WO 2011/ 149603PCT/ US2011/ 032608 ELASTOVERI C NANOCOWPCOSI TE MANUFACTURI NG

FI ELD OF | NVENTI ON [ 0001] The present invention is directed to a nethod of
pr epar i ngvoanocasesi tes. More 5Sparticul arly, the preseRCTIUS@NBINS | S
directed to a nethod of preparing el astoneric nanoconposites during the
pol ymer manufacturing process. DESCRI PTI ON OF RELATED ART [ 0002] Rubbery
polymers containing a mpjority of isobutylene units are well known for
their | ow gas perneabili t un| gue darrpl ng ropert| es, and | ow surface
energy; these 10 pEdgeykQNIRI] NANQEOMBE ACHURING desired in
applications such as t|re |nnerI|ners In order to have a better

conpat i bi ity with other el astonmer conponents in the end
appl i cat |1<Lol:‘li;‘?b gftF @g@ﬁﬁﬁﬁ unsat urat ed conononer and/ or conononer

cont ai ni goegact e pfsetatindnabh isyditctddnd haskiEedof prb dpartdgqlahsabwdsitemewore
rubbery pol yner. Previously known conpnoners inclu i soprene and styrene.
The péi yrsriiGuiayivbethpapicsant| inveptim aatdcted &1 vie mabed todr Piepafeg | Bastoragyic

[ 0003] The,, h&{{ e?ﬂorgg&s(”&] has &&Wﬁla@&ﬁ&u ﬁ% o%§§sed i n enhancing the barrier
properties o & ?/ rove arrler properties is to mx

t hem wi t rDESQmIEmmNIﬂ)EIREIoATEDmARrT el astoneric nanocorrp05| te The | ayered

filler can adapt to five different states jn %he ba e poly ‘ﬁ[ooo The
first staP@o %ls " Bab?w IPEIYREHEPEMGIE HABLEIh Of B F‘iy runﬁefufq vl kapwe 95 i
the orderggf 1BkC N st RR4 1D hgler ms
aggr egatet %ndmgg ratg ﬁ%vgﬁlg%en h@ﬂ?’ ?ﬁq)gegbgrl b(e ?ﬁ?gﬁg%@er% Ooogﬁe'e}h
secord stmoleerﬁ@ mmké' wchepp@lbfmlescpammbmb&mﬁd & apienteéns spolh yore inhadinstsar e

i nserted i nt Iay dflIIer structure, .this. oc ng in a .
Cryot ai | JBrAHHI S TG cE SRRPEIT ke i g e cSPIB EOPBORY iy
ratio. | r’ch@%ﬁé' a%&aﬁ@at%@oﬁtoféﬁﬁsbﬁeeﬁndﬁﬁﬂa&& RioeRInbihcf ARERE r&oﬁ%ﬁ@ﬁl@ﬂ cbﬁ’tﬁ(i%hfg

pol ymer between organofl |l er plates. An increase in the gall aci ng of
t he nanofriddtiee furyxmmtletm lwmn@dmﬁdbeto the isohviylgpeirsbhiane pelyatcs Bfevamks kmova t o
0.7 nm UpoJ%nOnarn s 1 gl ge 18 q.cg]t ghconlflmde?rmead bas a(l;tgaefﬁt
i nt er cal ated eondi Tt F%B%]a %y¥eﬁ| rd sPareT 8 “e0EC Y
nanoqgrrpq&ttbleco'hlp‘ahbﬂltys conceptual ly the sanme as 30i ntercal ated
nanoconposi tes; however, the individual filler |layers are sonetines

f1occul atl8003r  adhe denmdustakastabvaxpdicen jitarcatad ingthaneing digebareicprapertional of

the fillef.| ayfe &/ay to improve the barrier properties is to mix them with layered filler to form an

br?& dla?ed to give

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

20 [0004] The first state is “particle dispersion” wherein the filler 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.

[0005] The second state is an “intercalated nanocomposite” wherein polymer chains are
inserted into the layered filler structure, this occurring in a crystallographic regular fashion,

25  regardless of the polymer to filler ratio. Intercalated nanocomposites may typically contain
several layers of polymer between organofiller plates. An increase in the gallery spacing of
the nanofiller, swollen with rubber, from a pristine state of about 0.3 to 0.7 nm up to about
2.0 to 6.0 nm can be considered as creating an intercalated condition.

[0006] The third state is a “flocculated nanocomposite.” This is conceptually the same as

30  intercalated nanocomposites; however, the individual filler layers are sometimes flocculated

or aggregated due to hydroxylated edge to edge interactions of the filler layers.



WO 2011/ 149603PCT/ US2011/ 032608 [ 0007] The fourth state is an "intercal ated
- floccul at ed nanoconposite.” The filler plates in the nanoconposite can be
separ at edwoOhloemMeds03 t act oi ds or aggl onerates can form t rat/usame/oa26v$i ckness
in the range of 100 to 500 nm [0008] The fifth state is an "exfoliated
nanoconposite.” In an exfoliated nanoconposite, 5the individual filler

| ayers are separated within a continuous polyner by an average di stance

that depends on the filler concentration or |loading in the Eolyner.
[ 0009] HoBORH | | Ahpfauibeitaig s “antaselsipdi Bogsulsbrdorapocanirosite helhe filler plates

| nconpat Bid faoDSHNRSD chhEe DUERRD ARG AOLYBLRI ol ARt ANELnA0 LDP havo

hydr ophi I'I ¢ 1 norgan r e I't very to achieve a good
di sper si anthwknessfiothcatng@ofWioDho 60 he. el ast omer. Much effort 10 has been

make to ify the filler or the el astomer to make the t el ements nopre
conpat i bﬁﬁgﬂﬂlt hdge H&artas @ﬂ%%f@%@ﬁdﬁﬁoq%%o%%t tlaran GiFelRsedk RgRC OB e
the functy K W ; a
i gher " dep aat oy el Pk DROlY Wi B ELor BHGEs SHERATS WM FregRara®

el ast onertha depersls onplos filesontdnragomanioedinp ar thegolymaperti es. 15 SUMMARY OF

| NVENTI 10] The present ipvention js directed to a.pethod. of pr i ng
nanocorpd8Pls * TRSeRes; fuardRE eRockrementenaprapapats oie mstBa-gEfs a
greater oRppahithe hidvsphsdivBsRoldig dustimRhaRitke B @SpIRINE incRshih il ORI hilk
filler. By having an increaséd conpatibility of the elastoner and filler,

i f there i seranyificulipr echedvers gaodfdigparseomandxijfatigh vathipc slastomeer. Much effort
20nanqconposite, the exfol.latied.clay i.s | ess inclined to reagglonerate

aht o Bl S arhlie g R BENRE aBefbe, Be FRRuh ol R | fe S BREATRE S e

of the napagatplesitits teo®pkldusElsasad thebeitd ihkratitRbaedeh e MAGbunalitydnt he
el astonmeri c nanoconposjte wherein the nanoconposite is fornmed from an

i sobut yI ¢he-nohgedr pl JHiesr layr wrfeay evadd deibre 14 8ighemilsgise cfeSispernion Utk
the steps,pfligfibn POTHTEH] BId iR y&hy&&ﬁ@rm?%ﬁ&%n@gaﬁte%5ww i @h&H' Bhrrier
p utyl en e

nmononers to produce ah Iso e- based pol yner; conpleting at [east
one mnass fropmtéser dependent stage in the process wherein, after conpletion

of the at_I|east oqne stage an rior to any recovery of the polyner, the
pol yner i%U%WééBﬁQ§EIPR%Q‘!BSDEnt; c) contacting the layered nanofiller and

the pol yngp16i0! VRt phele BiRinflod NEIiRBRAGOIRRIAIFof REThrill thRGRYHILRG, tRShe
nanoconposi te. The gt | east one mass transfer stgﬁe thgt I's conpleted may
be 30 t henpaitipnethez disclonedprepamtionnontiod yiblds 9 Rochtaresorprtibgoy yirmeween the
hydrophobic elastomer and hydrophilic filler. By having an increased compatibility of the
clastomer and filler, if there is any compression or future mixing/agitation of the
20  nanocomposite, the exfoliated clay is less inclined to reagglomerate, which would negatively
affect the desired low permeability characteristics of the nanocomposite.
[0011] Disclosed herein is a method for producing the elastomeric nanocomposite
wherein the nanocomposite is formed from an isobutylene-based polymer and a layered
nanofiller. The process includes the steps of a) polymerizing isobutylene monomers and
25  multiolefin monomers to produce an isobutylene-based polymer; b) completing at least one
mass transfer dependent stage in the process wherein, after completion of the at least one
stage and prior to any recovery of the polymer, the polymer is dissolved in a solvent; c)
contacting the layered nanofiller and the polymer solvent to obtain the nanocomposite; and d)
recovering the nanocomposite. The at least one mass transfer stage that is completed may be
30  the polymerization of the monomers that produces the polymer.
[0012] In one aspect of the invention, the completed mass transfer dependent stage can
be: i) the polymerization of the isobutylene monomers and multiolefin monomers; ii)

functionalized of the isobutylene-based polymer in a solvent; or iii) neutralization of the

.



[0012] I n one aspect of the invention, the conpleted nmass transfer dependent
stage can be: i) the polynerization of the isobutyl ene nononers and

mul ti ol efwo 2oom@s@ss; ii) functionalized of the isobutylPemarsh@smsepdl yner
in a solvent; or iii) neutralization of the WO

2011/ 149603PCT/ US2011/ 032608 functional i zed i sobutyl ene-based pol yner

sol vent.In producing t he el astoneri ¢ nanoconposite, any one or nore or al
of these steps may be conpleted. Wien the only stage conpleted prior to
cont act vﬁmwomﬁlézqeiaﬂéqhwléme “paged h@olymey mepivent i onln guPYurng ZHici GhasEIMerie
nDnoners I I I a

di ssol ve %‘?}é‘%n@ veondte 01‘3\881%0%;5&1&0 P\Iﬁmle%%g%eﬁe E(%f %/c%leﬂe%ccwﬂs%ﬁs&ﬁ% it LY

r enoval csftagreIwn@d)éwdrpflorf toaontaoewshltheninofiller anht pelynenaaibnypotymeaizati@ast
stages i) and ii) are co ed priqr to contacting the an fi lurry
and t he pBf yRAeSE wmtafp @@fe]lw Eendisecihelsig RAyRe: ol ‘I%Q@ﬁallﬁr?
the i sobutklanendasmdeRt tMnEﬁ% naflofil| B LR vAfifh | RIBLEH4of theGlely Ut b @fd ns-
The nul tiol efi n nmonomner e at | east one of 10i soprene, ?a di ene,

2, 3- di metsoipeatl, Br iuultlmmead@ﬂlmn,czérieqst 8tagesdi) mptl hylaré ndmpleted frex ddicemtecting
cyclopent dlen erylene. [0014]1n another disclosed

al k ene
aspect of ?ﬂ@“I ﬁP lﬁém5?$ﬁﬁgbgg%e based pol ymer is butyl rubber,

br onobut ypor3jbber, B! @ll'sél@wdy hspebBer the DILO&tAL @R isobutylene-based polymer is
i sobutyl ene-net hyl -styrene rubber, chlorinated isobutylene-nethyl-styrene

rubber, godymerzeddhowa Qoo s mubtidefinss t Bhe med¢fohegnembiomay beyt leagboeer of
star ranched br omabut vl ,rubher oprene- |sobuty n
Cubbdd, RN marRats: ¢l BREK: LanaRLTAR: KRGty bR ERREHI o iR Rne.

anot her d@@mbagaﬁm&ghngﬁqnaﬂgoIpﬁ@ﬁ@ﬁmnanof|IIer is smectite or
phyII05|I|cate clay. Alternatively, the layered nanofiller is

nont mor i 108Kt e, hbén@rhm fisgosadoipegndft e igkpiient ghe ivabutyplene dasedapripmet &,
mont mor i 1] g}nlr{lﬁbern&%h{ogﬂtguﬁlbbgle'cﬂf‘olréﬂlﬁ B Qfahﬁﬁate&’ %h?ﬁg%ﬁ@&ﬁe?hyl laponi te,

20hector|t onite conite ite, kenyait ensi
ver m cul |I*ubberh&hloomauetiel,sobﬂtgalrehﬂatedlmmm nmbehystmotbazirrcheda buftdOibbAt, sgar

dlsclose i s that a nbodi ered nanofiller has been
t r eatled qblranched chloro%utyq %er star rancheé Erorno ¥1tyl rubber r}soprene {sobutylene methyl-

styrene rubber, or isobutylene-cyclopentadiene-methylsytrene rubber.

