WD 2010/ 044776PCT/ US2008/ 079857 POLYMER- CLAY NANOCOWPOSI TE AND PROCESS FOR
PREPARI NG SAME FI ELD OF THE | NVENTI ON [00011Thi s invention relat es to a
new process f»% (pr/oq‘u70| ng | ow perneability nanoconposi tes which a

useful for ait Partt*éPs such as tire innerliners. This HSW%?P‘B‘@(%?? uses 5an
in-situ prot owmlmctrm@mmomrr EANIFPROCFRSHOIE PREPARIREXNAGE! { €S
made by this process an I Cles conprisitng the nanoconmposites. BACTRKGROUND
OF THE | NVENTI ON [ 0002] | sobutyl ene- based pol yners, such as

i sobut yl eneppps $6 ARG 1 E yl ene- paranet hyl styrene copolymers, as well
as hal ogendated vartants thel exhi bit considerably 10 lower air
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the air pressure I n near al ' nodern pneunatic tires. ereis
cont i nuing aeedity @rqtmpttadvre0dlﬁe“ dhe imentamt ilen rddier wcnceprmpoem ofiads Ughthis
conponent s R (N r e their performance in terms of
energy effi c(lycgﬁcdy&lan Fké’n?&%%é‘“ﬁ"g%‘? % such i nprovenents has been the
synt hesi s BAQKGY NYBENGHDNSi t es, wherer n nanonet er-scal e cl ay
sheets are h tolo Lroair r

even furt hégdosz[) 8%? r?ré%l())age& ﬁlixﬁéd SUCh ut)}'setn g%%&?p rg%ent%ﬁnll?]oguly%el? gani c
particl es wiatamethylstyeas tcomiﬂndb nens¢lbrs |halogdnetema«ranm &rcrcoﬁlegeblt (eorg;lderably

i nor ganjc t e n cl as P sr l.i cat Y,

i nter 021: at ﬁ%ﬁés%noﬁfrged% 1]kles hl‘"gé’g%r A ?‘F\mers dnoélglrnla%ss!g Iebreenrgntg? dte”glogf]

pol ymer i nskeitsfor rtiteomtehelbs:pmdémmrlngesl tharayt thettwie elre smhleesrshxayn sml&ademdem
Utimtely, si,rable. to have exfor p

Ful 1yt sperelntiS AR hhER R alh: DR g kb S0pol 8 3 R LB i

t he gener alof enthacvommemts ¢ven eﬁmtheban rordr tmurabmtze eequaferfvmranaum pohsy sfeenekyends

when cl ays e Rresen esire to onp h | ow
air permeabi ity “e by sa%et}f hels Jege ?Onbutcﬁ &"manuta ?ge tQct ?yng] S8 Qéf%‘ﬁb;{fjﬁﬁ

prepar abi omam‘compaascocsowb@&nmemnmsca& mmmeets arb divptrhaidsittinthg @nigmat @ lower
exfoliat Edﬂ%llr% s 1'331119 E‘ FDSt common net hods relies upon the use of
organically no iPFiEd” e V?ﬁ) Mionite cl ays. Organoclays are typically
produced t heooagh Nerlmbmpasmtbeaeﬁolyma=s@mexhza¢°t@emr1ﬁgambﬂganspzhhaés w@phtaest @edi um
ions on th surfaclemfgf sodr%m nmontnorillonite ani ¢ nol ecful es such

as al kyl of TEPVPY AR TRYES o BIRHsS %namfeﬂblfcﬁmtﬁlmﬁ i Rl [dis Yy as
30 swel |i ngplotiogkda@b'l. dtidatlg, meedtasion ARGINY tdkb e ladefih theeMb&ﬁn@fslteL Ritsremethiaod

can be the limted therpal stability of t rrm)lum ’ nds, | ack of
o cal bBHATHG RS Hig e Seit pr stesteBirer B aRgUTts pao TReEAR oot ©
properties hmdxfomﬁﬂicﬁhaSzEﬁelh)ﬂ&i@ﬂﬁﬁdr% fubndispdied Regahd M&rvldﬂﬂ&ﬁﬁorﬁdﬂ@—s[z@bﬁ@s ed
am nes and f:le a%fl on pro cts have on ghe transport properties.
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preparing papoeoppesi, ek if § 6o fgant & addoyoridiid wedlo6! aypsimdabiliy, ¢ & Ubbge and
a pol yneri ¢ Exfol i.ant 40005] Anot her nethod used in the art to inprove the
or ganocl ay'p F PAFRHERC S o conbi ne functional i zed polyners with the clay.

Thi s appr opwb4jhasTRERBpaktidh e Banboriftiss ddsS: duidbr & Bethddls SOLARIE dxfolpRtier or
to materials that can be incorporated |nto t he pol ynerization reaction.

Thi s appr oS8%- ha¥epetcydey gt pishadnyilish Uﬁehd%ﬁtfogf roggnicpll mydfise

exanpl e, Ohb@@ivBIbihtc ML, M Bﬁﬁ&s%r&%foﬁllﬂﬁb@:ﬁb@&r&u@@ sOREHnf afld: ioPRlcef i N
nanoconposi tes, such as po pyl ene nanoconposites, have utilized maleic

anhydri de Eralredahermise @ﬁ?,lvenegb B Be hitpe o ordiugypereriionite ity greaRiei on

of nanoconpERtl&Ssucil & 4RAG) Efﬁ%ﬁlﬂﬁ'ﬁﬂ’uhlccoﬂﬁ’eﬂﬁlﬁ@ RRO§plcBlly R th NS Sid &
i nnertubes have al so been forned usi ncﬁga conpl exing agent and a rub er

where the sding ar sxfgligtiag eegnire AnpsEdie 9*?%5@6&1%41?}@%&6 hargdamigd depaland a

layered si J;t&lﬁl@cg%fuﬁﬁ f@hhidm HosPBHirIe Ot MK &IfMbherRUENREin tmhsthem@mameﬁo
inproving air barriers has |imted useful ness due to tﬁe need for

pre- f or medepBed {9 Peor yneehaigh aroparsiet deneighise ywerpibidattee negative impact the
released amines and degradation products have on the transport propertiecs. WO 2004/058874
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15[ 0007] Nanoconposi tes have al so been fornmed using non-ionic, brom nated
copol yners of isobutyl ene and para-nethyl styrene, and bl ends of these

copol yners wi pol yners. However, it has been found that the
efficiency oﬂkgfmyn“9¥ollatlon as det erm ned by the reFSPP%%“%%%ﬁ%ab.|.ty
reduction, digld&ta gocdil Qﬂ"pr@&amﬁ@%&w@&hﬁﬁﬂé%dnﬂo TP LIS -rhJAVRN Vel 438l Hugn'rlﬁ:bber

i nteraction. Nanoconposites nmade of clay and am no-functionalize
haIogenatedm€P£§WBﬁ%Q@d@Pétdlsclosed in 20WD 02/100935. Nanoconposites
conpri si ng @aos Nt eXdoRleY MBho ANdd & @Y ark FLRpRH Wietoh Al e%fn%wg @A e

are dlsclosed in WO 02/100936. [0008] WO 2008/ 4 12 discl oses a process to
produce a ﬂbﬂé@@ﬂ%%hpﬂﬁmﬁbﬂ@¢ﬂb¢ﬁ@YtH&mSﬂmﬁﬁdbhme&¢h@n@%ﬂaqﬁéaﬁst@ﬂ@ﬂ?y of
clay with aokBloUh waltr 8f oRRi IR  thdtRaPe Qleag&lat%d 04 U i Qn%a‘ﬁﬁﬂc@&w%%hﬁ' on
conprising a polyner-clay nanoconpositc, d recove € nanoconpositc
25f rom t he %pighadi kyn bearhescpéd pirpsrc malpn blencm@pcfsumvw@mﬁhmerdple qjigomgticharain

ani ne gr oupn Mm@l despdiQd NGl @RSRodiRLe AL B8]

descri bed abovg 1na%€céﬁpos%tcs gfelhaég§éﬂﬂﬁ gbg}IQ§§§H§¥?ﬁ%%%&&%ﬁggponers
and or ganoclla@g;ﬁgmewtbﬁeha\atuﬂtlm mpddi¢ anditydiide amattel polyplopylénsa to awhidye s staresshe
hydrophob|qng@QHBQUQLﬂ%ggmggb r, the organocl ays (and/or the polyners)
are typically nodified to provide better 30interaction between the clays
and t helOpoll§¥ét s. Elhiomepe omeseniositeixpehisiyvadandrtups havrodho foicedioohaysingre not
exfoliated cbﬂpl@ﬁb%geerﬁ afll a HBL&G I‘,?ﬁl&l& theS) é:n\f?ncyl reaLtﬂgert]b}IpF%mgt SitiGell %ha%%eldl I a
need in the a rocess prepa Ing a polymner anoconpostte

wi t h i npr owedpexfdod lidmrschﬂllqafe unfferngy digpeased themm elsedei, rtitleammar:lmm ibptoneen t he

clay and t PIOCES S b &

o oduce. pol et S i ATBih R T09 bR oedbydroTeRel RS BABEE Rl Rsi ng
i norganic cﬂéermmhmmb organi c nodification or wthout u5|ng pol ynmer that
has b een, prﬁ‘qow”c‘idd??&%ln gs?tg% héA‘ gqllsglb%cnnall”olrr}{éd Llls];n tnr;')% & Ql ybrrrc?nlr’n atec} Qoa lo af%epsag
rubber, a I prepari ng nhano onp05| of f

hal ogenat edsobublboer aschmaﬂadnddwlsm)amb Iaed @fenljreioﬁghdsmtceim)aheed witht @hérhgolymers.

hal ogenat e@%ow%veqe héP% bO?uf unc? Hlatp tlilg % c1enc Féfrcl: C}A/follatlo%r e% d E qntng# % ﬁxl(; @%gt?viﬁ: gr

the art NanoconpPosit aving even
properties p(:umcebﬂ,ltyl m«iv&noroxygemst hlglmamtlsis lddmevledimewutetshamlexg $ctnl1cng1telact10n
nanoconpos5$nmmwpo$e maj nt.aj

ni.n c and that ca
in applications suc Sggefﬁfgylﬁ%%% E%PE mﬁggg °8ﬁﬁ%ﬂ§§§0§ﬂaaﬁ‘&§gF? in
per meal3ol i tWOa(D%l 008%fuI NaﬁbcorﬁildleQkaor@?m'ﬁglEaﬂ NvENGIly Rl 2201061 Lkdibe pirle qa@nt
I nvention in 4 e % rocess of preparing a
nanoconposit 8ﬁm?g %Iuﬁ%‘ gﬁﬁ”& @§ﬁ88‘ﬁggnglng the steps of: (a) contacting
(i) a sol ui[(mo&] of Wao pmgy(msmz dhscﬂdike@ﬁgﬂmeﬁ B Qrd®E a nahdchmadkitaGueptsnsthdr ry
of a clay, é f difier, ﬁ 1% t sted aC|d to forman 6ﬁUIS|on
(b) i xi ng*tRe AR B 95 ehe &’th?oﬁ‘?B‘é‘g? PEPOIAHE ep Ofsansc8lerifg t he
nanoconpos ifdre ahrcambtdneommuﬂusg @pblyxh&&la&]fﬁhdchmp@;hc [(dndl rechVdrihg tHel dahgcompékitci V)
ahly.in
can be gon%g'r%tt ¢ emulsih, )%he po ymcr rgay be pre un}:/tlondhz%td%% 1afPl ar?' amine group in order to
increase interaction with the clay.
[0009] As described above, nanocomposites arc made in the art by mixing of elastomers and
organoclays either at the melt state or in solution; and, due to the hydrophobic nature of the
polymer, the organoclays (and/or the polymers) are typically modified to provide better
30  interaction between the clays and the polymers. This process is expensive and most modified
clays are not exfoliated in polymers or in organic solvent.
[0010] Thus, there is still a need in the art for a process of preparing a polymer/clay
nanocomposite with improved exfoliation of the clay and increased interaction between the clay

and the polymer. There is also need for a less costly process to produce polymer/clay



first mxture conprising the polynmer solution and the Bronsted acid, and a
second m xture conprising the aqueous clay slurry and the nodifier are
provi ded, an 6201 L Joat and the second m xture are conbined to formthe
emul si on. f&bly, the first mixture is the effFETéH%ZO‘@fW%%Opm ymer
hal ogenat i %néc%ﬁffa&ﬁt"es ushdy ihdthshiPABCEHDut $rBHiBMifida8bn brswﬂfogttl%ﬁl%tp%g/rﬂeptﬁﬂ tu
by the Bronsted acid. 0’013 The present Invention in a second aspect
relates tol gb‘?eé@éﬁ‘s%m‘ftﬁfldlﬁ -dyériardliigt B polypaeis halpgraatpt whlassdeadimsriredessy t he
steps of: () F&E)E}nghﬂgccﬁlp%mck'tdf Ocnayogndt nﬁo%%té/m b%ms%ﬂldoﬁ@@ﬂ)‘a&esﬁl N&IY
25(b) cont actl ng said polyner solution wt en i1n reactor under
hal ogenat i ditcgdisdinte Bhedalpgenpisd mbhen noefgaaneriogses welay,m iyl ogesd i diciate,
(c) contactd,ngb g ehfd HEBpBhL RAD R @clial 9 fig@GLor f (b)
conpri si ng haFO%enaCtdfg a&i #er and M%Cdroggn hagﬁ}%\ﬂ%{bc tla?nli:laqu%‘ggurs ggurry
of a clay d@sTNPsn rafchdiinfoxishng mmndeomppsiiss whild Biiohining@Ee) prvosiahiity, ked that
ermul si on 1 Qaf Qf MeA i) Q&Qm%lf*ﬁgstgg Q@Algge{;,ﬂ&g% Eﬁley%ﬁ 1%5‘9%& ﬁ’l%&bﬂ"i)tg}%c( c)
recovering the nanoc ositc fromthe enul sion. Agaln e mdi T er
pr ot onat ed "BHiirsdt u by the Bronsted acid. [0014] The present invention in a
third aspequmflAaEdr P IMeRRsRYROSI te conprising a polymer and a clay,
pr epar ed byWrgT'STTCEMnU oned herei nabove. WO
2010/ 04477d#8T] USZbO 8/ e85 Cit®O16] lanfiet faspact hiclaispeeta tthecpr ef entpaiimy ent i on
relates to g, osite nentioned above and
optionally onog&g?&%g%&@n%?%%{eér@sg eﬁr%@g&%’lﬁﬁ%&rﬁwt he group consisting of
secondary rubbetegingf(i)lal Selruson el ptlynve is ys bigaEs syt éd)sinrrguaiud siprrg babilky,zer s,
antioxidan ] I cured preferably has an
air per rreab ??gd@cﬁar ac élrlgﬁ‘gﬂé%dgéggni%@(ygen‘y@&gnsm ssion rate at 40 C of
100 mm cnB/@meixdayhe emukioag@forrn[tl@ﬁ@@}comnoaefdnﬁth aspect the present
i nventi,Qn S td C r|S|ng t he conposition mentioned
her ei nagovg‘!) %ﬁ{vghﬁgt %18@%%0%%%0@%%111@1 or a part of a tire, such as
a tire i nndddizher Althowgb (l)ﬂmasr(hu)llam:l (i qaebs D(d‘(&W&IdIm ary drilereprtfarabigdn sﬁR(a&E
DESCRI PTI 10[,0017 gure ustr s _the sur -active
nat ure of O%{ag;m%tﬁ%te |1§18%ut¥e ! e ‘J’pozlaur anme! %]ﬂile F IPER af)lg Yiet o HHX uie
schemat i calcbrypr&hlgwhe Bctlﬁot&g{l}iyegatyl md tiod mbdhémaﬁ @pm/ided gho ttmsﬁratdnﬂ lite: second
hydrocar bon/water interfac e reduct ter
dropl et sizé %ﬁfcec\?gl lr]'ecrll?oerorlu ch?ﬁlg 10891%18&‘ eﬁ%&%’gl}) AP EEST fﬂu 9\/\;&& and
a Br ongbed palgmdr hatogbieeiop reasten Cethdf pr@ceEH,)dIefnhcﬁliﬁo&dBQﬁdStdmdﬁ@i ih @itd hﬁthe Bronsted

acid.

[0013] The present invention in a second aspect relates to a process for halogenating a
polymer, the process comprising the steps of:
(a) providing a solution of the polymer in an organic solvent,

25 (b) contacting said polymer solution with halogen in a rcactor under halogenation conditions to
form halogenated polymer and hydrogen halide,
(¢) contacting the effluent stream of the halogenation reactor of step (b) comprising halogenated
polymer and hydrogen halide with an aqucous slurry of a clay and with a modifier to form an
emulsion,

30 (d) mixing the cmulsion to form a nanocomposite of halogenated polymer and clay, and
(¢) recovering the nanocomposite from the emulsion. Again, the modifier is protonated in situ by
the Bronsted acid.
[0014) The present invention in a third aspect relates to a nanocomposite comprising a

polymer and a clay, prepared by any of the processes mentioned hereinabove.
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15present invention (two |ower pictures) conpared to emul sions wherein such
nodi fier is absent (upper picture). DESCRI PTION [0019] The present
i nvention pr a.new process for preparing a nanocop osite
process di ffg‘xgg&rﬁlg‘?‘n%nom processes in that it uses an HH&Q?Q{W%@W poI ymer
and an unnmo@yfsjed 1n20fdkBYhsp@Nthet fadent RCIMBAIEILES (J § BRASARA! &ehpkiGingidid! DY
a Bronsted acid. This process provides for an increased interaction between
pol ymer and@@peypogigdncpbangtl £kove andrpheedepserredc gmneniipictroied framthdmipyn er
properties.ofgangabr ReddnBid | ABBers,[ BHG9] %%aﬁ'»%GQyﬁé?ﬁse' é}ocess[?lgi yarH%r "stdBRY el EF er
to a honopol ymer, copol ymer, terpolyner, etc. copol may ref er
to a pol yne%““@’&jﬁ@ﬁfgl @idn@gfa?nf‘l Saish Cqﬁmbltlﬂ)fpe@vfbﬁwﬁd)m@ﬁw@y h@ﬁptﬂl elmaﬂlcmcablhty
conbi natg orcriab il b} hes RIS TR at 89 9P of 106 SPOh YR tay) he same
meani ng as thg tercm $’co Xo ymer asﬁ(c)lln 'S duse ?nt er gﬁang(ggbfy %?Stei n.
[0021] As usl@¥lGher dirri, fifihepest Pisl grawent ingentioh edloertlates tasan” eoielprdogiprigiiy she
MONOITer ,  t NG o fANQIRbndiheREEEEAL THeybd] YR 8 f.or m
of the m)norrglrl')os(1 | so rer% erred tﬁ&e@as e?flOtchheglbgerl {llﬁ}{l it/l% ?p‘??ndqpﬁél%n%ﬁgﬁle?)d For
exanpl e, i ftirg Boglingyl te"ﬁemprﬁubGSed&é@Naermomhmdct he pol yner contains
I sobut yl engyt g7 prER1IPMIONOF TREAReSed herein, "el astoner” or

"el astoneri s to any polyner or conposition of polyners
(such a¥) bllBHds offigyed yheilisytraesndics terfbcenictive teirASTIM D6 !talefisabitylcor.

