WD 2011/ 084271PCT/ US2010/ 058405 ELASTOMVERI C NANOCOWPCOSI TES, NANOCOWPCSI TE
COVPCSI TI ONS, AND METHODS OF MANUFACTURE PRIORITY CLAIM 5[0001] This

appl i catiwo 20l1zismipriority to and the benefit of USSN &€ra8701622840% i | ed
Decenber 17, 2009, herein incorporated by reference inits entirety. FIELD
OF THE I NVENTI ON [0002] The present invention is related to elastoneric
nanoconposites, conpositions conprising the el astoneric conpositions,

nmet hods of producrng nanoconposrtes and the use 10 of the nanoconposrtes
in articl edilLs 8> I ey &
hal ogenated C4 to C7 i sool based ng |nproved
performance properties an %ﬁbgﬂ ﬂ“g 9EZﬁg§£ggﬁ§éézﬂﬁiACKGRCUND OF THE

| NVENTI ON [ 0003] Rubbery copol ynmers containing a majority of isobutylene
units are well known 15 for their |ow gas perneability, unique danping
properti BRIQRHIY 6k AlMf ace energy; these properties make such copolyners

parti ¢ul desitred | lications.such a r r rder, to
have 2 ndPH ComBampTeRR H5% BAGELR i s bheplRE LS ipmabad’ Bk
COWponentISedeﬂlbtePﬂ 2009,aRRlih GRbifRfed Bﬁréﬂ&%ﬁéd&h@ﬁs%ﬁt&%ﬁonomr and/or a
cononormner contarnrng reactive functionality is introduced into the

|sobutyldﬂé!ﬂhﬁﬂklﬁﬂhﬁf&ﬁﬁ@l£&&evrously known 20 cononomers incl ude

i soprene st The.copol yner t|aI brom nated to gj.ve

bt ror " cdfaIP LY TR Srest B siRRRY IS R s PoRaR g e By Catdebivsy |
enhanci Ngohfpgisharthé SlastBfeRE b BSsi®ins, meiho8S of FOuMAY nifdcbAPbANS, fidanbasd i er

properties is to mx themwth Iayered clays to forman el astoneric
nanod@npadithe namiremipayitasddl acticlss. caloragapiculedys th@epr@bieflt syvenfionsisadiepstedriotahe

b 25 0 di
oray por iiqERGeq LOPORY TP Lo, L& rhRocehBobl xfheo Mib i & spERghyt, "
t he baselgg&yﬁahmdﬂMh& mrRegisegat e and agglonerate have been used to

describe this state [ 06 TheVsecond state is an "intercal ated

nanoconpd& ION are 30 inserted into the layered clay

structur urrin stallo hrc I. r fash ardl ess
of the pﬁP“@%ﬂ iy CPﬂ?lrglerﬁ it BB, S AT R BRE 0 st R

cont gisn sy @fc 1olwage§ e@{eamltyrmﬁ Mglﬁ | apd rrtnatseSfaceA@ndr T@age i n
the gallery spacing o VI)2011/0 4271 CT%US 010/ 058405 the nanocla

swol | en irepertiesobalec suchsapelymerssartalatyadesirod naaimhca@me sueh @s Freipmn }tl;n@ré
about 2. q 6..0 .nm can_ he con Bq%red as_cne |nlghaﬂ1ere ercalated

condi tion® %rgﬁd?]hflﬁ% % e|ttre C COIP%% t Qofﬁu(g%:bé at &d nanoca(S)tr?tr)noeg i? menthSr 1sn is

concept uahé ¥nd Q?Mﬁﬁnﬁsan unsa!uPdt&[ @&h@ﬁ(ﬁﬁern@ﬂ@/ﬁﬂ APRSidnefer BONEMETy rdabgve
i ndi vidual clay |ayers are sonetines floccul ated 5or aggregated due to
hydr oxy| dbe¢ionaly t%_l@ﬂg@crduletoaéhq aypdubfenchaubbery pobyests. Hrogesily Tiewn

f our tZB Stc eon'oﬁle%nmclu% %o%%n%ta%g st rerlleoc%h'% %%foq gln&%o OS' aefly br-gﬁl?na%cf"‘}/o
platés in nanoconposi te can bé’ However
agglonera;ﬁ@b&amcéﬁmmmﬁM@t have a thrckness in the range of 100 to 500 nm

[0009] The fifth state is an "exfoliated nanoconposite.” In an exfoliated
nanoconpd8P@4,  The tire industry has always been interested in enhancing the barrier properties of

tires. One way to improve the barrier properties is to mix them with layered clays to form an

clastomeric nanocomposite. The layered clay can adapt to five different states in the base
25  polymer.

[0005] The first state is “particle dispersion” wherein the clay particle size is in the order

of microns but uniformly dispersed in the base polymer. The terms aggregate and

agglomerate have been used to describe this state.

[0006] The second state is an “intercalated nanocomposite” wherein polymer chains are
30  inserted into the layered clay structure, this occurring in a crystallographic regular fashion,

regardless of the polymer to clay ratio. Intercalated nanocomposites may typically contain

several layers of polymer between organoclay plates. An increase in the gallery spacing of
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10 the individual clay layers are separated within a continuous pol yner by
an average di stance that depends on the clay concentration or loading in

t he pol yre0.20{10840) However, in produci ng an el ast oneri c PoAruscanpssns e, the
inconpatibility between the hydrophobi c polyol efin elastomer and the
hydrophilic inorganic clays can make it very difficult to achieve a good
clay dispersion or exfoliation within the elastonmer. Mich 15 effort has

been make to nodify the clay or the elastonmer to nmake the two el ements nore
conpat i blthe nanockssvelkon witlexrbbers fiprshpiariing ytate eleabogt 0.8 e Br7aum up o pleupdéhn

t he funct | it n the polyner and cla rface would | ead to a higher
degr ee of'O RNy L BRrUIE S A e Bk R BRAAER L, Twi 11 yiel o
el ast oner[pgo7anoTaEERL $tas isd tibcethaaaRHodaigosRE.” PP RI dohesptuaByMARM s THE
| N\VENTI ON 20[ 0011] The present invention is directed to a nanoconposite

havi ng i ripte dapgwePmpesies; Hoyevgs dhe mdayidinal|cday lageriare pemetipes Hecellatdd: y

f eat uies. o SUeho A3 LB {VARGLALOPLA. b Lig HRDSHLRDS BN, Ll Gufr 1 NG bl adders,
hoses, np&iggigsfoppersfilnﬁérnea i1 y%s eet's, and:of &r%siilar itens.
[0012] Di[ggd8)sedThefirth dtfic & HRNACEARGS 1 BotRMREd HinddombodiRAS ThOBRY plates
copolynmer and at | east one nanofiller. The copolymer is formed of units

derived findha naseerrapesis chmbe prparatesinhawesert wetpldsar ygalogicsties egpdorm that have

mul ti ol ef | The iller [ sing a surfactant wherein the surfactant
has t he s‘gﬁ% ﬁggng%q.ééﬁeﬁiggi§ﬁﬁ6h§%erein R is benzyl derived unit, which
may or ngyoewt behs Giststdidiisas “cwhgitidmhal8ednsposie.eches dxifsimtdd ndndcdmfosite,

al kyls, C2 to C26 al kenes, and C3 to C26 aryls, and wherein R3 and R4 are

t he déne the indiivifleal chy lamers arcesaparegslevitieintg gonsiapeust podyheroly @oaygagedstandgy| s,
C9 to 2 | kenes, d 0 .aryls. .30 13].ln one aspect of the

i nventi oﬁ?ﬁt(ﬁge%%Sgﬁgenggfén%%%bogn%t@%h% %&Heeg%l er P'chI orine or bromne. 2
- VO 20390100427 HBWEN &5201 QreBA@S ah 08kdbhirrianaidbebmPsfRGt thef idcb@patibility

i nvention, the cogplyner‘fornin% t he nanoconposite has a substantially
honogenedigévesartpe sydiopheltic gplypleiipplastsmer pre tholsirgphilic Hwsgaioaabem meke o
about 12 .wt % of -al ne i et fro 1. %
of 5 ha dpits SHRUEED SHCEDP gLy FRaf it s SRR sty s PR el

about]56. dfforahgrefcarmadt foembaidy mantlay tohehaklytbsicy te ftke Shp aracleeiday sby ene
and the isoolefin is isobutylene. [0015] In another aspect of the
i nvent i orfomptiblet Aehas Meen prexiouply sheyn dhds etigrdyicsctipr hetween thedynetifngkty ame

al kyl styr i i | A hal o . 25 ° . 1 he

2l kol st yriingobel MELODRHE R ol |0 Enig e o Uty el oM Bhiob s

mol % of tTies,ah kyrh stirgeld clastomonictiadonpbededoyitit Bichahaddigencr pkOpEHdH] | n

anot her aspect of the invention, the nanoconposite may be blended wth a
SUMMARY QEEHEINY

secondar ENT npound. I n such a conpound, the
d i . .90. f DOSi te. - 7
SO T8 5 ATy A s

nanoconpdsi L&, intdidcloarQaimgoisipeamedbilityrftdiares Huehde diroMnnbrimkrs| @aSinnebes,
conponent sel ected 15fromthe group consisting of fillers, processing oils,

and cur e 'FackaypRladdas hopesnmpdicalasiennaes pSErRRbY shadiernd gher siailar items.
Chormop AP polyRer hay be s araafal el AR B R bns fpfpygyr and a
pol yam ddsast pad wanaifitles , Tiotopohmbeniafemcd poliyiesdeivsd fipal isslkfianiesing from 4
pol y|2%Ct Otg e7s carbon atoms and multiolefins. The nanofiller comprising a surfactant wherein the
surfactant has the structure of (R'R’R’R*)N" wherein R' is benzyl derived unit, which may or
may not be substituted, wherein R? is selected from C; to Cys alkyls, C; to Cy alkenes, and
C; to Cys aryls, and wherein R? and R* are the same or different and are independently
selected from Cy to Cys alkyls, Co to Cys alkenes, and Co to Cye aryls.
30  [0013] In one aspect of the invention, the copolymer is halogenated with either chlorine

or bromine.



pol yacetal s, acrylonitrile-butadi ene-styrene polyners, polyphenyl eneoxi de,
pol yphenyl ene 20 sul fide, polystyrene, styrene-acrylonitrile polyners,
styrene mabDenc/emdrydri de pol yners, aronatic pol yket ones PCpalSggiplossigs ene
ether), and m xtures thereof In a preferred enbodi nent, the nanoconposite
and the thernoplastic polynmer are dynam cally vul cani zed toget her under
condi tions of high shear wherein the nanoconposite is dispersed as fine
particles within the thernoplastic polyner. 25[0019]In another aspect of
the i nver®0bH, t Heanpdinsfaspacepf the ipventieasthe gapolginker améng theagedomnesise has
selected fromth roup consisting.of nopntmorillonite,, nontropnite

bei del | 1 ¢ epept SR kbR Bl Syt e 1 csPo v bphiydgout 8 o
sauconi t boBEaat% &f aﬂcﬁ[!;?&i:ﬁ@moﬁti@é/ﬁﬁﬁﬁéﬁ,abbf@tr M eihtidue . 5hadoh 858 hilBgen and

al um nate oxi des, and hydrotal cite. [0020] Al so disclosed is a nethod of
manuf act wrhiiginasaih reopelirpes ihee . kel Of Ndnoonpbdiss ehewrbpitsés i o pederrashe
copol yner__and. at .| eas e nanofiller.. The method. ¢ risi t.ne st eps of
2 i Soorsrnglif B8R GREeAT Babnfly s LR A TR ARSI & To The
sol ution;[0ars] c) Iif eEAN&T dspertidTahfARRAEGEM Ophdnethe TBEOIGARP iy EBMtaih$ alklstRenOf
units derived 3 - WD 2011/084271PCT/ US2010/ 058405 from i sool efins having
from 4 tclerivedinnith the divslstrencds fnctiealized viththe halogem.i andam thakd moBuof &t ant
wherei n the, ,surf ' St,r uct ur f : R ! el Do i
benzyl " HnAT 2R RGeS DG R B 1o SR s dhed ey b
selected;ﬂmﬂﬁyﬁﬁekgmﬁaﬁn@h&wngnhgambgm§26 al kenes, and C3 to C26 aryls, and
wherein R3 and R4 are the sane or different 5 and are independently

sel edfed [PPHh Ccoln enathe aipkr¢t &f theoinyentope thy reEesempasis way the dowledr yitk .a The
solution js sele fromthe group nsi st i of. sol ven i .xtur f

ol vent s, Sy RER" BRI GhMs AErB0e 5 SRPEIRL IR oT6n o b Pt s o
non- aquesstaptyassn 50020 phnofhehcomppset of the di scl osed nmethod, the
nanofiller is added to a second solution prior to adding the nanofiller to
t he copolP8EH coht anathely aspedit plorhe 1OVEETA VRN DESORIP T ORMEPUKHESINGVENTI ON
[ 0022] Var | I | ent s, | S t I.hveption
w11 how BRSSuIRE b nEHRRHRRE' B WHERT NG, SR AEKATPORS Barcdf 1 E oy
ar e agoptfash ey @oip E@isispng pOFRSs Ofrocuydiap stlangdd Rgretfackadeai med i nventi on.
VWhile the illustrative enbodi nents have been described with particularity,
it will H80¥der bt geldandibr disglossdsingertion. Msdndnosampens wry [belgemtedayparient
to and c i de i || i t.w.tho depart |
from ¢ he atpbRd PbelBe” it phFRRRS gRbnd, MR, B ellblel bt PTG

t he scopeoafistidpeof doke@iitiés) polywhides, piyearbofatas) poBRete B poipsEfdts, o/ lappesded
claims, including their equivalents and elenents or limtations that are
equi val erolyasctelio sertomtrilebutadicpe-syaenepaglypicts, dIRdyrPORIoXmKmst ipghtohemdene
appl ingabl t e | i i | O e i I

(0027 Bl raRBIERS Ynn SERGIORAL, PONERLL P BRE (PRLPRANREE A

W th the AGMOob&ketrts,nbbllyphenylandratiasr),al aidahixtges apabdfe ol mepafarddng
fromlarge deformati ons, and can be, or already is, nodified to a state in
whi ch it gmbodgget thgmaposamapesiipped theuthewagplasfieinojymes asedypagicalby velgnized:

El ast orrelr_:t &h& ﬁtﬁfemctoﬂfl’i'ﬁoﬂ?%f b Iyﬁﬁ r &G Wﬁ@%ﬁ&’é&fn sft@ it rZ’ﬁ"s ercd &5 Mine
rubber. EF8Stoneric conp05|t|oﬁgre ers to any compositlon conprising at

| east oneguaeidstwitien tiksthdehdpiadc pbbwer. [ 0025] A vul cani zed rubber conpound by
ASTM D1566 definition refers to "a crosslinked el astic material_conpounded
from2an d08Klomef aueibeepirrd & the MaeHiongddicopnedilishds By leastsorg piligydecelhe
Capab| e . I p i . i-t.s 1 i - | . .

i monst onbGE7 5oL ALE dh HERRUEY XphRRPLP EPEREHNALE IBRLHRE peideice

el ast onerticatoniteposiitanekoiteef BpSnite) hectorite, saponite, sauconite, magadite, kenyaite,

stevensite, vermiculite, halloysite, aluminate oxides, and hydrotalcite.

