures. [0035] As used herein,
Ofbﬁﬁgﬂﬁwsmﬂnﬂm}%i®rs to a system consisting of a solid

[0(%'7 Per 3¢ %sé h re?n hy%i]i,]ochr%gh’d ’refgfgag)aﬁlolljecuﬁlfl 3%6%@&181& of molecules

ticl'es 0o arger an ‘col I'oi SI'ze

coxb,tsmdlghmrﬁaﬂmy hyamgeﬁla@ﬂ caft@heitémi. 0 i s&i s tebdigitatss hiyd@carbon also
of aliquid or liquid suspen3|on di spersed with or
inclydep dl?{logfﬁa‘é?ru‘feéfil?lilse pf ihydesarbens serdpyasipny gPataidigm hetproatoms as

dlshﬁgsg&ﬁﬂgggesde%%ge ger than col | oidal size. [0037] As

sed ocarbon refers to nol ecul es or
[0038f e nAs uedd lmrbmc tpelsr gonipdirofersgtope i greu bf/ atoydy @R rasymmetrically

ar g T PRSIl S i BT GiSBoLR Loy WY BE BPSEHa g, wing the

Llﬁ{ﬁ rf%hﬁﬁ% s&%@él&tﬁﬂe%"vﬁi‘e@ al %ﬂ@até%sthzgi ¢3 léﬁ& eds tHAn"DT CIn contrast to
detai | below. [0038] As used herein, "polar group"

omeg®ups tnowhicg rtlmnp 1s<ﬁhage(ﬁnpammquhtoafgylhtm¢ ca,txoalelxyhange with the cations

d which the diff
beeb R TRETRR Rty PER ikl 4l ATt SRR o pofifsgroups.  Polar

grdﬁ@y Icb Gntefel &itaf chatRdtiABa0at furfactLor th Sedlt &@tL IntéBaRtes attached
3 and less than 1.7. In contrast to ionic groups in

(Chmil@thyt ivaically sorcplastsellwetoas aarodibicr surfagei buttuspelycsaryons dispersion
aldg)éﬁgggtg%eeng\flah ag Pﬁer‘éﬁtategns between nanofiller | ayers,
herei gengra

Yy ‘N0 Charge separation in polar

[003|913upsln Robastergdo lblﬁﬁaodﬁﬂeﬂt nttieik aﬁiveﬂ\hchh atdoarrgieds to an elastomeric
nanofill er_ surfaces, or react with intercal ates
congpesidonedreferbly aaiy Yarrierg meé%wlply 8 (e ITERYEICEAOMPYISg: a

nan(l’ frbﬁﬁf 1 544 ﬁ}gr%a?lﬁ% nla{ﬁbll?ajrﬂléiess FfEraBR éiibﬁﬂ%ﬁé ﬁétﬁ)%artlcles)

ds” and not ge nt erca at es.
2) from 1 to 99 wt% of at least one elastomer component comprising a random

copolymer having at least one C4 to C7 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;

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.

-7 -
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[0039] In a preferred enbodi nent, this invention al so
relates to an el astoneric conposition (preferably an
wa@epoooaoré er, preferably a tire innerliner) coPgF/iUS1009048486
1) fromO0.1 to 20 phr graphite nanoparticles
(preferably graphene nanoparticles); 2) from1l to 99
wt % of at | east one el astoner conponent conprising a
randon1copo|yner having at |least one Cto C
Elgstomes Sommpopgitder i ved unit; and 3) 10 to 200 phr of at
st t
(OB75C RS b i IRcOBERIE, o) P BACRAI conlyrce
ha‘tlhg atehglohe 6f; td e ivarmmosictin @otivad urapt Thmeihdtyme]f a‘amnpoh@nt can be or
200 r of afiller opti o aIIy from.1l 7
Eﬁf&&@g KPS 1%%:%1671?0% PRmAPIYEd pip 408 2 Tgast one other
légneﬁaﬁblgﬁm@ THE %091&9!%];16 BhscACOFbIGHRT Ry Bt ARy 916?56 halogenated.
nponent [0040] The el astoner Conponent can be or
[0044¢| ude ome cor momy embadidomisc ool glaterscthavinpgneat dagab¢ or include

o B R ATRBBA el UREIHT S| as PONEFOHENF R G methylstyreno)
halbg@fﬁﬁedoﬁ& 1§ﬂﬂt5%ﬁe6cra>ea1gﬂgﬂyv&1@) Wit feradhd halo gbiRmst p@lg}@sobutylene ~co-

meri Zabl e unit. "The isobutyl ene -base

p- m@bﬂﬁ%yﬁ@ﬁglrﬁﬁ%f bypnakag brit Fb@ehahaéwnatﬁé @tar{bmmh?d prtybrgber, butyl

A SRR IR B, 5 LREHOURC o STREPET 688, O, e o mor

en@@&M(dnEsQ labié }élafs&ﬁn&ocdrﬁpd’ﬁ%hhwhﬁtw on Eﬁlcluﬁ@| baebued rubber and or
oI g sobutylene co-al kyl styrene), preferably
e pol y(i sobutyl ene-co- /7?-nethyl styrene),

o R SR e AL DFg S o

or ﬂ)ﬂin}chﬁbbwﬂyy ndrver, @pemligt halegerialeer eofiond theosrod dUsefidr dastomers can
) odi nents, .the el astone onent can be or
mﬁ% BRI wlb%?rab%le 5 BOBIPAUHPER OBk §PPalyfpgrsyof olefins or

isobRef2lank QRS 1cPihns, TH ﬁoﬁﬂ?ﬁ?&@ﬁn&smuhmefﬁ{sasﬁ“ﬁgﬁ%rand other types of
conponent conprises a b rubber or branched butyl

clastobisey arcewpk dinawiny inh tcogre rat eate Wesgibedsint RebteofTechnology 209-581

VBRShRE Ras DaLYRE A R e 10512

(R&¥cri B.00hETHE RENAV MdEIiRICRE, Mhe. 19001 QABBAWYVEKSesQE and H. C. Wang in
mul ti ol efns. These and ot her types of elastoners are

8 Kig-Othenerdincyplopeda af Qh@m@ahhcha@@gy PBEdS HoRopkidey & Sons Inc. 4th

cd 1 S0 SPEC PR IBHIRE AR, ey IR CRE or imelude

unfaturflet ebtbtomdrs Fuchvan ﬁelly(lls(bﬁutﬂem cd-3opreh&P PplyidpeLne, polybutadiene,

Edwar d Kresqe and H.
polyisobutylene, poly(styrene- co-butadlene% natural rubber, star-branched butyl rubber, and

mixtures thereof.

[0043] The elastomer component can be made by any suitable means known in the art,
and the invention is not herein limited by the method of producing the elastomer. For
example, butyl rubbers can be prepared by reacting a mixture of monomers, the mixture
having at least (1) a C4 to C;, 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
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%.
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8 Kirk-O hnmer Encycl opedi a of Chem cal Technol ogy

934-955 (John Wley & Sons, Inc. 4th ed. 1993). In one
woeronot@7enbodi ment s, the el astonmer conponent BERUR®OW048486

i ncl ude unsaturated el astomers such as

pol y(i sobutyl ene-co-i soprene), polyisoprene,

pol ybut adi ene, polyi sobutyl ene, pol y(styrene

- cO- but adi ene natural rubber, star-branched butyl
[004dbber Thegisep! Btk e4ir b2 Chde Sof con[lmmé] Fop éxeéml@{taﬁéiooleﬁn can be or

1nc?tﬁim9(ﬁ)%wler?eagsoﬁﬁteﬁg%mg% RNy fdhk t?%l @{Lﬁgﬁlﬁm t,g‘éiﬂ%l)}ﬂ-}butene, 1-

art nd The I Avention is not
butche Mﬁthmad mffthjdrﬂd}dlCd:th@‘, fitene)l \aﬁylmmethylEﬂHneehamnb eand 4-methyl-1-

but ubb an b are ti a m xture of
IFFB‘F‘%WEL H%le A1 08 % &d aﬂxalfaﬁ%‘ec ?1 a3 |sopigng utadiene, 2,3-
dlrhétﬁﬁl et %&er&%e hﬁé’éﬁ@%%&m%ﬂ&ﬁ fBfchs oi%szameﬁ@e iibfkntadiene, and

a’multiol efm nonomér conponent. The |soole m can
plpeasrig@ find nihiz0 mono@ersSsuh % Idjsclee¢dymt EB0 2719e4 360tmal U.S. 5,506,316 and
Slggq??e m xture; or range from85 to 99.5 wt % The

ol ef m conponent can be present in the nononer

[00%5Kt Ur@thb¥ %ﬁlg%eriz@bl@ PoMéHbrs Yuch r@MtdRent Cand- dicWo¥Wsty@ene are also
from8 to % [ 0044] The isoolefin can be a Cto

sulcg_btel fgg@g@pglynm@zam@m@olwzag@m@lmtfﬂ @g‘gerge Qne embodiment of
2 0
the Ql%%r%f#ﬁl%be]is 8(@31{%% 895%51%&5 ?fgl{)tglgg% b?’en cttg% 92 102 §7%, of isobutylene

ne ut ene,

with-(siteR et edgiyile, ¥t iy B IWQ%, toISNII® 98 isoprene in yet another embodiment.
vi nyl trimet hyl silane, hexene, and 4-nethyl - pentepe.

Buty| aubhsrs pesl BicthodaRf pisiprodugion; age ﬁiﬁmbéqi &1 detaildp f9s example, U.S.
2 3'5%‘19@ e668 Bt 9‘1'7%24 z??é%f 04k Jﬁ%lt;ﬂé’izi »3- but adi ene,

fcené, 6, 6- inet vene exé i ene,
[O(I;W:I operbanticeciel, examqblepom dydible, busiyldubbdras EXOH@NEY BUTYL Grades

such as di scl osed | P.O 2 456 and .U. S, . 5, 316
of aﬁa lgo%régew ISPH@ Bine? MRANGHPCsB| 5 mgﬁagw SI£5ML 1
+ ?gﬁp PSo é} YT RGP dodth G Bl R OSL %‘J F0E 25 € JaliSB1eS %h{)@-}?}p% rubber is

homopol yneri zation or copo nerlzatlon In
VISTI]AB@D@M faha seod dhareibberofiavidpea Imatgdular widdgtt viebyitgeaverage of from

r|b in y reacting 92 to 99.5 wt % of
(1%% éﬁ?gjﬁ %ﬁfﬁ%g Q%Fg 8 Wt % i soprene, or fromo.5
[00M7E/° t 0 Rrfh MYk SQRLGREHA" ¥EE1 AP ein BORREIVIBRLD. These rubbers

rubbers and nethods of their production are
ared@@@mbdde'm for cdetmpid, BPnQ 6785283l .8, SU8%B332 aeb6,0028913. In onc or

3,96 76, 4,474 9 8,051 and, 312. [0046
MOAC @Hﬁ’ﬁg’rn&?“éﬁ B At éé%Pé‘g%&}B’ i PR gﬁgaf % 6b%’é‘{‘ posigion of a butyl
rulfB&X NG EmMal BBdhited Gk a8€an@h polydiene or block coF/blyrner either halogenated or
poly(lsobutylene co- |soprene) haV|ng a one

nOKu Seitalile pobytlieneyhogle copolymes or branchivig agentss(hsfelrla,fsr 'polydienes”),

carbu 4 y?mg%gﬁ}g u%% tiv ra?nldvﬁrg.rﬁ%% e(}ﬂ?fngo h%eéélﬁﬁt@g}%etlﬁg of the butyl or
halopg&taesd bayi Adber, rmlceﬁ Ul el ghith tHeskeasl fupbaver fge f SBB. The
ernE:l?ig]g 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
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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0.9 0.15to 2.1 1 0.23 x 106 g/nol. [0047] A branched

or "star-branched" butyl rubber can be al so be used.
wabase16abber s are described in, for exanple, HEPI/OSBUB048486

529 Bl, U S 5,182,333 and 5,071,913. In one or nore

enbodi nents, the star-branched butyl rubber ("SBB") is

a conposition of a butyl rubber, either hal ogenated or

not, and a polydlene or bl ock copolyner ei t her
sty@edwgteeﬂyrgpe dack eppolypire p"gheg,sgﬂgl‘ggybrms ok present, based on the

t

iR 4T in B arROERGRAG BRI PR HATDIGR L ige or from 04 1027
vn%fesent during the pol ynerization of the butyl or

hal ogepat ed but yl ber n.b end h the
00 yl f?&sajé?er@lal\/@aﬁ?@m@t ep SBHhis §1.3§Em ﬁ%ﬁ (ﬁsﬁpnwbﬂ Chemical
[ n
ot AR AETXE P £ HORY Fdb PPTRICS - SEFT RSP 1640 of
frotn)34‘nﬂ<€4 t RertiBBBcurf 0R«AB8¢tetistico o€ SBrBurpr @%r‘@b@dh fid fotves; MH is 69 + 6
t he S a osi ti he butyl or hal ogenated
dNgy dBéé?4§§£§@§@§ﬂ§@EgQ%%Ne and a copol yner of a
(0050} Ydi BRe ARy p@JxﬁIBd’}ﬂehﬁ/ oPYSa[r%g anRald?de ol dhABenated.  Preferred
sel ected fromthe group including styrene,

halpgd:qab&uit rlbibenenclpdy frioswpriyhejbbpolchiwrgertyll reblesr, baiuinatd copolymers
o RRB ool BB SLER) BB satBHb bRl and pu

mcBiiteRBe, Db @ dhRAGes LHERHE aANARLYERRE -HuBAPROBEr St Yi8Atted by the
bl'ock copol ymers. These pol ydi €nes are present, based

halggenaien @b ety rudtper proguct fhed gbews. e Halogamation Zantbwgcarried out

by %{1 f re%g% Q gtl}solnafer\ﬁ't Oﬁ/lzls nP err%ré]éprmﬂt'eagﬁr éu g%%aé%%opdfgtlesé Methods

of ﬁﬁ&g@ﬂﬁ(ﬁ@ pblyGhteyduealas Gﬁfyﬂlﬁﬁbymei'@atéfdmm@ﬁ in U/ 2631384, 3,099,644,
Mooney VI ScOsSi at 125 0C, ASTM D 1646) of
4.5pterb 34088944, 446éf918%r 4,384082.chal hd1@rand 3,681,891 sgn one or more

e 258 ) PRSI MR M Bt AL i) o o0

bréiOIRP OBEN6r lorN (C3,) b tedafogeadionarghal C]Ql%mab%@nated butyl rubber has a
Preferred hal ogenated rubbers incl ude bronpobut

u
Maoggp discogiy @f&@m%ﬂl to r%Qt(B@r 1 ek XiGd.e fwped Wré? s Th¢ halogen wt%

is %op(@ﬁ;%e of?%flsse gLayl W %gﬁtﬁgﬁdﬁ%& rO{ngt ay? bber rfrorn05t05

wt‘m thlyl’eﬁﬁlottﬁlﬁ eBMbdinkdak, Qﬁ@ﬁﬂbg@h Wigh i tHeuﬁhxegenatsd pﬁ@dmer is from 1
by the hal ogenati on of the butyl rubber product

“)Eé§6V§bed above. Hal ogenati on can be carried out by

logstY =R 3mrAlal BfinddEHT 6%@? L}%@%@t&ﬁ gﬁﬂgg rlio 'iseﬁr&%(obutyl 2222

hal ogenat i on process. enat’|
(Exp@niviabils Cherateala € ohiphiyy). pith Wieseyay Bcehity Cils os@d 27ntou3$ (ML 1+8 at
2,631, 984, 3,099, 644, 4,554,326, 4,681,921, 4 650,8
125G g4 ool 644, mpdifipd) gind fhe roswne gontent i fespm 16y torh? % relative to

the Bromobutyl 2222. Further, cure characteristics of Bromobutyl 2222 are as follows: MH
is from 28 to 40 dN'm, ML is from 7 to 18 dN'‘m (ASTM D2084). Another commercial
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 wt%. Further, cure characteristics of Bromobutyl 2255
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 clastomer can include a branched or

"star-branched" halogenated butyl rubber. In one or more embodiments, the halogenated
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enbodi nents, the butyl rubber is hal ogenated i n hexane

diluent at from4 to 600C using bromne (Br2) or
waehkio0idaze (Cl ) as the hal ogenati on agent. ThePCT/US2009/048486

hal ogenat ed butyl rubber has a Mooney Viscosity of

from20 to 70 (M. 1+8 at 125 0C), or from 25 to 55.

The hal ogen wt%is fromO.1 to 10 wt % based in on the

wei ght of the hal ogenated butyl rubber, or fromO0.5 to

stasbwm%leldi rtyletubherdt HeB Be irisoti Porepesitiael hAryhethbar. jtger halogenated
; ' 0% .
or %1@18 g?]a azgc?g&%ﬁé’ op %f&é!lé n({)oggglﬁ{er,' Sithet ?Lﬁ'feo%ﬁ%ﬁ?edz oPnd “rhe halogenation

mmer Cl a rment o ogenat ed
prdeugsy is dedehibed iis dtaimdbdl.§l 42722036 E6xyi MBI 15, XBoe8ddc &, 182,333, and

ny Its Mooney Viscosity is from27 to 37 (
EE I )f_éfs IBETIRSTIY 184 BIIRD D g ymethodqot Hermype RIS, The
pofgr@f&lgﬁﬁlobl@ cggézlg?n%r &l GraketAndMaodt® BdrbiveRdO"JdMRlienes™), are typically

Br omobutyl 2 Furt her, curé char acteristics of
catBmorablp ucydtive 228 aae prceasntf diringwibe phimigizitignop et utylOor halogenated

b bfiopt Lo Rt e TH T OB ELP R olap the HSBE.
Thﬁﬁ’é%@ii%%ﬁ%ﬂs?f‘i&%@ﬁmfﬁ B ek AT b d Keinvenion s

51
nogmive Gh@y}’pe@ﬁﬁob’ﬁ@nbﬂ&ﬂﬁﬁtﬁ@lack@rﬁlleeHSlng from1.8 to

wt;% Furt her . act eri j, C; f ] t
m‘%&ﬁS alrﬁ emges 0% orsPIgV\ér:% | ;ﬁ{sf ﬁfcl)em%sjé]? ol§4§ | %p%s”ﬂﬁ?ﬁ é|/fls the butyl or
halogeimelbit@ RbBertdy-desdrASd MbOZOSHA) a cOEIPAEr dfa pol§diRhe and a partially
nmor e enbodi ments descri bed, the el astonmer can 1| ncl ude

hydrogengirch enplsticncs tsglectsel a dime dtheh greyge ineladingysiprene, - polybutadiene,
pofyPfhe. bayEpe el RAETHOR RO e thidlicng guter, gthylene-propylene
dicnonmubbert | wyrend-batathighgrbtyranbbend seirtdeeisofrahestgreat eblook copolymers.

not, and a pol ydi ene or bl gck copolyner, . either
Thesel RRJEHSRS e PTF6R ot ouf g@ﬂaﬁ?m%wwo%%% amgunt greater than 0.3

witeS£ bR {1 dekabd frbd 04 8.2 Aw/4, 035; 5,071, 913;
5,286, 804; 5,182, 333; and 6, 228,978. The invention is