El ast orrers Wolel] c | and/ or
react or dzof ? ﬁtﬁ’ ?2&&@ If %5%86@ H%gégﬁg%%%éﬁysgggzﬁg% Otrfn%hres“1r mf‘ﬁ’e P

" el ast oner "thd kydioadarheri/eabr intarfaeani ng and used i nt erchangeabl y with the term
i gu g b rer;aSUE g(ﬁc%;g] A% r#d? tl{g}% %lle r‘e%g{%e inn\g%%%o as‘rztc %clf &hed | o emtblssularfsrcggtgﬁ{né and
measur ed r ebhticyeolventt Wetelt @ltctah Bebras:t] Oinelrlnctbﬂmemﬂ,ce ob aba«sre{ﬁ:rwpmdlﬂ@@) parts
by wei ght I astone 0 exanpl e,

or esen?lgl n%ges%Jg?llvggﬁE%%l ((t)VFIO | h&eﬁblcﬁlhes)scc{mpaled to emuls&onsl Vﬁ]ha ein %%{:;ﬁ?({] f er_rl 6{? alfsgntSO %
(by wei ght Yupmpfr nlhere}armunt of total el astorrer present in the conposition.
The tot al ej@,ﬂﬁﬁoﬁontent may be conposed of several el astoners. [00241As
used herei refers to any ol efin nononer containing at | east
one 10 cafl®df] at Ghe baasanngvattioh pastdes hnee pmbdsmelfmmplaﬁﬁg ahowsoraiokias hadht o

it, for exa ene, |sopent etc. Anot rmof the s

meani ng and" ﬁ%%dm?cr it ef cﬁﬁ%‘begﬁfcﬁpcﬁél} g‘iﬁt it s a‘bf’”%{ﬂ% &y gnd %“a%“‘??@%@éed to
a strai2ght ckanaann thamhe |n&)fdlfm) is p%tbnatesl()ﬁrﬁhsb}@f Baderbd m&odﬂlefplmssa}f@m@ deragt ood
to be conprised by ter (\MLOQZ used herein, "nultiolefin" refers
Lo any " of SR AR RO R S e HEHUS EUPAToBHE et Yk BT BB ubl o
bonds), fobarexgmplegticsa multiol efin may be any nononer conprising two

conj ugat ed égou'biﬁ ﬂoonds, such as a conjugated diene, e.g. isoprene.
[0026] As uséd™ f t,"’ "styrene" nononer refers to unsubstituted or

substi t ut egh020]yr eneusedherein, “polymer” may refer to a homopolymer, copolymer, terpolymer, etc.

25 A “copolymer” may refer to a polymer comprising at least two types of monomers, optionally in
combination with further monomers. The term “interpolymer” has the same meaning as the term
“copolymer” and is used interchangeably herein.

[0021] As used herein, when a polymer is referred to as “comprising” a monomer, the
monomer is present in the polymer in the polymerized form of the monomer (also referred to as

30  the derivative form the monomer). For example, if isobutylene is used as monomer, the polymer
contains isobutylene (derived) units.

[0022] As used herein, “clastomer” or “elastomeric composition” refers to any polymer or
composition of polymers (such as blends of polymers) consistent with the ASTM D1566

definition. Elastomers include mixed blends of polymers such as melt mixing and/or rcactor
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further detail ed bel ow Specifically, aIkyIstyrene is such substituted
styrene. [0027] As used herein, "butyl rubber" refers to any

i sobutyl ene ubber, and 20"i sobutyl ene-based rubber” neans rubber
cont ai ni ng a3g62§@@“7@ mol % i sobutyl ene units, based onPtHESPEZE Bnount of

rmononer u Ni §1&ndk Bf foh@ndry! bﬁﬁrtetm[ QR&8hAe M%i%ch% Bldhing HE0QA HRLEIEEDL W ith

"nanoconposite co osition" refers to polyner systens contai ni ng
i norgani c ph? tefe['e8befso- cal | ed "nano-clays") with at |east one di mension

(such as t r{@ﬂi‘h' c K(keu%&) hdrfln t‘?ﬁ”%@&mﬁﬁ@{ pelf A 1hbb%r ’anﬁ Es%@‘dgﬁlétcoﬁllm&p nab out

100 nm dlsEersed within a mer nmatrix. |[0029]As used herern,
"i nt er cal attho#t Whestia egmpagenthel asqoamem@rfn e WOPOS rcdqtqu the ekl clhstanqy@btym,r is

present petygeanLhe c?;ﬁ)’t?[)f %rlét %tgllc?ata ctﬂc} lsgrfoz dm R, 1'?57‘9 ngrﬁ(fls Ekhfnhe

i ndustry and by academ a dicia o I nterca on ca e the Ifting
and/ or weakignicagpeitiogdn é@phrohlbovfresxn 1y @;yamwmeénaals 568 &nﬁvarvemght)oaftthcaetmcumt of

origi nal pl I , d
301 ayers Lhan T P Rin AR A BBl 0AE BRNTR e 07 o
refers to tsherdepspaedon of individual |ayers of the original |norgan|c

part i Cl e, %gﬂ% Pat PBO&SXMEICEIanlbioq{f{HQLI’nQYb tl;) a%Pr rlcqllllg%lgno ﬁQOIR%;{nIéfalt qCﬂSt one

sufficient ynmer 1S prese ween t he ate ets can be
random }¢ spaden atOFthvmgamMaet theo mgher ndbana&tonnm am‘ch@ixtbot ifart ¢>®mpbrlsobuty ene,

i ntercal ati S [
ok 21 BT B B By DR R0 80 DR B ORE s B
i ncreased séﬁ@?&6w9m%@fmhayegbdhphat@b@ﬁsAHhbmsvefuwm&owemmgnuzﬂdxmmd@he

i ndustry and $¥19£ Qfﬂkéwe gher indicia may be useful to indicate the
resul ts of ‘exfol |on such as perneability testing, electron m croscopy,

atom c ford@2s cr dxsacspny hereltnc“m[llﬁalaﬂx]%&vfansedam}enbﬁm mohsmblvh}w[rig twef @r sotc0 any
subst anl%e %Wg&rr]é{ ﬁé%’iy ical y,, b?en%?mdbfafgla %xa(lejnqu 5d|u§t10q? n%% %OEHBIG é g{mrgﬁ{e

subst ance. ven
sol vent orcmmmﬂmmtwnceuaykvduM$eMmﬂes&m$pecmfmﬁddd@ﬁﬂ@gak@ymmsolvents can

b I I d h " form
di sper sed WUPEr o Mt LR CUIREr 08 s ATl S Gl Brctiupe
SubStancesﬁ@ﬁmimmﬁ&dbﬂo@h@m@ﬁaﬂpnﬂq$mb&kaﬁ££5&@ﬂﬁh%@ﬁ?&ne[0033LAS usgd

h i iins are.u terc ea
lnglgln)sra?Zfs 38 %ﬁ%y%¥%ﬁfé%ﬁ% ‘Pkﬂg WF“StidWdeaggg@F gg dWF

| i qui d200r ° gdﬁuyld:jﬁlba:leﬁyubbax ’pfadSaTnI; elbds whtaln@ipge Neabt@MEIod ibﬂiu@aénesmﬁﬁ based
[ 0034] As u§ggﬁgﬁrel nu sion" refers to a systemconsisting of a liquid

or liquid %agﬁuﬂl B@P@%%UW#‘ﬁﬁﬁfwg’l|nnISC|bIe liquid usually in
dropl et s ofoo2srr gens ub@dmeeal, Feind@mpsiize or [RASHIPssitdSetlphaloar Rfers B ilahed

acid” ref eléysstc'&n% cg'ntgiglng cl)nl'(l)rr]g(zmltc r%)%}tlcfebs (sg acglﬁetc)il gdn%fcla?/gqa\ﬁltlhggleast one dimension (such
as the thickness) in the nanometer range, i.e., from about 1 to about 100 nm, dispersed within a
25  polymer matrix.
[0029] As used herein, “intercalation” refers to the state of a composition in which a polymer
is present between the layers of a platelet filler. As is recognized in the industry and by
academia, some indicia of intercalation can be the shifting and/or weakening of detection of X-
ray lines as compared to that of original platelet fillers, indicating a larger spacing between clay
30  layers than in the original mineral.
[0030] As used herein, “exfoliation” refers to the separation of individual layers of the
original inorganic particle, so that polymer can surround or surrounds each particle. If sufficient
polymer is present between the platelets, the platelets can be randomly spaced. For example,

some indication of exfoliation or intercalation may be a plot showing no X-ray lines or larger d-
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15proton (1-1') to another conmpound. Details regarding the Bronsted acid as
well as a detailed definition and explanation of the nodifier are given
her ei nbel ow. ‘PﬁF 4) 9!76Descr| ption [0036]In the follow ng,; t he resent
invention in a S"3spects will be described in detai FEVUS2UYET with

respect to $ph@nCRUIRROSNHS raailéh tiaeNg Bk thbedes REEhtidD IR R 'i)f%@é?é%s %V\%f\/eli &e
present 20inveniion for preparing the nanoconposites, and final

ly w
respect to FHERehGpdsiy 8yl prasadsatia edier ipgiciy mmay bf@tﬁéuil]tcr pdighte tfeegpcelbmf of
the presentexdMEdH dubias p%hﬁeaﬁﬁty%é@ﬁz% e[&c&&]ﬁm@%@&)ﬁ? TRRSE %o?cermt}frogc%[af '@ Iy be
any pol ymer & pol y bl end) suitable as a polyner matrix to forma 25
nanoconposi P& t h’*s(lé%f kyrgimyt é@inﬂé’I rgkprs t%mes@ﬁetcp fDT ety of uhegagged spphic efsed
inthe py eScﬁtﬂglvlng\éﬁ'&ﬁdrQﬁbsta§ccan\)\/l%ln%tt8ﬂfp solvaPis T8Y iQha RM r {39k 1B onc solvent
hal ogenat ed. Specifically, 1n the process of prepari a nanoconposite
accordi ng t% brher mere slveaspelses sofcifidde Genwrelin Ii(tbwntStCWequlla}nemnpphat is
di ssol ved igoan orgapifnsahvVepl,ids L& EN I
Consequent | y, he uﬁﬁ (Fogenat egmlf)o rgrertf;.\srtgr e ef}rﬁrdg}(ljta%hg qﬁ%@%?é@%@@@ far
second aspéetel gfioninlsviraoaner oy ersiuees (sglucdd dnher mor sespomdi(vy cpd| yrrer but
W thout (i ./gg33; PriQr h at] o Mnhal ogen
prior to haI ogenatl oLrlts%&) eItCI;!’I Jé&lfg]l%gd%{ hsgumga(éﬂ]bon{é%gms ?r% @Ec?(?nt%gha%%e ¥) I;y om
t he hal geriatcigncfeshe awtityfmpn%ﬁ%@d of m b@lhedlmnsed;mnp@elnct élsuldf ort ¢ve, puabeint
invention i § E?f@ Al nalized. In particular, the polymer is
preferably m © I) d?%r%ﬁ@r@ﬁ%%eg with a nodifier WO
2010/ 044776@@” USZ@O&#@?@@B]? ‘tonlsipr’dtrderattech st pers)stieg:of)radhqtgd 10 lighie
'agxggh on a8, gtt(t)o ter@'&tf 6‘83‘&? B EORE LGN RLLAY mtao??%o 9068 lita%%tﬁmgt‘g&gf the
present i N3] onAprueddelreaebﬂl yBlrmnsﬂedldes” atfers tol aeamtpoomrEthhfalh @q&hatoedioﬁnagtaorrer
conpri ing r uni t.s. .The isool efin i 5pr fergbly a
A to Ouﬁf??os ar’z QIQeéS I go%lg b télnseteg%rdl n% ttkﬁe EEIHS c? am%i. as WC?I ctal[ 3
3- net hyl -I dbfmtmnei,nd ZXplmtldnytﬂftt&—dmhtﬁnegc ghed hélremesﬂdiwj -1 - pent ene. [0039] The
el ast oner W%Yaﬂ%‘:!@%cﬁn E‘ a| n other nonomer derived units, such as styrenic
units and/ ic units. In one enbodi nent, the hal ogenated
el astomer ¢W3pF i sésthatfolleass tlenecsshtyinemntien mnmsetspcombvﬂhbdwcxhﬁd arnyctaﬂ

substitute t vrene nono | ect ed 0.fro

styrene, %IS%tVTVt{h SRS %e%ercoglﬁmt?tl?ha&g H%’[ g‘tgd?%’ﬁ r'3 1 \ RS?F%St’Vr?lef e pt‘ﬁ@“al kyl
bei ng g6l emve:dnohrforrpapg,nn@nht @afdbohpazeay and fidslgnehedespbd b thd Randcdigkiteabl e
enbodi nment the styrenlc nononer i s p-nethylstyrene. In one enbodi nent, the
hal ogenat e84 omer i ncl udes an isoolefin derived unit, a multiolefin
derived uniblyawd/ or a styrene derived unit. [0040] The haI ogenat ed

el ast oners do§7one ferred f(égbodl ment of the inventi on are random 15

el ast oneri 9% 8pol %ﬁ SSRSFLS LTCHC (PEese PEFEPLE PR POYTEh Thdhs B¥BERTMNOs e M2¥nd a
par a- al kyl gérgraépebeC anppoleR: (P pbiemablblenpakdrblt Yy b SpiyRiemag@Noakddnng at

| east % nore pref er,ﬁbd%f t ({)e st 90% by |ght of the para-isoner.

[0041] Mbst "USE OSig, @t PE%? Ps Mere; WEBUEAIehs RO Barad dRtthy PEESH ene
cont ai ni ngmfvétﬁ)lﬂh@s B lastadflr@mild HayPar day et tbylhst'og@ee@ spebigiERlyNinURe HRAQ ool %

of the neth substi t uent u 20_the phen ring contain a brom ne
or chlori n%y%ﬁ“(??na ‘Bfl%%lrpam% ﬁop%?‘l%ﬁ‘? His it arﬁ’“*i’ﬁ@é@ i8Y<aHeh (iR Bolype that is

commer ci al diysoBr@iih adal ergasic E¥XPIOT Mr@eﬁﬁtyom‘iﬁ)gérﬁkﬂoam-sh Ebgaleally, Gaapany,
Houst on TX2l and agbr evi ated here as "BIMY'
nhalogenated polymer referred to in the process of the second aspect of the present invention is
30  the corresponding polymer but without (i.e., prior to) the halogenation. Such unhalogenated
polymer, prior to halogenation, is also called the “backbone polymer”. Apart from the
halogenation, the polymer used in the nanocomposites of the present invention is preferably

unfunctionalized. In particular, the polymer is preferably not pre-functionalized with a modifier



[00421These interpolymers preferably have a substantially honmpbgeneous
conpositional distribution such that at |east 95% by wei ght of the pol yner
has a para-al kyl e content 25 within 10% of the average

par a- al kyl sty‘&é%@b}c{%ﬁigent of the polymer. Desirable int EFBH%W?S are al so

charact eri zgd pdawnaedlﬁbalﬂw) BRb RIS (8 Eh W Biitn afélf&%h%f Qb PR MMM riRho D&RS
than 5, nore greferabl |l ess than 2.5, a preferred viscosity average

mol ecul ar WePEAEd Pith theadyegpgdgiof elpm 200, 000 up to 2, 000, 000 and a
preferred ngodser am@tagehARRPMiRLF YELYALS bftnd @beﬁﬁﬂ%tl&f rfafegamzzl?e_ll_\gc%gatt 0

750, 000 as det erm ned by gel pernmeation ch roma%]o rap 316
pol ymer s rra[\}asbé“"p?@é%%%ﬁ elacoraicagrisnmet Fotls 1SR<?i©ﬁmd<ierCd heitsafhe fppolafislisur r y

pol ynerigzat -8 atdgo @@&Hﬁﬁm&nsﬁéw&%dﬂﬁt‘yﬁgc 3. Il'ﬁmlsl ‘tﬁl@dng §:91tctﬁ#rlylsf)utcnfcoﬁ | oved
by hal ogenatlon preferably brom nation, i n’solution in the pfesence of

hal ogen andnehyl@divicar. andhiniedbi-petiels. as heat and/ or | i ght and/or a chemi cal
initiator 20 0 | VS rs
are. brom nar ol pol Srm SR Genara Ty naenp R AL ERERT S, R P Lt

br ononet hy|3€pr apldolgfiva psitsy di end apdotlimenty éCth@baénaadrghslmm@Tcompn@sretrlcaje«vncved

?pi):nso' g t g%/écglgd %D%'Enc(; W&g{hgﬁag Ié):;’ %@Fﬂt&{:gst#}%ﬁc %Qno%gurog/(l) :[;q)(!cg}rﬁ)'i lgcl?cdy
pref er a y ffonppiyi@neg otroctylQymmes oren ther eitn, @ esilkddirenc, eraéiiygbemayeld:m:dany
conbi nat i oy f R PP cal bl 65"5}%‘@%% d @wb&g én%g glme'é% Rl éy%en?c @&%&Qg% way,

copol yners may contain rom rom ne, ‘base

wei ght of trhectiydétynees: In pnefrebalbhant, fth@hul@g@rldttd) clgstove¢rghtluds ah imolfin nlegivedor e
pr et et ably Wbl oMl AL 24 Bl AT and, are pref erably

subst anti al free ring hal ogen or ha ogen 1 n the polynmer backbone
chain. In cW(Embar ﬂh@hﬂlwehaycwletcerersed oemn@fstnndambodfmetnhe” thenmemlnmarplanldem

i | f d
i nter polSyn%rabﬂm%el‘?c oé)g %{% fyc{rﬁ E‘ %olepra(sﬁc]l gsppsgﬁugpl( nne Gid Y gar&er IyE;e}/aeﬂﬁm ts,

par a- met hyl st yrene unit & ahd Bar yren

wher ei n t heoparoae(, ha¢f©rm’elt/ opta)séthylgyrend, ppetieing ycapanoaf( hahermtfds’rymy at yenene)
units are |nter onrrer fromO0.4 to 3.0 nol % based on the

t ot al nunbgptggjgweaﬁhpogt Eflhml ?m$ene and wherein the para-nethyl styrene
derived uni@&tjar el\/msteseﬁut alé nimp(ﬂyrxms ghitobylcae 2ind pued-gpbthy 36y leas echtoiing hemt ot al

(00951 i n alorhe ml BruBhShERT PP « Rutig ahef bt the Ribgerhead
el ast oRér denpongnting somaihal bgetiat ed colofied yowr p@efferablﬁéh vont useol ehésa and

a multiolef] The multiolefin is 4 € S

i sopr ene, Bll %][0186[%”6 Pt tﬁya_‘ﬁlag1 ahmﬁg‘é P% 4‘8)“? r{gxxmm%” ngm‘ca

6, 6- di net hfbmf)aﬂyyldmtondybl ap ebiraditenerc heradiene and pi peryl ene.

