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
prepari ng nanoconposites. Mire 5particularly, the present _ipvention is
directed to aVRePHO¥Yr preparing el astomeri c nanoconposite g”dﬂ?:‘lzﬂ’é t he
pol ymer manufacturing process. DESCRI PTI ON OF RELATED ART [ 0002] Rubbery
polymers containing a majority of isobutylene units are well known for
their | ow gas perneability, unique danping properties, and | ow surface

energy; these 10 proEASEFEIMIEREE NANDCOITODSIFENANVFAICINIIRING/ desired in

applications such as tire innerliners. In order to have a better
conpatibility cQ= Lty with other el astonmer conponents in the end
applicati ons,F@:tqu Qgiﬁ@ﬁ?‘ﬁ saturated conononer and/or cononomner

cont ai ni ng r ef@ecat]ve Thempedsérohakitiop id dircetet rooduetbel ofirepatienanga@ippbyiiceniiore

r ubbery pog y r.evi,ous

i | - i ncl i . “styrene.
The pol ynet ﬁa%txcblgrl\é,a {he; riclyc}?lt( r}rcl)\\/lg;]lnc():norlrsogi%ncggd; it(') ne f%%l%dl ng[éeg%gnéta?@?tﬁ‘%l%[ Fene

brom nat'e ve etter y.
[ 0003] The ti remocdpsiitydirag tial padysr headadturingpestssd i n enhanci ng the barrier

properties of_ti v t,Qql ve the barrier properties is to mx
RO R LAIRRS

themw th | ay orman el astoneri c nanoconposite. The | ayered
filler can adapi2]to Hubbey golyfrersenttamingtagsajpmty toh obagencpolity pervel 20000041 The
first state i s ."particle dispersion” rei he filler IL.C i is in
the order of BHiErShLBaFmiaTT Oy o Sﬂufjid\sQ%@P ge%lol%cﬂ%f ’héA%_g)g eg‘gréa%% r‘réél%.gil' _ﬁ%ét erns
aggr egat elGandraggics mekasieh hapodyriveeprrimiédly tdesictd staipbestiphd Kicks patite nnpd0O5] The
second state jis an. "intercal at Al QS .8 erel. ' are
Thserted | ntd"RRET B SRR g EP SRk by MIEAEL L RO BRI
cryst al | ogr aphé end egplicationf,as Hewh one Bfsaedalr diremgmof andie qooloperegr qootafniing er

ratio. Inter Cr@i At ee%n a%ggﬁ? érgp;lg%% &él?%d IRV %Mu%ﬂ‘én'e%&9&%;%&3%&3}51%%&& aYfrs of

pol ynmer between or gano S. An Increase In gal l ery spacing of
t he nanofi | | eomoswndr mpludd isdprenglabé styrefig. ohheapopmics miange partglly bodmiapeuto Qve3 t o
0.7 nmupdo0 ep 6.0 nm can be considered as creating an

i ntercal altsted b%%%&%?ﬁcg%}lﬁ 0006] The third state is a "floccul ated _
nanoconposi t d0003Thi Thi girciodetapheadvyystbhen igtrasted & Gbpnsingribabagtics gropertics of

Tenocomost! s IRV gl SN Sl s sheber o Sam T,
the filler | @e@mgl_eric nanocomposite. The layered filler can adapt to five different states in the base
polymer.

20 10004] The first state is “particle dispersion” wherein the filler particle size is in the order
of microns but uniformly disperscd in the basc 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/ US20111032608 [ 0007] The fourth state is an "intercal ated
- floccul at ed nanoconposite.” The filler plates in the nanoconposite can be
separ at ed; hoyever, tactoids or agglonerates can formt t.hi ckness
in the range 0O 2@56“?@ 500 nm [0008] The fifth state isqgﬁﬂ@gﬁ % ?%ted
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 polyner.

[ 0009] However[0007h prioddeirthigtagrnis el dstewaeied c flaeonbicd mpipspmposite. Al he filler plates

I ncompati bi | i BP0 Cal AL PRIOP 6w R YRIE 0P Sl ARE- QL R chliGay

hydr ophi lic fhgfggﬁﬁgﬁ@?%%g?h%ﬁﬁgnagg ?? véry(hff?fg%lt to g%hieve adS%od
di spersi on ora teickiohi atticonngaiof hihtosAenel ast omer. Much effort 10 has been
make to nodi f[?(l%ie f"l*hlelfﬁ’tﬁl sle i Qr?“e%lfogi}ﬁ]tteﬁ)%{oc&rgpogﬁé?e 1h Q?@(tfmw%lnﬁfﬁ[}ﬁlﬁos%,re

conpatible. It has been previousl own that better interaction between
t he functinah¢ ingivishal fillsr potry mesrscearded vitliep comppqus palymaty MowHcHer éa@neco a

hi gher degreg; of,. di r&d e &xfigl babddaR-in HRInSwme) turn, wll yield
el astoneric ﬁ%ﬁg?%ﬁ%§§Vt%sQ§?t “enhanced ggf?ief g?Operties. 15 SUWARY OF

| NVENTI ON [ 008@09The Hhrvesentini progysiticonn | dastiingesiet eatoennasitret o dinefmistielpr i ng
nanoconposi t%%le{e,t&h@g%p%%wo% f%'%@as@hépérﬂstﬁéjhﬂ?cﬁﬂﬁfc%dé%gndg@l}je@991 ¥hel ds a

|
greater conpati ity ween théz_ydrpphoblc.elastqner ydrophilic
filler. By hadtiagdifiruitierdizses sewsmbaeisionor exfoligfion wihig thesiastopet. aMuci ¢tforter |

if there |5 3Ry LCARESS) QEhdy hUtHEE oMkRel DGRt Bt haR @E thBlements more
20nanoconpositc, the exfoliated clg% is less inclined to rea&g&qnerate,
Y

whi ch woul d rregatiblee| Iy hasfopencare tignslycbev Bt hegoy ipleiepteatictyeey the AgcHRER &t i cs

of the nanocqoppQsiter ohPGhdd Byscliesed WaGlieicld 1S aaniil hRgrct AJF REREAWR g t he
el astonmeri ¢ nanoconposite wherein the nanoconposite is rormed from an

i sobut yl ene- ratdiatiqio| Yhisr inafen avillaydf epsRERBF DPIOSPIPOPHes Wi cakacih Byiigfes
the steps of @d,.RRLYMErizing isobutylene monomers and 25 multiolefin

nononers to produce an isobutyl ene-based pol yner; b) conpleting at |east
one nass r ardMMARHOHINVENKIEN in the process wherein, after conpletion

of the at |eggiropne 15t BL&nARdedHoh A dilBc P hEERAR hpSingtrRfo BRAbYIIBY. ,In tile
polymer is dissolved in a solvent; c) contacting the |ayered nanofill er and

the pol ymer doyepinie the displpsrinoremetinariacapysids ¢ eipar aympadibtePritgen He
nNanoconposi t Gy drbPiRbat cldsRARE aRNBydIGHNict H1RAS BOashade idchated Gnpeilite o themay
be 30 the poL qerization of the nonomers that produces the pojyner. 7
clastomer and filler, if therc is any compression or future mixing/agitation of the
20  nanocomposite, the cxfoliated clay is less inclined to reagglomerate, which would ncgatively
affect the desired low permeability characteristics of the nanocomposite.
[0011] Disclosed herein is a method for producing the clastomeric 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 onc aspect of the invention, the completed mass transfer dependent stage can

be: i) the polymerization of the isobutylene monomers and multiolcfin monomers; ii)

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

-



[ 001211 n one aspect of the invention, the conpleted nmass transfer dependent
stage can be: i) the polynerization of the isobutyl ene nononers and

mul tiolefin ii) functionalized of the isobutyl ol yner
in a solventnwgggﬁﬁf(Bneutrallzatlon of the WO PRIRSARDER

2011/149603PCT/U82011/032608 functionalized isobutyl ene-based pol yner

sol vent. I n producing the el astoneric nanoconposite, any one or nore or al
of these steps may be conpleted. Wen the only stage conpleted prior to
contact with fuhsiondinef i isetetylins-batyd polyyreeriopant on,In potoguerd zaei efasigneriche

mononers may I{aﬁgcgmgh Ei‘t%ed tyr})élg (§)§ %oYee&I alB& th%@tsteg hﬁldp L 355@516&@ alyh&RH¥ only

di ssol ved in I'ven contact wit nanofiller occurs w thout
renoval of t heegpebypleted priore tcﬁédogmthétmndnqﬁ"ﬁleandtlmqurémmnnéwmcra?@twreafst

stages i) andi 'n)on &s %&W%%tggcc%'a Lorbf goonlg@&lglﬁagmieh% a@eaaf blsbB¥edShur 1y

and the pol yner so vent I'n one |sc osed aspect of i nvention,
t he |sobuﬁyleﬂé@@&@éd@p@ﬁywﬁrﬂwsmmOﬁb@KV%ﬁwM@h@ﬂﬁ¢@W@C&fﬂ@ mmnnm from the

mul ti ol cfins. bgwg& rm'dﬁ tQJr%Inwdl ﬁzogtqéasmygcps Al iih @ésaomgreﬁed%om SARLERE,

but adi ene, 2 ut adi ene, myrcene 6, 6-d i nethyl-ful vene hex
adi ene, cycldbemmaﬂwéﬁbﬂyakhy¢gﬂyﬁ@ndvﬂér pi peryl ene. [0014] 1 n anot her

di scl osed aspggs of f ‘Fd‘[rd Qg ectt BP m@%e&%lne% Rase R Y. ol Sedit VI

r ubber, bronDbutyI rub er oro br om nat'ed
i sobut yI ene- meberizest fere e o be@rmoi@ mSO rThﬁ mu@wqu@dwpwémy heehyist gagefene

rubber, sfar Mp?ea@h&%dtéu& yé3 ARBSI-1 3 ShRhiedo RARGh k-Gl 0f LRWME, HekRRSE

star branched bronmobut yl rubber, “i soprene- i sobut yl ene- mef hyl - styrene
rubber, or |swﬂamy@éﬁ@%@V@k@ﬁ@ﬁﬂéﬁW@ﬁEmﬁethyIsytrene rubber. [0015]1n

anot her di SC' @@QF gt Q{‘?&ihertch&lols&iy %ﬁ)@&j d?Qﬁlen'vérltl%ﬁ ihs 1@3’&?1@115 8as@d polymer is
phyllosilicate c Al ternati vel tlgéere nanof i | IS
Y

nont nor i | | onibuey! iy ﬁdb@ﬁpb@yhﬁﬂﬁ¥ﬁéﬁﬁ$é pnbrewinated dopytylepe-msthylebrirtce,
nont mor i |1 onighgher, NN Ok tiSobulRind&lettyt-GyreRENEIDBI, tRar MiRAKONDKAL trbbel, apani tc,

15  branched chlorobutyl rubber, star branched bromobuty! rubber, isoprene-isobutylene-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, sauconitc, magadite, kenyaitc, stevensitc, 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 discloscd aspect, the clastomeric 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.