[0020] Also disclosed is a method of manufacturing a nanocomposite.  The
30  nanocomposite comprises at least one copolymer and at least one nanofiller. The method

comprising the steps of a) dissolving the copolymer in a solution; b) adding the nanofiller to

the solution; and c¢) recovering the nanocomposite. The copolymer is formed of units derived
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any el astoneric conposition that has undergone a curing process and/or
conprises or is WD 2011/084271PCT/ US2010/ 058405 produced using an

ef fecti vewarmouns4i a curative or cure package, and i s RCTArSR0HERI05

i nterchangeably with the term vul cani zed rubber conpound. [0026] The term
"phr" is parts per hundred rubber or "parts", and is a measure common in
the art wherein conponents of a conposition are neasured relative to a
total of all of the 5 el astoner conponents. The total phr or parts for al

rubber cdrponmelins\iisatngeiromnt to fvgarbamitess ad mprdiddetis. edbatmapefplierhas a

_ ltefrowy ThHERs tod eI eildne e
ot ner  nonsreRsr SRSl PetE pa s Bl TR R R0 e’ Pl anc

are expr ersioed uhitPWhich Thiys oMaiay o€ beanibasicl ywhBeamaR € is §Qéct@xaopl €, td U
level s of curatives or filler l[oadings, etc., between different .

conposi t iadds.Kade §2owkents. Hurfe: todiatinte apd ppeictt Bnawt R1gethbisate aidifiggnt t he
need to r | cul C r ery~Cc t t ] N evel.s of
Do Soe Ak EH BB RS B RS SURTR Tl 81 BcRULURIETR, O
hydr ocar bz @leith whictdttdiBitoRethderrbie dohdiamgadt dlkanemntudr SPPIehtQNE Qr
nore hydrogens fromthe formula, such as, for exanple, a nethyl group
(CHB), = orcmnsian ReAIsisying @pay apperpphase prd immisgihigion-gquepesiasc t o a

hydr ocar 38&2 rouhy taﬁ& o QU & fi) “oﬂscfrésre&fc&lé{ﬁ?ﬁcg,ctﬂ "R ESE g%{ 1§ h VTS
conmpounds Such as, Tor exarpl e, bDenzene, naphthal ene, 6%enan rene,

ant hr acenglut®h @rior A ulidingthe ahdofil RO 551BS SopdlyBENantitiag kblatipondi ng
("unsaturation"ﬁ wWthin its structure. An aryl group is thus a group

deri véd fB RIPTIONA KT HE INVENTIONone or nore hydrogens from
the for uch [ : nyl...or . I:

erers ¢ 0B cavAon Hes S TRI Ry B0S Vv bR L0 A RAEph il 5w
substi t uent dsetigel estlidiegprdforicd ¥atpditienadndgduTin(tidisahatnge AdoPEY NRrein for
fluorine, or iodine), amno, nitro, sulfoxy (sulfonate or alkyl sulfonate),
thiol , alfeypashs of un¢gasandivg Geyclaimepyinvendiopaj While gie Hustrtive retodimeriabavey 1
to 20 canfan &l aEd WO AFhHICR IR WMMlndc &M inatRLRBY! ot BREARYHon O™
butyl, isobutyl, secondary butyl, tertiary butyl, etc.; ar oXy, straig or
25 brianchethpphehntoadnld@sy bBayddilyg Madeby2Boeavklilt iattionst wathdut duphttiahgSrorh i
exanpl e, nethoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary
but oxy, tseFttiaad peangtahile myenfiap. ﬁw detegppang Wifidngemenbhg tsepe ohiist iMeain
octyl oxy, . mo0 0 cyl y I , j.Ch -1 al.g;
branched‘@@a?%&é §?$E§Sﬁﬁgxfﬂ%§ff@gggﬁ%§%85¥%ﬂ%’%ﬁﬁ%ﬁ&géﬁéﬁgéﬁﬁ%ﬁﬁ%dmg§ at
| east oneldmdmgenimanibns fedt uebaguivatunt exhod hat abtaitedet hyl , brononet hyl, 30
fl uoronet hyl, .iodomethyl, 2-chloroethyl, 2-bronoethyl, 2-fluoroethyl,

3- chl or oPIPYHiON_ by oopropyl , 3-fl uoropropyl, 4-chl orobutyl,

4-fl ugro , dj I i hr i f] Il hyl ,
> 2 alniOel;  PERBREATEI b f BTGBl DU RISAOK, deshbRAGERE
2011/ 084200RFT/ URA0HL/ REB4 G5 adi qlolyan@psropythpos@iod- o polyarcaptapytent with the
4,4-dich|orobut¥l 4, 4-di bromobutyl , 4, 4-di fl uorobutyl, trichlaqronethyl,
trifluor dheEMyP1568 detinitiqn: { p gepterat fiat 1S oamably. qfriesqvsing fiampiarge deformatins,
tetraflu e , N r af opr . |

*ubst i { P Aot of teisl midled &4 WALCRY OBk i« LtSend 0ty SYAIME SouPon
5 El ast ormredl) [10BIGhPeelfvedtr.ed Blagshemey stousahatlmaynbd hedpn@ethangeably whh she

i nventi on include 3ﬁrcopoLyners derived fromat |east one C4 to C7

i sool%ef i ricHdAEhRSE dastampsit CPUPRTIIN ARBNEr 2NEPTBNOSHEMOHINRIHES 2bfeagionsy C7
i sool ef i N, iR ch copolynmers are conventionally referred to as
but yl rug%ers.ag%?e?ﬁ%ﬂgggglyners, the isoolefin derived content in the 10
copol ynmer[0025]i n A naigeizéd ombB& ttomPOurkl ity%eARTMeDJh66 odefinkitéort atfals nonGirer
derived units in one enbodinent, and 85 to 99.5 wt % i n_anot her enbodi nent.
The mul ti%@%ﬁmd&iﬁﬂeéw%%ﬁpwwe@ FencyhelpyamRer: pescaptidein laes defamationfe of
m xture f %6 n.-qn J : 0,15 04.%:]
another eRoodn Mo tieOphale S @ e REIISLIVERL to AR AEL R b e ytieitip
copol3gmerand shapd dpoal refnonal derthes éeforming Sorcd’s[ AQBddTdast&heri ©cd@dpasg@al refarntoray

sel ected from conpounds such %f i sobut yl ene, . . .
any elastomeric composition that has undergone a curing process and/or comprises or is

Y env 150037 a0




i sobut ene, 2-nmethyl-I|-butene, 3-nethyl-1 -butene, 2-nethyl-2-butene,

1- butene, 2-butene, nethyl vinyl ether, indene, vinyltrinethylsilane,
hexene, awo 2dtmsiiryl - 1 -pentene. The nultiolefin is a EGETUS2G02458405
multiolefin such as isoprene, butadiene, 2,3-dinethyl-1, 3-butadiene,
nyrcene, 6, 6-di nmethyl-ful vene, hexadi ene, cycl opentadi ene, and pi peryl ene,
and other 20 nononmers such as disclosed in U. S. Patent No. 5,506,316 and
U S. Patent No. 5,162,425. O her polynerizable nononers such as styrene and
di chl or odt9dusAe uping am%fegfmet amp@ntf ah@a@p@l gihveviczpackage, cind is a term used
copolynerl éfon Bﬂﬁ%ﬁh rubb rs §%£V%en the isoolefinis |sobutylene,

t he elasto anﬁg/ re é? %n%s “QOBOY\ ene based el ast omer” and

refers tqoerelel agherEm qmr'alsqghmef hGIRed hﬁ)‘b@lgora‘tpah@’asahd“)az&amje%bmmon
i sobutyl ene derived units. One enbodi ment of the isobutylene based butyl

r ubber pdn;ﬂmaart sdefait compensats ofaeenripasition b mmsapiwed Eﬁ}att‘@at@tal tatpl 9P al of d@ 5
wt % of, Iene with O W % | SOpJL.€e r to 995 %.1 sobut yl ene

i th_0. 5 Y Bt ls 185 raErl oA RRE PR eyt Fmb el bbb

el ast onerthied, & ﬁ@ﬁd disfoteat Arpbedtsmpincofs it PeestaivB Al divdh teslpha& apeRatdedne 38

Hal ogenat ed butyI rubber is produced by the hal ogenation of any of the

butyl cop®Oyer s\lldéh@rnonéub@m@wpomtwé gttgedrpgeiapt the 10Qpatseef roblerigpd arpy
means, a n d R%e\?\f lﬂv %?t I'I?llsowﬁy t0 i%le\r,\%esla}?l ClohlglaEei,e gorb%(aﬁllﬂ%ohl?e f%ggln %tf IC I%.tlgéso €ss.

The halo ya rom bas

2011/ 0843?lﬂe|PQH'aldeg306tG/ B654RL differédieon@ogitibnObastfen hind e@eNRlRite lpbﬁpbktldm@fber
in one enbodinent, and from0.5 to 5 W% i n anot her enbodinent. In

e
anot HOr ewblstivithent thermsed i egalsulatopeentsior kxgrygenmoaent @frf:wdw&mséevql%oif rom

1.0to 2 4 ance with the another enbodi ment of the
present IEVM6%%8%RB%th@@COpO /mer is a random copol yner conprising a ¢4 to

C7 isool 002y denikgdefend tes agaehffhicyhaliydagivd geoup witdchumayShe H&evedopehydrer
cont ai ni n at Ieast 85% nore alternatively at |east 86.5% by melght of the
i sool ef i rlkanetby, draping one pomgrolytdragens 659 i P ISHFR 8 fanexagiile, ¢, methyl

about 1.§%n]eﬁggygn%n%ﬂ%ﬁg%%&é }gekgp I n one enbodi nent, the polymer may

be a ran oneric’c a C4 to C7 a-olefin and a

met hyllsst V06283 Ccont-Ai Ridrg tak Bldedtarbbd ol tiedd duitmsl 2 %nlystm@tugd icharacteristic of
met hyl styrene, and 1.1 to 1.5 W% brom ne or chlorine. Exenplary materials
may be cHEPMERIGCEIMIRAINGS Sy %ﬂnﬁ?fsexé@ﬁleafbﬁlﬁﬁ’ge’t%h‘fhélep@vﬁhﬁga Berethipgans.

dom I
| ndepententy gy B aERo SRR 4 OR Rading,  JHAREELST A sy Ao
primary oﬁylsg@opdﬁlthusad koup hdedriveld Sroam dn XrorBatéc btﬁhpxgmﬂ byl ﬂro@pﬁg&fﬂ&%ﬁ merd , R

and Rl are each hydrogen. [0035]Up to 25 nol % of the total alkyl
subst i t uthygrogepy Bpe the SétlICh%f%W’iﬁ‘&PéF‘r@Qel(Yi)Of&@HS(2)] present in the

d €t b t
(2) aRowd I, CSLUCLES (B B3R R RREDRLT ol Delne WPBLL B9 BG4 WG 07 ©
In 20 yetsuhs‘tﬁté‘iﬁrsewtﬁbddfrmntfor bkt&nlﬂaohﬂbg@f (cﬂﬂkmﬁd dmarhmzedlustlﬁuc@mrceln(ea) in
the random copol yner_itself is bout to about 1.10 nol % [0036]In

one enmbodiHBMt mtrphéuléWs@@#@Patec%parlhsle%ﬂﬁoaﬁabnthw @hﬁht@%fanfislwmw éheland
par a- met hyl, %yBPﬂ‘ﬁné{ﬁ maﬁ%tvﬁf ' %d 5#&9%&‘1‘1& W?uéh @ﬁ%ﬁsu e PI{"& r@ pro%,ups

par a- net hyl rene erern up
pr esent omnﬁmgdbﬁmamﬂlﬁtﬂgu@bﬂphnﬁa&ﬂaﬁzbu@Mﬁkﬁﬁ&&bﬁﬁ42&&EGE&M&Z&ﬁﬂgm5@405

25  branched chain alkoxy having 1 to 20 carbon atoms, and includes, for example, methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary butoxy,
pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy, nonyloxy, and decyloxy; haloalkyl,
which means straight or branched chain alkyl having 1 to 20 carbon atoms which is
substituted by at least one halogen, and includes, for example, chloromethyl, bromomethyl,

30  fluoromethyl, iodomethyl, 2-chloroethyl, 2-bromoecthyl, 2-fluoroethyl, 3-chloropropyl, 3-
bromopropyl, 3-fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromoecthyl, 2,2-difluoroethyl, 3,3-
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brom ne or chlorine atom such as a brom ne atom

(par a- (brononet hyl styrene)), as well as acid or ester functionalized

ver si ons wbenaai437@037] | n anot her enbodi nent, the funct iPpcmaiseap/osstosel ect ed
such that it can react or form polar bonds with functional groups present
in the matrix polyner, for exanple, acid, amno 5 or hydroxyl functional
groups, when the polyner conponents are m xed at hi gh tenperatures.

[0038] I n certain enbodi ments, the random copol yners have a substantially

hormogeneclichleoniswsl.t 3, éﬁaﬂluqustppylblﬂtﬁ éwhm@hvtylhdw dibroraciyrtylo 3u4-giflupedbyhil, of
t he poly has ar | k nt th| f the ayer
par a- al k;{el 51%130/?051}1% ﬁbn? lélﬁ{lo% % g%%ltrfﬁ Foc %%S 1% ?E?%O %’Yar quzz
charact ertbtzmdao'eﬂaylnaﬁd v Mlt@cﬁdﬂlﬁfopt\@ﬂ htTldlsS deSﬂ b;tbtrmﬂél z(l\mvlti&mut&{f sthRBife
than 4.0, alter natlve@% [ess than 2.5. The copolyrrers have an exenpl ary
VI scosi t yuna) anchetes ponetbylisarengep g Istyrerhista: ange of from 400, 000 up t o
, 000, 00%‘88‘% an exenpl ary nunber average nol ecul ar weight in the range of
rom fOO 'S S/50 000 as determ ned by gel perneation chronatography.
15[ 0039] Toe3ojanderefaariodlyi@hediuseubBate phove: sfthisteydiionai@eda/d)aopblyfeys
pol ymeri zation, typically in a diluent conprising a hal ogenated
hydr ocar Bisayed fiontpt gstzonehCotq Eatlwlﬁyum@ambﬁncéﬁdﬁ@mo fin| menqmeit &y b)
hydrocar 72 g e t al
opt i onal Iqur&lo(p%é't aeilfjssofél Eﬂcl agb%%% &1 &% ' bsénjﬁba 85&@‘%5’“& ag‘r)eé er gg?nally
br om nat ireferretl ntosad bltydrubberd. heFdNtﬁS ed’b(pﬁly(ﬁieri hie higbdgfan darided cbﬁantcai the
initiator such as heat 20and/or |ight and/or a chemcal initiator and,
opt i dRal Isppolysicr Bvied Byeeiremt100pIHP1S wt's b sraighiof 8i tefel meaomar dgad wntthing
di fferent n{ ﬁda%@ﬁt R4 %y {;&9”&9«1) o 3 ofiXP A HIR e thah?eg o%’fn derived
pol y(i soby y ene CO- p- et yfenel polymers generally contain {1 oM &

