NANOCOMPCSI TES AND PROCESS FOR THEI R PRODUCTI ON FI ELD OF THE | NVENTI ON Thi s
I nvention relates to nanoconposites and a process for their production.
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polymer/clay systems to form a true nanostructure. The anticipated high performance of

polymer/clay nanocomposites, such as high strength and modulus, good barrier properties,
10  fire retardant and scratch resistant are believed to be the direct results of the ultra-high aspect
ratio as well as the extremely large surface area of the exfoliated nanoclay. Without the
required clay exfoliation, it has been shown that the property improvements of adding
nanoclay in a rigid polymer matrix is very limited and in some cases a negative impact has

been reported.

15  Pristine clay is a preferred starting material. However, the surface of pristine clay is
hydrophilic and not compatible with most polymers. To overcome this problem, organic
modifiers are widely used to modify the clay surface and improve the extent of exfoliation.
The modified clay which is commonly known as “organoclay”, often contains a considerable
amount of an organic modifier. Consequently, the price of the organoclay is high and

20  furthermore residual low molecular weight modifiers remain in the nanocomposite, which

can cause deterioration of the thermal and mechanical performance of the product.

This invention provides a novel approach to preparation of nanocomposites and

nanocomposites so obtained.

SUMMARY OF THE INVENTION

25 In accordance with the invention there is provided a process of forming a nanocomposite

comprising treating pristine clay with water in order to swell the clay, exchanging the water



I n accordance with the invention there is provided a process of formng a
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10  Figure 2 shows an optical micrograph of polished surface of epoxy DER332/pristine clay
nanocomposites (clay content of 2.5 wt%), according to the present invention. (Scale bar:

right: 50 um)

Figure 3 shows a TEM micrograph of the epoxy DER332/organo clay (epoxy/Cloisite 93A)

nanocomposites (clay content of 2.5wt% ) of the same prior art shown in Figure 1.

15  Figure 4 shows a TEM micrograph of epoxy DER332/clay nanocomposites (clay content of
2.5wt% ) prepared with technique of the present invention.

Figure 5 shows the mechanical properties of epoxy DER332/clay nanocomposites of the

invention using Young’s modulus.

Figure 6 shows the mechanical properties of epoxy DER332/clay nanocomposites of the

20  invention using fracture toughness.

Figure 7 shows the comparison of the Young’s Modulus of the nanocomposites of the
invention prepared with different method. (Ref: Becker, Cheng, Varley, Simon,
Macromolecules, 2003, 36, 1616-1625). Ref A was cured at 100°C 2 h, 130°C 1 h, 160°C 12
h, 200°C 2 h. Ref B was cured at 160°C 12 h, 200°C 2 h.



Macr onol ecul es, 2003, 36, 1616-1625). Ref A was cured at 100C 2 h, 130C 1
h, 160C 12 h, 200C 2 h. Ref B was cured at 160C 12 h, 2000C 2 h.Figure 8
shows t hewoanpansson of the fracture toughness of the naoosoopasveas of the
invention prepared with different nethgd. (Ref: Becker, Cheng, Varl ey,

Si mon, Macronol ecul es, 2003, 36, 1616-1625). Ref A was cured at 100C 2 h
1300C 1 h, 160C 12 h, 2000C 2 h. Ref B was cured at 1600C 12 h, 2000C 2
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Figure 11 shows light transmittance of nanocomposites according to the invention at various

clay concentrations. Curves a,b,c and d are at 1.0, 2.5, 3.5 and 5.0wt% clay respectively.

Figure 12 shows a comparison of light transmittance according to prior art approach. (Ref:

15 Deng, et al., Polymer International, 2004, 53, 85-91).

Figure 13 shows a TEM micrograph of epoxy LY5210/clay nanocomposites (clay content of
2.5wt% ) prepared with technique of the present invention.

Figure 14 shows the storage modulus, E’ versus temperature for epoxy LY5210/clay

nanocomposites of the invention.