[0015] In another disclosed method, the layered nanofiller is smectite or phyllosilicate

clay. Alternatively, the layered nanofiller is montmorillonite, beidellite, nontronite, saponite,

hectorite, sauconite, montmorillonite, nontronite, beidellite, bentonite, volkonskoite, laponite,
20  hectorite, saponite, sauconite, magadite, kenyaite, stevensite, vermiculite, halloysite,

aluminate oxides, or hydrotalcite.

[0016] Also disclosed is that in any embodiment, the layered nanofiller has been treated

with a modifying agent prior to contacting with the polymer solvent.

[0017] In another disclosed aspect applicable to any disclosed embodiments, prior to
25  contacting the layered nanofiller with the polymer solvent, the layered nanofiller is mixed in

a solvent to create a filler slurry.

[0018] In another disclosed aspect of the invention, the nanofiller and the polymer are

contacted under conditions of high shear mixing or static mixing.

[0019] In another aspect of the invention applicable to any disclosed embodiments, an
30  emulsifier may be added during the contacting step.

[0020] In another disclosed aspect, the elastomeric nanocomposite is recovered using at

least one of the following steps removal of the solvent, washing the nanocomposite, drying

the nanocomposite, and baling the nanocomposite.
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with a nodifying agent prior to contacting with the polyner solvent.
[0017] I n anot her discl osed aspect applicable to any discl osed enbodi nents,
prior to Wbecont@eddng the | ayered nanofiller with the peCyrseoiznbisent, the
| ayered nanofiller is mxed in a solvent to create a filler slurry.
[0018] I n anot her di scl osed aspect of the invention, the nanofiller and the
pol ymer are contacted under conditions of high shear m xing or static

m xi ng. [0019]1n another aspect of the invention applicable to any

di scl osed® BEXRIPTION OF EHE BRAWINGSy be added during the contacting
tep. [O | | . d i I i
step. [0Qgpd{in anpl her. dbs Glifl gﬁsgﬂﬁ%f P%vt\\?ﬁ'ggfs E@%agﬁ’sﬁ‘? Fan§ &%g@@ﬁ&)@ kd Bad S

recovered using at |east one o enov e solvent,
washi ng tdseompangi@ngrewiree in dhichng t he nanoconposite, and baling the
nanoconposi t e. 2011/ 149603PCT/ US2011/ 032608 BRI EF DESCRI PTI ON OF THE
DRAW NGS [OOZﬁI@hV\g i} RSB RO PRI & PRIRSAMBYS {GaRP THPCTeRasRH PROTIIULG™ h

refergncepoq}qnémﬁgﬁﬁg@@%'bgggm&w ngs in which: FIG 1is a
n

di agram f'or” manuf acturi ng a nanoconposite pol ymer based upon solution 5
pol ymeri zat i orFlGoR i hedibgem foolmpameficturing a nilaGomposis polginagbaed fuppn slurry

manuf acturing a nangc site polynmer based upon slurry polynerization for
t he base %&@%ﬁgoﬁﬁ%qggga“pﬁy%er{@i s a diagram of the manufacturing

process for a fg. aggnadigtraRPHOERRARIA@URY ¥iREss &P PafafidefflcPagsdcbRipb§ite Of
t he I nvention [0022] Vari ous specific enbodi nents, versions, and exanpl es of

t he i nvermolwnerwi | | now be described, including preferred enbodi nents and
09T TR BT RN AR, L BULBoos? of Ly tandino the

[0022] Various specific embodiments, versions, and examples of the invention will now
be described, including preferred embodiments and definitions that are adopted herein for
purposes of understanding the claimed invention. While the illustrative embodiments have
been described with particularity, it will be understood that various other modifications will

15  be apparent to and can be readily made by those skilled in the art without departing from the
spirit and scope of the invention. For determining infringement, the scope of the “invention”
will refer to any one or more of the appended claims, including their equivalents and
elements or limitations that are equivalent to those that are recited.
Definitions

20 [0023] Definitions applicable to the presently described invention are as described below.
[0024] Rubber refers to any polymer or composition of polymers consistent with the
ASTM D1566 definition: “a material that is capable of recovering from large deformations,
and can be, or already is, modified to a state in which it is essentially insoluble (but can
swell) in boiling solvent...” Elastomer is a term that may be used interchangeably with the

25  term rubber. Elastomeric composition refers to any composition comprising at least one
clastomer as defined above.
[0025] A vulcanized rubber compound by ASTM DI1566 definition refers to “a
crosslinked elastic material compounded from an elastomer, susceptible to large deformations
by a small force capable of rapid, forceful recovery to approximately its original dimensions

30  and shape upon removal of the deforming force’. A cured elastomeric composition refers to
any clastomeric composition that has undergone a curing process and/or comprises or is
produced using an effective amount of a curative or cure package, and is a term used

interchangeably with the term vulcanized rubber compound.
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been described with particularity, it will be understood that various other
nodi fications will 15 be apparent to and can be readily nmade by those

skil | ed iwotzha/@pd03wi t hout departing fromthe spirit anegCsaspaiosdhe
invention. For determning infringenent, the scope of the "invention" wl]l
refer to any one or nore of the appended clains, including their

equi valents and elenents or [imtations that are equivalent to those that
are recited. Definitions 20[0023]Definjtions applicable to the presently
descri bed00?flent TBa teme'PAE" Wasets P BukkEedbibDPIDE TArtRl HEAS A SRS CICOME

pol ynmer qf O el difP B rﬂ{J I&BILSYCGEJ éong]gc{gﬁloﬁta?gtme\%&gd }&&\éﬁ'&'\% B8P all of the
definition: "a material that 18 capabl e of recovering From arge

def or mat i dassoman@dngpanciie, Tae t@hlr plady pasts fogl fibddr t@mporrh@f ehtthembng hwbf 1 S
essential |y insoluble (but can swell) in boiling solvent..." ElastqQner is a
t er m t hat!NifhyOh@OTFsEH At gw%ﬁ%?@%%ﬂﬂeww PHSEHdN ST HeRG b aPY YRS ERGhEY |

conposi ti @R \}Jh?.f Al Soth Iﬁ;ﬂ%u%’é?}%%h%é?ﬁ' %@Hﬁdeﬁiagginéttthé 286 bar W GbGs aRFREe S
defi ned above. [0025] A vul cani zed rubber conpound by ASTM D1566 definition

refers tcexpessdasgihrnKéc whnsné camedsdy icampecmpaundegld, tlemesels eff astatmes or
susceptib o large deformations by a small. force capable of rapid,

For oot ul HEe SR o aBEvERn HUTETY SOrBoPE bk 8 i ool te SHpostiaper
upon remyyBber AfitHon e thdaiced 1 RYalkBh&SporcetCroE @0er®!BaIHBRRIt lafic ATRARERIK of
refers to any el astoneric conposition that has undergone a curing process

and/ or comhy PR ST BIOr4, SOP éd using an effective anount of a curative or
cur e ,pac and i a-termused.intierchangeabl y wi,t.h the term vul cani zed
CuboaD o8 A g BT SRE ekl BN RS S e Wi a1 AR SRR AP
parts peralikub dyaioppiRpehic OFf mofaiyidSegenai@dni the doMAS,WEL 69 THDEKahipld, Aemethyl

wherei n conponents of a conposition are neasured relative to a total of all
of the el@8YRifel)cumpeHengeurthé:EEehrtohr or parts for all rubber

componenthopdfhet Nefi AR «§ Wy ddtiin BoulDik Ghrkd §16M uhiRetngamRARRNS 1o

present in a given recipe is - alway as
non- r ubberroampomepiundasechr &t foetkampbl, bstizchfienapbhaleac.t gtheodinthiehbeantlancknar e
expressed in | e, the levels

phr.. This way one ca sily. conpare, for exar
of cdrat i%sar@rtwl@cﬁ%épw%dﬁ_ﬁ@éye Mf@,b%&%gﬁmﬁﬂuﬂr@@%wl DET1IYhs Hased
on the sap &BLAG MRSl ORAPLdPReAliofik R Aol thpduiA L8RP MG G CHbAL &

percents for every cgrrp nent after adjusting |levels of “only one, or nore,
conponenthydyogeaOfronzd Arkwla ueh es,Sott examppaphéhilmrdshlydr ocar bon group whi ch

may be derjiyved from | kane by . dr oppi one or re hydro S omt he
To oo TN £ SO RReS KeiRGo Y 1GSORES REBEs: plandiPerg ke R ol IR o

( CHBCH2) , suBdtRucrlt ORRBIAT Brbm! b€ ERarhflc 2hAYHEP CANHRE, WreMmel MRbrih&r B idlikd)Ng
structure characteristic of aromatic cmounds such as, for exanpl

e,
benzéfe, amipht hifbe velfoxyheunianse enelkgniubtoaetehethiol.5alkylghiol, aand hydpxyalaligyl,
possess alte uhl e _bandij n : urationi) W ithin i tructure, An
BTy ar oub et Prafdtd B TRCkad b AR AbdRrlon bbb bk B E B,
one or ndscpropydr ages Hukdmisobetyf, acoatdarys betyl, asstiatw busX agp), elkoskhe Bydightosr

oS branched chain alkoxy having 1 to 20 carbon atoms, and includes, for example, methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy, tertiary butoxy,

25  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,
fluoromethyl, iodomethyl, 2-chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-
bromopropyl, 3-fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,

30  difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromoethyl, 2,2-difluoroethyl, 3,3-
dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-dibromobutyl, 4,4-difluorobutyl,
trichloromethyl, trifluoromethyl, 2,2,2-trifluoroethyl,  2,3,3-trifluvoropropyl, 1,1,2,2-



[ 0029] Substituted refers to at | east one hydrogen group being replaced by
at | east one substituent selected from for exanple, hal ogen (chlorine,
brom ne, wbuori/meqo3or i odine), 20 am no, nitro, sulfoxyPCIuishanasmoor al kyl
sul fonate), thiol, alkylthiol, and hydroxy; alkyl, straight or branched
chain having 1 to 20 carbon atons which includes nethyl, ethyl, propyl,

i sopropyl, normal butyl, isobutyl, secondary butyl, tertiary butyl, etc.;
al koxy, straight or branched chain al koxy having 1 to 20 carbon atons,  and
i ncl udes,tetrafluosgcildl and gebhadststrafiorpkopylpr Bigtsx yor eagptepdxsubshieshstyrenic

i sobut oxy,..: Ly, teri y, 25 pentyl oxy, isopentyl oxy,
hexyloxy%mﬁggg?y g£9?9§%§§¥%§y?eﬁ@ﬁ%%%@%%ggnd decyl oxy; hal oal kyl, which
nmeans st rElagloiness branched chain al kyl having 1 to 20 carbon atons which is
substi t ut by at | east one hal ogen, and includes, for exanple,

chl or orret[ﬁ&fo,] br Bﬁ?%qdhglﬁs;wmmdwsﬁ%ﬂ%@re, PrAgRfSRt tﬁw invenon| BHes Ry polymers

2- br ogpet il ed Fofd MAERELRY b4 tg’CzqécB'i&ﬁr ﬂ@ﬂéme@a‘ndbit QERPHPHultiolefin monomer
3-fluoropropyl, 4-chlorobutyl, 4-tfluorobutyl, dichloronethyl,

di br onorendyb), hathogolymeor efre€hyd , Cdiisootidme mopbmes, 2-Singh [socloebhgllymers are

2, 2-di bronmoet hyl , 2, 2-di fl uorqet hyl,..3,3; dichl oropropyl, . .