-3



20hectorite, saponitc, sauconitc, magadite, kcnyaitc, stevensite,
vermculite, halloysitc, alum nate oxides, or hydrotalcite. [0016] Al so

di sclosed is %% i MY enbodi ment, the | ayered nanofi lﬂcﬁ%s‘i‘ﬁ?mﬂ?o%n
pol yner

[
treated with a m)lc}l”f‘%/l ng agent prior to contacting with the

solvent. [0017]1n another disclosed aspect applicable to any discl osed
enbodi nents, prior to 25contacting the |ayered nanofiller with the polyner
solvent, the layered nanofiller is mxed in a solvent to create a filler
slurry. [0018BRIERRBSGRIPTHONOEIELE BBRPI¥INGY t he i nvention, the nanofiller

and t he pol re : . . ] ",doxa'a ARG, O
p yg@b%xgo ; gﬁaﬁ%@&h@ éx}rﬂi‘g‘%cs%ﬂﬂe%' i QB oPEx R @ RNSRE (XA,

static mxin | I'n anott aspect of ‘the invention applicable to any
di scl osed enbodimmnyisg dawi@@emiidi:fi er may be added during the contacting

step. [00201In an er.dis ot i ( LEG, 1S
recovered using ag_ﬁ @'[ %g%ﬁ%ﬁa&?%? H?Elggch%mgoa\r}mﬁ R@O@%%@Egﬁnggg#&gw(ﬁgm&&
sol vent , was hpahgnarizetiondercbobrorilyest; dryi ng t he nanoconposite, and baling

h ite. . 2071. .
THE DRAW NGB [ 0021916 nGti o i ohe Daar bl by oy o el & B

with ref er encelineeriztondecbnianydlyoerdrdwi ngs i n whi ch: FIG 1is a
di agram for manuf ggb sesrygdiggr%%@qw%%amﬁgg%% a5 el dRt SRS HhREi e

5pol yneri zation for t ase polynmer; 2 is a diagramfor
manuf act uri ngPodymranoconposi t e pol yner based upon slurry pol ymerization for

the base ppl yﬂﬁ&iiedﬁﬂs@cripti n of He@nvehtiog @ di agram of the manufacturing
process for a hal ogenat ec? nanoconposite pol yner.
[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] Decfinitions 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 elastomeric composition that has undergone a curing proccss and/or compriscs or is
produced using an effective amount of a curative or curc package, and is a term used

interchangeably with the term vulcanized rubber compound.
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10Det ai | ed Description of the Invention [0022] Vari ous specific enbodi nents,
versions, and exanples of the invention will now be described, including
preferred enb and definitions that are adopted ur poses
of under st andi ZHEQSS’%" Y ai med invention. Wile the ill us[}%gﬁls\glﬂed/g Ogdl ment s
have been descrl bed with particularity, it will be understood that various
other nodifications will 15 be apparent to and can be readily nmade by
those skilled in the art w thout departing fromthe splrlt and scope of the
i nvention. Fol002fét erHieriemy'phrifis pﬂ’gmhundresihebbgt@p‘@d@i s 2 inpgsng faammonn | |
refer to any Bgﬁ:' wh&lif 091;1 (fngr?ts 8PPE rllgrle%dsdr&ictlef‘ég{fw tt}ﬁl &f all of the

equi val ents and elenents or limtations t at are equival ent 1o those that
are recited. ®efingr coopracg1082@KDelin arippitofes alhppbeiceebipenants, whethgroasdwpl y
described invgptign, AL g {jﬁ‘ﬁ%ﬁ& B WhreL A7 HloiBHRRR i ShELSaded R

pol ymer or conposition o onsistent wmth t

definition "&Oomat ekl atlhcrtrt@atmhbsr @arp)amnés?@frarl@c@@g@mtﬁg lpﬂ@mtﬂ qrgber and are

def or mat i ons TR wa JnS G cd %@rs%k & Afp@ i AL&s bRcoMtivedod t TS
essentially |n§%§L g?'{e] k?bt}thgca (gl\%g esﬁyc ol | eifng éorg[z/en ° %s ovn%? is a
term t hat mayfillse loadiegh. Ftat éq:twhmmﬁqu;ﬁommsﬁmhbab%ﬂleﬁlm>$ru<bt§émve Eioa@ﬁ@rneﬁu c
conposi tion reher sk PIROSH Q) R T SV cBhpdrBRSEPREuBhARIQUBF @S
defi ned abover%i;tfe %lt twega{r{)r}ze& r%[}bcer coﬁpoﬂ%é blil nAST t\e/ éQ%ls%%
definition refméractq moe, cpopukittked el astic material conmpounded from an

el ast oner S%Wt ' bAlEyltlgfe}s%gaepﬂﬁﬁQ& qE’HﬂoQﬂ§onb¥10§b mhlmefyolgecgmf%@d)%hleanm
rapid, forceful recovery to approximately its original dimensions 30 and
shape upon r edspaby éorringorfefrarars hfrdgepcisom thy fe sehastionemelecompdEl t i on
refers to any,gly qgho)ng,rdnc&ﬂg, gﬂdﬁ@ﬁztg@t has undergone a curing process
and/ or conpri Ses or 18 uced using an effective anount of a curative or
cure package,[0&%8 i iral ﬁ&fﬁou%éwr@%fbéﬁmg‘éﬁ@vlw fiRe SRSt FRAFtRNEE NPz ed
rubber CompOURShicWohAOHkA JARGOIRCHHTROLM G3200RNKIAR2GIANENLRL i, | S
parts per hundred rubber or "parts,"” is a measure common in the art
wher ei n conpaoiferind tpfcaly wmmlremd&mdoablé bw@a%ﬁéa\s%t@ﬂ hrathinoitsgstigiting) Agf  al |
of the el astopgr &ﬁaﬁp%ﬁr&t émupﬂ?@wre@tﬁ%]m AhkroRhti P&ntpdud Oby éllogpl'hwa@@ br more
conmponent s, vvhetgh one t hree, nore different rub conmponents is
present in ahgfhvéﬁwf@&tbféf%ular%ys ForeRITRIE PAERYL5T G- phr . ot her

non-rubber cqppOnentsaL@kfed RidOGh: aGd dh%thyallagenlgi@ulps&ﬁgsregfacédu@bﬁnea@,n@hear e
expressed in phr. This way one can easi | npare, for exanple, the |evels

of curatives bEibl?“lﬁ'iclltl @Fccfcéaftﬂnhg@r cxgpple, Wéé‘ﬁll‘ainﬁf BoBRC: cf,](’r}ﬁ%f&?s i°f [ based
on the safe r.glit i@, Rﬁmﬁgr(w%at@forrau@@@ﬁlfaefattchqwm tahg1tRBEdind Qydi8Lal gy at e

percents for every conponent after a2| usting |l evels of only one, or re,
conponent (s). straight’or branched chain having 1 to 20 carbon atomb which includes méthyl, ethyl, propyl,
isopropyl, normal butyl, isobutyl, secondary butyl, tertiary butyl, etc.; alkoxy, straight or
branched chain alkoxy having [ 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-trifluorocthyl,  2,3,3-trifluoropropyl, 1,1,2,2-



10[ 0027] Al kyl refers to a paraffinic hydrocarbon group which may be derived
froman al kane by droppi ng one or nore hydrogens fromthe formula, such as,
for exanpl e, roup (CH3), or an ethyl group (

[ 0028] Aryl re éﬂ% hD’(Q(’?a:ghydrocarbon group that forns a rlng S rﬁ@#&?e
characteristic of aromatic conpounds such as, for exanple, benzene,
napht hal ene, phenant hrene, anthracene, 15 etc., and typically possess
alternate doubl e bonding ("unsaturation”) within its structure. An aryl
group is t husteaaf@mwwyuend Ve, J-retrailemepaeryhatlings. donpeund. By 'sehsoipisd igyrove or
nor e hydrogeng,;ft L Q03 qg I fgr exanple, phenyl, or CG6HS.
[0029]Subst|tufe %Q?m' §m§6 Péa H/%%gwhydrogen group belng repl aced by
at | east one Ebbsmﬁﬁuent selected fron1 for exanpl e, halogen (chlorine,
brom ne, fl Uof Q ucfTiN e PtiELor ERlifRANor S,

al kyl sul fona ?ﬁ tﬂ%%clgi e g %’W%lfoxg a1 ,mgtra?’ﬁq%%ﬂ%ﬁ

br anched oﬁalﬁXWahﬁwgalbm@OQOCC@ﬂbOﬁXéﬂ@ﬁﬁﬂmﬁmtﬁﬂwﬁéﬁﬂd@%Hwﬁm in, magoppgt |
propyl, i soprogyp, h&ﬁ&g&glm Esr byle, S@blr'biowehn %ﬁ&e&@er YSQME ybuch tcsﬁ&w%y hutyl,

etc.; alkoxy, strai anch chain a oxy having 1

atons, and i n@lnmesnaﬂf«m:fee%bwpﬁse bupy trhihgsp, 3 etphdaeycopplmptxghe ipapdgdinofsoixgd
but oxy, i sobufy ?&}{v m%t?ccc%ﬂ%& Ol D¥¥ge %r@rh%% ¥9. ?%%W weidh? opﬁgftc}fél%&ﬁoma
i sopent yl oxy, | oxy, ~heptryl oxy, octy oxy, nony oxy, and decyl o

hal oal kyl , \AMCCIMC §S0 on¢ anpivimet. dafche ScHBp i araler cragdimgntl If@ t@@
carbon at gyve iR &rey@w@mﬁl% ﬁolgtneﬂ @gégenpmhm&@gﬁanxemrdnmd ﬂa@eﬁ

for exanple, chloronethyl, brononet uoronethyl i odom et hyl , 2- I

oroet hyl , 2- brigmieattsyamboginfent, gest Esepwwo 0 Wi &t iispymbodmensy dwgtr@sghpr

3-f1 uoropr opYdmbodimfch, %ﬁ’iblutté'l()ﬁ wWhod bURs auhM s mmtlﬁféhﬁ”a@fﬁpeﬁ BM#s. Tn yet another
di brononmet hyl, 30 difluoronethyl, diiodonethyl di chl or oet hyl

2, 2- di br onoetdwpedingnt figmey gk oet’hyf thC?OB’meﬁi*dﬁlFlb?é%T%VFd units.” Heréin for the
3, 3-di fl uor oW of thiAmdlifibh, %@QME%{ reféts % gﬁ@ﬁl@i@l@t’thﬁhn% 4w og infdkigs@Rut yl

trichloronethyl, trifluoronmethyl, 2,2,2-trifl uo roe th
L 3-triflubrogiadspylin a preforeg cmlmé)rrzm1thq496@@ﬁ@rme20f@/nee%eenprmng two

tetrafl UorOCtdab{Jlugat&nQ)ugle%m%’b:éﬂ&ﬁﬁf@édn%ﬂfv%ﬁ@p%bmatmh'&omfepr exanple, a
"substituted s@%fenlc unit" includes p-nethylstyrene, p- ethélstyrene etc.