20  Figure 15 shows the tan § versus temperature for epoxy LY5210/clay nanocomposites of the
invention. In Figures 13 and 14, curve a is neat epoxy, curves b and ¢ are 2.5 and 5.0

wt%clay respectively.

Figure 16 shows the mechanical properties of epoxy LY5210/clay nanocomposites of the

invention using fracture toughness.



Figure 16 shows the nechanical properties of epoxy LY5210/cl ay
nanoconposites of the invention using fracture toughness. Figure 17 shows a
TEM m cr ogoapés/mb693epoxy DER332/ cl ay nanoconposites (cl apCtocrentooei2 2. 5w %
) prepared with technique of the presemd invention. Figure 18 shows a TEM
m crograph of epoxy DER332/clay nanoconposites (clay content of 2.5wm %)
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The water dispersion is then exchanged with an organic solvent. The choice of solvent and
10  the conditions of exchange are such that the swollen state of the clay is maintained. By using
an organic solvent, the amount of modifiers can be reduced while exfoliation of the clay
particles is improved. Substantially complete exfoliation can be achieved in at least the

preferred forms of the invention.

The organic solvent used in this invention facilitates the reaction between the modifier and
15  the clay and also facilitates the uniform dispersion of the clay layers in the monomers,
oligomers or polymers. The organic solvent can also act as a solvent for such monomers,

oligomers or polymers.

The organic solvent can be a polar or non-polar solvent. If it is non-polar and is not miscible
with water, it will usually be used with a polar solvent. By such a solvent system,
20  compatibility of the system with the hydrophilic clay layers and the hydrophobic molecules

which may be used as a modifier or as the monomer, polymer or oligomer can be achieved.

The organic solvent is preferably of a low boiling point in order that the reactions are
conducted at a low temperature and so that the solvent after performing its function can be

easily removed by evaporation.

25  The organic solvents will thus be preferred including, but are not limited to ketones such as

acetone, methyl ethyl ketone, methyl isobutyl ketone and cyclohexanone; alcohols such as



conducted at a |low tenperature and so that the solvent after performng its
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can vary from 1:1 to 1:1000. Preferably from 1:2 to 1:500, more preferably from 1:5 to

1:200.

15  The ratio of the amount of water to the amount of organic solvent can vary widely as long as

the clay remains in a swollen state. The amounts can vary from 1:1 to 1:50.

The clay used in the formation of the nanocomposites is one generally utilised in the prior art.
Thus it can be selected from the group consisting of smectite and kaolin clays. Smectite
clays for use in the current invention can be selected from the group consisting of
20  montmorillonite, hectorite, saponite, sauconite, beidellite, nontronote, and combinations of
two or more thereof. More preferably the clay is selected from the group consisting of
hectorite, montmorillonite, beidellite, stevensite, and saponite. Typically the clay used in the
current invention will have a cation-exchange capacity ranging from about 7 to 300

meq/100 g.

25  The amount of clay used in the nanocomposites of the current invention will vary depending
upon the desired properties in the final nanocomposite and generally range from about 0.1 %

to 40 % by weight based on the total weight of the composition.

The organic modifier of the current invention can be those referred to in the prior art. The

modifiers normally have a function to react with the clay surface and with the polymer
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pol ymer Hence %31Cy21e?s0 ! g/hrggéns iﬁcr)]r%l lJclcljeermosetting polymers, thermoplastic polymers, and
combinations thereof can be employed. The polymers can be incorporated in the process of

15 the invention as a polymerizable monomer and then polymerized. Such polymers include
thermosetting polymers such as epoxies, polyester resins and curing rubbers; thermoplastic
polymers such as polyolefins which can consist of polyethylenes, polypropylenes,
polybutylenes, polymethylpentene, polyisoprenes and copolymers thereof, copolymers of
olefins and other monomers such as ethylene-vinyl acetate, ethylene acid copolymers,