[005H | i Avi cceaimbryial henbrogithod of thco By is Héron®BBLyl T1?82 (ExxonMobil

pol ydi enes/ hl ock copol yner, or. b hi,n t
CpibLfEpaed: R arangs yishris (i Rt y2ELe PO RIGO) of from
27%&391 e BachiAl SorRER D HonfloRI B2 ¢ 8 REla¥ IR FRHSEB OFurther, cure

the butyl or halogenated butyl rubber, or can be

chiyhaomians v Brormdtmityd 6290 aorasHallogsnbtiéd foarn2H to GBdermt ML is from 6
rmth The branchi ng agent or pol ydi ene can be
to L@Wﬁ@%ﬁ@%@%ﬂchl ng agent, and the invention is not
[OdSISEI tead b bhendntPemBddimehtdiRnelakisfidr t@nipekentt &8 be an isoolefin
HSBB. [0053] In one or nore enbodinents, the HSBB is a

copadyipeiseanpising a halemeihyistyrene deiivedemit ddehatopmethylpiyeane unit can be

o FHESEE 05 10N 10 PRI O T, BAHEERS Bl b i

car0bOu P-Halurhdthly|grehit Wa Ging at RaktydDes, abre pesfefablyydt $Q@RY 8098 by weight of
pol ypi peryl ene, natural rubber, styrene-hbutadiene .
they pasdresomegt Hg;lp é‘h@lo'b BEWP 18R c 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
herein referred to as "isoolefin copolymers comprising a halomethylstyrene derived unit" or

simply "isoolefin copolymer".
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di ene rubber, styrene-butadi ene-styrene and

styrene-i soprene-styrene bl ock copol yners. These
wolydienes are present, based on the nononer REPRAS1009/048486

an amount greater than 0.3 wt% or from0.3 to 3 W%

or fromO0.4 to 2.7 wt% [0054] A commercial enbodi nent

of the HSBB is Bronobutyl 6222 (ExxonMobil Chem ca

Conpany), . havi.ng a Money Viscosity (M. 1+8 at 125 0C,
[00&61 v 15?1(@4@))0@% PloHC2 FORMYBY, CHN@C A Braold hex Eompaid, gon-limiting

t

oxPbAR S 2 U, A B i el 3 g EHE  Afcthyl-1-butcne, 3
metlofl{1emaencVH2 insetliylébiddnd, 0 1 IBitcahdt M3-bivkend,s niatlofh Ginyd dtéer, indene,

TM D2084) . n one or nore enbodi ments,
quy}}gn@ﬁ i“t]&%r ?:"&H‘Ero%%‘ﬁt %SWYB PRACNS 00 f &Y FPRAIBBIEY FaR also further
1ncq:tﬁfémn|e%'r A& nfa Q881 HM&&HX&%%H@H&&%M&% beTJ]€4 to C14 multiolefin

hal omet hyl styrene unit can be an ortho-, neta-, or
suqb]aaa 13011(@&16- shmatwtteutkﬁdgnqthyalﬂ]e}lbntaﬂlen&'h @yrcene, 6 6-dimethyl-fulvene,
Ione | styrene deri.ved unit c

he;; 19hgy (m%} agteyf:, mgq‘lyl,?ae,aetndl %E%rt mwerﬁép(gl as disclosed in EP 0
279push ardhl §. 21506,886 inP9AEDY2ICITIREaE styhdid BloRonSP B8 ved units that
The "hal 0" group can be any hal ogen, desirably
macymoamﬂﬁ@tk@rcomplymem enclurestyrane gest letarre@lea@ﬂ@m@wremﬁymethoxystyrene
mﬂ% dﬂﬁ%&dc? £ ctl (} rgat oﬂ% Ifymers wher ei n at
east Sore © uents groups present in
[0057¢ Stivrae naasm@ﬁ@ @permf&tn bﬂiﬂéod‘lﬁi&h@lthb bemaitlct compbge r@a@ be a random
sonme ot her functional group described further belo
clayipgsacicApRy ST 9hit &t ake@e H@%ﬁ et Eatp Eoozpdefin derived unit and an

halgiélr%ﬁgr‘és‘gyrg?ﬁef i&@ﬂgér’ﬁhﬁzpp%blg op-‘ﬂ?%]n%g{a@%feﬁ c%fl%lgﬁxi}%e at least 80%,

mofé erdfeablyedticat 90Meby opadhy Kliﬁlthecpa’ra-bmna:r @ntlalgBlidclude functionalized
. ound, non-limti s _of which are conpounds
ingTpER S PUBH 9 @]ﬁ% oS M HIE ﬁl@w L SubRbyepfs. gropRy Bigecntgn the styrene
mdFBERY | unts DUS REG, bgnz@ﬁE hiydiogenb ek eﬂ)@ne bRyt &fd@tional group.  Suitable
-butene, nethyl vinyl ether, indene,

intetipplyinters nat fngluslc| aapenf th@)f@ite’ylngmbwnmtumtﬁ rndoery eparcd along the

The copol yner can al so further include one or nore
poﬁﬂF?l@f%fn1derlved units. The nultiolefmcan be a Cto

C 4 multiolefn such as isoprene, butadiene,

2,3-di met Byl -1, 3- but adi ene, nyr @ene,

6, 6- di et hyl - quvene hexadi ene, cycliopentadi ene, and

pi peryl ene, amdcethermoONONers suckwas—disehbosed in EP

0 279 456 and U|S. 5,506, 316 and 5, 162, 425. Desirabl e

styreni ¢ nonopEr ~derived units tha conprise the
copol ymer inc styrene, nethyl styrefe,

chl or ost yr ene, @&t hoxyst yrene, ind nd i ndene
derivatives, and tonbinations thereof.\[0057] In at

| east one specidicenbodi nent, the ekastoner conponent
can be a randon1e|bstoneric copol yrmer off an et hyl ene

derived unit or a € to C a-olefmderiv unit and an

wherein R and R' are independently hydrogen, lower alkyl, preferably C; to C; alkyl and
primary or secondary alkyl halides and X is a functional group such as a halogen,
tricthylammonium, trimethylammonium, or other functional group. Desirable halogens
include chlorine, bromine or combinations thereof. Preferably R and R' are each hydrogen.
The -CRR;H and -CRR;X groups can be substituted on the styrene ring in either the ortho,

meta, or para positions, preferably para. Up to 60 mole% of the p-substituted styrene present
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hal onet hyl styrene derived unit, preferably

/ ?- hal onet hyl styrene containing at | east 80% nore
weeabet@n y at | east 90% by wei ght of the par aPCBHURNI/048486

and al so include functionalized interpolyners wherein

at |l east sone of the al kyl substituents groups present

in the styrene nononer units contain benzylic hal ogen

or sone other functional grou Sui t abl e i nterpol yners
in ghennferrqlyiner gﬂyugp cpmy be fhg f Whﬁ@c}] siiggturg {2} gabove or from 0.1 to 5

morﬂz%n qg %an%ﬁ%? @ 8!11 Irlfarﬂ(ﬂl% gﬂ:un%ﬁ anrzed!'st 0 r}@da [i§ %m 04to1

are |n epe rogen ower a
mabveef erably G to C aIkyI and primary or secondary

| kyl halides and IS a functlonal grou uch_ as :
10441 og e, Onerqre s q«%ﬁﬂm{? e ifias wwla%ﬁwﬁ X\fign b adigional group
thaft CRE bt ANBkpFLRY By FeRbLpERL %uﬁk%*ﬂﬁﬁﬁ”éf Be%%%l&@ﬁal&ﬁ%n%itﬁ ®ther groups

brom ne or conbi hati ons thereof. Preferabl
sucr es etadh)xs{yd raggsn . cafffoay - GRRY Idarngly - SRR, Xargrdom pﬁ@dcm’mdb% hydroxy;,

su uted o e r|n |n either th
oIk, phitoRiaied Ty ThiReTieg, kindfhup o 3pide eyt oo and mixturcs
the'i‘@ﬂfe%I%Eset fighotion 1708 t isdbRsb] Sy 8PSy RERS @RIt Mdth&d of preparation,
I nterpol ynmer structure can be the functional i zed

moghads of fHnetigmlizatiosy endeure pemmoreiparticubirlypligeloscn iy BiS. 5,162.445.

[O@fhgﬁglr gn‘? fu,rlTe r omﬂb %%?ng%flllzg(? %Hﬂfedklg%]a !HJFn egaﬁéomerlc random

int&ipb BneRd ofl| isﬁ’BlﬁtSIEene tane afllyayics Pre@raup anétHﬁsﬂ?ﬁana containing from
functional group that can be |ncorporate

0.5ntec? B0 yé%br@fl‘iatmﬁe&bhbp Ayl §/‘lyreéleh‘éﬂh6f§§huw“t RO mole% of the
rne%gh 1SUbS O o} ;b @% nf 8h qgé()&tﬁzgl ?ﬁl‘g ntaF RPN I]?Eablt Shlorine atom,
C m ae €s,;

boxy est s an r oxy; ox I de
prqfhehlgm Hﬂ);rmhch |atdna(1$brdnlmmﬁhy1enyrenx}ams h&tlb s a(yidmrdseter functionalized

te no. and xt ures ther eof S . )
Verﬁfg)ﬂé?b ﬁ%\tﬁ %@am. [ P efom dep e M@PaC?qfé?wrmﬁlﬁkch%@ydﬂde or by

aci9fic RreRamhatiyfd. acEFRAsn Aty f Uiedst QH%%&I%&@ Mare 3t@1¢i!né‘d" Figalogenated
are nore pafticularly disclosed in U'S." 5, 162,

poly0s@aity Msto-psedthyistyfenslich fanct | Shedniinetdd nat qzrque(lsgbutylene -co-p-
re.el astoneri c random.inter ner i sob
ST St efvet S B Bory ARk Ry e JRERGRXFRE™ Elasomers
(ECQANILI OBerhic NT SnParly0 HYstOR 100 alt ky Lisdar§teE that the use of the terms
preferably /7 nethylstyrene wherein up to 60 nol e% of

"halpgenatsdhydr stupsinatedeneregnelu ﬂilﬁllwﬁie@e ithe émﬁthqdef%elifﬁé%enatlon of the
001%01 NS QR %&e@rp H%S%um\?e %E tﬁ@ cgﬁ&xsl)efﬂv&}ﬂ% %Fﬁ? 1§£Sl§§éc¥hue isobutylene

ne ‘atom Sty

deMedﬁﬁﬁ@;thé pranéthysgldnz eldrl\/ﬁr wiighand the peafornhikyletyrent derived units.
hal ogen at om has bheen dj spl aced. by nal ei c anh¥dr|de or
100901 acrihcse fypctippphierd _\}?P]iyéleé%: ipgcteighlt Myl pybstapfially homogencous

cop B TN KR PURLE b JRE a4 EDTP RS el of s pabvmyr b 2 4
alkybkyréncsaintdny mathér t@/0Fthe 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
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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nmet hyl styrene)", and are commercially avail abl e under
the name EXXPRO(tn) El astoners (ExxonMobil Chem ca
w@rmpamg7e Houston TX). It is understood that tPE/USEOYO48486
the ternms "hal ogenated” or "brom nated” are not
limted to the nmethod of hal ogenation of the
copol ynmer, but nerely descriptive of the copol yner
whi ch can incl ude the |sobutylene derived units, the
solptyormﬁ ﬂw;g@%ﬁ:p@%@f @%pgqpe@dlﬁ—]ra[dgca HAatphaich as heat and/or light and/or a
st d 6
unc?1 111%%1‘; rrézﬂéid goﬁ}%& EJ 1pr eg etﬁﬁ%l%arq&@% g]bsffﬂ&ﬁéﬁ of bromine with a
dﬁﬁmhﬁﬁﬂmﬁmaﬁk&ahaﬁmgeneous conp05|t|onal dlstribution
sych thaf at t 95% t of
lﬂﬂﬁf al R{ﬁfegrﬁgi 2B é’h‘?FY(WPVfW 969 @?y?sm n vgfeégéglyahalogenated
pO{y,CIS%IKME% ¥4- E%etﬁﬁ?tk%%) Ofre! BRNRRIYAEIoly MRS S RiCRT gé’n%fea@y contain
ymers are al so characterized by a narrow nol ecul ar
frowe Oghto Ai st idh iromameiyl lghjupsf Inegs Etnloehm:r &mhmdmeent the amount of

ref bly less. th 2. vl ferre cos
orRuip i v i R G e aGE Ut R S Fugfomesh copolymers
cotBint Bord, (ﬂ@ﬁuﬁ@& 28NghoR P e bRITHIRE, BUsEPeh tﬂé/%@ of the polymer, more
nol ecul ar weight in the range of from 25, 00

prefgablyopora ). bé@ drddi m@kp"/bjz)r(g@me,p@rmt subﬁtantlally free of ring halogen or
ha]}gﬁ 519 %ttﬁgr %Pyly?r {) 0%98‘11 Hl]am O|0¥1YTEJI_ mof! GRI%O rn?&?sr 8gscr1bed the

RET I 2at i Oh "of "t N8 nonoet

1ntbl‘{>)bl’j@16a 1b@Wl06pca<}ﬂnér oft@| sty 1ﬁ@hbxmwecﬁnbyleﬂwﬁdogmfsaamda ralkylstyrene
preferably brom nati on, |nsolut|on I n the presence
prefgirblyeh Panethulsiagiice sRTived pnikt avd Pirferably ﬁé}ahal@ﬁ@rhbhstyrene derived

unl# Q{nerégqg d écg{féﬁo \ Fen'e mntltgaa%) Pre@&@m%& %r %%l) : e\fvi f%rqhm 04to1

ICc substitution o
m@%djaﬁécbmrethb ifitarpotyinmralln des ov@dretemtodirth€Q€ 2fe pheloerettydstyrene is p-

halqgenated polyéﬂsobut Iene co- alkglst ren%%
br%p@p byl BIY{ENRal @6 oqney Viscosity (1+8, 12 STM D1646, modified) is from

30@9Fg&h§obutylene co-/?-nmethyl styrene), are brom nated
polymers which generally contain from0.1 to 5 wt % of
[0(63pnonhat dne o haup Smblodinyeits, atheteﬂmtoneaﬂmocbnmntent tde include various

anmount . of br ononet hyl ups is from0.2 to 5 W %
amEyHP Qs QCaRtPhaF WA, diari P@atow&m y : SxEimen cbodiments of

corﬁlf)@é?ﬁ&s%sé%ﬂ)eﬁ ed- dnRH &0 toPr0RPHR %f hQ@é&Qtéﬁrbuttﬁ%bber from 5 to

wel ght of the pol'yner, nore preferably fromO
95 phpof rs:talré)%mhcﬂrbmﬁy righbr, afren Sutes® aphi af hgflogmcﬁdoa‘tarrbrmgched butyl

rotfie G g 8 WErBoatah reloaelEid DR OO S TRt e BBy Ghap s preferably

hal@Fé}{h&Qﬂ )pHEf(ls%thehélc&gLrﬁ&H?l@Q@étﬁﬁ Niglesdev @ MBict en®Biments, the
kyl styrene, prefera t hyl styrene, derived

compesionsreenie fiopa sl yo éO% Phhaf bhﬂ@gmﬂn@t elEaewbysiengee-alkylstyrene),
prelfgyaf)lzr I%amg%{l?tﬁ&] phﬁ%lsobut}bl%he i hr}{étﬁ%%trl?%%) Lﬁ%‘d’q? ﬁ%ﬁ? 40 C}o 100 phr of

hal@@eﬂalttﬁi gttt amoky betyl rdemOGHSBB) nmore enbodi ments, the
[ ?- hal omet hyl styrene is - bronnnethylstyrene The
1006 bn eyinving @b g1oFg Prcersd emdg@nt&xﬁm TGN, CORINEHEgy be or include

natufal frﬁl%&s, polyisoprene rubber, styrene butadiene rubber (SBR), polybutadiene rubber,
isoprene butadiene rubber (IBR), styrene-isoprene-butadiene rubber (SIBR), ethylene-
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 copolymer) rubber;
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30 to 60 MJ. [0063] In one or nore enbodinents, the

el astoneri c conponent can include various anounts of
wopap/o1eans or nore different el astomers. For eRERPE®09/048486

enbodi ments of conpositions described nmay contain from

5 to 100 phr of hal ogenated butyl rubber, from5 to 95

phr of star-branched butyl rubber, from5 to 95 phr of

hal ogenat ed st ar-branched butyl rubber, or from5 to
po]g@s@mtyl@rpe-pg&%@fy&@t@d, preferably 1sobutylene/methylstyrene copolymers such as

isoﬁlgt:yYeglieﬁﬁé?é{gyAEgcf}geitﬁ@%tglréﬁ¥l styrene), pr efiscfb%%llé(ne/br?r.norlr?thylstyrene,

ogenat e ut yl ene- co-/ ?- net hyl st’yr ene
isobutglcar/chivr@nethlegiranent s halohenac@inposobiutgleac condyaloperftadione,  and
. 40 to 0 phr_of hal ogenat ed
ISOBWWégmeB}ﬁIé%@%%ﬁwlgwwéh%ry?f- preferably
[00%3} ogenabaR RVNMithsROULY LRBSHR/c8nipBLiNYh SEtiBBE herein may further

and/or from40 to 100 phr of hal ogenated star-branche
compptisd a rsadzindnry( Hi8BBNcr f@OPAient nelosted dronmtircegoupfm@nsisgng of natural

nbodi nents, the el astoner .c onent. . can or i nclude
rlf R D e U051 ShEuBy AR BbCe 5BE g polybitadiefe. rubber.
isogtétn@dbﬁﬁ@ieﬁél biapber( GBR), BRENDOKbRLHEBRaHLRO &fubbdrS PPIBRYE cthylene-
ut adi ene rubber (IBR), styrene-isoprene-butadiene

prapytse r rubSpBRthy lenchgropyleps-ispe anbberyBdpM), polysulfide, nitrile rubber,
proﬁ)tly 1 :eleogc?dreﬁ%ogg%le%g?tg%b%ﬂgherdu@qulgméggrgaﬂg lsl'ﬁgéé{l%{éldf 4H%ranched butyl

ene oxi

ruteAr bromamede dull triibber,ubkiefin@edl bhall 0@bbh&t etr-branched polyisobutylene
star-branched butyl rubber, brom nated butyl rubber

rubbst. o safriranghestt Brpmingiiske rbutdt dpelpisabrtnlene/isoprene copolymer) rubber;

' . fars :
B ORU AR BRGSOy n
isopotylehicbodrudybtbpstycanca lidophigtgneehyompthelseratel yhalogenated isobutylene

cyc,lrlSObl‘EIt lngggljn %gg@g%%@gﬁ@ﬁ@%ﬁ&%? gllfl hm&?ures thereof. In other

embd RN RO @I’a%ﬁfgﬁe‘%ﬁﬁbﬁﬁaﬂ §&€ribed herein has less than 10 phr, preferably 0
I sobut yl ene/ chl oronet hyl styrene, hal ogenat ed

phit globsacphdang chyohep eompoianerefaratly 0 phr of the elastomers described above
hsobut yl ene/ chl or onet hyl styrene and m xtures thereof.

o [SORUFT oSBRE GHUBUTHents. the ol astomer | c

[0058]POSIntak RAstARS GhHEdLE chiBsEhidntT e dlaktdrR@T cotPIBikibs ardinclude natural
secondary el astoner conponent selected fromthe group

rubbghsNeturgl gublicrnaeieagribed bb detgil byotupir gopriene Rubliseslechnology 179-
t e i uhber. R 0 adieng r r -
2O;§S¥%r he%&ﬁgl g ?@bﬁ)g{sr gegnb él}c(h?%B?_.So’sQ sleyetaf&i gm% fhe &%%S ¢onsisting of
Maipsisanabbaotieae SMR @ii, SMRryIsneR 10SEBM 20, and SMR 50 and mixtures
et hyl enepr opyl ene rubber, ethyl ene -propyl ene-di ene

- propy
therggbwheremphppatupsd rykdhgrs havg @, Mpapnay; vigcopitih pel00° 6 &y [ #hieof from 30

0 f a c f- [ .an o

o R0 359 TRL R 3P0 B 85° T SN AR (80t 0 i
acdoudanke withbesT™Mabdiedé.nat ed butyl rubber, star-branched
ol yi sobutyl ene rubber, star-branched brom nated buH%

Wfﬂah yi 2oty nBakral sypmplse of spBhstiteiupbery prdyde NATSYN™ (Goodyear

Chb P&h@%ﬁ)@@ PN RORIBRIBE S &%"olay@a? Chemical Company). A

I sobuty ronomet hyl st yr ene,
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
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).

