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POLYMER -NANOCOVPOSI TE FORVATI ON BY EMULSI ON SYNTHESI S Field of the

| nventi on This invention relates to conposite materials having
reduced =<perneability to small nol ecules, such as air, and which has
enhanced necha };@Mmaﬁoperties. Mre particularly this inventpehushtiags
to | ayered silicates Intercalated with an enul sion pol yner. Backgr ound
of the Invention Layered clay mnergls such as nontnorillonite-
are conposed of silicate |layers with a thickness of about 1 nanoneter.

Di spersi ons of such | ayered naterrals in polyners are freouentl referred
to as  nanoconposites. POLYMER NANOCGMPASETE HORMAR EON: BY EMULSEON SYNTHESIS: ab| e
interest in formng nanoconposrtes as a nmeans to |nprove t he

mechani gal pr oper\tglgﬂ og i g§| %gﬁs I ncorporating clay mnerals in a

pol ymer matrix | ways result in markedly inproved
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Thus it has been F'l‘fﬂbgiﬁytﬁ" tfg‘é f??n? 'eF‘éﬁ!'t i ¥haihs %gr@&ﬁé%@g ehhanced
i ncorporating cl ay mechdniedbipropertdeqol Bover .particulaiiys thixgainventton rélates to
exanple U S. Pate 4 s type of
approach, unfortu- ﬁﬁy%raetﬂegﬁ%cﬁge} mvry @tusg'?ﬁptnagsesmgiéﬁéal akm)re di rect,

sinple, and econoni ¢ approach to preparing nanoconposites is highly

desirabl e. Backaroundof thy ¢mvention he present invention is to provide
a | at ex
Layered clay minerals such as montmoriilonite are composed
of silicate Jayers with a thickness of about 1 nanometer. Dispersions
of such layered materials in polymers are frequently referred to as
nanocomposites.

Recently, there has been considerable interest in forming
nanocomposites as a means to improve the mechanical properties of
polymers. Incorporating clay minerals in a polymer matrix, however,
does not always result in markedly improved mechanical properties of
the polymer. This may be due to the lack of affinity between the
layered silicate materials and the organic polymers. Thus it has been
proposed to use ionic interactions as a means of incorporating clay
minerals in a polymer. In this regard, see for example U.S. Patent
4,889,885 and U.S. Patent 4,810,734. This type of approach, unfortu-
nately, has limited usefulness. Indeed, a more direct, simple, and
economic approach to preparing nanocomposites is highly desirable.

One object of the present invention is to provide a latex
comprising a layered silicate intercalated with an emulsion pn1ymer:

* Another object of the present invention is to providé a
composite material formed from a dispersion latex of a layered

. silicate and an emulsion polymer which material has reduced
permeability to small molecules such as air, and improved mechanical
properties.



conprising a |layer
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Anot her- object of the present invention is to provide a conposite
material fornmed from a dispersion latex of a |ayered silicate
and an ‘enul sion polymer which material has reduced permeability
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-2- These and ot her objects, featucres.and advant ages of the
present invention will becone nore apparent fromthe description which

fol |l ows. Summary of the Invention I n one enbodi ment of_ the

present invention,
m neral intercal at
embodi ment of the
| ayered mneral in
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pol ymer with a nangy

with an enmulsion p

a | at exThese andr athgebbieelsni Sfeatunest andadyantageseafy the
prkseht ndentitiP WiTE bebsiié fibrenapparent from the AeséFiption which
Lﬁ@gnt i nvention provides a nanoconposi te conprising a
/'t ated with an enmul si on pol yner.
the present invention conprises a blend of a first
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ol ymer.

In one embodiment of the present invention, a latex is
provided comprising water and a layered mineral intercalated with a
polymer emulsion.

Another embodiment of the present invention provides a
nanocomposite comprising a layered mineral intercalated with an

emulsion polymer.

Another aspect of the present invention comprises a blend of

-a first polymer with a nanocomposite composed of a layered mineral

intercalated with an emulsion polymer.