0.8 to aheutent il tﬁﬁ)b&fgdbimﬂaisopxﬂ&tnhyﬂl shey F1pe @mﬂ@ﬁrerﬁérﬁtfl()/% 00 Hie hodrad
anount of nononer derived units in the copolyner. In _another enbadi nent,

the 25 arfdthedimaentnadotions: Hylosd-y mehe ngrnnils andbofiasnto Igget another erikadogening
fromO.8 9 i nd from0.85 to 1.1 nol %
in yet a%g%rﬁgatog%bocf g(Hht% ng&él/ﬁ]??%m Ug‘ghﬁg ﬁ%gjtllmﬁﬁyet anot her enbodi nent,
wher disn g00@gi r athe ¢anrge Mayoleéinamyy cRidatadationn compeutds URRRT ad isdblityldnth
any lower limt. Expressed another wa copol yners of the present

i nvent i oriSQWRNSi R-Metd- Abgtene., 3@?@’1&\;5%‘3“% 5mygthglorbanco geRutcpas édulict he
ht of
onbodi morPiSl, Sy PR fndeht Ol utenk i kil SO OGRS £l Benc, pne

enbodi nenhyltibleéinhiah (MﬁﬂChSm&lltlbhﬁh shetoas isepretic, batadicha,e2,3dimehyiok 8 bptaﬁfeae,r ed
enbodi nent, the haI ogen is brom . 8 - WD 2011/084271PCT/ US2010/ 058405
[0041] | n TBHEEKer ér%@eﬁhwbﬂtVenﬁhéleéefb%ﬂeyr@w@pﬁm@d@%s@%mlmwnﬁr @Bd o9thes g
hal oggn gp,QARYERH I 81'3 o %”@rscgﬁ&lﬁ?@;e 5%%'3’1 A @%ePﬁ Pgiomé"lgsz sbhe
random pol'ynmer is acoo ynmer to |éoofe n derived units’

i sormnool(eﬂhempolyp&haab’retdmﬁo%ﬁeys" gich desiyved amli ﬂlsh]@nd;tyrene arc also suitable for

par a- (hal onet hyl styrene) derjved units, wherein the

par a- ( hal toMmaPe r%etrvﬁ%?mrmmygn@zatﬂ@@rb@%ﬁ% BeES-t he pol ymer from about 10
t o about % e er, y de
wherein t[ﬁg zggr a(walrrge%Ql hy © lgoélgﬁ%ggg%b\?%%hlt%és) g?%%g@a% L?&%f;% 2 Wt %

based on itdbattledcabasesd ekgktbnmf” dridercpavd yorex e]lastomnewm‘pokjrmm rOmpasidg fat Ayt 0t o
10.5 wt%in_ano her enbodi ment. I n ano r enmbodi nent,
par a- Z(ShaIrB‘hle/t §fty§f‘rn€ :%WP% UBK- a(%treo%lta%qewms 9§O/ Cl@n’é?butilénié’ﬁ?fie@“ﬂ Bypber
[ 0042] To tﬁh@ﬁﬂi‘:ﬁ%'tﬂ ol SRt QBB kdifed RS £99.3 Y BF bl RKe bith
i ncor por éjo%; Into the eel agt omerllgc p?o yggr]. %ﬁ%o?iayer ed cl ay ?Ss g’ ©
al t er nat i0/2toy8 mefoaisopechet or 9% teedIdawtd6 isapuigivac twatht e wabwzte Sof wiiasopkaysn yet
Nanocl ays have a rgaw mum di nension in the range of from about
another embodiment.
[0033] The elastomer in a desirable embodiment of the invention is halogenated.
30  Halogenated butyl rubber is produced by the halogenation of any of the butyl copolymers
described above. Halogenation can be carried out by any means, and the invention is not

herein limited by the halogenation process. The halogen wt% is from 0.1 to 10 wt% based in
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0.0001 [tmto about 100 um The other characteristic of a nanoclay is the
high ratio of surface 15 area to volune; this is in distinction to a fine
grai n carworotl/meirit hat m ght have a very snmall maxi numpdirsesionsssbuit whi ch
has a lowratio of surface area to volune per grain. This high ratio of
surface area to volunme provides the nanoclay with a sheet-like structure.
Such materials are typically agglonerated, resulting in the |ayered clay.
[0043] The | ayered cl ay preferably bel ongs to the general class of cla

i ner al $ QR v ezconyata Ifk’ehher @é@nec@nbﬂsgmyntr ik o) § A9Vt in

ot et shednafer sRERRHShE, ' RE oSt cptbunEN ik 1RIIR wiive P2 niRRARE BIE,

nontron|hﬁbuﬁnﬁﬁbﬁﬁimﬁjpsb@hedraI snectltes mhlch i ncl udes saponite,
hectorite, and sauconite. Al so enconpassed are synthetically prepared

smectited0834H. 25f @@M}impey@tlthoﬁhveran@thbbmdﬂ@entt e tlnfawé%éat anepptipgy the

conprlse natural or, thetic II03|I|cate h .as rilllonite
ontr ot <D0l FERbIEROGIRRY COBPEUREIORY B FR SRR dRbey ffly! fua
saponi t e,aligasigRAt desiviegadi the ,cob@lwlat béhtaiBin@ e Mkt %%mdofemehiakleelgm 1oaed |
as vermculite, halloysite, alum nate oxides, hydrotalcite, and the I|ike.

Conbi nat i89n2Yedty wieightod! the asqetesin wuits, abayé S teeaboyl 5% byl @@gbbﬁkélﬁﬁyr%eams
30[ 0045] T t
or Lext of g RNEY TP RBYCH SSRGS KB &S TR o S e B R O

under goi ngndodn cR¥GHRFGCopE Al esxfna(scmotd)7 d-Befi@aring m&n@hﬂS@Féne&bnﬁahﬁng atadohayer
surfaces of the Iaéered filler to render the clay nore

WO
2011/1084 27 1pcbousidYo/bys seoht Hyethplstysice . aanhélagye At5s Wta(qjdlir@mmésor @hlorine.
surfacta f e
Feact | ond G TREY REMERHE Rt e LRI FRRAR Roliokerd co MIREELMIbBMRERFREE
filler. Sumg@hwenmpqn@undsn@ﬂgIﬁahn@ﬂm@msurfactants preferably quaternary
anmoni um in which at Ieast two hi gher nol ecul ar wei ght group and up to two
| ower 5nol ecul ar wei groups are |inked Z the nitrogen. [0046] The
i nventors have di sco redIthat | ayer ed CIA? cant ai ni ng benzyl
functionality provides f or|l unexpect ed i nproveneht in the separation of the
clay layers in the polyneﬁ?__ﬂ@re y i nprovi ng"the P&t neabi lity of the
el ast oneri ¢ nanoconposi te AThus one of the | owek nol ecul ar wei ght groups
| i nked to the quaternar pbni um i s a benzyl l ved unit. 10 The ammoni um
may be structurally desd d as follows: (RIRRR3R4)N ' wherein R is
benzyl derived unit, whichymay or may not be sthpStituted, wherein R2 is
selected fromC 1 to C26 al kyls, C2 to C26 al kepes, and C3 to C26 aryls,
and wherein R3 and R4 dre§helsame or differemtCandk are i ndependent |y
selected fromCO to C26 alkyls, C9 to C26 15al kenes, and C9 to C26 aryls.
[ 0047] Sui t abl e quat ernary Bimoni uns include, but are not limted to, benzyl
trial kyl ammoni um nethyl benzyl dialkyl amonium nethyl benzyl
di - hydr ogena t.al! I y n tal
ammoni um an%ﬁglbggg§r&gﬁgﬁ% F&%n lﬁ%&#%h Bﬁa%i%$ﬁ %%@%%z%gfﬂgéﬁng and
f or mad ugiringarg ov aecokdyryodlkyr itiess esd Xsmcmhmg@nuhsommbb@hﬁhbng sal Rt i Iaﬂ:n
bl endi ng, and nelt bl endi ng. However, by no neans are these processes
exhaust i V&BRYHaEIconposi t e productlons

[0035] Up to 25 mol% of the total alkyl substituted styrene [the total of structures (1) and

(2)] present in the random polymer structure may be the halogenated alkyl substituted

structure (2) above in one embodiment, and in another embodiment from 10 to 25 mol%. In
20  yet another embodiment, the amount of functionalized structure (2) in the random copolymer

itself is from about 0.8 to about 1.10 mol%.

[0036] In one embodiment, the elastomer comprises random polymers of isobutylene and

para-methylstyrene (PMS) containing from about 5 to about 10 mol% para-methylstyrene

wherein up to 25 mol% of the methyl substituent groups present on the benzyl ring contain a



Melt Bl endi ng [ 0049] The nanoconposite of the present invention can be
formed by a polyner nelt 25 bl ending process. Bl ending of the conponents
can be cawoied/msui71by conbi ni ng the pol ymer conponents &nou/ush@oossysin the
formof an intercalate in any suitable m xing device such as a BanburyTM

m xer, Brabender TM m xer or preferably a m xer/extruder and m xi ng at
tenperatures in the range of 120 C up to 300 C under conditions of shear
sufficient to allowthe clay intercalate to exfoliate and beconme uniformy
di sper sedrownisi o7 chirinscitge puchoast Ebbwname floa1 frfotuppesicthelstyrgg)), as well as
2011/ 08427: (P tU % 91/1% 18;@18)5 rlsflrglflll fPr ocesses [0050]In the emul sion
process, E adﬁeou urry SF S 1hdr §§§'c clay is mxed with a pol yner

di ssol vedoo3vja suol Mﬁﬂlﬁer(eﬁﬂi@f&ﬁﬁént the guridtish1By sh@ucebdogics dah iitcdagrtdcy ov F@ar ous
to formenul sions or mcro-enul sions. I n sone enbodi nents, the enul sions
can be f diotsdoads anthFuaejipasligroyps glteﬁ@ﬁ I@ﬂhesmgﬁ@@rmlﬂneﬁ, rﬁorawaamgaﬂplei amino

sol ut |50n orsrlla&]r%arld fm%tho% argl(lj e n tﬂt oq mQIQtChO l aotr)len nd l ar a%l %1
producti on, AT dln 5at # ang’ con | nuoul ﬁroce i use to pr duce
t he pol yrempéraft@goconposi tes of the invention. [0051] I n certa| n

enbodi nents, a nanoconposite is produced by a process conprising contacting
Sol ut i on [A038npr Insi eeytaimt embadieneats, | é@strae%mnl aopolzmer allavgi tah Sobgniidly B

I N B R S A S C

recover a aﬂamlqmszﬁan& &ontdit GAfHiAI 1@%&3‘@0@1& neRtage pdieaRFIShEEM chehtobMet by
subjecting the m xture to agitation using a high-shear m xer. [0052]1In sone

enbodOne rﬁO:b/ - narredH elrecrs rpehsarreatrcB by prretve swlecohs ry gl glistgbution
Sol ut on ¥ @?éf&@%ﬁhﬁﬁs R Toss R 2, RS For S YL Sl "
contacti rmgsdosltpevér@gerrﬁmdcmat hecigliteia ehe @arfe @hfremLd (i, d00eip & 25000f080tzadt an

[ 0053] The enul sions are forned by subjecting a nlxture of the hydrocarbon,
wat er  andEX§iPiaE hERbeiAEagssBglechlgr wghtc}nég@ ragpee afi figm H9.000 ta TR 25 al
bl ender d of tinme sufficient for form ng

t he enul§%§%&%Kﬁqgk%fé§g%%{?@C@?§$%§§@mg'feM/seconds. The enul si on can be
It er L Eant X g or e Lation it or i Chout haat i ne ar et her U™

t enper at OYBHAaEN., typisally ihar dibiens gpmpesiante hrogsrid dydagsongy)i weh ¢ & he

' anot nal rRisHtARLaRRH 25 o THlofial Oy RIE IO QRTDR F ST aidar LR ©

[ 0054] Whdrewds aclid datutyss und aptiemllyC:o taralpbtr iattiact, fcﬁlos\mﬂfbychmgena@o@ Ipkefarablye

formation of 'a relatively stable enul sion. Preferabl .. the anmount of

sur f act arhm@rﬁﬁrle@/ela soglt@p inghe PrayerRy 10 fiBE drlogse rad it ra@lfcalt wéiatest wich @mheas on,
nor e Hpr ef Ik t bl y
oobs B, SRRl el i BBV o Nl PGSRy, ARIRE MESLRHAP, )

prepari ng)fttllirehai@gdn&lllﬁﬂﬁdﬂferéﬂnfﬁldtlﬁﬂzﬂﬂﬁ01a]y i ncl ude tertl ary ami nes,
di am nes, Eolyanlnes am nes, as well as quaternary anmoni um conp ounds
Non- i oni dO84MHf acimar <mbadiraent; halgpensiadi %Y(lmuéﬂ?ﬂes@dﬁén%hylﬁtﬁﬁ%e) RYI¥AYTON

i ncl ude aéehé(tlally Y214 A8 s e M1 Qa4 g?halo-rnethylstyrene groups relative to

the total amount of monomer derived units in the copolymer. In another embodiment, the
25  amount of halo-methylstyrene groups is from 0.80 to 1.10 mol%, and from 0.80 to 1.00 mol%
in yet another embodiment, and from 0.85 to 1.1 mol% in yet another embodiment, and from
0.85 to 1.0 in yet another embodiment, wherein a desirable range may be any combination of
any upper limit with any lower limit. Expressed another way, the copolymers of the present
invention contain from about 1.1 to about 1.5 wt% of halogen, based on the weight of the
30  polymer, from 1.1 to 1.5 wt% halogen in another embodiment, and from 1.15 to 1.45 wt% in
another embodiment. In a preferred embodiment, the halogen is either bromine or chlorine;

in a most preferred embodiment, the halogen is bromine.
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et hoxyl ates, linear al cohol ethoxyl ates, al kyl glucosides, am de

et hoxyl ates, am ne et hoxylates (coco-, tallow, and ol eyl- am ne

et hoxyl atwe 2borosevanpl e), phenol ethoxyl ates, and nonyl ppimarsed1oesdsoxyl at es.
Sol ution Bl ending 5[0056]In the solution process, a nanoconposite is
produced by contacting Solution A conprising a hydrocarbon sol vent and at

| east one | ayered nanofiller or clay with Solution B conprising a solvent
and at | east one elastoner, and renoving the solvents fromthe contact
product df04EdI ut iangthermmigdineitotheBopolyfnstnitg substatomty dsdet @ rigObETgeher

| ayered nanofil.ler may be ered.cl treated. .wt rganj ¢ nol ecul.es as
10 descr | BugeaBvEe TG PahBVRe Fifodh: Hsn G hD B g allof FPb 5T oS o oc
by a pr OCQ%?&yﬁQHBf C$tdg, 6slkas defifedinils§asisoMBRoREM! PARMARst@fenk Aastedone
| ayered filler in a solvent; and renoving the solvent fromthe contact

product tunith epdrparariplossHpydsyeee) Joogsdpnits, aristdie theariso thatanethylatyrene) units

nanocmnogi Lecks RIALUSRMI Y REORCRP (CTRE b3 e pEQAACH NP hul§855 One
el astoner™ a a east one I"layered fillerI'n"a sol'verit"mXxture

conpri si Rgrd-wRthsMMendt, Sind adrdie MY pAg-ridiey |59 ene eri MR K tubltseart pdbehthRoB@HoaCt
product to forma nanoconposite. [0059]1n still another enbodinent, a

nanoconpolgi W&o pasedogdhe il pyeight @f mergig e cabagmenhead fiopyd fa 10.828% one
el ast oner. I one lay filler i sol v ] Xt ure ri.slng
at T east POt oRBluRle & S LhbEmb P B B Mo OBk 20
contact pbmsheth@sty@ne).a nanoconposite. [0060] I n anot her enbodi nent, a
nanoconposite is produced by a process to forma contact product conprising
di ssdlvi depygred €kt one el astomer and then dispersing at | east one |ayered
filler i ol vent I t, m [ risi t.l t 4

and 1 e B he T8 lBRE TR, Sk RRMRhpaRRe. 3 b ERY b R e SRt
nanoconpdsiottie cRSoBREE Jpblyny@t ThBALYresd €nPadilfenitiveld BRNMRE RO S nheodlSy due
produced by a process to forma contact product conprising dispersing at

| east ondoithgsizeaf thy ¢lays. alNanacken have a apaximgmadinmcasion in e Bpes pbffem 4bqulg

sol vent I t.m C risi . t . ing
the. sol vamOUTE B aSBu ot e ARt SO o o NHAK B 1 GrRYLS