-15-



10

15

20

25

30

i sobut yl ene/ br ononet hyl styrene,

i sobut yl ene/ chl or onet hyl st yrene, hal ogenat ed
wo sabitegrene cycl opent adi ene, and PCT/US2009/048486

i sobut yl ene/ chl oronet hyl styrene and m xtures thereof.

In other enbodi nents the el astoneric conposition

descri bed herein has |l ess than 10 phr, preferably 0O

hr of a secondary el astoner conponent, preferably O
W‘fﬁ&i of IntHE os| raee sithodingenss the 83 staBsy €0mBOMCHE 6¥h H’&i/ ¢ one or more

t g 0088]; - le if -

o R S Chor Qi GuPlint PERLI A, pRETeldbed in US.
Pateat Nbab,32eBbxr Gehlatilly,ahe ISGobBrscaoéymiasdrdtibdehel or propylene derived

det aj | Subr apani an i n Rubber. Technol o 179- 208 )
um(tﬁ@l}g‘}'.ope&gt FIXF‘P?Q}%Q’P;,“'E]SHH i?‘ﬁY:lFl& %@ni & g(\)’ sybgp ptogns, and in one or
mdré @MbbMihHfOUR §OaSE Stdo %I%Qfer Mele @ ckYBP 8hits Mo @%efin derived
SMR CV, SMR' 5, SMR 10, 20, and SWMR 50 and m xtures
unith éhe ofolcfhkaveim fromed tat O catbon wbirey, svhivave tiee 86Oty some degree of

V] $COSi t 000 M. 1+4 f.from30 to nore . )
ery$laB RS L ot T i apottimet, ik L Gy Vel oL iy PR Erived units and
andtBérCd-bREInt RriNed Ghit, ths otler ACASfikl BRERg Woht 5 AS TH drbbB4oms, wherein

[0067] Sonme conmmerci al exanpl es of synthetic rubbers

tho Sl atbe hunTsNdegrye ¢ipsiglliarty ChberSE4] cagabsodioyd copghner of ethylene
amgg %g(tn) 1207 or BR 1207 (Goodyear Chem cal
Xpany). A desirabl e rubber is high cis-pol ybutadiene
[0069] S- BR) ondByr "nidrs -daetadixiéadli e efunetionahiggbup X is a combination of a
ci spol ybut adi ene", it is neant that 1,4-c¢is .
halﬁémmﬁ/ aticdndangopiyayfunghenad grpuprbatLad bRtNGFPrptgd by a nucleophilic

su&ﬁﬁﬂﬁﬂfo@%g%éﬁﬁthalloeg%ﬁtwiars‘é)(?et n?i)légg'gthﬁ),cHr tﬂﬁlgﬂlytlahnéine (TMA). Most

Cl S-po I ene conmercial” pr s use
uscfolngosich ifonctiBUEENE (atgrid P 0r2. clatanericatahdom interpolymers of isobutylene

t hyl ene- propyl ene. rubher s cqonmercially avail abl e as .
and ATy bRy ERRBHNED o6 Smes RAY) DA BSHD L one. wherein
up W80 ol PERLNBOME TR subdifuslt l%?ﬁlﬁ%%?es@&tr@?ﬁ% 'Fen%ﬁcgng contain a

include one or nore sem -crystalline copolyners (
migend ofdrajagicnl ¢.¢ rrechd@pel oy peefsrablyer blosund &enh (para(hr@nomethylstyrene)),

{ t. No. 6,326,433. G |1 t CC.i
and BT RRopRinE g A or GOy Spoids &G RS0 Srqups sogh as oster and
cthar.ol efm derived units, the a-olefmhaving from4 to 16

carbon atons, and in one or nore enbodi nents, the SCC
[0078] a cwisbl Jwnstionglized hinterpelyaners vead Bave s2 asidstaniédlss rhomogencous

i. nit.s..the a- ' f 0
corgf{i)%lrt\éo’en%\ll\;éiggrtttél?ur‘?O h@c@é@tﬁ%ﬁe%@}%% é)g{xgge?g%'tf 5 tlge elgs%rggphas a para-

alkgtsysatdd bomerdtywithin 180% Wwitthe avaago gamaeiitylsttitac S6kiehs ofithe polymer.
copol ymer of 1-butene derived units and anot her . o

Degirdhlefrisraelymesncanrmlio be Haresteiized By g1 raravn BpiSeglar weighs distribution
MIMES SFoR0mAAL § i€ i 3b 30 NFSSRIBViscosit

( degrge o% crj%tdF?Pﬁ??&f%%Egt%%% can alrso @% A Y IScostly avetage
motapbir yweghtoh &t hyhgnef &och 309,0€hep th ADEH),0000 aoder preferred number
avegrgépgm% qcl-% I n\gefqltgli’ int ‘Hl% Jarlilgec tolf no%ll 2g50%8pt0x7§0§00% as determined by gel
permeation chromatography.

[0071] The functionalized elastomers can be prepared by a slurry polymerization of the
monomer mixture using a Lewis acid catalyst, followed by halogenation, preferably
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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hal ogen and a tri et hyl anmoni um functi onal group that
can be incorporated by a nucl eophilic substitution of
Whe012914d9t6 hal ogen with triethyl am ne (TEA), orPCT/US2009/048486
trimethylam ne (TMA). Mst useful of such
functionalized materials are elastoneric random
i nterpolyners of isobutylene and para-net hyl styrene
contalnlng fromO0.5 to 20 nol e_percent
gengaplly eRtay fiony P dria 5 w@m@rc‘ﬁnh@f %cwaﬁm%ms@e/ks@ﬁ@neogmups relative
to {H%eto{ﬁ?ta%hntsbjpﬁBhéﬂigtn&er elgﬁl Ak, h‘w &%yelmbodlment the
ring contain a mxture of ha ogen % chi'orine or
totglr ah@malol Yrandmehylnedal E)mmq‘lhylagrbupsmmﬁdjm&d)mt()ﬂ &nd))mole percent,

triet hy| ammoni um and. can opt.i onal | cl yde ot her
fr%ﬁétt? 8r8am05mﬁ§t ahat aa%thefs?rebgéwamefrﬁéb Q[t@ %ﬁol]nogmﬁcent in yet
an$tHACLhORBEAE And Hoel BA WBHSinCRR aNGME: @rnﬁémﬁfeﬁm\ﬂfﬁblrélﬂ a desirable

honogeneous conpositional distribution such that
raﬂgeagety %%wwmb;ngttnn off attyh@mt astiowsh angdower limit. Expressed another

ara ene cont ent. th| of .t he aver age )
Wl bR RbE D PR St Mt O oLl Peish! BeRER 0iat bromine and
TEAntbagdziod)ﬁ/ RS Wei ﬁﬂoiaﬂl%(boll)ﬁné&h RKoALD artbzueebetg?m @elré@ﬁtrt@% bromine and
nmol ecul ar ME|8 t distribution (Mwv M ess than 5,

TEApineansther epdb annés%ldtfl‘mh 0% B, éiveﬁghéﬁ)élfcﬁ@fdm\ﬂn@ﬁ@Q empodiment, and
a a f fir

catﬁég tsg@sjtﬁ%ﬁy%ﬁe&& g!ﬂ%géﬂ?g% 8@%?}1{)@1& pav 1859 lgac%bgne chain. The

rndlk’ﬁ| ﬁﬁb”o’rﬂTE’EJngﬁhylltB Krbﬁ}lofn%ﬂgfe i®fthd TEM- BH\/IQ%Iirﬁer can range from a

50, 000 as determ ned by per neat i
IOerwﬁpﬁérIQBhySO[bé@ﬂr lT t@ aﬁ@pp%damf 9&&1 lg|! gs tl hneF 4 :4, wherein a

r f
oGRS AP LY AR Ay s
[0052] hal lagepratdned, enpiroelfmasmbﬂhy eltxrstmmana‘i; bnmcludns aajopbhymer of C4 to C;
th sence of halo and ar cal iti
lsogf?éiﬁ Vﬁga"tmtér(ali b%on}qnaﬁlﬁg%dﬂ%armﬁ %Henﬁ%t FtsgfPMS), para-

(blémﬂlt@nfeﬁlfls‘??\%ge Qbér@&(?ﬁﬁl’fso@?PMS} a%fdlb&rtﬁaIf#ﬁh@tﬂyﬁfnnmn%ﬂlﬁ%thylstyrene)

ferent functional noiety suc ' '
demvademthgsl EY S el Sl)mwhl@reerli ¢hra EBAPYHe tlnmnaie ipresgnt in the interpolymer from

astomer sgener co taln fram0,.1 tpo_.5 I erc )
01517 P R ST Dol b, P okl 4k SR BEPRlS units are
prdis@ﬂtdh tid ﬁﬁt&)ﬁﬁo cMR&AITEY todB0 |nYcﬂQFékﬁbﬁt9oaBd'di dh@c RGhlyRBIes of isoolefin
I n anot her enbodi nent, the total anmpbunt of brononethyl

an RYISFRad e RYIS derbied sindtamrprepans fiom 3 te d S3v@ghtopescent based on the
totgl ggﬂ{ 0% El{eoﬁgrlgﬂrﬁgbﬁn?loﬁ% %&%Elhﬁ%eﬁ? ra%??%oerhﬁ %E%h?%%}cgﬁt to 10 weight

pm&aﬁhﬂaﬁmﬁﬁhﬁm&ﬁmﬁ&n and from0.3 to 2.0 in yet another
enbodi ment, wherein a_desirable range nay_ be a
[008hbi At ioBh o ey GEvedinens tabm FPTafIpCVBGisr hFWen‘*ﬁ’t the elastomer

cogg&ﬁﬁcﬁ? ?r} s ‘%J.kg{l{)%y99 Wt?f GF rtﬁ‘é:j oh® qul pﬁ:{ éla%&gnc components or

contain o 10 melght percent o otal bromn
clastochefEAN dnase dnan ctribedinedngh theodlastdreerpmimposition fean cofkai of from 30

‘ éﬁﬁ%ﬁye g t ercent to{al brom ne and TEA in anothF

0 Rine Ao BFR lGom TS SRITRENAF UAYOTS. | one or more
emBOGHREIs, %@&Qéﬂﬁ%&t corpékition can contain of from 35 to 90 wt% of the one or
more elastomeric components or elastomers. In one or more embodiments, the elastomer
composition can contain of from 40 to 85 wt% of the one or more elastomeric components or
clastomers. In one or more embodiments, the elastomer composition can contain of from 40

to 80 wt% of the one or more clastomeric components or clastomers. In one or more
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can be substantially free of ring hal ogen or hal ogen

in the polynmer backbone chain. The nolar ratio of
wWaBEAeeny| to bronmonethyl in the TEA- Bl MS pol peEDS29891048486

range froma lower limt of 1:100, 1:50, 1:20, or

1:10, to an upper limt of 1:1, 1:2, 1:3, or 1:4,

wherein a desirable range may be any conbi nati on of

~upper. limt with any lower limt. [0072] In

an , a
cmp@imense e plpBaMFe FRMPYHEO et eaR af frasp 40rfe| Gfeg’ozof the one or
. [ ﬁmﬁg derived units (or
nmﬁgg%%%%%ﬁ%?ﬁ?§b%§F§%ﬁ%§ y s?yrene derived units (PMS),
Thpamaplas(ibraimnmet hyl st yrene) derived units (BrPM5)

/or__para-(tri.ethyl anmpni ummet hy| st yrene) derjved . .
[O@H?t s T‘%ﬁ@ﬁféﬁﬂ%&%@%ﬂ%cw URPE LTaPOTH IRBPplastic. resins.
Sultiblé NBeridheLRO YR iddRi Bololefnd - rgrlé%’s' %nﬁeétﬁ&”bo@%%d Suitable

on the total noles of isooléefin and PM5, BrPMS units

theameplpstastesins ican bher invtusle podigsreontdiniom itr@enooBygoniplegen, sulfur or

ercent based pon the.tot nol es of isoolefin.and PN5,
otBF GRS RS Tciar Myt vah P op reSE ArCRR i G groups such as a
haloBéOB acRBE gRAbs.based on the total weight of the
[mﬁgayner i n"one enbodi nent, and from 4 wei ght percent
1

0 Swifablet thsememdpgtici resamomplairle eppbysumifestnolyignds) pphycarbonates,
PO@P%%}?{, %%Pﬁleﬂfgﬁre%o Ioﬁ@c&éne%,b%%giagé}%ﬁh%@Mooergtgil%{}}g%ign?-%&%ne resins

r’"conpositti‘on camn in

(ABBE polypRdnglcdb@atio PPy, polpaagmde eilfidt a@PSHEphelyslyfene, styrene-

one or nore embodi nents, the el astoner. conposition can
acty MtE o resinst (SN )3 G gncomalgiompltydide 1sHiBs §pMdyy @romatic polyketones

S ' tomers. In one or nore
(PgagbglnE%?gT tE% eiaéigﬁg?ﬁ%%ﬁposition can contai n of
[0676Dp M 3mitableOMembdplastict fodyammde (nydmrse ceh asdlodeciystalline or resinous,
. CO nents or elastonmers. In gne or nore enbodi nents, .
highn Sl oHEIENE oibEs POV BIT é%chs@ag afWOBIMT GHdaFpelygsrs having
redbrfOfantile Q€ QithiP'iBe SHATMOITENLG. COPPORGNS @ be prepared by
el astoners. In one or nore” enbodi nents, "the el ast omer

polyorepigstian o oah @omai nepsilofir tavtah® tsocl8Oaswtcprofactane pyrrolidione,

0 r nmoye elastonerigc components or elastopers. In .. . .
taugfacGim 5] SufpBieRaS e AL e o oEbRSOEIRripnelgibasic acids
an€ @RbAAdY. Hoth FBEN-APminy £ MbUirRf orhdeno®s 4E sifdtee. Examples of such

el astoneri c conponents or elastoners. Thernopl astic

polyamiides[ 007%] Thelyskprotastar i ¢ Gulapddi ti oprlylanryllaethide (nylon-12),
e I ' si ns. ' I -
rol G Al R FEEEL B 57, TN B, w9
polgh&eimduiolyteeliticarbldet @bllen-6bN105,Mpplyastdntcthidshdisphthalapdde (nylon-6,
or include resins containing nitrogen, oxygen, .
IPhanrc g coadansifionoproghifiept g}#&%@-&a@%ﬂ@c ofld hpdpadd ) ngAdditional
. 4 (0) o
exe}\%al{algsg gﬂﬁg?fagtg% %19%1?%%2@%})5&831 fh8§kall1avgf{g éjposfteﬁﬂl%tbo?r‘f‘t Rlow 275 O
are described in 16 Encyclopedia of Chemical Technology 1-105 (John Wiley & Sons 1968),

Concise Encyclopedia of Polymer Science and 748-761 (John Wiley & Sons, 1990), and 10
Encyclopedia of Polymer Science and Technology 392-414 (John Wiley & Sons 1969).

Commercially available thermoplastic polyamides can be advantageously used with linear
crystalline polyamides having a softening point or melting point between 160 and 260°C
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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[0075] Suitable thernoplastic resins include

pol yam des, polyim des, polycarbonates, polyesters,
weuysufones, pol yl actones, polyacetals, PCT/US2009/048486

acrylonitril e-butadi ene-styrene resins (ABS),

pol yphenyl eneoxi de (PPO), pol yphenyl ene sulfide (PPS),

pol ystyrene, styreneacrylonitrile resins (SAN),

styrene mal ei ¢ anhydri de reS| ns (SMA), aronatic
antﬁ@?r/gdrg%g hare ()lpEEKx upEpy dighg ]ﬁ:pg:qpq)lesa saﬁisggp‘ggp%golyesters include poly

B Y

sudviag ul ard vvpolght (tsab41di-palgherylend naldipdichg polgol goiker or  trans-1,4-
ndter({j s hav::%l%recurrln amde unjts wthin

Cy‘ﬁﬂféexf%ff ediqEoxirshe prdfred By — poly(eis-l4-

cy&@ﬁéﬁcﬁﬁéd&%&féﬂe%xa%@ afd pHML(EisEIRE b&&&héx@ﬁé&ﬁ&hﬁéﬁ@) #rcinate, poly
caprol actanj pyrrolidione, "lauryllactam and

(Camahglondecaapbileldteg tsanh asr pelpthpleagemphtbalatgy and polytetramethylene-

terf A o g Lt BOREF ol SHEhy o Re o B ichsisgphthalate and
olw ﬁ%rléhfe iSophithapad Yad1fkeSmatcBalRO! Mehpreal R @Mrs are derived from
nyl on

; ﬁol yl auryl | act am (nyl on- 12),
aropestig keoed i keide almhp@magl@hqlglylp of pbtha@g acids and C2 to Cy4 diols, such as

pofé/o{hérLé%X %‘%g]%rﬁ}{%d%% HJO"TWQU, er(en‘éé{r %Iﬂth%&ate ]Bseferred polyesters will have a

efese e (n

aﬁmmhwmpow%(&m de (nylon-6, IP) and the
con ensation product of 11-am no-undecanoic acid

[0078Y | on?olﬁ(vilenymu @th@faa(PPE)(élmymsla@mc sepinssvhishoap be used are well
kn(g\gl ya@g&%@ﬁ& SDSELAL Yt gz)? %B%t}% O(S:Piqégtg’g:cgggl nogl Ig]otlyrnerlzatlon

are descri

of eltgniubatituleicirabgYrhby hod gcénk@d]ly leaﬁ)an&)rﬁm’iﬁ pb8@Brs having a glass
Conci se Encycl opedi a of Pol ynmer Science and 748-761

trapgiadrh typpeastuR 18oths  rangoo) 19éﬁfdtog_@3ﬁﬁfcy&“h@g§dmlgngtfs, their method of

g O oS RPN A B P bRl s o s

[0qTOl yaml&e&eﬁ%?lbﬁlcaﬁgﬁ@t@ﬁembtﬁérylﬂdﬁﬁlé the tpdlydafiRd@hte analogs of the
crystal line pol yam des having a softening point or

POer§$tt31‘|S rﬁ@sweﬁtabﬁé@ wednas) semeaedasto Cthe egpighelpies) eglycaprolactone
poiy% stﬁl‘éhé alalifs LR NRPL ?}?&l%rﬁet@oé %Elr&{es Wi 14y rﬁlgg 50 mol% of

I'nc e po ymer reac product’s of one or
acnyi@nﬁtutee(&ﬁN)ahncbmmbas oopcdyraem tof Gtypedcy aarybunxtyilld a:ndabmtd&ene (ABS);
sters of anh s an e or a mxture of diols.
su %pgrpﬁ guerg su é)@f: yu& eyégqoéyrgers ﬁg& Qa@ob(bl]ygpers of ethylene and
C, t%'&soleﬁms"' ify Xﬁé 8P R @rﬁﬁocf;ﬁ)ieﬁts 3l kAo wrﬁé}r&%é{ﬂﬁé&sderwed units,

such as poly(trans-1, 4-cycl ohexyl ene ‘succi nate)
angoh yongt gramere Embodlyrwlntshexyﬂlckme capolyeiee or adky chnlgnm of ethylene

deréYeEl %talaggr%%&{;@gt (gf%%g% ghnrrgtglll’l% é% ?%qrgl_oplaat_ic resins as are known in the
aﬂcyclohexanedlnethylene) oxal ate and

y-(cis-1, 4-cycl ohexanedi net hyl ene) succinate, poly
[0(%@12 4 Tal RY¢ edve m@rzepmbwan@n@s)thg uedmpesitions can include “any of the

the[r)mI g gthc‘?/rg?e%gefﬁrogrﬁg gré'éég)‘ Ay %ﬁﬁerr%loeplastlc or a thermoplastic polymer) described
above that are formed into dynamically vulcanized alloys. The term "dynamic vulcanization"”
is used herein to connote a vulcanization process in which the engineering resin and a
vulcanizable eclastomer are vulcanized under conditions of high shear. As a result, the
vulcanizable elastomer is simultancously crosslinked and dispersed as fine particles of a

"micro gel" within the engineering resin matrix.
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poly (C2-4 al kyl ene isophthal ates such as
pol yet hyl enei sopht hal ate and
wolyheranmet hyl ene-i sopht hal ate and |i ke nat ePCEHIUS2009/048486
Preferred pol yesters are derived fromaromatic
di carboxylic acids such as naphthal enic or phthalic
acids and C2 to C diols, such as pol yet hyl ene
t erepht hal at e and‘polybut¥lene terepht hal ate. .