20  ethylene-vinyl alcohol, ethylene-ethyl acrylate, and ethylene-methyl acrylate, polyacrylates
such as polymethyl methylacrylate, polybutyl acrylate, polyethyl methacrylate, polyisobutyl
acrylate, poly(2-ethylhexyl acrylate), poly(amino acrylates), poly(hydroxyethylmethacrylate),
poly(hydroxypropyl methacrylate), or other polyalkyl acrylates; polyesters such as
polyarylates, polybutylene terephthalate and polyethylene terephthalate; polystyrene and

25  copolymers such as ABS, SAN, ASA and styrene-butadiene; engineering resins such as
polycarbonate, polyetherimide, polyetheretherketone, polyphenylene sulphide and
thermoplastic polyimides; elastomers such as olefinic TPE’s, polyurethane TPE’s, and
styrenic TPE’s; chlorinated polymers such as PVC and polyvinylidene dichloride; silicones

such as polydimethyl siloxane, silicone rubber, silicone resin; fluoropolymers and

30 copolymers with other monomers are useful such as polytetrafluoroethylene, fluorinated
ethylene-propylene, perfluoroalkoxy resins, polychlorotrifluoroethylene, ethylene-

chlorofluoroethylene copolymer, polyvinylidene fluoride and polyvinylfluoride. Additional
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Example 1

2 grams of Cloisite 93A, an commercial organoclay containing 40 wt% of alkylammonium,
15  was mixed with 60.8 g of Dow epoxy resin DER 332 by using a homogenizer for 2 hours at a
speed of 10000 rpm. The mixture then mixed with 16g curing agent (ETHACURE 100 LC)
by stirring and cured at 100° C for 2 hours and 180° C for 5 hours. The final product was a

plate and subject to a number of tests.
The optical micrograph is shown in Figure 1. The TEM micrograph is shown in Figure 3.
20  Example 2

2 grams of purified sodium montmorillonite having a cation exchange capacity of 145
meq/100g, was mixed with 100 ml of water, with stirring for 24 hours at room temperature to
form a suspension. The suspension was precipitated in 1000 ml of acetone at room
temperature with stirring and washed with acetone at room temperature for 3 times.
25  3-aminopropyltrimethoxy-silane was added as the coupling agent in an amount of 0.1 g. The

mixture was then stirred for 12 hours at room temperature. Then 60.8 g of Dow epoxy resin
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¢ b3 ogPER oA garen et R oResin Sl Ry By B RSB O o,
2 hour s gntpd&lofQ J000 rPmh Ak Snixhite whk GAkd B #dattiim/\eenat BhACS AN heubRREt t O
a nunber of tests. The optical mcrograph is shown in Figure 1. The TEM

m cr ogr dpbn mexeshwith 168 cmiiegiageng (EFHA 200 L) Bpstigigpnd qurasdtd887 Grior

nont nor i nit b Lonex i / 00N

mi xed W h&fﬁﬁﬁ%%éf &\?\/%) éfﬁé%gt ﬁ’ﬁ%ﬁﬁr@? nSﬁ&g‘?gSz%igﬁg%?%ﬁ giﬂf?"gé‘%n terrﬂ’\e@?gf ure
to farmigstsuspensi on. The suspension was precipitated in 1000 ml of acetone
at roomtenperature with stirring and washed with acetone at room
tenperature for 3 tinmes. 3-am nopropyltrinethoxy-silane was added as the

coupl i ngTIROSNCal icedraiol Bhowi irdFikug. 2. The TEM hliérogh@h id dpnsihiRined4f or 12
hours at roomtenperature. Then 60.8 g of Dow epoxy resi nDER 332 was m xed
with the nodified clay thoroughly by using a honogeni zer for 2 hours at a