[ 0062BI n drdvetoerihank; TRiBts inddistiictibeth alfiay @rais ohbembRickhat heégimase dtveiynsnidiie
production of 30 the nanoconposite conmpositign from30 to 99 % = .

al t er nat iTp&yRAUn dEpension butgohich bas aloperatia of vefage rEearip solums 1By giging This high

2011/ onad S TiEEATH R0 bl bR hERIRIN Gl  PRETA stahy (lthmacrias

al t er nat iavetypichlpagodimdracd Fesmibhg inktedayradd olaly from 95 to 99 wt % based
upon the total w_ of the conposition, [0063]Additionally, in certain

enbodi nerd®43lnwhedhe Wyesd glgy erefsrabbnbelongsetihspzane@l ichss of wlaypmigils ot of

t he noc j it v, ; s p 7] .9
vor o 0a 1 raPRRfhd € SAIRENC (BmgEROR GRS R0 Pincd B it 380
al t er nat iwsl yoff raaamp, t hi90mup! Uclwdet hth¢ héiot@ahedralv admuretedf wlith salngBnt sf

present at 100 vol % [0064] The anmount of nanocl ay incorporated in the
nanoconpdBPrteerillpgigs bidstde.omd; prntiopteotnd s dripgfalgsirgl iupschiss avdichrigcludes,
shoul d b S el -t an | ' : ' ties
or barri o teise BBkl BpERKERRe SO TN Ird iR AR IRLRRL phoaRe
strengt h abaysoxygen perneability. Anounts generally will range fromO0.5 to
10 % in one enbodi nent, and from1l to 5 w% in anot her enbodj nent,  based
on tHe pdPHHr cHhvenether crkadinentse Shpbaricd. clix prayseupriss pravek opsynthelkdr ed
rubber ( 1 n I -£S | 4 Q1:50 i .
crbodi mon e e 0GB rFmATIBHES HRpEAT b hip) (RfonkE. Ropskorte
anot her dagumdtic Negttaritasdpdifehsavconild npigaditan kyetaitof fievensinbadi tive hiks,. askbel[ H065]

Sui tabl e sol vepts include hydrocarbons such. as al kanes, | ncl udjng to C22

i near, c‘gﬁemceﬂtebhahlﬂyﬁ% aélirRlélﬁ’@so,X“quk]éYfg%t,an&Fo%@ttihE %1?e-a§8”ﬁ%19@189%§%4¥e?%0f

Exanplesth@?kggﬁsg&BQ@?%nFQ§QQM6@&ﬁgﬂﬁg&hane, nmet hycycl opent ane, i sohexane,
- n"e y -

2- met hyl pent ane, pent ane, t hyl but ane, 2, 2-di et hyl but ane,
2, 3- donret[@g43jut afies 1aZerdtcihayls escaibed aBovermeishlyd meddied by idtcrcaktiby bpexeiotiatim,

2, 2-di met hyl pent ane, 2,3 -di.net hyl p. entane, 2,4- . ,
byyatpleast one agent, additive, orysquactant capable 0?( undergoing ion exchange reactions

with the anions present at the interlayer surfaces of the layered filler to render the clay more
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20 di net hyl pent ane, 3, 3-di net hyl pentane, 2-nethyl heptane, 3-ethyl hexane,
2, 5- dinet hyl hexane, 2,2,4,-trinethyl pentane, octane, heptane, butane,

et hane, mwOhan&g42tonane, decane, dodecane, undecane, heramalS20meis8ahs

cycl ohexane, cycl opropane, cycl obutane, cycl opentane, nethylcycl opentane,
1, 1-di et hyl cycopent ane, cis 1, 2-di nethyl cycl opent ane,

trans-1, 2-di net hyl cycl opentane, trans-1,3 -dinethyl cyclop entane,

et hyl cycl opent ane, 25cycl ohexane, nethyl cycl ohexane, benzene, tol uene,

xyl ene, dwdmphebicendhe prgeatsx yditiacs, nast aurf%q‘,qném@re selected @Urﬂé@,r chabalésy . of

[ 0066] I n _anot her & sol vents C re nitrated
tl kanos. PRGTEGEnSR Rt bt BRdn PREET Pepliacdh® sROfndhaliita P s
Nitrat ed 18ydr@nefllérncl BdRablOUEorAFRINAO! arlel @hﬁ&ﬂctﬁlrfuctaﬁltmef)ﬂ&ﬁdﬂﬂal nytde@bRane,
ni tropropane, nitrobutane, nitropentane, 30 nitrohexane, nltroﬁeptane

ni t r ooct AMEMOHIy el eiete at feast worlugksr Mplcedai seizhh egrovn Bndumd s aife lower
nltro%ycugagéq%nwﬂrﬁ;TBQQM§+Pﬁhgﬂg%k”ﬁh%éocyclopropane ni trocycl obut ane,
nltrocyclopeﬁfane BT Ot exane ocycloheptane ni t rocycl ooct ane,

ni trocycliggegianeThe mea@,mtlwcagcw@% WRAQA R ODBAOS ctithin eylofateonality

ni trocycl ododecane, nitrocycl oundecane, nitrobenzene, and the di- and
trinitro eSS Wiexpasicdatmerrevemend ifithe senasationeqleibe 0[150’0@7?115 ringhepRkymer,
enbodi ne ui. Ie ol t

Cl to ngﬁaFg%HBﬁ Vnﬁ%&oneggén%ﬁﬁt gﬁé%? mﬁ% |g82%n er%upglaeu Qgﬁres
t her eof QbWer mbRudilaablcRhs gloupntliskar @ the qhdite[ma@ez&ﬁmbb@dl isl’h DRz I0061v03 a8h.7 .
[0068 Hal ogenat ed versions of all of the above may al so be used such as

chl or! naf@@fWVHWBE@WB@h@3ﬁﬂ@ﬂ“@%@#ﬁp@bﬂhﬁﬁh9¢w%hlorlde net hyl ene chl ori de,
ethyl chloride, propyl chloride, ﬂzﬁﬁ%ﬁﬁ#de chloroform and m xtures

t her eof [0069]In fully fornulated c npoun when using an enul sion or

sol uti on yligeiass' is0bdRylrdyritdieutiopohiiahayaoe ridyenstalo shisyituakd, cbhartial RS isa

pr ebl ended nanoconp05|te el astonmer, the anount of based el astoner,, the

nanoconpasieesd fram &x i Easdlyls rﬁqotar% afkepcsh andiFedd Rarisrlsnpdsybecinghmnd Rhe
f |
nanocombasi e Ukl oPBBESALAL SIREAWCSLIOR] Bk L aTnly ¢

Wi t h 18ddidikepngland Oypeagrglst o achi eve a ful |y conpounded el ast onmer. Possi bl e
addi ti onal conponents i ncl udes conventional fillers, nanofillers

processi 1804ilds andbls KEatewgly ampenpEekHgbile, P@towp@éﬂwmdi ‘@né??mé’ll ddtlbreri ¢

fillers al&no I e, 0 c
tal c, tltanld£?@f0XI ,%g% c%ﬁ%gkzﬁﬁg ﬁ&tﬁg&% 19%n€ﬂ ?_@ﬁ%&%%ﬁ%gr%%§g> be
20 used.anﬁﬁomﬁmd thietedtiyh, b&idyl claydregaierat tdllow efn@nhotiomanynd ydiecnayl pzaalkylcl e

size silica or, another silicic acid derivative, or silicic acid, processed
by sol ut i%HMOHYMegeni ¢ or the |ike nethods and having a surface area,

i ncl udi n rea i Late I C i

11 a8 "IN CrnGocdMREHEL L BF (bl RingEhNBHRY ol Qugt B SRRl |
one enbodilemiiig, sbhieof ibldnding, snd archidnehliag k Howenad by ine dneiak lawthbéeaprbcesam
25conbi nati ons, of _any of these. In another enbodinent, the filler is a

bl end of‘%QWE@NGBf%%PCQHHO%@HF@ﬁwnﬁﬁhvent|onal filler anounts for tire
treads a eﬁl %g%h%s is reinforcing grade carbon black present at a | evel

of from hr of the blend, nore preferably from30 to 80 phr in
anot her e[[mami]l mefhe nanetohrporitd Of tie Bidsgtrinvantipetcaarbet foemed vl ad potgnicr melt
Crosslinking Agents, Curatives, Cure Packages, and Curing Processes

30[ 0673] Ca¢fEking Pg?cesgsoﬁ}wﬂngo@%the SOMPpERenEs, GRdicecariqgyau basC@albelan% thsorpdgmer

tires, arC%HﬁJrOHéIﬁL hikgd clay in the form of an intercalate in any suitable mixing device such as a
Banbury™ mixer, Brabender™ mixer or preferably a mixer/extruder and mixing at
temperatures in the range of 120° C up to 300° C under conditions of shear sufficient to allow
the clay intercalate to exfoliate and become uniformly dispersed within the polymer to form

30  the nanocomposite.
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t hereby inprove the polyner's nechanical properties. It is known that the
physi cal properties, performance characteristics, and durability of

vul cani zewOnrohise27¢onpounds are directly related WD  PCT/US2010/058405

2011/ 084271PCT/ US2010/ 058405 to the nunber (crosslink density) and type of
crosslinks formed during the vul cani zation reaction. [0074]1n certain

enbodi nents of the present invention, the elastoneric conpositions and the
articles made fromthose conpositions nay conprise at |east one curative or
cr ossl i ndimyls®naBragesses enabl e the el astoner to undergo a process to cure

t he el ast.g iC fo ositf"son. As used herei Ny & keast one,curativ Y;‘)lahgkage
refers td Qﬁ{) el ar PP R RS ¢ A ABHP S p &F t FHEMEHLH Br B VEL % o a
rubber asorafErIlypveadeE S6I90st (céméhe TRAMSLifY shodld beagticienty G%bﬁluis‘{@form
package may include any and at |east one of the follow ng. [0075] One or
nmore cr os¥ulsirnner BgEatcsudtiensyr b sonabPpbedimgnisnthehamndpians esreb¢ dorrpd as an
corrpogi t iaonsou%fsofur%%n%lir Sos %Bsii DY iop nnicessﬁl%%%lalslt dAReEN t?lioclii &R ésuit hent for,
pri mary YR Sooror's pr Sent i h™combI Hat on with anot her Sflpfdl el Pl Al e
curing CouEOnRenhS lirpeketepmdétivn, inthidalg xéiar coatig@ngPRdabdes enagHRRRENES,
and radical initiators. [0076] Peroxi de cure systens or resin cure systens
may al so medugsdle palpmeriepanocpmpepstes phthedmentipd bei ng conbi ned with a

ther mopl qahif ! Of SLALR PYBIEHASI & PRGSEASSILT0ath0 v PRELNEHIRRIAS! T ©
is desir 9 t he USE OF pEngxi crile’curé]tlvep%ay B AVSTUed & PIYRe Prising
t her nopl aghiactii@Tolutiod ANEoHpding Maltert iRl B &8EN6Ec WycR&Y Okl dRitHMABIIGicABS e
the thernoplastic resin to cross-link. [0077] Sulfur is the nost conmon
chenil®al cpuipeising sofycatant atflenst encelastemer; anhiampvalsde splyert andiwasyfsang thes g
rhonbi ¢_el ght ¢ ’S{S? &l of!' Wutidn 'AD ﬁ{i“gd?&?o%spo% YORNLE of 8{1{6%0 Aos%i .pllﬁac}e S fur
vul cani zat'i on systém consi sts of 't He accel erat of 'to activa e sulfur, an
20 acti vainfodiradits, aht ehlsiar ist orhed Py sabfcting ttembaie ofagituli@ansigti igph- The
accel erator serves to control the onset of and rate of vul canization, and

t he nunbeheyAdixeype of sul fur crosslinks that are forned. Activators nay

al so be in conpi Lon: \W o Lye:a rator.,. T jvate
reacts flu[rﬁg ]V\,i th gﬁ%gge&bgpé&alﬁ%rgsg %OC? %ﬁ#l}leu bsbglgr%d g%i%ﬁlgfea %@ﬁ%ﬁse%gnqu \%ﬁ#%h

t hen 15eacdonwictifly tSatutioul AutorheridiQ Wasatl Andr at idagt ageNhyeredCengr alth cdodstsss Bof
activators 25j nclude am nes, di am nes, guani dines, thioureas, thiazqgles,

t hi ur ans, COsIrPEgEENt a8d et knptnangeasterheo BATSHECeRONtactRg FaBormad dn thre

i ke. Ret V. . ay the initial onset of cure in order to
al | ow sufp?‘?%l%eeﬁ?#% en@ﬁ%lgélggostgg%gﬁfthe unvul cani zed rubber.