(008141 orlpwipnye| Wikcapizationily eifpgiod by mEting de gredicnty af getemperature
: AN . P y ) .
{85 B REHe L R0 AOTP LMD KL GRRR! s ol mit
BakinwowR Tlomisers | ehtiyudn anixatyl é&nomicey oahsxipg adtradas,byg., twin screw

t he oxidative coupling.poly i zation of al kyl .. :
eX’%‘&%%%-i tﬁ?%dl%‘lﬂ?nﬁﬁ%r?“g’ﬁgv Sllﬁmeet{lae é‘:a%ﬁlqailyl P&y compositions is  that,
noRATHsRAGHS tROFMIRIS thaMh f8mér & chf &sSbd h@F cured, the compositions

tenperattre in the range of 19C0C to 235 0C’ These
capbk ypreesssedt el repredchssd of cpmepépedli whbanprocorpgstictinoqess such as

W th pol ystyre are further qgscripeg¥#n U.ﬁ. . I d
oxtglisians SO K6 A2 FREPTHREPRIRYALE; ECr o4 O'c Hfshyng eafehe salvage
and Rpkotdesctihe pol ycarbonate anal ogs of the polyesters

descri bed above such as segnented poly %ether , o
[0083] phteatielaty) prefoicd dagymop ketiopaypots kin RVyysdnelude engineering

Fesi C S,.CO rs.. st yrene. W S n. .50
SR y o R RRA s LA BSRIR Shotsesn,
poStyIFERe, Atylttomdst I bblgadstdls,buicadbstitic- bABSHene Sthdmeneresins (ABS),

Eplyners such _as polyghenyl sul fone; copolyners and .
pokyphepdmgaeee (RO b prbipeey gissubixde GPEY shrepdtgglonjtiileggins (SAN),

e ' t -nr derinyed
pofffmPHEL.CoetiRE MR S SRR TP ko] AYLAA (PERETPEK. and
PEEdpohndrerixtoresbthorkof.c oprefeyredr ecnpfincetihy Iresies der ipulydmitdvist sSThe more

nd propyl ene derived units, apd like er nopl asti.c .
preferisdRolgamiges ot BYIN: 6 aihay lon fl-[ @éé’aatbl}nthan%gaweﬂ% gesin(s) may

suifBRPE FROLS in Erh%n&ﬁm?&’r%lﬁg 205 80t 106! 98dGeigRpcPlent, Peferably from
thernoplastic resins (also referred to as a

abaut@0rio PP astight porcent, theeal astphersian be podsyntein jandemeni egding from about

abave .that are fo knto.d m cal |y .vul canj zed
2 Pt st pE iR B el U AR Sdovelatt RelREk B on the polymer
bleR@ Piréfeta®lyCOBsendersl bEaditZatshidtoipdsieivs ak PamitlhiidfeBed in said
engi neering resin and a vul cani zabl e el astoner are

engiplgitesd under conditions of high shear. As a
ul t I vul cani ] I 4SS wpul | -

008351 T GRS (P BRI P PP AGRBRHS Y resin. 1 one
or "mdrer emigelimetts,t fHenelabtomengonpesitiog dagstontdimtidfi omn0081lio 45 wit%

Dynami ¢ vul cani zation is effected by mxing the .. .
thergplagiceistia- di ogC LB M9E? SAPEMAISe HicjckasigmeCopIpayiEion K@n contain of
frofiH 2! e e ﬁfeg‘ﬁﬁ%lggtict % el aft QP hLr | HoRAUHBIRMenRUGH clastomer

as roll mills, Banbury m'xers, continuous m Xxers,
colkpesati@r sawrcontaxi g fatr Gder 80 et’y. thetmaphassicrewm. In one or more

enlg§{]f'rg}ﬁnu de ;E’lrey g-lgﬁplé.gll‘ g%ﬁﬁégt?qrqag%g E:(%onzatulp Ctpioffror}l hl% to 25 wt% thermoplastic
resin.

Graphite/Graphene

[0084] The elastomer composition typically includes nanoparticles of graphite (preferably
graphene), typically 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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notw t hstandi ng the fact that the el astoner conponent

can be fully cured, the conpositions can be processed
waedoneprocessed by conventional rubber procesBECTS2009/048486

techni ques such as extrusion, injection nolding,

conpression nolding, etc. Scrap or flashing can be

sal vaged and reprocessed. [0082] Particularly

preferred thernoplastic polynmers useful in DVA' s ) )

(lengféi wérsh o ghiskrasbhiyerlewi wan J80 depemceisofitematcly sl ghree dimensions

aﬂg%ﬁ; % E(fﬂ#l 84 ?1{1018{%}3%6‘&% f8S thahof @()C@arngﬁfé Fse Sin %kéf@[%(? Embodiment the

ones yl'act ones, pol yaceta
na@payticbnist 4 heet bm\tlﬁgl laeghieksdsy o€ nessrteal D& (ABS)cters and a length and or

willy B & M FRoAD ot el ey ShcBy ety 20 1 'S00 times,

pré?érﬁﬁl%@@ tH%b@'tlﬁleé‘ﬂ{&YtﬁfckH@ssf SMA), aromatic pol yket ones
PEK, and PEKK) and m xtures thereof. Preferred

[0(&5@ neBrd gtgphl@slsrpsefaraélypm gharﬁ)mgf ofiher mure cplobfited rgmaphitic layers

oI s are n 1. Prefera I t he
IGP AT T 4% e Radie et S s ko e r@biE Tt W be produced
usﬁQQHé‘tHlfn@fﬁ&'s nraethb@m &naphentDds@ 98m zzg%az@ﬁfzﬁée’nSbankowch Sasha;
preferably fromabout 20 to 95 wei ght percent,

DikinaBrgirer Ag d?pfb@eﬁé,r Eeafficy ith B Keohbhaas. M}g mem Eric J.; Stach,
Er&%bfe Bm%r tfgﬁl?agd WJ ﬁﬁltlye%e 581%%1&116 rr]Ip{ lg ef;fﬁ?& ihey Sg{ﬂk%gl’oeu&()é6 442, 282-

erce base

28@ ef }%rg’ib;blmetti’&te@ iAsHio ARMnérScapM@sEBlic dmé’i i droxyl, epoxide, carbonyl,
03|t|on as particles dispersed in said engineering

anql/@fs Farboxyd demiondlLraynssloenied o drepraphifcothestan Thayg graapygn be used
to I’e%%fl'%ltﬂvtﬁ@cttllaﬁ{ﬂ:%‘méfsséﬂ the' e?a?s't&nerlﬂécﬂgb%eorT rglr{Rs can al§o be used to
ontaln O

nments tomer conposition can
rerfden theOslrEeﬂs deSEShyAh@plhllncE byropicieh i with @snipolylrereniey doscarmmecontaining

enbod ast omer conp ion can contain o
reaﬂa&h‘r ‘\’/é] ‘%egﬁ &F4THPF gEupg “F‘i‘é‘{erﬂsoqyﬁn%}ﬁse 2 | R F@i’oxyhc acid,

bmﬁﬁ@ﬁﬁhﬂpﬂ%ﬁvxﬁhguﬁhgéﬁOner conposi tion can contain of
from5 to 30 W% thernoplastic resin. In one or nore

[0a86¢bodi Henexfoliathe gammcoteyﬁrscmnpbs iprédmecd amingon it doflescribed by

[ to 25 ast. resin., . .
ROE@%EW SR HE eOBB A PR 4k GiraPeBipoSigl offraphene Sheets
Dekypd znmgud;aé }nz@n@&@kt i.cHaen®f COrRpRich® JeLuen Li, Michael J.
(prefe y graphene) |caII present at fromO0.1

MaAdligter, pHrroal<|Ih§a11; eMﬁTgaﬁa’h 3- él @0, pugksdHnepdimson, Robert K.
ncg Fﬁog{.l&ltetﬁoﬂje?tr téeﬁrl %%J(d?ey aSI(I"lr égﬁg hﬁgnSAt Rﬁpaﬁé9 Physical Chemistry —

ers in si one dine

B 20080t h), 8385d8580r° @)ijg@km&a;) Ursippessoft Gaiphd3Waterials”, Je-Luen Li,
nanonmeters). Alternately two dimensions are(length,

KoRpanin o K iMibag. ideh BEr el bo Prishiemer Ghan A. Aksay, and
Ro@ #irkd:]hzts@f%é?del ée‘gés&t e%egeggéégﬁéaeﬁg?}s thPW 19t£sc%ﬁglly a two-step
prqmeﬂf diirsegraphiods penertedie graphite oxide by putting it into an oxidizing solution
of sulfuric acid, nitric 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 C0O,, and the evolution of this gas splits the
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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nanoparticle is a sheet having a thickness of |ess

than 100 nanoneters and a length and or width that is
wa@eolhea®te 10 times greater than the thickness PCT/US2009/048486

(preferably 20 to 500 tinmes, preferably 30 to 500

times the thickness). [0085] The graphite is

preferably in the formof one or nore exfoliated

%:aphltlc l.ayers (also referred to as expanded

%ﬂ?ﬁ QOéI)Patl asthdy &tcéﬂ?ogrm%]’ﬂl?l}s dike RIBr agldc%wp& clastomers, the
adBLEOFYE £TIitAE 1,09 rptaptF Soﬁgﬁgfanﬂ g\%tp@grge assl%tﬁﬁ%%@? rl]rpcﬁl%@%ermeablhty by

conposite nmateri a
afz[bl‘ﬂi)rttreit\yeehaarﬁﬁn’rett Geoffrey H. B.; Kohl haas, Kevin

Zlnn Eric J,; Stach, Erie A ; Pjner, Ri char d
[0(%17] egoe{gpqmment, t%l (ﬁr?phlt@ome relnNgt ap eexpanded graphite.

Exg%d g%ﬁmte 288 ty8fly bd Hfads rbgglﬁhﬁ&sﬂlg eahed fidkelPhshite in a bath of

manner- can have one "or nore hydroxyl, epoxi de,
acidafshdnyak , sufphdtior acedir gy laciduraod i avntad  agrdo posblimtiang dhayeof, or the

t he graphi.te shee These can d.to react
co PR RO S S bt Rt et R R hs i@ stal latice
plaﬁé@éﬁ%@t %@e,’a% QiahégRehk® render the sheets |ess
y reactron with non-polyneric hydrocarbon

drophilic
[Oflf%ht all?’fﬁffgﬁh%aﬁlﬁamﬂ@co%#pl eontapns QdHf tol 10 daplhr geaphite (preferably
gr% lnahé]}? lr%qgs hy dr oxy %?e aﬁ%ﬁeretslts %Oaé@% |l 6 of %%p%lte (preferably

gra@hé@)l@hephrgclaphaﬁgeg ﬂrcaisi&fb%uﬁ am)sbphrpfoodbtﬁﬁds (l)lSphﬂg B onc or more
met hod descri bed Robert Prud' ho at Princeton
emfaﬁfiw&sb the a(mqmwh ef B’@iﬁhft? ﬂ&efegbhgg@p@ngb Repaicdestranges from about

T rglé’ ggth I5 u én H éb%% %}QF kd QOOQRE %e;ihr Sgré)g?irb Eﬁ‘tr OaEhr to about 5.0

phlSaI In I\(Hreg ari mard-le:mbedaneﬁdtsg nge, aﬁiougﬂ asd grapldkanpooficrably graphene)

Robert K. Pr d ho , Rober Dudl ey A, Savil | e,
na%ﬂ@aﬂmﬁqfarﬁn&ﬁs &yow pf a%ﬂ%(f @%P @Qepr%rt ry V2 PhY @o@%lgh of about 3.5
phll:ho_'),plﬁ%i;@-o 15}1539 " Oxygen-Driven Unzi ppi ng of Graphitic

terials Je-Luen Li, Konstantin N. Kudin, Mchael J

[0Q89NbAI Inj ather prefameretmbodirﬁﬁmfd tho graphité (hhsia shap@Aklsdyis needle-like or
hyS| etters

plefBm it e mle R Lo b e foben Topptpably arater

tha@l }PPicF@abls EoMmveikmds!t prgéaplkyi great@x ithkg DY, prefdrbBIg frém 2 to 20,
into an oxi di zi ng sol ution of sul furic acid, nitric

predespbly e pdoasdicurthehispeeit iatip gp tlas egtiof @ﬁffhedaygest Hhnension to the
shcm’gsﬁ g%%%%gt g&;ﬁ%n%‘f’dt?fm\éa{hl %ﬁéstsiyo? She pedpt ds {O; gverage. In other

car sheet's an

embpéingentsite gRhitd Basimt aypedn retti’dﬁfﬁ es$antibig 1 @0 amd. 1$tien it R&wot needle-
graphite oxjde is heated rapidly to 10500C.. This

hk% dhvEhedcy e'élftl % aisentislyt Plléteolkl?g erin spnogher¢ q;nl@nnergn dhe graphite is
Zavgh %Eaéaeﬁtg§ Jﬁ%i h8&Sa l:fffc%uffﬂﬁ 1Bl &f 1(?1!0 3'06';[192/ (ﬁl

IVI ese s ets st contain a sm

[O(H)l(ii)u ntInofonox yondinends, ahe gvarhyte c(q»refetg}alyegrapbettem dtas tupeyo 50 wt%

prqrﬁ;qr{ﬁlnqhg %gt%rfa he uyggc%[ly fflo'lrrntl G S%r g.ssllnnoqherl Qm]:?old?l’?lgllltg gthe graphite

(preferably graphene) are present in the alpha form, having typically less than 1 wt% beta
form, preferably 0 wt% beta form.

[0091] In a preferred embodiment, the expandable graphite may have one or more of the
following properties (before expansion): a) particle size of 32 to 200 mesh, (alternately a
median particle diameter 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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pol yners, they exhibit effective aspect ratios of
several hundred. Wth this norphol ogy, andwi th good
w@oipatdé | ity with hydrocarbon polymers |ike FR'BUS2909/048486

Exxpro(tm elastoners, the addition of as little as 5
parts of exfoliated graphene can significantly reduce
perneability by a factor between 3 and 5. [0087] In

anot her enbodi nent, the g[égfhlte useful herein is an

d

(prefefreha dd g gp mr%férabkzs(éatﬁ griapprndable graphifpicen) hoypyghased from

GRIBEE c?y Ihﬁgﬁﬁfﬁﬁa{qg @Jg s gr@l@tﬂfatcﬁe : ﬂld‘ﬁs@@g h aﬁfong others.
acl such as sul pnuric nitric acid, and ace

Paﬂmuﬁrlycm@ﬁllnatpaﬂdi’eﬁ)ld fgﬁqﬁﬁé 1n01ludé§h GRYOF@UAMDT% E&f)andable Graphite

Figigy dad PheehybDl sranis degitaes bpr 30566 U 8513 Us
5,19%R88dUNg § hes g5aphist &, 4d003q§8]U gr @%69 @@)y Ats'ﬂﬁ?r Carbons Expanded

nanoconposi'te ‘contai ns 0.0 . hr “gr aph
Gripntef @ades| 372¢gr BHena)3, rﬁdﬁépéﬁﬂ, dB%% 36l26 o, 3670vong 3538 are also

ﬁ%' .ments, the anmount of graphite (preferably
us ﬂe) nanoparti cl es ranges from about 0.05 phr to

[00BRPUL 18. § pRétErred RnHBBInRNt MBS @xFiHAablicNBApiSite hie aRBAYEL temperature
of graphite %preferably graphene) nanoparticl es ranges
(temperfudeuwhehit peging © expand) o ap 1pGIC orf mere, alsguately, 20 °C or more,
altgrﬂgtef ?40%1%%1‘1& I%OI‘% ﬁpemar‘%%lggi%&tb?y 11110€eh Qlté%ﬁgtel °75%b>8“ n?C)rg, alternately
n-one or no & anoun

10(191 ap lok hft)ré pP&E@falapltye gimnhmegra@am@ h@sr ztﬂ @lp@ﬁsﬂ‘)t&ﬁ@@%f at least 50:1
rom.a | ow of

cC/R gwfeéabla@ééﬁastsl(@ bﬁPfg, areéerﬁlﬂw aérleagt @)O(bHICC/g[ etpﬁ@;]lblyrﬁt least 250:1
cC ta'? BO0%eT elfn élllbﬁgf @@8&&&1{@3 e E)fb%ﬁ@i@@mgfahﬁlt@ A £h é{fﬁﬁﬁon ratio of at

hat 1s nee or ate an aspec
leasta$0:d cgree praferablyaat das? l()prleécég alokferagpieat &astt 21 2¢/g, preferably at

B B TS B LR e LU 20 bR v
blcRd ec%ﬁfp@ﬁéﬁfs bF ﬁrﬁle?’y $0)kx dpéﬂﬁ@d[ SHiR R ARMECHith AL Hishd! Bfnponents. In

ratio of the |ongest mension to the shortest
sord¢ nmbgdlmq:n(sl, émgrhphlw igdnht expdnddd ©k nepadalde) after formation into the an

art ?% c}} avera elrelln 0 Qefr) enbodi nents the
TS &5 gl bl B fre PO essential Iy 1 (0.9 to
[00b31) ; refdrﬁed'e?n%@lmé}ﬁ%’é glapkiee Rrorsddhiis€AtraPhtinel SGraphene is a

essentl a ga pl ate-like. In another enbodi nent, the

ongypigphthiek ip npmstz@qtuczfe@p hgéléedjlcagqoapﬁpmésthﬁhwmév@eb/ packed in a
hof?egr%&!nt) ITE%)S dali' ﬁtﬁl c%r‘tpon- c%nobo%l(a%{%}é gﬂ? pﬂe%g?%lepr%%lmately 1.42

e grap pre y grap

angsa®msp Graptzde \M ﬂff@ pass eﬂmﬁctlhtﬁl ¢l cineifgrdphitig mhtgfals addlyding graphite,
form5 to 30 vvt% In other enbodi_ ments, the graphite

as eﬁpg]ﬁ%%lb b cosidsrrsie)begpanyplayers of graphets Qram% gfnke prepared by

SRR LR IS L S BT o
by exfidiatablof igeaphitddegraplyitihaverponedsor Likewaseoraphene fragrnents 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,

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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followi ng properties (before expansion): a) particle

size of 32 to 200 nesh, (alternately a nedian particle
waele@an®eiers of 0.1 to 500 microns (alternately OPGI/US20BH8486

mcrons, alternately 1 to 100 m crons)), and/or b)

expansion ratio of up to 350 cc/g, and/or c) a pH of 2

to 11, (preferably 4 to 7.5, preferably 6 to 7.5).