3150 di 11 ORGEPBIY e B oPUBLrYOers’ afor BioTORUTII: WedsenlsTnudpatist yi
trichl or qiggtehyin the rcb{x‘;l*}f?ﬂ'e@ﬁﬁh hilangfrdm27(t fol 99. 31 QAW bight of the total monomer
2,3,3-trifluoropropyl, 1,1, 2, 2- %/\O 2011/ 149603PCT/"'US2011/ 032608

t et r af | uctkco@ehyphits nan embgdignenstandf §utsr 8D opiyh In Thetber ewbodrgnpl Ehe gotal
"subst,i t ut reni c,unit” .ipcludes p-nethyl styrene et hyl st vr tc.
e1 st e 2B ERrL Pt 4t B SRES o8y B i tp e B BL SO RDdo 03

i nventi onytoned bae cmbodiadeyitramnd feorflarsi taedls fwtdsrimbndteasdmiaenét. tla yof another

i sool efin nononer and at | east one multiolefin nononer and D) honnpo“zners

of C4 to aopodypitefpm IFoadheid’o addhe pelyesr supsltiphdingdezived ypiny elit Yob gaother
referred " hu IS0/ Y r ' | efiln: ihwved
content i RIafoibh LHPBS R oF Bl foNpGOR MARRRy Jolfed AR, HuPuptBF U,
tot al nomanerse derthiseidvemions nuiticdaién ecfosdionant moamdeBbatting 9o rwhéfei double

anot her %ﬁb diment. The total 10 nultiole injgetived content in the

copol lymerPangs- pr s @nproi Airqdn empaigenbs thii LutHodelit dma8y PGS KPYPTIHNG RO
enbodi MeNonj A afdb e 18ndinfd-maybad DipARed SeloRIRORABRE:, | N yet another
enbodi nent,” Tfrom 12 to 0.5 wt % of the polymer i1s multiolefin derived units.
In yet arl003dr eitbodiirentG; fsookefi8 mey Gekctad%rom thmppoidgnerxchi s mebutybinef i n

derived units. rei r the pur e of this iny iaon tiolefin refers
Lo any nombEenavrrgy it BratBRt ks Somid hithes: bpbiReg2 bhchS
enbodi menhethyinQing¥l i@ @fdeRe,i $ingAMmMEMPAMBAC, CIRIRAS, SaldY 4tm&%%10 sgtaded Teubl e
bonds and may be an aliphatic or aromatic nononer. [0031] The to C7

i s00128f | rmwtipleialive Catd Cromltioleposneds asigerens butkdisued. &dancthglobtbatedicne,

2- met hyl - | - e - eyl -1 -b e, 2- hyl.-2- hut gn 1- but en

o but cne. M TG AT he b &l Ene Ce o aafpl b D Randic” M Cftpervicns

4- et hyl -and ot hememersdsacR@s divtibscaliefl. 8. Pacrd No4 51506816, nul tiol efin such as
i soprene, butadiene, 2,3-dinethyl-1, 3-butadi ene, nyrcene

6, 6- di metlAY32lf ul Ve, thecizeplpiamds Teapufdeentthrlickniomesy Imays by refsed daces “an

i peryl e r I ]
5. 506, 510 0 B05 biAEH < RRREC SR REwrLBRLASFEr b Bolopir ofiAbfifhe Mlcas 70,
r ef er2Sed rhal%assobatyldns adeuitvyd emnés.badedecbaditmeneof tlendolbheflens bhedabutel adbbaner
or a polymer conpgisi at least 70.25 nol % i sobut e rived upits.. One
enbodi _rrerﬁrgfﬁeﬂfwrt%sfql b il Y SO TS Q8 1t B KR, %b?ﬁéﬁ%etfsa utyieng peth
i nventiomn s & 9hkey i@%%m?% 05 89@6 bog A2, 1s8bAFtere Wit @5 glt%ot@‘—ﬁ Yiog ri'&p%n%/hn Qe tO

8 WM % i soprene, or .5 W% isobutylene with 0.5 wt%to 5 w%

i sopr ene anpthgeembodbtreet: enbodi nent. [ 0033] The el astoner in a desirable
enbodi ne the,invention.is hal.ogenated.,. 30 enat ed butyl rubber is
or oduced By Hne hF CEMb oM o SHOBE Sibedistiy | Soaf darEiat sy I AGtye.
Hal ogenatiigegdmaikdbsytgiaribbed isoplodRyedapy thee dRSgerfidn tdTeanynye el m¥i polfaiers

herein limted by the hal ogenati on process. The hal ogen wt%is fromO0.1 to

10 wt % balseeritsd abrec-wélajaengion ¢ra braragen avedy By yncansbiner the Angméon is not
embodi ”e']{ereiﬁirﬂﬂﬁ{eﬁ%@ t%'e %afo%el?at%%’rb&ss. The halogen wt% is from 0.1 to 10 wt% based

on the weight of the halogenated butyl rubber in one embodiment, and from 0.5 to 5 wt% in
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WO 2011/ 149603PCT/ US2011/ 032608 anot her enbodi nent. In yet another
enbodi nent, the hal ogen wt % of the hal ogenated butyl rubber is from21.0 to
2.5 W % WoQstji4peoaccor dance wit h anot her enbodi ment of PChaISpr1e®8as0s
invention, the elastoner is a random copol yner conprising a C4 to C7
i sool efins derived units and al kyl styrene derived 5 units, the copol yner
containing at |least 85% alternatively at |east 86.5% by weight of the
isoolefin units, about 8 to about 12 w % al kyl styrene units, and about 1.1
to about anothcpempediment aingysanother esplodimprseihisdistogen mepel hiabrlogeanatesebugyl
random el C ¢, of a C4 to C7 a-olefin and a nethyl styrene
contalnlﬁgﬁggmggoutlﬁgﬁ%ggﬁéut 12% by wei ght nethylstyrene, and 1.1 to 1.5
wt % br omi[0834)r chl ascordancExéhphathyr eAbe&timahtsofithy pfwetﬂtﬂn‘&'}ﬁabﬁ,(lhe elag@theass

polyners cont ai ni ng the foll ow ng, nononer its donm y aced al ong the
pol ymer cGHENFOM COPRYMEHEORPIISINE Pe%‘t to\ﬁaéml%tn IR d&ﬁ C&mlasraél .afﬁeé Hersge defiyed

hydr ogen 1un|1t9V‘@15 Hﬁ)ﬁner %Hﬁ"tgm ﬂ l%st 1§80/ 78.11@}11‘&{{7 ng@g 1G4 8@5%&?&7 wefthP e @ﬁey
al kyl "hal 1 des an is a halo I'n one enb are 15each
hydr ogen.is¢odBbjris, tibm)uBB torebdxt de vtt%ealkyitstatenaluhws agd labtmttlut wchbouyt.6rve’q ofhe

total of structures resent the r ando ner stru e
oy et MRG0 B Ghapiieht MR vaemuet By bt (STo G o it e s
enbodi menp, candolcfina@t hem@PagicAs NonkdiMify 18 hBowr58 Ml Ybodt N1¥8t bRNQEBRY
enmbodi nent, the anmpbunt of functionalized sftructure éﬁi in the random
copolyneﬂnng$@eﬂE,@Bdfkbﬁvabéuww@18mmewabb9hbmnqo IEBM®OG@6¥MH oy be
ot DL B PR SORNRRE G FARTRBTATRLS Biss B 5 S a6h
par a- nethy? Pyrene con al ni Aag rom about about PO oP % &

par a- nethyép@yﬁeﬂemmmereln up to 25 nol % of the nethyl substituent groups
present on the benzyl ring contain a

(1) (2)
H H
~nnvC——CHgovwv o C——CHavvwY
R—(C——H R—(——X
R! R!

wherein R and R' are independently hydrogen, lower alkyl, such as a C, to C; alkyl and
primary or secondary alkyl halides and X is a halogen. In one embodiment, R and R' are
15  each hydrogen.
[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
yet another embodiment, the amount of functionalized structure (2) in the random copolymer
20  1itselfis 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
bromine or chlorine atom, such as a bromine atom (para-(bromomethylstyrene)), as well as

25  acid or ester functionalized versions thereof.



brom ne or chlorine atom such as a brom ne atom

(par a- (brononet hyl styrene)), as well as 25acid or ester functionalized
ver si ons whenaaf9608\0 2011/ 149603PCT/ US2011/ 032608 [ 0037pCm/Usnai 082608
enbodi ment, the functionality is selected such that it can react or form
pol ar bonds with functional groups present in the matrix polyner, for
exanpl e, acid, am no or hydroxyl functional groups, when the polyner
conponents are m xed at high tenperatures. 5[0038]In certain enbodi nents,

t he randdM3¥dpol Jhroshas ppbodingbsthe AcHpRality, hasdrs: h gwitosnepashar form
di i but.i : %: . .
Istri Utﬂo?a{} HoUgY w“ﬂ%n?}ovr\lﬁh?%?)hps?g%%\%\{ i@k Iggtr&gé&fﬁér I?&Zef)%mlpéet, a01dh amino

par aal kyl'styrene conten t he aver age’ par a- y yre

content afr hiérorel orstionkX erplmr ywhal yher polgmer cdvatmatesi 2ed nbixed atathighw
nol ecul ar wei ght distribution (MvM M) of less than 4.0, alternatively |ess
than 2.5 °PREIEPol ymers have an exenplary viscosity 10 average nol ecul ar
wei ghts | qo?m rapge Qiaif 1 9{1&5&%%9%9 Hi2 tﬁ?&’mﬁo%og&gm%ﬁd B3R e %€ MIbaMtidlHToer

average nol ecul ar weight in the range of from 10 00 to 750,000 as
det er m néwnimgeyaius gempeat o dohrtommat egehatbhtyat 1§a80B0YTh eofrthedalymeo had a/paza-

di d be pr d via sl | i zation, ically i
i 1 uent R SnRgoneRn FEERLT sk Paroihe ot e bR s tert S ppliaedy
hydr ocar bornd{ Yolyandrb YRS dHABLCRH 2B BY QCRHRAN ok@8 b wigHP el @Rbution: %’%ﬁ% .

using a Lewis acid catal yst and o tlonall%/ a catalyst initiator, follo

by hal ogeridessothan grlsfaierptiyelip riensi that 2on, The cepptlympisrhave anhexepiplagie véseosfy t he
hal ogen and _a radical_ initiateor such he d/or 1j nd{ or a chem cal
ol 8" RGeSy b RURE (SR b Rorf S B0 e o 2 QBTG B BE < RfER.

hal ogen Wutbed athirigeemenrtulbiiveigho madhe M getof fro2® 1 00400 tdat sg@vedseddtermined by
pol y(i sobutyl ene-co-p-net hyl styrene) pol yners generally contain from about
0.8 to atshpermestionflypBatogEPhY et hyl styrene groups relative to the total

amount of one er.i un in tf ol : o] [ rg}éﬁj% ,

t he anmou OH%J ha:h(%?re% *11“}6? {s?lt y&grﬁﬁ'%é?ou%%ulgsgaf raégn&ro. 1§%§;t %Qlﬁﬁfa@n&qgan rom
0. 80 to IpoD@neridabion,ntypetllamotahditucanboaprigng ,a kaidgdnaterh 10 d8&cattmnls) lsuniwla%oa n
yet anoth enbodi nent, and from 0.85 .0 jn 25 yet another_ e di ment,
wher don a:%@ggﬁ_%%yg?%%e T8 uaﬁyate%ﬁb%ﬁ%ﬁri?% ﬁﬁ@%ﬁ’ﬁﬁlﬁé@%ﬂ% Hiteh
any | ower, Léstta_cidFé&Parlﬁ‘s% 3Rd o?ﬁl?l?ﬁh?ra AYyst §118atG 0 RONKIERS H’efloééh%tia?)&%ipi@f@ﬁably

i nvention contain from abou 1"to about 1.5 wt % of Hal ogen, d on’the
wei ght ofbromeapoh,yimesojutfonamthe prasonck. & tik dnhekoged ai admalbinitertoresvish dis heatt |,
and from1..15.10 1.45 w.% i.n anat her enbadi nent.... I n referred e di ment ,
the nat ogaitor e #idy Sir SRAER s Ron TR ot ind by G BPBTF s PHHR
enbodi menyfithd RBodtAl vI@EA differdt @i¥iciBnal Q4] The pol yners are substantially
free of ri nﬂﬂhal ogen or halogen in the pol ynmer backbone chain. In one

enbodOmerif04fihe Halogomtebinphisobetylenespotyatylsoficsd palymersi gowrahi wotein ved
001 o RABIABL £ s AT ET I, SO 06 B Bl

t
styrene ant t's, rern the

par a- ( hal greddurhGtderite initid theadopoRhesenh andthehempodiyieat, the anoatosit hal® t o
about 25 nol % based on the total nunber (())f par. amet hél styrene, and wherein
the par a-ReEhHyIvaEngraewsde foves O { d0anel"prad Siom §-8B e 8:00analbe iy wrt BAIEEr on

the ot alcriaftn: Ofndt A RASKEL.1 bbIANG yEIRRH IR0 sk 8T DXL -5 1 %

25  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 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

30  preferred embodiment, the halogen is bromine.