speed Of%ﬂ@&l@%ﬂ’cmo ENEOMM XJbderFaties EdrifRhedl that mcggyn filesthaveOuifdritly 48
hours and then m xecF wth”16g curing agent (ETHACUF 00 LO ngy stirring
and cur edspersedoi thef oratrix hphe randcdmepsited prepsradomithy. terheiqne rmdl therweseat was

a plate .and s%.binect to Araunber o

inventio ah epoxy. orgnanoc ay corfnpgseftsetpsrépared with existing technique, the aggregate
10 size is 10-20 micron (Figure 1). In the above-mentioned epoxy/clay nanocomposite, clay
particles are uniformly dispersed in the matrix and the size of the aggregates is less than 1

micron (Figure 2).

The results of a transmission electron microscopic (TEM) study show that the clay is highly
exfoliated and the clay layers are uniformly dispersed in the epoxy matrix (Figure 4), which
15  is significantly superior to that of the samples made with existing technique (Figure 3).

The incorporation of clay into epoxy improves both the Young’s modulus (Figure 5) and
fracture toughness (Figure 6). At a clay load of 2.5wt%, the fracture toughness shows a
maximum value (Figure 6). Compared with the data reported in literature, the
nanocomposites prepared with the approach of the invention show better performance in
20  terms of both Young’s modulus and fracture toughness. An example is shown in Figures 7
and 8, in which the data are normalized and compared. It is obvious that the nanocomposites
prepared with the approach of the invention show higher Young’s modulus regardless of the
clay content. The maximum value of fracture toughness is higher than that of the samples

prepared with existing approach.

25  The dynamic mechanical properties of the nanocomposites are shown in Figures 9 and 10,
together with that of an epoxy/organoclay nanocomposite (epoxy/93A). It can be seen that the
storage modulus of the nanocomposites with approach of the invention increase with the clay
load, while the Tg didn’t change much. For epoxy/organoclay, however, the storage modulus

is lower at the same load, and the Tg decrease dramatically.



The optical mcrograph is shown in Figure 2. The TEM m crograph is shown in
Figure 4. Optical mcroscope (OV) observations confirnmed that the clay
parti cl eswbav®/aoee3f7or my di spersed in the matrix in thePoarsGearPoilL es
prepared with techni que of the present g nvention. In an epoxy/organocl ay
conposite prepared with existing technique, the aggregate size is 10-20
mcron (Figure 1). In the above-nenti oned epoxy/clay nanoconposite, clay

particles are uniformy dispersed in _the matrix and the size of the
aggr egattéguress 1f qad 12, ghpw an?%?ms?ﬁioéﬁaéls@)t?an%e&?cégﬁﬂ the Jpy LispPsionidi on

el ectr on,MIGHOS A Gech koUW ﬁﬁo&gg}%ﬁ of R ivatidnS (i @ishiRadce lor @eed

and the clay layers are uniformy dispersed in the epoxy matrix (Figure 4),
whi ch | :iewi gpody/dayn tdayocmyesiter (Figuteid) isfbettae thamphas ofrdbie nanp¢prepasies ng
techni que (Figure _3)..The incorporation,of clay into epoxy inproves both

t he Your?ﬁepg“% ﬁ’feﬂf—f{@%?@pr@?‘ﬂ%ﬁ lg?rggggre t oughness (Figure 6). At a clay
| oad of 2.5wm % the fracture toughness shows a maxi num val ue (Figure 6).
Conmpared with the data reported in literature, the nanoconposites prepared
wi t hot hd398dch of the invention show better performance in terns of both