Expandabl e graphite can be purchased from GRAFTech

tetqahy@pﬁg@q detsach orAg‘qbg@ey a@ldb‘él}goeth@ﬁeh fsse ngpgl et al. Solution Properties
t | 2pby

o o e d8 A LR ey Mhandan e
[008¢+h phi Ineanblhek embadignanhethe gsenhdta ib @rfgﬁ@tplhi the ethstomndrmeghposition as
disIE)Fré&i ganfg%e%gsglhac\)f%%g %%ﬂlgngésbo%giﬁ tlllﬁi g(%) %anggE %g g}?gfgtably less than 50
naSRMErY, frafckonscExpandedatand@byist € grades 3721, 1721,

3393, 3772, 3577, 1395, 3626, 3494, 3570, and 3538 are
Pf&ﬂe%ﬂ&Aﬂkul herein. [0092] In a preferred enbodi nent

] I t
OB, 3P P S RFA R g or mors
prozessingy eids. alﬂuaﬁbﬂatlﬁ'bgesﬁﬁ@ aﬁl@ @ih iolude, Blttaes mat hhyteé(la plasticizers,
gt% or m)re c%er nat el y 6000C or nore, alter natg 750
tackicgy, GriNECTSa|chaipifal épYditerRss. cRoTeREchIing AESTEY @pdpteptizers such as
r
meﬁ%ggat%&g%ﬂ% tgfarﬁi \gl?e ﬁezr%g E@%et%le l%feiggft?ﬁ%l%po lsai)ku%ﬂfﬁ{lc ks, polybutene
oilgrrepbthatic yoilas aﬂoaaat o2l80wixasc fagins prosines albbtyelal;yﬂtlm]stﬂulds having a

250: 1 ccl/ 6000C. I n. anot her odi nt, the ) )
oA TBIE. BPeD TS ia el B DR e, O frisiral il apd the like.
SoRr@: dorfifkbetial PESRRI AP LY p%césﬁﬁ taidOQrd AINDEXPTES &h@blChemicals), a
at | east 200:1 cc/ preferably at |east 250:1 cc/g at

nanlﬁkml@ plsessiprzaphi P RpPsRDIbe opantled! t{élfemleall (Eomsany a polybutene

proce%s r&%gh%?g a n%rlng?{z?g%agbnf%ngc faﬁ g\pel%?ﬁn% From om tﬂ gﬁ%‘% and FLEXON
™ Kﬂx@@m@bﬁm@ﬂnm mompahﬂea griapiiit pett@embﬂex panded ( or

andabl e) after formation into the an article (suc
[0(}% an Bypferigd mlasgeizergringlude pelyalrphmlpﬁlﬁ%@AOf)o@@] pu,rﬁy élydrocarbon

ng & h 0 0 S
oy SR RO T8 OIS e n o
2064Q14998d &’ﬁ’}efeﬁedb BACBt iachadé hhgorm‘re ofldazat ying a@Joegomers af decene and

honeyco tal latt] The_ car hon- car bon_bopd
dogeshpt- KR "fbrr ﬁ‘ée ﬁgaﬂaﬁlﬁr%é%t&? étla5 © §amo SUpGSY? onagld SpectraSyn ™™

PAS ﬁ@&%&ohﬁqoﬁohfmﬁﬁw@ tgdﬁ& Uh fouSlofieRes. of graphitic
mat eri al s 1 ncludi ng graphi as graphite can be

[009Ghsi denedlet polubutmasn wilk dyssre sanoﬂ\/hg rodiplesn ¢hanGt 2,00@ rpgmohn Preferred

Pl By B e e BB PR E S e A {pving rom
3 18 @rb& htehhs 0§refe@ﬂﬁ¥ @ﬁJn@ﬂ Q8 cOfaAH Atbfs CANRRUMKE her embodiment, the
Li kewi se, gr aphene ragnents can be prepared through

polyhetiehe i 2 hoappolramer @hcqﬁolﬁgn%rmﬁ & €4 raffipgie., An embodiment of preferred

IOWml’Ig:OEQOCil %eﬁ%ﬁt@%& erggl rbnrelgc':'l 3l Bét%at”ed WI tr@ 19 ggstcégn#hry for example,

SyhthetidBligtidadls an8 High-Performance Functional Flulds 357 392 (Leslic R. Rudnick &
Ronald L. Shubkin, ed., Marcel Dekker 1999) (hereinafter "polybutene processing oil" or
"polybutene").

[0098] In one 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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oxi di zed and exfoliated resulting in small graphene
pl ates with carboxyl groups at their edges. These are
w@oimvetaved to acid chloride groups by treat meneCT$1909/048486
thionyl chloride; next, they are converted to the
correspondi ng graphene amde via treatnent with
octadecyl am ne. The resulting material (circular
graphene | ayers of 5.3 angstromthickness) is soluble
or f1spBely By af Bebirtaienc aad | duFans s ek ise OF arierpolymer of 1sobutylene and
| | 0
B P PR NG R I A Rl TR 40 0 490 i of the
cofdt B4 Xhqp p- buVe?lEQieﬁ?&ﬂ.u(u?@%)frOm[(DﬁBM wt? afhthichepolymer, and the 2-
sent |n t he el ast oner

enbaqdi. nent , the
buteBr g Biits 2L §i %@ “ﬁ%ﬁg@ﬁ% EPROIFAGH ) oper i B sgpodiments,
theOfol}RR&ne! i %o{o@@m’fé@%@ﬁ&&ﬁmr Rhefeql Rl iYoduBAsnd N8R edPnits are from

nanonet ers, preferabl ess than 20 nanoneters.
40 o Sewtiony’ the dop¢lo08E]the rl -orencoderived enévivod ifivenestp 4thet% of the

el.ast oner . co ition n 1 ncl ne
ol SREE a4 RO TRE T R0l ik i e 008 e TR iat the,gonppgner. 1n yet
andtHér @fBoli@tent,i tHet Belyb@end!iast itedpdBinter G fthiBE Sunits, wherein the
ext ender s, chemi cal condltloners honogeni zi ng ag ent s

isolwilope ,glpny@r @1@@@1&@@1 %p&@pyt&m gf thg@pp@l[y@@rntlgﬁh b—butene derived units
are ftfj(%rﬁ%nt /e dF {h% ﬁoly{ne ?]tﬁ]ee 5 %lutegl ldgflvézi att fa?é ﬁrmin 2 to 20 wt%

S, poI tene ol At hent ¢ ol arona

of WAX &®poliyafet. n SIn K@SiaAstheO rembbﬂﬁ‘ﬁenS Y tHch p@llybutﬁhél ligls hornopolyrner or
havi ng a | ower pourh80|nt | ower. em ssi on,

copbwpe ddselutyaneaitd Irbutens. wherdp Are spbutelsae @%Vemukl@s are from 65 to

O TPl PRI IR R R 05
wﬂ%kﬂABﬁhﬁmnmmﬁExxoanblI Chem cal Conpany), a

rocessin havi.ng a nunber average
[0@35 tﬁﬁ?b%% mOC%Sﬁm%rQ}L% e zs B NUNBCTFREIEN [plppular weight
(M %X eRVeRiy @W‘kﬁ@dl feIMBAR Y000 &/ R8T, %@fleﬁ'tﬁatp@@(f(pé/%ﬂp In one or

oi . [0096] Preférred plasticizers include

maquo leydb dinznkse ftha golyPiesg oil Hiaghe pumb@ryammﬁdn@lﬁbdw Wlelglhd of greater
co S|t|ons ( HPECs) up, 111 basestoc

thafp S0 HhC R SR st a0l R, eRBE hodOpAoL 2o proforred

embB&iede ch ibgoesHbhtiGE ©E Ay A0 cE UinfH wmnafysulgfer dﬁﬁle MRrein. For
and dodecene. Preferred PAGs are avail abl e under the

exqm@léemngmﬁeosuwé@ syvedimentnell. Sseralytusyne( despripmalothe pedybutene has a
@él tegfgf) g po y%ﬂrgﬁéég oﬂ%%%%d g/n%ﬁ)/hé ﬁ(? B?J g?ﬁ"@ aI{donC?Ig]ﬂ)O g/mol to

8000 ¢E). gisnll .vikosifiey sfettic polyphithe peocesdig @il Szmglemﬁiouﬂeo to 6000 ¢St
honopol ymer or copol nmer of olefin derived units

(contistrkrs) Bt BA°C', pofrgmedy t9oH0RtcSinst 1004°6% er abgsﬁaferéhﬁnﬁﬁt oot at 100°C,
6 carb an% t anot her enbodi ment, the

0r3&¥?ﬁﬂigﬂb Cfa Lg%% ol ymer or copolyner of a C

[0019Df na@&nm@fbuﬁ"@@ﬂip’l@%f PblyBLRhEJiEUinkave TRE PR APOL™ Series of
wei ght pol yners ternmed "polybutene"” polyners is

pragesstig ngd E?/ onllgbil &bemptaé Company, Houston TX), such as PARAPOL™ 450,

700, 950, 1300, 2400 and 2500. The commercially available PARAPOL™ Series of

polybutene processing oils are synthetic liquid polybutenes, each individual formulation

having a certain molecular weight, all formulations of which can be used in the composition

described. The molecular weights of the PARAPOL™ oils are from 420 g/mol Mn

(PARAPOL™ 450) to 2700 g/mol Mn (PARAPOL™ 2500) as determined by gel permeation

chromatography. The MWD of the PARAPOL™ oils range from 1.8 to 3 or from 2 to 2.8.
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Synt hetic Lubricants and Hi gh-Performnce Functiona

Fluids 357-392 (Leslie R Rudnick & Ronald L. Shubkin,
weenip/oMareel Dekker 1999) (hereinafter "pol ybulP@mnEs2009/048486

processing oil" or "polybutene”). [0098] In one or

nore enbodi nents, the pol ybutene oil can be a

copol ymer conprising at |east isobutylene derived

units, and optionally 1-butene derived units, and/or

Tablep | shows demievédth@nwrpgem% obrike BARMFQLBHisdsiusei gn embodiments,
I

w8, L VRAARDS o 3R MAIEAS PR 3B YhEOR. Al i by

gdthmmﬂﬁhyﬂannﬂbgmp@butyIene and 1-butene and 2- butene

100wt B T HEOR gfﬁaaime@ﬂ@gkg\@p@ ateqolirise
W9 Of T & COPO o [‘g e
o ol SRR

are fTomo 1O
but gne derived units are flrom2Q
anr'hnn(lg c t ha nr]\ ”uztcé‘he

Cop (Wa] ohe o

CTTiooTTTTETTT

is rnnnl \/m=r459r ter nnl y

er whetd n t he

i qnhutl\()l6pnp

der
t he

ilved units A¥e from 40

to 99 W0 of tH

e copol§ner .

1- but ene dB0i ved unit g

are f9sim 2 to

40 wt 30f the

and3pde 2-buterle deriged units are fgz3pm O

copdl yner,
to W70 OT bligy COPOT YIET[. TN y@knanot ner enbgeharent ,
t he [potybut 6”55(:)\(? a

l cl [JUI yllb‘l lQI7ObIIB LT ec UIII4
V\Ih n.n{-lnn H P~ PRI~ +.—- ax.a f - o
er A I N | LIE= A A v aAv By o u\..l T VL’U MIII ~J AT o LI B~

96 mﬁ@bof the copolyner the 1- butene derived units
[00A08] f rOMLL phddeftfls i PRRAP*@T&O%‘BIC%@E{ it Grel 5Eefollows
2- but ene dgrlved units are from2 to 20 w % of the
(g/odp eIl PR APOR™Y ptocassmicheils eartrsdraneaboutthés GRARBROEAY 450) to 0.91

PARAPORAIBGNY T 1Rt [ Clce) REPRBART R gpnges from 40 for

thefzrs@nwﬁ@rdc@ssl@gomwt&@%r fhbe76®NRRRbYEhg Ol copol yner,

and the 1-butene derived units are fromO to 35 w % of
[0G1198] coBtﬂ 91nﬁé¢mel[1@©919p0@mty bt éwéldsr@@ecgsmn@ fgpessof polybutene as a

rn1x1¥1pei &?end%{ch%l Vef 8%818%“‘3;‘1{%8?1\{0 Flgegegastr{% eC ul agh\ﬁ}e n-%ilstton(l?r )The amount

and @R&tityn@1%.,6088sigY, Mh,.ctd NoOME palybieshe pﬁfﬂ@syﬂmgr@lmhﬁxtut&@n be varied
butene oi | has a nunmber average nol ecul ar weig

. pol

in ﬁr s greapgler Thusa RARGP Qo0 g#bbeubask when foam visgesity lmﬂesmd in the

co@gosﬁ’ﬁ(ﬁ?'d srcrﬁ:) (fmwl%) PQIR%\ILOLT%‘ EP% el %9 UEQEP %eﬁeaphllg‘ﬁ@pwscosny is

|na I'on of any lower Timt wth any uppe

dedited] or dmmxsrlnond;:dreree»f anpdhegvei soneroeha viseosiey @nboldcutensight. In this
of t Ig\ylybutene descri bed, t.he pol butagg haﬁg? :

MaRPgH ORgliETel hF capgtition Far bosanipiied Mare particularly, the

ph&QesO%QIMfé% r&@%n{g &M, 6P S| BREnd B0 &R0Ag gy’ilﬁminclu% &fslgle oil or a
Vi scosi‘ties f t he pol ybutene processing ol |l ranges

comp«zﬂmmDOf DVCGOt)@loo&SDlls( eseedtth sboke sl)y AtscdMYOLT, m@iﬁmﬂaromlgﬁt (or other

the density

to t han 35 cSt at
Propg GSHF(E S S%?C éﬁ ﬂﬁenrai‘ﬁg?dgsci "“Toooc,
[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.

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 -



10

15

20

25

30

[ 00100] Commerci al exanpl es of pol ybutene oils include
the PARAPOL(tm Series of processing oils (ExxonMbi
w@bano@ré Conpany, Houston TX), such as PARAPCR(T/I2009/048486
450, 700, 950, 1300, 2400 and 2500. The commercially
avai | abl e PARAPCL(tm Series of pol ybutene processing
oils are synthetic quuid pol ybut enes, each individua
formul ati on having a certain nol ecul ar wei ght, al
fillegsrsyel at wond flowr. wad é‘ﬁb@%hlaﬁ]é hhe lIphcamRong B3 iypicghy present at

R 306 RS Tog BR hr SIBE Tl 1 o

emoOdimenivh twd>HRABEL (4rbdn RI20IB) arasselieinesonibiediobYoigelample Regal 85 is a

calbn BEAEk 8 DR BRI ST Sire R e g% OB TapEEon also include
tho8 %r@@l@%a?gont hEKRMRARE I e SntWurfabe aRARAPRGES 04 ldStferent blacks

useful 1 n enmbodi ments, wherein the viscosity was
whaleht lsrveibeea tra@eqbelrffei\@ﬂflw D4 810 be wmed Fhecxapipde alcarbon black that has

bee,_x,lr g%g}lﬁ Pc%{a :%g I%taﬁ%neé K{g%ﬂg%tc_os | aggxlégggg%sr no]f The carbon black
no Ral Bt @Bﬁcé @IQA %l]lesgltmrsclpﬁlé@%wo@ slopﬁ dRARARShA 1) 0il absorptlon of

pr ocessi s are as follows: the density (g/né&)
lespARAFOL n%OOpgr@ aeaystynigaldy be preaentead aflewshofboo phr, preferably

10 Et)$ gﬁﬁ Pﬁ%‘ %%é%rgﬁ@%%p% p%%‘ é&%ﬁ@&e{bﬁ r%O %5%)(3 lﬁrg éls fnorenpreferably

404014®phrt he 450 Mh processing oil, to 8 for the 2700 Mn
rocessing oil. [00102] The elastonerlc conposi tion,
[0OAQA] i el Weoroﬁ@r%leml?edl@qngﬁpé%e SFRSi9BICYiB LROBHESIEEN [can include one or
OI]I% &fdflgtedg gpdﬁgfoﬁb{eﬁ%ﬁa rélQJ retfé}ré%l#‘,ﬂ E'”R&ﬂl&ﬁyg hgre well known, and
astomer, or ast oner e anount
theiird @fentityy rﬁahgds of ipsemmsation, aﬂm bleatlmng) with pélgmpol ybdiselosed in, for

exdpile, IBaafusppeth Wb TodiRod TalBh Grnk b B alBby ss000: us.

5, 09§ 4@§S’|4r4@(1i 758, Wh@z%@g};‘aﬁd t5, 01, shescrdigdpleWiyt@d clay materials can
OL{tn) 2500 can be uséd when a hi gher Viscosity

1nqhgied e@tmrebl oor smﬁhqmm phyrbln@ht:fttes,eqiamqmlaabfhl guectisondays such as
her.. vi.scosi t [ In t hi nner . .
PSR e Ry bR BB paponie, seuconie
ma"g@dlﬁté OkdBite, Wé@nﬁh@d bhd Whatiky, ad RRIIPR AgHScul | BNYYERE aluminate
processi ng oi " Eolybutene processi ng 0|Is

OXidﬂ%IhNd@tQiC%q arrgil the bkqs hesg lassrsiodasi gsactatly compase prstieles containing
anp urlaﬁta/t sqhéa?e g effét? hg\lr’%gv' %?c I%sts ofoﬁror{gmll %5:&' lo? Yﬂ g&)‘imd together

as’s
and aogesh @idchﬁlhgw‘@ld dadomy Kuch[ EQ;OHIQS]CaTﬁd(TJ bo %Ipﬂ@eﬂﬂ at e interlayer
gils can be present in the elastomeric conp05|t|on
Surfcgeribed from1 to 70 phr; or from2 to 60 phr; or

[O(flq) m 4reOla géreﬁhﬂ%yeg{m TbE qHEerrbaiaQecﬁanp %&fohyéﬂ 15 BESRRhYith organic

or OI can present ['astoneric
modmlttﬁss(s‘tveldlng dess) d::?@dblé radnndergoingloplexchangomeactions with the cations
from hr in an ot her_ e odln?
pl‘eéﬁ‘[& q;t tge 1@6]&1@165611 ﬁc‘res tlayered silt cate Suitable swelling agents include
cationic surfactants such as arnrnomurn, 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
corresponding ammonium ion) are those with the structure R;jR,R3N, wherein R;, R,, and R

are C; to Cy alkyls or alkenes which can be the same or different. In one or more
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anot her enbodi ment. Fillers [00104] The el astoneric
conposition can include one or nore fillers such as
w@2a010loumsve€ar bonat e, clay, mca, silica and sil|PCHUS209/048486
talc, titanium dioxide, starch, and other
organicfillers such as wood flour, and carbon bl ack.
The filler conponents are typically present at a | evel
of from10 to 200 phr of the co osition, nore
embpdimenishfhe Pifliting agent1ing sprrelled fongghainelsrisay Amifics wherein at least

or r | acks are used in combi nati on for
R4%¥gc tgqpeaggﬁggﬂggpa carbon bl ack that has nultiple