[0041] The polymers are substantially free of ring halogen or halogen in the polymer
backbone chain. In one embodiment, the random polymer is a copolymer of C4 to C;

isoolefin derived units (or isomonoolefin), para-methylstyrene derived units and para-

-8 -



5anot her enbodi nent. I n anot her enbodi ment, the para-(hal onethyl styrene) is
para- (brononethyl styrene). [0042] Other C4 to C7 isoolefin derived unit
cont ai ni yoebusesmr s suitable for use in the present | RCEAIS2@N/082%08 ude
terpol ynmers conprising the isoolefin and two nultiolefins wherein the

mul ti ol efins have different backbone structures prior to

pol yneri zati on. Such 10 terpol yners include both bl ock and random
terpolymers of C4 to CB isoolefin derived units, C4 to Cl4 multiolefin

derived Uhplomethylniyranqydcsived apiés adieraje houpare-$hal@nethy sergs) yiny arerpigsepkin
formed frpm r#o%qg&l ﬂoﬁp%boknot@r%nﬁboﬁng%%gw St;a%%da N tﬁ%r %t [ %mnl%er of. para;

et hyl styrerne,” nononer s her suiltabl e terpolyner yIer i

from i sohnéthyletyesnec yied Wheﬂ:ﬁradheepm’a n@aﬁldylabzieyib siemmenm)mn[ﬁe&.nt Hoah8 to 12

t er pol yner re obtalne er catioqnic polyrrerl atlon condi ti o)
Layer ed Ayt E%Se flon4ag gﬂatpﬁéh R P QB STORRR i @@hg R vige in

| ayer ed fdnb{h%f én?odd'i‘rﬁ?{ tpor %eﬂldtﬁ'@roeﬁlﬂ@dﬁkﬁtﬁtﬂgﬁfa& (lﬁ)ﬂéﬂi&ﬁ&l—st Téh%? 1§y1§3a[r§d
filler is alternatively referred to as a nanofil{er due to the size of the
cl ays. Na(hmrmdmﬁhﬁsﬂymne)a maxi mum di nension in the range of from about 20

ot her - chaPbBller | DHiRs o £ st AR STARETITGRE FarPiacisrulihlf SEisgrags o

vol une; the@ni Svbtich ﬁ&llua@wrpdlyﬁl@rs%otﬂpml 't RoSRFRANI Plva GkultiBiRtindivEkkichave
a very snal |l maxi num di nensi on but which has a low ratio of surface area to

vol ume pehe gmaltwleﬁnﬁu ba‘m ghffﬁ@tﬂi dagkbongr ﬁtmcéuw epriero t@opqlmepzammdesswhe
nanOflol | Gt V\'1yrners CP%,% both gf I%ta AT I’0 hm%tfgct 8[ }3 ak eoleﬁlrpdcal o
ated,” T es Uit R 844

aggl orrer ayere ] "Th one e udurr’ent

the | ay6f©do@1@mdlt$olbfﬁh gmﬁaimtglaﬁa&ugﬂstyﬂeay dmmnfmhts BuéHteepadpiiets gy be
crystal lattices commonly referred to as a e" or "snectite-type
clay." Byowagd 3P%s§ahbavl@ne,t igpnyenga\ang r?élf}dﬁéfetlﬁepréf%%hlféIﬁ‘é‘ﬂlilﬁﬁyléfﬁ%c@tl%erﬁh| ch

consi st eAdn 0t TR lleltgﬂiotl ﬁh? l%ﬂzsem ROML fsgﬁﬁt%f%ne l dlene and

trioctah snmectite saponite tori d“satconi t e.
Al so encalipdsgede anen@yers. heSudaItd:rpokymmaraeﬂ obrapaddi tmaderSémioay:s polbrﬁ&ﬁﬁition yet
ot her enbodi ments, the layered clay may conprise natural or synthetic

phyl I1gsi 1G0aditigas. such as montmorilionite, nontronite, beidellite,

bent oni t q,5¢pdkpfiRikoi te, |aponite, hectorite, saponite, sauconite,

magadi te, Kenyaite, stevensite and the like, as well as WO

2011/ 1496064XT/ U200 082 6@8rod erlastarndrid ea}nolqampoywi tdayeatdi filamiseinostipdessd

hydrotal ci te nd t he natl of th vi ous enbodi nent s
ore ol so bigribe ABMarEte rpboies) e bRl B Byt ielt Bivb Pl RuT e
by i nteraghid §i9d oPtheedidydl iNdrlofiMcRYhadt al BBEMuANGNRASIOH in RhEEHF 8 about
surfactant capabl e of undergoing ion exchange reactions with 5 the anions

preséft a0 ndmenictaretll Gy ¢0-° suirtd abex 160 midrend @yer EY? i)l ITb¢ othor ¢chermdteristicef «c| ay
nore hydro e.agent d fi _sur.fac are selected for
Moot v o aBe RS o MaraaRe b stRowee S Rande PRI GRETef s REe BRiEiebeh
present  ajladkhBati il hA¥E! v&yikindl eﬁax%uﬁﬂﬁmleﬁg{&f B Whith hs a B bRl & surface
conpounds are cationic surfactants, preferably am nes. The am nes may be

secondar yerertovelumearey gwir. s il ratig of herfase arpe teiFelume PRy g nanofiller with a
sheet-like structure. Such materials are typically agglomerated, resulting in the layered filler.

25 [0044] In one embodiment, the layered clay is in general class of clay minerals with
expanding crystal lattices commonly referred to as a "smectite" or "smectite-type clay." By
way of example, this may include the dioctahedral smectites which consist of
montmorillonite, beidellite, and nontronite, and the trioctahedral smectites, which includes
saponite, hectorite, and sauconite. Also encompassed are synthetically prepared smectite-

30 clays.

[0045] In yet other embodiments, the layered clay may comprise natural or synthetic
phyllosilicates, such as montmorillonite, nontronite, beidellite, bentonite, volkonskoite,

laponite, hectorite, saponite, sauconite, magadite, kenyaite, stevensite and the like, as well as

-9.-



K) wherein R and R2 are 10 the sane or different and are independently
selected fromCl to C26 alkyls, C2 to C26 al kenes, and C3 to C26 aryls and
R3 may bewbydriogeds3 a Cl to C26 al kyl, a C2 to C26 al kemreT/useo1a/08€308 0 C26
aryl. In one enbodinent, R and R2 are independently selected fromCl to C8
al kyls, C2 to C8 al kenes, and C3 to C8 aryls, and R3 is selected from
hydrogen, C9 to C26 al kyls, C9 to C26 al kenes, and C9 to C26 aryls. In

anot her enbodi rrent R and R2 are |ndependentl selected 15fromCl to

al kyl s, affemeplitc happysitg ehesnarxides sy dspipleies %I@nﬂlﬁ%? o§embitionpotary @lﬂy|
substi tutthg%grbl E {ﬁ%oa%yf%ﬁdr%ﬁgk?(ene anqt her enbodi nent, R i S sel ect ed

fromCl to andC3toC8aryIs R2 is selected
from C9 t[004516 a11“lw les/ered14y6 cﬁ?@llﬁhlﬁbﬂ%areamdilm by ift&Galatign or, cxdoldatida tys
sel ected from hydrogen, Cl to al ky Is % C26 al kenes, and C3 tq_ C26
aryl's. AddieEsoona 4870t e ‘Pﬁ‘sut‘f étaflh‘é’é’é blghea ?fé?ﬁﬂg lonyerehgheg Tgactighs yath

hydrogar hgo aﬁf&ﬁk‘?ﬁés'eﬁt“&t‘ e Smf%?la%r] esu!?faE Qﬁﬂleme@@ ﬁllé"rttﬁ%nc?%ﬂ%ﬁé Il @M th

Cl to C26 al kyl, "hal ogen (brom he or c | orine) f oxy fonate or al kyl
sul f onat d])ydrctpihpbﬂc dlhk ydgehisoimodafinets, hgid sostydtants @@afl@l,e«ttbérfnatthmelcypa‘mlhtg efii ne

my be a aternary ani ne, str.uctur descri bed as, fo N
T2 wher ool Shdigh gctiaie Mfuhd aErE Pt dtad, Mgy e s e BF the
i ndependqa;ﬁéré'd siftbecs@ehbid MSdunti® a%tlahlmhﬁfactg%s tﬁe%lﬁhﬂﬁms ThRNEhikss t O

C26 aryls.” In one embodinent, R and R2 are independently selected from Cl
to C8 al I@%sbe €2ORAAICET it eninesiuviog th@stcsctlarr: "R RaRd) Wacraimd RRanéRe arc

i ndepend sel edfr meGco,to 6a|k 0
o6 B0 1SR S & FRLRL MOM. Bachndafitly SLE ol B CE MBI DR el | om

Cl to C8 a@ldkSé'tﬁ ,Czaﬂﬁlrl@ldtllf a3y 86 h@hﬂ@gae&,cﬁ% @5 afigiecteth €1,Mcas, dra &6
al kyl's, and to C26 al kenes, ,and R4 is a to C26 argl substitution on a
Cl to 026323@165}1 In ppe grbedigiene Rosar Merfre Hﬁpp@r@ie%@r sdectes ek ice Guopliods, C

| kyl 6
siols” Guhelipren ol i Sl R st sl e A g,
or diff eradal{lﬁneariattlda(l’getol(E\zeargelsnd{?mt%ullqthe.sraﬂnﬁiolatdﬁdentVE1 and R” are independently selected

USRI, 1 A8, RS A e tine & S

aboxe hy(&h@&ﬁﬁt@&{‘o&é’@ﬂd eyt au%ns 199 dihG e%ﬂordﬁﬂéiﬂ B BREUHOREE, %@gsélk%d@t ed

to C26 al kyl, hal ogen( romne or chlorine), sulfoxy sufonaeor
al kyl sul(fzdna@see)lkeuem aid, CalokGH 4rflsoR’ mwd:bcts}idﬁrmﬂg to&[z%kk&]SS@b tmﬁbfealkenes

Fyr ogendbed TR koY hrightu e BFied Fest PryBrbbEnst Ser Hlsithw HiroRkgags. and
di met hyl @i toltyda9aened@ortadly| @Wn gmwm@ae eﬂ%@iﬂletﬁé’ lad ¥ the ABBROh IR BNy |

benzyl dial kyl ammoni um net hyl enzyl rogenat ed tal |l ow anmoni um
di metXy| subsityliontyyelr d@%m@tmnt mRy dw ﬁ#ﬁh@hlsu titetad \ﬁiﬂbé}lzw C allm/l halogen

anmoni um 4 n i t df|I the
modi fyi ng(bléog%%? Qll}l?mlieg Srr?fo (S\i\@l ﬁ%% 86%@\? gfucl)lg tﬁg%}%%ng?l 0% |alnfi ?’drion one
enbodi menyo4yNd Mﬂefnaaoap,r tlﬁ:earﬂﬁletlﬁayflﬁevﬁ Yuitornanotméte, @tmadtam@ruescﬂlwbd as
certain errbodl ments, the exfoliating agent is present in the layered filler
wi t hin t Hellp¥tige from5 or 10 or 15 or 20 to 40 or 45 or 50 or 55 or 60
wt % based on the weight of exfoliathng afggﬂtr and clay. Stated as parts per
hundred rubber, the exfollatlng 15agent is'present in the layered filler
wi t hi2g t h;ehenremg?—:‘1 8f, Bt amd B hrotheGaRe or diff&Gemrand aroidependéntby selected from C,

to Cys alkyls, C, to Cys alkenes, and C; to Cys aryls. In one embodiment, R' and R? are
independently selected from C, to Cs alkyls, C, to Cg alkenes, and C; to Cs aryls, and R? and
R” are independently selected from Co to Cas alkyls, Co to Cys alkenes, and Co to Cys aryls. In
another embodiment, R' and R are independently selected from C, to Cs alkyls, and C; to Cg
30 alkenes, R? is selected from Co to Cas alkyls, and Co to Cy6 alkenes, and R*is a Csto Cy aryl
substitution on a C; to Cy6 alkyl. In another embodiment, R! is selected from C, to Cg alkyls,
C; to Cs alkenes, and C; to Cs aryls, R? is selected from Co to Cag alkyls, Co to Cys alkenes,

and Cy to Cys aryls, and R and R” are the same or different and are independently selected