El ast omers [ 00%Y] Pr dferGelp & dxolshinrmay seleqfd fiame spnnopndst suck asf isqhypydene,

i nvention i nGlgsdend)2-RehYIORbSened 3088 thMaGhukdn@ N atetly@adhicd)€1-6dteded 2Flitene,
i sootefin nonomer and at | east one miltiolefin monomer and b honnpolyners

of C4 to C7 il efih sHsholtesns: vosldmethdplaas plixiferad dractignlestaenalicy

referred 00 asunidietnyib dwb)b@n shultiok@in sm% GRPRhY BBh&icnd Ne-disaniafi-nidemtyed
content in the copolyner is in a rang from70 to 99.5 wt % by wei ght of the

total mononmerAEPEy el dipgtind-Teliensn bexg il pRentadispe, %kytlbéyrg@ BHW%G’WHH“
anot her enbodhdBitr mdddgietsQhd as dikBosddlid UG, efibd Ndes, soeemcont ent in the

copolynmer is present in the range of mxture f om30 to 0.5 Ww%in one
enbodi nent, ﬁH 2t ¢ onfY e %‘%m§fﬁﬂ@ﬁ$ﬁmﬁﬁﬁfﬁﬁ?egﬁﬁﬁﬁﬁdﬁﬁi © FeeyRsk agtot Wer

enbodi ment, figoamyikde bReDel Bt Bld dohees t@qhxém%mbrserrﬁtﬂouyrmr e&mmgﬂ%ut\r@@t wnits.
In yet anat her enbodi ment, from 8 to O. $¢@’of Iefln

derived i t Soaghbuiylone ety Wi pd¥s Breofimeat ?%&E?Mﬁ‘gb%%nﬁ%f?@g 3@ Tef ers
to any mnomblyhewu@ml iMD c Qive AlINEls Btk € byl BeabiRd®. to 199, 52w 1PY &f iesbuedene thh

embodi nent, the iolefin is an in C at ed doubl e
bonds and naysﬁégu &5¥W%ﬂ§tWé”6?g%?8ﬁgﬂ$g W@ﬁggﬁbﬁ F%ﬁ% STWgnE%%?51@7“

i sool efi n mayngrresbedmédtom conpounds such as |sobutylene |sobutene,

2-nmethyl-1-b ne, 3-methyl-1 -butene th t ene, . ne,

> but ene,  motHIRT vi YT GEREEL i radiuatle; ST Ohy S [ PEHEST RoEREn e

4- et hy 1-3mbpenélo§aetedTme/1 ra&)eﬁhﬁhbﬂoedlc%ﬂlbg ths halogéiﬂ]aﬁ(ﬁl &ldnynoil the alusf ipBlysesh as
i soprene, butadi.ene i met hyl1-1, 3- but ene,

5ot et by GRGTGRoh ol SAPERIT g S sttt it Bk HFRST Sk b fyentigds no

pi peryl ene, aﬂﬁmQMM&ﬁbﬁﬂmﬂmﬁﬁﬁnﬁbﬁmnﬁ&ﬁdﬂﬁem&sgﬂmWﬂéHfﬁml9a&@m0wmﬁb&£d

5,506, 316. on the weight of the halogenated butyl rubber in one embodiment, and from 0.5 to 5 wt% in
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[ 0032] When the isoolefinis isobutylene, the el astoners may be referred to
as "an isobutyl ene based el astoner” and refers to an el astoner or a polyner
conpri sing at 25 nol % i sobutyl ene derived unit gdi ment
of the |sobutyPene%5g§Ed butyl rubber polynmer useful |n]?ﬁgg?ﬁve fon is
obtained by reacting 92 to 99.5 wt % of isobutylene with 0.5 to 8 wt%

i soprene, or 95 to 99.5 W% i sobutylene with 0.5 wt%to 5 w% isoprene in
yet anot her enbodi nment. [0033] The el astonmer in a desirabl e enbodi nent of
the i nventi orenpthehattodierat ed.yet BOthkiatrogéinzne dhedutogin witbbeihe halogmaiddibedl by
the hal ogenat| rqugpyogizgggybutyl pol ymers descri bed above. Hal ogenati on
can be carried out any neans, and the invention is not herein limted by
t he haIogenaﬂﬂ@ﬂ]prde@g@Hmmhemﬁaﬁng@mﬂWM@@mﬁi@Hbmv@*@tmwmmgﬂWMﬁﬁ%ﬂg@ﬁlnn

t he wei ght of Yl ryebe di 0.5
to 5 at oo n WD BT P T g BB B R 6 1 5 b e e G PO LA
anot her eﬁbodmﬁéﬁhcﬂmhénhahﬂqéﬁnﬁﬂgkﬁﬁ8§%eﬂh§wbgéhaﬂé@t5@§%Hﬂ¢%@§éﬂfﬂy from
1.0 to 2.5 w; 49016&%%&3 h&uﬁ%%gaﬂg%%atulyls@ﬂ%hﬁfts %H@%hﬁef% aeaauttﬂs%ﬂ% gsent
i nvention, the el astorer 1s a random copol ymer conprising a
i sool ef i ns derlialagen. ulnions e@bmhramwh%mhrr@qﬁ@adéﬁ pyangom clpfomsric @dme Y@émf aflprer
containing aty! €asloidn At BERAKEL Yeohinl IS 138 RV6YpE! @E 107 bR
i sootefin unlts about to abo wt % al Kyl styrene units, and about 1.1
to about 1.5 mgthglgfren. waqi dgefr. 1PnvEndresmipoar whiasiic. ¢ Kecmplpyn@ricnay ns be
random el ast QREBLLGiLQRY !pangﬁaem QEntQmQ% thOrolibw g thEbinBr AR &d@&wﬁJa&M@@e
contai ning at about 8 to about 12% by wei ght nethylstyrene .
Wt % bromi ne dke rfyarichan: Exenpl ary materials may be 10 characterized as
polyners containing the foll ow ng nonomer units randomy spaced al ong the
pol ymer chai n: whédein R and Rl are |ﬁﬂependently hydr ogen, | ower
al kyl, such as a C to C7 alﬁyl and primary or ﬁecondary al kyl halides and
X is a hal ogen. In one enbodimefitz R and Rl are-ct5e€dch hydr ogen. [ 0035] Up
to 25 nolc, % of the total al kyl substituted styriene [the total of
structures (1) and (2)] pre in the random mer structure may be the
hal ogenat ed al kyl substit ut Structure (2) ahb in one enbodinent, and in
anot her enbodi nent from 10 t@ 25 nol % |In yet ahot her enbodi nent, the
anount of functionalized gtricture (2) in the r.ndon1copolyner 20itself is
fromabout 0.8 to about 1. 10,nn|%6 [ 0036] I n onelenbédlnent t he el ast oner
conpri ses random pol ynmers of i sobutyl ene and Rl

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 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
bromine or chlorine atom, such as a brominc atom (para-(bromomcthylstyrenc)), as well as

25 acid or ester functionalized versions thereof.



par a- net hyl styrene (PM5) containing fromabout 5 to about 10 nol %

para- net hyl styrene wherein up to 25 nol % of the nmethyl substituent groups
present on the henzyl ring contain a bromne or chlori n%ﬁd@%u&%‘n@ as a
brom ne at om (‘par a- {brormrret hyl styrene)), as well as 25acid or ester
funetionalized versions thereof. WD 2011/149603PCT/US2011/032608 [0037]in
anot her enbodi nent, the functionality is selected such that it can react or

f orm pol ar bonds with functional groups present in the matrix polyner, for
exanpl e, aci d00¥Hi ndnerothgy gmbsdimefiuthe funetiraplityiossted wrdrhat Hecarptﬂaytr?erform

conponents arg mpxed &l i}ﬂhcgﬂanil%ga%?( fhtewn% the 2R 8blyhet &bt ampRMRAMIABRE S,

t he random copol yners have a s antially honbgenéeous corrp05| ti onal

di st ri buti on ®ub¥dreyyht fuagtiondagroups whap dfc PREMED|PHEPIcHls 2 mixed at high

par aal kyl styrt@ﬂgergtgggg ent within 10% of the average para-al kyl styrene
content of the ynmer. Exenplary polyners are char acterized by a narrow
nol ecul ar f\l\ellgwgﬂdl dur et opmoNAME)  Bf ravdemt applymass  BAVE epnaubsirafisliv ess

than 2.5. Th%%Qalca{meép&%vo%amtmmpmﬁ YhaVétsP&Q@St\M‘/ole @Y pSIdE HIPh patl ar
wei ght in the range of from 400, 000 u 2,000, 000 and an exenpl ary nunber

average nol ecuityityrowsi ghtent vithin g Ofapfgc @fvewge&w ax@bvlmenet gm0 0O 0E redymer.
det er mi ned_ by g} 1REKIRAL 88 CERLAIBLSGY aRilow HURSALTRG ARG 6o RALNTRY

di scussed above nmay be prepared via sl urr% pol ynmeri zation, typically in a
di | uent conprafd¢spghag %w&g@ﬁmcbfdlcwa%%ér &p cenolgrhhays 25 cxgBplam Byt ed

hydrocar bgn aRehgr malefdistardifiatethe BYEE Q,@%Hlomogo@@% b S.00886EMd ah, c&&% 18%2) ,
using a Lewis acid catalyst and optionally a ca initiator, FI owed

by hal ogenat i"RbepvaRes aples 4 vighh Bt thorneg of fes lquq (ﬁ?ﬁ 9 ASGHHQ apﬁ@éléfﬁ&f‘éi Bf the
hal ogen and er&ghga@,gnﬂ{}b&maérgfghysuch as heat and/or light and/or a chem cal
initiator an tionally, followed electrophlllc substitution of the

hal ogen withl Q%Ff f Jﬁlénfanf’%cf?wefwﬂi‘@tqf 0P G0 40P HAC o PETAICd g Via  slurry

pol y(i sobutyl p%[}%feﬁ@ihl@n n@@b‘my%yi eiMRht RAYARE S &%g@ﬁﬁéd Myo@&aitbah(@) such @maabout
0.8 to about .1 mol %o haorretrﬁp/lst rene groups relative tqg the total
W

anount of! rrorféh%?dt%ffefrydwéérbefhi‘&déw PHE R BOFR (‘F‘nUagantFﬂéﬁ B odi Wit

the amount of, thakofmt st MdepeodlPUREaly S ihifi@sa, @)1ﬁ@ea@yﬂala@nmln%remelyfrom
0.80 to 1.00 nol% in yet another enbodi nent, and from 0. 85 n&%ln
yet another GFSHBIURNT SORHED 1 BRPErsEse b the Rylaepn 2‘51 %/8'@”&%‘8{“?1@1( %‘ﬂ?ﬁd Cffent ,

wherein a deshy/abli@t hANGa ABYicknidnyr HANYHOALIYOR 16 cByeletppeHilid subbtitutnt h
any lower limct. Expressed not her vva t he copol yners of the present

i nvention corff 4FAlPEsny Baliticrgnt fuegong %Ftyi 5 wt % of hal ogen, based on the
wei ght of2ot hgoqo| Yy Mfalogda@ ﬁeiﬂ(lst)wghc& a&tﬁdmh@{v@gﬁaac) 9o@mtsh@fnman§oadhmnt

o O L1 0y o Paoher STRCdl e L 2 Bret et ed Snbodhent
enbodi ment, bhewhah@grAvddSulk @mm&opélw&l]lﬁmoma{ 3piBRE Bnedf, @hcSathaihast had-l y
(reo o rinonalogen o helogen\p, {6 BOLYIET LAGORS 51Dy L A0 oo
units (or i sem@m&bﬁj dnd)fronP@R RtoNEL plos tryyee it Eib@inem) dng fidmd) frtod-0 in
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 4 most
30  preferred embodiment, the halogen is bromine.
[0041] The polymers arc 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-
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WO 2011/ 149603PCT/ US2011/ 032608 ( hal onet hyl styrene) derived units, wherein
t he para-(hal onethyl styrene) units are present in the polynmer from about 10
to about 25 IW on the total nunber of paranethyl d
wherein the ggra ngiﬁeﬁstyrene derived units are presenﬂQ%rS%ng&¥%ﬁ12 wt %
based on the total weight of the polynmer in one enbodinent, and from9 to
10.5 wt % i n 5anot her enbodi nent. | n another enbodi nent, the
para- (hal onet hyl styrene) is para- (brononethylstyrene) [0042] Cther C4 to
C- 7 i sool ef i nthalemithgetygni)tdetvast wiithi whyreal the avire hado Bl HERE) UBiES 448 Erepant ihe
present inve tPR] YETBhSu CHMIOIS ] Rded BE hs ALEhlALENSE HLug-
nultiolefinsné%gge?ﬂyt e ?%ro | c nsnhave drfferent backgone structures
prior to pol ymehylstaenorndubbremohe eﬁlpwﬁﬁmﬁeqer@rlweu%tdrﬁ pewsakirand fralkdom
t erpol ymers of (e LopA Aehd dVHRE i SHeteSabo GithehCard bt td 1024 @{%
derived unrtg\Lt/ﬁ%ldE §}yr§% ‘géﬂﬁé %ﬁﬂﬁrtge Sﬁc etearnpo lymers may b
formed from i xobat yine mcrltsoprfeﬁeothﬁn@n@ldkmﬂétWeﬁeﬁ(hplpelﬁ@ﬂé‘bir@yc) is para-
met hyl styr eney, AR ot her suitable terpolynmer may be pol ynerized
fronrrsobutyﬁeﬁe cy [%ﬁ%ﬁ?adrene and al kyl styrene nmononers. Such
terpol ymers af@42bbt dthecCaineisolai daived wol sovisrimgalssipmerswiiehly for gpesin the
Layered Fillef.LQ943hde haL40 t%ttbglygx%@'cf)ﬁgn%llgaﬁg %@remam@emﬁmerng Syhcfin
| ayered filler is incorporated into the el astomeric polymer. The |ayered
filler is al tthe matlfielefins hacediffsernt Paglébone raeifics | BIor dige Pelymetvetian ze Safh t he
clays. Nappf 't!erlpgl%&elh%&ud@ Ml&@l&%@h&ﬁ%&%‘t&[&ol&ﬁe& hect arwg@rs&freﬁnr&m&bw& 20
1.0 nanoneters to about 100 m crons ) )
ot her char act%«rtp §4 reulpglefn draivedt it end jpkkylstyeenp dgghyed atano S@Fh @U}Ofyar@é% ra%lz? to
volume; this fgndaMrddh %bﬂ;r%reorgoh nd@ aha aﬁ(ygryeane [ﬁ@rema@ héRakyhatmd¥babt. have
a very small maxi num di nensi on which has a low ratio of surface area to
vol ume per griofher Frifablenieprlypmst rIeYdrc W%‘é@i HP@alsetyHRIPuRE oBF B e s 2tdhe
nanofiller wjili&sRegbadride SILHGELYPEOmMeSULE JIFRARE T @dsr adtRnicY il Miion
aggl onerated, resulting in the layered filler. 25 [0044] In one
enbodi ment?, ﬂﬁ@hﬁ%yered clay is in general class of clay mnerals wth
expandlng crm§5@%dmgk§rces commonl y referred to as a "snectite" or
"smectite- type cla y of exanp his may include the dioctahedra