[0qaar/1 [ CAlﬁDth:rmS of at/dfihng agmnns jntlsiticsthese Woob caabd analently bonded to
al so include thgs e the carb bl acks have, .
thegnferlay &urfaghse Sf‘aweﬁvgie PpIRUFISS @] hARSTIGIFE aniRgR” where R is the
sarhd Qplfﬁfe}‘@'ﬁ't %a'@ﬁ\’)@c&?e%@e Eﬂaeﬁtsgl‘éct‘éh el SRV, Xlkﬁ?}}’ oPbSRiIRE and R? is

used. For exanple a carbon black that has been
anonanmaawbycmnean@bvawmhbaw@@nbﬂme@roi&mcamp@mbon bl ack

[06&58}; h(ﬁ?lﬁlggltéltapﬁggwé Irlgpr%gﬁl l aCi/f VI tré a%msig r2101 and salts thercof
cotsthiioy b B0t abt rofis! su@ﬁ%@r]@térﬁﬁo@(ﬁdelc@tﬁc tabiN eﬁﬁlon-caprolactarn and
cnB/ 100 g n1na¥ typically be(fresent at a | eve from

likg magerpd  Pritablppwetlbingibgsnts ang propepep i, intgraatasing Bayerapsilicates are

o008 B RS LKL, 1 Py
[0010Dpdi Mentos exfdtiated! Al aiEbd theoPIRRSd tn M mRadconisiieein an amount

one or nore exfoliated claﬁ . Exfoliated clays, also
suffigteat foedevelor 28 1mﬁm@meag/@ the gyeghageqal PYOREISS oahﬁﬂﬁhmpemes of the

naﬁ&%ﬁlﬁ%egl gf&g% oA a&ﬁ? BAL ﬂ‘ydxggelﬁ_g?mw ﬁ@ﬁ.}% 08%%\%\@& §enerally will

ran%@(iﬁ)hﬁ)gﬁ% lSlWMDMRQmDEtolH)?@%] 8:; friOB1b3 AW, bhkeS.on the polymer

462, 4,431,775 4. 472,538, an 910,52
00@9@ q]f&m BANOSOWPRY(Ce F%spr??afcﬁm 4TS ReR wiuﬁeq} H&@eﬁ b flgy or exfoliated

cla9rca§ ¥RLAREACHARN! b D ﬂHr & 85m 3P0 SH# 3k b¥e SPRIOE &nbodlrnents the
clays such as montnorillonite, nontronite, beidellite,

GXthkdnka$me¢kybpmmi@ébhﬁe¢tby|te saponi te,

Ccadaul gite magadi i te, kenyaite, stevensite and the

——ﬁﬁ%@ﬁJ%% well as vermculite, halloysite, alumnate

[00P1DHesCarBydir bk Ghh eb@nfodilted | bk ethe Thes@plety @ofbusiicdy ®f organic
generally conprise particles containing a plurality of

substanicesail&erns|an BYemainHuodueion prasicssks &g shomanyfaghive-of garben black: the

011%{11]7%1 gpq%aghd r@g&gttﬂ%a?gg%% ant ﬁl ﬁ]leef)l(l&Q§$ %ﬁ%gése SRy 1§) BErned in an

presen
exdeld &fl siyed prodhac dmely] A010KA] cJﬂbenI ayiereeareCbayrat adistit production
intercal ated_and exfoliated by treatnent with or

SCRANET PSRBT g A SERTAIPE BY b B So AN ARG &hﬁgh‘?%}%l process is
oIS ONSE 1 CORIAIE A, PO S EnenBreatthal s i
(ASWM)| hasgestedpdisticsl & ratbodeblack classification system based on partlcle size and
surface oxidation, ASTM D1765. The degree of surface oxidation affects the cure time of
carbon-black filled rubber compounds. The "N" denotes normal curing blacks and the "S"
refers to slow curing blacks. After N or S, the first number of the three-digit suffix identifies
the particle size and the remaining two digits are assigned arbitrarily.

[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

-28 -



10

15

20

cationic surfactants such as anmoni um al kyl am nes or
al kyl ammoni um (primary, secondary, tertiary and
wQ@eanetaa¢ y) , phosphoni um or sul f oni um deri vat PUBEES2909/048486
al i phatic, aromatic or arylaliphatic an nes,
phosphi nes and sul fi des. Desirabl e am ne conpounds (or
the correspondi ng ammoni umion) are those with the
structure RIR2ZR3N, wherein Rl, R, and R3 are G to
propgsics | afyqasbosy blagk éﬁﬁ’e%lff&ﬁ‘? @rFach YBIcitie SaFceprea depends inversely
ﬁﬂ‘ﬁ gend, I
upgﬂ gﬂ;?tesrllfegéfathé %nﬁﬁﬁ){ g%m] St g:ii)% (I t§1|1rg rotl}ec‘heeélfeg ab @b Nfor physical
1ntvﬂaet1[c&1 withtthd palgimeRi Susface Ged retnge@ﬂﬁnﬁll(kyl 14(0rrn%(g lkeittethermal blacks
[.00107 er class of swellin i ncl u
haYlﬂ%é,lée eéwaga% ecd 8y aul%qﬁewdﬁﬁ”%a Nésﬁt)h\ea Aftdﬁwa‘wp Surface
are%ufsf Q@@Smeéglﬂﬁeﬁe bl n@étﬁdﬁlrﬁ&hylﬁﬂnhﬁﬁﬁﬁn Ofroldte $ETUEY uzﬁ%orptlon The
SI(R)2 wher e he sane or different at éeach
strmtmmorf eamben ahdk |dsp®dls epmre‘dhefsrzo rnd igkopipingad fklbosg poimary particles in the
oxysilane and R2 is a a cradlcal atiple wt
o i SIS SRS BHp 856 P BE FORT CRHERY of the carbon
blagk ldh@EH Ble ML Icbiy g@%ﬁﬁ@ﬂdﬁ@wd@luﬁfe%%@& ©d RACRGe varies from 35 -
aci ds and salts thereof containing 2-30 car bon at ons

13¢ lsr@h/ IQQ g{lza&meﬂ@ueﬁéaah@tﬁlph&m@te P) oih abyppitomaiaadyp TM D2414.
Usgﬁ]ﬁj Jrq? r%ﬂ %la%k a? Fi s%c%% & Sﬁe‘m&e nl%cﬁlgoqgéy 5@%%‘ 41995) range from
pro esses er cal a a ered es” ar

N1d0 %6 N9sed Mdic UesSrabl%r,, éﬂ@o&ﬁ&msﬂofﬁﬁ@ca}% bicIBBXLB8h, S cxample, tire
wel | as W92/ 02582. [00109] Clay or exfoliated cla m
trepdirarp N3 20e DR br NoaY N2t Ma%@clﬂhb%gmve%e iR Al 7, D1510,

anc? H3f75§| eﬂhb&ﬁmgﬁtg %lf R &ﬁlbém gg‘,&@t fbr%&!&nﬁ%%ﬂ&bﬁ%‘ in tires are

roperties or barrier properties of the nanocohposit
N3éOgN35 I, 50| D650, N6t hnch7é2 r Eowypdimmenpesfitbabirbot lack useful in, for

Anpunt s general ly e . 15 w % .or
exirTigli 1BG el Owrr»&ﬂ@esweoﬁggo,t@@ﬁgﬁ WigeR o ahdhe tike.
[O(H‘ih¥ Mefh LM RRtioRE i ﬁlcﬁﬁi@%{adﬂﬁocﬁéctkeha % eeeRd a'ré'!l of less than 30
per hundred rubber, the clay ex ollated cl ay

m @andoe dmmsslplnthalﬁtemﬂ absopt®O qdHess tban 89 @m /300 cgnzo Cahlron blacks can

P R R RO SR 7+ AR EL 5L K. T

sh&aasr ﬁerﬂbﬁ@%s@ﬁﬂ‘c@@o@bﬁ@k@ed by the inconpl ete
ustion of organic substances. There are two main

productl on processes for the manufacture of carbon

bl ack: the 991{)1 hurp e?tl&ro%&?%ldagld(;érﬂ? hﬁ%%'é%de

process. & °f Ur NACe pr ocess urned in an
excey %r@éle alr to produce lfNBSAYmQ}ngﬁ B8 PCAB IR Ption] BABA 00
?r Iet geveral distinct pr oducti on segng Qﬁls reaction;
| 4] dllu sSepdl dll UII, JEI I etl LI 1 dllu Uf [Tl
The t%g‘dal |~JI UL;CFD)D ID DI .Iignal y bul gga L;UIIL I Iyluugb
furng r-ocess—Ihe—Arer A—Seci-et f—Testing
VAt er |Nﬂ6‘2 (ASTM) has est ajh% shed a ¢ aé‘ﬂmn bl a(‘k
cl asqiNT7dat i on_syst em baske8 on parti c7@ size and
N787 30 80
N907 10 38
N990 7 42
N991 10 38
Regal 85 23 33
Regal 90 23 32
ARO 60 23 58
SL 90 25 58
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surface oxidation, ASTM D1765. The degree of surface
oxi dation affects the cure tine of carbon-black filled
wo piabetestonpounds. The "N' denotes nornal curi PQGI/OE20%648486
and the "S" refers to slow curing blacks. After N or
S, the first nunber of the three-digit suffix
identifies the particle size and the renai ning tmo

its are assigned arbitrarily. ;00111] Carpon b
[0%}315 i the qashaprtlack hayingayuaReepicr oF fash Hap 30an v @ncg@ Q@utylphthalate

011%‘3?(9‘@16”[{1& l§§értf1 & EQ5THE éﬁﬂi? 8{5) 22 rp?&gﬁteag @tlfvel of from 10 to 200 phr,

tures mhl consi st y particle
prefaaklgt2i0ad 11$0 pph erare piefernbly Bape 160 ahr, andcmoreprifeadtly 40 to 140 phr.
bon ed to e ﬂnoth The two npst
Ul Sof carbon bl ack are surface area

[00A19] STTHC EHE@mePWohRfoSitiBh €And GRAMAS ohd BT H6leY othRP r&ohﬁb@nents and
size of the prinmary particles, and is one neasure of

addihecsaquemnavidy heedlie rilder physsi swh ds rpugn@um iageelguiatobs, tchiss-linking and

cuﬁ%%rﬂ Sg%&@%ﬁg@ LS gn s ??Iﬁﬁgél? {Jse s :h?J goggngélg Hlvgl‘é hernbodirnents
prodedsifg efdls 3(@|§sﬁfsE’tsh@d‘ ab Maphvheic 2 ardatMc 4B B&taffivtd feR@Bder oils can be

area 1s al so neasured by cetyl trimethyl anmoni um
prasemrfiare 1(tCBABNr.abs orgpel Bare crhkodsmentstngpbthepic calirbetc, paraffinic and

othlglr a(:rlémglgg 91%?1%5 upan 1l|:s]e I %ubs%gla ?é{%ﬁrﬂgrmr L tlﬂg Sgomglosmon By

e es grega

sdb@tfah‘dlallyesbsleﬂt”t hes a@@ﬂhe@ﬁi& el,apﬂith@llh,l @hﬁhﬁtl@tﬂa!ﬂﬁﬁufcearﬁ{f other aromatic
t he carbon black due to the nore conpl ex shape and
resynsiage Pispentet phydk e %tentgp@a@mrﬂéaw?aphlre@ the m@@monlso

R, 0,302 S PO T (Bl s

cras$ladkied .as Itdsskmavine dhat nthRuﬂﬂb,ercaIl’@odmctiasg peﬁ@r—rﬁﬁlcé lﬁﬁﬁl)sterlstlcs and

ol 1B bR M S SEL LA OO TR, ook

der%s?tgzlg%de I%ﬂdﬁ%\%(%ﬁﬂln?%g%lén%@@ %%%n%ﬂ%gﬂﬁédﬂ%%tlﬁp ttabliod. ee, e.g., Helt et

al. ERyoldesméntcgnighuioth8tabdizbiom Jor a6k Ryé)bemworld 1825 (1991). Cross-linking

IO PO TR SN NS

be us&f. Ubehdallyf blgfﬁié@ FBMmPositiBiiedahi R SssRik ddriiedddiesurai® molecules,
N550, N650,yfgl6 0 g N990, and the IILUgE l(!.)‘1%12]

forTpeangd rpodiiut. i @ﬁ@’l caxiddsntileudeing amdﬁi lor geaRm i gompounds, radical
ini'galﬂ ;saéfép ﬁc{lﬁ%\fe(af a]%ngggg %wu rfgll&x/ e §8rnrnon curatives that

I on o Iess

Wlﬂ Iﬁﬁicﬁ@ﬂ ngthe Iﬁ?&reboiﬂvaitﬁﬁlk irﬂ&ﬁ, rCd0n CMgIO;SAlzb)glt Cﬂ]fge F&0f Fe,0s, and NiO.
mted to N762, 74, NOO7, N990, Regal 85, and Rega
Thgw mqfalb%dez &R éwS%%ﬁewp%onowﬂa &@f%ﬂemm %?tw%arate Complex

P PRSP RS, Bt s it
citlodr al spéfar tdtﬁpmﬁllﬁ dlfﬁhgll@ﬂ'@bg@cldb bc;m%dlmkit lﬁ_&d;e&:lm , @lokrmulation Design and
CuppedaRiroderiior al oo s di Sort Jusey Wirld 2 af Sty This method

cartBe RckBledPiid is BRESuRIGHLMARLMaBRatidh élf@asm?ﬁer BRPoSRES:.
preferably 40 to 140 phr. Curing Agents and

[004d6E| ehercragors include amines, guanidines, thioureas, thiazoles, thiurams,
sulfenamides, sulfenimides, thiocarbamates, xanthates, and the like. Acceleration of the cure
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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[00114] The el astoner conposition can include one or
nore ot her conponents and additives customarily used
WO 0100926 m xes, such as pignments, accel er at oPGT/US2009/048486
cross-linking and curing materials, antioxidants,
antiozonants, and fillers. In one or nore enbodi nents,
processing aids (resins) such as naphthenic, aromatic
or. paraff nic extender oils_can be present from1l to
curghvprconsumeshia thy fosppdoassticheneressinkphbitdripie, together two polymer
chithd BAEEnc RN Grdlith 8 B8 nRRbl i SShASol decglerators are
s are substantia sent m the conposition
kn&wu lis tthan bt anl yinelode rttut ar¢ hof Bmllteémrb, thhdbliovaiplat bieaiic a01d diphenyl
¢ and tic resins are

ff
gum@ge?b G L gg%rﬁyﬂhwrw@iﬁ@ﬂﬁﬁﬁmf eardihipdimerpholipe (DTDM),
tettaBul NBILFANRRRAIdeQTBTIINOL 200 e nGEMELA hi¥uliBO(MBET), hexamethylene-1,6-

conposi tions, e.g., those used to produce tires, are
bistiosdfaienttieediuimt salts dibpdmate, t2ha@norphadinothyie) berizopinw@r {MBs, or MOR),

cof oo o0 Bl cBitpBlcReIRo PR BB i Bpimot g-bensothiazol

sulféih@nﬁkw"ft(%ﬂs;r o] INle;dﬁaﬁyMa mr&arbmaer N o:%f ﬁﬂzlbmssurfonamlde

formed during the vul cani zati on reaction.

(OFef, ZeItC %Pthy apesie (AR M Ns-dictlon t8ewish] i zat i on for
[0(”%7] W%nérg e%h%&é%%% %9 8613):1’1beq 9P iseagt drm% &%&%Pig?l%t is present from

curing agen s inc ZI nc oXI

0.2 0% phPEtfrOfXd)rdG) S aospist G@ﬁrlﬂ'giygeﬁhlt§ﬁlcbﬁe UBesd. cornponents described
GEneraII¥ pol yner conposrtlons can be crossllnked
abeygthigfaeilitaie py @ﬂrﬁn@:@rz éyre ‘?fof‘r AOTAPRS] BICH b fpptals r?éﬁ%lr:rators sulfur,

per%%ﬁgfé oty nadhOGrRbAR e fioanaRgta uefl a6 OUNds,

|n|t tors, etc eating. In
@@mﬁmgular the foll ow ng are common curatives that

100413, Mesies oF s pmpgn B s ot ok B8 goRBine s FaiBgonents in any

suitt BExigesdvidd QR MNGIBARuWMhENRS BRIURERONGNRE: or preferably a
metal stéarate conplex (e.g., Zn(Stearate) 2,

ml@f(estredmat Mixing dvg(lSt eatamey ap terapﬂiatAre(SStmm thteeinelding point of the

ric ac and eit sul fur.co und or :
et i B P 4S8 b TRl afloS e S RIT Rolo the araphie
andBS cBY Bnek &bt Aed Gaasae twﬁ[fbﬁﬁg pTzfrseMB\RnMnxme fo®fmer to form the
Seal s, Rubber World 25-30 (1993) hi s net hod can be

nm@ﬁ@éméﬁﬁted and is often used for t he vul cani zati on of

(0195 SR RITRAR. Q08 L AOTAH 10GES0AAY IS HRRPM. 1n one

uani I'azol es,
or Flokd efﬁbdiﬁlﬁlﬁﬁt,s S Infieihigrradesan rﬁﬂ'geCffxaﬁ Iaamtoe’ebomaﬂu)trmaMe?roo RPM, or
and the like. Acceleration of the cure process can

300, i¥pior & Hugh 19§ 2kaeh AP RPN @508k tor oh0 %QwRé’%un]tn 81?6 or more
em'bH@nf’eﬁfse{h%ﬁﬁ‘&tn&rl{{n%gctag‘r?gfg% flo% o?%ﬁ&h%b@tlﬁ% 000 RPM, or 2,500

ani zati on er i nvol ves conplex
RPMhtter adtiglond zﬂthéeiOOt R@MuﬁéOOVIEPMacm'eS LO0atRIPNM. In one or more

emiaimetby i Bt Cruahet Hom ¢ 19 Abohat HhEREVGT0 RPM, or 1,500

RP&I FtBCE IMEh Troslut WSOOMRIPAD 7800 kRPKEtes, sHIORIPA! Y TR one or more
chai ns and enhance the overall strength of the polyner

emipadinicuats, Mhemmiong ratc ceh epngeoiremar bpw 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.