-10-



7 or 8 phr in the nanoconposite. [0050] Exanpl es of sonme commercial nodified
nanocl ay products are O oisites produced by Southern O ay Products, Inc.,
Gonzal es,wbXn11Aaseoaxanpl e, C oisiteTM Nat, C oi siteTM 30BI/USk@i1®81668 M 10A,
CloisiteTM 25A, CloisiteTM 93A, CoisiteTM 20A, doisiteTM 15A, and 20
CloisiteTM 6A. They are al so avail able as SOVASI F and LUCENTI TE cl ays
produced by CO OP Chem cal Co., LTD, Tokyo, Japan. For exanple, SOVASI FTm
MAE, SOVASI FTm MEE, SOVASI FTm MPE, SOVASI FTm MIE, SOVASI FTm ME- 100,
LUCENTI TeETe Siptp CardkyledeN ICoEplsorgs. adfoste] Gon afddi AJdiHgnallyeincangyofithe teshe
quat er nar Y, AR Myt &eth‘é'@Xvé‘%ﬁdr%%aﬂﬁl?ﬁ'sﬁbs‘?ﬁut?o%s'dﬁ ﬁﬁ‘é%ﬂtr eﬁ%@frb’e fakther
post-treated to rénove any free ammoni um conponents. In s a treate
clay, al lsubftititee votraCe s @hy alkal, thaloigen (hremitgandilotih®r swfexyassifmiast edalwyt h
orrpone]gts on the filler surface - there are no

negatively charged c
unassoci aspgﬂnaé%gﬁ‘?luﬁu%léhlt’ aphBydre®Yll d react independently with the

el ast gmer|oglyg)i Ngshipfm1m :afégna% Al Rl AS t RERKC 286 LRE 18T IRNRG! &Y - di§ﬂ%§h di-

organocl ays are nore fully discussed 1n Applicant's copendi ng paten

30appl i catydorgenaded. taldgpp| dngmbniom, Noialky R /hyddogeBed ftalled B@ndpnin, @d@ehyl di-
[0052] I n certali dinments, .treatnent of the el astoner w the .

i of | at G sgeried HOSY! PBUEOBy SPERuITEYh TRPETEE arelH! cpenss! dinlky

" exf ol i atin@fioni@h, t RethyAY esadyip! &tigldedgenaed @ tIRIS e QuaRGRu@l  dich@&BUCt baryof
the ionic forces holding the |ayers together and introduction of° WO

2011/ 149603rEEhais gilonoaeeogunmp biet diberzybdialied ammppame. whi ch serve to space
the l.ayer di st ances-of. great er ~t;han t ernati vel. reat er than 9A
s DepdPaflon I RORES ReeMLETRERr Rl FUCRBRIAR g SLGENTT bBRe
pol yner i zigbloesnwive i thdmbeiticdl filkndn pad yrBoditciB gl ivdll dogipreens thes vayeins
and facilitates further delamnation of the | ayers when the intercalate is
shear i x@gthgr embegiment [otoyiaisy crabretimpntal the 6xioriatngiescal ntreesPhindihs paiesidon
of the e&y%}r'\xﬁ{hﬂggiear)iﬁéfr&ﬁﬂshwldE'relipgll YORS 467BE 55 %r 56 8P33Ly §5GATRHOY dp‘?i
exfoliated Tayered filTer i1 ncorporated In the nanoconpoSites in accordance
W t h cer tth¢ weahbofiexfetidting speatifidd clagnStdtal depeetsqrr Anndrog rdbberneid exfiolidthe
mechani cal properties or barrier properties of the nanoconposite, for
exanglse, aBEMP PESSt R H&tlﬁyerefi hﬁ%y@%mnﬁ%er%&w{ frem 0. %Q.ﬁtogBéeq{elrfm 9 &1 |
range from shdtif 1ehabd8hfhsppe 10 enbodiment, from 1 to 15 wt%in anot her
enbodi ment, from1l to 10 % 1 n anot her enbodi nent, and from1l to 5 w%in
anot her dff88li nehkamplas etlscome ¢cdrempioia) medifowimtaantlap praduets pemCloontos pradeced

Ex [ t dr ed bber, _th foliated. | d fill '
or esent 10 SHERAGBPOLT 4 CHPARSHEX, SREE PR GoisHes Ty Clasts 0. or
8 or 10 Qe BinANNBRATOSIe FogREnalaan ALANRAHo, Aeerdance i iy the

present invention, the nanoconpoésite I's prepared under sSolution mxI’n

condi2ii orGloisttbe €A asthegeid alspviildle bs SONSASIFV &l L UCENHTEedlhys moeadedny a
cement. Wile the el astoner may be dissolved in the solvent after first

bei ng f ul¢Q-Qft epamnical Cp., TD, phdkysefaraed Faneraginle $OMASIE " pMeéfte SMASHaAL t he
formatio a Sd ™t Sle LTV igi ™

manuf act W?ﬁgégfﬁ%@%ﬁ to E’oﬁr(tr)nﬁﬁ%el asfo’?rserl c%gif)l yfr\r/fetglg(% Itg‘Fle prT})TcEessS I?)I’ 20
dry and padHaAgEeENNETH(EMWMNEr nay negatively affect the desired

i nperneability characteristics of the nanoconposite. [0055] Suitable .
sol vent s PB3114gi s EbmedHyingbe play yrig the fRptsearn pemasBoiie cliydRan8e A1adafirds |

;23' %@;{‘Shrlggmﬁ 9 8k EAEst-tRURl 115 reRbANGHS Fred! HANEHumA B ERnts AN IARch &S
treated clay, all of the quaternary salts in the organofiller are associated with negatively
charged components on the filler surface — there are no unassociated ammonium salts that
could react independently with the elastomer during the mixing of the elastomer and the
organoclay. Such organoclays are more fully discussed in Applicant’s copending patent

30  application, U.S. Application No. 12/771,775, filed 30 April 2010.
[0052] In certain embodiments, treatment of the clastomer with the exfoliating agents

described above results in intercalation or ‘“exfoliation” of the layered platelets as a

consequence of a reduction of the ionic forces holding the layers together and introduction of
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t her eof Exanpl es include propane, isobutane, pentane, nethylcycl opentane,
i sohexane, 2- 25 nethyl pentane, 3-nethyl pentane, 2-nethyl but ane,

2, 2-di retWol2butiae@3 2, 3- di met hyl but ane, 2- net hyl hexane, P8TAIsethpbisexane, 3
- ethylp entane, 2,2-dinethyl pentane, 2,3 -dinethylp entane ,

2, 4-di net hyl pent ane, 3, 3-di net hyl pentane, 2-nethyl heptane, 3-ethyl hexane,
2, 5- di net hyl hexane, 2,24,-trimethyl pentane, octane, heptane, butane,

et hane, net hane, nonane, decane, dodecane, undecane, hexane, nethyl

cycl ohexadnelecygsb @Wﬁ@péﬁwrs which osireanespegothpcrppe st dinancereehgicaips Ihﬂ@e%

1, 1-di neth

U ans. 1, 2Tl AR ahard £ R CHIERGV AR, (R BBEERSHcate 10 morp readily sord

et hyl CyCIpmﬂJﬁﬂér&IaB],e nycirmdrenatesal ﬁmltmymyﬁd: oot detwaen 26 Eayetsodndefaeilitates

xyl ene, o ene, xyl ene, netaxyl ene, and m xtur es thereof WO
2011/ 149@%@ %{mmi%eé%@éaww@rvﬁ h T HAR e NS BRA rixed Wil DaBkPAYRGFent s
i ncl uge C}H@cel%l tHﬁfo?u{b' 4 hidfoRrh cﬁéﬂéi’sn@r?of th ckdflhia@ | rst&ltlgﬁghé‘p&wrﬂ&ﬁﬂaﬂnknear
cyclic, br anc al kanes. N'trated a kanes In but ‘are not limted
to nitr or{ﬁﬁiﬂﬂne The tanmnhaﬁexforhuatedolpy@pdirfél,er nn¢cnmja1t6dne thainano@aentoanes, in

t roh t rohept ane, ni.tr.ooctane, t.r dec ni t rononane
T oon g RAEP LR oo TR 0S el En 8%lon lsc T BRBRTRGHein the

ni t r ocyclpgmarane rdibleiﬁtfe@%’tcb%%% Hipertidst bOANE | RREMAMWite, Nidr T SGHIQhRXARE,
nltrocycloheptane ni trocycl ooctane, nitrocycl odecane, nltrocyclononane

nitrocycl sodbetb cainexygan mr:@wbﬂ@undéw@ ganerallybeiiziangs framd0.6 fie 28iwt%aidone
trinityro I 34003 f 1 Ve and Xt ur t here [ 057 not her
errbodlfomen eDshnlnn eomsgl veﬁr: (yné U m epeggkmoﬁfegoxygenaid ,Wt?nc uEIOther
10CL to Gaabodisehohisl fr&ﬁﬁtlm Wt%tthtﬁlSEheﬁarﬁlb@dﬁMiehQ bagdddsh, the poBiser oamént of

m xtures thereof. Other _suitable solvents are further described in

2006/ 085957 NanQOBBPH oepiared i) et deE hundrad lrulzher,tth@ cxfiatednigyergd §1élebé9
used suc I r I

met hyl emt)‘p g%flf)llrﬂ |tgéeh£§{cﬁlgpg%ﬁlvaﬁﬁ§1%q%?%gQ‘Fm?h ori g’to @‘é&? )6:{ 8(E)Ellgrl gf"phr

chl or of or¥aneenthposixé Bregmratier eof 15[ 0059] The necessary char acteristic of

t he sal ven})% s that it be capabl e of dissol.vi nt% and actual ly dissqlv t he

pol yrier df0%He ¢ dApsradencs whm PIGSEY N Y10 PretNC NanGOUIROSHE Je BIoRRE YHer

nanofi || es'blutl%ﬁrm&Q{Ec&ﬁi'it‘io%Is“ ”PK@ M@ﬁ&ﬁen@?o%{eﬁfq@m%@ﬁib@ﬂl Ta%%R%h@tc%a%iﬁ the
pol ymer m ght not be dissolvable in the sol’'vent, but yet the liquid b corres

a sol ventcefngnt. t Wailp dhwﬁmtomer why be dsmlvtcbmbc atlvegsfiat fivh bclhlgtfhléy pebyees

will be mxed with {1 an IIerf f Qf u et\hZOdlluent/soI vents,
ol | ow ng gy hen g ARG ittrerhE et dpabdion e RibosMaPhyR By ih
rai sed t g nshé Bﬁgﬁlﬁﬁmﬁﬁlﬁ}{&ﬁfmg’j‘ﬁﬂ)c&ytﬁ ghtm RN KGO pTy b @k pb@cess to
necessary. [0060]Prior to introduction to the dissolved pol

nanof20l | elry e padkeec the pathaedt may zeghlyclpetiedidlre dasirad mmma@éw@a@ctemtws

nanofill e I Any,.of the above |isted solvents are suitable and nay be
used for pfrt%eplgarnoxomk)%%tenanofl ller slurry. The solvent is ideally selected

to [0055] Suitable solvents for dissolving the polymer include hydrocarbons such as
alkanes, including C, to Cy; linear, cyclic, branched alkanes, alkenes, aromatics, and mixtures
thereof. Examples include propane, isobutane, pentane, methylcyclopentane, isohexane, 2-

25  methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-dimethylbutane,
2-methylhexane, 3-methylhexane, 3-cthylpentane, 2,2-dimethylpentane, 2,3-dimethylpentane,
2,4-dimethylpentane, 3,3-dimethyl pentane, 2-methylheptane, 3-ethylhexane, 2,5-
dimethylhexane, 2,24,-trimethylpentane, octane, heptane, butane, ethane, methane, nonane,
decane, dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,