enbodi nent i nvention.is obt ai ned reactl ng 92
to 99.5 vve{gﬂ%] %Bées(f 4B Q?V%grﬁepr\ci\ﬁg’tahgohgctdoS@S%?ﬁlﬁt q%‘ﬁggrﬁﬁ?beﬁ%“poﬁ‘tné?%rabl y
95 to 99. bdiseibghin Mrh sabut Mhst 96%Mbyt We@h‘ﬁoﬂ tBe poldméehghd pHa-kIEQIRK RAE codid

t hereafiter hal natjng the copaql 0046 nI|mt|n mrer ci al
exanpl éé ol Hﬁgﬁgg"e%tatt‘%%Veira%(?f”éfaﬁwy H‘Lﬁ“tel %Tltﬁ’?t heunbaps: Deg“a%ff SHGPOIYHES he
present i nuentsb oluradti@izBl BID Barton maRAdarangiBdRFDELEY(IMWRET of RO fapy ahdrabl e

from 25 Exxo i] m.c Co 0047 I n specific enbodi ment t he

hal ogenat e@cg%gg't %?Fecga”ofz ﬁé”?fnp‘ém/%%’ﬁ yrr%ﬁ?“‘ﬁ% “%5’?08? I wrgly igtho @pggy ofpfromched”

hal ogenat e2honanyb w6 2OOEGCO dndd a@swerwabmdﬂba&n&m% xhleileanag\;)ebghanpth@ﬁhn%mat ed
utyl rubber, either

butyl rubb osition of a
hal ogenat eg{%O& tﬁ?%%&gﬁagﬁelﬁwegg?§ﬁé’e‘6‘?“i§?“o¢&l%’“??6’§b‘lp§?¥rer ei t her hal ogenat ed

or not 30 Th@ogn! ydienBIME p6Ikm&o RRk WG cpadd «8¢ordh@ ACALNEIsAGERh $n H@edrrteﬂgn@-f ter
"pol ydi ene cationically reactive and arc present during

i cal l
t he pol yneﬁ'l“é’atpa]éﬂle%;fd 1ph @F Jlit yHongMet A1PEHE NAEed ® Kty 251 biEyst dellewsd e

bl ended wi fdbgbhgioRUpitleraBly Baha@asati®dolkby lin tPPREentO of ARIBENEISBRRical N One
enbodi ment, . the SBHR i s ty pi.cal |y a conposition of the butyl or hal ogenated
%4

butyl rubbBitaREsyhathgbwd/os ey andigr chemispldniier of a pol ydi ene and a
partially hydrogenated pol ydi ene selected fromthe group including styrene,
WD 2010/ 044776PCT/ US2008/ 079857
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pol ybut adi ene, pol yi soprene, pol ypiperyl ene, natural rubber,
styrene- but adi ene rubber, ethyl ene-propyl ene di ene rubber,

styrene-buta tyrene and styrene-isoprene-styrene bl ock co

These pol ydi 35’4@2"18’5}4¥{?r esent, based on the total nononef¢WEFYH° l??’5‘(5)ntent in
greater thapnody3 veiehid ﬁﬁ&@p&ﬂﬁet@ﬁpggh%'fgd pogf%];sq}iaﬁ%g%rafll&%%tgn%oInOO Bto,

wei ght % and nore preferably "5 fromO0.4 . ht % non-limting
comer ci al *fpod |0ﬁJéan061Ftha]|qfYQBHROHE&efﬁ]leel tf tfteﬁefalmfwefrﬁf njog@ertdegned upits in
Bromobut yl - §2226EXSQAMMY Frofe Mo CAY mGPIPARYY pretHB 832l Y molt €

hal ogenat ed e?agtorrérs as rroelf erred tg1 above a?lé %ﬁ% g } %mo (};"mme

hal ogenat i diictefbly Hemuhdér Pyimg "/bem%bm@faélya&w@@é?rtg %Q e, %, Wh@mc@rdcelsrbt@ndr ng
unhal ogenatggh-chask ARPEbindBl 6f & abhahuANGuPLOT AL HAN ﬁpess%ge;ﬁo%r%y and
brom nation i's nost preferred. ogenaro can be carried out

means knowrFopelymére naytconfy frema(hibltcelotvrreghel‘Vasf oroering drschenhtht o@whatoé@her n
hexane di | ygnt,.at, &t e [ Br e as

t he hal ogenapfm ()en%éger%%w ﬁ%‘? @mg)%gaée{%at egpﬁlpgisdtgolﬁéxr% P gn%fvgg %gllrngﬁ {a%h gﬂ%%lt
Mooney Vi scoof bipmific fndony p@forably7 @ibgtvtiallySeabf 126 E)logeproefhelogdsl iy ther petyi& t o
55. The haligagp,£ani.en r

preferably fron}llo 5 to¥ %r[%ﬂgﬁ@ﬁ%ﬁj C%F(Q&JOCI %ﬁl‘hé @F%“%O‘ l%egiptfrpf?yf}gb\}ed ht
% based orsopdemeroefals Wefgh&oot@'ﬁntd’rrevcrdatuogepa‘awtlelsas¢rmrr®rlvcd units and para-
[0049]Ha|o at, h f he el astoners as, descri bed
wbove, useqy ot DBk ARPRL YR SunRi R B RO PR3 R

pol yner s béh%ﬂ@@éﬁtyrme)t méts prequessst iofthenmicipody naer rﬁamdt/btqnb&irrtoe "/aba;sectdm ﬁ@ to
the first f 1 [ secon

present i nongrinat o paf g aG R SRR e MR SRR REPE Tk e it e

i nvention, fiem hwe2dt tohie lédeighem botd bxlnelehathbgegmtqfcbhm poesaedrpprel‘(etabiytfmrmnng

hal ogenat e | drogen hal ide) being further used to prepare the
nanocoggosrqwt gg%t)%lmgg%ggg%r%hg said effluent with the nodifier and the aqueous
clay sl urry0®s] expl anotea pefeond @bedipant Ioﬁuharm\&dwﬁﬂttagelatm@crtal‘bé ple et

i nvention i h e f osi t a rated
w i the narabaRht SR B BEEEGedmin it CorrRaR R e Tog EnlePleah
reactor comt ai @i ltrg Ch:alcmgegawtiedieneZﬁlcboésy mﬁpremdyuhyldﬁ@gla];whr&lthyde 3(b\tvl€hkifehle

ot herwi se woul d neutr u d W t hout
further work-up” %JF %gnylgg ¥ W?“Sgﬁéé%‘ra@% I\ﬁndf‘%p%‘ﬁela% u(g'&? HRAVRE ?ur ry
and t heo rmdlefcromlym&rumher 1ﬁwﬂt1d$ﬁ)i’s©bﬁm©dilbmeaa[ngm2(16 083 vIdig‘hﬂ ‘tha‘\/ii,dmgtyte@c with

neutralrzet e,aci nd/or i atethe ted p

50501 The- RaIGS AT A ErBer ditiHuaSi B HEnyE S e B PeEeRt HoEhse
nanoconposisbgsnhind tB@cetfﬂaehald’g\tﬁfﬂi&lgﬂﬁ chpadymetO to 100 phr, pr ef er ably from 15
to 90 phr, ep bly from and m)st yfrom30
to 70 phr, (&H rerﬁ ?nglﬁr%mel?l n@’?q?ge? &hé?)b%fé‘dté‘wgoé’ ‘iﬁjﬁ‘ GOty
upper phr  bLiefil tin ik ples@in jhvkaive arBomb by 1t222Aad BiogoBkty1y2255 g@qnﬁlanabrer fabper

conponent s ed in certain enbodinments in addition to the
pol yrre 9 Pépf%&@@ﬁgﬂ?rﬂﬁal@%@‘gﬁat ed el astomer as expl ai ned above, are

described polkmw. m\DsRID &A%HY&ABCTMJS@Q&B&&? ABHEMENBNHE BANVeMNtmay[1R051] The
organi c so i ssol yi in the processes of the

vent  (for
present Iané?ﬁhF%gi : “Echity h%‘gr%fﬁr‘ @ufy %Pecérwaﬁc pdjapitt. thp gtar-branched

sufficient h&ogdheﬁ&ﬂiuV}QSulﬂabﬂ mh&'r}&l’a caipabigspé ybubh eubbhatisgenalgebkcd)rast omer ,
to be used in the process of prepari ng@t he nanoc?mﬁosrte 5 and/or the
O iy

process of #Hdl flﬂ’é‘/éjrﬁf’ Pﬁb‘o‘f%@p%ﬁ/‘i@‘rhe& B8R ke pqlydigne/hlogk serebimg:

aspect 30 r esfegichMe bontsThertiRgtcP M RSRIN I NURNY piodNly cJhifiaN PRR G SR MEPBlesdiBY
al so be a mxture of djifferent hydrocarbons. 8 52] The sol vents ma

conpri se oft&ngthepphanegizgtional thefhid rﬁ’égab%q“%tﬁ‘éﬁ%'smb e e Bl ek@ﬁé’s‘gl the

hal ogenat eglitglok anegenated Blﬁj?lsrub&‘f tonfb?ﬁtl e SBHRI &I 8RfembBlilr ARISBHRNE rHRaMENt
conprises one or_nore . preferabl éc C4 to C15 linear,” branched

or cyclic &feyRELon of tk%hlégl Oférleﬁelﬁeé eutaslr rulper @ desciisd pbqye enép spriofymchef a

sol vent i spotrli@et.gd af F.oH eX@REenalcd PIBURAE scl&N &l FOEXRNErouf AHURRE: styrene,
tetrahydrofuran but ane, 1sobutene, pentane, octane, isSooctane, nhonane,
decane, undecane, dodecane, isododecane, any isoners thereof and any

m xtures thereof. [0053] The pol yner s&rution may contain organi c sol vent
from30 to 99 weight % preferably 15from 50 to 99 weight % nore
preferably from70 to 99 weight % nost preferably from80 to 99 wei ght %
or alternatively from70 to 90 weight % preferably from75 to 90 wei ght %
based upon the total weight of the solution of the polyner in the organic
solvent as referred to in step (a) of the processes of both the first and
t he second aspect of the present invention.



Modi fier 20[ 0054] The nodifier used in the present invention is a conpound
which is capabl e of being protonated by the Bronsted acid as described
herer n bel ow. fier is preferably protonated by the Bronsted acid
"in situ" %ggﬁmﬁﬂ%’ being in contact with the pol ymeFCYGPMHBH t he
aqueous sl ULB d%u@tﬁleﬁé Pl yrs%rc&oﬁglyﬂlﬁe'?yl%pﬁ%ﬁﬁgl &%ep%{yp&e@ﬁﬁgrgﬁ@h%l Ry fidae.
Bronst ed aci rior to being contacted with pol ynmer sol ution and/or the
clay slurr yprQWéenés disgie ¢ ﬁ‘é’ﬂm@pp‘ﬁseé%rb’t‘tédl?‘}@é%?”é anQS syipreisopnad-styiand obfodf t he
pol ymer and/,gkiythe. ¢hay p(yl%/d:lé}lcgg@ REQH, %Q&H%%l@&ot!ﬂ%@&%ﬁg cJ;H? k fid Bledter ! f
the process of the presen mven%’r on for preparing a pol yrer/clay
nanoconposi & §-3 wicighegrinvedempadiment. peifypidy fingl Ghenhveish %pravd ewse plpfeeabe’r abI y
the modi§iefor 9, 4%%0%%&%% doRGintY &)grﬁﬂ:raﬁldn%%dlmﬁtt fl iﬂiﬁ@%g&’ullrﬂft
effluent of a pol yner hal ogenation reactor. However, it The process
maki ng t he m&gﬁ@é@r?bwlﬁ Bramobyigk 622 A {legeritield! Gicriicat ﬁemrp’@b/)yrrer hal ogenat i on
process, thgo&9Br gst.eml, agd 6, Qs e d ool r
sol ution arrr,d/%(rP t he aqﬁyeous ?:gg%a@‘{i Er rbtgglreﬁ agr (igetrfrgéti go %?%t%oeﬁéﬁ’e&{a o )é}{EE
[ 0055] Generlgloggnatioth ef rﬂiﬁdurideéY111grd>§lcl<rbenq: olastontty (r.ef ther@detpondisg an@@gﬁmdant
whi ch has (RS ARG I P [ tion.
Ther ef or e, et he tce?ms sur agft?daE%ég}l}rgﬂ%]Ii a}rruji)rgfgif%&!é%ﬁdrarog%gﬁ%th&é gg’mﬁél l%ge%??rg
herei n Hs thrdogeeation tandudi chiried 'out tardy cwmsioowd ROA0/ B 47AGRCTHUISRROB! GR9857
used |ntercbr3qlgg By i t t  Qind
hydrophilic (iqlorclxrl nﬁxﬁ%edﬁlﬁg{t?gﬁﬁnegé It?D I Eagelrgés ?Jsahlﬁ{scggﬁ’?] {)/1 Cg&ﬁ)lgf gﬁ 2) alséhr?l c
(cationic) bg @mae@ agsifc Fheals el dleviomghinke genlaelly hmplrﬁ/lbcbrmy (\/Ihspdmt@mhﬁrbmc)
portion is s I n i n r al k ryI
b conbi nedeal it My ERE & P F RS HORIAHE GRS oty 6
straight, lfroan@hed 18 rweight 4 qir¢ferably ffroge.6rtalS wagigtt ‘@rromps)rdcreblprﬁesehto im t he
modi T efs, ?%Waé! PcPon%H?S 1w Eto‘%ttrle\{m!ngén’lgege&l%cova' ent bonds or by one
or rmore shared carb at omsd) G orned via an al kyl chain. An
"al kyl aryl '10&#bup Harbaﬂsltlmha&tw heyraery,l prgfanably@l’ﬁe etldfbtcﬁnegsra}msmrsbecawoaﬁhsﬁﬂ o the
nitrogen a Lf_the nodifier,is ne re
al kyl groutrt)}%n?frg{emt m%%@%%rg%qﬁ%ﬁ% orou%l}rlqlrtg)thea OlyrmfltS a@gﬁédls?damt'rk}% péor go roup.
If the ar yImagrngwpndnecompphEnaycl:orgmg)tup;chetﬁra @apdcy bf gleqm@érs)m\rmryorben thtQseadntiached
toit in or 2t a . an osrtro ans_t hat
that al kyl %’)68 of t PEGSS Sent maentroB%IEls fogenatio atsctlfA IS pHLO %Legrg%lfého lire lﬂf 10 Hvétham ne
E ihf t Ihfo lm)crhef afﬁurem sf raer hangdna)ona‘ﬂﬁ:tcmr‘(e)nm’mmg)h(&o@ﬁ@ﬁéd gﬂyauep(asal hmregeatﬁaa@d)ed to
e al ky r.ou ier can also carry sever am
such-as” i n G GRRL ST bERE S o Pet Bk o B e r B ERUE B R e
nodi fier aamcbrth:ér aitgrerbus eldryl slaﬁ'peﬁt&pmfned helopt @xenpartichiar i adveifdge T ths p@eﬂetﬂ,m ne
of theform%n 4 hV\{h?r} in the g usg{arerdenttrcal or . differe
i ndependent1'y" 6f éa hg’rocebéroéc g‘dlﬂg%r G SRATOSPBRRSIE FaR | ey fiera) g at
| east 5, phﬂé@hab)lnypradesd_ easiat 1R, eMModne op tief eﬂa’gbhﬂloﬁltrcalcﬁaﬁbntaﬁmgmldlogéhat%ﬂe
enbodi t | ea nd t 00.carb ato roup. havin
From 5250, basmitad hediie WisitREhl ahot ekl STk arSPuBip T omt®) &0 Prs
car bon at orm:d vathowt fgytlca btk-gr ou raarharvdcﬂg bd tmckd t@thBEk agRERTE eragzll@wy faﬁcOﬂ\fb 71to
40, nore pr etrgra‘blfél from10 carbon atons; an ary IaIk
havi ng £ rofpaf 0, Hrererammye ) 3gne Wéﬁﬁref@r&&md?r BRnEdDt o 25
car bon at Oﬂib‘late@ﬂicl&[bg&iahﬂl’pog'hﬁﬂp havi ng at Ieast 5, preferably at |east 10,
nore prefe east 25, npst prefera | east 40, and up to 1Q0,
carbon at o[@%wt h%‘ﬁ@)%}d&?.%ﬂ&%é “%Hbcfiég%vf IR ° GFSE IIRDF 8an9emResERI@F ogen
atom 20y e hbiciatni s 10fo mwhalﬁﬁartmbrerfmh}1%@@»2%0@53&@%&9 fbk b tg8eUPS
as defined above and g% [1 grogen atorré in the npdifier 25NR3 of the
present i nUENERDMOs BB BPRI3P ihdP Witk dvhsreip Hedprade mngainse| geupe any
[0057] I n acdpbiitation bﬁadyyu@wmerrr@d wetthadieRatphNBma. asdidefdnedcaReneubizr an
al kyl aryl am ne and t ontains at |east one al ky Iar% roup attached to
the nit r og®PREDHH Wi C“P & UESRAn PR SOREIMGR il o & @P%‘V@P‘epréﬁa}’ bhelr ogen
atons, Whelidgondidie:|Blokish & XplaBEPMRVAAR del@itbdisy. 40 carbon atons. Mre
preferably the nodifier used in the present invention is an am ne of the
formula 30 NRH2 wherein Ris an alkylaryl group (i.e., an aryl group
substituted with at |east one al kyl gPoeup) having from 10 to 25 carbon
atons. Even nore preferably, in this alkylaryl group the al kyl part has
from7 to 25, nore preferably 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20
carbon atons, and is a straight-chain alkyl group, and the aryl group has
from6 to 14, nore preferably from6 to 10 carbon atons. Preferably, one
al kyl group having from7 to 25 carbon atons is WO
2010/ 044776PCT/ US2008/ 079857 attached in the para-position to the aryl _
group havr ng from 6 to 10 car bon atoms One such pref erred rmdrfr er for use

o - v o, o



formul a NR3 as defined above, wherein at |east one of the groups Ris not a
hydrogen atom and is preferably an al kyl group having at |east 5,

preferably at nore preferably at | east 25 and_npst preferably at

| east 40 carboh%gﬁéﬁ%% and up to 100 carbon atons, mnthPFﬂ@S@§WE%ﬁfng
groups 10 ﬁk#@kqgh@ﬁeferably hydrogen atoms. One such preferred nodi fier
for use int present invention is polyisobutyl eneam ne ("FIB-am ne").

FI B-ani ne i 9081 mmethe) aipanye sabeint AT dispedying tignsilendrt snilBAmosse ef thehpresent
tradename KERGEOMCE] BA o83 sulflpye i§drocalonOsoRfche [hd@mfﬁﬁalt@nﬂssg}\'/@bt He"Hiymer,
anmoni um sal ts can be used, for exanple, dioctadecyl afine and

N, N- di et hylefetaply thfhpaeanpiof sisiorics ko tsjsobBIhowrpensefiniapeting thahaecapnasiey nar y
ammmoni um sali: N4 $Xcess Wit iR R A IhASELA ot it f
NR3, |ncIudﬁhglanéﬁpfgserred@%ea#?ngsﬁgk éﬂagég%@a%oggrﬂq %%Xg£§{ 68

sui t abl e couweehcnplots ppef énabliop. dhhalzerendlvet meyehods aQRixbre Bf dlffemw be
used as modjfiRLpodsr €f erably, in the ammniumsalt NR4',C at |east one
group Ris an alkyl group having at |east 10 carbon atons, while the

remai ni ng dPB¥hs Rbragivises mmycoownibi aator owrcofikaassy albéncs, h@naibweitratcgelkd@:s,i ned
groups. |f l@tlo%!:’rﬁﬁe@ all@h, gHHPQ)'I WREAL thehedr USER: @g/ th§ oi\%g 1se OEQ oP fRAr ate
protonation by a Bronsted acid I's necessary r t hoquad

18/ 25 f Hom QAKke & «dNotsélrabdy €4 (onGrs Ilingrrt bxmg)ledc@rmelrcmlb@lnby afogexis] «abﬂneloe»anqbbres for
such annnnr Lispihigh Jray, i e %

[00601Accor dﬁto a I%sﬁectgqgfggﬁgd ?%égﬁ?B%nV%%%F%§ gw%%gﬁmgotlwﬁ%tron
or m xtur e tgffahydgofups, (bntdmrleolmfenanyerntarme, abjove-igesterd, bedinconpaundsndreyebe
used as th%og&gﬁef sgdo'de(!: 95 a%@&ﬂ&@ elter)'lecmrdg% &lx%,[‘resqﬁéfeoqe a conbination or

m xture of one of nore am nes and or anmoil um sa Thus, for sinplicity,
the term " riBh3t i efThe poplpmetrelugomgey em)ain @ ganses vaetrfeinm3 (botoh wfe@ht wneefsiahyl e
modi fiefs c d Nolg

conpounés iheﬁgggggﬁ%%{é’%gmg&gﬁg%?%xh?@%ﬁggWgwﬁ”pl?gyPeﬁrggP%n Ot()(‘)(())Iyrrer
sol uti on, tmha&fueoaﬂeenmltiaylyfdour?q/toa}@dweﬁgie Brosefetidd fro807a0i W edighés, based
separately consec |veI re- co nbi ned
and t hen co&@%@%e §%p%n%%P§§8PmW§g%% di°ution, %Fﬁé@gcdgﬁﬁ%d%ﬁPle upﬁfpand

t he BronstédcadmdﬂmhﬂmaﬁpomﬁMﬂhadnEﬁmednmﬁm@ambfmhee@mememmomnvent|on t he
nodi fi er i;@&ﬁﬁégture of an amine NR3 or NRH2 as defined above and an
ammoni um s 4' X- as al so defined above. The ratio of the amne to the
amoni W sabas4jray The mpdificiaustd inathe p@sdns Jnvétiomisld onippuld dhiclp isedapabddddfybefnpom
1:3 to 3:1, 10/ 44776PCT/U 008/,079857 er.abl roml:2 to
213, T ond- B Sa s i S SR Ha A (rreir e Sarbh i

appr oxi mat ey %cé&tﬂr&kcd(ad‘dl ‘Arsitugimywhise beidg ia c@agct ivabl Hﬂl‘pryrrﬁl‘ efheiohadle aqueous
enbodi nent , . t he 'S a co ation or of PIB m.ne and an
anwonrunrsglgyﬁﬁ a% %’gaéé%rWEB qqﬂquglﬁ%P%ﬁ?%%h¥ﬁ @mﬂWﬁ @“Htatcpeast
one group kortstanyied fhy|pog/hﬁupolt&iﬂhl eﬁh@/oaithd @asilurhOapdsbRAh@toppEsed tc5thU§)|rdlg a
nmodi fi nrxture r at he n one, si e modifier conpound in ce