[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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known in the art and include, but are not Iimted to,
the follow ng: stearic acid, diphenyl guanidine (DPG,
W@ eawan®rsyl t hi uram di sul fide (TMID), PCT/US2009/048486
4, 4" -di t hi odi norpholine (DTDM, tetrabutylthiuram
di sul fide (TBTD), 2,2'-benzothiazyl disulfide (MBTS),
hexanet hyl ene- 1, 6- bi st hi osul fate di sodi um salt
d|h drate, 2-(nprpholinothio) benzothiazole &ﬁﬁs or
0°Ce 6Pq52>sq’rt ﬁ%ﬁg%ﬁ hyglyplreroEnd f@%m%ﬁ@r( Cgojn one or more
a f ( o o
emyoéclil IE)Sf(y i ?ﬂ%t E&Qﬁﬁ’ gdan?%g%eﬁré%_a I8RAIH ﬁg{t Sg)ﬁ@%o C, or 100°C to
a Isigh f @nalsaud el 20TO350°z i ovc 320%t. hyiin bnm(ancmdsre ¢fbbdimeMs, the mixing

N -diethyl thioure o
TR BT S GTHERT PR, ot gporesact. BAEChs | 115 Cgarieh gf about 270°C.
306Mce9eBLoom 0.2 to 15 phr, or fromO0.5 to 10 phr.

curing agents include those conponents described above
(00124} flacit Ilqas‘am@ melemfdﬂdJ@dUEeIIthﬁ)%m @0Qfo o |thas bwmer more elastomers

cof TRt SRR e 81 A e BSOS 5B ot o

40ab m/@oocPrms siangr thOGd8hndMne Rehaffind ABoGAHFRNSRer CidAny, can be
be carried out by conblnlng t he conponents in any

addad toathicenpxicsi ang WeVIE ears geinae @tlBéhmtﬂrwermremeﬂ@ms from 90°C to
15032 .bﬁ%dteré ny ggmﬁh?ﬁ%rﬁl?er RE %f ea'&é?cl %sd e'p ﬁ%e%!og%gtsm?do%r and mixing can

Xing ca of med at tenp eratur es

coti¥iluk iuagl ﬂﬁltéﬁlpﬂﬁtu&&fbaeﬁe@ﬂcﬁﬂﬂﬂO%Ddf DY0°CuU bh%rﬁtﬁﬁ%d rhikture can then
the conposition at a rate sufficient to al

be dnished b shgeding pnapgpen Buldppd pileyed t@rf@Ob@cfé% 6Qn¢ ﬁ%ﬂ@ﬁ °¢ when the

cuﬂ{ﬁ&%ﬁrég&he\ﬁ” thin the polymer to formthe
nanoconposite. [00119] Suitable m xing rates can range

[0G12@]m dﬂmﬂonﬁ@siﬁl@Mdbm:rﬂ)bé bered), DOP bRRNbrionatedmt@artiotes.esuch as films,
mﬂmdl ts ng rat n.range froma | ow of

shegio FHOlAg %@@RQW Spoaferipie RitR Fcrligferein may be

foraRE 18%\41&% aRQ P (s@¢h 8 AWM trdabis, Ot?é%docra mﬂ{n%rtubes innerliners,

enbodi ment's, the mX|ng rate can range f roma | ow of
ap@@mhnaf@,o@mﬁmt :&n@Qﬂy RPY), dubead, HOEs REVhLYO oghdni qyiplioftion where air
. _about 500 4 IﬁOO RPM or 8,000 RPM I|n one or
mRGPEA P §/V4 @i ng rate can range froma | ow

[001&3]abqut a g@@er?@d\/lem?ﬁ@ln%ﬁwlarﬁdlesl fo2@d Rrdthtt@e alddtdpherRf compositions
about O RPM 7,500 RPM or 8,500 RPM In one or

desepibed élﬁﬁéidlhmtlspel’mh@lhﬁqu)ﬁ} §0% m%—cg/%ﬁd@h ge lgsp.opricteratdyy 100 mm-

coRF-E8H3: §Bb-Hps Bubge ety S1e: Boaery oyt ey ortes

proferablye’ safmAmyd-gap odics® ptderabyedonmi-rgMt-eaper Rt ue detafnined on a
range from about 400C to about 3400C. In one or nore

MQEESUP e RRAN Z/Ak perimcabigity EasertAliE s daseribathhelonr om
[mﬁ%}“ In another embodiment, this invention relates to:
1. An elastomeric 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.
2. The composition of paragraph 1, wherein the random copolymer is selected from the
group consisting of a halogenated poly(isobutylene-co-p-methylstyrene), halogenated star-

branched butyl rubber, halogenated butyl rubber, and mixtures thereof.
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80 Cto 300 C. In one or nore enbodi nents, the m xing

tenperature can range froma | ow of about 300C, 400C
woeo1B0087¢ 0 a hi gh of about 700C, 1700C, or 34BOIZUS1009/048486

one or nore enbodi nents, the m xing tenperature can

range froma | ow of about 800C, 900C, or 1000C to a

hi gh of about 1200C, 2500C, or 3400C. In one or nore

enbodi nents, the n1X|8g}te erature can range froma
3. | o8¢ cempefiti@sef Pagany fedlesrcgmpriping i {Bermaplaitc rosin.

1 27085 SRR e R85, DO A e i i

nuebasiverage mmmldwvairghtgdea&tr tidanr 40gz/mot &di lafsaten f@OOREGmol.
seconds, unt|I he tenperature reaches fro
5. 00ahe §oBBEES HGHISET b heHan [T HOGYDuteaisas Pieent o 2 to 40 phr

6.1 e”ﬁ‘h@'cﬂﬂlp@ﬂﬁb‘r?%f BhraSlapRtOPES, 4 'of SaGJ}ﬁereﬁ?ﬂle%le@QQ 8&dedtQ from the
the m xer, and m xi ng can Cont| nue until

gr(tuenmslatlmg of relkome sathooate 90BE tmacal 50@@; smlea{cts, talay titanium dioxide,

nale il be ad .
safghy Bogh oK £GP LR CORERRUE NP L he temperature
7.7 eaqiﬁ@%oﬁb@iﬂléiflgp th@apiP@0L. 3, The Jrl@mﬁth@(dcdﬁhﬁﬂs (%eatf?@{foliated clay

then be finished by sheetlng on an open m ||
sclegtpdvisam t e cgrohp t@npistre &0 felntad ormrehen Sl}’h’életlc montmorillonite,

nor%t%natt I Vbee:f\’de%g[g Vg&%%SkO[ltgoélégnltgh %eg pP 9%21&3019 1S d?au%&ﬂlp magadiite,

I NCor por at (o] ar €s, suCh

keityalitop steSéiﬁBI: Sverﬁﬁ)&ldfb@i lﬁh’ili‘oyﬁteal’hﬂhrhﬂﬁet& oXifes, $1§ﬁ£‘dt£lbﬁ@| dnd mixtures
t he conposition described herein may be formed into
thep¢afes, tires parts (such as sidewalls, treads, tread

8. gﬁgA& BREThUIESa tﬂ'b ?ﬁﬂr{sﬂlgtﬁe C aﬁ&&ltl&ﬁ@{p@i‘fa&r hrle§o§t4 5,6o0r7.

coat) or I cation
9. wheflhe a:lomplos[pen mﬁqjardgmm Wwoil 3 hed, & viant &gelers .the nanoparticles are
0123 referred enbodlnent articles fornmed from
b 1

[
Srapgencs . %‘{P&}ﬁéﬁl‘?c p‘f?éﬁlﬁogt, PP ol9s d%%rc FSEQTACTH §Qrapepent consists
ess@ﬁt’iﬂﬁ@ﬂ‘ﬂolﬂ%o@l@ﬁﬂQg-ﬁlﬁﬁb@&iswarerg@y or less, preferably

or 'l ess; preferably 95 nn}cc/NQ day '
100r ﬂbsgpmposﬁ@naﬁpyaQQphﬁhw@ﬂﬁﬁrmamoaﬁwbdsﬁncapqndhybbwmxﬂ1sa

cc/NQ d referably 80
e B ) B e e P e R bn- & NGO OX. TRAN
112/ 6 ¥hpeboipabitibh tof ﬁa@% &h 20, 4RBGinathedascdened o8l (Rdbutylene-co-p-

[00124] I n another e odi nent, this invention relates
methylstyren@inhas| aptspmemsthydiipyers epwant efofipmi &il rig: 10 pekn based on the

“@§$% ﬁﬁw%QR&X519raph'te nanoparticles (preferably

ene opartlcles) froml to 99 wt% of at |east
12 o n e mb a&tr@asemoﬁ%fpome rolf Ifamg@aphsl hgo al I, aethen coppligingera secondary

ing at |east C_i sononool ef m der i ved unit;
elaétﬁalei eomBO@@b(d@ﬁ?reaif fralin th% Bt chioner cpBpoRgrak selegteddom the group
co&ﬁs@lﬂg' bf- natural rubbers, polyisoprene rubber, styrene butadiene rubber (SBR),
polybutadiene rubber, isoprene butadiene rubber (IBR), styrene-isoprene-butadiene rubber
(SIBR), ethylene-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

copolymer) rubber; isobutylene/methylstyrene copolymers such as isobutylene/meta-

bromomethylstyrene, isobutylene/bromomethylstyrene, isobutylene/chloromethylstyrene,
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2. The conposition of paragraph 1, wherein the random

copolyner is selected fromthe group consisting of a
wh20106192¢ ed pol y(i sobutyl ene-co-/ ?- nmet hyl st yr BCIBYS2009/048486

hal ogenat ed st arbranched butyl rubber, hal ogenated

butyl rubber, and m xtures thereof.3. The conposition

of paragraph 1 or 2, further conprising a

t hernopl astic resin. 4. The conposition of par
halfge@t%irlscsbutylam eelonsatrgicnsi Hg laolbml?%@léwen@thqu%ﬁ@% and mixtures
thé%d}unber aver age nol ecul ar wei ght greater than 400

and | ess than 10,000 g/nol. 5. The conposition

13 of rAmrlagerrapdsr fér a viteegomiptistrigethp cbryipasitéomeofiasy pif s@ptaphs dro 12.

hr. .6. The o 0Si ragr ap
144 o 800&4%%%%0&%% iPRTAgFaD; %ﬁ%ﬂ&?ﬂ@@l& }haﬁrqsrs)éne@m%nbmed with

a tRORDbBLENR s fto CGHhFd BRAAER &niLhafey. M ca, silica,
silicates, talc, titanium dioxi de, starch, wood fl our,

15car Bomethbd 6, mdmig m altaﬁtomsrlc bempasition7 complesmgmp05| tion

ar a or 6 further i si,ng, an
oy D BELR praofL paiowaticRs clomtnis e SR EO LD ef 1 §Fe clastomer
co@pbint abePrifiak W adndem 66/1581%?}@&1* 6f PERRBY1Efid-08st Bethylstyrene) and at
nontronite, beidellite konskoi te, |aponite,

leapteqnedilicre, saponite, sauconlte magadi i te, kenyaite,

51 YRR o RISl 4 1RSI e 1 IR B BB cos within

m&smyﬁhgﬂre conpr|5|ng the conposition of paragraph 1,
2, or. 7. 9. The conposition of paragraph 1
162, éln@hoéﬁnﬁndqn%?nEﬁmhéﬁ@mﬁmﬁﬁ&anopart|cles are

5 ph dth
glr gg?ﬁ&%@@g@%o%@h% ﬁlté’foe&%h rdho P l?s p ran €

oner - C onsi sts esse
pol y{ ms:aof ehé¢ or more g’%apt@nb ythpﬁrtE:rhﬁﬁs)wnlﬂ.ﬁlleermd an elastomer component

connposi ti on of 9, wherein the
CO‘E}B%{I%&%}%WO@B Hgtsﬁlﬂné’ {fene) is a hal ogenat ed

pol ¥ fos @R the ﬁﬁ)@tu?@info af Bl styrene) . 11. The
conposition of paragraph 10, wherein the hal ogenated

poI whicsob theyhigs meg- sa;ep(tceursrmtahrytlesugfmme)o dhsperse the nanoparticles within

theb%gs 02{3%2 gl?‘i]gw 2 ?ﬁgtéiggsglbo |f I re?rrgxggl e%ﬁ%&ig a%cofg 18 exposed to
at&ﬁﬂﬁ@ﬁﬁédﬂﬂ%oqmoaﬂy of paragraphs 1 to 11, further
rising a secondarx@elastoner conponent (different

17f r orhhe meethiadr eft paspgiaplo he pr E6 Mpdise soMPEEng ebtaening din napeparticles by
f |
el R pERABls B Ho R AR wifRE bR OB Eod ene

18r ubberThd sepli@hefbpiraghpinel 3, ubheor (1|7B|R)11h6r comprising obtaining the
styrene-i sopr.ene-but adi ene rubber
napapRificdsidydicaing emandapbheiaphiés PRArde gl%lrﬂs Wtheth% claptamer-

EXDHQPEES(EPow pol ysul f de, nitrile rubber, propylene
oxl de pol yners, star-branched butyl rubber and

[0HAB b g et focbgetrar discamdtie dan 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.

Expansion of Graphite

[00126] Expandable graphite (about 1 g) was transferred into a crucible and placed in a
preheated furnace (about 700°C) for 2 minutes to expand. The heated graphite was ten
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butyl rubber, brom nated butyl rubber, chlorinated

butyl rubber, star-branched polyi sobutyl ene rubber,
waranobvanched brom nated butyl PCT/US2009/048486

(pol yi sobutyl ene/ i soprene copol yner) rubber;

i sobut yl ene/ net hyl styrene copol yners such as

isobutylene/netabronnnethylstyrene

i sobut ene/bronnnethylstyre
trapdgymest %}/q B hd/ basker whish H’Xﬂsé(tey‘? @ﬁgr RAREHER QY e at 100°C until further use.

Thb %‘E}?ﬁl% G & k@ﬁﬁﬂ yI gﬂéancﬁﬂﬁ Graphite  Flakes ﬁ]]RAFTFch) 160-50N

ylene/c or onet fene and 'm xt ur es ereo
(reﬂzc’&tedﬁﬁpaﬂneﬂ[ holnete &t@002C bf 260 cogpor Aishgytduebons Expandable Graphite

nposi tion of an ragraphs 1 to 12. 14. The
37%%9%%%ﬂQ995HH§Fmdﬁ6 g& E hragraphs 1 to 13 wherein the

Pﬁﬁhﬁ%bgg?gmhﬁbgonblned W th a thernoplastic resin to
forma dynam cal ly vul cani zed all oy. 15. A method for

[00H2R] ngFimn semnakss oiwemples deposid ipraparedobyp mdat mrgxmm xiTngprepare the

sofRs BRREENIEE R £ REAT bRl e P Pl Hi i o6 krams of he

claSRRRE ¥BRpo it Q@ﬂoYrﬁhz& ngsfyn@o lerfe-BRphNtBY IV RAS) h@xﬂﬁ'g 10 wt% p-
at | east one fil ereln e mxin step occurs at

me&l}ﬂﬁff@n@uﬁma @;Séﬁnolf/obmzybébmmhéumaﬁ Hy.tand| Meongiyt isepsity of 32

" f
+/- e?en?a%e? n;%rlz}st?];lg liﬁ g;e pgut dg{bltggé{rlg%hl ren IE) Bg %YII re]lastorners are

coﬂﬁﬁf&ﬁﬁﬂ[}l a@hl@ﬁle a)Exxbd @l prene@s fionr Exgj’tﬁmdi‘tﬁhehemlcal Cornpany As
nanogartlcles with filler and an el astoner conpo
SOQ?ohsp heselagiormer was dewdeg dhg pated gimquag hisey T abbe 1) of expanded graphite

(X%ﬁg R&Qs%d&l‘ EARLXSHY Birufl & rﬁ&n?gr ¢ f%rgPhﬂ@t%'sgdl gat{olag gosne was mixed

st €p occurs at a rate cient to | sper
at 1HEECh Mﬁ?ﬁaMthcﬂOephmca:rhmm btakke (e%a@) et miands. wheeifture was then

mir & wilp bt mehiger kD s Sro e, toabr Bedon 51 R and 10 phr
2-HEEHAGL @Fo R RZER! ARIdO(-MBES ) tvdrh re 'T. GRFRE LS n@orwalk CT) at 40°C

obt ai ni ng the nanopartlcles by heati ng expanda
angAQBIEM erduminntesmi xi ng with the el astoner. 18. The

od.of .agraph 15, 16, or urt her .conprisjn
03 L R REREERB . Pinat @ v il FRiPE AR TRl A8 cured. Cure
prapeRB ivic@e PdaQired Qsiff %h MDRI2000 tab @ 7@ P@in@edeor&XMMYPIRS specimens
(?30125] The foregoi ng di scussion can be furf%

wetegned deld W1 flor p éfrsreonicspandingtie TeY) + epwraprizio mollql haigt i ng

[Oﬁégﬂp lﬁaéa Ia?nﬁ -%as %gr?lgr%swortl rr]no(fg S With "Sow coolmy ng %o prov1de 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
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,
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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foll owi ng exanples are provided to illustrate

significantly inproved oxygen retention properties
wWowRa1h/0169p¢ oved processability of certain el ast PeEUB2909/048486

conpositions suitable for use as tire inner-liners.

Expansi on of Graphite [00126] Expandabl e graphite

(about 1 g) was transferred into a crucible and pl aced

in a preheated furnace (about 7000C) for 2 mnutes to

expand. The heat ed graé%&kélﬂ%@tW@%ﬁgansferred to a1

L beaker wiiTihrwas Kept under a vagy TO00C
until furtlher use. The graphlte i%
Expandabl ¢e—Gaphite—+ftakes ’\Jvm Cq gn\da
(reported |expigilen ol %) 6 fb@buéi)f Or

Asbury Carbons]Exoandableo@raohlte?@mik (1 egdPed
expansion rati @ 300: ). Pfépar at|i onl0af8 Sappl ¥66[ 00127]
Fi ve sanplies (sanples 1-5) owere |prepaped by gwebt
m xi ng. Tq prepgare the sapgles, [a BRABENDER(¢49 > m Xer
was prehedted 1t 130pC atZ@U RPN THey 36/ grediF o] the
el ast oner conponent—{bromnated ' '
pol y(i sobutyl ene-co-/?-nmet hyl styrene) having 10 wt % p

[00130Ft MBiksiyT @Rehivally SilluflraBS MRl dbybenzitmeutidh adicneersus amounts of
functionality, and Money Viscosity of 32 +/-1,

gra@h@reeuaﬁ anmatared i Taberl. AAp)shawa ip(kablod andiiepietodein, Figure 1, the

0518 B VGH 5L ARLOTR3,5E, CORELE! ALY Mo ARLE @t 207

Hi glmmﬁlp‘hené&o&bﬁ)gs appdabed ®l askonitlc vlifericham ang, tht hgpe of graphene
not ed anpunt_(see Tabpl e f ex anded graphjt

shqped & gigakar cheete rN%tn\élsh\nngP é)%dquou )piyﬁbeory,h]é 18 Leheev(eé< E?%)t the Asbury
mage{rﬁp %k%ﬁld@@%%getn R qg’@ﬂ&\%ﬁ %g‘c’)ﬁé fﬂﬁ?ﬁ@a’q eﬁjﬁeé’é&% 3{4151’19 material after

hr carbon bl ack utes
expanmtou raad\zshmbctﬁaﬁrmr ok xlmopamnbdttldnhetec\wtlathwmsrepsang( algleumlgf(flller The

hr tearlc aci d, x 9 11 zZnO, .and
exBRE cpreiienpiviienzor B ETRR ads (MBS rikghinerigd sute afer
exPAABRIA! Rhlié tﬂé\lﬁﬁﬁéﬁhlkproqa):d%? AR and idtQ 163M dy gf omdrated state. This
m nutes. [00128] The resul fing rubber coqgoun
7

suggichts dlat theofyphues siateniahetpdadedaritet ukt édbelicy thpt tbtp @lpgrlee of expansion

provruies hr%g[glis ngg%r&lo%eoﬁgth%pgﬁ?ﬂ%%agggl%e 111%%)1 Wﬁ g}n gle na cornp051te and

thlﬁolmﬁ@mraﬁhyg@ dtﬂ altc@Rntio@ppr opri at e nol d Iag. [00129]
conpression nol ded with slow cooling,

lﬂqlélbr oﬁw éaf%[éﬁse@rlq) Messe plag repared dnpelEion grxBgdisEgriapigus solvents.