smectites whi e(rf*%ons'f OSfPrrwhenfifﬁr%rlrsqu tnénocaep‘arétr 14 fagered HHe's MeBRIA.  and

the trioctahegloale SABGLEE Ecﬂym&h TG 1y Bed HO8Ss SRRAATILrefdRE tdd4sl atrﬁnofﬁféﬂdue
sauconite. Al so enconpassed are synthetically prepared snectrte- %P %
U
;

[0045] I n yet te)fmérzceﬁﬁ@dr%n%“gnoﬁﬂﬁe D PRF UL MRRAPICE M PR %ﬁo

synt heti cpphylg &ﬁérhet@ramﬁx 156 Do 6o Pt HRfohd 19U 1084 mN At 6@ dhGrectliBlidedd i te,
bentonite, vol konskoite, |aponite, hectorite, saponite, sauconite,

magadi tc, keryadfiler is e digbraioad sufige trpto]vpRigns: this iyke|distiagion (g fine grain carbon

2011/ 149603PEFLUTROAEAORROQ8 R ki aiRhGVSE Lich AR, @lieophsles.

hydrotalcite, and the |ik nmbi nati ons of any of the previous enbodi nents
are al so cont&#fl voluggg per grdm Thls high ratio of surface areato volume provides the 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
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[ 0046] The | ayered cl ays descri bed above are nodified by intercal ation or
exfoliation by at |east one agent, nodifier, or surfactant capabl e of
undergoing io reactions with 5 the anions pr

interl ayer sungégsiggFthe | ayered filler to render theq%ﬁ§§ﬂﬁ%9%aﬁ

hydr ophobi c. The agents, nodifiers, or surfactants are selected for their
capability of undergoing ion exchange reactions wth the anions present at
the interlayer surfaces of the layered filler. Suitable conpounds are

cationi c surf eemighlits, haipysfre rkisliyateenidrsshy dmivci gnindele wey Gnenbimsgiedreyy of

tertiary am ngs Q%%hs”&nﬂoﬁﬁneﬁ&ra}écaﬁ% ‘é‘nt%;(lﬁleﬁzm’) wherein RI and R2 are 10
the sane or dlfPerent and are independently selected fromCl to C26 al kyls,

C2 to C26 al kidpds, af logredslag desarled gbersdrReodas beintsycdtebiefeer, exiplighon by C26
alkyl, a C tg leggtfbngl 'E‘?nodﬁfer Q)r %’f&%n%ﬁa@%mdér@o Q%f%n Quhe nge%ﬁhonb%t}@nd

R2 are independently Selected fromC al kenes, and
C3 to Cg arylibec apines Reschbatsihp deerycr mﬂ%qﬁyﬁrthfg@ﬁmt@ll@rotoczedcamml@/ Mgy t o
C26 al kenes, @REEShiL O 160REY! Bodififls, a&w&bﬁ&aﬁm%d'sm%&fd fothh@rn@ay&lh%/r 6f
|ndependently selected 15 fromCL to al kyl's, and al kenes,

is selected fer@nﬁgwym@g@ﬁhaneerqa@ﬁoe%martm g Prgsen af &hﬁ I@tﬁrlaazeuur%ebe%he

al kyl . I'n anothesy ﬁ[@?oghl%m S?oudd@ al%eclaﬁﬁﬁﬁgxrifaEt%ﬂ ef@r@b mﬂiegwrﬁe arﬁ-}%eb 0 c8
al kenes, and to aryl s, Is selected from

C26 al kenes, rawdoccycotnédmetcaraw yningprhgvipg thegtra@yre &t @de& bwpﬁylér%g@ﬁ R @ye

C26 al kyl 50 GRe (R GirRldsENRSe ABefdentiPsctedRad oM ;- to YAk 100Ekd 56 alk@ne@ny Of
the these enbodi ments, any of, the above hydrocarbon 2Qsubstitutions on the

ni trogen may 48 Gig Fhéfyl*sfﬂﬁﬁ inpayths gy fioes €81 toCebyharkyto CrialsireAr ¢ br i ne

or chlorine), cH fomxmé%Mb&&xﬂa{tealognd@azIaaelm&%fd@mgx@bem& hbsl ¢, iyl @ |
and hydroxyl. [0047]Alternatively, the amne may b uat er narP/ am ne,
S,

structural |y '8&sekeisedndss MM%M{MWW@OW% o os alyls. R0 Cand R4

are the sane Menéli Eﬁcfecge@tcza@@lban@ dhcnﬁlee@&B&ﬁmtahyRsﬁidefczt&@lmtxépméﬁmy Qe &b
al kyls, C2 to C26 al kenes, and C3 t yl's. In one enbodinent, R and

R2 are i ntepdiieht Iy Cs ekl oy §x E9n§°ciﬂkft“6* &) & inprlgest frem hydrogen. Sy i Kesaryland
ad to C8 arylsgpstiafdn Bsaang @4 al@ffle Ih Qﬂﬁr&e@ﬂ&m‘i&%t seliecdeddfioana GO ¢ @lk@gG

al kyls, C9 to C26 alkenes aryl s. Inaot“{é{Lg (%j

and R2 are HFdéb@ﬁd’éﬁ‘f%ﬂnég é%FéerYf*r%m*cale‘it%i e Sp I8 Fas wligha Cop Z@W@@"ewso
al kenes, R3 isnd8glack agisf irﬂw@beue@te@%maithlg@} C@apbzmkyl@ @2@ Cal Henasandand
R4|saC3to C26 aryl substitution h@@ to C26 al k F E}gher
enbodi ment, Ri: 19 §26d8ile AL onpiGmineny ebtheghesy gghodimegts. qny Oégwa weahgdrocathpy 3

to C8 ar yjos, sP&titBiosebe Cheedithp@MeD teofuRd @abklisd wa8 ¢ 0tdC2% akKengisgenand

C9 to C26 aryls and R3 and R4 are.the s different and are

i ndependent | y° QRSO é%lm“\RbS?WIK%%%%@@%%%&W@%%d‘@‘YFE‘BE{?‘éﬁ{hyt“B’Xéilz6

al kyl's, tqomﬁ aldienrsveyanek Glint MG26: ardyhisrmaddhitd, anadthytily idscamyd @f the
t hese errbodl r;ge any of the above hydrocarbon substitutions on the

ni trogen may Wfs‘urther substituted with G to C26 al kyl, hal ogen (brom ne
or chlorine), sulfoxy (sutfonate or alRkyIrR‘RYNfoONate), thi ol, al kytthiol,

o Y Rk B S B S B ﬁﬁﬁﬁﬁeufﬁ]cpff}d%lykﬂ&tﬁ%%gﬁnat ed

tal | ow anmonitdi My, ﬁkﬁgtd}ysb di alhyds,ager@atied;t alylsownanmenibudimette Rz yhd RF gl Kyl

Fal | ow armontHr=rgr RGPSt GBS i SRyt BhsabEtt HAE oW ahE i aHgal Benzy

di al kyl anmom umlncﬂe@érﬁleﬁgﬂblelacﬂe@ﬁmﬁ Mfo @RllhLs, CabiCasaliahed, el MdiChd @gs.finl I er

bne anpod) mdeoE Maotinen SRR Grejatol AR et S S P MRS A b oy "

certain eobodike®nf & is Bé’h@teﬁ)ffo@d Caﬁ)lmgalagerahd Cs tomzeSl(Eﬂtes iand Rh& al@;yce@;chrfu I 1 er
within the ra rom 50r

wt % based oﬁq‘gﬂt&@ I%‘?Iban?‘ t8f ?J%gl LR %rﬁbéﬁfmcm 8{ 8% ”CICCtC ?r 8'91% 1 gg gﬁ(¥lf 'S per
hundr ed rubbey, o Chekext,ahd at kanQs drﬂagezns sct &th@ll’fﬁﬁle a td @zs talk@lsj ayered alkcch er

}[Mhteh:'lgn'z)(r;]grr{)gg(? fé%f sz(, ral(')yrlrs] gndl R’ andOR are the samc or dl%'ferent ahd e mdepengen&y sc%gcpc}a
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[ 0050] Exanpl es of sone comercial nodified nanoclay products are Coisites
produced by Southern C ay Products, Inc., Gonzales, TX. For exanple,

Cloi sitem Na' i.Si L eTM 30B, CIO|S|teTM10A CIO|S|teT siteTm
93A, doisi te‘f{ﬂ%gﬂ?d% oi siteTM 15A, and 20 CoisiteTM 6‘%@%&3‘/&5% al so
avai |l abl e as SOVAS1F and LUCENTI TE cl ays produced by CO OP Chem cal Co.,
LTD, Tokyo, Japan. For exanple, SOVASI Erm MAE, SOVASI FTm MEE, SOVAS1FTm
MPE, SOVASI FTm MIE, SOVASIrm ME- 100, LUCENTI TETm SPN, and LUCENTI TE( SWN) .
[0051] I n nodi fiyi kg tOt(Flzedkk}/lafz\m b aﬂH@éesqwt(“eﬁmﬁr(yWé?nﬁﬁth@m Iyt Weang ohe thaye be
modi fied 25 'inﬁ)ldgl%n@ nf%/n@le{he a (fvegglﬁltocirﬁ(ﬁﬁgtﬁa%tﬁt%n( %H'Qﬂcenl%genf &%ﬁb@mgni um

conponents. In such a treated of the quaternary Salts in the
organofil | er abditeieboih & éel Cvd allkyl, rt@g)azcri (Rspryine e pljerince orfioreeSdngn of ikl
filler surfacg g J}ethl%l g{k 1«NQ, #A3530¢1at ed anmoni um salts that coul d react
i ndependently wt stomer during the mixing of the elastonmer and the
organocl ayl S0848] or garieldf apetcery pomenifg |inclwics bufs g dndt nlinagg| toe alilkyd di-
copendi ng patﬂé‘mo AP ail&@tdngﬁbmdrh Scrlalﬁ?lphﬂ/cﬁ@éehﬁgﬂ MIOWJ-MZ&er?%lmJtH}J ed. 30
April 2010 I'n certain enbodi ne treatnment of the elastomer with
the exfoliat |1w§roag@mds tzlewc rmpedivah okeszyl e giallys anmeniurer awibad i kspzdr dialkyl
“extol i ation”,of {0 'rﬂé&ﬁ’ﬁe%eﬁy@t 8l ﬁ}d%g@&ta COMSEAYGRGRIURL  Bink Clb!:r%ll of
the ionic forces hol’di nl%t e l'ayers ‘toget her and introduction o

