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for incorporation in composites; battery coatings; particles for imparting toughening or

other property-enhancing affects, eg flame retardancy, in films or composites; etc.

The use of thermally and/or electrically conducting fine particles is of particular interest

20 and such particles are used in many applications, for example in electrostatic dissipation
(ESD) coatings, electromagnetic and/or radio frequency interference shielding (EMI/RFI),
flat panel displays, electron emission displays, touch screen applications, conductive inks,
and in molecular electronics and nanotechnology applications. There are a wide variety of
conductive fine particles such as metal and metal oxide particles, eg gold, silver, indium

25 tin oxide; carbon particles, eg carbon black, graphite, carbon nanotubes, carbon
nanowhiskers and fullerenes, conductive polymers, such as polyaniline, etc that are useful
in such applications. Other applications include the use of non-conductive particles, such
as silica, (whether alone or in combination with conductive particles) for controlling
thermo-mechanical properties of com posite materials.

30 Many such fine particles are made into aqueous or organic solvent based dispersions for
making coatings and films and for inclusion in composite materials. However, many such
dispersions suffer from settling of the particles before use of the dispersions leading to
issues of re-dispersibility upon application or poor performance of the dispersion in use.
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made with diameters of the order of 100 to 200 nm and lengths of 20 to 100 um, which,

20 owing to their size and properties, have also been referred to as carbon nanofibres.

Carbon nanotubes may vary in geometry, ie they may be straight, curved or bent, and are

generally available in mixtures of such geometries. Some forms of carbon nanotubes are

provided in a tangled or bundled form, ie they are tangled together in larger structures,

although still on a nanoscale size, much like a scouring pad or wire wool in form. In this

25 instance, the larger structures often contain a significant amount of amorphous carbon.
Other manufacturing techniques result in aligned carbon nanotubes.

Other applications for carbon nanotubes include flame retardancy applications wherein

the nanotubes improve the coherency of the char formed on the surfaces of burning

materials thereby reducing or preventing further combustion of the materials. An example
30 of such an application is described in WO 03/078315.

As mentioned above, there are problems in forming suitable stable dispersions of many
fine parlicles and stable dispersions of carbon nanotubes are difficult to achieve. The
difficulties are thought to arise because of the well-recognised phenomenon that strong
attractive forces exist between carbon nanotubes. The consequence of the strong
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anal 36 ed206 thesens Wigclaskd dhe preparation af dispersions of carbon nanofibres by exfoliating
stacked tetraalkyl ammonium hectorite clay platelets in the presence of nanofibre bundies
by sonication in a mixed xylenes solvent. The optimal nanofibre to clay weight ratio
reported is 1:1. The result is a highly viscous gel network that, upon the addition of a
suitable dispersant/surfactant, is converted to a low viscosity fluid.

25 In WO 03/078315, polymeric composites are described containing nanotubes which are
allegedly homogeneously dispersed with the aid of clays. However, the results relating to
the exemplified composites, which are made using extrusion techniques, that, in
composites which do not contain clays, the nanotubes are apparently well dispersed and
give improved properties, especially in relation to flame retardency.

30 In an article entitled “Ultra-low electrical percolation threshold in carbon-nanotube-epoxy
composites”, J K W Sandler et al, Polymer 44 (2003) 5893-5899, therre is disclosed the
preparation of dispersions of carbon nanotubes in epoxy resin by intensive shear mixing.
An article entitled “Organic derivation of single-walled carbon nanotubes by clays and



copper, are all involved in synthetic procedures for MIC and are al nost
certain to be present. Inportantly, they report large variations in the
met al comwenvocaiz7eenmer ci al sanpl es of MIC. Lohr et al. pCcT@&iRposd®esemi bes
the purification of Azure B by colum chromat ography, specifically by
separation to isolate the desired produtt followed by ion exchange back to
t he chl oirnterealatde ylereatives”, t\haBeargdidias cett alynCarbdy e42 {RA0H) a865M7T0 ccﬂscldses

purified hr o hy i S a suit

et hod 1 S eHpRRIBB i el AR oo Ul SRR AR i) Sl e Bt
1949, de¥¥yaniing momémenlionites 10 satafyse fhee maotionshl or i de doubl e salt of MIC and
the renoval of zinc by chelation with sodium carbonate foll owed by

heknow e Sl SF(AB7S] 5 AsBh07S AMEMETALRKe AR IS NEOHEY Yeoed/ o 508N

acknow e this tec gue canno e used o
the ydel d§ct9rseuglogrclaywuoaletamir¢0@hng gompesitians. t r eat net hermgl obi nenmia (a
condition that occurs when the bl ood cannot deliver oxygen where it is

needed i frpk P pRGEHt has ¥idnd t'ﬁaf’"b?t%s a@Ssi ﬁ%ﬁ’%? lis ?8&15!% Q% d@?ééﬂgﬁ sabid 0

stain certain parts of the body ore or nosti’c

(for exafgr-orming awperﬁmnéa@foﬂneupéﬂpt?sa@pl@dmgct@psguqﬁ c@obqubm& qndegerhm n
urine); ﬂaﬁ@thgeélér‘ld‘édﬁér&ﬂtﬁlnﬁ?@Iébblﬁwgsaan%tdomﬂoilﬁgs é&tﬁﬁﬁ@ﬁ&@%&@@s a

treat nent and preventatlve ney stones; and In I agnosi s and
treatnenh of ne*anona been used to treat malaria either sin