The process for producing the latex of the present invention
comprises forming a dispersion of a layered mineral in water including
a swelling agent such as an onium salt, adding a polymerizable monomer
or monomers, such as an olefin or diene, with a polymerization initia-
tor to the dispersion, and thereafter polymerizing the monomer or
monomers to form a latex comprising water and a polymer nanocomposite.
The preparation of this latex comprises yet another embodiment of the
present invention.

A composite material formed from the latex of the present
invention has improved mechanical properties and reduced air perme-
ability to small molecules such as air making it particularly useful
in a range of applications, particularly as a tire liner and as inner
tubes, barriers, films, coatings and the like.

etai D

Any natural or synthetic layered mineral capable of being
intercalated may be employed in the present invention; however,



The process for producing the |atex of the present invention conpri ses
formng a dispersion of a |layered mneral in water including a swel ling
agent such as an oniumsalt, adding a polynerizabl e nmononer or nononers,
such as an olefin or diene, with a polynerization initia- tor to the

di spersion, and er polymerizing the nononer or nnnonq&gﬁﬂhﬁﬁﬁ@ia
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| at ex conprisin nd a pol yner nanoconposite. The preparation of
this |atex conprises yet another enbodi nent of .tyie  present invention

A composite material fornmed fromthe |latex of the present i nvention has

| nproved nechani cal properties and reduced air perme- ability to snal

mol ecul es ‘such as WayersdkisiPicate patnerals arry Lps-efeﬂred i n”The rtaygeedf silicate
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natural or synthetad REVASiEiRIminerals csppable off E,P intercalatipn, &mﬁ‘ﬁﬁ?‘iﬁe

enpl ayed i n the prRemniitingcedamples rofvewel . minerals 1ncm9m16 clay, mont-
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silicate m neral Smori[] Lom&éfsgp?tg&e, bﬁll%e"‘ e’ef"@%ltm“ifﬁ’ %eactt %J..ﬁ%er es‘{ev?nsite,
that may be enpl oyvermigutite, pﬂﬂdsﬁiﬂosiﬁeentqfo{hﬁsﬁcm!l&@m&l@ﬁw is praferred.
artificial mnerals capable of formng intercal ati on conpounds.

o | i1 g exampl o= of SUil TLRERgS abpR, et TEC b abacbipn v, present
invention is any compound capable of 1nterca1ating the layered mineral
and thereby increasing the distance between the layers. Particularly
preferred swelling agents are hydrocarbyl onfum salts represented by
the formulae A-M+RI1RZR3R4 and A-Py+R4 where A- denotes an anion such
as halide, OH-, NO3-, S04~ and the like; M denotes N, S, P; Rl, RZ, R3
and R4 independently denote hydrogen alkyl, aryl or allyl groups,
which may be the same or different, provided at least one of which is
other than hydrogen; and Py denotes the pyridinium or alkyl substi-
tuted pyridinium group.

It will be readily appreciated that some of the above
mentioned swelling agents are also emulsifying agents. However, in
those instances when the swelling agent .is not an emulsifying agent
preferably an emulsifying agent will be employed in carrying out the
polymerization. Optionally, of course, another emulsifying agent may
be used even when the swelling agent has emulsifying properties. In
either event, the emulsifying agent will be one typically used in
emulsion polymerization processes. Cationic emulsifying agents and
non-ionic emulsifying agents are preferred.

The polymers and copolymers referred to herein as emulsion
polymers are those formed by emulsion polymerization  techniques.

. Included are polymers based on one or more water immiscible, free
radical polymerizable, monomers such as olefinic monomers and
. especially styrene or paramethyl styrene, butadiene, isoprene,

chloroprene, and acrylonitrile. Particularly preferred are styrene
rubber copolymers, i.e., copolymers of styrene and butadiene, isoprene
chloroprene and acrylonitrile. Especially preferred, in the practice
of the present invention are homopolymers and copolymers having a
glass transition temperature 1less than about 25°C, a number average



vermculite, and hallosite. O these nontnorillonite is preferred.