2011/ 149603PdTAY8Bt W%}%@@ﬂ@bcrﬁ@t%@ﬁamw@w whi ch serve to space
the layerg atjgfliogt angeSm@br QLigRL-&los bPAR ntbific@RNE!T MBtioMBY i %e’ﬁﬁ\t&/ﬂrcoﬁﬁﬁ& 9A.
This separation allows the |ayered silicate to nore read |% sorb

pol yneri zabl elSnoR8rate Qfd’t*féliﬂpfél iechfylder o PRasRlodingpat @pg will ‘Eﬁ’é‘t%%?ﬁ e VEYEY s

and facili tata%thwrﬁﬂa@{mqul@%@ﬁﬁ br%bd@fxenttshﬁxe'e@%ﬂﬁtﬁl @w@@sehﬂmﬁ&@m&@ i's
shear m xed with matrix mer Smateri] al ge a uni form di spersi on

of the exfol ifdicewithigyes @n%i W A of heopb ‘Vrﬁ@rto ﬁ’&?‘f #30r S0[IE 3] OFWE el of

exfoliated | ayens htHf'ekﬁhat[n@%@&QQﬁ@&l@)d statea hepNRNeCRIRRA e, ik Aftehgdance
with certain enbodinents is sufficient to develop an inprovenent in the

mechani cald pragpritpresnigp thsdpvered fillpr wigup th saeppt ﬁ“ﬁ% OdLnB8ciBodrt o S piot or

exanpl e, tens; 4r® pht nRGtRecoBpo@eygen perneability. Amounts generally will
range from0.5 to 20 % in _one 10 enbodi ment, from1l to 15 wt % i n anot her

enbodi ment , f[PQﬁw 1 thyemplenpbipmg copeniel madifierianesity PraggisproReiespredutidy, i n

anot her enbOCB VR hernRAS Ao ARt G, BOIMIET>C AR 80mpRS, CldigicNANO COBRASHBEB,
Expressed in parts per "hundred rubber, the exfoliated Iayered filler is

present int fCéOlﬁ@%ckQﬁ@cﬁélpltbléeTw 254, rClplyige™y atde €lebits™d HA.5ClkieT ol BVomnd7 or
8 or 10 Yy 1ﬁ191@1‘£e‘” %‘ﬁnoﬁl% 50 dvmtla%rl) Jb%deRSﬂFS%QOLWIljﬂTﬁ?C&{yg%p&ﬁcéﬁlLé)j the

present i‘nvention & nan repared under soluti’o
condi tions. THeO®lGstinaeCe. cLIm,I Yoo, Japand| Fos etanwdt, SOV GBI\ MAE, SOMeF | g a
redt at the

cement. Wil %ﬁﬁ'es(ﬁ\é%&@”%ﬂ@pm}%lﬁm kvseé%'rA@lﬁﬂwwqu%ﬁc@fﬁws

being fully prepare neri zed ahd
formation of atuihéUﬁTENGﬁEfﬁ%@N)te occur as a step in the original

20ary and padkaab t e mary R FUaR: AR Sy PRLERr, B A BReRafnde

i nper nealdsl i tiy smdhacr aet.r,i @thostgreafed ttmeermmfn@omrfp@gnmmtmwﬁi]osws abl such a

sol vents for tggé@ggy' AN @9 g@fsabtmxw]g %rQyW%ER&%?%% iBE R if@She ggtm{}es

including C4 to 11 near, ranc anes kenes, mat I'cs
and m xt ur es 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, trcatment of the clastomer with the exfoliating agents

described above results in intercalation or “cxfoliation” of the laycred platelets as a

consequence of a reduction of the ionic forces holding the layers together and introduction of

-11-



t hereof . Exanpl es i nclude propane, isobutane, pentane, nethylcycl opentane,
i sohexane, 2- 25 nethyl pentane, 3-nethyl pentane, 2-nethyl but ane,

2, 2-di et hyl 033" di et hyl but ane, 2- et hyl hexane, ane,

3- ethylpentang%%gﬁa4 |nethylpentane 2, 3-di net hyl pent ane P%THE&HY&Q&é

2, 4- di net hyl pent ane, 3, 3-di net hyl pentane 2- nethylheptane 3- et hyl hexane,
2,5- di net hyl hexane, 2,24, -trinmethyl pentane, octane, heptane, butane,

et hane, nethane, nonane, decane, dodecane, undecane, hexane, nethx

cycl ohexane, wgletubprbopane layey cthidiutcainde sBeyhel layrentatigancaeehgragchapht ane,
1, 1-di met hyl Ghed ok Zrefl JURELNh GHGLORET A0 silicar dily sorb
trans-1, 2- dlﬁ%%ﬁgﬁﬁfﬁﬁggzg%gﬁ%; t?h%@ ?&%th cycﬂl&gﬁ?gﬁgamgfﬁfféyc

| op ent ane, qw®m®wg%émewnmmﬁhwﬁ%ybhdhékam@wrméﬁw heweanghe éers ary fashates

ort ho-xyl ene, Yk ey 1N ALY §8at REEWith mD: polym
2011/149603Pd}9%%?8 } %glg Innénotﬁer enbod ?nent ghf?% g)éolvents
i ncl ude on®e onaterisy & mmth*cm @(tfoalll R@H?@EOH qif el cupilinigd Bers witlop shajobymaer é’@tf % near,
cyclic, or brgpghed @lkanes: oMN.i8ialadaRidORRS 1hd%ﬁJoPﬂ&b DML n3RoMBLsikd M t ed
to nltronethane ni troet hane, nitropropane, nitrobutane, nitropentane,

ni trohexane, mccqr@ﬁme@tvaﬁeccrﬁmnt FobuHae isnpuffigensciandevelop an improvement in- the

ni trononane, %éeﬁ%ﬂ?@%@ﬁx’e 05 YAk dek Wﬁféér@ th@'n‘éﬁ&GMﬁ&ggﬁwf’a&gm le, tensile

ni trocycl oet hane, cycTopropane ni trocycl obutane, nitroc opentane
ni trocycl ohextmegth, oF prxeey oraweplitindmaynts persyadly vob range from §.5 &zﬁt%ét@}ﬁe

ni trocycl gnonanGinht HOGY ¢!:9430ELARE andthdr! QANGRHNIREANG 1 LipheNAENS, and
the di- and trinitro versions of the above, and m xtures thereof. EOOS?]In
anot her embodimbesiments aic fiasm & te 81 %rin enqthes lcpdediment kaed oothe Peligesratcat of
including 10Ge h@obhmodt ecowre%scdlﬁﬁtpgfﬂ?ﬁer RhMEH Subb&akRAXYdliakd 3B fiIRSIEr S,
and nmixtures thereof. O her suitable solvents are further described in WO
2006/ 085957. TEOEE] HANEYENESE ViHs rhéﬁ@g@)fm@ﬂ or §fpht /& 558V 8 oA $8! be
used such asIﬁﬁﬁg&hﬂﬁﬁ@ﬁngygﬁﬁgarbons for exanple, nethyl chloride,

met hyl ene chl ori de, hyl “chl oride, propyl chloride, butyl chloride,

chl or of orhy dP4hi xtlﬂr"é%“@ﬁé? wigh the] BEGOSYTHEn 1B¢ BEOSTYPostm Saueeredsider of

the sol vent iglifiahidilg RRdEBRADTR élfist&h&@C{JoWnﬂ:g is &Eh@lv%@tnuakbl)&erﬁ“ §sinyQ, the
pol ymer at the tenperature at which the p i be mixed with the

s
nanofiller. E&PcHo 1@é¥¥%%W”§bFVéh?@”wéﬁdHUW?H%Y?%%W?@H‘P@H%@?&ﬁﬁW€§dthe

pol ymer m ghtj.n ﬁ@)lyrlﬁ@rlzgﬂ S&PAAD 8 Préteddians eleviBtatioR bt thy 8dnotdigpdsitCidticth R QC 0 nmes
a solvent for t ner at different t enper at ures at ich the poly

will be ni xedtRit Hwtorfémﬁaf%wfamueﬁg PIRgSS ByfoHn dislasipgstiop We%tt?%wéws

fol I owi ngyos! ey %dﬁ)@&k\é@@ﬂhb F@Sfﬂn@ﬂﬁay deBRivb g IpBE At Sird@fimbdterc Sy i ar iR ishE
rai sed to dissolve the mer and sol vent replacenent m ght not be

necessary. [@@@@PPFF@FW¥60|ntroductlon to the dissolved polyner, the
nanofiller njyyss| so sb@dbeed@ﬂden&@ & BYSeGakHR0polinguidiide HyHRPiEensasuch as

nanofiller slurry of the above |isted solvents are suitable and may be
used for preﬁ%??ﬁd“@ %“%gh%ﬁ¥¥hW%?°§W&#Vﬁw efffdkang YKAES pomMaiea pIAMESRISct ed
to 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-dimethylcyclopentanc, trans-1,3-dimethyleyclopentanc, cthylcyclopentanc,
cyclohexanc, methyleyclohexane, 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 filler pl ;an enbodi ment, the slurry is prep 560k O have a
nanofill er cdﬁpg§¥nhgoanymhere in the range of 5 to 65 QQ%HB?EU ﬂ%
preferred filler loading of 10 to 50 wt% Wiile the slurry may have a

hi gher filler loading, up to 85 w% such higher Ioadings are not preferred
as the filler @% 30 not becone sufficiently "wet' prior to introduction
to the polyrreliﬂ0 merfn anptherrpaghedigmnly suipble ybiees ishne Ingeogmopy wirated Bllgnaiot
more than 3 %c’f‘bdﬂ‘@&e{o TRYineq AfdedyaiR Mb@dnfchédl Alan&! Wifided AkREOVLHE Bl P tO
the filler; this nmay more beneficial when the nanofiller is a
hydrophlllc |@gewednmhé toy giteesthgnh e pittp@hanc h pHfopfMpIC culrehpsned nfiopgngs, WO
2011/ 149603PCH {201 1/ Qlﬁ%ﬁ%an[eoo%'c}o-gbt@néo' HEecdhsed nttfzm&{aepar emw@dc%kyrrer
cement and the nanofiller slurfy may be the same or may be different. Al so
a m xture of nistupderers. nuyodyelomgibenct @iticsdenthagc:t h‘é”O%YGloyWé?ncaﬁW%Vd%tﬂ’é@?e t he
L er oL T RAS RO S RS Lo QRARMLALE! nk0BUIRGLAL e, Aelufer and
the filler |oadinhg of the ler slurr in the mxture of solvents when
two or nore Btrasgfloranery, pirecysiodpdacey. Wﬁo%h@uhkéﬂﬁc#WShnﬁme@H@ﬂﬁéhd@éﬂﬁ05|tc
conposi tion, &@@Qnﬁ&k%?ﬂkaﬂﬁ%e&ﬁ%ﬁﬁh§§&£k9ﬂ1o 11to 99.9 vol %
alternatively froml to 9 vol % alternatively from5 to 95 vol % and

al ternati vel y095¥7dm ﬂ@ a@%hogemmlm%t syjtabie sofyents m%wdc dtasiRnc ryagnate. deslydén s

present afg 108 ¥at,, YcohNOGRAS, %ﬁl@{fse@lubdx?mag&&r dang eanwi hilleddy waerdi omat  of
the invention, the nanoconposit med durlng t he manuf acturi ng

process of t Heitdicefushiericdupisr Jaseibed By WOS08§5%a0r i ng t he manuf act uri ng

process of theodssobutaydeenedorseshs ROla) Rlihe wae@he atsbeelu@@buwla@lamopmd
polymer is a butyl rubber, hal ogenated butyl rub

i sobut yl ene- éW@PéH@“boﬁVﬁﬁ@nméf“ﬁmﬁhFH@%hhﬂ@Hm4%ﬁd&h¥@%oﬁﬁﬂy¢@ﬁ§hsPVP@ne

pol ymer . For ralokigf vedy sk, cﬁlo@&&@rﬁ@ﬁcﬁnﬂx&r&ﬁhére&fﬂom to those skilled in
the art, and is described in detail in, for exa P%%gnt No. 15

2356, 128> U1&059pat dibe npggssewy chyracterpiic of th solseiit éx, dtNiEbe %P golviggqand g

Patent No. 7 déﬂiéuyilcﬁgsoxvé\&héimﬁhe%ﬂﬂe tePhpb@seat mfcﬂruer]ﬁ)gﬁner tshe bamnRAwtS tiand
catal ysts are dissolved in solvent, in which the ﬁgﬂénerlz tion ceurs.