[ 0078] Hal [0053]- coMhakmiuihrslads fornted Hysubfeciag: & hextur/eitht hWedivakdgenaitedand

pol y(i sobut yl ene-co- p-net hyl styrene). may be crosslinked by their reaction
with nmet aﬁw%%a@é@henwecm@ spistcHINt Pheprag.ias in peogRICreiy blensler Onits ¢rupvaleng &y a
grou i . . i i pt i j ts
Purt A 158 SRR PEBHER 8. BREAKE, LI BETRALER T b MSHAS SRS
by- pr oducimidsion can serallewad tautcatit dah yshdsiborfoid] svitheae twitivut @oRtiwbus or
curatives WO 2011/ 084271PCT/ US2010/ 058405 i nclude zZnO, CaO M0, Al 203,
Cr03, Fedntcrasignt mixine RF egitafions ¥ ithedt avithot dedting01 fBerisBRCRIBREORFOL; for 2
conj uncti i - ' t i I ( h

ot oar at ¢ TeapFSuIAGE 6 REAARERANAGFHr e LR Ko 308 Rl fore flbhe,
sul fur caomiodidera) fraun Atk §0 pevrexn deothangobmidmeitbaed frosf 2tabd Yipurs e acetipd 1 ng
agent_may he a bifunctional organosilane 5 crosslinking agent. An

" or g&fosi IEIB$Yss| i nki ng agent” is any silane coupled filler and/or
crossl i nkij act i I L.0f: i

ki 11 ed i 00eHe g YR e Sirriia aBp R L & REnAGRTh, IR Me BrbiRfee
vinyl-tr irs}a(ibﬁpatalmi hmu%sﬁinh@xgtlbmblya(mlm ?rgemﬂtaifryﬂrfayﬁaﬁtr erpyﬂozidlgnoaatglex%ﬂ.(b(ﬁgle,
gamma- anmi nQ- pr opy i ethoxysil ane (sold_conmercia as , co),
ganma- mertashigiEEHy Pt e defeheRylsionamere e fsetly a'wt\ﬂvqo\éd? abpief & W@lgh RECeng

m Xt ures LJent > DL : i et hoxysilypropyl)tetrasul fide
(sold coﬁa:[lrgﬁlgc?sgf)ﬁle%rgggpg{%gg%s S ezn%f’%fiﬁe%rcf“%‘o79] The nechani sm for

accel3@r at[@0i53]ul c@niiadt isorfa@fnte uasubire pspartinv theeanaloiops ex thintierecaddn amdude

bet ween the curative, accel g[yat Qr, activat ori and POl yners. ldeally, all
avai | abl deEgPatNPEs,i HapBRs PREGMIRESt HBINESATEYS It BIPLCEHE SImPRIER §REPPHIS.

whi ch j 0ingof RARE REFadtfRs ROLAUITEE preparing the emulsions of this invention include alkyl
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15 chai ns and enhance the overall strength of the polymer matrix. Nunerous
accel erators are known in the art and include, but are not limted to, the
fol | owi ngvosvsasikz1aci d, di phenyl guani di ne, tetranet hyPCiuse@wioss4edl fi de,
4, 4" -di t hi odi morphol i ne, tetrabutylthiuramdisulfide, benzothiazyl
di sul fide, hexanethyl ene-1, 6-bi sthiosulfate disodiumsalt dihydrate (sold
commercially as DURALINKTM HTS by Fl exsys), 2-norpholinothio benzothiazole
(MBS or 20 MOR), blends of 90% MOR and 10% MBTS ( MOR 90), '
N-t erti arojliueiates? - Begsy oelephololcthoxiilatasn attkide  glegodidrs. oeypdidet ¢fhoetedes, amine
t hi ocar banyl - N- oxydi et hyl ene_sul f onam.de, .. zi nc. 2--et hyl hexapoate, a
i our eacmabit ks, BeR caibaisls Aish s PR e ARGR SotVfes.
conponentssdadylgddhdl clesylatgust omari |y used in rubber mxes, such as
effective anounts of other nondi scol ored and 25nondi scol ori ng processing
ai ds, prowdeiomBlesding pi gments, anti oxi dants, and/or antiozonants.
Secondar yofldist ofegs. [OARH hcgne, SThedimRnt. i ASqSlast POErLGiAaggaTpasi te
as di Scussed 'above nay‘%e e S8 & "l aSTONerS & %onpone of a gonpound;
thereby takiphgingl hy@ebasina@e et aidie [1a20vee NgtRd nagsmidrio cladl Wieh BalutiveBy in
ot her enbodi nents, the inventive copolynmer may be blended with 30 a
di f f er entoswESIG Sphednh gpdpeleps opele o cangleaioning the apluenisl feayihe govtepler
desir ed Hrodich bF Solufion gha%%%{lu%{oln% {Crm YRt PR3 7 1PCT/ US2010/ 058405

ot her ‘el'as pﬁ&mw& o

[ 0082] Exanpl'es o r oneric rrgéneral purpose rubbers,

i ncl ude rabsmal THESEA NRbfillBOhD Wead g6 dr dBbaEatEBR)ith Rehdit SAFEANS as
rubber (IR), poly(styrene-co- butadiene) rubber (SBR),.

pol y (Vs opleasithed gibtie-adn efeé pnethpbembediprit, aspanosprapesigps drieduchd tbady @rreess
rubber (S| BR).. et - | ene,.r. r et hyl en LOpY - di

ubber 5 CERER'E BHER R AR FRELIART ol Wear Sl R TR VL SIS AR, e
present | yreshbsitk desh RInaSbaNBE corthdtpesducn@d foird dalahycodipose.a bl end of

di fferent el astoners %i.e., react or bl ends, physical blends such as by nelt
m xi ng), [A838lbe Pt eneher smbadi@chio dpESPEQTBPPSIE IMPITIUSEE DY 2 DO COMDIESHIE

ooyt b MR GATAY o8 ARy TR R 0 A FRR 7
enbodisme dompaiRthgftivefobch®; &l RAfoving tietolaaatmigture MdadihaRbhtacteddddt esrfdent o
40 phr in yet another enbodinment, and from20 to 60 phr in yet another
enmbodi nerft1angeRIMPYsgm 20 to 50 phr in yet another embodi nent, the chosen
enbodi ne pendi ng.,u e ! n | cat| the
conpositng%gﬁ[00&%?%&0ﬁgggggﬁﬁggéhﬁuqbgr%aﬁg%nﬁgg%$é§ehﬁﬂP%§kﬁ%kFiggpe%
conposi t i mprivingnEuhtdcsingd ut riengiong dlastimé &l 901k onel iyoketdafifieraingi ealveiit

i nperneabi]ity, the use of polyners having | esser perneability

char act erM&Yre SOMPrising at kepshtve@r mererbiuentarmpd ergovipg de, solveasmixpss fomm the |
in thg ek%ﬁ%gg@%a&n%gﬁgg“1&ﬂgg&&>6&%_A@pl|cab|I|ty [ 0085] The el astoneric
nanoconposite fornmed in accordance with the present invention 20 preferably
has an o0X9060] tranandtasd embodibennfa Adwcompodite] KPprdaydeday 408Coedss [tovierm as
measured on cured nanoconposite conpositions or articles as described

herei n. ACPBEhRIOAYE|cpmpriBg shspgling tdprshPas plastomgt andithon gippersing i lersyeneat
40C or | ; : - 40C
or 1 over 4§fed Btk TR Gl r @y iRl Ok ME AT T REphTndR o

| ower, ashesdsenedxre fomehe 2ntaapaciaopogbing a aeng@otipdsitaas descri bed herein

[ 0086] Per neati on of a gas or _perneability though a nenbrane such as tire
i nner®Pi ndP061]  In yet another embodiment, a nanoComposite is produced by a process to form a

contact product comprising dispersing at least one layered filler and then dissolving at least

one clastomer in a solvent or solvent mixture comprising at least two solvents; and removing

the solvent mixture from the contact product to form a nanocomposite.

[0062] In the embodiments described above, solvents may be present in the production of
30  the nanocomposite composition from 30 to 99 wt%, alternatively from 40 to 99 wt%,

alternatively from 50 to 99 wt%, alternatively from 60 to 99 wt%, alternatively from 70 to 99
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consists of three distinct processes. First, the gas nol ecul es nust

di ssol ve on one side of the nenbrane, then diffuse across the nenbrane or

i ner to wbeonpsexilt e side of | ower gas concentration, PhE/USate/080Mg
dependent on the size of the diffusion gradient, and then 30 evaporate or

di sperse in the adjacent tire conponent or other nedium The size of oxygen
and nitrogen nolecules are 2.9 and 3.1 Angstrons respectively; the
activation energy of diffusion is reported to be 49.8 and 50.6 KJ/nol

respect i Wi’y alternatixsly éionn s tn?% wogedtermdtasky fgm 90 IQ% 8447 aramrtySHofromdBe405
val ues cl e%lvq\/}ésg)g&%shtgpltl hat, %nge h%lcé}‘lﬁgglﬁ%rmre readily than nitrogen, and

per meabi | oxy en"w r' than for nitrogen.

[ 0087] Oxy[g@sB|per MRiaiohilly, iMastdTR aEH6EihdAs, Rthed tWESEOMIEX J6ladntdardere@&lin The
units of neasure are cc-nm n2-day-mHg. Generally, the nethod is as

fol | ows: the aroduction of m@bbemp@atﬁpqoemoalﬁlencwhwehfenhn@yd:immeﬁ drong 811

whi ch sar eyt aed 0L L84 d%'r%'m PSP uREm B HEfTS [ SR G8r 0 Pl IR ivelie
carr|er gas 1's’ ¥ou Y'e 5Y sensor Zer § ValUe” 'Y &t bl dhed.
Pure oxygedin Q0 t@H0 vbiSo, tdnﬁﬂthbmétalom]ﬁﬁelofm Solvdies @e@mdtem)fvdme chanber of
the diffusion cells. The oxygen di ffusing through the filmto the inside
chanber [80etnveybe amouat senawclaphingarpresdest ite et maoenypsicsi eeardicon of éh@e

10[ 0088] Fiﬁétﬁ@&%d % i3 o?ast%: fk by tst?o 14 8L Lo {8‘3&@@@9% anl mlr[o ] HLGange

t est specihens Fom © PRpr €'co S1tiond were noun g FUST on ceIIs
and condihédagidali pro@erteslorbaaﬂaleatpr@ﬁealesTbe thé MRn6&EPOsRE fcﬁ)r exniplé, Otensile
perneate through a given specinen is recorded to determne its air

per me4bi |&tr€9gthm§txyg®ee¢rweﬂehﬁerémﬂurleLgeaeraBy St gange ffliorazzo yieM avtgmit @ and
0.38-mm t r r il 5
U5(x108) “HRETRSE it faf'Y BatfRlin BrErSibatiheft brBR AR ol neet &
properti ale @hno@AgOOIHROFtpeSs@l &ppags pleﬂ haﬁ@I@d dabe @hi)h tﬁ&aaﬁhc&@zl 08¢ tbe

i nvention. [0090]hbnoconp03|te 1:10.2 a layered clay haV|ng a met hyl
benzyl diraeseyt from lateradrihy in eug ffrahqdamﬁntm&@maﬁ phs in geothermbodipesi fiem

- hexanaoy ¥ M B ML ALNAROR. SRR S HFEE 1 Mkt FR Sl “and 0. 65

mol %l1isr onooes]ed saﬂtzaﬂérﬁﬂmﬂmﬁlyruaeayd@bﬁw&)s suthes glkayessindludshg @y P,y HBdar,
cement was mxed for 10 minutes at anbient tenperature and anot her 340 g of
copol yrercyekrebranghed. alkaaz, ebitenes. oomatishe e Mivibess dhereal. Themles merludes

kept 25 r f duct pi t at ed
by addi ngatr%l?%ﬁgo %%b%tg olgetﬂ (l'ij%l;%;l ae(t:@f%gp p%{t?rﬁé E%)h%e%%n% cgneg\@%p%%ﬁ%r o%uct
was obt airﬁﬁ:ﬁyl@b’ntﬁlﬁ@a%&hﬂbpﬁhﬂ@ Idlmahjametahé]ez $dinmlm_;t15utami 2dhetﬁ9llhemna 3-
vacuum oven at 80 C for 16 hours. [0091] Nanoconposite 2

of a
| ayered dnethylhexanag a3rﬁé1%§ﬂp¢nt%nzylz %ﬁﬂﬁ%@ylp%ﬁt?m urd» %ﬁrmeébxla?fga%s adtred
to 499 g @ nt W % P 0. P
20. 4 \%t%s&]]eﬁb'l Oﬂﬁﬁﬁeh&g?‘iﬁg@h hepe ay sl%%ﬁﬁ%géﬁynerg%é@he%ﬁ%ﬁréx d
for 60 mdinteylhekayiXentritethydieataie coctdiee hpptack) Butanes cthues inpithaecp dorbye,
addi ng 2,000 WD 2011/ 084271PCT/ US2010/ 058405 nl of isopropyl alcohol to the
pol ymer ISh#ls . dopReansy Jdesangadicstica MEAY by yelpheamst Wﬁ@?rﬁga&e@ PEHRNENEhe

[0092] Narsgeahonert e g AgYaTHT: O BB enhler B8 2 e tosslopsyiene

di al kyl trans-l 2-dimethylcyclopentane, trans-1,3-dimethylcyclopentane, ethylcyclopentane,

25  cyclohexane, methylcyclohexane, benzene, toluene, xylene, ortho-xylene, para-xylene, meta-
xylene, and mixtures thereof.
[0066] In another embodiment, suitable solvents include one or more nitrated alkanes,
including C; to Cy, nitrated linear, cyclic, or branched alkanes. Nitrated alkanes include, but
are not limited to nitromethane, nitrocthane, nitropropane, nitrobutane, nitropentane,
30 nitrohexane, nitroheptane, nitrooctane, nitrodecane, nitrononane, nitrododecane,
nitroundecane, nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,

nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane, nitrocyclodecane,
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ammoni um surfactant was added to 150 ml of hexanes. The clay slurry was

m xed for 10 5 m nutes at anbient tenperature and then added to 490 g of

Bl M5 cenmawoO 20tiasat7yner: 10 wt % PMS and 0. 85 nol % Br PMS £C201S20108848®1 ut i on
i n hexanes) and 500 nl of isohexane. M xing was done at anbi ent tenperature
for 50 m nutes. The product was precipitated by adding 2,000 m of

i sopropyl alcohol to the polyner cenent. The product was obtained by steam
stripping to renove the solvents and dried in a vacuum oven at 80C for 16
hours. 10UroOgBNONIPoBGIPEHYPdaseqgancAngrpgydoydeegneg hiwdenicpedind dbg fioangis
char ged vvi.ttrh 1451190.1120{(&15 an BLM5 cenent, (rc olymer: 10 wt % PMS and 0. 85 nol %
BrPve / Z1TWBR 907 Gt 6P A ane}1 and"9Y: 8 liters of iso-hexane. After
3325 ¢ 01;[0061]ayehﬁ@ho@th@énfb@dinﬁ@t,@uﬁm@yélv&ﬁ@mluddiaale&stlonampgﬂnum milddagt ant
was added, the reactor was charged with 10 psig of nitrogen and heated to
50C. The GetecCoraledivlehetongs rashas.reathoxybiel agid, etstadangt msgaes dherenfs H¥hers 15
with @ reasiior SOUenl. AL QUi TR Gho@balast mnutes. After 3 hours,
the réact’or was’ ¢ool ed down To angi ent Cenperature. The pol yner cenment was
transferrege8]0 aHaiopanmisd Ktk ofnd SOihyabbviaty 2EP¥Edsky sicheanSéridag@ ng.
The resulting product was dried using a dewatering expeller and a drying
ext r uder .hydowedoran b ossouile, emsthyln 02%31@64 ey leylcagloridg egthyle sllpade, warepy!
charged with. k of , 2 C t. r: 10 wt % PMs and 0. 85 nol %
Br PNVS / ¥f§0&i(§763§%¥%‘?}1%%d6i’ ghl lleozgrﬁ%)e‘ﬂg%l xt&ﬁ%Q@éri\;’l ters of iso-hexane. A 378.5
liter gl g8869]i neth RABCERMuES edmapands Whdh ddn® 1B candiod of yRfiesl pedcadys to
havi ng a net hyl benzyl dial kyl amoni um surfactant and 253.6 liters of

i so- HExarfeix tiryeowrgng qniditee ngneglay grhiglagickds aryeldended maneropyiogiteoelagipmen den
and heated to. 50C, The r.contents were c¢jircul ated .an 1 X t 50
For 5 hod Ol (bl slSRRLE” 7 AP utRiS, &t " ShENSF Rogul 3R Al
After 5 hpdbsompdife ¢pay. SThE hyncsamppsitpel bobephire td Devealdetined lag i®idingThe
reactor contents were circulated and punped at anbient tenperature for 12
hours. AfaQunt.he 12 hours, the polyner cenent was transferred to a steam
stri pper dé&g 319&&53%54 Versermved by steam stripping. The resulting product
was drie usPng a dewatering expeller and a drying extruder.