The swelling agent used in the practice of the present I nvention is any
conpound capabl e of intercalating the | ayered m neral and t hereby

i ncreasi ng the distance between the layers. Particularly preferred

swel l'ing agents 69%(90‘” byl onium salts represented by t hpct/ossswne
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acrylonitrile. Espggted |s)61ii’t.ri%ﬁerah8%th stiReng! actice of the present
i.nvention are honopol yners and copol yners having a gl ass transition

tenperature | ess than about 25[err]C, a nunber average
i The amount of the onium salt used in the process of the

i present invention depends on the type of layered material and monomers

E used as well as process conditions. In general, however, the amount
of onium salt used will be in the range of the cation co-exchange
capacity of the layered mineral to about 10% to about 2,000% of the
cationic exchange capacity of the layered mineral.

Next, the polymer latex is formed by adding to the mineral
dispersion an emulsifying agent, if desired or necessary, the
appropriate monomer or monomers, and free a radical initiator under
emulsion polymerization conditions. For example, styrene and isoprene
are polymerized in the mineral dispersion using a free radical poly-

; merization initiator while stirring the reactants. The copolymeri-
\ zation typically is conducted at a temperature in the range of about
25°C to about 100°C and for a time sufficient to form the polymer
Tatex, followed by termination of the reaction.

The Tatex described above can be used to form coatings or
films following standard techniques employed for forming such materi-
als. Additionaﬂy, the nanocomposite of the layered silicate mineral
and the polymer may be recovered by coagulating the latex, and drying
the solid composite. The solid composite can then be formed into tire
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-4 - nol ecul ar wei ght above 5, 000g/ nole and especially above
15, 000g/ nol e. Al so, the preferred polymer will contain sone unsaturation
or ot her reactive sites for vulcanization. The | atex of an

I nt ercal atabl e nhﬂgbghnpaving an enul sion -polyner intercal at efeiviisds/nfze
re

mneral is prepa ormng a disper- sion of the |ayered mneral in
wat er and i ncl udi ng the swel ling agent. Typicalgy, the mneral is first
di spersed in water by adding from about 0.01 to about 80 grans of m neral
to 100 granms of water and preferably, about 0.1 to about 10.0 g of mi neral
to 100 g of wat er, inngndl inpes, oy ipnes %qbys nmuginggcenventianal rRyocessing ndechniayrs

water for a tine suchfasic@Téndairing dow RRtBiaMEfolTowed dy buindimye theative and
Then the hydrocq&ﬁ*L onium salt is added to the dispersion, preferably as
a water solution it h stirring. The amount of the onium
salt used in the process of the present invention depends on the type of
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pol ymeri zed in theasgupay.3! t6liadBGE f?bQF\hﬂSi ng a free radical poly-

merization initiator while stirring the reactants. The copol yneri - zation
typically is conducted at a tenperature in the range of about 25[err]Cto
about 100[err]C and for &Intproducingftireiimér tidnerfsothe poeymepoblended withat the

fol lowed by term ngijoetindbitd'of" 8AG5' Gvention preferably will have a molecular
weight of greater than about 10,000 and some unsaturation or other
reactive sites so that it can be vulcanized or cross-linked in the
bulk state.

The invention will be more clearly understood by reference
to the following examples.