If the pol ynBrRABIET o *%m%lceétld@rspvmﬁbwpﬁ‘évmirgﬁ igptemp B RFetymes Mgt 8t e

such that thecugssldolcng tHRQbNERI butdtlthIl@G Rbdmadse s@lﬂént@?ﬁr thd’lﬁ)lﬁﬁﬁr‘de&lfferuﬂon
formation. Slurry polyneriz t|on condj tlons esul t é@ %h O|IdS
in the sl urrySMPER R WPt e oiXmeE rY! é’Fl“&lh“ rup tl[fo’feﬁo Tt |°6ﬁu° Pase

pol ymer i zat i auaiehisdntsl FMloR@gY SR Zalyindnzatibfke tll&OchﬁEBrratuEﬂJSf teesliee aered
fromthe solvent. Th| |s t§1|cahh% done in a fI q%unl fol | owed by
washi ng and d@?ﬂﬁﬁmép beVF@ﬂﬁE@mﬁﬁh Pﬂhﬁﬂﬁﬁw§ﬂﬁtable for
bal ing and pagisape, Pﬁexetolﬁit@auclloaMtha disfdD@Pblytnet, e dandfitler gy higo Beadded to

hal ogenated, for po r .that has not t een i ni
prepared via §DHV¥WL%gﬁ?Wiﬁ1@Q Wﬁﬁfn¥héﬁ§ﬁﬁwyy P%’ @H@quggﬂgfgsﬁﬁy
remai ni ng unrse@@teedd maylemCs f(ﬂﬁbdspﬁth% thd hanefiler islswy.emhea@exdnm tdbally sBigetedar bon

to di I th th 1S Vi
Sol Ut} on 2 XU Sk SRR e P a1 el a Ry D TEut By

be swi t ched, n&ﬂﬂﬂhh&d&&b&ﬁ&ﬁm@@ﬁﬁﬁtmM&Kbk@ﬁMQdofmeﬁﬁmqﬂﬂoaﬂyamaﬁﬂkmhag
unreacted no For enat ed but pol the sol vent shoul

30 essentlalInlﬁ?nj‘f”rr@?elS ﬁpﬁﬁ 18 awbﬁaﬂﬁfbﬂ“?n Wﬁﬁ%?@?fiﬁﬁhth gt %St

speci es may @Yool ilithgy lhafeﬁg(elﬁaéri leomdindSpiC 0 &PHL ves. damlmtegaturwehgy laft @act

t he desired rties of heofl a nated

2011/ 149603 P%ﬁ}qfﬁpéé‘%ﬁ/d%%@éo d\éz{? %&b&ﬁ BRGRE f“ﬁé’lyeréesdo ‘\}‘éedﬁ%%l%d ris
ca{ried cat hwl&mmwmm%m?m@nearpq?ndnomdmhk@mrmepvapmrumumth@npmbynenmu <
sol uti on. enation, o ene, copol,yners is cr in

Pat ent No. SHB%bm§%%“”¢HW%$mﬁ§V8 @ﬂ%ﬁ?%h,w{hémg%f% J%ﬁﬁﬁgqsu fgé Y8
neutral|zatl@nw&meppwhemennrumeanuwmmhdmmﬁkmthemhmbm@aﬁmmtamtﬁ&hmMm HO
I's convent| Or[l yereX 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 |ater renmoved. [0065] For both the hal ogenated and
non- halogenat , the butyl polynmer is then fini val of
all solvents and ﬁrylng of the polymer into a crunb forﬁ?ﬁﬁﬁgx%gé e 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 i ntroduced®®llt heThsoblyamruscdrin@rapai difd nolper icemely dectitha pensiilles slirsasey e
mass transferydepgndent, %teacgﬁcrbtﬂ %@&fd%&{%&é 6o s(mfcnhhﬁd}f boakedr@! d{ﬁgrve the
structure has been conprete prior to any recovery of the poly

wher ei n r ecovelymasfang/ne cigek ylii?eﬁllﬁif sludef | Beed ppom he |d§dteétfidmﬁ”z§h dﬂdélrng roéﬁhf\/al

of the pol yrrelsogna& Ay ﬁﬁér LS owhe%mbmmy aﬂge WD BY AL WIBY WA nioRe! ude
drying of the polyner. For the purpose o his 1nvention, a mass transfer
dependent St agechis a@rwcpgtcégrethp mrqdh@wmﬁﬁwé@qwmp@%wrmeﬂmlOy%whtchta@dy

i nvol ves nol egi, ﬁEe 5ROSREES.9 0b1 AL LEBARY/ £5m TR 651185 a%{a&}lv@lytftb%l physs cal
system For non- ha ogenat ed el astomers, t'he nanofiller is added after

pol yrer i zat i ol Butnddrmesvabofiomrf te et &b vatidhe il velynagl BF sofysals pessgrat |

see FIGS. 1 apgd.goFor hal ogenated el astoners, the additional steps
required to hal ogenate the polyner, i.e., addi tional mass transfer
dependent st d§83] prévvtas inorccaidrics ish ar cebpdiyenb el e Gvesions AenmasRsIobicer i n

the procegs, $&EmE &rind the tRELRANARG hb&s SBNe ahstindrR padaed pRe L during the
hal ogenation - point A~ after halogenatlon and before neutralization -

point B, or dﬂ%"é‘fac‘ﬁ‘é% PEACES 2l thh isoDywicr bised P8lyogl P rHisT Mienisehurylene Msse be
added after halyeaenat han rmooea\ﬁ@noger@fax bhe Resnad Paﬁﬂbrﬁ)fbotnhﬂeﬁ@dt?ﬁgﬁel poBfmer,
W

nmodi fier. |f an¥%free or excess bromine or chiorine b
nodi fyi ng agetit PalReeed padepitoberieng-fiwens nobaper nBgrmadon s é]d*tPré%ré is well

hydr ophobi ¢ angwh &Sgo&imRY iPIhe aM 4k i§ B&cRRY YA ail M o ckLEHIEQAS. Patent No.
conmpatibility, downstream processi n%élof t he pol yner éEI t her during the

r emai nder 1of “2Hé- IA%nESofpisel Ne- prateds Lor- it AP ¢h %808 hettdcl Sofp6tintiPng

with the 30 nARQ0PMRESIstBIed TRYhEERMdnckd) tHehRondinSRENS @&tal9tts exfiakbiated a
nanofill er Iayers ag&$onerat|ng and redu0|ng the di spersed nature of the

clay. This wollVentr B A hepobagiicdPnionper ne XBiPPIGTIEHAR BerseryPOPEsTigtiopne
nanoconposi t Ghe soWehid0 deldclAARIRETAISAML fABARO &/il] PRSIt Baime kbl dneipdiay

al so be added after neutralization follow ng hal ogenation to prevent any

i nt er f er ence MR he RS ZHN G difigns Iﬁﬁk'f Polhier YA RgHdsy lééh‘bﬁmgk’cess
haljo?en t bq:oﬁd)wl{r% %glyﬂ'{_ii_r@dl?? PO b6Ih %Bl?dtl@Dﬂﬂyrﬂglzﬁlldmaddhfurﬂaﬁkﬂf/m&rlzéﬂion the
nmodi fyi ng agent o effect ete contacting of the er
nanofiller aﬁdwﬁﬁémﬁﬁl?Hﬁ?wdﬁg§6?§§ggv%“ Emfﬁém§%W¥gWanﬁ '“Egéﬁﬂﬁ@d“ﬁ
l'iquids (the vpanghinklga @itk by tiangblihe tBo}iyaer rueeieiinb BRablefos bhjicimd to

m xi ng. The m xi ng at which the fluids experience by passing
through the @?%%%e Beg’t%gﬁafl%e different tanks in the system static mixing

in a tank, onodssph sh@ambutyl XitHGe a@lbg@v@d fthpc&erﬂd:rghht&I@Qﬁd v depdinBhadendi n a
t ank. [0070]TodenDnstrate[heeffectsofad thenaqon“%ler
10hal ogerfat i SHP MEUEEAI V1% 8P PYBTEEL s thep s Wy s TFEF 6?/\nr$f5°"tee"§]tysre€9§‘r“@5
per f or med. T&Sﬁedclec{ t@&%ﬂeﬁl’hnwﬁfc diubftusieprcddesith wagirqenbo kot ehetpfog/mer,
foll ow ng set u f% %Iass.mas unteg in a'EFOdd'A @hxed,yoLuneqpf
aqueous phasé®S c an BEYTEN PERGR i Ve SAHE R MpyTe and 1s st Suspension,
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 unrcacted monomers or low molecular weight side species may form

during halogenation. Such species can ncgatively affect the desired end propertics of the

final halogenated polymer.
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i ndi cator was placed in the sight glass. A fixed volune of polyner cenent
I s added. The 15 pol yner cenent used was brom nated isobutyl ene

par a- met hyl st yreng (LIMBM i n hexane. For the conparativig&Shohhg cenent
did not contain a nanofiller; for the exanple test, the cenent contained 10

phr nanoclay (C oisiterm 20A from Southern C ay Products - clay wth a

di met hyl di - hydrogenated ammoni um nodifier). The contai ner was then
pressurized with HBr gas to provide a nolar excess of HBr versus NaOH No
agi tati on wasl08¢Qvi d@ﬁqge@;@p of thetdissed vedHRy i &s@1icd @uf by addmederring liphdee and

then diffused.fiQidkNEp@AaRUFoIPRASSIWMIR! a1didgch@Rh Prdsobe@he dop¥ifttrd Neaigpdi um
hydr oxi de. The rate of dissolVving/diffusion was neasuréd by the rate at

whi ch the col éwcrdkarybld. Pafertoe-pi67R-589  Aiflernpalogepgiiophie gefuédus sphieded toThe

test paramet ez'ic%tr@i&@ticfn%%'v&h%reﬁf ffic §}h—9r\eﬂué9@i t@%&l&e;[ﬁgh,e[{@r Qr P@ﬁl% gorﬂveﬂ%%%&lly
Par anet ers Exanpl e Conparative Aqueous phase vol une (nil) 150 150 Sodi um

hydr oxi de TonigactqdNyitipamaqugow ractfrepiitiviobuned pralpdls sali o Bl aBsve dhtse it 4t i on
in cement (W%, dBodeqlS. 3 Nanocl ay concentration in cement (wt% 1.5
[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 polymcrization but before solvent removal and

20  drying of the polymer, sec FIGS. 1 and 2. For halogenated clastomers, 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 naturc of the clay. This would result in reduced impermeability

characteristics of the nanocomposite.
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ol ar excess GhodBr HPIRUSABRH bR AT A ARoMRE R BI, A8 ARl e
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perfornmed tw ge ;eftEJi‘{% rﬁ%ﬁ?agﬁe lth%'rél hay Rfat Wh&ﬁ't}@efqnds@a_e%@hg % ph&Sdg through
Par anet ers Exanpl e ative 1 Conparative
the pipes between the different tanks in the bystem static mixing in a tank, or high shear
mixing achieved by a high speed mixing blade in a tank.
[0070] To  demonstrate  the cffccts 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 rcacted with the sodium hydroxide. The rate of dissolving/diffusion was mcasurcd 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%) 153 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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[0072]

containing the nanoclay, it took longer than 60 minutes for any observable color change.