Young's nodul us and fracture toughness. An exanple is shown in Figures 7
and 8, in which_ the data_are nornual.jzed and conpared. |t is obviou t

t he nandc8/ss Pt PErifed sadvg FRQnimey °%E?pﬁ%‘é’t’é$1 2 PatioRe X GhoReH PWCEHO@ Mggher
young' Srﬁ@]g | 18Rk -forlEh SR biMeBhMidhgEraftire t
fracture t tﬂ%&gﬂﬁ%&h\%}ﬁé@ ?ﬂgﬁ“{éﬁeg%/wg?g%ﬁlegsgrm es prepared \%irtah o

exi sti ndoappr Gagpensidine Theranspension vaad Padeiptatgde it 11680 ohl toif cacatomo calnPoBi t es

hown in Figures 9.and 10, t her with that of / |
anocompREPFRTL L) SaRPE e auRie: valehc s <f meote: GReSER o IS BT

nanggo ”@Q§15{Eia§pf6b§1%ﬁaﬁégaﬁthnefwéshﬁ‘ddeava@, Nhé QBupIRY SAME imviah inidigit @ @yl goad,
while the Tg didn't chandge nuch. For epoxy/organoclay, however, the storage
modul us The mixture was then stirred for 12 hours at room temperature. - Then 50 g of Ciba epoxy
resin Y5210 was mixed with the modified clay thoroughly by using a homogenizer for 2
hours at a speed of 10000 rpm. The mixture was dried in a vacuum oven at 50° C for 48
hours and then mixed with 25g curing agent (Ciba HY2954) by stirring and cured at 160° C
15  for 2 hours and 220° C for 2 hours. The final product was a plate and subject to a number of

tests.

The TEM micrograph show that the clay is highly exfoliated and the clay layers are
uniformly dispersed in the epoxy matrix (Figure 13), which is significantly superior to that of
the samples made with existing technique (Figure 3).

20  The dynamic mechanical properties of the nanocomposites are shown in Figures 14 and 15. It
can be seen that both the storage modulus and Tg of the nanocomposites made by the

approach of the invention increase with the clay load.

The incorporation of clay into epoxy improves fracture toughness (Figure 16). At a clay load

of 2.5wt%, the fracture toughness shows a maximum value.

25 Example4

2 grams of purified sodium montmorillonite having a cation exchange capacity of 145

meq/100g, was mixed with 100 ml of water, with stirring for 24 hours at room temperature to



is lower at the sane |oad, and the Tg decrease dramatically.Figures 1 1 and
12 show a conparison of transm ttance. Because the clay dispersion and

exf ol i at iwo 2b@v@ed3een i nproved with the approach of thePcmsenoi4s®n)212 he
transmttance of the new epoxy/clay nar@conposites (Figurell) is better
than that of the nanoconposites prepared with the existing approaches
(Figure 12). Exanple 3 2 grans of puri fied sodiumnontnorillonite having a

cati on exchange o) aci ty,of 145 . i.xe it of , wat er,
SRR R v NG T B e e RO R P M o
suspensi @mpersurpr ®fih Pi stiadigd ahd LAHRd it fetidaR!l Aberodin kDBriteREP esras WirlesM t h
stlrrlng and washed with acetone at roomterrperature for 3 tines.

3-gl yci d%rﬂmWFQHY trEtehny-siipnaas added 29 deicopling 82 b AR AGOB0.-1 & The
renper ar Surt s RAGsikal 17 M el ehp il 11k SNt Bond PSRy rosin

nodi f5 edDERa3B2t ke mu@k:ll vitlbyheunbdified chgrthgengiie byfusingZ hatogenater dorsphets of
10000 rpm The re was_ dried in a vacuum oven at 50 hour s _and
then ni x&d WPEhO "éﬁ%)%eapmngf%@w@re @fas;alnrz@mz&cw ngnrqtﬁff Ca%affgwa 28 160
Cfor 2 ﬂﬁeﬁ'hﬁx&i‘%tﬁ%@ %agenbagmmdh&ﬁt)@@b l%&%ﬁi—lﬁ{gt é&ﬁlscnﬁed%taﬁow andy
subject to a nunp tes TEM m crograph”showthat the clay iIs