Example 1

A layered silicate, montmorillonite clay (18g), was siurried
with water (450g) which - had been degased by sparging with nitrogen.
The slurry was stirred overnight at 23°C. The clay was dispersed in
the water in a Waring blender for three minutes and then degased
further. Dodecyl trimethyl ammonium bromide (25.7g) was dissolved in
degassed water (250g) and added to the clay slurry. Isoprene (35g),
styrene (15g), and azobisisobutyronitrile (AIBN) (0.25g} as initiator

N were blended and then added to the clay slurry. The mixture was
mechanically stirred for 20 hours at 23°C and for 26 hours at 65°C at
which time polymerization was terminated with a 5g aliquot of a
mixture of (0.24g) 2,6-di-tert-butyl-4-methylphenol, {1.6g) hydro-
quinone, (0.8g) tetrakis [methylene(3,5-di-tert-butyl-4-hydroxy-
hydrocinnamate)} methane and 200 ml methanol. The net result was the



The | atex descri bed above can be used to form coatings or films foll ow ng

st andar d. t echni ques enpl oyed for form ng such materi - als. Additionally,
t he nanocgnposite of the layered silicate m neral and the pol yner nay be
recovered by coagul ating the latex, and drying the solid conposite. The
solid conposite be fornmed into tire WO 97/ 0091 96/07226
PCT/ US96/ 07226 Qﬁ@gﬁ“ﬁﬂb - 5- inne??FF%ers or
i nner tubes using conventional processing technigues such as cal endari ng
or extrusion followed by building the tire and nmol di ng. In
one enbodi nent of the present invention the nanconposite I's dispersed -

Wi th anot her pol ymformatiam ofis an sémpil stoe- radpbainiogol layered bylisatedhayingn &
rubber mill or in éer%ﬂ;eﬁ%%{sﬁghen?r &dolymere] ek Dinter i ated ¥ AR MR rd S mividral be

bl ended with a pol omthe sane nononer or nononers used in
form ng the nanoconposite. The anmpount of t he nanoconposite in the polyner
typically will be [Example 2 ange of about 0.1 to about 70 wt.% .

In producing tire inner liners the polyner blended with the nanoconposi te

about. 10, 000 and some. unsa . FIHCHAGFORBRLE w3 dater rom, thes 13is% § EXmP e,

be vul cani zed or cbgsgidiagland eéxcessnof mebhardolsttat the latex, separating the solid

Lnvention will be gRyP it gl “4R0aE Adsednd CUEHARG Fhe 411bSikoinae! Ut

' methanol, followed by drying for about 18 hours at 60°C under vacuum
and for 48 hours at 23°C in vacuum.

Example 3

A portion of the solid nanocomposite (20 grams) of Example 2
was then melt blended at 130°C in a Brabender mixer for 5 minutes with
a styrene-isoprene copolymer (20 grams) that was synthesized identi-
cally but had no clay. The blend of nanocomposite and the clay-free
styrene-isoprene copolymer was cross-linked by roll milling the blend
with stearic acid (1 phr), zinc oxide (3.9 phr), and tetramethyl
thiuram disulfide (accelerétor) (1 phr) at 55°C for ten minutes. Then
the blend was hot pressed into 20 mil films and cured for 20 minutes
at 130°C. The films were tested on a Mocon 2/20 for oxygen
transmission at 30°C. The results are given in Table I below. Also
shown in Table 1 were the results obtained with a film formed from a
styrene-isoprene copolyher that had been synthesized identically but
had no clay. {Comparative Example 1)

Uniaxial tensile properties were also. measured on mini-
tensile film specimens using an Instron tester. The = stress-strain
measurements were performed at room temperature and at an extension

! ~ rate of 0.51 mm/min and the results are shown in Table 2 below. Also

' shown in Table 2 and labeled as Comparative Example 1 are the tensile
properties obtained for a polystrene-isoprene copolymer that was
synthesized identically to that in Example 1 but had no clay.



Exanmple 1 A layered silicate, nontnorillonite clay (18g), was
slurried with water (450g) which had been degased by sparging with
nitrogen., The slurry was stirred overnight at 23[err]C The clay was

di spersed in the water in a Waring bl ender for three mnutes and then
degased furt her E@@g@yl trimethyl amoni um brom de (25.7Q) mgénﬁggﬁﬁiﬁed
in degassed waﬁg? g) and added to the clay slurry. .l soprené g),
styrene (15g), and azobisisobutyronitrile,(AIBN» (0.25g) as initiator

were bl ended and then added to the clay slurry. The m xture was _
mechanically stirred for 20 hours at 23[err]C and for 26 hours at 65 err]C

at which time polynerization was term natfJa8LEMIt h a 5g aliquot of a
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- 6- f.or mati on cExamplecBul S| a26.8ont al ni ng ad|i8Bered silicate having a
styrene-i soprene copolyner latex intercalated in the |ayered m neral.
Exanpl e 2 Comparaki¥®| i d nanoconposit 42w formed from the | atex of