30  cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis 1,2-dimethylcyclopentane,
trans-1,2-dimethylcyclopentane, trans-1,3-dimethylcyclopentane, ethylcyclopentane,
cyclohexane, methylcyclohexane, benzene, toluene, xylene, ortho-xylene, para-xylene, meta-

xylene, and mixtures thereof.
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25 avoid any reactions of the solvent wth the nanofiller nodifying agent.
M xi ng of the nanofiller in the solvent may further initiate separation of
the fill ewopbatesa03l n an enbodi ment, the slurry is prepacedssaias2ed® have a
nanofiller content of anywhere in the range of 5 to 65 w%clay, with a
preferred filler loading of 10 to 50 wt% Wiile the slurry may have a

hi gher filler loading, up to 85 w% such hi gher | oadi ngs are not preferred
as the filler 30 not becone sufficiently "wet' prior to introduction to
t he pol yr{BPSGemsi'lﬁ anqthernyplagdiment, swigablarpelucith aeclwlonpng onmerepigtad #Hkincgor e
than 3 wt e he
i1 ers R 8 T PR By R RE op Ao SMRY, NERRIQULAR Shouc Bu

| ayer ed clraynote Ihﬂul&dOtdle’ﬂtrd)lﬁst&aﬂny dnioobibhhe haypr@dné,i hﬂtﬁjb&taneV\lﬁltropentane
2011/ 1496Q3PCT/ US2011 £32608 [ 0061] The soI v t used to prepare.the pol yner
cenent ardieEaRanofioNgptarg, yr PYTOREFIHe OHEPISEHRS, or NHAYOIES i MIEIIOFECN] S0
a m xtur nt d | a t he
il of sl ry e ﬁf@ﬁ@%ﬁﬁésﬂﬁﬁ%&hﬁ’ﬁ%ﬁ? | B BT R EISRLE. e
the fill entrdqyathipagtand, Itltnecyfcidhleeanes hUrqcyclohe:ptaﬂee nttroc’ycipect@me sufracyatodeainen

two or nore 5 sol ent ared n the production of th anoconposite
conposi § TUCCrglenEs: oame afoBiHsr Muievy iBBeae §e8ty e g he - shat"

al t er nat in@b Yerslodsbithk abS Hf?dlm&tul%kft&&&ﬁil vely from5 to 95 vol % and
alternatively from10 to 90 vol % with the total volune of all solvents

present #0300 vbl ar%the[r@ompwsengtsattéde solrends tehudant wastionh oaygasisodicheing of
t he i,nve nac osi.te 10 sforrre rin nufact uri
proce@s (r)¢ fohCm OoSrTerel?O(?I% p?o thers car m?;yfhgr% gﬁ?si %n& R g ur(lﬁﬁ%r

process csfultwws@lsahytmelfaﬂleermag@me@mwceaoo&rb@s%er the i sobutyl ene based
polymer is a but rubber, hal ogenated butyl rubber, a random

i sobut yl dABSYt yr l@gs%qtmﬁmoaﬁ oh aH0Tolhe ke M ridesnbe slé%ﬁ%ﬁlhe%ed%@r%aéf‘ﬁje
|
P’ art | DRTERGRE R, Bl i8Ry PRRIoHdeD Rl BB LBRSEnBibG SioolE

2, 356, 12&hlddids, biRal ehibdridep chldroddidn, A2d mikiufes t]E%&é@fnt No. 4, 068 051; and U.S.
Pat ent. No. 7.414,101. As disclosed. i hese ref n rs and
cat aﬁést J003Y g Eé%m@asair}ﬁcgargﬁ?%ﬁtor} F%S%ﬁ%ﬁs 1t§98|¢9ﬁ@$? ohdiSeviBE i

I'f the poa!cﬁﬁﬁgr'd?s%l'vé)r{hé Eolgm%lr W thy te%’de)’d?ﬁtre o& @i ANthe f)g'@m%P s‘@@ BE nh§ec§@itﬁ?ﬁeed
such that the resulting polymer will precipitate olt “of the solvent upon

f or mat i oman&filligrr \F op@bmmﬁntezatsokmntsmmotyrmman@s tenmperatured theporPmen Bigho hotds

th I f b th |uti :
ol yier - 25 dR1AR 8RB Rk B Dtar S aoriyrir Fhls bment sl
from t he ts@pmaftes &hmch&hé YBiyedh lwillden erikdd Fith! tas mafefmsr. fdrl @B dulY use
washi ng and drying of the polyner to yield a rubber crumb suitable for

bal i 7§ arddlugaiciobugats, JeléovAngslurry melymerjzates) Ithe ttmpmww of ¢hq elupy may be
hal ogenatrglsed{ O(Lss%?veyc[;regonlglglt%{]e BRI réfa?acgglg ‘rtrm {' noS[?)%crjlegesga > was prepared

via slurry polyneriza urty s aMy remai ni ng

unr eact eqoaanorrepﬁoﬁmdntrh@oﬁbh tethe dissolvedpalyattrwhé harofilieelmagarsodir ddded to
di ssol ve the pol see FIG 3. If the polyner is I?re ared via solution
mi xt ure gnbyqrecasben Ilqwﬁ tgupdiesi oRanafilen sleys afpy hdhe Qenlisterngolyents are

sui tched e LAE AP LY IR R0 BRALhSLRAANALOLE THES AN § BIBIIP Wlrca g

unr eact ed " MONONET S. pol'y e solvent
30 efSentavald yn§f rexetiofis ofi rtleasasoleelntnwrthrthe maooﬁﬂlﬂmnﬁﬂfﬁngl@entweﬂ\gmngsoﬂﬁle

PPl Mol LT NG Lot O S0 SRS 25T gt e 3455
2011/ 149603 5’1%%%%%9%%6&@% [hQQ@é}]nE%tﬂ% %ﬁﬂeﬁﬁopaan%redthtﬁé) 'réifg@ oGl B 1S

carried out ding bromne liquid or chlorine vapor to the polyner
sol uti on. wtf%{alctagemaﬁu zopretférr@dsﬁbclt lphding Qfobbtwﬁr@erv@% sVéhlkeothd@élu’ry begt harvela S.

Pat ent . 19, 82. Aft SO ut| | ct

et ral | FUETREATSE BiTinsarnih S mePByuat bidfer lafinEn et dpesid h R e iy,

IS CopVetot ®Bainhd/sufficiently “wet’ prior to introduction to the polymer cement. If necessary, not
more than 5 wt%, preferably not more than 3 wt%, water may be added to the filler slurry to
provide slip to the filler; this may be more beneficial when the nanofiller is a hydrophilic

layered clay versus other less hydrophilic layered fillers.
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S5reacted with an aqueous caustic solution to yield a soluble salt in an
aqueous phase that is later renoved. [0065] For both the hal ogenated and
non- hal ogeoavadi4p@Byner, the butyl polymer is then fini eh@dsbyinsasosal of
all solvents and drying of the polynmer into a crunb formthat may be bal ed
or packaged. 10[0066] Per the present invention, after the

chem stry/ physical structure of the base polyner itself is fixed or
established and while the polynmer is dissolved in a solvent, the nanofiller
i s introd08@d toTheeolyentywed to mesarsdbopelymer corend gad dhoananefilla sliay saydive
mass {1 angf ehmdeRendent difran: | MITRAULAGHAT MG iy B BedPRl AEive dhe
structure has been conpl ete ut prior to any recovery o He poﬁyner

wher ei n rpptyanear yhdddr drbae phé Yitler siusrydeBaseddupon the desptdhimfilendéxling efrtheal

of the polyner from any di).uent or_solvent. and which _may or may not include
drying ofpo)r(merﬁawlﬁﬁegﬂer#%lll@gy%% BeNPesduBY P AhsmpxivERf St WHE £VE PEREr
dependentoRlAd i Brepikd H bR JFRLAAGEShH e AbripBS ifR] LB oIl i may

i nvol ves nol ecul a ransport of atons an w thin the physica
system Fompmea{ioal @demnaPddoklasitometigsly itven ham89 vol ¥ altenatddbdiramteto 95

pol ynmeri zat ion but before sol t remyval . and drying of the polyner, see
EP™ a5 ndgheRiiieaamell B ol vl with M San bt ol e i F o
hal ogenatotfagopol yner, i.e., additional mass transfer dependent stages,
provi de for additional entry(ggints for the nanofiller in the process, see
FIG 3. TAB6HanofisIstaged, fragecarapchwith dd embpdingng ohthicagemaipiohe nagsompogte
af t er, ,hal.ogenat,ion_and hefore neutralization - point B or after .

neut 191 2500 dahaf e REGuku iR’ R ou o e Qi B dupine the

hal ogenatrafuficudipobtbcastyohelecogenayican aked pelyrrnoihéther tHEoBbbitglene Hasany
free or excess bromne or chlorine bonds with the nodifying agent on the

nanof i | | giolymeres fiutd rupsy, balogesaigd uyliradbery sndpmobe it pier-sEac PBHEEI bl e
wi th the fql BB ona il th@ﬁéﬁk‘%%&?&& d ?b{)fﬁﬁeﬁ'er. HoMRR LSRRI Qfégt%ﬁ{epsgisqx;cfllt he

pol ymer (eit uring I'nder o nanoconposi te “process or during
el ast onerknowaaophesedikiilpdvin ttie dineandds daseoibodrpodtthié in, rfay exaagiit,tU iSn Patest No.

di fol i_ated filler | | ' ' h
(i <paPsoch-fuft s Woh. FHETEIN +HA-@4hhiRa Tguo- hOPLBids i Hgor et NPt y
char act erj si4 (. lqlﬁxs ReINaN AL ABROR L En eV %%Ho%%%lﬁf&ﬂl%@ Qéédilé’&%_ﬁe%&n a

[ 0068] The nanofiller may al so be added after neutralization follow ng

hal ogenatsobrent, in phehdht papmeiintenfoecenc & the polytiveizatent is alsiurat padymsitizpoand
to permt_ _any free or exce hal ogen..t o be elim nated and ayqi d any bondi ng
wi th t he HERDFTTSITorsat R Ryt yehrulipopeaes ay pEstr bt &f ecoleaLeiay of
t he | ayergentrmof Blur§r papshetingioR0dandRions irss®! MEE) %o 170 w136 sSRHY eNthc §1hAy.
conbi ned |liquids (the nanofiller slurry and the polyner cenment) may be

subj €8t edrallowi pelymeipetion, Xempothesplusient tedrmevratipn rahe sturty delyexpestioande by
passi ng through th L pe ween diff.erent. t,an i-n static
o ng RSt e B PR O VBl e B U B ol

bl ade i n B hastkng [200 7R} hedehespdlathet keelde et adbeadainity binedenadr bdlRpast -
10hal ogenatj on/ neutral | zati on process steps, the followi ng tests were

per f or medpackagst seg Hlg87A19na?- HBr  di f f usi on test was perforned via the

(01100 nquag Uou S ARSI o o LSO KRR,
t he Qi5ghtwayl aeparcA ¥iaxdary qlolymecrohtipn| theeslucenenteatel addedovelhgy remaining
unreacted monomers and the diluent is replaced with a hydrocarbon to dissolve the polymer,
see FIG. 3. If the polymer is prepared via solution mixture and is still in suspension, if
necessary the solvent may be switched, and the polymer cement is treated to remove any
remaining unreacted monomers. For halogenated butyl polymers, the solvent should be
30  essentially free of unreacted monomers or low molecular weight side species may form
during halogenation. Such species can negatively affect the desired end properties of the

final halogenated polymer.
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15 pol yner cenent used was brom nated isobutyl ene para-nethyl styrene
(BIMSM in hexane. For the conparative test, the cenent did not contain a
nanofi | | ewpQ 2bri4bdee exanpl e test, the cenent contai ned POTAIS20INABIB0S ay
(CoisiteTM 20A from Sout hern Clay Products - clay with a dinethyl

di - hydrogenat ed ammoni um nodi fier). The contai ner was then pressurized with
HBr gas to provide a nolar excess of HBr versus NaOH No agitation was
provi ded. Over 20 tine, HBr dissolved in the cenent phase and then diffused
to the add@edls pﬁa@@ew@p@futhe digglerdpaleaet is gawiodrput E@ agddiae Mg rliswidier

The rate c‘ﬁior& _S%%l o 't@%éj ?Bl{yﬂ?e'r Q3R nﬁ@lﬁgéﬁﬁogyoft 1@&1{?%& @%‘M&h&l@ ik r.h?so

col or change romp o0 clear - e aqueous
par anmet erdes@itaddrie St ?atanteNshsmo,béjz OViA ftam h'Eaigeﬁatﬂon twllﬁldh fﬁeﬁlbje%daﬁmt ers

Exanpl e Oo rative Aq eous phase volu (ml) 150 150 Sodj ym hydr oxi
conc. (N)ne 1za@0m FRin %P&qw @ulﬁtprfr?f@ %gsnm EBs 08 a&slceﬁvqnﬁoaﬁwem

(W9 515. 3.t %lthlaa'ﬂoﬁfu@éfusc&lﬁgt?@gcﬁﬁ'ﬁdtpfb &i@ldca@ 0B0b1e (4% %R aﬂ-a‘ﬁu@ous phase that is

later removed.

[0065] For both the halogenated and non-halogenated polymer, the butyl polymer is then
finished by removal of all solvents and drying of the polymer into a crumb form that may be
baled or packaged.