Gl r cung? andus o ¥ R and o PO ERBR It IRHER DY HEr e EroAgeD 1
Nanoconpos iteQirecepy @mer pieasit avehntfon rfoemalmhg A ek cllady &drﬂfc&ﬁfiﬁﬁé ngmreg@raer ties
(Mooney viscosit he needs of a ul ar plication. [00

o 11 ar i1 bt morhlseen BEE SR e B e hradiRt 1 AVGHERORY 4 Rérrsad

above servedida tihtal présemch i@nsfilast eﬂwlbcﬁyrﬁdr%rogaratmarearm[aHdwédee i0fh BRicEss
solvent, and a exfolratlng agent 10 for the cI§¥ q@ efore, the nDdrfrer
herei n may 'AI"88 seME AP IUATPHIF dhoPS BiFgIUniiis it RISk s qgs&drlwg PEpgesit the

I nterfaci aBrdnetBsi raaar iR asder RNRPirstey MO o( B8 foRsanRliRicd 3hdbh el dqh@uiedi fiers
as defined above nrfrcan%»y reduce the interfacial tension at the
mater/orgaHP%y§6¥ PrptRRals 18 BRIYIST eyl si ons cont ai ni ng a pol yner,

pref erabl y[ms#jal ogeraligdiht MRIRE eI cRAMBAIyStREAD 10 Glrhaa®! eftidh mrd
al kyl styrene nnnoner(gnrts di ssolved in an or%anrc sol vent, and an aqueous

phase 15 CEKParACAYcH BrisHBPRTC araripn prdbreelipgiNic peionmddsiaics s tarme
present i Nv@ALd & @aBIMROURAS thMafl Hh@RHE Belciitrsithd R agb@kel e @R pEi N
dynes/cm neasured in accordance wth the pendant drop t ensi onetry net hod)
in an enul sion containing, as the agueous phase, water containing 0.1M of a
Bronsted acid (preferably HBr), and ak)the organic phase a solution of 0.1
wt. % of a polynmer (preferably butyl rubber, nore preferably a hal ogenated
i sobut yl ene/ par anet hyl styrene 20 copol yner) in an organi ¢ hydrocarbon
solvent (preferably an al kane, nore preferably hexane), by a factor of 10
to 100, preferably at least 15, nore preferably at |east 20 and nost
preferably at least 30. It was al so shown (see Exanple 24) that the water
droplet size in such emulsions is considerably reduced in the presence of
the nDdrfrers as defrned above [0062]The anDunt of nDdrfrer added may be
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Bronsted acids include sulfuric acid, nitric acid, phosphoric acid,
carboxylic acids, such as acetic acid, and the |ike. [00641Theoretically,

one ol ar eq%ﬁ%lggl}”%f Bronsted acid is needed to prot ?%ﬁ]{’%ﬁ(’ﬂg”%dl fier.

In practice ronsted acid used nay be in a range f 0% of

one ol ar Be®aidtah@atly ipref einakt ¥f ther@8d08vdnfo? 08X R bropRB: FBBA in the
equi val ent, nore preferabl y from 100 to 150% of one nolar equival ent of the

modi fier (aPRARACd Pefiderds viaty amrBFyormiEHPTIt Waaiess sush s deanagL, N theer s,
no acid is lgﬂﬁldﬁ@i(hy&l)ﬁt%%i%%drt{&l i¥ub1ﬂﬂ§jhrfﬁ@BIaﬁﬁ%rG&}boﬁ@gnﬁﬁ Qmata% ﬁﬁﬁdarﬁan be

pr e- conbi ne rotonated nodifier can then be used (wth or w thout
bei ng i sol & &aybingd flhﬁfdlﬁl fhaimeA %bé%alb(f’) WHee pedisientay by gighoriranthedciray
[00651The n3nRcampasiit.8s oRfupd 18 pREES GNthe nfMBRE, 1HRY rha{}odc%ﬂﬁcﬂcﬂ%&%mn% ay’
preferably smellable | ayered inorganic clay. The particles of such

have at | e&8ralgmhbonds Aehysing AT marcshicderhomatoar), pathgemty begoined vipp dbsdabalq to
about 100y “aidy eyt h&oﬂﬁﬂ%@ mapt(ﬁl: 5@1? O };1’09[?@ a@zfch{)cng tﬂerh\(t?dgeﬁ ABmidptheC! aYS
are preferably well dispersed ol I at ed ered I norganic
clay 15 nefes @ithe goadifigns an ﬁlmnel el gnerqs ansessalisfl gfcwps(snmbtn reethed picyebe
natural or ,aynt.BRkie iRl Qs I€At &8i td guhag] cas
nDntnDrlllghltg' ngngronlt%‘l£e|de E:§gﬂﬁﬁén Sﬁ?ténapq(i%%gﬁ%?¥§)%#§gbnlte
hect or i, a@éﬁ@hpﬂ@n0§Hﬂ@@ﬁ%ﬁ@brﬁﬁga@WW@»AReﬁV@&Vbgﬂsmémﬁmghﬂémﬁn@yk

like, as wekhy oa@ewmcﬁéd fo@ne DAbJAYRILE @fth@mm NAE n%lfﬁﬁﬁmn%l{c te
and the |iKke. ese layered clays generally conprise silicate pa tlc s or
pl at el et s i°h MOHFeArHaggEY érc attaghge to thc ghwl g!fobmlfrhél modgist praralstcarrpGevierd evchayer
spaci ngs of,.&, A L 88Sdian | ays conprise particles or

pl atel ets SP’f%ggﬂtbanz$ mwnggbg%ﬁégg%hlckness preferably | ess than 10
nm nore pl®BeF ably 2| rsefgrredn enb&iimeny, %Dsmﬂﬁkeﬁewamh&tdeEs%mhanﬁyhnmw%guCh as
fromb5 50 2QAionRi &f I r U

El ectron M cFoé@O%y %BERde%ﬁgggﬁbgg cCégpﬁagﬁﬁgnﬁggbgéngggﬁgk%ﬁgﬁg%h

t hi ckness F@@P%@ﬂ@VOéwwbpﬂ@ancmhéﬂﬁwaysmcnmﬂamgmeubhamge&bué,p@&ﬂmh&nsuch
as Nat, Ca' lhC € I yer,
fhe 1 nor gans's o mo niaggHY st |RE SR iFbnd bt Bl AUET 4 b BEEF 100 I
organoclaygwﬂwé@audgh@yhaﬂmg@meﬁ@rabbwﬁmdﬂyﬁwdﬁﬁméﬁamym@wmhdﬂ@ﬂyﬁﬁmwhese
cations by t e r f nium

cal ts. Rt Hor Hoph dfL b AR RHAILAD ARBRCHOR'S KOH SOmBL A T BT SRE

t heir i2Aor gla‘fﬂlad)ly faembel iof 35edrbbo nmns,ﬁomml@rkgtogp hedrgi fcmm froniOpprefekdbonidne 7 cl ay
such as d gj er without a Q._qQrganic
nDdIflcatlgﬁﬁﬂégm §fH§§gﬁ§#’Ot%gyﬁ%@?T edmfﬂepﬁ ?Oﬁﬂ%yﬁﬁdgﬁ?égg“gr %

nodi fi er (Wﬁmsh”éemmasﬂa@bbwtumﬂﬂﬁomatpwﬁnmSMﬁREHAQmmmmpaiomhcmbomamm$ as
defined ab er.abl pr ot ol ated in-si nst d acid
Whi | e bei ng%?;}he Odﬁfsgt a%atH%a}%_l{(%nﬁ rou R1 In? Q\a'drolgen aton% eyl,?ﬂl)r{r%a guons, (apdngla& r or
bot h. WO 203020477 6%@@3&0@:&@7@8&%@%6&] Exdr(apl@elmgan bﬂom(spmomesmdﬁfex

pr epar ibng 0 Siofes of t.he prese nvention the layered clay is
sus pencbigd Mﬁ %/aﬁyf(é}eﬁpgven mthe s Elﬁ@%ﬂ??u?;ifgy tféﬁ pﬁ?sre ¥ glsloé]‘f &r abl y, the
concent r at j0057]of lnlaqymcmlampxefcum crabtfdirhanit BRE hydch@w dbovdis mi sk erylaténc and
interaction bet partlc e n crea iation.of the
'y ol EREEESHR o5 Al B el SeBRE G B 2R SHAD SoepyPne
500ncentra@nmnIbbmhﬁ@ﬁkﬁb&ﬂw&ngﬂdm&nﬁ“makghhe&&ﬂmﬂl@6@fﬁ%8@hﬂ7QGMWB@BnO 1

and 3.0 wej ght t he t he. sl.urr 0067 ertain
enbod ment 4oy pd8s ARSI bRty b PRt el e faish o s
proces3ks BRHE Imeqernefs énin uuaylenyt gmnp Ciad), ddeargiCgraiCsubmeutd alith ®lcalrasic Glkyl N one

The. agueouoll i P S 1 i . BemoS b el ot b Loty oy and

}Nat er at rﬂ@hphrﬁmneﬁr@ﬁ Clrt@2$ Qﬁoraptcffd’m)lﬁllf flicizens, wp1gxb017, as, e1f9tdﬂegfah@?n e.g.
or 0.25 t urs or to 1 ours, nore prefera or 10
to 14 hour®™ f’&fg’éﬂsﬁ;ﬁ ‘&ﬁ&%ﬁmt‘%ﬁ% qcé'fygéfoue (&3, PR & dp 6rrﬁ?réﬁwf‘t’iat{[§he
nanoconposﬂrdres tb N0 aahofk d@ﬂﬁ.ePr\Mchl)I, Bhe& alkvaodp BvingSirdf7ftb Ok @atbot aodgve! op
an i nprovenent in the mechanical properties and/or barrier properties of

t he nanoconposite, for exanple, tensile strength and/or air barrier 15
properties. Amounts of clay in the mardoconposite of the invention generally
range fromO0.1 to 20 weight % preferably fromO0.2 to 15 weight % nore
preferably from0.5 to 10 weight % and nost preferably from1 to 6 wei ght
% based on the rubber content of the nanoconposite. |Independently thereof,
expressed in parts per hundred rubber, the clay or exfoliated clay nmay be
present from1l to 45 phr in one enbodinent, from2 to 20 phr in another
enbodi ment, and from3 20to 11 phr in another enbodi nent.



Secondary Rubber Conponent [0069]1n addition to the polyner descri bed
above, preferabl y the hal ogenated el astoner, a secondary rubber or "general
pur pose rubb ent may be present in conpositiong and end us
articles of the (%%Isagﬁt i nvention. These rubbers incl udECT/BgztooséW"é%ot
limted to,afaedetli@lthe Fhoa- ﬁd&hf@ﬁr@ theP D’%@ﬁ{pﬁzﬁ/‘@ frMRREH, 10 carbon atoms. One such

pol y(styrene-co-but adi en r ubber | ybut adi ene rubber (BR),

pol y(i sopr eligfeEgt ‘B‘ﬁﬁl%ﬂlf‘efd’@ mrt%l?fé%en‘(lPB’R}mn is tjipdaqel and Bprhehehe BT ereh fubber
(SIBR), et hybanaiipe omk&N anilikd RBlicct ERMne, @td@Wl %ﬂfﬁn@r&@lﬁde%?lealﬂ!i&nﬁexrad@pler
(EPDM), polysulfide, nitrile rubber, propylene oxid | yimer s

st ar - br anc HEdnBUeydsehsdine cpstrdpral Brdisatcng Carto Sma?@émé@lamtsy e pas sy

br om nated drutclisonieRb &lims. AMsPhLRALEL tlQulttXIadrcéwgﬁ[mc pol y(i sobutyl ene-co- p-
30 net hyl stgr ene) and hal ogenat ed pol y(isobutyl ene-co-p-nethyl styrene),

such as, fdPO¥kandrenothesrsdicyrdy $neéernerl§mbgdlme@tntée axdifigeds amilkgamine of the
p- et hy| St Yibeng, JRT is\@ehdin L5 jsand
m xtures thereof. J \ﬁ% 0#0?%%47%%CT%%%2008 y?o%?of%%%? gﬂsahloﬁd r

natural r ubﬁ@?lﬁblmseﬁlﬁyl @@pderion ddeapt 1. mmﬁea@y ﬁtrieatsh@ poegeeferablygelnast zfnalalr e

Mal aysi an rgpGER S alf]legs% 4@%&9/&1‘(0%({515 ﬁ'deon% 2Qith %Mlggg

m xt ures thereof. ‘_{: ] Some conmer ci al "'exanples o BR ru ers us

secondally rRubsies &y Irfiblmhefdlpg@s?éms On¢ ﬁvemtqfcmwdamélfmfﬁsvm lml(C@mdyetaflentlon
Chem cal Cq Yob B N Tpiar

Conpany) . Aﬂgée}gl r altl%@ggar ub rbl l%l é&%‘g,thlgl asnﬁ %o%%g%{ng‘ggﬂﬂ){&%%?l%%&&gc froﬁl gh
ci s- pol ybutE’ef‘eﬁFellmelel thg tfraqiaydrneliﬁﬁoﬂ%ﬂ PiB41 08 Bowokly bise athicesmaingssand sgeternmtyer ei n
t he amount ,gf,..6i i DM
rubbers are cd)m@r%?% 3‘32%/6& ’l%ag{?g%%n Ee)crtgdt%ég1 a%?gg@ﬁ‘lsﬁx\t%rlﬁ%@a %@g%ﬁ

( ExxonMobi |Al@iéni cal Conpany, Houston TX). Suitable conononers in such

EPDM s reg | i

Foora) B ndffse! L AESR AR el AL R O UG LERNATLERE,
present as (intrbe serton daNRs," molbtheg anscowfrmemmcamwmlalgwn abbre) S@Dﬁ belag, a
therrmplas (o) 3 e @n 1-but en er|vd
units and t(g%%}) %nogﬁ+t¥%q% }ne%&ﬁ%} g(r@ggﬁgl Cg"r CIE% OC? st]grr ‘end tiqsusegéF P8 ni ts,
wher ei n t hér@Eadhas tlswnenodegr e Mt ETay $dastl dn |grduy R rsraalahxgzt @fbm;zmdnﬂ’g@x leestanpl e

33& ZI‘ 216{;:; dqg cgr %EQ[ %0\%9?2]%1(1 ?emax(l)n glc%(’)u QrReIna E com 1n61n<§nntfo 4ny oFf)‘ ‘r%}éogcié)ﬂYG in

t he el a8t ode‘“med (grqupsﬂf & Quutapfiary hnempmwers'aht @mbemasaatld rrtodxcﬁim o séﬁaeltep[ﬂrbﬂaiﬁaftym

pol ymer, al o at e I i
present i n p t 0 %é o4 ﬁ% chess pA ap! 3 l? r%%é{odﬁwt%uaﬁ&?g n%or% %Obg%t?eaf’ﬂcm n up
to 50 phr, h@lﬁmlgbccempafreﬁler a»la[lgble examplet GordQciphmmariahn eManviith @aypbefied abthy i n

up to 30 pEk n?%§QHBQ the total rubber content. The m ni num anount of
secondary bber conmponent, if present, is 2 phr, preferably 5 phr, and

nor e pref ef@bdly 1@cqmlrrhng 172} adesjcctabf the eﬂmmdmtmmbn mtaya aimlainmcbudﬁumm two
conbi nati on, of an e t and ower
Addi ti \?Bes R %@f ?l\ge O‘gffgf%%ﬁ{%{’% r%dé’s © uéCdc%r?{B%E]iofmﬁB ‘fx“fnﬁé the

i nventi on maglriﬁad 1BYy bervcdouﬂbmmdsreoromxmw(ﬁ“ oht bil ﬁﬁrc@mea&v&rammmm%ﬁd um
carbonate, .cl a i ca i um dj Oél de, . and

an s,
carbon bl ack?® ICIL?silEf tﬁrél?’ eri[1 (?ﬁ?r g %leerﬁlr?g‘ aﬁ ‘Fé‘?e% tﬁﬁee"s["ﬁgrt} ori e pipals qdifipt
particl es éammumgaspaditas 6 atriietuRaiToCONOGE b difat conpoasisERelcainpadniaboyenr €. g.

cl ay partlcl s havi.n sion jn the nanoneter range. Ho Iarger
Clay harti £rgEe i b dodudi Sl 2o b et M RENE HiDen RO TLa the Bl
desiredo | mideithcesshasttiygmtthe dahe tifrielok ecsnsd:cﬁmﬁeay)b@nhégzl BB Ko ePie-0dEHifdd@dd Gas bon

bl ack. A preferred fill sem -rei nfor carbon bl ack present at
a level of® W’L‘ i Yah ths pfg'ﬁlcbf‘ﬂhmoﬁbtpcéa‘b‘f:‘e‘?é EBIFY F’P‘gﬁf Bepnpigd 496 b prelepigds ul

gr a]dels of a?uolammbafhk praaganfensn NE LQ)dth:E gmanxtﬁrcrbﬁ%g gﬁgﬂﬁcsg% omrzagg Rs bljack
useful in, for exanple, tire tre e N 1 N N234 an
N110 provi i 489 ﬁ’ ; aﬁgﬁwmuﬁl%la g& §<n 45?7%@“6 Phorhpiabe Rf §¢ agigs o fhief ul

in WO 20 1040dkduid 6RCHa 52 Q684 Qo8 Désit)i fidn 31500Vl | FefdtaBlyfRim @Satm' E 3380,
N351, N550, N650, N660, and N762. Carbon bl ack grades useful in tire
innerliners are for exanple N550, N650, N660, N762, and N990.