For the comparative test, the color changed in 22 minutes. For the example test

This suggests that presence of the organoclay may interfere with the neutralization process of
the cement.
Test 2
[0073]

cement. A 1.5 liter glass continuous stirred-tank reactor (CSTR) was charged with aqueous

A second diffusion test was performed, this time including agitation of the

sodium hydroxide and a pH indicator. For two trials, the tank was charged with a hexanc
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.

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 (wi%) L5 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]

pH. For comparative 1, the pH change occurred within several minutes. As seen when

The hexane-alonc run, comparative 2, shows a rapid drop in the aqueous phase

comparing Test 1 and Test 2, the pH change occurred significantly faster when agitation was
provided; however, the delay in the pH change suggests the nanoclay may interfere with both
halogenation and subsequent neutralization of the cement.

[0075]

polymer cement is neutralized by means of a caustic wash. This introduces water into the

As noted above, when preparing a halogenated nanocomposite, the halogenated

solvent based system. The water may be completely or partially removed from the system
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pH. For conpé&gg?vég’ the pH change occurred within se&%?gﬁgHsgﬁégs. As

seen when conparing Test 1 and Test 2, the pH change occurred significantly
faster when agitation was 20provi ded; however, the delay in the pH change
suggests the nanoclay may interfere with both hal ogenati on and subsequent
neutral i zat i anioofo inlreduseeresitthe 1907 AbiryotlBdhe atsepy és, napisemplpiepampyeg. @ the

hal ogenat ed Q%&Qﬁﬁwcﬁﬁt & obi& fal 9%@&&%@%&1 n}ﬁ{m&@@?%weﬁs NRWHRl hged by
means of a caustic~was T%'I i ntroduces water into
nanofiller, an cmulslﬁer, or surfactant may be used to obtain dn emulsmn of the system to

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 uscful in preparing the emulsions of this invention include alkyl
20  cthoxylates, lincar alcohol ethoxylates, alkyl glucosides, amide ethoxylates, amine
ethoxylates (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 clastomer in a composition for use as an air impervious laycr in an
article, such as a tirc innerliner, tire inncrtube, or a hosc layer, the nanocomposite will

comprise 80 to 100 phr of the elastomer present in the composition.
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et hoxyl ates, al kyI gl ucosi des, am de et hoxyl ates, ani ne ethoxyl ates (coco-,

tall ow, and ledsegiehommpriestierdsx Thammeslastsreaisanmy|bs psed sHEHAT “é?%‘&&%ﬁiﬁa? &l and

nonyl phenol gt ROXY LRt Gng £iB0L3) &fygs{ niiB&nnanef bd Jutk hass hsfl bMaefpaIAt ed
into the f)olyrrer usi ng conventional el astoneric drying nethods, the

el ast oneri% rrdioeb Hossie duncgonab capay serbf $sobnlqgse Oéd‘l"\?‘é?ngmul’% s lgrtemengs ¢ er

the el ast oMerjagodAREGE IRPHEhBplasticd €ERNEIEHbinkd uliBYcohli@BnsRacc@mmRLURESGhaM t h
traditional elastomeric conpounding constituents to forma fully conpounded
el ast oneri ¢ é‘@ﬁlp@%‘qq{l' ipy 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 clastomer. 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 elastomeric nanocomposite
30  compositions that ultimately are fabricated into end use articles. For example, the
clastomeric compositions may optionally comprisc: a) at lcast 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
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conventional {ihesmel astdompBQley PR &ampR Fl%&&ﬁér, whit Rutdae p&?ﬁ%a@@@%il& or
that is b g fr

definition: "a materi al 5 capabl e of recoverin om | arge

def or mat i ohs, misdescheictfe d) drlcast prsagiyc Packagrodi uraiyC po WA ghe comPaitirehas t i s

essentially i ﬁh%i@xlgb'@ & 1&3@1‘*‘&;@%&6&%'&3@&@@ Baktd E&HhoSBbY-8RY <) any condRLiEXBNP! €S
of such secondary rubbers includes, but is not limted to, natural rubbers
(NR), polyi sopfene rubber (IR), poly(styrene-co-butadi ene) rubber (SBR),

pol ybut adi ene[()ﬁ&#?bethfeﬁR)entid%%c)ééﬂd&?%’ %B@i'ci@s%@ﬁéh@«ﬂihg@ﬁ%odhﬁ&@@r (IBR), and
styrene-i soprene- but adi ene rubber (SIBR), 10 and ni xtures thereof.

Et hyl ene- propy! ené* rihst fPEmWduaing @t rpISERSTipr BFPFEMOsith et PUBERRPOFEPD) .
[0082] I n gqot her %HQMiﬂEBﬁds&bh@leﬁé-%&@%@l’y&&r NANQC MRS | daBoRY, e hb&pded
with at | east one thernoplastic resin. Thernoplastic resins nmay be used
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functional groups such as hal ogen or acidic groups. The el gﬁtgrrerl cC .
nanoconposi t e and UPRET BN Peec R & proges YSHY HEHCUTHERPD ebiRE MRe e PERICh
that the resulting cosREsHthePolySed iy daTE A Hiysoudl GaRsecht;ad) lcOMtacting the

Pr ef erablil/§1 the thermpplastic resin forrtso? contihuous donmin in the
material hile t h&VEIAIERRET @nhoRYRPYsTA e © phiaigdAe nquocamagyigt ghd d)
elenents in the th@bﬂﬁ@%&ﬁ&k&mbﬁﬁhnadonain. The resulting all oy has the
repeatable 20 prgﬁess%Qility of thernoplastic with hhe flexibility of the

el astomer. TH& th Phedtof enbadipiat 4r év%ﬁff@s%ﬁtw@ﬁle&e &t RNoUE B aaster
conprising alloy uépcamRuiig if: nHanm gdyh@izSbnwif Yoclisd bR RnEMbRGH B, muaidefor om
50 to 70 wt%in yet anot“he)r embod| rrcgn i [.0883{ Suj tabl e t her rmgoléast_i c .resins
i ncl ude resins selMRBYBYSHIHILRRAZEGHHIE ASPRIPREESET PRYPS Al Gerdvent: or iil)
pol yi m de®, pol ycashanatiesof tpofuy@mhalz8d ispialtysisl fa@iaeslymeddopteact ones,
pol yacetal s, 25acrylonitrile-butadiene-styrene resins (ABS), .
ol ypnonyl ondax, dsh BResd saigiany T hacudl FRouEppaid NHET pimysahuior o
styrene-acryl oni t edrtRtiiehe AsholiBAN)uryehy the pelynat @ivenanhydri de resins (SMY),
aromati c pol yket og sBéIﬁECEK FEOQII a?% PEKK% and\,\}ﬁiﬁt ur.es trherr%oft 0.08t4] The
el ast oneri ¢ ranoc ﬁ% 1P OhEOU U BeVBiraR dRES Wt H AAVE} FECYTBEEPRET ©0
conmponents and mayonbetifptht aamatiliy stiufyadd the pblgmer wlked el ast oneric
nanoconp%%l teE. 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 Cy
to C4 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,
hexadicne, cyclopentadiene, alkylstyrene, or piperylenc.
H. The method of any onc of embodiments A to G or any combination of embodiments

A to G wherein the isobutylene based polymer is butyl rubber, bromobuty! rubber,
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stages i), ii), re. co eted rior to cor}g ing the nanofiller
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embodi ment s A o I KIOFE e R B A BHBHEPEO LS 4 PPBME PRI (TBISY i ns.

G The netthod of aﬂh@@&mﬁm&iw&aeﬁ@dmmﬂwmﬂi ol efin nononer is at |east
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e,
6, 6- di met hyl -Y-ul véfeme Qé) 651]?8&‘“188% lé‘r’i‘f‘%u]ﬁ-li‘ eht &l Sk%}@éf"%f?eﬁ%““%?‘ static
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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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WO 2011/ 149603PCT/ US2011/ 032608 chl or obutyl rubber, brom nated

i sobutyl enc-net hyl - styrene rubber, chlorinated isobutyl ene- nethyl styrene
rubber, star d butyl rubber, star branched chl or , Star
br anched br on%’B?IFVF?PWbber i soprene-i sobutyl ene- et hyl g{&gr ehe ru@ er, or

i sobut yl ene-cycl opent adi ene- net hyl sytrene rubber. 5 1. The nethod of any one
of enbodi nents A to H or any conbi nation of enbodinents Ato H wherein the
| ayered nanofiller is snmectite or phyllosilicate clay. J. The nethod of any
one of enbodi$ent Fhanetod obayamy of embidiatnton R erhoeinmbemtion Af ¢rabadirer ei n

the layered nanofi| Jo%wme%mm%% w{oqmﬂ%?mg R ith! tfern Q&{c‘?%ﬁ

saponite, hectori sauconite, nori | Ite, nontron |deII|te
bentonite, voTkoné’lhombthpd d0inzpondfieaibotioenion tb & or Sla{mmbtr@tlons@f@mbﬂdlment% A

magadi te, kenyait % sﬁhg}fe%gta{%egamgﬁ%m% sl flugyé'btlé?ldec?‘lnmrp@itaﬁorgéydes

or hydrotalcite. one of enbodi nents or

conbi nati on of enb@xdli)qx'einn@ncﬁ\iStIUC@nt\/méh@ﬂﬂbtqmﬁelcIcame@betdmnaﬁ@wfw ef 8hisl®Peen
treated with a m)g fying agent prior to contacting with the polymer
solvent. 15 L. The " nethod of any one of enbodinments Ato K or any

conbi nati on df. enfodinatbod ef aty pue K cwibedizionts Ape iTor anrogbmedet dfvgibedisctiaper ed

nanofiller with they %I: [he @Qgty&&maﬁ#ﬁmwt@Lﬁ@rtﬁ@@%aédl ih an§/ JMﬁgo}en a

solvent to create a fli urr any one of enbodi ments
A to L or any comnbf ﬁlatfoldwmﬁ Cle&m@ﬂlcrﬁen&t@lcmﬂ@Dntna’mmmpwctﬂi@lbo@ﬁh acedrby of

the layergd nanof 'bfa!:l?&sﬂﬂ? &Ieéls 01l_r %@ﬂﬁl% RG] A8 A xi ng of the

nanofiller and polynmer so e nethod of enmbodi ment M wherein the
m xi ng i s hi gh shd&hs mathed n@ammnspﬁfﬂl@drﬁlwm to §.oThey easttisdonpl eppdopratsof

enbodi ments A to N Qf; @iYeif RIS M AbRFRALI mp%uﬁeggnd\{m\é@%rfgwaﬁﬁ

emul sifier is added during the contacting step P. The nethod of any one
of enbodi nents A trocdingya @igynnebibs. aaeir bladdss Oéﬁb‘éfﬂllch‘%ts A to 0 wherein the

time for the gont ggt hBE.EbERYI oAe bBSRLJIRAMEO Ty rblf'tdﬁ’}scon@mah@n Hpérﬂﬁﬂm%tsany
one of enbodinents A to P or any conbination of enbodi nents Ato P wherein

the time for the Aotet Hcrharin sheepoposnaresis rohapriz@! i hgeleant. TREinget PIWIYF any
one of enbodi nent s fnt Qo @R lihcBMo SR BiadchPRdRE & MROIPRAEmMAA phiot & £y