hi ghl y e&hounsamddwﬁd? fared bowy. [Tay dimsl arodugmwasoa plage and phyjsw do iamuniier @poxy
matri x (Fi gure 13), which is significantly superior to that of the sanples
made wi t WS®xi sti ng technique (Figure 3). The dynam c nmechani cal properties
of the nanoconposites are shown in Figures 14 and 15. It can be seen that

both th dul d f ite by h h
of THE R M rmicreseats sPove ik Ree ey % BRI FRBIFRRof Hofie FOb GHIE g
i Nto epoxyfdril @¥Stsdd iAGhe Efoxly HAAR BZuler YW Rich & sighiticant/ @Seﬁmg that of

the samples made with existing technique (Figure 3).
Example 5

2 grams of purified sodium montmorillonite having a cation exchange capacity of 145
15 meq/100g, was mixed with 100 ml of water, with stirring for 24 hours at room temperature to
form a suspension. The suspension was precipitated in 1000 ml of acetone at room
temperature with stirring and washed with acetone at room temperature for 3 times.
3-glycidopropyltrimethoxy-silane was added as the coupling agent in an amount of 0.1 g.
The mixture was then stirred for 12 hours at room temperature. Then 60.8 g of Dow epoxy
20  resin DER 332 was mixed with the modified clay thoroughly by using a homogenizer for 2
hours at a speed of 10000 rpm. The mixture was dried in a vacuum oven at 50° C for 48
hours and then mixed with 16g curing agent (ETHACURE 100 LC) by stirring and cured at
100° C for 2 hours and 180° C for 5 hours. The final product was a plate and subject to a

number of tests.

25 The TEM micrograph show that the clay is highly exfoliated and the clay layers are
uniformly dispersed in the epoxy matrix (Figure 18), which is significantly superior to that of
the samples made with existing technique (Figure 3).



of 2.5m % the fracture toughness shows a maxi num val ue. Exanple 4 2 grans
of purified sodiumnontnorillonite having a cation exchange capacity of 145
meq/ 100g,woasoaniosssd with 100 m of water, with stirringpPCorsG2dn4hoas at
roomtenperature toforma suspension. The suspension was precipitated in
1000 m of ethanol at roomtenperature with stirring and washed wth

et hanol at roomtenperature for 3 tines. 3-am nopropyltrinmethoxy-silane was

added as, th oupling agent .in an apmount of 0.1 g, Th i Xtuyre s then
rirred Tht TouloBe % AT bier B aR oo Hub o oF o H By M eden
DER 332 pétsvafl MgdhoWAIlbiiy DGk GeRtsclrte AMIOBRIIBL Y by using a homogeni zer
for 2 hours at a speed of 10000 rpm The mxture was dried in a vacuum oven
at 60 C for 48 hours and then m xed with 16g curing agent (ETHACURE 100 LC)
by stirring and cured at 100 C for Z'ﬁggn%i; and 180 C for 5 hours. The final
product was a plate and subject to a nunber of tests. The TEM m crograph
show that the clay is highly exfoliated and the clay layers are uniformy
di sper sed—Tm they epoxy trix (Frgyre 17), Wircit TS ST gmnificamtty superi or
to that | Bfemple shPR®E ngddaini t h exSetithg t|@dedficue (Fi gure [FFiswdxanple 5 2
grans of purifiepdMsadi umnontnorilllonite having a cation exchange capacity
of 145 peq/l1 OQg, |was mixgdd with 100 ml of ter, with stirrijng for 24 hours
at roomtenperature to fdarma suspeénsi on. The suspensi on was| preci pi tlat ed

in 1000i M of acphgneat r&gmoglgrrpe&gﬁeure Wi e stirring and V\%s]hed with
acetone|at roomtenperatyre-tor "3 tines. 3-|glyci dopropyltri m:a oxy-si|l ane
was added as the|l coupling agent infan anount of 0.1 g. The mi xture was then
stirred[for IZ hpurs _at rjoom tenperature. [nen 60.38 g Of DOW EpoXy T&sin
DER 332| s mi xedPWiPh t HERBAFEY eqAettay t HoraurgRIop Eetieyng Z+Honogeni zer
for 2 silane
3 LY 5210 Pristine clay Ethanol 3-glycidopropyltrimethoxy- | 13-16
silane
4 DER332 Pristine clay Ethanol 3-aminopropylirimethoxy- | 17
silane
5 DER332 Pristine clay Acetone 3-glycidopropyltrimethoxy- | 18
silane

5  The invention therefore further provides a nanocomposite in which exfoliated clay particles

are uniformly dispersed in a polymer matrix.