30[ 0095] Goomyr at THe ch3PBERIFPARbEENHsitE . BaydbOhlDdHe@RAt aidifienal BEmBoktineetohy |
benzyl al kyl amoni um surfactant (C oisite 10ATM from Sout hern ay

Pr oduct s,acéﬁfﬁ ab edullyrcongpeyndgds dgtrpert o Poesible anddigpna) pempengaiy includes
(copol yner_: - W% . 9 A £/ 084 010/ 058405 Br PMs
/ 20.4 vvt‘“{Po §%1 g |lo%f%|}/§n§£%g%é$.%r%‘%ﬁ(§ %\?S é‘?dlu&riisyg?gng%g%%ggg%enent was ni xed
for 10 mporgs aCoavditienil dlepesad ANl&s Wed, ier &ahipld) calami chibsedte, dlich, aset her
290 g of BIMs cenent (20.4 wt% solution in hexane) was added. The m xi ng
was kept oaganderislagntale, dipipm dipeide.opndseprbemblagk., Ongeorpmgrfueh thigltllers may be
precispi t i . i | . . . e
it o0, EG A sShRn SR i Cinchly 1 AR QRAY b0 MRkl Vel o SR il o
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WO 2011/ 084271PCT/ US2010/ 058405 [ 0099] Conpar ati ve Nanoconposite 10: A 378.5
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clastomer is being combined with a thermoplastic to form a DVA (where no cross-linking of
15  the thermoplastic is desired), the use of peroxide curative may be avoided if the thermoplastic
resin is one such that the presence of peroxide would cause the thermoplastic resin to cross-link.
[0077] Sulfur is the most common chemical vulcanizing agent for diene-containing
clastomers. It exists as a rhombic eight member ring or in amorphous polymeric forms. A
typical sulfur vulcanization system consists of the accelerator to activate the sulfur, an
20  activator, and a retarder to help control the rate of vulcanization. The accelerator serves to
control the onset of and rate of vulcanization, and the number and type of sulfur crosslinks
that are formed. Activators may also be used in combination with the curative and
accelerator. The activate reacts first with the accelerators to form rubber-soluble complexes
which then react with the sulfur to form sulfurating agents. General classes of activators
25 include amines, diamines, guanidines, thioureas, thiazoles, thiurams, sulfenamides,
sulfenimides, thiocarbamates, xanthates, and the like. Retarders may be used to delay the
initial onset of cure in order to allow sufficient time to process the unvulcanized rubber.
[0078] Halogen-containing  elastomers such as the inventive halogenated
poly(isobutylene-co-p-methylstyrene) may be crosslinked by their reaction with metal oxides.
30  The metal oxide is thought to react with halogen groups in the polymer to produce an active

intermediate which then reacts further to produce carbon—carbon bonds. Metal halides are

liberated as a by-product and can serve as autocatalysts for this reaction. Common curatives
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NanoconpagbdsinlExanetieatdr ba@oPQilane reinforcing agent known to those skilled in the art
including, but not limited to, vinyl triethoxysilane, vinyl-tris-(beta-methoxyethoxy)silane,
methacryloylpropyltrimethoxysilane, gamma-amino-propyl tricthoxysilane (sold
commercially as A1100 by Witco), gamma-mercaptopropyltrimethoxysilane (A189 by
10 Witco) and the like, and mixtures thereof. In one embodiment, bis-(3-
triethoxysilypropyl)tetrasulfide (sold commercially as "Si69") is employed.
[0079] The mechanism for accelerated vulcanization of eclastomers involves complex
interactions between the curative, accelerator, activators and polymers. Ideally, all available
curative is consumed in the formation of effective crosslinks which join together two polymer
15  chains and enhance the overall strength of the polymer matrix. Numerous accelerators are
known in the art and include, but are not limited to, the following: stearic acid, diphenyl
guanidine, tetramethylthiuram disulfide, 4,4'-dithiodimorpholine, tetrabutylthiuram disulfide,
benzothiazyl disulfide, hexamethylene-1,6-bisthiosulfate disodium salt dihydrate (sold
commercially as DURALINK™ HTS by Flexsys), 2-morpholinothio benzothiazole (MBS or
20 MOR), blends of 90% MOR and 10% MBTS (MOR 90), N-tertiarybutyl-2-benzothiazole
sulfenamide, and N-oxydiethylene thiocarbamyl-N-oxydiethylene sulfonamide, zinc 2-ethyl
hexanoate, and thioureas.
[0080] Elastomeric compositions typically contain other components and additives
customarily used in rubber mixes, such as effective amounts of other nondiscolored and
25  nondiscoloring processing aids, processing oils, pigments, antioxidants, and/or antiozonants.
Secondary Elastomers
[0081] In one embodiment, the elastomeric nanocomposite as discussed above may be the
sole elastomeric component of a compound; thereby taking full advantage of the above noted
benefits. Alternatively in other embodiments, the inventive copolymer may be blended with
30 a different/secondary eclastomeric polymer to obtain a compound having other desired

properties or characteristics.
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[0082] Examples of other clastomeric polymers, or general purpose rubbers, include
natural rubbers (NR), polybutadiene rubber (BR), polyisoprene rubber (IR), poly(styrene-co-
butadiene) rubber (SBR), poly(isoprene-co-butadiene) rubber (IBR), styrene-isoprene-
butadiene rubber (SIBR), ethylene-propylene rubber (EPM), ethylene-propylene-diene rubber
(EPDM), and mixtures thereof.

[0083] When blended in a compound, the presently disclosed elastomer, ecither
individually or as a blend of different elastomers (i.c., reactor blends, physical blends such as
by melt mixing), may be present in the composition from 10 phr to 90 phr in one
embodiment, and from 10 to 80 phr in another embodiment, and from 30 to 70 phr in yet
another embodiment, and from 40 to 60 phr in yet another embodiment, and from 5 to 50 phr
in yet another embodiment, and from 5 to 40 phr in yet another embodiment, and from 20 to
60 phr in yet another embodiment, and from 20 to 50 phr in yet another embodiment, the
chosen embodiment depending upon the desired end use application of the composition.
[0084] Such secondary rubbers may be present in the final composition in amounts
ranging from 5 to 90 phr. To obtain a greater impermeability, the use of polymers having
lesser permeability characteristics will be limited to minor amounts, i.e., less than 50 phr, in
the elastomeric blend.

Industrial Applicability

[0085] The elastomeric nanocomposite formed in accordance with the present invention
preferably has an oxygen transmission rate of 125 mm.cc/[m2.day] at 40°C or lower as
measured on cured nanocomposite compositions or articles as described herein.
Alternatively, the oxygen transmission rate 120 mm.cc/[m2.day] at 40°C or lower, 110
mm.cc/[m2.day] at 40°C or lower, 100 mm.cc/[m2.day] at 40°C or lower, 90 mm.cc/[m2.day]
at 40°C or lower, or 80 mm.cc/[m2.day] at 40°C or lower, as measured on cured
nanocomposite compounds as described herein.

[0086] Permeation of a gas or permeability though a membrane such as tire innerliner
consists of three distinct processes. First, the gas molecules must dissolve on one side of the
membrane, then diffuse across the membrane or liner to the opposite side of lower gas
concentration, the rate being dependent on the size of the diffusion gradient, and then
evaporate or disperse in the adjacent tire component or other medium. The size of oxygen
and nitrogen molecules are 2.9 and 3.1 Angstroms respectively; the activation energy of

diffusion is reported to be 49.8 and 50.6 KJ/mol respectively for oxygen and nitrogen. These
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values clearly suggest that oxygen diffuses more readily than nitrogen, and permeability
values for oxygen will be higher than for nitrogen.

[0087] Oxygen permeability was measured using a MOCON OxTran Model 2/61. The
units of measure are cc-mm/m*-day-mmHg. Generally, the method is as follows: flat film or
rubber samples are clamped into diffusion cells which are purged of residual oxygen using an
oxygen free carrier gas. The carrier gas is routed to a sensor until a stable zero value is
established. Pure oxygen or air is then introduced into the outside of the chamber of the
diffusion cells. The oxygen diffusing through the film to the inside chamber is conveyed to a
sensor which measures the oxygen diffusion rate.

[0088] Permeability was tested by the following method. Thin, vulcanized test
specimens from the sample compositions were mounted in diffusion cells and conditioned in
an oil bath at 65°C. The time required for air to permeate through a given specimen is
recorded to determine its air permeability. Test specimens were circular plates with 12.7-cm
diameter and 0.38-mm thickness. The error (26) in measuring air permeability is + 0.245
(x10%) units.

Examples

[0089] Examples were made to determine the properties of nanocomposites prepared in
accordance with the disclosed invention.

[0090] Nanocomposite 1: 10.2 g of a layered clay having a methyl benzyl dialkyl
ammonium surfactant was added to 150 g of a brominated isobutylene-co-p-methylstyrene
copolymer (BIMS) cement (20.4 wt% solution in hexanes). The copolymer has 10 wt% of
para-methylsytrene (PMS) and 0.85 mol% brominated para-methylstyrene (BrPMS). The
clay slurry in polymer cement was mixed for 10 minutes at ambient temperature and another
340 g of copolymer cement (20.4 wt% solution in hexane) was added. The mixing was kept
at ambient temperature for 50 minutes. The product was precipitated by adding 2,000 ml of
isopropyl alcohol to the polymer cement. The product was obtained by steam stripping to
remove the solvents and dried in a vacuum oven at 80° C for 16 hours.

[0091] Nanocomposite 2: 10.2 g of a layered clay having a methyl benzyl dialkyl
ammonium surfactant was added to 490 g of BIMS cement (copolymer: 10 wt% PMS and
0.85 mol% BrPMS / 20.4 wt% solution in hexanes). The clay slurry in polymer cement was

mixed for 60 minutes at ambient temperature. The product was precipitated by adding 2,000
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ml of isopropyl alcohol to the polymer cement. The product was obtained by steam stripping
to remove the solvents and dried in a vacuum oven at 80°C for 16 hours.
[0092] Nanocomposite 3: 9.3 g of a layered clay having a methyl benzyl dialkyl
ammonium surfactant was added to 150 ml of hexanes. The clay slurry was mixed for 10
5  minutes at ambient temperature and then added to 490 g of BIMS cement (copolymer: 10
wt% PMS and 0.85 mol% BrPMS / 20.4 wt% solution in hexanes) and 500 ml of isohexane.
Mixing was done at ambient temperature for 50 minutes. The product was precipitated by
adding 2,000 ml of isopropyl alcohol to the polymer cement. The product was obtained by
steam stripping to remove the solvents and dried in a vacuum oven at 80°C for 16 hours.

10 [0093] Nanocomposite 4: A 378.5 liter glass-lined reactor was charged with 149.2 kgs of
BIMS cement (copolymer: 10 wt% PMS and 0.85 mol% BrPMS / 21 wt% solution in
hexane) and 90.8 liters of iso-hexane. After 3325 g of a layered clay having a methyl benzyl
dialkyl ammonium surfactant was added, the reactor was charged with 10 psig of nitrogen
and heated to 50°C. The reactor contents were circulated and mixed at 50°C for 3.5 hours

15  with a reactor content turn-over time of about 7 minutes. After 3 hours, the reactor was
cooled down to ambient temperature. The polymer cement was transferred to a steam
stripper and solvent was removed by steam stripping. The resulting product was dried using
a dewatering expeller and a drying extruder.

[0094] Nanocomposite 5: A 2839 liter glass-lined reactor was charged with 833 kgs of

20  BIMS cement (copolymer: 10 wt% PMS and 0.85 mol% BrPMS / 21 wt% solution in
hexane) and 253.6 liters of iso-hexane. A 378.5 liter glass lined reactor was charged with
18,915 g of a layered clay having a methyl benzyl dialkyl ammonium surfactant and 253.6
liters of iso-hexane. The 378.5 liter reactor was charged with 10 psig of nitrogen and heated
to 50°C. The reactor contents were circulated and mixed at 50°C for 5 hours with a reactor

25  content turn-over time of about 7 minutes. After 5 hours, the clay slurry was pumped into the
750 gallon reactor. The reactor contents were circulated and pumped at ambient temperature
for 12 hours. After the 12 hours, the polymer cement was transferred to a steam stripper and
solvent was removed by steam stripping. The resulting product was dried using a dewatering
expeller and a drying extruder.

30  [0095] Comparative Nanocomposite 6: 9.8 g of organoclay having a dimethyl benzyl
alkyl ammonium surfactant (Cloisite 10A™ from Southern Clay Products, Gonzales, TX

USA) was added to 200 grams of BIMS cement (copolymer: 10 wt% PMS and 0.85 mol%
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BrPMS / 20.4 wt% solution in hexane). The clay slurry in polymer cement was mixed for 10
minutes at ambient temperature using a high shear mixer, and another 290 g of BIMS cement
(20.4 wt% solution in hexane) was added. The mixing was kept at ambient temperature for
50 minutes. The product was precipitated by adding 2000 ml of isopropyl alcohol to the
5 cement mixture. The product was obtained by steam stripping to remove the solvent and
dried in a vacuum oven at 80°C for 16 hours.
[0096] Comparative Nanocomposite 7: 9.7 g of organoclay having a dimethyl ditallow
ammonium surfactant (Cloisite 20A™ from Southern Clay Products, Gonzales, TX USA)
was added to 200 grams of BIMS cement (copolymer: 10 wt% PMS and 0.85 mol% BrPMS /
10 20.4 wt% solution in hexane). The clay slurry in polymer cement was mixed for 10 minutes
at ambient temperature using a high shear mixer, and another 290 g of BIMS cement (20.4
wt% solution in hexane) was added. The mixing was kept at ambient temperature for 50
minutes. The product was precipitated by adding 2000 ml of isopropyl alcohol to the cement
mixture. The product was obtained by steam stripping to remove the solvent and dried in a
15  vacuum oven at 80°C for 16 hours.
[0097] Comparative Nanocomposite 8: 100 g of BIMS (copolymer: 10 wt% PMS and
0.85 mol% BrPMS) was dissolved in 1200 ml of cyclohexene in a 2 liter reactor. The
polymer cement was heated to 75°C. 3.0 g of bis(2-hydroxylethyl) cocoalkyl amine and 5.0
grams of organoclay having a dimethyl ditallow ammonium surfactant (Cloisite 6A™ from
20  Southern Clay Products, Gonzales, TX USA) were mixed with cyclohexene and added to the
reactor. The reaction was kept at 75°C for 3 hours. The product was precipitated by adding
2000 ml of isopropyl alcohol to the polymer cement. The resulting product was dried in a
vacuum oven at 60°C for 24 hours.
[0098] Comparative Nanocomposite 9: A 2 liter reactor was charged with 1200 ml
25  toluene and 12 g of organoclay having a dimethyl ditallow ammonium surfactant (Cloisite
20A™ from Southern Clay Products, Gonzales, TX USA). When the clay was well dispersed
in the solvent, 150 g of BIMS (copolymer: 10 wt% PMS and 0.85 mol% BrPMS) was added
to the reactor with stirring. After the polymer was dissolved, the cement was heated to 70°C
and kept at 70°C for 2 hours. The product was collected in a large pan and the solvent was
30  evaporated under a hood. The resulting product was dried in a vacuum oven at 70°C for 24

hours.
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[0099] Comparative Nanocomposite 10: A 378.5 liter glass-lined reactor was charged
with 15.87 kg of BIMS (copolymer: 10 wt% PMS and 0.85 mol% BrPMS) and 127 kg of
cyclohexene. The reactor contents were stirred at ambient temperature for 24 hours until the
polymer was dissolved. 160 grams of bis(2-hydroxylethyl) cocoalkyl amine and 635 g of
organoclay (Cloisite 6A™ from Southern Clay Products, Gonzales, TX USA) having a
dimethyl ditallow ammonium surfactant were mixed with 2000 ml cyclohexene and then
added to the reactor. The temperature was raised to 75°C and the reaction was kept at 75°C
for 2 hours. After 2 hours, the reactor was cooled down to ambient temperature. The
polymer cement was transferred to a steam stripper and solvent was removed by steam
stripping. The resulting polymer was dried using a dewatering expeller and a drying
extruder.