[ 0076] Nanoconposite conpositions of'ﬂﬁrs i nvention may optionally include
curative systens which are capable of curing the functionalized el astoneric
copol ymer conponent to 5 provide vul cani zabl e conpositions. Suitable
curative systens are known in the art and include organic peroxides, zinc
oxide in conbination with zinc stearate or stearic acid and, optionally,
one or nore of the foll ow ng accel erators or vul cani zi ng agents: Permal ux
(di -orthotol yl guani di ne salt of dicatechol borate), HVA-2
(n}phenyleneblsnalelnlde) Z|snet (2 4 6- trlnercapto 5- tr|a2|ne) ZDEDC

[T e A PN =,



15[ 0077] Nanoconposite conpositions of this invention may al so incl ude
processi ng additives, such as processing or extender oils or other
processi ng ai ssing aids may be | ow nol ecul ar (Iess t han 15, 000 Mn)
ol efin honn-vgéz%gggﬁﬁners the ol efin having from 3 t oP8/USPWPIBEhI y from

4 to 6 car baseabN®m BN NPIL ol SHRHARKY tl@céhﬁ{rte%tn@ﬂf%%ﬂmgﬁm&ﬁ'cfﬂ bEKEIR es
are the PARAPOLTM series of processing oils (ExxonMbil Chem cal Conpany,

Houst on, TXpprogigateleuals(npkmnpaury Bsopartylrly gsderred gogodipggothe medBB0B.2 The
conposi ti on@n@inafidi §; WAMERTdFOMRIRYN@LSPO ah REIHARAL B8 /iR, TOTE REMBEL in the

pol yal phaol efins or isoparaffins as non-functionalized plasticizers. 0078]
Nanoconposi W@B@@hﬁ@?awl@rﬁtn Hfleaptrpac igrpyp Rt ip ehalkod wraap Savieitiestnl Ocathen atoms.
convent i pnabs;addinol¥es nSy&h r@tﬁcrqﬂeﬁls@ncmlﬂ’@!ﬁ)ﬁﬁm%trﬂ gffﬂcfj@lncicﬁam NGAIm csl ' ght
stabilizers, plasticizers, oils and other ingred {ents as known in t

25[ 0079] Bl échhg pefsibichie fitior vfleonca i Esulting, navaspapoSite s@mp@lnemdsfoamnmtcher
conponent s, ,qjykt 1’5&%?&%5% rolﬂgmgé(rl\«idoﬁ% Qé&mgytoccﬁ’m&g M rtal%ulgrea%})l'ic%go fonponents
and the nanocorrposrte o he present invention In an sui tabl e m xi ng

devi ce sucH'¥dla Banmndifietmswitarlerfor Breatrerdios TMtvi xerenionvetied es difingd above

m xer/extruyders z?-@rgll mn&d?rg d@emélgﬁa%%ﬁgﬁ&d thk &r?ﬁug N3 Qrfrd gszcgghla!tgn %GI%OOC
under conditions of shear sufficient to al nmponents to C

uni f or mly dprsgher dad Wictohorn thhem@@ﬁ%tnm:@npw tlso d)@rmtdisd t bidumctiPrb ceslsifiof-
Prepari ng LhgiNaRoEaIP ey LAOAOLAS.IROK gnGe, g@corfﬁn%rbdzsg Dhal A€ pBUAME:
the present inventron in it I rst aspect ate ess of" pr €pari ng
a nanoconpasiltfmed alipee ggmée@ﬁy mdnwrthtsmtrgfactlﬁeerstoe psthofvdtcr/M@unc solvent mterface
2010/ 044776PCI{MSRO ) o I rin
an organic sol &gﬁcﬂ% Qi Il Y[%g%g%y&u%o %Jhﬁ Atgd %tef%b%&ér%?mgns%cfp Tl )eq're and
(iv) a Bromspletin avet kot ‘tﬁf)yﬁr@rmm@meemlﬂssimnlved l@b)l orgawic ngjverene mubkgiean phascf or m
the nangco a osliie fromthe
enul si O(I’Bl qﬁ‘gmﬁ% yrr%lra ﬁLtedhaeCldoﬁpge)efﬂfl@§%‘Ig\gldgﬁ’t%mmﬁtﬁc Pr%begngjt {of modi T er Ourédﬁd t he
Bronst ed aceihgthagducathe deefrfanleuteltmxe(mafbwcen ST i accstdepze(vabh thd ﬂmdamhmpr on
of the poI .G 89l v e

expl ai ned rom%tpy rrngtﬁo gaerg ul?Bklhgrmérm(l} s éhes uero? hd e ter Pctn? ujm% 6Sj 1]glfoefpar ed
or provi ded Ba@lseﬂpblal(meﬁraakyd&&) a[ﬂ@@Bﬂ&'blmnpqihy%elrsohmbmbf @nw%ofmmm
aqueous cl r e nt ac W th t

descri bed Q%Co%lgbllga)r%&l %r or?goge a%rra (i v)halogtenate?f 'b(%gfg)él ne? ara%]eg)g%\y B

cont act20ng C(Qr@tmhem midng))gahhdlypmbyh@r sobehiutpraberably e alichray Hﬁfd.l;ﬁré&r;abltyhﬁxdm}jl f ier
and the Br

vol une ratr8 r&%{ ﬁg djtoa}g% rsn% %r?bl}’ 3 ledsrfcfné)ir/e F%fefl“r‘P.lé dH(%fl s%‘? Plie%ﬁ“% 2 the
enul si on cmastli@ fit om @scOs’hofynt(@eExamplpmef tnatht yafer dmp@t éhzéLmtmclOerQulionsax@d
nost prefer | sions in the present

i nvention are rgglﬁé%m%ed‘%g)hﬁ & ]}C%?léf’e mﬂ‘&r?% S]nde lg%ﬁ%}/ow The conbi ned

pol ymer sol0#62jon Thmarecrumbgamdﬁelsaﬂd\temﬁa)y bet Atungdeastsl @l Ay cafidbid yxchangel t he

difier whi at ed t the B d th
s o safr aciney EoE & GERRERR Bt o ¥ birBne NTLPTHE Lot g BomiErci ar

bl ender or mbﬂlﬁmaqtﬁtlomal &no %oprcanerb@r fr@a 5a6 60 |"/EIBn(S‘U'E)fC|f@Mﬁ)nfrOIf1QIO th 60 9, r&gdt he
enul si on, ast onds. and eferably a few.m nutes

The enul si oﬁgé’gefer o 1Mo t8 4?3// &ﬁi”??xini’r““eﬁﬁ[ CHIT ST g Ho &Mﬁéﬁ ?fhtBEt
cont i nuoustoatt wtighteifmictctagntiddadl Xi ng or agitation, with or without heating or
ot her tenp ratur% control, for a period suffi cient to enhance exfoliation
of the cl ag—é—-g—?‘—rom 0.1 to 100 hours, preferably from0.1 to 50 hours,
and noB@ ppeéxr ablhe Boemdichl LtS&l Blothzh@l‘élﬁ&bcsb@%%l’:lﬁﬁﬁkﬁ@dﬁ)’Gan%C hh@brsahiear
m xer is used to.m x the nts of the enul si,on in order 25to0 formthe
nanoconpos{'t ‘%%rganf—eoﬁomé?ﬁ‘é‘}‘rlﬁﬁaé Tqﬂ%?ﬁdof’*?t‘r?ﬁaﬂ(i’t%‘h H' ) tognp e copirojdgPreiskad

M xer L4RTex¥an)lB@.bﬁ Bitable E(rblﬁk,tédl ek af?@-}{yd?@geﬂﬂﬁgdebl QQ@@];_E @roﬁéﬁ%%@ﬁud@f(H%m fier
(e.g. FI B— 001 wei g % 0 t ot al

se at | east
erul si on %Fkﬂ‘brl(gﬁg%éraﬁgm%o@ﬁlﬂ?@ﬂ c (P{FHeH%ro‘P Vr?é‘?“’edtfﬁ‘é”%a‘ué@ﬁ‘sb“&?%‘?
slurry, the m)dlfler and the Bronsted aC|d nore preferably 0.001 to 3
wei ght % and nost preferably 0.01 to 2 30 wei ght %t hereof [0086] The
anount of Bronsted acid should be (onlsa nol ar basis) at |east equal to the
anmount - 13-



of the (unprotonated) nodifier. Preferably, the (nolar) anount of Bronsted
acid should exceed the (nolar) anmount of the (unprotonated) nodifier as

di scl osed ab X%);%10/044776PCT/U82008/079857 100871The ﬁ%l mer_sol ution
(i), the aqueous ay’slurry (ii), the nodifier (iii) aht" ¥nsted acid
(iv) can bepgaghi Red idcddidifuet Al 1kid 8€i8, phbdphdid el SbdxdL SRR M acetid)
step (a) of thegfrocess accordlng to the first aspect of the present

i nvention a%% Prtthedike ur e conprising the polynmer solution and the Bronsted
aci d, and a[osaqondma%ﬁan; GRMAGLS dﬁehe of GRS £le¥ RkaYio éoéaﬂﬂe tipe
modi fier are £FOVIded and the first and the second m xture are

combi ned t oMPBHH PHEacEAths %‘ﬁﬂStqdnaCtdhlilSsd e¥bhbelimerroge fro Hite éio‘yprpf(mu:rreolﬂrs
preferabd y dhgagff pRRblyOfof 100y IRY, San@IRNAL Q&léﬂ?%@[ﬁt’cf fﬁ')ﬂ}y\perﬁhO(; gactor
the pol yner éln an organi ¢ solvent) has been reacted und ogenation
condi ti ons G8Hetfamp ynokin gdrvalent phike arodifigh fwlw)ﬁal%@matewef?@nmtyn sits ore ne
or brom ne. usa_cr'% RO HE N aglfd it Hc‘:eﬁ %%Png{wc' 3%} Whl 1%2 ot BRALS B8y Fleﬂlebe

hal ogenat ed polynmer and th %y dr ogen a I ch serves as

Br onst ed adFﬁﬂvﬁyﬁﬂogehmbm6WW@@dGWXW?ﬁN@géﬁn@hw@%h@emwasMﬂhetb@@kaMWdMe)
The sol uti gpuef mttp@pIJa@gS ogenal:ednlRl¥igk is also called "cement”. This
effluent fromthe hal ogenation reaction can be used w t hout any further

wor k- upllor apar ati on processes and can be combined with the aqueous cl ay
slurry and i) modinf i ghoSApbdal of h y the
hydr ogen haI I de No ad i 918 yiE Br o%spggdngél 1%1021 %eegé)g%tr%q &1Qy céa&%rabgw
and the ach@ebﬁésbﬁﬁﬂimmghech@Yd@enaﬂwaOfeabEbyl@#d&demtmdamsmﬂmm1mded to
be neutral izegd..Jhe0pdi fi [ "

sui tabl e sglveﬁ?corégﬁlueﬁgﬂmgwgﬁg?thXO@ﬁmpmz%gkégﬁmg%?ﬂ%%%%ﬁﬂe&“(@HFxture
i n whi ch t hevehtingrerdatsad mtﬂ:lyhferweilsilsdmss;lolhd'ed))hamin‘belaakddke@eﬁ@otgaelcfciaryst

m Xt ur e sconpri.si nd . t e

t he clai sl ur#ysﬁgv%ggbggﬁgﬁﬁ)%§$gﬁ%% |%@’g?mpﬁenMﬁgpgw$mﬂ%wlﬁguo ””fad d
to said fi msticytinkt umescir | dryst guttheas 2@ongdetilionion mbmthecnmdm&her bdawmtther
alternativ ier i ed or. dil uted a,.

sui tabl e Sgib%%l}]s%(&ger [Egtgﬂnfﬁelﬁet Soglyé‘h%ggh{ga Q’a}]po?ntg n? %941 lgcnyabte stevgns(l:tg rale(IP %18 clle(e,

t her eby fomﬂwﬂgwhhens@n@mdknwmtwnmumEnmubneWkwbbueamamdm&hémucmmﬂanﬂ@d mﬁth
the first m ni.n ut|o and th en_hal i
[0088] I n a%% H$%oﬁ@n%tha%9mn$§(ﬁgL¥$25g§§ T%%mo?“?%% § 3%%%@2 eﬁ@r?s not
i nt egr & ed insgriaper sz&ugspﬁlegrmﬁ\ dnaéseq@teaayemd quy&@:etﬂﬁr,lsclplartSIeepr plajcleaf oftibg
process ac fld.st resent he sol ution
of the pol g;h%é?b N . graéebt?nc Kness, e ?rQbEf Eess thar% ?(? o, mor eé%ag\{mp S5t %rh%maqlag%u s
sluriy of pk&yﬁbah@1hhehnmhemhmdmhneiuaﬁnAthe&BanBMedtadadSa@ﬂ&h&@dby
separatel yQr 1.0i.nt ar e..added r Iutlon/cla

mxture. | rTlagbﬁJIeleéo IL:Y e & “IPHEPY k@?\(/){ gﬂg e %W& ATt én‘Br(g’ﬂ%tgetﬁ aci d
can be pr ethidondss m@d) of ﬂs»utl taonghd ﬂa}tshﬁntpfncﬁxdmagﬁﬁle cremiitink is@h adfNaChCa’3&K TRy Of

The aqadoudliy B3NS of M tmg Buf ARG [virte s drdieiby” Sisbometrir o o) be
used as t hemmdnfaloqr:¢fcmbmyhmubrgh1helapged they acthrafeBbignst @ﬁdlﬁedl dy cXdBRgbkn
step (c) o cess 0 % asPect pf t he Qresent nve t he
nanoconposi t %”?%f?§¥8¢%W8am6vgﬂﬁh g hgie depied Lo prgRmC argmaniping sy ﬁﬁbmtﬁ%
nanoconposmbemmc@nwsvm%ﬁﬁmﬁhaaéﬁﬁﬁﬁﬁmbmﬁ&ﬁﬂﬁlQ%E&ﬁ&gaﬁiuhh@mf@mithQQMering

t he precipitat anoconpos te from uid b f|| ering and drying the
recover ed ﬁ%ﬁ'g 5@}T%QB’ @ RERY WHs g Cﬁﬁg ﬁ%ﬁsﬂi’ﬂ“ﬁ§?WﬁgﬂV§PWPﬁe
or gani 80 sobrgatid )nodﬁiﬁatb)ﬁ RO RahEl be ﬁb@hb@sfuhyel Se@@MN asief)irﬂﬁinﬁtghﬂea n@hiche

resulting slurr ssed thr s of dryj ste extruders to
dry the ndﬁg@bﬁ%&£ piong &py ‘@ﬁﬁ?ﬁeﬁﬁfﬁgeﬁtu*%ﬁ%ﬁ#?%ﬁ ﬁ?gﬁ ¥ F%ﬂ%@“g%mﬁﬁe use
of a nodi fprefonasd theditu gdhalBesteicd peiafeiirblchgan Bhtadiaviaf tht Rambairisa Ly, NRS,
wherein th%g%ﬁ BS R are identical or different and, independently of each
other, are &g BYEH S an al kyl group having at least 5 and up to 100
carbon atons, an aryl group having fromb5 to 25 carbon atons, an al kyl aryl
group having from5 to 50 carbon atons, an arylal kyl group having from5 to
50 carbon atons, or an ether group haV|ng at least 5 10 and up to 100

car bon at ons, mnth the proviso that a4 -l east one group R is not a hydrogen
atom as an emul sifier in the preparation of polynmer/clay nanoconposites.
Thi s preparation of polyner/clay nanoconposites conprises the contacting,
in the presence of a Bronsted acid, of a solution of a polynmer in an
organi c solvent with an aqueous slurry of a clay. The polyner, the organic
solvent, the clay, the nodifer etc. are all as already defined in nore
detail above. Again, 15the nodifier is preferably protonated in situ by the
Bronsted aC|d Process for Fﬁlogenating a Polynmer (and Preparing a

o MY ~nrsaAa1l AN - M 1 I Y L I M T



(c) contacting the effluent stream of the hal ogenation reactor of step (b)
conpri sing hal ogenat ed pol yner and hydrogen halide with an aqueous slurry

of a clay an difier to forman enul sion, and 25(d). m xing the
enmul sion to g%wélgmﬁéﬁgconpom te of hal ogenat ed poI ymer gﬁngg?sémsgnd (e)

recovering fohes] NanagEPRShE frobdsOBT bBurB I cSHafbbomp 824 M btk mgféh RNt
the process of preparing the nanoconposite is an integral part of the
process of R¥IS&At i’%&néedp'amﬁﬁ%éﬁo fopsp the gppepry @it 1yrry. tHigferablactbnepnaeyetdan of
the presentofichyentiaRPisiseifRl8Sy b B nifiRERIE: fﬁ{crataﬁ&plga%ﬂé%h'tﬂ@cl@/ PolYRBR4 (ot he
hal ogenation itself bei ng known in the art), 30 characteriZed in that the
ef f I uent (tHecasesxfphittion ohticslan| &1 precmbBdivsl. B aguseuhsyogel iy e hivsactar |
whi ch cont aloRgntrii®nhlegenad ednpeloyn®@dn: | "’/palﬁi &Qﬂcﬁé@@tbc%cm?@llva%ﬁt% d@vé%lw"/e and
t he hydrogen halide (HCL or HBr), is used inmedi ately, i.e., essentially
wi t hout f urlapdronddaiebvigh obthe sityhout neutral i zation of the acid, for the
prepar ati onggd7) t hg, NBRAE QHRESHIESs, ti[@‘EHth&Q%g&EoﬁaleQ? dr ruﬁkq/hts el ﬁbea@mm
stream thus serves as the Bronsted acid in accordance Wt he present

i nvent i on. PrefEsseyEd thopefcaunene@c AT bpS2 ¢ 810,88 Pasd. flh wenemimdmeamtiferrdhot he

hal ogenati qp. 5(1%@&1& eruxrkl Sf QIMn@)@@cth@cx?A &R 1(3C}hc &B{bug Q@rrﬂgyﬁﬁus d%\la?cy cﬁll gerry

and, either separately or jointly, wtht I er ane nanner as
descri béd atsepesd iy tstliﬂmeslpze@rtd W@rtahleomlwrsner?élgp&fta tiofe Stﬂfﬁeleptrtesﬁnhatq: thwely.i on.
The modi fi €l fit (B! LhKuR! fe%g,qgm? J%'hwb Wort RERLRNS! R AE bl TE

resul ting erruI5|on I's m xe I'n or rmt e nanocorrp05|te

5in the sari®06khy dcdusurididckielbbec! dﬁll@erpowfé in dlcovapgonghsitehen accordance
nanoconmposiyig R iskbeRn(e Lk

Tho firet comehf BpRRRUEBoRTs HACIR A 3ArRMAL PO BRGKR I e BRREEL oF
t he Presentbairigy exancdiss qf0bo3jevedompodite, frroceswls tofsilt heeptie sedivr iaimveantiéron
the prega f [ oved to the
use of a n%dl ? ]{?‘gg tﬁg&xﬁg‘{r@ lﬂXh re- ouﬁﬁ8 t\%iog?}?:edg‘gﬁq nt gen%ﬂy 1anﬁﬁf)ﬁ?r%rzl%blotr?ds)
to the pol yhevwight %t preferabdlychiany 0. °a<n¢15 deightt’6, rtld'remfeﬁemetbl)t fierh OtShe 1 Predight %randas a
relatively Q) d t o] r d the bul

Chay) . the T B o L A Ra R et i MR SR R s et e
clay in théndeprerdouly thshend ecxpicesed hepaltederfhuealrec( wibbghthi slapbod:){ﬁcliia’ted(}tlalymncs'ilieu) i's
i mpr oved. li ..of th mer_.mat r.i S. en d,
whi ch has B@%@ﬂ”ﬁ\}e‘% ?@ﬁm%en}%ﬁg’ a?{tl’ h(rmé{zg%%(?qﬁ){%%oé 5t tfo)élm?t g J]Fom‘?
resul ti2fg rtrahlqﬁmnmeiht:@namdimﬁt 15 conpositions and artl cl es made thereof.
The nanocogposi b elpé\(rmeldon%cgordl ng to the present invention have

i mproved rr—re'{'%%mrr—pv—cﬁeﬁ es, while nmaintaining good processability
and nechani@aP] pehf mdmncethe[;@%té] Eemﬁllsrelrarmeepnefdnaw)helemamg@ﬁeeela@tf)mEMe
present mvegtckl %9&10 nIa*on of the cI a du ng.t he f(é)rmatl on .of tp
emul si on and tHE FOFReti BA St PYREC AU S grfcln ¥ BEEREY BYPOrEO A ded.
Al so, the echdayscrgicentof dr prate inentiet t Eicsd fadlerd Mclpdebuoats nr06iesSeSatdug t o

the i ove |nteract|on twee he cI nd th o] r. |In other words,
t he e;r? (g)I i & ?P CHOR{OPE &Y 85’ pl" a}}lmﬁﬁge) rb‘ﬁifﬁé#glggtpﬂyk?ta(%iﬁe rupleer
advant ageo(BR)bgobliserdness- bmlaalyndjamhﬂm alBR)S sb@&i‘e—ﬂipfdnﬂ-@ut&dﬂ&epmbdéw(SIBR!) of

t he nano co 05|te 100 if the cess of e |nvent|on
i s perfor mei 5%0 RARPYIGRE & @3% %%Yé%’g pm?é’lc ‘ﬁn“t %‘Bb%é]%‘g%\ég Fyé‘ﬂh‘éﬁ nifrile
pol ymer, pruber arbbylcrlmomdﬂﬁp@l@:ﬁ&s 0§ta1&)rdiﬁhddglﬁmﬂt 1@bber 20 byl @hrd Rasednched

el ast oner ng,t he effl uen fromthe alog atl react or
(whi ch effP‘E%lnf‘g’é t‘%{f"f‘%‘a‘t@ﬁe’g‘ﬁg Pfat ]6‘"%1 Bied Nyl ﬁ“ Bt JHODGH “Eygii‘étcr%'é)r Wi th
t hehhyﬁ@ ogelathwaﬂyrede adali Fdnogeemeego@(ssobmwo& iﬁlﬂﬁ-hﬁdly@@hdﬂll):) aneh @ﬁr\fbﬂh emaq)éd ]E

with the a us c slurry an separ.at e oi nt with the nodifier,
this in- SI%U) Fbtoon ?P”#%%eé@“ﬁﬂ& %W?nﬂhé?%y% 4t I@E?? r8dticénf hé- need
for additi Bombm3BpkPeESSrStERSts, i ahixtass thb@omeut ral i zation of the forned
hydrogen hal i de, and/or separation of the hal ogenated pol yner, and thus
makes t he conbi ned process nore tinme- and cost-efficient. Industrial
Applicability of the Nanoconposites [0096] The nanoconposites of this

i nvention and the conpositions conprising the nanoconposites prepared by
any of the processes of the present invention described above may WO
2010/ 044776PCT/ US2008/ 079857 be shaped-into the desired form for exanple
extruded, conpression nol ded, bl ow nol ded, injection nolded or |am nation
mol ded into various shaped articles including fibers, films, |am nates,

| ayers, industrial parts such as autonotive parts, appliance housi ngs,
consuner products, packaging and the like. In particular, the elastoneric
conpositions are useful in



5 articles for a variety of tire applications such as truck tires, bus
tires, autonobile tires, notorcycle tires, off-road tires, aircraft tires,

and the liKke. stoneric conpositions may either be fabricated into a
finished art |‘X§é‘"?f§hy(’corrponent of a finished article siCHU¥EBAM S mner i ner

for a tire.joffvg ardxh&bes e Qﬁuﬁﬁﬂuﬁ&fr@&efur %@eé’dn‘&la@%ﬁ’b’c@rﬁ thePrdsclTBNRAAAES,
fil ns, |nnerI|ners i nnertubes, dewal | s, treads, dders, and the |iKke.