Exanpl e 1 by adoﬁ’ﬁﬂiﬂ&nlexcesso of nmethanol to the |atex, separating the
solid fromthe liquid aqueous phase and washing the solid six tines with
met hanol , fol | owedk ly\h I~ about 18 hours at 60[err] C under vacuum
and for 48 hours atﬂggﬁgﬂ‘f% Tﬁdr?cvacuum



Exanpl e 3 A portion of the solid nanoconposite (20 grans) of
Exanple 2 was then nelt blended at 130[err]C in a Brabender m xer for 5
mnutes with .a styrene-isoprene copolyner (20 grans) that was synthesized
i denti - cally but had no clay. The bl end of nanoconposite and the
clay-free styr o ene copol yner was cross-linked by roll Jpodd he
bl end W th stegdralsgblzﬁi@% (1 phr), zinc oxide (3.9 phr), and teFrEJg}Ub y
thiuram di sul fide (accelerator) (1 phr) at 55[er8] C for ten mnutes. Then
the blend was hot pressed,into 20 m| filnms and cured for 20 m nutes at
130[err] C The film§ rems teshed on a Mcon 2/20 for oxygen

transm ssion at 30[ g rgGs Thes res'gl ts are given in Table I bel ow Al so
shown in Table 1 wemk [Lhglrestlts Obtained with a filmformed froma
styrehe-i soprene copbl ¥ that had been synthesized identically but had
no clay. (Conparative &gxapple 1) Uni axi al tensile properties
were also neasured on Riad- senslle filmspecinens using an Instron
tester. The stress- i nBasursments were performed at room tenperature

and at an extension<® Fate of 0.51 mimn and the results are shown in
Table 2 below. Also shown in Table 2 and | abel ed as Conparative Exanple
1 are the tensile pr%pe ties obtained for a polystrene-isoprene copol ymer
t hat was synt he3|§(§| A ntlgallﬁsto that 1n Exanple 1 but had no cl ay.
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Film W % d ay n ansn ssi on cnferr] x MLS*
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CLAINS:
¢ 1. A latex comprising: water and a layered mineral

intercalated with a an emuision polymer.

2. The latex of claim 1 wherein the 1layered mineral is a
natural or synthetic mineral selected from the group consisting of
smectite clay, montmorillonite, saponite, beidellite, montronite,
hectorite, stevensite, vermiculite, and hallosite.

3. The latex of claim 1 wherein the polymer is formed from
a free radical .polymerizable olefinic monomer or monomers

4. The latex of claim 1 wherein the polymer is a styrene-
containing copolymer.

5. The latex of claim 4, wherein the copolymer contains a
comonomer selected from the group consisting of butadiene, isoprepe,
chloroprene and acrylonitrile.

6. The latex of claim 5 wherein the layered material is
montmorilionite.

7. A latex comprising:

water and a natural or synthetic layered mineral inter-
calated with a pd]ymer or copolymer, wherein the layered mineral is
selected from the group consisting of smectite clay, montmorillonite,
saptoinite, beidellite, montronite, hectorite, stevensite, vermi-
culite, and hallosite and wherein the polymer or copolymer is formed
" from a free radical polymerizable olefinic monomer or monomers.

¢ . . 8. The latex of - claim 7, wherein the olefinic monomer or
monomers are selected from the group consisting of styrene, para-
methyistyrene, butadiene, isoprene, chloroprene and acrylonitrile.