The nanocomposites of the invention can be used as parts of aircraft, automobile etc. where
high modulus and high hardness, high heat distortion temperature and high thermal stability
are required; printed circuit boards, electronic packaging, electrical components etc; beverage
10 and food containers, films and coatings etc where high barrier properties and high

transparency are required; and tyres, tubes etc.



hours at a speed of 10000 rpm The m xture was dried in a vacuum oven at 50
C for 48 hours and then m xed with 16g curing agent (ETHACURE 100 LC) by
stirring woaooumess7at 100 C for 2 hours and 180 C for 5PprhomsG004Dh@1ti nal
product was a plate and subject to a nupber of tests. The TEM m crograph
show that the clay is highly exfoliated and the clay layers are uniformy
di spersed in the epoxy matrix (Figure 18), which is significantly superior

to that ..the sanpl.es de with_ existing techni qye igure 3), The

ol | owi nyhile s MEhven pasdasepylsseribed "Gﬁ’rﬁ%ﬁ@??? Oag%ﬁ’fécﬁe‘gﬁ%ﬁm&%‘tstlﬂé 18 Sl es
and t he yelsuantq b aphes) drats! r AlRembREwRERPGIEIRS mferfalteadd BRbs A QRUICT .
TABLE The invention therefore further provides a nanoconposite in which
exf ol i atpdeess ang rpfared ¢ axl knovuedquilents exisishereoe sichreqaiviptsnisase inearnorated The
nanoco osLtesTof tgeuknv§Ph%on can be used as parts of aircraft,

aut onobi TEREE! SREEPE Hi*§h' %N Bdul us and hi gh hardness, high heat distortion
tenperature and high thermal stability are required; printed circuit
boards, el ectronic packaging, electrical conponents etc; beverage and food
containers, filnms and coatings etc where high barrier properties and high
transparency are required; and tyres, tubes etc.Wile this invention has
been described with reference to preferred enbodinents it is not to be
construed as limted thereto. Furthernore where specific materials and
steps in the process are referred to and known equi val ents exi st thereto,
such equi valents are incorporated herein as if specifically set forth. WHAT
WE CLAIMIS: 1. A process of form ng a nanoconposite conprising treating
pristine clay with water in order to swell the clay, exchanging the water
with an organic solvent while still maintaining the clay in a swollen
state, treating the swllen clay wwth a nodifier and then m xing the
treated clay wwth a substance selected fromthe group consisting of




nononers, oligonmers and polymers and conbi nati ons thereof, and, where
necessary, polynerizing that substance, the solvent being renoved either
prior to,wouneenmyewsr after the polynerization. 2. The precess2ems/0002a2nmed in
claim1l, wherein said polynmer matrix isl3sel ected fromthe group consisting
of thernoplastic polynmers, thernosetting polyners, and conbi nations
thereof. 3. The process as clained in claim1l wherein the clay is sel ected

fromthe sisftdg of snectite and kaolin clays. 4. The process as
PALRYRE TR

claimed inc €in the clay is a snectite selected fromthe group
consisting of nmontnorillonite, hectorite, saponite, sauconite, beidellite,

t te, d nbi pat i f t or. nore thereof.. 5., The process as
ol ai med i el PR RE BT henerdpPoNte SAMBEFEG tHeAtg PHEI UL VER Terye