I'n anot her %pMelegssn whbers weh ey %MR&?érﬁNéR é{ﬁﬁ%épﬁ’l\é?}@ alld MR, Shendemishussied | n
ai r cushi onggredtneumati c springs, air bellows, hoses, accunul ator bags, and
belts such as conveyor belts or autonotive belts They are al so useful in
mol ded r ubt8¥71par tSymasemmiiai! wiatielcappBR cdbinmsclilns sypwhvbubErsiogpansion
bunpers,s aytQ gxhalsia I e QFPA0s !

comor 1 i ng R B e B DR PR AR il g0
process i nUbbydyry Eltvenidah Coinpanypr ot devaetilonibbér ia habdiif-paybusadihne & GS-BRE By

Pl B-am ne h'ﬂ\éﬁ ciJSB% rﬁg &%er?e"rlt R%gd&l?{hdtpf 2l Qgr tof gﬁdc(lén%\/}e{lseg)%%&&n %rd%%‘ Ai‘ ty)

t han conposi ti on a prior art ess using either a

functi onal |sz€dme©re?9t1®rw@¢38b95°/an or gano- m)dl f| ed clay. The conpositions may
al so have gh 'SHR&)‘&; @Meg&t hEPéIQOQ@bIHe a?e' rco%eﬁagl H atl%blgf 1%(;16? the
conp03|t|ons conprising a cured nanoconposite 20 t e processes
of the lpr es\éIﬁTAL(ﬁNE‘ht trmn@e&t efbirikoradbbals (flhtmmakygempetnvanﬁmsml dﬁ()r aBatable 40C
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use a clay hmt obfublyméom@od po I/g,rpm”eralﬁx fromi léttcb ?.ﬁgJ/gmsi dcadzmrmield by DSC.

xtol | at1 oh B t ol e ra te Eray b A e SHSEE o o Phif e rhe
clay parti q:dvensuoorm pdlcaﬂicel tetlis [ﬁmexlxlwpulixmrnﬂnyfelaB& tid Bdescsacl shstdmon at Bciitely mer
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A'so. The. g Ral R e e APBYBA T HETEY AUGL PRI el Brotng prbsent
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relates to*° CEE ROBP ‘Eléé‘gpcéf’hrdL'é‘ 1% X hR I8 nposite of a pol ymer and a

cl ay, corrpFil&idﬂgdallﬁeessixﬁDSu@inves( a) contacting (|) a sol ut| on of a pol yner
in an gapl ¢_sol vent i) an agueou slurr aclay, (iii) a nodifier,
and (i 3§ 2 lasiey Nt 63 PRI AR e iy (rmy Hf‘%(i“:‘ibld? fBe BGPE; gt o
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n the podifier is

emnul si on T c of subparagraph 1, wherei

pr ot onat edcﬁﬂﬁf"‘gﬁcg gf/“ie CYB‘r“oﬁggeé’H g&?rdgoeé nOt’Fﬂ%l“% Graediclss lunes Rra gl phs 1
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clay sl urrJPIEREE BBz HarFiceagr claymaticlis gn bergod #he flicr &yt %ﬁ%ilof‘ﬁ%poélé?éd d

m Xt ur 80 ar gesEQIMDINNAE ciBodiREdn) thb il 1@ﬂmlc§ﬂb@m bladk orTMEAiREPELSH Wck S UDpRf-AgY aph
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step (a) thercpelyysh 305@ ol . Rstult Bed&! @FYcaStithMladkl @ndd Fr&h QG OMmbioNRGHL 0
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separ at el yEBPodim i ‘Pfyca"b% blagk wsethift- dprorrample, ik drepoeNa2% N3ahyNaP: N,
precedi ng spdapaALa0NaRRSidWREASTR bIB7POI ¥iBnd 193785 helagenatiesal askaner .
preferably a hal ogenated C4 to C7 isool efin-based interpolyner additionally
20conprising multiolefin and/or al kyl sétyr ene units.




7. The process of any of the precedi ng subparagraphs, wherein the polyner
is a brom nated interpolynmer conprising isobutylene and para rret hyI styrene
units, wherei payamet hyl styrene units are present in wei ght %
based on the ‘98%@?’“10? Perpol ymer weight, and 0.4 to 5 erFG/T’BW"?SF%”W

par amet hyl sgy Elﬁ@v@alld Rictter &hQpRNAADH, r}@is@dr\rs?é@?ﬁéﬁﬁﬁ%@(y lagd X7 &N & di¥nlbRack §raddde
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y y

pr ocessllof Tarrguops (mlecn@rre@emmgthsmmamaqn@p@s Vuliaef elaliylated pmmlfdheﬂﬁdcé» or
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ot i e, " pr PR FE OR ERS RS EPOR Beo BT Pt e o T Beedof 0
any of the [Qﬁﬂ&]cedeg)csmbxpaé aghaphisns whée eiventioh @ieplsd Géntehrhethéleﬁ(ﬁr\l@ﬁl}dnﬂf t he

nanoconposi rises precipitatin Nnanoc.o filterin / or
evapor at i oné(ﬁfve? &y ﬁbdﬁfbd PEpiREp e %nt%?leaaﬁi)ggl?gtpﬁﬁ%ﬂ&?réc%laﬁ“ﬁﬁm 4
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added, é mélr%)]t heB%P%ﬂ%?%tge g\ﬁ‘?rﬂ aggnﬁéecd‘r"it‘ﬁe a‘ﬁnfa)ﬁﬁ‘ﬁh‘in%d)lt CiWﬁ"Be%Gf Whf one
nol ar equi way eataraéd d;;hl@y mdblﬁhlfgrthe d%)si&fd&@ﬁ@ﬁneh@ranﬁlﬁieﬁg@@aﬁlpd%?e @rr“1 melpye{mft, t he
process cor rrsrn the steps. o a) providi a solution of the polynmer in
an organic' Eﬂt\%r’r any f5yita i’gn‘fla‘é"tgr lcga“fah Erbﬁﬁ?g\’“r}ééﬁ B PR RAha e R i n a
reactor ungieferddal plgaaaém@ﬂbr e@mmmgoa SentpRrabRésh bRl -agerat ®dc mﬁ ey OB C RRGE:
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react or of C"élfje'ﬁm((ﬁf)b H'g TPt Ay lipRY B ERROBENHII BprRste Wiy disBgesd HEI e wi t h
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2010/ 044776PC T/ 3/ 079857 (d) mixing the enulsion to forma

nanoconpos B GUBQIININLE and clay, and (e) recovering the
nanocorrposrobaorf r oM ﬁlaeloeéwib%t Odhd it e clhgs, EOGERSt iRfentiBLinREERALHRG relates
subpar agraph, wherein the organi c sol vent, the hal o%enat ed polyner, the
clay, the REdFIPEC! AR IEE nﬁr%e@g%slteﬂmoar@oa@ﬂa@&r ASEPS A any” of
5subparagraphs 2 to 17.
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20. A nanoconposite conprising a polynmer and a clay, prepared by the
process of any of the precedi ng subparagraphs. 21. A conposition

conprising t nposite of the preceding subparagraph and optionally
one or nore (t\g%%ﬁ/gﬁ% sel ected fromthe group consisti ﬁgT/HPO%S@&%ﬁHary
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of R A. Pas ern et al. in: Journal of Polyner Sciepce: Part A-2 Vol 8,

467 (1870) PH&S&OWélbear B SRR DR L d ORI et S SaaMat i ¢ h

;/ﬁcug_m Ereasm W@Edﬁ$bﬂ%r§1%e@ﬁlawa(w@bl) 10 nltrgggg V\N/gs kept on one SI de of
e di sk, eas e ot her sjde was a
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and the cosmesinb@Rmalld) hEBHiRT BSRAb, Mqhbla %%nidﬁn@&f@%ﬁk@é&%xﬂh%ﬂd%?@é%

D 1646. d %y content neasurenent 20[00104] The clay content in the
nanoconposif §e0liAamenssel fhegnpptogatpBmadHer prediscmped &04e. TGA i nstrument. A
sanple (-10 ng) was heated to 800 C at a rate of 20 C mn. The clay content
(%9 was cal cul ated by subtracting the polyner ash content (% fromthe
nanoconposi te sanple residue (% at 600 C. Interfacial tension measurenent
25[00105] G l/water interfacial tensidns were measured using the well known
pendant drop



interfacial tension nethod. A Rame Hart pendant drop interfacial
tensi oneter was used. Droplet size measurenment [001061 Droplet sizes vvere

measured by opti.c croscopy. A LASENTEC particle videg nonitor M wa
used for the V?réé%@l‘“é‘%nts In this nethod, the LASENTECYBURPHPYA {us
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sizes. WO RP %@/c&&ﬂc?cgﬁp @Jo%@r@ﬁéb%e §§%e]§?e@én‘% 11{]v01(th%taeﬁtjstaﬁuxg?§ gcfnllé{x)ﬁ /nQQhef or
Abbrevi ati ons used in nation Description
Suppl i er ExbobresT gl qtmangrh@rlﬁrmtuédmd,%g@scyp@h@ﬁpw @mpwemmgtuwoewéamlmber
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omnet o LA e A TN NP WP BBTC AR U0 0 BP P
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from the halogenation reaction can be used without any further work-up or separation processes

and can be combined with the aqueous clay slurry and the modifier so that the modifier is

protonated “in situ” by the hydrogen halide. No additional Brensted acid is needed in this case,

15 and the acid present in the halogenation reactor effluent does not need to be neutralized. The
modifier (which may be dissolved or diluted in a suitable solvent or diluent, preferably the same
solvent or solvent mixture in which the halogenated polymer is dissolved) may be added to the
first mixture comprising the polymer solution and the hydrogen halide, and then the clay slurry
may be added. Alternatively, the clay slurry may be added to said first mixture prior to the

20 addition of the modifier. Further alternatively, the modifier (which may be dissolved or diluted in
a suitable solvent or diluent) and the clay slurry may be pre-combined, thereby forming the
second mixture mentioned above, and then contacted with the first mixture containing the
polymer solution and the hydrogen halide.

[0088] In another embodiment, if the preparation of the nanocomposite is not integrated with

25 a polymer halogenation process, in step (a) of the process according to the first aspect of the
present invention the solution of the polymer in the organic solvent is first combincd with the
aqueous slurry of clay, and then the modifier and the Bronsted acid, either separately or jointly,
are added to the polymer solution/clay slurry mixture. In one embodiment, the unprotonated
modifier and the Bronsted acid can be pre-combined, resulting in the protonated modifier which

30 may or may not be isolated prior to contacting it with the polymer solution and/or the aqueous
clay slurry. Alternatively, a quaternary ammonium salt may be used as the modifier, without the
need to add a Brensted acid.

[0089] In step (c) of the process of the first aspect of the present invention, the

nanocomposite is recovered by means of, for example, precipitating the nanocomposite from
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4-tetradecyl-aniline Solid Aldrich Na+ Un-nodified (natural)
Montnorillonite clay with Nal counter ions CLO SITE(r) Na-; Southern Clay

Product s y Aqueous slurry of Montnorillonite cla
count er |onsg&9%algp#%r) Na-, 2.83 wm% slurry; Souther nPEIE éf“&%facts I nc.
= par a- Jeekiby hsd %E&Qﬁnézﬁl%rﬁi’écﬁﬁtat%d th8hoBompRRLBdth tIM]L@(Bb}l ﬁﬁ)&lné Rl dBfing

poI ymer cenent (see Table ow) was di ssolved or | uted 5 i'n i so-hexane

(see al so T§6¥eé°‘2"°6é‘ﬁ%%ﬁb’mpqﬁl$ﬁﬁr%ﬁff@m@ AR uidysin D@‘Z‘S‘%‘%ﬁé%%%c gbyepd icenbe

Al drich, segaJalbe® sdch B9 sBAHGHppi R 4nBihe fosRANS ATy SisitiTittofth SOHLWR
mont nori | | on|a e clg (ase)ZStTab eppllgglvv%tst esutg% w?%‘?sz 6r%11_§H of d§| onfyéned

wat er and mt%earww IPPEJ%WH@OWHS’W%n (as explained in Table 1; for the

anount s seejap! € whe 53@& nvanEn 200 Mt Qo ih%qué%@ﬂmmﬁ&d%g}t} alaﬁ%lym xer
WO 2010/ 044776PCT/ US2008/ 079857 (Silverson L4ART-W

resul ting emamsicont hoaforrply Mls.wihervinalbe eiofipsd afgadeapiient osdifferentand.usdenepdeitly
Si | verson LRk ghs asm?agemmr a@&mﬁ%%pﬁ’ gagrleaAt% Jﬁhf&g%&&&cmg n Rlofguct

was obt ai ned by steam stripping to rendve e solvents in a
vacuum overrngtyl Bosp Gatieg fra8 SHodp sarben areibs. en 2lkglevhposp hiorsiron SExSPrpirem 1 to

8): Ex. No. atc;]rnsg arﬁdt%la@(yngZu;ﬁhavmg from 5 to 50 carbon atoms, or an ether group having at least 5
10 and up to 100 carbon atoms, with the proviso that at least one group R is not a hydrogen atom, as
an cmulsifier in thc preparation of polymer/clay nanocomposites. This preparation of
polymer/clay nanocomposites comprises the contacting, in the presence of a Bronsted acid, of a
solution of a polymer in an organic solvent with an aqueous slurry of a clay. The polymer, the
organic solvent, the clay, the modifer etc. are all as already defined in more detail above. Again,
15 the modifier is preferably protonated in situ by the Bronsted acid.

Process for Halogenating a Polyvmer (and Preparinge a Nanocomposite)

[0091] As mentioned above and in the claims, the present invention in a second aspect relates
to a process for halogenating a polymer, the process comprising the steps of:
(a) providing a solution of the polymer in an organic solvent,

20 (b) contacting said polymer solution with a halogen in a reactor under halogenation conditions to
form halogenated polymer and hydrogen halide,
(c) contacting the effluent stream of the halogenation reactor of step (b) comprising halogenated
polymer and hydrogen halide with an aqueous slurry of a clay and with a modifier to form an
emulsion, and

25 (d) mixing the emulsion to form a nanocomposite of halogenated polymer and clay, and
(e) recovering the nanocomposite from the emulsion.
[0092] In this embodiment the process of preparing the nanocomposite is an integral part of
the process of halogenating a polymer. Put differently, this sccond aspect of the present invention
rclates to a process of halogenating a polymer (the halogenation itself being known in the art),

30 characterized in that the effluent (the “cement”, as explained above) of the halogenation reactor,
which contains the halogenated polymer in a solvent or solvent mixture and the hydrogen halide
(HCI or HBr), is used immediately, i.e., essentially without further separation and without
neutralization of the acid, for the preparation of the nanocomposite. The hydrogen halide in the

effluent stream thus serves as the Brensted acid in accordance with the present invention. The
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effluent stream from the halogenation reactor is combined in step (c¢) with the aqueous clay slurry
and, either separately or jointly, with the modifier in the same manner as described above with
respect to the first aspect of the present invention. The modifier is thereby protonated in situ by
the Bransted acid. The resulting emulsion is mixed in step (d) in order to form the nanocomposite

5 in the same way as described above. Also, the recovery of the nanocomposite in step (c) is
performed as explained above with respect to the first aspect of the present invention.

Advantages of the Processes of the Present Invention

[0093] With the processes of the present invention the preparation of polymer/clay
nanocomposites can be improved. Duc to the usc of a modificr that is not pre-bound (via covalent
10 or ionic bonds) to the polymer or to the clay, and duc to the fact that the modificr has a relatively
low molecular weight (compared to the polymer and the bulk clay), the interaction between the
polymer in the organic phase and the clay in the aqueous phase via the modifier (which is
protonated in situ) is improved. The exfoliation of the clay in the polymer matrix is enhanced,
which has a positive effect on the air retention capability of the resulting nanocomposite and of
15 compositions and articles made thereof. The nanocomposites prepared according to the present
invention have improved air retention properties, while maintaining good processability and
mechanical performance.
[0094] Furthermore, in the processes of the present invention agglomeration of the clay
during the formation of the emulsion and the formation of the nanocomposite is reduced or
20 avoided. Also, the clay retention rate is better than in previous processes due to the improved
interaction between the clay and the polymer. In other words, the exfoliated clay is better
retained in the polymer matrix. This is advantageous because less clay material is lost during the
production of the nanocomposite.
10095] Finally, if the proccss of the present invention is performed as an integrated process
25  with the halogenation of a polymer, preferably in the case of a halogenated isobutylene-based
elastomer, using the effluent (the cement) from the halogenation reactor (which effluent contains
the halogenated polymer in solution, together with the hydrogen halide which serves as the
Brensted acid) and combining it with the aqucous clay slurry and, separatcly or jointly, with the
modifier, this in-situ protonation process may eliminate or at least reduce the need for additional
30 process steps, such as the neutralization of the formed hydrogen halide, and/or separation of the
halogenated polymer, and thus makes the combined process morc time- and cost-efficient.