10 [0066] Per the present invention, after the chemistry/physical structure of the base
polymer itself is fixed or established and while the polymer is dissolved in a solvent, the
nanofiller is introduced to the polymer. The nanofiller is added after at least one mass
transfer dependent stage in manufacturing of the final polymer structure has been completed
but prior to any recovery of the polymer wherein recovery of the polymer is defined by

15  isolation and/or removal of the polymer from any diluent or solvent and which may or may
not include drying of the polymer. For the purpose of this invention, a mass transfer
dependent stage is any stage in the manufacturing of the polymer that involves molecular
transport of atoms and/or molecules within the physical system. For non-halogenated
clastomers, the nanofiller is added after polymerization but before solvent removal and

20  drying of the polymer, see FIGS. 1 and 2. For halogenated elastomers, the additional steps
required to halogenate the polymer, i.c., additional mass transfer dependent stages, provide
for additional entry points for the nanofiller in the process, see FIG. 3. The nanofiller may
also be added before halogenation - point A, after halogenation and before neutralization —
point B, or after neutralization — point C.

25  [0067] The nanofiller may be added after halogenation to avoid any halogenation of the
nanofiller modifier. If any free or excess bromine or chlorine bonds with the modifying agent
on the nanofiller, the filler may be rendered less hydrophobic and less compatible with the
polymer. With reduced compatibility, downstream processing of the polymer (either during
the remainder of the nanocomposite process or during elastomeric compounding with the

30  nanocomposite) may result in the dispersed or exfoliated nanofiller layers agglomerating and
reducing the dispersed nature of the clay. This would result in reduced impermeability

characteristics of the nanocomposite.
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HBr gas pressure (psig) 42 42 Tinme for pH indicator color change (mn.) >60
22 WO 2011/ 149603PCT/ US2011/ 032608 [ 0072] For the conparative test, the
col or chawmgediy19@2 m nutes. For the exanple test contPairisag 108508
nanocl ay, it took |longer than 60 m nutes for any observabl e col or change.
Thi s suggests that presence of the organoclay may interfere with the
neutralization process of 5the cenent. Test 2 [0073] A second diffusion test
was performed, this tine includi ng) agitation of the cenent, 1.5 1liter

(3

A
gl ass cor®PeflousThe nanefiler apay plegy dedcafte) napdaliegiion Jelowinghadepasaatian to
e . anm. ‘ ; ' g
wth a nataht 8y ARARE G ARG ER0 SPald tofehmicall oK S, GUBEACT,
hexane altoibe clithivextadogdraveidaee boagdingragstie nzedillst iModHBimggasntt 0 provi de a

nol ar exc of HBr versus NaOH. The CSIR agit ator s turned on and the
tine reqdﬁﬁéﬂ f oft o eHiEctAgMNIglF capigstingrlithe laé(a{fédﬁgt)ﬁff‘gsa@dt%e peEmgedienlgid was

o 05 B, 8 kO TS g Sy 50 b
Par anmet erssbigg@dpd iGogpahaniivieg magdwphatavhivle iR fluids experience by passing through
the pipes between the different tanks in the system, static mixing in a tank, or high shear
mixing achieved by a high speed mixing blade in a tank.
[0070] To  demonstrate  the effects of adding the nanofiller post-
10 halogenation/neutralization process steps, the following tests were performed.
Test 1
[0071] An HBr diffusion test was performed via the following set up. A sight glass was
mounted in a hood. A fixed volume of aqueous phase containing sodium hydroxide and a pH
indicator was placed in the sight glass. A fixed volume of polymer cement is added. The
15  polymer cement used was brominated isobutylene para-methylstyrene (BIMSM) in hexane.
For the comparative test, the cement did not contain a nanofiller; for the example test, the
cement contained 10 phr nanoclay (Cloisite™ 20A from Southern Clay Products — clay with a
dimethyl di-hydrogenated ammonium modifier). The container was then pressurized with
HBr gas to provide a molar excess of HBr versus NaOH. No agitation was provided. Over
20  time, HBr dissolved in the cement phase and then diffused to the aqueous phase where it
rapidly reacted with the sodium hydroxide. The rate of dissolving/diffusion was measured by
the rate at which the color changed — from pink to clear — in the aqueous phase. The test

parameters and results are shown below in Table 1.

25 TABLE 1

Test Parameters Example | Comparative
Aqueous phase volume (ml) 150 150
Sodium hydroxide conc. (N) 0.01 0.01
Cement volume (ml) 10 10
BIMSM concentration in cement (wt%) 15.3 15.3
Nanoclay concentration in cement (wt%) 1.5 0

HBr gas pressure (psig) 42 42
Time for pH indicator color change (min.) >60 22
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Nunber of trials 2 2 2 Aqueous phase volune (nml) 200 200 200 Sodi um

hydr oxi de conc. (N) 0.071 0.071 0.071 Cenent volune (ml) 800 800 800 BI MsSM
concent r avpani/mo@enent (w% 14.6 17.2 0 Nanocl ay concentrnstéion3iens cement
(M99 1.5

[0072] For the comparative test, the color changed in 22 minutes. For the example test
containing the nanoclay, it took longer than 60 minutes for any observable color change.
This suggests that presence of the organoclay may interfere with the neutralization process of
5  the cement.
Test 2
[0073] A second diffusion test was performed, this time including agitation of the
cement. A 1.5 liter glass continuous stirred-tank reactor (CSTR) was charged with aqueous
sodium hydroxide and a pH indicator. For two trials, the tank was charged with a hexane
10 polymer cement and for one run, the tank was charged with hexane alone. The vapor space
was pressurized with HBr gas to provide a molar excess of HBr versus NaOH. The CSTR
agitator was turned on and the time required for the pH indicator in the aqueous phase to
change color was noted. The results are set forth below in Table 2. As each trial was

performed twice, the average results are provided.

15 TABLE 2
Test Parameters Example | Comparative 1 | Comparative 2
Number of trials 2 2 2
Aqueous phase volume (ml) 200 200 200
Sodium hydroxide conc. (N) 0.071 0.071 0.071
Cement volume (ml) 800 800 800
BIMSM concentration in cement (wt%) 14.6 17.2 0
Nanoclay concentration in cement (wt%) 1.5 0 0
Initial HBr gas pressure (psig) 30 30 30
Impeller speed (rpm) 400 400 400
Time for pH indicator color change (min.) 30.3 2.7 0.1

[0074] The hexane-alone run, comparative 2, shows a rapid drop in the aqueous phase
pH. For comparative 1, the pH change occurred within several minutes. As seen when
comparing Test 1 and Test 2, the pH change occurred significantly faster when agitation was
20  provided; however, the delay in the pH change suggests the nanoclay may interfere with both
halogenation and subsequent neutralization of the cement.
[0075] As noted above, when preparing a halogenated nanocomposite, the halogenated
polymer cement is neutralized by means of a caustic wash. This introduces water into the
solvent based system. The water may be completely or partially removed from the system
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O OlInitial HBr gas pressure (psig) 30 30 30 Inpeller speed (rpnm 400 400
400 Tinme for pH indicator color change (mn.) 30.3 2.7 0.1 [0074] The
hexane- alwoeorwmosodonpar ati ve 2, shows a rapid drop in Phe/squaenssophase
pH. For conparative 1, the pH change occurred within several m nutes. As
seen when conparing Test 1 and Test 2, the pH change occurred significantly
faster when agitation was 20 provi ded; however, the delay in the pH change
suggests the nanoclay may interfere with both hal ogenati on and subsequent

neut r al | ZWIOr 6& igFodpRiEOT tangfolr7 sfuasy - nbittel s vie Mok pielpigmongd.af the
hal gl IADPSAMICS Lyl U6 TS oL BALYARSSTE D g )
system THaeofildrean eayilddfeerc onplréicedny nofy andet ab loptaie an\eadildisroof theesysyeat @m
permit the polymer and nanofiller to interact and preclude the water from rendering the
5 nanofiller more hydrophilic and reduce the compatibility with the polymer.
[0076] The system is subjected to sufficient shearing, as in a commercial blender or its
equivalent, for a period of time sufficient for forming the emulsion, e.g., generally at least a
few seconds. The emulsion can be allowed to remain in emulsion form, with or without
continuous or intermittent mixing or agitation, with or without heating or other temperature
10  control, for a period sufficient to enhance exfoliation of the clay, from 0.1 to 100 hours or
more in one embodiment, from 1 to 50 hours in another embodiment, and from 2 to 20 hours
in another embodiment.
[0077] When used, the surfactant concentration is sufficient to allow the formation of a
relatively stable emulsion. Preferably, the amount of surfactant employed is at least
15 0.001 wt% of the total emulsion, more preferably about 0.001 to about 3 wt%, and most
preferably 0.01 to less than 2 wt%.
[0078] Cationic surfactants useful in preparing the emulsions of this invention include
tertiary amines, diamines, polyamines, amines, as well as quaternary ammonium compounds.
Non-ionic surfactants useful in preparing the emulsions of this invention include alkyl
20  cthoxylates, linear alcohol ecthoxylates, alkyl glucosides, amide ethoxylates, amine
cthoxylates (coco-, tallow-, and oleyl- amine ethoxylates for example), phenol ethoxylates,
and nonyl phenol ethoxylates.
[0079] After the nanofiller has been incorporated into the polymer, using conventional
elastomeric drying methods, the elastomeric nanocomposite is recovered from the solvent
25  mixture. After the elastomeric nanocomposite is recovered, it may then be compounded with
traditional elastomeric compounding constituents to form a fully compounded elastomeric
composition.
[0080] The elastomeric nanocomposite may be present in an elastomeric composition in a
range from up to 90 phr in one embodiment, from up to 50 phr in another embodiment, from
30  up to 40 phr in another embodiment, and from up to 30 phr in yet another embodiment.
When used as the primary elastomer in a composition for use as an air impervious layer in an
article, such as a tire innerliner, tire innertube, or a hose layer, the nanocomposite will

comprise 80 to 100 phr of the elastomer present in the composition.
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recovere romt ol'ven Aterthe e ri ¢ nanoconposite

I S recovaredssinstcomaynitieitroben, aanpal rhdbgemn sulfut oragthtn growps @baldt offarntéracting
conpoundi constityents to forma f C rrpounded .el astonerjc
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fromup to 50 phr in another enbodinent, from

composition is a dynamically vulcanized alloy Preferably, the thermoplastic resin forms a
continuous domain in the material while the elastomeric nanocomposite is present as discrete
clements in the thermoplastic resin domain. The resulting alloy has the repeatable
20  processability of thermoplastic with the flexibility of the elastomer. The thermoplastic resins
are present in the nanocomposite comprising alloy in amounts from 40 to 80 wt% in one
embodiment, and from 50 to 70 wt% in yet another embodiment.
[0083] Suitable thermoplastic resins include resins selected from the group consisting or
polyamides, polyimides, polycarbonates, polyesters, polysulfones, polylactones, polyacetals,
25  acrylonitrile-butadiene-styrene resins (ABS), polyphenyleneoxide (PPO), polyphenylene
sulfide (PPS), polystyrene, styrene-acrylonitrile resins (SAN), styrene maleic anhydride
resins (SMA), aromatic polyketones (PEEK, PED, and PEKK) and mixtures thereof.
[0084] The elastomeric nanocomposite may also be blended with a variety of other
components and may be optionally cured to form cured eclastomeric nanocomposite
30  compositions that ultimately are fabricated into end use articles. For example, the
clastomeric compositions may optionally comprise: a) at least one filler having a size larger
than the nanofiller of the present invention, such as calcium carbonate, silica, talc, titanium

dioxide, starch, wood flour, carbon black, or mixtures thereof; b) at least one processing oil

-19-
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25 E. The method of any one of embodiments A to D wherein functionalization of the
isobutylene-based polymer yields a halogenated isobutylene-based polymer.
F. The method of any one of embodiments A to E wherein multiolefin monomers are C,4
to C14 multiolefins.
G. The method of embodiment F wherein the multiolefin monomer is at least one of
30 isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, alkylstyrene, or piperylene.
H. The method of any one of embodiments A to G or any combination of embodiments

A to G wherein the isobutylene based polymer is butyl rubber, bromobutyl rubber,
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[
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to L wherein the contacting of the layered nanofiller and polymer solvent includes

20 mixing of the nanofiller and polymer solvent.
N. The method of embodiment M wherein the mixing is high shear mixing or static
mixing.
0. The method of any one of embodiments A to N or any combination of embodiments

A to N wherein an emulsifier is added during the contacting step.
25 P The method of any one of embodiments A to O or any combination of embodiments
A to O wherein the time for the contacting step is less than 60 minutes.
Q. The method of any one of embodiments A to P or any combination of embodiments A
to P wherein the time for the contacting step is less than 30 minutes.
R. The method of any one of embodiments A to Q or any combination of embodiments
30 A to Q wherein the step of recovering the nanocomposite includes at least of the
following steps removal of the solvent, washing the nanocomposite, drying the

nanocomposite, and baling the nanocomposite.
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chl orobutyl rubber, brom nated isobutyl ene-nethyl-styrene rubber,

chl orinated isobutyl ene-net hyl -styrene rubber, star branched butyl rubber,
star bramebediciab@sobut yl rubber, star branched bronoburgir/usedhb®s2608
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t he nanoconposite, and baling the nanocoriposite. WO