I al
T 58, MESCHRS, SO BRPTs SRR TXEGAL B GHLRA S oo,
citldrihexaddsiTHE, 80YSAnhe IheXHneSEHF gtlomaéate yor)50d5 Oamid Iexane/ethyl acetate,

Og)m MV@ {I’Sﬂpﬁ nc‘g)te %ﬁ galflrt tfp];f{é%sgival tLg gglymaegs Tfooarccelerate dissolution of the

polymer in the selected solvent the jar containing the polymer and the solvent was put

overnight 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
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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were conditioned in a vacuum oven at 60 C overni ght

prior to the neasurenent. The di sks were tested for
wW@01g0moper meat i on measurenments usi ng a MOCON ESXF/USADNP/048486

2/ 61 perneability tester at 400C 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 tine

required for oxygen to perneate through the disk, or

for oxygenlepé e%’?%@ﬁéﬁlxm 4t A phrof sgeand e g@phayer each

a const F, Was Ko ged—andru g

t he oxygena @rermabl lity. R&here t wo éQ eh‘i’e?rﬁi%ﬁﬁ‘ﬂy

pr epar ef—using—he—sare—procedure+th mm/nk dy)
perneat_gn_latp SEMY s were aobtaihed frnlbfgn
neasurefentd and TAe given in the [Tables B8iw [00130]
Fi gure L graphi ¢&DI5Y nmiklhgzancatldE t he oxygé®2.per neatijon
rat e versus4anouiktisyl atetggeaphene, as summardezed in

Tabl e 1] AssshoWMdkincl@hyleicdtagnd depi cted gqrs Figure |1,
the presence of graphene provided a significant

[0(11@5 ea&?s}} dfﬁylga%ﬁb 5 &hé % SE)RQ (?\Q(??d égfn% fn rates within about
graphene i ngs apipeare g Pf e erence

+5%anaf ddeanbghpe Afth(gxgaphwaeolﬁemmddha peimedtian ratts wete snlhldlir additional
wi shing t e.bou by. t heo s believed,t

InfARpON Tt @?raéned %%dlé% Spiabilicy o phkyomsr Ihawd 9 ({lsrpgrsabﬂlty of

graghéf (R (e ARRRAAACHPT 1f BEs MROER 1Rt m&%ele)sp@% k&lble in hexane;

d the behavior of the perneation rate with
hownwareig sian draamdithat Blastémed &ns ndtrselllé)kqomrﬁdlablaeetgueaﬁhﬁtf@llow1ng order

or Bt o B AT Qoo et PP T F 0} Bnggrre - e

> FHHYnYix IRSandetByll 266 80dhPNRLaked FaitBée it W Believed that graphene
gig%ests that the Asbury materi al expanded better. |t
WOl

spdresvigdhex gt but teat d@g neethgfcasex p\é(hlsl,¢ mpbqvwwergadﬂy dispersed in
TPﬁeﬁ.tha%O (? ﬁé&gedsih%%O%O \Eofl& Q{E%/ITEIIFQ{ a%e%t g{l& ﬁl a 50 50 mix of
nanoconposi e and‘ % ves O)’( gen an

hexaine/cttgll @ddtaton The @8l lokdihg bidee of af@éaﬁﬁlg((ﬁspb&)iorv\@ﬁﬁol@demd 50/50 mix
prepared by sol ution m xi &%hus ng various solvents. To

heyngplatle™ TAE' 3 afplaaix hepanesthyegratcot ctiylaseiairethceniifas
[0(@3?]5 @g(é oMot ] J%&Qet {/ll Aiwegnds E?ds{olﬂ?eg 0;‘*’@1%%&&#& grams of

exane/ acetate
Eldsename e/bi'eydlssab&tiam @00( ﬁ%fﬂﬂy)irom@op colverds (heixend dretojuanc) in a 2-L

rese R BRI SR GUde e b ont 0 QLR LM hgo72 mole)

to thRGeRArY MBE ré’a‘&goﬁ hexmpd \V@Snﬁeamsto WWC qg@CanQ%r HRods. This resulted
hori zontal shaker at a sl ow shaking cycle. The

in axpaidets gr thphblyerct 0f 805 grol %, 0. 0|8thI‘VA9bd1 Py m@l% ackedively.

00..nL of th t ed sol vent u ensi on
0d34f o oidlaef ol BLTS SRS 551 Diedr SBAT oo Fgpromer A,
anﬁ{amwﬁfaﬁ*«i@spgpﬁla%n%rﬁe dnldograpteiky T8 yRPatenthdseZsamples, 95.0 g of
beaker. Excess isopr opanol was added to ﬁ)@em pitate

ElatSWénﬁEIPaW@ﬁ’etrmA/ Igk dg3h eén&0/a9 sit hexanp I (00 tves @dowed into the jar
to ];%4[58]?7 tﬂe ¥¥e d "lto aggeYeer% &18s%‘1‘?1t on'BE", I(f‘et% Emne? % go'?s&lt the jar

containing the polyrner 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-

Elastomer A/Elastomer A solutions to give the required amount of aminated eclastomer (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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oven at 800C overnight. Finally, the El astonmer A

graphene m xture (36.0 g) was m xed with 60 phr carbon
whk@ok1691¢ 0 phr MBTS, 1.0 phr ZnO , and 1.0 phPCHUS209/¢48486

aci d. The absol ute oxygen perneability obtained from

these sanples is sunmarized in Table 2 bel ow Table 2 :

Sol ution Mxing at 1.0 phr of expanded graphene

[00132] As shown in Table 2, the various sol ven

A splefiandivas pidedeadi @rrnpERRERt NN o580 W@W/Tﬁﬁewas added to make
theaﬁ'r%tl Qfgfumdoé tLh Oﬁﬁp sﬁs‘be QJQ§ fi g‘ﬁe gl%etap ixRELEBBD IPM for 20 minutes.

rates were sim tlona nf or mati on was
Tho b&latlmed/aﬁtlmuttrahkferrsd)twbﬂ ILi ﬂayskoﬂExEésaéistoq)r@lanA veaychdtlbdrto precipitate

di rsab r ene in the solvents studied. It
ok EORRA e B ORET n Eh BN, nThEREgrepitaie was fitored,
allmé’@’t’cﬁ Bry hd ro\éﬁﬁtelnﬁféfd?@t@ Eﬁ@Eheﬁllﬁﬁtlf?t@eJ V&duﬁl B8dn at 80°C overnight.

soluble’in ethyl acetate. The follow ng order of
Firflgr @asﬁlatsgor@ra/s/taummtedAEbsﬂoum IA tgyaphase olrderey €40.0 g) was mixed with

oy RS PR Z80E e St b 2 Sup euizes ali Einald pyvepggermeability

obfafle Q}b@r@tﬂerﬁﬁ{lnﬁé@Eﬁ%ﬁwW%ﬁpl%n% REMPRs tHat Re¥ANgh MHared mixed.
that was not the case. Wile graphene was readily

di spersed in THF, it Bbde3 dAﬁp@&t%ﬁlbbﬁf a 50/50 m x of

hexaneffHF—methytr—acet=a ||u

hexane| et hyl . acet.at e. h fl\g? 190’8' F‘e%%ea'bﬂﬁy{’cc-
decr eaki C cdph Q Qpa' Rﬂ/ \daY)
hexane| THE8> THE > 159/ 50 m x Ohexahe/ et hyl lﬁ%ét ate >
et hyl hcet & e >hexan®. [D0133] Preparati oPlof am nat gd
derivativen) of El ast@nmer|{ A: One hundred grg&s of

El astojrer Ay were diggol ved iy 100D nL of Tyydy ocarbon
sol ven S (Exane ory §of ugney, Jsm a| 2= C rea%@g

Tri et hpt=an c i doted—pt hree—tifferent VETS
(0. 0018 615036 and-d_ook2 33' Sey Lo the reietor  The
reacti n14(f urle wakd heat ed Of Z0C- 7R oc P for 4

hour s. Th| Bresulteddin anmi A3 evel s on t Dol ymer df
0.05 nmpl % 1®. 08| nolLH and 00XB nol|l % resperii vel y.
[00134] Sixteen| sanpbes [8-23R wefe prepargrh by high
shear MiXing E astopgr Al agigrat el derivaigyes of

El ast ofteT—¢#5 and gr@@nen ; bq)gpre are t nes% Fanpt es,
95. 0 gfof astpret Wer |J I =t A—561+56
m X he\(ane’ FHE 50““_\ W br\ll&' ad | nf o—t hiol to

AL =AY

di ssol e_the pol ymalr-SITn amopllgpra e di qqnlgﬁ‘} aon of the
pol ymel i %ol vient 3.8 he | ar Ocddnt al ni ng t heB%bl ynmer and
the so| ven23 was| pl ac@d oyer Bilght pn a hori7Zont al
shaker at a slow shaking cycle. The am nated
derivatives of -Elastomer A were used as 30/70
am nat ed- El astoner A/ El astoner A solutions to give
[0Q1R8] r dgjeiiced gaqp@mily dHlugiritesathe doxieas tPeTragatios gateTydspus gmounts of

ereffiBtoraRE RS ARSIk, OE TP 3. FEIPERE im Table 3 and
Flg%/rarﬂ,naieedxﬁeaspamr&rané\n sateuideansscti oagrake dntaint i sfalgraphéne in the

volune. This s penS| on was hi gh shear ed at 6 ) )
naIpgSRTPEF 1 (PCHIaNGH oot WHeHS (1OpsTard Ehdots r?éféixtl%lopﬁtﬂileo%unctwnahzed

elaﬁ@ﬁleﬁ ?%V@&] %@ﬂn@rﬁ&ﬁcﬁ%ét@fe& iR H%tl?fpégj Bffer and the slightly polar

exane/ THF was ad
matrix, decreasing the gaps through Wthh 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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the final volume 2 L. This suspension was high- shear
m xed at 6500 RPM for 20 m nutes. The sol ution was

W@ bapnotqansferred to a 4 L flask. Excess i soprB@EEHOS1009/048486
was added to precipitate the El astoner
Al am nat ed- El astoner A /graphene m xture. The
precipitate was filtered, allowed to dry at room
tenperature, and then put into a vacuum oven at 800C

givsp dhatitey as 1eflpgded in attlepst encupiingae publicatiphar Bsued natngnEprthermore,
o AR R 10 o S, GRENR is apicarn

arcafodl g lindoep@xated iy rpferanealod thct oxtand sadhndideldsupenist dve inconsistent with this

m nat ed, El ast omer A/ gr aphene sanpl es that wereg high
ap@waa%an Oké@.Ju“iSQEﬂ“@ng’:n %‘F]i?u é‘t“z’o‘n UBPEHo} BPLEBIICR] gur e
2 graphically illustrates the oxygen perneation rate

versus anounts of graphene for the various am nated
nanoconposi tes of Table 3. As shown in Table 3 and
Figure 2, the oxygen perneation rate decreased as the
anount of graphene in the nanoconposite increased. It
was al so observed that the addition of the
functionalized el astoner inproved the interaction
between the slightly polar filler and the slightly
pol ar matri x, decreasing the gaps through which oxygen
nol ecul es could travel and lastly inproving the
barrier properties of the system under study. [00136]
Various ternms have been defined above. To the extent a
termused in a claimis not defined above, it should
be given the broadest definition persons in the
pertinent art havegiven that termas reflected in at

| east one printed publication or issued patent.
Furthernore, all patents, test procedures, priority
docunents and ot her docunents cited in this
application are fully incorporated by reference to the
extent such disclosure is not inconsistent with this
application and for all jurisdictions in which such
incorporation is permtted.Cains: Wiat is clained is:
1. An el astoneric conposition, conprising: from0.1 to
20 phr graphite nanoparticles (preferably graphene
nanoparticles); froml to 99 w % of at | east one

el ast omer conponent conprising a random copol ymer
having at | east one Cto C isononool efmderived unit;
and 10 to 200 phr of at least one filler that is not
graphite. 2. The conposition of claim1l, wherein the
random copol yner is selected fromthe group consisting
of a hal ogenat ed

pol y(i sobutyl ene-co-/?-nethyl styrene), hal ogenat ed
starbranched butyl rubber, hal ogenated butyl rubber,
and m xtures thereof.
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3. The conposition of claim1 or 2, further conprising
a thernoplastic resin. 4. The conposition of claim1,

WQ@2a0/0897¢ urt her conprising a pol ybutene oil he@i/0n§2089/048486
nunber average nol ecul ar wei ght greater than 400 g/ nol
and | ess than 10,000 g/nol. 5. The conposition of
claim4, wherein the polybutene is present from2 to
40 phr. 6. The conposition of claim1, 2, 3, 4 or 5,
Clgimsiein the filler is selected fromthe group
conS|stlgg of cal cium carbonate, clay, mca, silica,

talc, titaniumdioxide, starch, wood flour,

carbon bl ack, and m xtures thereof. 7. The conposition
of claiml1, 2, 3, 4, 5 or 6 further conprising an

1. exf @Imfé@%n@icaqnnmslébne@mmmg’ he group consi sti ng of

nontPa ¢ do 28 bl @epRlca M GumRYRS BT ELDR] bpufif afhoparticies):

hecteh tieto SBPRMI 6f ab AP Hnk Eeladi®@adichinBondh€ 36AipiBing a random
stevensite, vermculite, halloysite, alum nate oxides,

coppjmer hivea as leashencrii ade Gdspreanselssin, degivedwmit: #adr | i ner
for Aétcgbé(?plﬁ%tg{ aét’b%ﬁ‘fﬂ%r &QPRQ]I%I{% fof claiml, -2,

%ecla m1l, 2, 3,

2. 4 Fhe Gompositio ofhdiem uhezhnmﬁopl&r tdndb@Scc@foeyrgafralp |’Hér€eted from the
nanopartlcles present at u hr and the el asto
SPGB Rg Obrishalpgenated gply (2 opyty%ﬁne co- p-rnethylstyrene) halogenated star-

bra’i’i@héﬁ(&ﬁ?%ﬁl;ér rha(f rrt?gtb{]% ﬁfb\i%le Qﬁ‘% mixtlres Theof.

conposition of c al erein
3. poI Y he sonpedfinorco-Jdldamieohy fetthereneprismga th@rhm)gbamid: gdin.
|.ene-.co-./ ?-

|sobut th I rene
Wé‘é&Cpp}@ﬂ igen of af?arﬁnlb Y 3‘}1 etrI‘F@)n}Pé]ISB]@e?’l Relylutene oil having a

nulﬁ’l%rye(v'elsa%@ Wt Qne v&é‘i’gﬂt Brdiedr Wénﬁ()\or@ﬁ@? af#B8ss?han 10, 000 /rnol
brononet hyl styrene content of TromO0.1 to 10 wt

5. bas dtic opmppratiqredigtiainot, wieecio M@Yinneneﬂiprewm frorn 21040 phr.

sition.of a 1 C
com s emgttun sttt § e Mot bl Bl the eroup
coﬂsﬁs@ﬂiﬂgt dtecal it tcagdonatc BRE, 6RORQNRAL Yilisabeatedtifantm dikide, starch,
group consi sting of natural rubbers, pon|soprene

wopd plgr caoy bask, Mdraarwaetheisber (SBR), pol ybut adi ene
7." Ub%E 'cO 2389 bR of t?:"['é%lﬁldi €Hes ”tjg%z)? %%ﬁs comprising an exfoliated clay

yrene-1 soprene-butadi’ene ru
selecttbny | fesie - fhe ogxysh@ n@nmub;h@ fof etfblydteheraprralpylt egethdiie neontmorillonite,
e, nitrile rubber,. propylene

no%ﬁqbtg‘rgr (Ec%l?lgb?,s g?kl'logt{ea anpmdtes dllegprl};eu bqflgpmgen gsauconite, magadiite,
g S C e
ke{}%ﬁt@ %@%ﬂ%ge % 153{1@ alk‘a@lgygut y lur?fltjﬁ eémdgs)s’t’ g&'dtb% , agld mixtures

thqmmfy|$obutylene rubber, star-branched brom nated butyl

o (oL ooyt lenel | soprene, SReOLXIEL THRREEL 2 5,4,5, 0r7

9. i solyt )ébl%fi@!iﬁ&{ ab¢19P e Ry USt V8, 8Ng.8 where the nanoparticles are graphene
nanoparticles present at up to 5 phr and the elastomer component consists essentially of
poly(isoolefin-co-p-methylstyrene).

10.  The composition of claim 9, wherein the poly(isoolefin-co-p-methylstyrene) is a

halogenated poly(isobutylene-co-p-methylstyrene).
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i sobut yl ene/ br ononet hyl styrene,
i sobut yl ene/ chl or onet hyl st yrene, hal ogenat ed
w0 sabiteprene cycl opent adi ene, and PCT/US2009/048486
i sobut yl ene/ chl oronet hyl styrene and m xtures thereof.
13. An innerliner for atire conprising the
conposition of any of clains 1to 12. 14. The
osition of any of clalns 1 to 13 wherein t
llel ggﬁ.h@ NEHMpositioamer ndeni k0 wherpay %lha@gplaatﬁedegqo}v(ﬁ@butylene co-p-

meﬁﬁ{(ﬁ%m Hﬁnﬁ ?%rh%oﬁl%{hg/ﬁﬁ% 1‘?9 c@llltlerﬁyof 5m. 641! ﬂp%%oﬁased on the

n el astoneric conprising: mx
W@Qﬂﬁoﬁﬂwnmp@yﬂﬁnopartlCIes conpr|S|ng graphite |nto at

| east one el.asto nponent sing a.random
Copgﬁ‘ﬁ FERPBTLIPRY PE? plaimsL &%(f %ﬁﬂh?rrﬁﬂng%rwl’érﬁe?ec%‘éafy clastomer
codpolcBfed 1uf?r'%ﬁt frbinl tBE firdMAREOh2r E&ﬁg n)nsgle%{eﬁrfr&ﬁ g{g%} ﬁlé]consmtlng

a rate sufficient to disperse th oparticles w
of trhurdl adborse polyl®preiic nebberd sfwcnewbkﬁadgnarrubbetrl GBR), polybutadiene

mﬁi’gﬁo&?g’ﬁn | QU ad}?jlg:rf%%ﬁgxﬁﬂg g,gltyﬁgr?etles‘gﬁ?r'gﬁgﬁtgdlggé A Bber (SIBR),
cthY RACRRG Pyl Glee Rubbbi, rbtﬁ}blbﬁee?roﬁﬂlgn@-ﬁleﬁé %b@éfemmupomg}gulﬁde nitrile

conprising a randomcopol ynmer of isobutyl ene;
rulfber, mrwlwmeoxmdwqjy@eﬁsmt@r nefredibaityd ;rubher end h@lhéermt@du fig-branched

ep. qeceur a uf fi.ci ent p t 5
oL pdRE FrBlngfed kR ey Chub S EPGRSF hilfer sir-branched

polgisaptitylefic do@BbEPT stattrivhe€X Maosiedtddl bhgl ar(bd)16]156b1ht§lene/1soprene
exposed to a tenperature of 0 to 1000 OC. 17. The

coprlyHed émbb@roauw“»ﬁblls/l@}e/rm@hmm%@r COBPBRICE rigCbbesi xﬁplﬂgylene/meta-

IR oL B LT IR RTAED! Sy

halogalamd]ﬁobulﬁanea tyclop eﬁtadtdne,r anclorgirutyd emgc ddaoaiethyigyretie and mixtures
na oparticles by heating expandable graphite prior to
ing with the el astoner.

13. An innerliner for a tire comprising the composition of any of claims 1 to 12.
14. The composition of any of claims 1 to 13 wherein the elastomer is combined with a
thermoplastic resin to form a dynamically vulcanized alloy.
15. A method for making an elastomeric composition, comprising:

mixing one or more nanoparticles comprising graphite into at least one clastomer
component comprising a random copolymer of poly(isoolefin-co-p-methylstyrene) and at
least one filler,

wherein the mixing step occurs at a rate sufficient to disperse the nanoparticles within
the elastomer.
16. A method for making an article, comprising;:

a) heating expandable graphite to obtain nanoparticles;

b) mixing one or more graphene nanoparticles with filler and an elastomer component
comprising a random copolymer of isobutylene;

¢) forming the mixture into an article;
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wherein the mixing step occurs at a rate sufficient to disperse 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.
17.  The method of claim 15 or 16 further comprising obtaining the nanoparticles by
heating expandable graphite during mixing with the elastomer.
18. The method of claim 15, 16, or 17 further comprising obtaining the nanoparticles by

heating expandable graphite prior to mixing with the elastomer.
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