-9- A latex conprising: water and a
layer ed: n{um ““ll!ﬂ“v\ﬂsjmlat ed with a an enul si on pol yner. 2.
The | at ex reln the | aye reﬂ{@W¢?'HA§B@E nat ural or
synthetic mneral select ed fromthe grioup ﬁ%%ﬂ&(ﬁﬁ' ,}l snectite clay,

nmontnorillonite, bei del i tle hect or pbPrusesnT226
stevensite, ver ‘3%?’&?5‘ and hal | osite. "3, The | a%’gg of claim
1 wherein the polymer is formed from a.freegq adical polynerizable

ol ef i ni ¢ nonomer or nononers 4. The latex of claim1l wherein.
the polyner is a styrene- cont ai ni ng copol yner. 5. The

| atex of claim4, wherein g.heA copuicymmsitoncomprising a deyenednwwineedlecinigr-
fromthe group conghstdd"@ithHf %lplélf@(yipﬁlem jmfé;.prene chl oroprene and
. e

acrylonitrile. atex” of claim5 wherein the |ayered
material is nmont nori |l | onite. 7. A latex conprising:
water and a natural or syrltohetihe Imaromdosﬁtnerwﬂ clatimr 9 whereimt the wilayerad

pol ymer or copol ygiﬁhg%\ynﬁ @'l%cggd F&fr{:atcdn§istin§e|o?0tﬁ@c“ﬁmtt-ﬂ?

group consi sting rmrl I
beidellite, nontmentmarilloniseor | QQDO“'"@tsevéﬁéﬁ’Q éite,\,erwtronitgm i thectapife,

hal | osi te and whersteerdshte pobimiTedi e, Gmdohaitesites f or ned froma free
radi cal polynerlzable ol ef i ni ¢ nmonomer or nonomers. 8. The

| atex of claim7, wherein the ol efinic nononer or nononers are .
sel ected fromthe group codsi sthenganocompogitenef claim- 10, whereip| theypelymer is

but adi ene, i soprerRmédFeéPRr e PdlcEC biiymerizablie olefinic monomer or monomers.

12. The nanocomposite of claim 11, wherein the polymer is a
styrene-containing copolymer. '

_ 13. The nanocomposite of ""-'tj:]aim 12, wherein the styrene-
containing copolymer is a copolymer of styrene or paramethyl styrene
~with a monomer selected ' from the group consisting of butadiene,

isoprene, chloroprene, and acrylonitrile.

14. The nanocomposite of claim 13 wherein the layered
mineral is montmorillonite.

15. A polymer blend which comprises:

a first polymer and a nanocomposite of a layered mineral
intercalated with an emulsion polymer.

16. The blend of claim 15 wherein the first and emulsion
polymers are formed from the same monomer or monomers.

17. The blend of ciaim 16 wherein the first and emulsion
polymers are copolymers.

18. The blend of claim 17 wherein the amount of nano-
composite in the blend is in the range from about 0.1 to about 70
wt.%.
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- 10- conpr|5|ng a |l ayered m neral
L.ntercal ated with a B @iﬂﬂﬂﬁj 10. The nanoconposite
of claim9 mhereln is selected fromthe group

consisting of snectite clay, nDntnDrlllonite, saponite, beidellite,
montronite, hectq&b%ﬁmw evensite, vermculite, and hallosite. perwsesnT226
11. The nanoconposite claim 10, wherein the polyner.is fornmed froma

free radi cal polynerizable olefinic nonomer arjjmnoners. 12.
The nanoconposite of claim 11, wherein the polynmer is a styrene-containing .
copol ymer. 13. The nanoconposite of claim 12, wherein the

styrene- cont ai ni ng copol yntd. | Thea blaed| yoferclafimstipruherein phe afepolymer is a
styrene with a non 51%"‘6\% Q@*Feﬁ@m&hﬁrﬁﬁ%l CQRréiel thfa hbﬁé\ﬂke%%lected
y