2011/ 149603 PCTtids20147th8p69BcE. The net hod of any one of enbodinents Ato R
or any CO[HH&()I] ati &ro]m%fosi 1g1t1)sogoimn§ri]s%1§g the nanocomposites of the invention may be extruded,
compression molded, blow molded, injection molded, and laminated into various shaped
20  articles including fibers, films, laminates, layers, industrial parts such as automotive parts,
appliance housings, consumer products, packaging, and the like.
[0087] 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
25  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
such as truck tires, bus tires, automobile tires, motorcycle tires, off-road tires, aircraft tires,
and the like.
30 [0088] In another application, elastomeric compositions comprising the nanocomposite

may be employed in air cushions, pneumatic springs, air bellows, hoses, accumulator bags,

and belts such as conveyor belts or automotive belts. They are useful in molded rubber parts
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A to R wherein the nanoconposite is conmpounded with thernoplastic resins.
TThe nethod of any one of enbodinents Ato S or any conbi nation of

enbodi mrerwe 2M1t@9@3wher ei n t he el astonmeri ¢ nanoconposi t @Crassbuniobmns bl ended
into an el astoneric 5conposition and is present in the elastoneric
conposition in anmobunts of 80 to 100 phr. U. The nethod of any one of

enbodi nents Ato T or any conbi nation of enbodinents Ato T wherein the

el astonmeri ¢ nanoconposite is further blended with any one or nore

of the fomdoWidhyida aprlisatenscincyHempbilie srspensieih byampers oAy sihaust jhapgers, angeh
as Carbo@mﬁ%%&@ﬁﬁ or silica, processing oils, processing aids, and
curatives. V. e met hod of any one of enbodinents Ato U or any

conbi nat i[008%f ewrdddionelny, cldtdmerld vdrepaBitionk kemplisisiahe hatodoaposicopagide i S
conpounded and used to forma tire innerliner, atire inner tube, an air

bl adder, %r usggr?és?éi%ﬁ%}y%% Cokorralis ABd EHZIh GOTBRRIGP- e%d%rﬁéiﬁos Uyl or
any CQmigALEARah rAERPAIrRM:Snd 36 cbpdh ML e MpbliEo AAAAEL fhaflfctured into
polymeri Zzed i1n a solvent, creating a polymer cenent, so that the

nanof i | | extreich-wiiap ddtrlsy andopdrsamds tforelubobants randemepitttingy and cleotrmaly cabde dllergy of
t he polyner..&QO86]Cbnpositions conpri sing the nanoconposites of the

i nvent i o"#&*Be ext r uded, conpr essi on nol ded, bl ow nol ded, injection
nol ded, gogodjam AAt §diotint Qlokamb@AYS paltaRedhddiastdns! @sdi pabidiapslidatiBy, Stest
films, |lam nates, layers, industrial parts such as autonotive parts,

appl i anceproepduion gsichas A mophasidl end othgundecagionty, citaa dctcheark ifidey, intoperlcthe
nanog@mpag| }e rgﬁ)crerqgsthé[ Loy &Rh %?Sc?ors{lr%eig ndP heon Xnt.bv(gitlllJ elgl 'Illvrén%iohﬁa and fqr all
manufact ure Of &l T nenbr anes SUch as i nner Fners i nnertubes st uéWal9's”
treads, Bhashalons iaRchithigudh kRotppedionnistgtempteadudthcd muferichll BS:.cr Mditoglal and
equi pnment used to manufacture the 25 innerliners and tires are well known
in the arftumerial wnpgeHptismee distadthercinyirarges tfepra gy fayrerilbvt & ameupRed lopit arc
nanufactqkﬁmhgﬁm@&ticles such as innerliners or tires. In particular, the
nanoconposites are useful in conpositions used in articles for a variety of
tire applications such as truck tires, bus tires, autonobile tires,
notorcycle tires, off-road tires, aircraft tires, and the |ike. 30[0088]In
anot her application, elastoneric conmpositions conprising the nanoconposite
may be enpl oyed in air cushions, pneumatic springs, air bellows, hoses,
accumnul at or bags,
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and belts such as conveyor belts or autonotive belts. They are useful in
nol ded rubber parts WD 2011/ 149603PCT/ US2011/ 032608 and find w de

appl i cat iwo0im4eBonobi | e suspensi on bunpers, auto exhaastush@angszess and
body nounts. [0089] Additionally, elastomeric conpositions conprising the
nanoconposi te may al so be used as adhesives, caul ks, sealants, and gl azi ng
conpounds. They are also useful as 5 plasticizers in rubber fornul ations;
as conponents to conpositions that are manufactured into stretch-wap
films; as dispersants for |ubricants;ChAdMSh potting and el ectrical cable
filling I 090] Al priority docunents, patents, publications, and
pat ent agg»?gg?kgﬁ%{gtest procedures (such as ASTM net hods), and ot her
docunents cited herein are fully incorporated 10 by reference to the extent
such disc| osure is not inconaistent with this invention and for al

j urisdi cth-ons A nMe#%h fQUCHOMIRS pit atPURAMPEC PRANRPeMBRPICWHER AERASPIPASite

| ower sl imts ri Hdant L, gt i g ny
over 11t o QoL L ApotdPREic b RIANR HhE L T ROER PR
is: 1. A met hodohgrispigdblugteprgofan el ast omeri ¢ nanoconposite, the

nanoconposi te conpri sing.an isohbutyl ene-based pol yner. and a | ayere

nanof i1 or i pr btz St FTaRepengRmual op oS fgoduce an
i sobutyl ene mogsyiBfISncaRdedPblyhelef i n nononers to produce an

i sobut yl ene- based 'pol yner; ) conpleting at |east one mass transfer
dependent stad® i n cohwlgimges deasivprer mpss, trand fos depandpitetigsrin diic pioecsatwhoseing
one age and prior_taq.any.kecovery qf_ the pol. r. the pol yner i,s

i ssalved i n drihroupRiss HEgRERidond sibind By Bigny ok B L R g the
pol ymer sol verjoljerabptinidivél inanpt@anosi te; and d) recovering the

nanoconpost t e'c) contacting the layered nanofiller and the polymer solvent to obtain a
nanocomposite; and
d) recovering the nanocomposite.
15
2. The method of claim 1, wherein the completed at least one mass transfer dependent
stage is: 1) the polymerization of the isobutylene monomers and multiolefin
monomers; ii) functionalized of the isobutylene-based polymer in a solvent; or iii)
neutralization of the functionalized isobutylene-based polymer solvent.
20

3. The method of claim 2, wherein stages 1) and ii) are completed prior to contacting the

nanofiller slurry and the polymer solvent.

4. The method of claim 2, wherein all stages 1), ii), and iii) are completed prior to

25 contacting the nanofiller slurry and the polymer solvent.

5. The method of any one of claims 2 to 4, wherein functionalization of the isobutylene-

based polymer halogenates the polymer.
30 6. The method of any one of claims 1 to 5, wherein the multiolefin monomer is at least

one of isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, myrcene, 6,6-dimethyl-

fulvene, hexadiene, cyclopentadiene, alkylstyrene, or piperylene.
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The nethod of claim1, wherein the conpleted at | east one mass transfer
dependent stage is: i) the polynerization of the isobutyl ene nononers and
mul ti ol efwo 2oom@s@ss; ii) functionalized of the isobutylPemarsh@smsepdl yner
in a solvent; or iii) neutralization of the functionalized

i sobut yl ene-based pol ymer solvent. The nethod of claim 2, wherein stages i)
and ii) are conpleted prior to contacting the nanofiller slurry and the

pol ymer solvent. The nethod of claim2, wherein all stages i), ii), and
iii) are conplBceacthed of app onewf £baimpd o whaieini the ésobutvlgnebasetipelpmer is

pol yner sol venf Axg&ﬁﬁ&gb%% f eero R1oPdpu larhg@er,zlﬁg in ’temgﬂlﬁ%lﬁne-meithyrlfer

functionali zatl he 1so neébase ol ymer ogenat es e po

The met hod of safrynonebbef, dllaimsedl isobutylenaasttiefltirbe mbber, sdtaf branciwdobmyl i s
at | east one of jsoprene, butadiene, 2 3-dinethyl-1, 3-butadiene, nyrcene,
6, 6- di met hy| f UPYRHest e r‘fg,%f‘&}’éﬁdﬁ@?ﬁfaﬁ?fe‘?fé{lc]h&%{@?@W%%In‘é‘}’b% isoprene-

pi per ¥l ene. 1 3 S%ﬁ*% 0326 € af .

cl ai rré lto G%V\b%g}éeii{elnﬁ?%gﬁﬁ%ﬁ y ené %ﬁsgﬁbgtglle}}ﬁgy mi%g&g%'%lf}lie @Eﬂggfe&?{’%e&f

br omobut yl rubbeber. chl or obutyl rubber, brom nated i sobutyl ene-net hyl styrene
rubber, chlorinated isobutyl ene-nethyl-styrene rubber, star branched butyl
rubber, star branched chl orobutyl rubber, star branched bronobutyl rubber,
i soprene-g 5i SORHY MEBEE oMBENYAe St MEIBREl folRREHerciflihe layered nanofiller is smectite or

i sobut yl ene-cycl opent adi ene- net hyl sytrene rubber. 8. The nethod of any one
of clains 1 t@hyllosiheatetlayt he | ayered nanofiller is snectite or
phyIH%siIicate clay. 10 9. The nethod of any one of clains 1 to 8, wherein
the lI'ayered nanofiller has been treated with a nodifying agent prior to
contactinmg W tthet ethpalofmely &Rl yedlhimsl0.to T evimeéinate ddycadty naogilief hed Bedis 1
to 9, wherein, prior to contacting the |ayered 15nanofiller with the

pol ymer sol verifcatedreith apoddyingagertiprios fo ¢ontagting sriththepalymeesplvens create a
filler slurry. 11. The nethod of any one of clains 1 to 10, wherein the
contacting of the layered nanofiller and pol yner sol vent includes high
shear or 1 at ithenmgihod offantyhenenafnohinhd érto ZDanitkrgio) prier tos odntaning the layEhel
met hod of any one_of c| ai s to 11, wherejn an enulsifier is added during
the dontacti n&%@%@ef wiih $herpelyRet Relycws ﬂ%snfyyefﬁ% naPOi‘f%lﬁémief g 13°MGRklei n
the step of regayesing: {it¢ynanoconposite includes at |least of the follow ng
steps renoval of the solvent, washing the nanoconposite, drying the
nanoconposite, and baling the nanoconposite. 3014. The net hod of any one of

clains 1 ltl(.) 131“he“’r'?1% hod nofI abn%\l ot Qe laimd rletop?(l),yvgﬁerrleﬁleglel cnon%arg:%ng Oolf RS tlaiyelred
nanofiller and polymer solvent includes high shear or static mixing of the nanofiller

20 and polymer solvent.

12.  The method of any one of claims 1 to 11, wherein an emulsifier is added during the

contacting step.

25 13. The method of any one of claims 1 to 12, wherein the step of recovering the
nanocomposite includes at least of the following steps removal of the solvent,
washing the nanocomposite, drying the nanocomposite, and baling the

nanocomposite.

30 14.  The method of any one of claims 1 to 13, wherein the monomers are polymerized in

the solvent.
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WO 2011/ 149603PCT/ US2011/ 032608 15. A net hod for produci ng an el astoneric
nanoconposite, the nanoconposite conprising an isobutyl ene-based pol yner
and a | aywoediviam®Bi | | er, the process conprising the st@p3/usko11/0a)608

pol yneri zi ng i sobutyl ene nononers and nultiolefin nmonomers in a solvent to
5produce an isobutyl ene-based polyner; b) w thout renoval of the polyner
fromthe solvent, contacting the |layered nanofiller and the polyner in the

solvent to obtain a nanoconpgsite; and c) recovering the nanoconposite.
15. A method for producing an elastomeric nanocomposite, the nanocomposite

comprising an isobutylene-based polymer and a layered nanofiller, the process

comprising the steps of:

a) polymerizing isobutylene monomers and multiolefin monomers in a solvent to
5 produce an isobutylene-based polymer;
b) without removal of the polymer from the solvent, contacting the layered

nanofiller and the polymer in the solvent to obtain a nanocomposite; and

c) recovering the nanocomposite.
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