wherein the step of recovering the nanoconposite includes at |east of the
fol | owi ng steps r&NdxeEl ofdhe Rolenesol vent , washi ng t he nanoconposite, drying

the nanocompqggsse: %glppﬁilldngQoﬁlﬁ@slﬂgatﬂ,gﬁ%&ﬁﬁésfﬁes 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, clastomeric compositions comprising the nanocomposite
may be cmployed in air cushions, pncumatic 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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WO 2011/ 149603PCT/ US2011/ 032608 S. The net hod of any one of enbodi nents A
to R or any conbi nation of enbodinents A to R wherein the nanoconposite is
conpounded w rmopl astic resins. T. The method of :

enbodi nment s A&/pg&gﬁgg&any conbi nati on of enbodi nents A %X/[g%”&jz‘t’og S
wherein the el astoneric nanoconposite is further blended into an

el astoneric 5conposition and is present in the elastoneric conposition in
anounts of 80 to 100 phr. U The method of any one of enbodinents Ato T or
any conbi natiad fold eidbeoplivetins i agtomIbvilghwsreingion hempdra sionehrest hdietonisosi t e
is further bhﬁﬂgﬁQuM£th any one or nore of the follow ng el astonerie
constituents: non-nanoconposite fillers such as carbon 10bl ack or silica,
processi ng oi[0889] pr chdigpinly. alagsmeramepnimgpitieisveegiprivng epreRpebiiefmanifscone
of embodi mentg, A 9 Wil ANY. ARILNAL! G Ol iRIBAMIIRAL STRYL 8. LBNRLEH L t he
el astoneri c nanoconposite 1s conpounﬁe and used to forma tire innerliner,
a tire inner plabezerain raliber ofraeetéans; a eorapdnerietol cayaesitiopg thiphysc parerdured ingny
one of enbomb@f@t@ﬂ—%vr@ ﬁans}/aé)Pi)s/[?ree%ntgQ&bl'u&%ah@;narﬂfin%pfﬂg'aH@_@te%tricéliiaﬁetfﬁlir}é

wherein the nononmers are po Ized in a solvent, creating a pol yner

cement, so t haatentdile nanofiller is directly added to the polymer cenent
prior to any m@fogvefml Qriokil}e dDQWENET 1ok QO8BlHHRIMRAST hiORScROTISIoAY tdhe
nanoconposites of the invention may be extruded,  conpression nol ded,
bl ow 1ol ded, Hrefedwes Grehrep PIEN metheiis). ard efbar decuniens cie o ars Rayderogvard cl es
i ncl udi ng;f i Ber Sperdhlbd WBhe LAk RAHERsclds@¥ &Y Sot iMdBAUSEN adh (RRNdvSnRMCIAd &S all
autonotive parts, appliance housings, consuner products, packagi ng, and the
|i ke. [0087] Thesdrtinciongodi tish dereposition shecradicde sWhmprncabyview el eids ed
in the — manfRELMLERTindl hre TRIRBRES rSYGIHAR ahDRRE! [IRRNS anyl AIPEF ikRER
sidewal I s, treads, bladders, and the like used in the production of tires.
Met hods and eqieppeis used to manufacture the 25innerliners and tires are
well known in the art. The invention is not limted to any particul ar



met hod of manufacture for articles such as innerliners or tires. In
particul ar, the nanoconposites are useful in conpositions used in articles
for a variety of tire applications such as truck tires, bus tires,
autonobile tires, nmotorcycle tires, off-road tires, aircraft tires, and the
| i ke. 30[0088]1n another application, etastoneric conmpositions conprising
t he nanoconposite may be enpl oyed i ncpAfM®Ishi ons, pneumatic springs, air
bel | ows, hoses, accumnul ator bags, and belts such as conveyor belts or

aut onot i ve Wit tssclaimgdys:ar ¢ useful in nol ded rubber parts WO

2011/ 149603PCT/ US2011/ 032608 and find wi de applications in autonobile
suspensi on bunpers, auto exhaust hangers, and body nounts.

[ 0089] Addi tj onalAl metteldatet @rE@diictheC airpRSiohicdid Snaposqmhp&itagthehtandanapesiosi t e
may al so be used as adhesives, caul ks, seal ants, and gl azi ng_conpounds.
They are afBPises @0 Eebutglegp-hasqde polymer i gndr aplssered oranelRes. othg; Pragess
conponent s o ikl that arc manufactured into stretch-wap fil ns;
as dispersg%§%£$§$&%3%??ggnts; and in potting and electrical cable filling
mat eri al s. a) 009p¢Ipinkeriping dsabuylcheanommhas apd et defipubhomatsi topsodw@adnpat ent
applications, test prqcedures (such as ASTM net hods), and ot her docunents
cited herepﬂmﬁy@n?ﬁgﬁaﬂp C8fporated 10 by reference to the extent such

di scl osurepy s n&&we&@& 1848 Bhe WO trhilrs: depyRitnt 9@ NOhE Pro@kd wherein,
jurisdictions in i ch” such incorporationis pernl%ted. en nuneri cal

| ower | i m aféeranhphatioeof gl at lgapeond stagetand arior Lo aityedcdwsrephthe pahges, theom any
lower lim¢t to an%fuggp%.linnt are contenplated. CLAIMS What is clai ned
is: 1.A ne?ﬂ%@e?grnﬁ § g}%a)gﬂlelastoneric nanoconposite, the
nanoconposé) e Cemhg §ilNf@rénindalut i £asviasedraat ¥ h@iofARE siardy R fatkr
nanofiller, the process conprising the steps of: a) polynerizing

i sobut yI endulEpAsYiBE BotaRercHMn § vitefWaH Tl onomer s to produce an

i sobut yl eng- bas 3 i I e
dependent st age&:ﬁﬁa%? h%q%ér %aggéé? 15\3%@? lel?Itn%lﬂlg?/taa tg?i tgg%}}g%?o%?l t %g{}%[n ?east
one st age mmdc@npaitefandany recovery of the polyner, the polyner is

di ssolved in a solvent; c¢) mxing a |ayered nanofiller in a solvent to
create a ridnof i TEFRYeGE (he YANOEPHBPISI| er sl urry having not nore than 5 wt %
water; d) contacting the |ayered nanofiller slurry and the pol yner sol vent

to obtain a
2. The method of claim 1, wherein the completed at least one mass transfer

dependent stage is: 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 functionalized isobutylene-based polymer solvent.

3. The method of claim 2, wherein stages i) 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

contacting the nanofiller slurry and the polymer solvent.

5. The method of claim 2, wherein functionalization of the isobutylene-based

polymer halogenates the polymer.

6. The method of claim 1, where multiolefin monomers are C4 to Cy4
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nanoconposite; and e) recovering the nanoconposite. 2. The method of claim
1, wherein the conpleted at | east one nmass transfer dependent stage is: i)
t he pol ynerization of the isobutylene nononmers and multiol efin nononers;
ii) functionalized of the isobutyl ene-based polymer in a solvent; or iii)
neutralization of the functionalized isobutyl ene-based pol yner sol vent.

3. The net hadilddlehsai m 2, wherein stages i) and ii) are conpleted prior to
contacting the nanofiller slurry and the pol yner solvent. 4. The method of
claim?2, wherein all stages i), ii), and iii) are conpleted prior to

cont acti ng~t he r t hod of
claim 2, 3ﬁere.2ﬁ?3%%%+§§% %ﬁ%{?gﬁﬁg?ﬁﬁﬁe |so tyﬁﬁ%éﬁ%%g%%jggﬁc%Bﬁﬁo

hal ogenat e&sopleac.pduymime, 62, Thikmatayhbd-tafadidr@i nindrcend) e 16gs-dinmtdthyd ! fafviene,
nonomer s ah’ﬁ§A to ﬂ nyltiolefins 7. The nethod of claim®6, wherein the
mul ti ol ef i Ry clopeniadiens Stkykiwent. of BHSFURE: but adi ene,

2, 3-di methyl-1, 3- but adi ene, nyrcene, 6, 6-dinethyl-ful vene, hexadi ene,

cycl opent adi ene, al kyl styrene, or piperylene. 8. The nmethod of claiml,
wherein thé isth@yEQNQCﬁab@dlpmmywhrﬂméxbuu&hwﬂubﬁhnﬂwbmdﬂbbuﬂyﬂﬂmubber,
chl orobuty rom n st ne rupber
chlorinate O%Og)ﬂﬁ'tlyf &% nﬁﬁ?ﬁguﬁl %Iélinatééljt d?o%?yjﬂbeﬁlgﬁaﬂfﬁf?few ubber ,
star branchg8es bhratdyisobubiegs- meﬂiﬁrstybé@nﬁn@sr higneabéhed Bubbibber,

|soprene|sobutylene met hyl - styrene rubber, or
i sobut yl en#faic g mﬂbeciitdﬂ@r@h@tyhemhwrswarei@@amch%bé:rromot»utyfrirébbm Harprere-c| al m

1, wherei nISBQ_ﬁX eﬁlé( ﬁ{e 1\';\%8{& lIJLIE I's Sq‘sa'(();ogx't};lgne ycﬁﬁéh aﬁ?e'n e %Sﬁfelnoni te

The net hod Feinthe | Ayere nano IS HoNt
beidellitemmbﬂﬂtronite saponite, hectorite, sauconite, bentonite,

vol konskoite, | aponite, magadite, kenyaite, stevensite, vermculite,

hal | oysite, alum nate oxides, or hydrotalcite. 11. The nethod of claim1l,

wherein the | ayeredndaRPTde Lelm RS WikRAEN [hE G e hdhofiller is smectite or
phyllosilicate clay.

10.  The method of claim 1, wherein the layered nanofiller is montmorillonite,
beidellite, nontronite, saponite, hectorite, sauconite, bentonite, volkonskoite, laponite,
magadite, kenyaite, stevensite, vermiculite, halloysite, aluminate oxides, or

hydrotalcite.

11. The method of claim 1, wherein the layered nanofiller has been treated with a

modifying agent prior to contacting with the polymer solvent.

12. The method of claim 1, wherein the contacting of the layered nanofiller slurry

and polymer solvent includes mixing of the nanofiller slurry and polymer solvent.

13. The method of claim 12, wherein the mixing is high shear mixing or static
mixing.

14.  The method of claim 1, wherein an emulsifier is added during the contacting
step.
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nodi fyi ng agent prior to contacting with the polyner solvent. 12. The
nmet hod of claim 1, wherein the contacting of the |ayered nanofiller slurry
and pol yner solvent includes mxing of the nanofiller slurry and pol yner
solvent. 13. The nmethod of claim 12, wherein the mxing is high shear
m xing or static mxing. 14. The nethod of claim 1, wherein an enulsifier
i s added dysi ngThbecBRAtFCdiMgl, SHRRIn theline fdrehd@Infengkteplifieds than\sher ei n
the tine for the contacting step is less than 60 mnutes. 16. The nethod
of claim 1mipHes-ein the tine for the contacting step is less than 30
m nutes. 17. The nethod of claim1, wherein the step of recovering the
nanoconposite includes at | east of the foll ow ng steps renoval of the
sol vent, washi nTh¢ ARtHANRICRAPOS ivitereis thei tiige fdtehdeunttnpekbtielesathdnidal i ng
t he nanoconposite. 18. The nethod of claim 1, wherein the nononers are
pol ymeri ze®IHet: he sol vent. 19. The nethod of claim1, wherein the |ayered
nanofiller, prior to the mxing of step c¢c) is nodified with at | east one
agent, nodifier, or surfactant.

17.  The method of claim 1, 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.

18.  The method of claim 1, wherein the monomers are polymerized in the solvent.

19.  The method of claim 1, wherein the layered nanofiller, prior to the mixing of

step ¢) is modified with at least one agent, modifier, or surfactant.
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