[00100] Compound samples were prepared using the above inventive nanocomposites and
comparative nanocomposite. The following formulation was used for each Sample: 106
parts per hundred rubber (phr) of the nanocomposite, 60.0 phr N660 carbon black, 1.0 phr
stearic acid, 1.0 phr zinc oxide, and 1.0 phr MBTS curative. = The use of 106 phr
nanocomposite provides for 100 phr of elastomeric copolymer and 6 phr clay. The Samples
were prepared by mixing 36 grams of the nanocomposite with 20 g carbon black in a
Brabender™ mixer at 135°C at 60 rpm for 7 minutes. The curatives were added, 33 g stearic
acid, 0.33 g zinc oxide, and 0.33 g MBTS, and the mixer was operated at 45°C and 40 rpm
for 4 minutes. The nanocompound Samples were cured at 170°C. Specimens were cut for
Mocon permeability measurements. The permeation rate was measured on a Mocon OX

TRAN 2/61 instrument at 40°C. The permeation rates are provided in Table 1 below.

Table 1
Sample ID Permeation rate at 40°C
(bu*mm/m’-day, 40°C)

Example 1 81.76

Example 2 84.32

Example 3 84.32

Example 4 86.80

Example 5 81.58

Comparative Example 6 116.80

Comparative Example 7 95.73

Comparative Example 8 122.75
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Mooney Viscosity (1+4 @ 100C) 95.50 96.40 94.10 94.60 58.0 66.70 57.20
61. 80 Mboney Scorch (t5, min) 6.58 7.03 7.22 4.47 28.73 23.97 32.33 6.98
Shear St ree2088B470 646. 92 647.13 1093. 42 277.08 295. 42 PCT/US2010/058405

Comparative Example 9 109.10

Comparative Example 10 159.15

[00101] As evident from the data above, the permeation rates for the inventive samples are

significantly lower for the comparative examples. While not wishing to be bound by any

one theory, it is believed that the particular combination of one benzyl derived unit and at

5  least two long chain derived units on the quaternary amine provides for enhanced dispersion

in the hydrocarbon solvent. The enhanced dispersion leads to greater exfoliation and
dispersion of the clay in the dissolved copolymer solution.

[00102] To determine the properties of the nanocomposite when used in a barrier

application, the nanocomposites of Example 4 were further evaluated as tire innerliner

10 compounds and compared to bromobutyl based inner liner compounds, BIMS based inner

liner compounds, and an innerliner using a different BIMS nanocomposite. The formulations

and key properties are provided in Table 2 below.

Table 2

Compound 1 2 3 4 C1 C2 C3 C4
Nanocomposite
Example 4 110.00 | 110.00 | 110.00 | 110.00
Bromobutyl
Grade 2222 100.00
Bromobutyl
Grade 2255 100.00
BIMS 100.0
copolymer® 100.00 0
Cloisite 20A 10.00
Carbon Black 55.00 60.00 50.00 60.00 60.00 [ 60.00 60.00 | 60.00
Napthanic oil 2.00 2.00 1.00 3.50 8.00 8.00 8.00 3.50
Resin® 3.00 10.00 5.00 7.00 7.00 7.00 7.00 7.00
Phenolic
tackifier’ 3.00 2.00 2.00 4.00 4.00 4.00 4.00 4.00
Stearic acid 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Zinc oxide 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
MBTS® 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Sulfur 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Total phr 188.2

176.75 | 187.75 | 171.75 | 189.25 | 182.75 | 182.75 | 182.75 5
Mooney
Viscosity (1+4
@ 100°C) 95.50 96.40 94.10 94.60 58.0 66.70 57.20 | 61.80
Mooney Scorch
(t5, min) 6.58 7.03 7.22 4.47 28.73 | 23.97 32.33 6.98
Shear Stress 688.70 | 646.92 | 647.13 | 109342 [ 277.08 | 295.42 | 270.32 | 329.7
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270.32 329.7 WO 2011/084271PCT/ US2010/ 058405 (KPa, at shear rate of 100)
8 Tensile Strength, MPa, ASTM D412 11.18 10.21 10.86 12.85 8.81 10.10 8.55
9. 76 300%btrduloss271MPa, ASTM D412 7.46 7.12 PCT/US2010/058405

(KPa, at shear 8
rate of 100)
Tensile

Strength, MPa,
ASTM D412 11.18 10.21 10.86 12.85 8.81 10.10 8.55 9.76

300% Modulus,
MPa, ASTM D412 7.46 7.12 6.99 7.00 2.94 3.81 4.72 5.65
Die B Tear
Strength, N/mm 1.63 2.39 2.59 6.19 13.48 12.52 6.37 1.30
Shore Hardness

A, ASTM D2240 62.0 63.0 62.0 59.0 45.0 47.0 54.0 61.0
Average

Permeation

Rate, 127.3
bu*mm/m*day 102.17 | 104.28 | 103.16 113.25 | 199.16 | 195.96 | 169.62 7

'~ low Mooney viscosity brominated butyl rubber; source: ExxonMobil Chemical Co., Houston, Tx
*_ high Mooney viscosity brominated butyl rubber source: ExxonMobil Chemical Co., Houston Tx
* - 10 wt% PMS and 0.85 mol% BrPMS
4

5 - STRUKTOL™ 4( MS; aliphatic-aromatic-naphthenic resin; source: Struktol Co. of America,
Stow, OH
® - SP-1068; available from SI Group, Schenectady, NY
6 - 2-mercaptobenzothiazole disulfide; available from R.T. Vanderbilt (Norwalk, CT) or Elastochem
(Chardon, OH)
10

[00103] The average permeation rate reported in Table 2 is the average between several
permeation rates measured for each Compound.
[00104] The composition prepared with nanocomposite Example 4 show much lower
permeation rates than the comparative compositions — including that of C4 which has a
15  comparable amount of nanoclay therein (10 phr) and has a BISM base polymer. This further
evidences that the particular clay having both the benzyl and the long substituents provides
for enhanced reduced permeability of the nanocomposite composition.
[00105] The invention, accordingly, provides the following embodiments:
A. A nanocomposite comprising at least one copolymer and at least one nanofiller:
20 the copolymer comprising units derived from isoolefins having from 4 to 7 carbon
atoms and multiolefins; and
the nanofiller comprising a surfactant wherein the surfactant has the structure of
(R'R’R'RH)N" wherein R' is benzyl derived unit, which may or may not be substituted,
wherein R? is selected from C; to Cog alkyls, C, to Cy6 alkenes, and C; to Cy6 aryls, and
25  wherein R® and R* are the same or different and are independently selected from Co to Cas
alkyls, Cy to Cy6 alkenes, and Cy to Cyg aryls.
B. The nanocomposite of embodiment A, wherein the copolymer is halogenated with

either chlorine or bromine.
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6.99 7.00 2.94 3.81 4.72 5.65 Die B Tear Strength, NNmm 1.63 2.39 2.59 6.19
13.48 12.52 6.37 1.30 Shore Hardness A, ASTM D2240 62.0 63.0 62.0 59.0 45.0
47.0 54. owe2o/08¥Enage Perneati on Rate, bu*nm nRday PCT/US2010/058405

C. The nanocomposite of embodiment A or B, wherein the copolymer has a substantially
homogeneous compositional distribution and comprises from about 8 to about 12 wt% of
alkylstyrene moieties and from about 1.1 to about 1.5 wt% of a halogen and wherein said
copolymer has a ratio of Mw/Mn of less than about 6.
5 D. The nanocomposite of embodiment C, wherein the alkylstyrene is para-methylstyrene
and the isoolefin comprises isobutylene.
E. The nanocomposite of embodiment C or D, wherein the alkylstyrene is functionalized
with the halogen, and up to 25 mol% of the alkylstyrene is so functionalized.
F. The nanocomposite of embodiment E, wherein from 10 to 25 mol% of the
10  alkylstyrene is functionalized by the halogen.
G. The nanocomposite of any of embodiments A to F, wherein the nanocomposite is
blended with a secondary polymer to form a compound, the compound containing from 5 to
90 phr of the nanocomposite.
H. The nanocomposite of embodiment G, wherein the secondary polymer is selected
15 from the group consisting of natural rubbers, polybutadiene rubber, polyisoprene rubber,
poly(styrene-co-butadiene) rubber, poly(isoprene-co-butadiene) rubber, styrene-isoprene-
butadiene rubber, ethylene-propylene rubber, ethylene-propylene-diene rubber, and mixtures
thereof.
L. The nanocomposite of any of embodiments A to H, wherein the nanocomposite is
20  blended with at least one component selected from the group consisting of fillers, processing
oils, and cure packages.
J. The nanocomposite of any of embodiments A to I, wherein the nanocomposite is
blended with a thermoplastic polymer selected from the group consisting of polyamides,
polyimides, polycarbonates, polyesters, polysulfones, polylactones, polyacetals, acrylonitrile-
25  butadiene-styrene polymers, polyphenylencoxide, polyphenylene sulfide, polystyrene,
styrene-acrylonitrile polymers, styrene maleic anhydride polymers, aromatic polyketones,
poly(phenylene ether), and mixtures thereof.
K. The nanocomposite of embodiment J, wherein the nanocomposite and the
thermoplastic polymer are dynamically vulcanized together under conditions of high shear
30  wherein the nanocomposite is dispersed as fine particles within the thermoplastic polymer.
L. The nanocomposite of any of embodiments A to K, wherein the nanofiller is at least

one silicate and is selected from the group consisting of montmorillonite, nontronite,
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102.17 104.28 103.16 113.25 199.16 195.96 169.62 127.3 7 1 - |ow Mooney
viscosity brom nated butyl rubber; source: ExxonMbil Chem cal Co.

Houst on, W 2811/08id7¢h Mooney vi scosity brom nated butyl PODISR20190685408:
ExxonMobi | Chem cal Co., Houston Tx 3 - 10 wt % PMS and 0. 85 nol % Br PVM5 54 -
STRUKTOLTm 40 Ms; aliphatic-aromatic-naphthenic resin; source: Struktol Co.
of America, Stow, OH 5 - SP-1068; available fromSlI G oup, Schenectady, NY
6 - 2-nercaptobenzothi azole disulfide; available fromR T. Vanderbilt

( Nor wal k,be@%ht@,r tepwsitec velopekmicd olapordld) h@tqrio163poiTite Wueddige pagadiati on

rate repqrted in Table 2 is the er.age, bet ween. several reation rates
measur od HeBv i SF EfpoGRERHGoa By SRR A BEMIESRiaRE AR Mg BRITRG ¢ -
nanoconpadi t e TEeamphothpskiedV oTughy |IWebe@EMEBAL iA0Ro I B &shcrdlanthiehGuaternary
conparati ve conmpositions - including that of C4 which has a 15 conparable
anount ofaniagiiemasprfagiapeisnselectedofipin ha drews censpitisy dawazylofriphet anmiingum,

| ong SubattEe See e But L PR AN Akug! i Rl BRT tyih @

nanoconpaimteyCesRoshyidr&fenalcd @AR9] antheniufy and Hidvenzyddcokdianghohiur ovi des t he
foll ow ng enbodi ments: A. A nanqgconposite conprising at |east one, |
copol ynerNand Hic metiod Gnoamipaghiing &r nanpoeposiisp Hloy RBI0CBAPT icsFaprishia &t

der i ved fit QiSO RhA3,B3V100 bt AMP s RIAANAL AR AN nul tiiol ef i ns,

and er conprising a sur 'R the surfactant has
the structure f (RIKBRIRAIMNL cobsliticn iRl a i dldRAZ Yhe dopdlya@r Wohdprisiai GhitsTRY
or may not be substituted, wherein R2 is selected fromCl to C26 alkyls, C2
to C18 aldesned frogndsootefing h@zglgafr%nsé} ty{gcarbon atoms and a multiolefin, wherein the

solution is selected from the group consisting of solvent, mixture of solvents, or an emulsion
consisting of an aqueous phase and immiscible non-aqueous phase;
b) adding the nanofiller to a solution, the nanofiller comprising a surfactant

wherein the surfactant has the structure of (R'R*R’RY)N™ wherein R is benzyl derived unit,
15 which may or may not be substituted, wherein R” is selected from C to Cy alkyls, C; to Cyg

alkenes, and C; to Cys aryls, and wherein R* and R* are the same or different and are

independently selected from Cy to Cyg alkyls, Cy to Cy6 alkenes, and Cy to Cyg aryls; and

c) recovering the nanocomposite from the solution.

0. The method of embodiment N, wherein the nanofiller is added to a second solution
20  prior to adding the nanofiller to the copolymer containing solution, wherein the second

solution is selected from the group consisting of solvent, mixture of solvents, or an emulsion

consisting of an aqueous phase and immiscible non-aqueous phase.

[00106] Compositions comprising the nanocomposites of the invention may be extruded,

compression molded, blow molded, injection molded, and laminated into various shaped
25  articles including fibers, films, laminates, layers, industrial parts such as automotive parts,

appliance housings, consumer products, packaging, and the like.