Industrial Applicability of the Nanocomposites

[0096] The nanocomposites of this invention and the compositions comprising the

nanocomposites prepared by any of the processes of the present invention described above may
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products, packaging and the like. In particular, the clastomeric compositions are useful in
5  articles for a varicty of tire applications such as truck tires, bus tires, automobilc tires, motorcycle
tires, off-road tircs, aircraft tires, and the like. The clastomeric compositions may cither be
fabricated into a finished article or a component of a finished article such as an innerliner for a
tire. The article may be selected from air barriers, air membranes, films, innerliners, innertubes,
sidewalls, treads, bladders, and the like. In another application, the clastomeric compositions
10 may be employed in air cushions, pneumatic springs, air bellows, hoses, accumulator bags, and
belts such as conveyor belts or automotive belts. They are also uscful in molded rubber parts and
find wide applications in automobile suspension bumpers, auto cxhaust hangers, and body
mounts.
[0097] The compositions comprising the nanocomposites of the present invention made by a
15 process involving the in-situ protonation of a modifier such as the PIB-amine have improved air
barrier properties (lower oxygen permeability) than compositions made with a prior art process
using either a functionalized elastomer or an organo-modified clay. The compositions may also
have a high impact strength.
[0098] The air permeability of the compositions comprising a cured nanocomposite prepared
20 by the processes of the present invention determined as the oxygen transmission rate at 40°C is
120 mm cm’/(m” day) or lower, preferably 110 mm cm’/(m” day) or lower, preferably 100 mm
em*/(m? day) or lower, preferably 90 mm cm?/(m” day) or even lower. The nanocomposites made
according to the present invention involving the in-situ protonation of a modifier can have a
reduction of up to 20% in air permeability compared to nanocomposites made according to prior
25 art processes involving the use of either pre-functionalized polymer or organo-modified clay, and
an cven higher reduction in air permeability is achicved when compared to prior art processcs
that do not use a clay or polymer modifier or exfoliating aid at all.
[0099] Furthermore, in the nanocomposites of the present invention the exfoliation of the
clay and the clay-polymer intcraction is improved. The clay particles or platclets are uniformly
30 dispersed within the polymer matrix. By “uniformly dispersed” it is meant that the particles are
not agglomerated, preferably that at lcast 80%, morc preferably at least 90%, preferably at least
95%, most preferably 100% of the particles arc surrounded by polymer as shown on transmission
electron microscopy (TEM). Also, the clay retention is improved in the nanocomposites of the

present invention as compared to prior art processes.
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[00100] In alternate embodiment, this invention relates to:
1. A process of preparing a nanocomposite of a polymer and a clay, comprising the steps of:
(a) contacting (i) a solution of a polymer in an organic solvent, (ii) an aqueous slurry of a
clay, (iii) a modifier, and (iv) a Brensted acid to form an cmulsion;
5 (b) mixing the cmulsion to form the nanocomposite; and

(c) recovering the nanocomposite from the emulsion.

2. The process of subparagraph 1, wherein the modifier is protonated in situ by the Bronsted
acid.
3. The process of subparagraphs 1 or 2, wherein in step (a) a first mixture comprising the
10 polymer solution and the Brensted acid, and a seccond mixture comprising the aqueous

clay slurry and the modifier arc provided, and thc first and the sccond mixture arc

combined to form the emulsion.

4. The process of subparagraph 3, wherein the first mixture is the effluent of a polymer
halogenation reactor.
15 5. The process of any of the preceding subparagraphs, wherein in step (a) the polymer

solution and the clay slurry are first combined to form an emulsion, and the modifier and
the Bronsted acid are added, either separately or jointly, to said emulsion.

6. The process of any of the preceding subparagraphs, wherein the polymer is a halogenated
clastomer, preferably a halogenated C4 to C; isoolefin-based interpolymer additionally

20 comprising multiolefin and/or alkylstyrene units.

7. The process of any of the preceding subparagraphs, wherein the polymer is a brominated
interpolymer comprising isobutylene and para-methylstyrene units, wherein the
paramethylstyrene units are present in 3 to 15 weight%, based on the total interpolymer
weight, and 04 to 5 mol% of the paramethylstyrene units are brominated

25 paramethylstyrene units.

8. The process of any of the preceding subparagraphs, wherein the organic solvent is one or
more linear, branched or cyclic alkane(s) having from 2 to 40, preferably from 4 to 15
carbon atoms.

9. The process of any of the preceding subparagraphs wherein the clay is a swellable layered

30 clay which comprises platelets having a thickness of from 5 to 20 A.

10. The process of any of the preceding subparagraphs, wherein the clay is an inorganic clay

which has not been organically modified by means of replacement of the inorganic

cations by organic cations.
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4 88.84 Exanple 5 88.70 Exanple

halloysite, hydrotalcite, or any comb1nat1on theleof
5 12. The process of any of the preceding subparagraphs, wherein the modifier is or contains an
amine of thce formula NR;, wherein the groups R arc identical or different and,
independently of each other, are a hydrogen atom, an alkyl group having at least 5 and up
to 100 carbon atoms, an aryl group having from 5 to 25 carbon atoms, an alkylaryl group
having from 5 to 50 carbon atoms, an arylalkyl group having from 5 to 50 carbon atoms,
10 or an ether group having at least 5 and up to 100 carbon atoms, with the proviso that at
lcast onc group R is not a hydrogen atom; and preferably the modifier is or contains an
amine of the formula NRH; wherein R is an alkylaryl group having from 10 to 25 carbon
atoms or an alkyl group having at least 40 carbon atoms.

13. The process of subparagraph 12, wherein the modifier is a combination of an amine as

15 defined in subparagraph 12 and an ammonium salt of the formula NRy X, wherein R is
as defined in subparagraph 12 and X' is halogenide, preferable chloride or bromide.

14, The process of any of the preceding subparagraphs, wherein the modifier is or contains
polyisobutenc-amine (PIB-aminc) or 4-tetradecyl aniline.

15, The process of any of the preceding subparagraphs, wherein the Brensted acid is a

20 hydrogen halide, preferably hydrogen bromide or hydrogen chloride.

16.  The process of any of the preceding subparagraphs, wherein in step (c) the recovery of
the nanocomposite comprises precipitating the nanocomposite, filtering and/or
evaporation of the liquid.

17. The process of any of the preceding subparagraphs, wherein the modifier is used in an

25 amount of 5 to 60 % of the maximum molar cationic exchange ratio of the total weight of
the clay added, and/or the Brensted acid is used in an amount of 100 to 200 % of one
molar equivalent of the modifier.

18. A process for halogenating a polymer, the process comprising the steps of:

(a) providing a solution of the polymer in an organic solvent,
30 (b) contacting said polymer solution with halogen in a reactor under halogenation
conditions to form halogenated polymer and hydrogen halide,
(c) contacting the effluent stream of the halogenation reactor of step (b) comprising
halogenated polymer and hydrogen halide with an aqueous slurry of a clay and with a

modifier to form an emulsion,
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20. A nanocomposite comprising a polymer and a clay, prepared by the process of any of the

preceding subparagraphs.
21. A composition comprising the nanocomposite of the preceding subparagraph and
optionally one or more components selected from the group consisting of secondary
10 rubbers, fillers, curative systems, processing aids, stabilizers, antioxidants and pigments.
22.  The composition of the preceding subparagraph, wherein the nanocomposite is cured and
has an air permeability characterized by an oxygen transmission rate at 40 °C of 110 mm
cm’/(m* day) or less, preferably of 100 mm cm’*/(m” day) or less, most preferably of 90
mm cm’/(m” day) or less.
15 23, An article comprising the composition of subparagraphs 21 or 22.
24.  The article of the preceding subparagraph, wherein the article is a film, membrane,
bladder, tire, tire innerliner, tire innertube, tire sidewall, or tire tread.
25.  The usc of an amine of the formula NR;s, whercin the groups R arc identical or different
and, independently of each other, arc a hydrogen atom, an alkyl group having at least 5
20 and up to 100 carbon atoms, an aryl group having from 5 to 25 carbon atoms, an alkylaryl
group having from 5 to 50 carbon atoms, an arylalkyl group having from 5 to 50 carbon
atoms, or an ether group having at least 5 and up to 100 carbon atoms, with the proviso
that at feast one group R is not a hydrogen atom, as an emulsifier in the preparation of
polymer/clay nanocomposites.
25  [00101] The following examples reflect embodiments of this disclosure and are by no means
intended to be limiting of the scope of this disclosure.
EXAMPLES
Permeability Testing

[00102] For cach of the following cxamples, the nanocomposites formed were analyzed for
30 permeability properties using the following method. In certain embodiments, 36 grams of the
nanocomposite material were loaded into a Brabender™ mixer at a temperaturc of 130 — 145°C
and mixcd with 20 grams of carbon black (N660) for 7 minutes. The mixture was further mixed
with a curatives package of 0.33 g stearic acid, 0.33 g of ZnO (Kadox 911 obtained from CP
Hall, Chicago, IL), and 0.33 g MBTS (mercaptobenzothiazole-disulfide) at 40°C and 40 rpm for
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3 minutes. The resulting material was milled, compression molded and cured at 170°C. All
specimens were compression molded with slow cooling to provide defect-free pads. A
compression and curing press was used for rubber samples. Typical thickness of a compression
molded pad was around 15 mil (381 pm). Using an Arbor press, 2—in. (5 cm) diameter disks were
5 then punched out from molded pads for permeability testing. These disks were conditioned in a
vacuum oven at 60°C overnight prior to the measurement. The oxygen permeation measurements
were done using a Mocon OX-TRAN 2/61 permeability tester at 40°C under the principle of R.
A. Pasternak et al. in: Journal of Polymer Science: Part A-2, Vol 8, 467 (1970). Disks thus
prepared were mounted on a template and sealed with vacuum grease. Ten psig (0.07 MPa(g))
10 nitrogen was kept on one side of the disk, whereas the other side was 10 psig (0.07 MPa(g))
oxygen. Using the oxygen sensor on the nitrogen side, the increase in oxygen concentration was
monitored over time. The time required for oxygen to permeate through the disk, or for oxygen
concentration on the nitrogen side to reach a constant value, was recorded and used to determine
the oxygen permeability. Permeability is given as the oxygen transmission rate on a Mocon WX-

15 TRAN 2/61 at 40°C in mm cm’/(m” day).

Mooney viscosity measurement

[00103] Thc Mooncy viscosity was determined for the polymers and the compositions of the
present invention in accordance with ASTM D-1646.

Clay content measurement

20 [00104] The clay content in the nanocomposites was measured by a PerkinElmer Pyris 1 TGA
instrument. A sample (~10 mg) was heated to 800 °C at a rate of 20 °C/min. The clay content
(%) was calculated by subtracting the polymer ash content (%) from the nanocomposite sample
residue (%) at 600 °C.

Interfacial tension measurement

25 [00105] Oil/water interfacial tensions were measured using the well known pendant drop
interfacial tension method. A Rame Hart pendant drop interfacial tensiometer was used.

Droplet size measurement

[00106] Droplet sizcs were measured by optical microscopy. A LASENTEC particle vidco
monitor (PVM) was uscd for the measurements. In this method, the LASENTEC PVM apparatus,
30 a LCD camera attached to the probe is directly introduced into the emulsion and video frames are
captured to provide individual micrographs. The micrographs with the associated size scale

provide a measure of droplet sizes.
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Mooney Vi scos "Ex¥pro ™ 3745 Brominated isobutylene/para- | ExxonMobil Chemical

methylstyrene rubber (7.5 Company (Houston, TX)
wt.% PMS, 1.2 mol% Br)

Exxpro ™ 3433 Brominated isobutylene/para- | ExxonMobil Chemical
methylstyrene rubber (5 wt.% | Company (Houston, TX)
PMS, 0.75 mol% Br)

MDX 03-1 Brominated isobutylene/para- | ExxonMobil Chemical
methylstyrene rubber (10 wt.% | Company (Houston, TX)
PMS, 0.8 mol% Br)

Bromobutyl 2222 Brominated isobutylene- ExxonMobil Chemical
isoprene rubber (2.0 wt% Br, Company (Houston, TX)
Mooney Viscosity 32)

Bromobotyl 2255 Brominated isobutylene- ExxonMobil Chemical

isoprene/ rubber (2.0 wt% Br, | Company (Houston, TX)

Mooney Viscosity 46)
PIB-amine solution | Polyisobutylenc amine KEROCOM PIBA 03 (65% of
solution PIB-amine (MW~970 g/mol) in
paraffinic oil); BASF
4-tetradecyl-aniline | Solid Aldrich
Na* Un-modified (natural) CLOISITE® Na; Southern

Montmorillonite clay with Na* | Clay Products, Inc.

counter ions

Na" Slurry Aqueous slurry of CLOISITE® Na ', 2.83 wt%
Montmorillonite clay with Na' | slurry; Southern Clay Products,

counter ions Inc.

PMS = para-methylstyrene
Examples 1 to 8:
[00107] MDX 03-1 polymer or polymer cement (see Table 2 below) was dissolved or diluted
5 in iso-hexane (sec also Table 2 below). Hydrobromic acid, HBr (48% aqueous solution, Aldrich,
see Table 2) was added. 214 g of aqueous slurry of sodium montmorillonite clay (see Table 1)
was diluted with 200 mL of deionized water and mixed with PIB-amine solution (as explained in

Table 1; for the amounts see Table 2 below) and 50 mL of iso-hexane using a high-shear mixer
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(Silverson L4RT-W, at 6000 RPM). The resulting emulsion was mixed with acidified polymer
solution using the Silverson L4RT-W high-shear mixer at 6000 RPM for 40 minutes. The
product was obtained by steam stripping to remove the solvents, and dried in a vacuum oven at

105 °C for 16 hours.

5
Table 2 (compositions of Examples 1 to 8):
Ex. No. 1 2 3 4 5 6 7 8
MDX 03-1 polymer 100 100 100 100
MDX 03-1 polymer cement 455 | 455 | 455 | 455
iso-hexane (mL) 1000 | 1000 | 1000 | 1000 |600 |600 |600 |600
HBr (mL) 1.54 | 1.54 2.46 246 | 1.54 |1.54 | 246 | 246
PIB-amine solution (mL) 2.7 5.4 2.7 5.5 27 |55 27 |55

MDX 03-1 polymer cement: 22 wt% MDX 03-1 from ExxonMobil butyl plant in Baytown, TX

Clay retention measurement and Mooney viscosity of Examples 1 to 8:
10 ]00108] Inorganic content was mcasurcd in a PerkinElmer Pyris 1 TGA instrument as

described above. The results as well as the Mooney viscosities are shown in Table 3 below:

Table 3 (Clay Retention and Mooney Viscosity of Examples 1 to 8):

Example Clay Content (phr) | Clay Retention (%) | Mooney Viscosity
Example 1 5.19 86.56 353
Example 2 4.53 75.49 31.5
Example 3 5.32 88.70 24.8
Example 4 4.44 73.98 27.1
Example 5 5.00 83.27 537
Example 6 5.06 84.38 (not determ.)
Example 7 5.65 94.11 41.4
Example 8 4,73 78.84 514

15
Permeability Measurement of Examples 1-8:

[00109] Polymer nanocomposites were mixed with carbon black and curatives as described
above in a Brabender mixer at 130 — 145 °C. The rubber compounds were compression molded
and cured at 170 °C. Permeability was measured as oxygen transmission rate on Mocon OX-

20 TRAN 2/61 at 40 °C as described above. The results are provided in Table 4 below.
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Examples 9 to 18:
[00110] Polymer (see Table 5 below) was dissolved in 1000 mL iso-hexane. 2.05 mL of
5 hydrobromic acid, HBr (48% aqueous solution, Aldrich) was added. 214 g of aqueous slurry of
sodium montmorillonite clay (seec Table 1 above) was diluted with 200 mL of deionized water
and mixed with PIB-amine solution (as explained in Table 1; for the amounts see Table 5 below)
and 50 mL of iso-hexane using a high-shear mixer (Silverson L4RT-W, at 6000 RPM). The
resulting cmulsion was mixed with acidified polymer solution using the Silverson LART-W high-
10 shear mixer at 6000 RPM for 40 minutes. The product was obtained by steam stripping to

remove the solvents, and dried in a vacuum oven at 105 °C for 16 hours.

Table 5 (Compositions of Examples 9 to 18):

Ex. No. 9 10 11 12 13 14 15 16 17 18
Exxpro'3745 (g) | 100 | 100
Exxpro™ 3433 (g) 100 | 100
BB 2222 (g) 100 | 100 | 100
BB 2255 (g) 100 | 100 | 100
PIB-amine 22 144 122 |55 1.1 2.2 5.5 1.1 22 |55

solution (mL)

15 Clay retention measurement and Mooney viscosity of Examples 9-18:
[00111] TInorganic content was measured in a PerkinElmer Pyris 1 TGA instrument as
described above. The results as well as the Mooney viscosities of the samples are summarized in

Table 6 below:
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Example 11 5.43 90.51 46.7

Example 12 5.02 83.60 64.4

Example 13 4.06 67.64 33.7

Example 14 5.08 84.69 67.1

Example 15 5.20 86.62 33.1

Example 16 4.34 72.38 56.5

Example 17 5.59 93.15 75.4

Example 18 5.50 91.59 57.8

Permeability Measurerment of Examples 9-18:

[00112]  Polymer nanocompositcs were mixed with carbon black and curatives as described
5 above in a Brabender mixer at 130 — 145 °C. The rubber compounds were compression molded

and cured at 170 °C. Permeability was measured as oxygen transmission rate on Mocon OX-

TRAN 2/61 at 40 °C as described above. The results are summarized below in Table 7.

Table 7 (Permeation Rate of Examples 9 to 18):

Example Permeation Rate (mm cm®/(m? day), 40°C)
Example 9 91.22
Example 10 87.05
Example 11 95.44
Example 12 97.65
Example 13 112.99
Example 14 95.59
Example 15 103.37
Example 16 110.02
Example 17 97.37
Example 18 106.76

10
Comparative Examples 19 to 22:
[00113] Polymer (as specified in Table 8 below) was dissolved in 1000 mL of iso-hexane.
214 g of aqueous slurry of sodium montmorillonite clay (see Table 1 above) was diluted with
200 mL of deionized water and mixed with the polymer solution using a high-shear mixer

15 (Silverson L4RT-W, at 6000 RPM) for 40 minutes. No PIB-amine and acid were added. The
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i nst r ument a;u’(a(%ﬂ@ d above. The results as well as theVREGHREYSS

Vi scosi ti espyrefuct W& HAIRUBT R s§$‘)mﬁ§rtd Zfdvd the TS, %nob@déa% a LaBhE Ret o ay
Ret enti on and I\/boneéo\/ | scosity Conparative Exarrp es 19 to 22): Exanple
Cl ay Cont entd (HHenoEpesy Retentlon (% Mboney viscosity Conparative Exanpl e

1o Table 8 (Compositions of Comparative Examples 19 to 22):
Ex. No. 19 20 21 22
Exxpro ' 3745 (g) 100
Exxpro' ' 3433 (g) 100
BB 2222 (g) 100
BB 2255 (g) 100
5
Clay Retention Measurement and Mooney Viscosity of Comparative Examples 19-22:
[00114] Inorganic content was measured in a PerkinElmer Pyris 1 TGA instrument as
described above. The results as well as the Mooney viscosities of the samples are summarized in
Table 9 below:
10
Table 9 (Clay Retention and Mooney Viscosity of Comparative Examples 19 to 22):
Example Clay Content (phr) | Clay Retention (%) | Mooney viscosity
%ir;n‘i?li“l‘gc 137 22.76 40.1
%z?rfl;ztgoe 0.52 8.60 36.9
%‘:{‘;ﬁﬁ“g 0.61 10.16 397

Permeability Measurement of Comparative Examples 19-22:

[00115] Polymer nanocomposites were mixed with carbon black and curatives as described
15 above in a Brabender mixer at 130 — 145 °C. The rubber compounds were compression molded

and cured at 170 °C. Permeability was measured as oxygen transmission rate on Mocon OX-

TRAN 2/61 at 40 °C as described above. The results are summarized in Table 10.