consi sting of ordeC tPkWweR  thé Ry Rikthan@itie! fhe WRECQlithl &0 oPeAYE Qélb&r%wgﬁ@ till
saponite clays. 6. The process as clainmed in claim1l, Wwherein sal cFay has

a cati on- exchangtaieag dhd elgy imagieled stoin tbasing the syoBa0clay witt0Omydifier afithe

process as cl.aj j i awherei n id cl i resent in an. anmount
Fanging 17 om SEbotics® e Bl ) VU b aeecie e RBCBE arowbr GRITEE oFne
pol ymer conposbiidmerS, oligothedpd e p6lyaRrsCdndi dbBtbihdtions BiefRok; anM) iRl ndcB&ary,
clay/water ratio ranges from1l:1 to 1:1000.9. The process as clainmed i'n
claim 1, wherRalymengipe Biafsihstanse| the prlvens beingsemeved gither prier igy dugngonafiest i ng

of pol ar Org%ﬂ&?°ﬁﬁﬁﬁkgﬁﬁ§ and non-pol ar organic chem cals. 10. The process
as claimed in cfarm1l, erein the water/organic solvent ratio ranges from

1:1 to 1:50.
2. The process as claimed in claim 1, wherein said polymer matrix is selected from the

10 group consisting of thermoplastic polymers, thermosetting polymers, and

combinations thereof,

3. The process as claimed in claim 1 wherein the clay is selected from the group

consisting of smectite and kaolin clays.

4. The process as claimed in claim 1 wherein the clay is a smectite selected from the
15 group consisting of montmorillonite, hectorite, saponite, sauconite, beidellite,

nontronote, and combinations of two or more thereof.

5. The process as claimed in claim 1 wherein the clay is selected from the group of clays

consisting of hectorite, montmorillonite, beidelite, stevensite, and saponite clays.

6. The process as claimed in claim 1, wherein said clay has a cation-exchange capacity

20 ranging from about 7 to 300 meq/100 g.

7. The process as claimed in claim 1, wherein said clay is present in an amount ranging
from about 0.1% to 40% by weight based on the total weight of the polymer

composite.

8. The process as claimed in claim 1, wherein the clay/water ratio ranges from 1:1 to
25 1:1000.



11. The process as clained in claim1, wherein said nodifier is selected
fromthe group consisting of surfactants, coupling agents, and

conpat i biwpDzeono69B2. The process as clainmed in claiml, pansGeo/oseizl
nodifier is selected fromthe group congli sting of al kyl ammoni um sal ts,
organosi | ane; al kyl acids and functional derivatives thereof, grafted
copol ymers and bl ock copolyner. 13. The process as cl ai rred in claiml,

wherein the c lin e t i.n_an anount from OSW
1556 by wei ght HARI SR D B v 559 orinic A ge UETe Fom
inclaiml, ﬁﬁb@nﬁﬁlﬁg@f?ﬁlaﬁ@ﬁﬁaﬁic%&ﬂn%lssahﬁFihoh%)o%ro'f a@]ﬂ: Héhniddls. t he
presence of the organic solvent A nanoconposite en produced by the

process as claimed in claim 1.
10. The process as claimed in claim 1, wherein the water/organic solvent ratio ranges

from 1:1 to 1:50.

5 11. The process as claimed in claim 1, wherein said modifier is selected from the group

consisting of surfactants, coupling agents, and compatibilizers.

12. The process as claimed in claim 1, wherein said modifier is selected from the group
consisting of alkylammonium salts, organosilane; alkyl acids and functional

derivatives thereof, grafted copolymers and block copolymer.

10 . 13. The process as claimed in claim 1, wherein the coupling agent is present in an amount

ranging from 0.05% to 15% by weight based on the weight of the clay.

14. The process as claimed in claim 1, wherein the clay modification step is carried out in

the presence of the organic solvent.
15. A nanocomposite when produced by the process as claimed in claim 1.
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