[00107] The nanocomposite compositions as described above may be used in the

manufacture of air membranes such as innerliners, innertubes sidewalls, treads, bladders, and

the like used in the production of tires. Methods and equipment used to manufacture the
30  innerliners and tires are well known in the art. The invention is not limited to any particular

method of manufacture for articles such as innerliners or tires. In particular, the

nanocomposites are useful in compositions used in articles for a variety of tire applications
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25 wherein R3 and R4 are the sane or different and are independently
selected fromC9 to C26 alkyls, C9 to C26 al kenes, and CO to C26 aryls. B.
The nanocwoposias€7ef enbodi ment A, wherein the copol ynercCirassh@abosanat ed
with either chlorine or bromne. 1023- WD 2011/084271PCT/ US2010/ 058405

C. The nanoconposite of enbodi nent A or B, wherein the copol yner has a
substanti ally honbgeneous conpositional distribution and conprises from
about 8 to about 12 wt % of al kyl styrene noieties and fromabout 1.1 to
about 1. Bugh 9 duclatiresl byeHrcantitomebit resandosdistsl ieeroffaeaddirestaitgradt tighy Vh
of |ess HE%Qhaﬁ%yt 6. 5 D. The nanoconposite of enbodi nent C, wherein the

al kyl styrene is para-nethylstyrene and the isool efin conprises isobutyl ene.
E. The ng0onUsIPOsi hothér 4ipestionerlastonriclio 1Bh§ cbMBrigih the hiRBMpbSite
functionalized with the hal ogen, and up to 25 nol % of the al kyl styrene is
so funct itesabs gegloyed in ThHeeupzpas Prpasiticesmingantobeliters heseswarepaiutater bags.10
to 25.nol %,0f .t he.10al kyl styrene is functianalized b e hal.qgen, G  The
nanocanpdit tebn iy T aRb SHRNE e Borpdt G e R BERs Wb R lod S mer B

bl ended wintihfied e BAIAHHIMR WRItoi6bill O EiBpanGeTPaPeEs, bite GBAMPUAHgers, and
containing fromb5 to 90 phr of the nanoconposite. H The nanoconposite of
enbodi merodmapitsr ei n t he secondary polyner is selected 15 fromthe group
consi st nat,ur bb I i ene r, L yi rene rubber

ol y( oty anfIot o ndhRlon ke Tl YRGB SobEoEh iRt AR SR sl R

st yr ene- itopegngbathasivey) @atiltbb&salanst Ayl et epyib&Rlsr UDKST are also useful as

et hyl ene- propyl ene-di ene rubber, and m xtures thereof . The )
nanod@npddistisizers inpybbst fasmybidions is Sompenrenty to\gBpesiHorBatlwn BleBwsesradantos 20
bl ended wit . . I .ed from.the WSt of
ii1ers, SRty AL8ERIRACTY LARLEELRG RISl SHBLEACSIT b
of enbodim@stigls A to |, wherein the nanoconposite is blended with a

t her nopl astic pol ynmer selected fromthe group consisting of polyam des,

pol yi m dd801kd| yAdlr eineitse dlocpryias patests, ppiblisiiconasd poEsll appléigegns, test

pol yacet I R i - .

e ol SRR SRRR S S 348 G BERAR, SN iy ncomoraed

st yr ase- agr yek@aidertoltee pakyn®Ich disstogtiene norirbasisehyehih des polcytied and framat i C
pol yket ones, _pol y(phenyl ene ether), and m xtures_thereof.. K. The
nanoconpd¥iisdctions dpbulichesteh ncofpsptign it pRHteth AR SrmerigH doyse limits and

t her nopl | C: PO . . 1 . I | L 1] ons
of i gh ahsricBOuEF s MR HERT Xaid T SFE 10PELRT o Uy Bhp A b

Wi t hi n t hentdhglareql astic pol ynmer. L. The nanoconposite of any of

enbodi nents A to K, wherein the nanofiller is at |east one silicate and is
sel ected fromthe group consisting of nontnorillonite, nontronite, WO
2011/ 084271PCT/ US2010/ 058405 beidellite, bentonite, vol konskoite, |aponite,
hectorite, saponite, sauconite, nmagadite, kenyaite, stevensite,

vermculite, halloysite, alumnate oxides, and hydrotalcite. M The
nanoconposite of any of enbodinents Ato L, wherein the quaternary anmmoni um
surfactant is selected fromthe group consisting of benzyl trialkyl
ammoni um 5 net hyl benzyl dial kyl amoni um nethyl benzyl di-hydrogenated
tal |l ow anmoni um di net hyl benzyl hydrogenated tall ow anmoni um and di benzyl
di al kyl ammonium N The nethod of manufacturing a nanoconposite, the
nanoconposi te conpri sing at
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| east one copol yner and at | east one nanofiller, the nmethod conprising:

a) dissolving the copolyner in a solution, the copol yner conprising units
10 deri vewofoamsixzool efins having from4 to 7 carbon at @c8/US2e0A58405

mul tiolefin, wherein the solution is selected fromthe group consisting of
solvent, m xture of solvents, or an enul sion consisting of an aqueous phase
and i mm sci bl e non-aqueous phase; b) adding the nanofiller to a
solution, the nanofiller conprising a surfactant wherein the surfactant has
the strucELAEVIS (RIR2R3R4)N ' wherein R is benzyl derived unit, 15 which
may or nﬁth; &ge substituted, wherein R2 is selected fromCl to C26

al kyl s, t'o° Renes, and C3 to C26 aryls, and wherein R3 and R4 are

t he sane or dlfferent and are independently selected fromC9 to C26 al kyl s,
C9 to C26 al kenes, and C9 to C26 aryls; and c) recovering the
nanoconposi t e A ParACEAEOSE NINSINgRt Teet anstdepelyater anbeidraseate mnoliHer ei n t he

nanofiller is dded to a second sol ution 2 rion to .addin n nofl | er
o thé copol yrtt eontaenrRECare PRLhEL e B AR BRHLBplT 4h 7 Giton

sel ect ed dt¢rasndd@uBiotfipscandsi sti ng of sol vent, nlxture of solvents or an
enul si on consi sting of an aqueous phase and |nnlsC|bIe non- aqueous phase.
[ 00106] Conposhe m@mﬁl&,%rﬁpmmsm ¢ Harfaetaric whpisyl thes swfactank has e sirefivigagf be

t ruded, t ted
Phto var 16 TRCAE (e Refs LAY BVAE i, ShEA' pD PG ot S GubATLOE o
i ndustri alh@aht®s’ Buglitcsl oDl U SRYKSC, apEhi aketeshabiéi(gs, Ck rplnaid

products, packa |n ,_and the like. [00107] The nanoconposite conpositions
as dd¥cr i'pesacia yatgehe sage pp di eIﬁﬁﬁdf%@!@ﬁﬁeI@Pﬁ%X pelpgeth friaReSe &bk as

|nnerllngﬁ lskﬂQ§ QEQK§N£@4 &L%%%%§%ads bl adders, and the like used in

the productidn o i¥es equi pnent used to manufacture the 30
innerliners anthet nermsomp@slwedﬂ clkinown whardimehakbdpolyher isnkslogdnaredi with@lther
limted to any partlcular met hod of manufacture for articles such as

i nner | i nehorpie of brqagine partlcular t he nanoconposites are useful in

conposi ti e a,varie n

So1h oBaso1pat st PsPibbTEsE sfimay R4 Shked retéHe lp’gi@{%gg AR Ehgly
tireds nmifopiogyadons tdongssitiondl-digaitution esd camnpiseaffiorhiabest 8 a@dbmlitelzl Wwh%. of
[00108] In another application, elastomeric conpositions conprising the

nanocompddntEyieay mricisspngyfsemiakons -1 dashpwindd Wite aﬁﬁtha@@ﬁr%nﬁg@her@prsald
bel | ows, (%ngﬁFgﬁ&%ﬁgﬁh%¥gmmgg?§fksémg@?%gg ts such as conveyor belts or

aut onoti ve ey are u I'n no rubber parts and find w de
appl i catifons iThealahocomypdsite sfisipiem3; wherbinrheslkylsgutne iephausdthylanyger and aed
body nounts. @;00109 Addltlonally, el astoneri c conpositions conprising the
nanoconpd&AF T meERMBIssyispRutySae as adhesives, caul ks, seal ants, and gl azi ng

conpogndss  They, 3l &8l Sl aidss 4P 4pl)v"fl1§1te¥1f:{h%eeﬁl§3dkt re'ilgt?é)%ncﬁ&?]efﬂile@%hﬁlns

as conponents to conpositions that are manufacture nto stretch-wap
filnms; ashdhﬂpgmsamdepfmﬁshmE%nﬁ&m&ﬂgﬂﬁyﬁnennpdhnmmgamnﬂ.electrlcal cabl e

fiIIing terials. [00110] All prior ) unent ents pubI| ti.ons,
and pat erft rﬁ}@é@ﬁlp%%p%tt%@tfam BE%HEP%@ R R \é@erﬁ@ﬁfweltoh@d?é)mo hQf Gther
documnent Sal]ﬁ’l&? nF‘?srt%h&lﬁ hG2ddWy ¥hdiggQr porated 15 by reference to the
extent suc J osure I's not “inconsistent with this invention and for al

jurisdictions The mﬁnotchmpume ofhaeoy pmleaaif i dainiss 1pier 63 thextin Wie nameoerposiad is

ot e W TG RRL L L2 A LB S LS o AR

90 phr of the nanocomposite.

8. The nanocomposite of claim 7, wherein the secondary polymer is selected from the
group consisting of natural rubbers, polybutadiene rubber, polyisoprene rubber, poly(styrene-
co-butadiene) rubber, poly(isoprene-co-butadiene) rubber, styrene-isoprene-butadiene rubber,

30  cthylene-propylene rubber, ethylene-propylene-diene rubber, and mixtures thereof.
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WD 2011/ 084271PCT/ US2010/ 058405 CLAIMS What is clained is: 1. A
nanoconposite conprising at |east one copol yner and at | east one

nanof i | | ewo 26tis4270pol ynmer conprising units derived fromcirasediefosssss havi ng
from4 to 7 carbon atons and nultiol efins; and t he nanofiller
conprising a surfactant wherein the surfactant has the structure of
(RIRZR3R4) Nr wherein R is benzyl derived unit, which may or nay not be
substituted, wherein R2 is selected fromCl to C26 alkyls, C2 to C26

al kenes, %nd et panopemapsitesof amd ono ethelpisnn IR nwhReimtlee nirocompesity is

di fferent_,and,ar.e i.ndependently sel ec fromC9 to C26. al C9 to.C26
o kemeon ol Rtedtifh 4 ERPERSSohs R h 9 eub Song iR s, [RebRing?
copol ymeroiisSaritiedud® h@d. Wi th either chlorine or bromne. 3. The

nanoconposite of claiml1 or 2, wherein the copolgrrer has a substantially 15
homogened®s cothsoBinocomapsii et eny e o elans dnier Ps aderoin e Baracomppgtabout
12 wt % of | styre Lhetie f t 1.1t 1 9 a
hal oggl0 n elbr%%ld% evrwéll}lrai1 tsrill glfng%é%%(c)lpflor%}éatﬁgrh%esl&g d?gr? }l‘%loth(])ef &Wf nﬁ%’gg?* Enigegé p%é%l?(ge%’out

6. 4. Theiyian@sopaocirbéhatds, d19dsrs pohiarfend’, pd1gladtoliyd, ?b[yyﬁ&’dﬁs,ia%rylonitrile-
par a- net hyl styrene and the isool efin conprises |sobutylene. 205.The
nanoconpdsitadicrefstarrg npdymersq, polpheayleneorddal pphahgmdene | lfidencpelyparanged

with the u 5 % of | & yil.s i .

funct | onattsaaicty st Polk o st Buish S S BRS: e pabyisignspe n
from 10 tplyphemldeethebhandinkiylusdésthenef.i s functionalized by a hal ogen.

7. The nanoconposite of any one of clains. 1 to 6, wherein the nanoconposite
i s 290p| eidded et prngcerepesigafyclaal ydewhersing e magoeumnsiinand ithe thesmpplayis
cont ai ni r (o] i o n i of
ol ai m 7, HhbEh, iy RadaBCaanlsh BARGHRAP chFaitoft, of REHOSHSACHRAT bt
consi st i n@nedoniyrisite &l dispebded s finp hiyibles adihanthe thddbeplastdopolysenr ene rubber,
pol y(styreneco- but adi ene) . rubber, pol y(i soprene-co-but adi eneg rubber,

st yr ene- i Bopr e300 emRAsHEe PlipHEPNC @Gi%lwﬂéﬁ dd pBggindhe nppepis Is at least one

20111 0842 AT TR oTl5FBE4HHE W R bR Rlon i hontroniy. bl
t 0 8,15whereatonitt,hevohiameka ey okipbeitd, S hbdteride dsapbiile, akalconsd, oangadicsyphasnite,

selected fromthe group consisting of fillers, processing oils, and cure
packages.StevepsiterraMaide dfowiie el Bmingta oxides. #1d ydaptaksita: to 9, wherein the

nanoconpogi t e i3 rﬁp@éﬁ‘@&ﬂe ?il’taﬁ'y ﬂn(% BPE!HEIPJ o) ﬁ%, V{?t?ér%iﬁ%e Q&At&%ﬁ hh8fute
group consisting of polyam des,” pol yi mdes, pol'ycarbonates, polyesters,
pol ysul f enefactapok ytlacttd fres thp @ryiaceainaistng at bazghiriaikyll ebuicadireaecthy ybaagl

pol ymers, . pol yphenyl eneoxi de, pol yphenyl ene sul fi de, polystyrene,
styrene- é’d%lgylo AfEOngw., Biethys chenzyy 5&' ograpted ctalAwy gnMeaiugy| Jimsty! bengkat i ¢

POl Yk Ofgsiro Rlvd SOV ERENERDEN dib 0 HMLNERRGNgE €0l . 1011, The

nanoconposite of ¢ erei n the nanoconposite and the thernoplastic
pol yner ade dyFienmethod yofvmhmefactaeng togmiobenpaesitde thec mamdbicdinpossteofoniprgimes htear
wher ei n t he nanoconposi tg is dispersed as fi n% aarti cles within the

t her mopl Jeast ENGEARPHERCT an at least one nanofiller, the method comprising:

a) dissolving the copolymer in a solution, the copolymer comprising units
derived from isoolefins having from 4 to 7 carbon atoms and a multiolefin, and the solution

25  wherein the solution is selected from the group consisting of solvent, mixture of solvents, or
an emulsion consisting of an aqueous phase and immiscible non-aqueous phase;

b) adding the nanofiller to the solution, the nanofiller comprising a surfactant
wherein the surfactant has the structure of (R'R*R’RY)N" wherein R is benzyl derived unit,
which may or may not be substituted, wherein R” is selected from C to Cy alkyls, C; to Cyg

30 alkenes, and C; to Cy aryls, and wherein R’ and R are the same or different and are

independently selected from Cy to Cyg alkyls, Cy to Cy6 alkenes, and Cy to Cyg aryls; and

c) recovering the nanocomposite from the solution.
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12. The nanoconposite of any one of clains 1 to 11, wherein the nanofiller
is at least one silicate and is selected fromthe group consisting of

nmont nor i IWonntigg42vont roni te, beidellite, 15bentonite, veCKansskoiossps

| aponite, hectorite, saponite, sauconite, nagadite, kenyaite, stevensite,
vermculite, halloysite, alumnate oxides, and hydrotalcite. 13. The
nanoconposite of any one of clains 1 to 12, wherein the quaternary anmmoni um

surfactant is selected fromthe group consisting of benzyl trialkyl

amoni um 15ret Hhe wethed pf diaim k{1 wherrnrihe ppnafdicnd added sq/p seflonf pelusge pepet
tal |l ow anngni u di hyl Jpenzyl, 20 hydr.ogenated tallow anmoni u and .

di benzyl “GrREY né"lnﬁ?ﬁﬁ}ﬂﬁﬁe papogr %‘é‘g% goﬁotl LRuPREE r?gseﬁon‘ms"l“&on s
nanoconpagickRd fidie tHaRe6e IRBHIthE of HREMS tgurtofl BB&htsPHEarC SREkARONEEEheat

| east one nanofiller, the nethod conprising: a) dissolving the

copol ynerofiap aguenys phissrand imelscdpe ngrraqueessphdssi ng units derived from

i sool gfins having from4 to 7 carbon atons and a nultiolefin, and the

sol uti'on 25wherein the solution is selected fromthe group consisting of
solvent, m xture of solvents, or an emnul sion consisting of an aqueous phase
and i nm sci bl e non-aqueous phase; b) adding the nanofiller to the
solution, the nanofiller conprising a surfactant wherein the surfactant has
the structure of (RILR2R3R4) 1?1 wherein R is benzyl derived unit, which may
or may not be substituted, wherein R2 is selected fromCl to C26 al kyls, C2
to C26 30 al kenes, and C3 to C26 aryls, and wherein R3 and R4 are the sane
or different and are independently selected fromC9 to C26 alkyls, C9 to
C26 al kenes, and C to C26 aryls; and c) recovering the
nanoconposite fromthe solution. WD 2011/084271PCT/ US2010/ 058405 15. The
met hod of claim 14, wherein the nanofiller is added to a second sol ution
prior to adding the nanofiller to the copol ynmer containing solution,
wherein the second solution is selected fromthe group consisting of
solvent, mxture of solvents, or an enul sion consisting of an aqueous phase
and i nm sci bl e non-aqueous phase.
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