i sopr éna, chloropre e r onltrl
nanoconposite of cl thfg q\fFé'F isoprrne, a“gi‘éP%‘!?rﬁﬁ'%éP%“r%‘%mﬂﬁn |l onite.
15. A polyner blend which conprises: a first polyner and a

nanoconposite of a |ayeredagli NEr rodddse’ fop! a;_fr"’ndué"linb"h6‘1515%9(‘3”#1(:1uding a nano-
composite material which comprises:

dispersing a layered mineral in water to form a dispersion;
adding a swelling agent to the diSpersion; and thereafier

polymerizing a free radical polymerizable olefinic monomer
or monomers in the presence of the dispersion under emulsion
polymerization conditions to form a latex including the
nanocomposite material.

21. The process of claim 20 wherein two monomers are co-
polymerized, one being a styrene or paramethylstyrene monomer and the
other being butadiene, isoprene, chloroprene, or acrylonitrile.

22. The process of claim 21 wherein the swelling agent is a
hydrocarbyl onium salt.

23. The process of claim 22 wherein the hydrocarbyl onium
salt has the formula A-M*RIRZR3RY, or A-Py*R% wherein or A- is an
anion; M is N, S, or P; R1, RZ, R3, and R4 independently denotes the
same or different hydrogen, alkyl, aryl or allyl groups, and Py
denotes a pridinium or an alkyl substituted pyridium group.

24. The process of claim 23 wherein the polymerization is

¢ conducted in the presence of an emulsifying agent at a temperature in
| the range of about 5°C to about 100°C for a time sufficient to form
| : the latex.

25. The process of claim 24 including adding a coagu1a£ing
agent to the 1latex to coagulate solid nanocomposite and thereafter
separating the solid nanocomposite.
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poI yrrer wher “m‘m@mm\ polymer is an enul sion pol yner. o ,/US 9 6 / 07 22
The wherein the first and second poly $
fromthe m& onmer ®r ‘hononers. 17.. The bl end pMﬁY 199
16 wherein the first and second polyners are copol yners.

18. The blend of claim 17 wherein thel®&nount of nano-conposite in the

blend is in the range fromabout 0.1 to about 70 wt. % WO 97/ 00910

PCT/ US96/ 07286 A nanocomﬁosxte compnsmg a layered mineral-intercalated with &8 erhdBsion
bI end of claim 18 whereih the copolymer iS a copolyner of styrene or

F@]lymdi:yl styrene with a nononer selected from butadiene, isoprene,
oroprene and acrylonitrile. 20. A process for producing a
| at ex i ncluding a nano- conposite material which conprises:

adding & Swell ﬁﬁégéﬁ’ec“%{sﬁéa'@”a% 3 Sthereintherfay el mineral is selected from the
roBEEr ConStRg. o ol ek RNt shpemte FRURIRE, montronite, heffbrie,
pok%@?ﬁél&?%ﬂﬁicﬁﬁ?& aﬁldq{ﬁlotsﬁe.f orma latex including the

11. The nanocomposite of claim 10, wherein the polymer is formed from a free

radical polymerizable olefinic monomer or monomers.

12. The nanocomposite of claim 11, wherein the polymer is a styrene-containing

cupolymer.

13. The nanocomposite of claim 12, wherein the styrene-containing copolymer is a
copolymer of styrene or paramethyl styrene with a monomer selected from the group consisting of
butadiene, isoprene, chloroprene, and acrylonitrile.

14.  The nanocomposite of claim 13 wherein the layered mineral is montmorillonite.

15. A polymer blend which comprises:

a first polymer and a nanocomposite of a layered mineral intercalated with a second

polymer wherein the second polymer is an emulsion polymer.

16.  The blend of claim 15 wherein the first and second polymers are formed from

the same monomer or monomers.
17.. The blend of claim 16 wherein the first and second polymers are copolymers.

18.  The blend of claim 17 wherein the amount of nano-composite in the blend is in

the range from about 0.1 to about 70 wt.%.
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nanoconposite material . 21. The process of clai m 247gt5er &6h— &
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