Table 10 (Permeation Rate of Comparative Examples 19 to 22):

Example Permeation Rate (mm cm®/(m? day), 40°C)
Comparative Example 19 108.97
Comparative Example 20 116.22
Comparative Example 21 123.52
Comparative Example 22 123.49
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1.37 22.76 40.1 Conparative Exanple 20 0.52 8.60 36.9 Conparative Exanple
21 0.27 4.47 34.3 Conparative Exanple 22 0.61 10.16 59.7 Perneability

Measur enent arative Exanpl es 19-22: [00115] Pol yner nanoconposites
were ni xed mﬁ@ﬂgggggg% bl ack and curatives as descri bed t5VSE&*%h a

Brabender m xer at 130 - 145 C. The rubber conpounds were conpression
nol ded and cured at 170 C. Perneability was neasured as oxygen transm ssion

rate on MocRUOKTHARE2 FEnpagtive exmples destie] pempisholsslosarhén BQuPG08/045M 2,

summari zed ‘jvlﬁbre-fﬁ’-blle%ax%@omﬂc@ﬁés%rcéﬁeﬂg%(%ﬁ?n?gﬁ%ﬁéﬂt n\g%/étgz%q{ltll i @{ggg?g%g%gw es

19 to 22): Exanpl e Perneation t | , 4 2 .
Exanpl e 19 B0o8c-Onciumrraihe elyEramg then zontactige s functionalized polymer with the clay

5 slurry. The process disclosed therein does not involve the in situ protonation of a modifier with a
Brensted acid as in the processes of the present invention. The permeation rate of the examples
according to the present invention is lower than for comparable examples disclosed in WO
2008/045012.

Example 23 (Measurement of interfacial tension, IFT):

10 [00117] Interfacial tension at the hexane-water interface (wherein the water contained 0.1M
HBr) was measured as explained above. It was found that the hexane-water interface in the
presence of a brominated isobutylene-paramethylstyrene copolymer MDX 03-01 (see Table 1

above) exhibits an interfacial tension corresponding to a toluene-water interface (see Table 11).

15 Table 11 (Interfacial Tension (IFT) Data of Example 23):

Organic Phase/0.1 M HBr in water IFT (dynes/cm)
n-hexane 64
iso-hexane 60
Toluene 32
0.1 wt.% MDX 03-01/ iso-hexane 31
0.0IM PIB-amine / iso-hexane 0.9
0.01M PIB-aminc /0.1 wt.% MDX 03-01 / iso-hexane 1.8
0.01M 4-tetradecylaniline / iso-hexane <0.1
0.01M 4-tetradecylaniline / 0.1 wt.% MDX 03-01 / iso-hexane <0.1

Organic Phase/0.1 M HBr in water IFT (dynes/cm)
0.01M PIB-aminc / iso-hexane 48
0.01M 4-tetradecylaniline / iso-hexane 48

PIB-amine, 4-tetradecylamine and MDX 03-01: see Table 1 above

[00118] The above finding indicates that the halogenated isobutylene/paramethylstyrene
20 copolymer molecules are surface-active and suggests that the polymer aggregates at the hexane-

water interface such that the aromatic groups of the polymer position themselves at the hexane-

water interface and the alkyl chain is solubilized in the hexane phase. A pictorial representation

of this aggregation at the hexane-water interface is shown in Figure 1.

[00119]  Furthermore, it is evident from the above Table 11 that, in case the modifier

25 according to the present invention contains any aromatic groups (such as in the casc of 4-
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Conpar ative Exanple 21 123.52 Conparative Exanple 22 123.49 WD

2010/ 044776PCT/ US2008/ 079857 [001161 Cther conparative exanples are the
exanpl es dis WO 2008/ 045012, wherein the nanocq 03| tes are
prepared in g‘k]§§§ﬂg+427ﬁ’t way than in the pr esent i nventi Oh Uﬁ%‘%PPéWSBy

pre-fiinctiefaltydinighel, NBedd GrARI %’_%B&jpbtﬁ@rﬁ 6 Okt Wig tﬁé"%rofrrﬁﬂgtgk&'ﬂﬁlolfztﬁéj
polymer with the clay 5 slurry rocess disclosed therein does not

i nvol ve t helSqayt ﬁiﬂf/@alﬁ%%ﬁé&epwpalrymar m&mhfl?aé? tonerenafuphes pduaipnde inderfisial n

t he processggigf the present invention. The perneation rate of the exanples
according to the present invention is |lower than for conparabl e exanples

di scl osed i Fanple Pagemwent afdrepletsize of dispessed Mapasihags): | nter f aci al

tension,s | Hpyi20f O[WALLiA e AL e@rﬁtﬁs%ré' cc;n%hé)rhr&}ﬂm&tg@ lbh)% LZ ﬁﬁ&rﬁé&hﬁ{ﬁ%%g ace

(wherein the vvat er contained 0.1M HBr) was neasured ove
was found t®EQYPEHMREGEMHY- (vmtTébbulrﬁﬂaevef)aw@rﬁlmthpﬁeuepu%@@m@ascﬁrH\éHﬁrmmmlm ed

I sobutyl en eoré)af?ﬁcaﬂmétehwb $OHEEREWSD Bf%byrg@gb fMR?‘sv D% Ot 15(0ﬁ nd &Rli8n r AP ?M? er,

exhibits an interfacial tension corresponding to a uene wat er erface
(see Tabl e Vi2p)addadsthgpiqacopy phesatcentiaiigaliBmeants| rtnqdlﬁET)(nmtda ofs Edethpl $is23) :

Cpanne Coasadfcl 0y 1t R AOUISRLAl IR e,

0.9 0. 01 HilBeragn gacenfricgod angtcyhpdvDXprO @@L The dredethigreaféheldigersed water phase
were determined by in-situ video microscopy (Lasentec PVM) as explained above. Both PIB-
amine and 4-tetradecyl aniline (see Table 1 above) were used individually as the modifier in this
example. A significant reduction in water droplet size was found with both modifiers. The
reduction of water droplet size was even more pronounced with 4-tetradecyl aniline.

15 Micrographs of the emulsion samples are shown in Figure 2. The upper picture shows a sample
without the use of any modifier. The two lower pictures show samples which contain modifier
according to the present invention (left picture: PIB-amine, right picture: 4-tetradecyl aniline).
The observed emulsion properties, i.e., the sizes of the dispersed water droplets, are consistent
with the observed interfacial tension data (see Example 23 above).

20 [00121] These results demonstrate that the modifiers according to the present invention, as
defined above, serve as bi-functional modifiers that both help to emulsify the aqueous phase in
the organic solvent, and that also increase exfoliation of the clay. The processes of the present
invention, involving in-situ protonation of the modifier with a Brensted acid, combine these
advantageous properties of the modifiers with an improved and efficient way of preparing

25 polymer/clay nanocomposites with good air retention properties.

[00122]  All documents described herein are incorporated by reference herein for US patent
practice, including any priority documents and/or testing procedures to the extent they are not
inconsistent with this text. As is apparent from the forcgoing general description, the specific
cmbodiments and the examplces, while forms of the invention have been illustrated and described,
30 various modifications can be made without departing from the spirit and scope of the invention.

Accordingly, it is not intended that the invention be limited thereby.
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0. 01M 4-tetradecylaniline / iso-hexane <0.1 0.01M 4-tetradecylaniline / 0.1
wt. % MDX 03-01 / iso-hexane <0.1 Organic Phase/0.1 MHBr in water |IFT
(dynes/cm 0.01M PIB-anm ne / iso-hexane 48 0.01M 4-tetradecyl aniline /

i so- hexane 48 PIB-am ne, 4-tetradecylam ne and MDX 03-01: see Table 1 above
[ 001181 The above finding indicates that the hal ogenated

i sobut yl ene/ par anet hyl styrene 20 copelAive$ nol ecul es are surface-active and
suggests that the polyner aggregates at the hexane-water interface such
that the aMoAbisicRigedishs of the pol ymer position thensel ves at the
hexane-water interface and the alkyl chain is solubilized in the hexane
phase. A pictorial representation of this aggregation at the hexane-water
interface I.s shéwwnodess ¢ opaink. a fd0tdBpdsite tofi@rpubymesr antl a day\coa@rikingr om t he
above Table 11 that, in case the di fier 25according to the present

nvent i on BetA: AL (3hsonipcsmg()a @crqgtefﬁsof? 3 pelymes T AN OREANKGEVEE @) anwp

2010/ 04477, tg:ﬁgrg;) e il ] : r i LOUPS seem
to inter aca?]B\%lI I{Sh theggé)g%gﬁ?léﬁg%%ﬁ%gq%%‘&?ﬁ’ehﬁ%‘gu% %Fggﬁteeﬁﬁgg{r?ef?ﬁg Iagt yrene
copol yner ,emwtision; | eads to an even further reduction in interfacial tension.

Exanmpl e 24 (Me rement, of dr.oplet size of dispersed water phase): 5[00120]
Wt er - i n- hex angﬁgmlgg ﬁﬁsen&@ﬂ?‘g}%{oﬁ@t ef‘%"}ﬁoﬁ%lflg‘gslte’ and

i sobut yl ene- par@nRtoink YienRoeRpd N8 onVBY Bidfdn.(see Tabl e 1 above)
wherein the aqueous phase was 0.1M HBr, and the organi c phase was i sohexane

were prepared as follows: To the isohexane solution of the polyner was
added t he aque al Al n i1l o.cl s added
inthis engnpl (eal)th.% I%Jgg%ﬁeocfg%%@og’sq%ﬁlla_e'sﬁ{ett&hgloggﬁégpgggt@%{ée%&(gﬁ% ol'ution the
m xt ur e wdaromstxeakidisi ng a 10 Silverson concentric rod and cylinder type

m xer. The droplet sizes of the dispersed water phase were determ ned by
in-situ video mcroscopy (Lasentec PVM as expl ai ned above. Both PIBam ne
and 4-t et radecyina0btds0er (Refm T ih Bbgy igse Rk Mphdiag! by as the
nmodi fier in thi segﬂ;rarrgl e. A Si g’ﬁ?%?rgant relg&%)\t/\ifolns i wat eg ?rlg% et%lé(si ze was
found wi t lpobmtdr smbdidn end .thd Hyrongelliaridorandf a waterd drixgptetomprsngabe even

nore pronounced wth 4-tetradecyl aniline. 15 crographs aof the enul sion
sanpl es a[agu%%a\xﬁyisﬂ,rrﬁf ‘?jlﬁlrtée gmi O%ﬁ%‘?‘reﬁf%‘f‘@% agcﬁgwgﬁat aé’%ﬁB‘F éec\%f’ﬁout t he
use of anynmirRek hle@bmbiRa 16 ¥ @WRmulisi ur es show sanpl es whi ch contain

nodi fier according to the present invention (left picture: PIB-amne, right

picture: 4-tetradecyl The observed emul sion properties, i.e., the sizes of

he di d . i . Wi th the.ob d i faci al
Lonsi on ddia. (06 el Aok Gus R B PSRt e BuBRRCL Gl ReT are ©

that the maigéreios raeeer ding to the present invention, as defined above,
serve as bi-functional nodifiers that both help to enulsify the aqueous
phase in the organic solvent, and that al so increase exfoliation of the

clay. Thesprocggsses : SR i i i in-.Sj tonati on
of the nodifier \Aﬁt%cggs %}r}geﬁg{ g’d ac?lh,qxg%%%%letpﬁégé&asgglgﬁ?gggtgtésaé??operti es
of the nodiufiyears fiist kombinedpoofoed andmeddioni adt theeamink modifiar iand) the

Bronsted acid are added, either separately or jointly, to said emulsion.

6. The process of claim 1, wherein the polymer is a halogenated elastomer

comprising C4 to C; isoolefin and multiolefin or alkylstyrene units.

7. The process of claim 6, wherein the polymer is a brominated interpolymer
comprising isobutylene and para-methylstyrene units, wherein the paramethylstyrene
units are present in 3 to 15 weight%, based on the total interpolymer weight, and 0.4
to 5 mol% of the paramethylstyrene units are brominated paramethylstyrene units.
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25pol ynmer/ cl ay nanoconposites with good air retention properties. [001221
Al'l docunents described herein are incorporated by reference herein for US
patent practice, including any priority docunents and/or testing procedures
to the extent they are not inconsistent with this text. As is apparent from
t he foregoing general description, the specific enbodinents and the

exanpl es, i | eTHOpimBeRfoftdidn DV @htieRNthba)galie eolvehtl i Bnk afrafo@nehedgscr i bed,
30various nodifications can be made w thout departing fromthe spirit and
scope of thanghed eneydis alkaaes) bavirg fromi4 toj1s qgehoniaieranded that the invention
be limted thereby. CLAIMS What is clainmed is: 1. A process of preparing a
nanoconposite of a polyner and a clay, conprising the steps of: (a)

cont act i n|g9.( i) B;espioufs'smf o((lﬁimai,p@h@teiﬁrthé ml@gis]?f gﬁd&ﬂable;l@%&/re;iltclay(@vhi)chand .
aqueous slurry of a y,.(iii) an anmi ne podifier, an iv) a Bronsted aci
to form arfOEHIISES E}ﬁtiefeff’g)avf*ﬁ%é therkngss od N P gh29Q & formthe nanoconposi te; and
(c) recovering the nanoconposite fromthe enul sion. 2. The process of claim
1, wherein the nodifier is protonated in situ by the Bronsted acid. 3. The
process ofl0cl ai'thelprovdse o€ichuimnl, sttepeif e aay is &t invrganicr day ovipehi kasngptt he

pol ymer sql ution and the .| sted acid, and a second.m xture co i sing the
Pubous o lh ey ot i el rranccatal 5T OBF dBurEetih GafRET PY T st “and

t he secondyginié ttRndr € conbined to formthe enulsion. 4.The process of
claim3, wherein the first mxture is the effluent of a polyner

hal ogenati on reactor. 5. The process of claim1, wherein in step (a) the

pol ynmer soluti a e gl slurry are first conmbined to.form an
b ston. Hnd hs BReRE Rbel CakieRlE ol SR, SRS aSit T e
separ at el ypreferapbi nisl ynontroshérdieg Mhidiaionite, Goeldedlitpy depsmitef wllkindkdite, Wwher ei n
the polyner is a hal pgenated el astonmer conprising C4 to C7 isoolefin and
mul ti ol ef iIFPWHEANGETEEy $apARILG FABCONItY, méadg@oé@@@lt@r StEYesHg. 6VerialiE n t he
pol ymer i Malpn! | : j~$1 ng i sobutyl ene and
para-nethg?g?gﬁgg%ﬂﬁﬁgggéqﬁﬁéfg%ﬁ t %&ggggﬁgthylstyrene units are present
in 3to 15 weight% based on the total interpolymer weight, and 0.4 to 5

nol % of t par.anet hyl styrene units are brom ed paranet hyl styrene units.
Tan S 5 1he e g GRS ety e P s CorCOM AT S Sbe - or
nore | i neake fRPMARCRRY Wher€Ghd Sroabk RNGL Sdenttiad IUifERM shdl thdbpekRAPEN at ons.
9. The process of claim1l, wherein the clay is a swellable | ayered clay

whi ch compf icsdsothemtaed @thydiogen agma anrdlkdrarewp bivifig eirleBstt pakbupto 18Q. The
process of ¢laim11, wherein the cl IS an,dnorgani c cla i ch _has not
been orgaﬁﬁbanghﬁ%&PﬁF%bﬂﬁvp#%gﬂé%%¥“§éﬁﬁ§%%ﬁ@%}”8F“tﬁ%gﬂﬁg?gdﬂPchations
by organi Gaeiagifms.5 to 50 carbon atoms, an arylalkyl group having from 5 to 50 carbon

atoms, or an ether group having at least 5 and up to 100 carbon atoms, with the

proviso that at least one group R is not a hydrogen atom.

13.  The process of claim 12, wherein the amine modifier is or contains an amine
of the formula NRH; wherein R is an alkylaryl group having from 10 to 25 carbon

atoms or an alkyl group having at least 40 carbon atoms.

14.  The process of claim 12, wherein the amine modifier is a combination of an
amine as defined in claim 12 and an ammonium salt of the formula NR, "X, wherein

R is as defined in claim 12 and X" is halogenide.

15.  The process of claim 1, wherein the amine modifier is polyisobutenc-amine
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11. The process of claim 10, wherein the clay conprises snectic clay and
preferably is nmontnorillonite, nontronite, beidellite, bentonite,

vol konskoite, | aponite, hectorite, saponite, sauconite, nagadite, kenyaite,
stevensite, vermculite, halloysite, hydrotalcite, or any conbi nation
thereof. 12. The process of claim1, wherein the amne nodifier is or
cont ai ns a(PIBranmiee)dr 4-fegadeeymadibndNR3, wherein the groups R are identical or
different and, independently of each other, are a hydrogen atom an al kyl
group having at least 5 and up to 100 carbon atons, an aryl group having
from5 to ca , I i ar bon
atons, an g?y|arﬁip“%%%ﬁﬁ?ﬂ§@12@K¥%%§¥gm9%%§§e@g§€§%lffgﬁ%?‘%@“gg‘%ther
group havimglragenlohstde5 and up to 100 carbon atons, with the proviso that
at | east one group Ris not a hydrogen atom 13. The process of claim 12,
wherein the amine nodifier is or contains an am ne of the formula NRH2

wherein R Wha%inNg v :
erein Ris anTg ﬂfr»sb&lgﬁkclgfrggp H@rginriﬁ fehqB) é@ﬁ& _grlﬁz&%ﬁéﬂ%oe&ﬂp@s&%r an

al kyl group having at | east carbon at ons. : e process o aim 12,
wher ei n t heompvispepieoigithting the sampcovypbsiteatiltonngindder cymporetiasofttbé ligeid. i n ¢l ai m
12 and an ammonium salt of the fornmula NR4+X-, wherein Ris as defined in
claim12 and X" is hal ogenide. 15. The process of claim1l1l, wherein the

ani ne nodi fg.er Tig Rotass 0BG NEwhsieethe adine modiBbBrsaRbdR) artdmdud: 8 sadecy|
aniline. 16. The process of claim]l, wherein the Bronsted acid is hydrogen

brom de orloRPdr 8§E eafiBuHaolay satiic gichergssabe ot thgitptal weigheofdthaiclali st ep
(c) ther r ife. c j L Bht @t i t he
nanocompos Fer aft B ARG ORI E AL S HO0T B0 3 bEE D ocess
of cl ai m kquimakneoftht bmirenmodifiendi fier is used in an anmount of 5 to 60 % of
t he maxi mum nol ar cationic exchange ratio of the total weight of the clay
added, and/or the Bronsted acid is used in an anount of 100 to 200 % of one
mol ar equifal ent pRcedser BATH b bbBmer, 4R MoBEQCETHribAL dA QA& ati ng a

pol ymer, the progeggsgoﬂpri%?ﬁgagh% @téﬁs %@P &éFé)Eprovggﬁgb a

sol ution of thdapwbyiderg 4 swleonofgbmpdymet wemtorganic solvgiy) cont acti ng sai d

ol ymer sol uti W t 1al ogen i p a reactor under . hal ogenati on conditions to
?orﬁ1halogenatgg)68PGﬁ£Wgéﬁﬁlﬁ?gwgﬁeﬁﬁwgr}dggl alogen iy ac GRCIOL PRAST ¢ he

ef fl uent sfalgpamatdh dohéitibad UBAAhLRBed RS andiHBrddeh heWr i si ng
hal ogenat ed pol yner and h drogen hal i de wi th an aqueous slurry of a clay

and wi th an ami(Pecorieitiigethet Ailpent nstegamentths balogenation regPfompkisien ohe

emul sion t | ' f 0 at.ed | yer and ¢l ay, . and
(o T ecoverslda\ARATETRARNE il HAAIRIRIAE B ¥D50R0 sFBlet 80t ciai m
19, wher eichuytdné vathganiming alodefidr,to tdieh dindrogsioal ed pol yner, the clay, the
am ne nodifier and the process steps are as defined in any of clainms 2 to
18. (d) mixing the emulsion to form a nanocomposite of halogenated polymer and

clay, and

(e) recovering the nanocomposite from the emulsion.
20.  The process of claim 19, wherein the organic solvent, the halogenated

polymer, the clay, the amine modifier and the process steps are as defined in any of

claims 2 to 18.
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