(Gut t manf i@ the{eIore gn %eﬁ'ye e? the,preganl IR¥eNtion tRiRrevide, F@Plﬁqwsms'esﬁmf%na et

al . 2903 parierRd ahb FMAS todlingd! andHdfhbsitdémads therdfrdmimans i s caused by one of
f our prot ozoan speC|es of the genus Pl asnmodium P. falciparum P. vivax, P.

oval e, ari.ae. ecies,.are transmtft bite of

r oot oditeie ek iskeve o1 15€ Brssent Treplr B A gee ﬁ@éﬁﬁlg%sg?wc%%@s,by
bl ood t r evetings iafd compgsitestdoatzihgdis pérsed cometlefindpdrticigs. or congenital |y
fromnother to fetus. Mal ari a causes 300-500 m I lion infections worl dw de

and appr @xi J aths an nual resi stance wever is a
naj or co d%&%{ §ﬂ%‘h?r g%i?‘ét %e%f ¢ Hressn f%\’?'&é%ﬁ Pﬁgﬁ? Vé’ghg'ﬁ‘gt"eafﬁ@&nts
f or al noand ed>mpoalearcnatarrmigamqnbrsla'ambanal@rcmﬂuctIVedlhaqbat‘mr&l nations that are
currently reconmended for prophylaxis of malaria include

chl oyoqu ' uine.. doxycycl n

pri rrL%w J%Q&{rﬁ}ﬁ;ggf{ﬂ d‘Ji rsth %é8§§4r?§ \9??%%{52%6 r'BY’ﬁGFEPg' v'%%\ CH"eePng 93'&%%°’?or k)

has shovxmrppmsastan/onglamccmlveat:cwmprisyng at leastr 30 witp et isbidadispeysidh and teesolids

effectiv t d b | e S | a

Cests. VAR wilbh, SFRIBEE thet Inbls, w281 90% o Gt JitRrdh SRCRIRRY e

central cmnpmﬁmt sganpisingT iee | partjdesaamd igny oodanicalipmadifiede tgyeredniihdrgahicw no
species capable of being dispersed by said solvent and, optionally, an organic polymeric

20 species and/or a reactive precursor of an organic polymeric species soluble in said

solvent, said polymeric species and/or reactive precursor of a polymeric species when
present comprising less than 50 wt% of said solids content.

Preferably, in the dispersion according to the first embodiment of the invention, the solvent
comprises at least 70 wt% of said dispersion.

25 Preferably, in the dispersion according to the first embodiment of the invention, the solids
component comprises not more than 15 wt% of said dispersion and more especially not
more than 10 wit% of said dispersion. In particular, the solids component comprises not
more than 5 wt% of said dispersion. Preferably, the solids component comprises at least
0.1 wit%, more preferably at least 0.5 wt% of said dispersion.

30 Preferably, in the dispersion according to the first embodiment of the invention, said
polymeric species and/or reactive precursor of a polymeric species when present
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Depending on the type of particle used, the properties of dispersions and/or final products
may be influenced and changed from those obtained in the absence of such fine particles.
For example, the electrical, magnetic and thermal properties of materials may be altered.

25  Additionally, or alternatively, the mechanical properties such as modulus, toughness,
coefficient of thermal expansion etc may be modified. Alternatively, the particles may be
curing agents or catalysts or encapsulated versions (for triggered or delayed release
systems) of such particles, antioxidants, flame retardants etc wherein the chemical and/or
physical effect of such particles is improved because of an increased dispersability or

30 stability of dispersion. Similarly, the effects of fine particles such as colourants, pigments,
opacifiers and opalescants are enhanced by increased dispersability or stability of
dispersion of such particles.
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structures often contain a significant amount of amorphous carbon. Aligned carbon

nanotubes may also be used in the invention.

20 The organically-modified layered inorganic species may be natural or synthetic species
and, in particular, include organoclays, especially 2:1 phyllosilicate clays, layered double
hydroxides, 2:1 layered transition metal oxides, such as titanates, niobates, and
sulphides, layered silicic acid, such as kanemite, magadiite, layered metal phosphates,
phosphonates and arsenates and perovskite-type metal halides.

25 In a preferred embodiment of the present invention, the organically-modified layered
inorganic species is an organoclay. Preferably, the organoclay comprises an organically
modified 2:1 layered phyllosilicate, especially a 2:1 layered phyllosilicate in which the
octahedral sheet sandwiched between the tetrahedral silica sheets is of dioctahedral
character and particularly the organoclay is an organically -modified montmorillonite.

30 Alternatively, the organically-modified layered inorganic species is a modified layered
double hydroxide. Layered double hydroxides may be synthetic and naturally occurring
lamellar hydroxides in which modifiers may be incorporated in the interlayer region. An
example of a general formula for LDH is:
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one of ndmthecfgmmulal ent resonance structures, sone of which are shown bel ow,
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such as -iPr, -iBu, -sBu, and -tBu; and cyclic C3-4al kyl groups, such as
_cPr and M% Bupreferabiyselectbd fromeAlt’, FetieC2 -Gl ety groups are sel ected from
| i near G -4al kenyl groups, such as -CH=CH2 (vinyl) and -CH2-CH=CH2 (allyl).

I n one enppodi | & Ci -4al kyl groups are selected from
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I nde endentl¥ -H - Me, or -CF3. In one enbodi ment, each of Rl and R9
IS | ep&fd@ntly H, -|ve, or -Et. In one enbodinent, each of Rl and RO is
i ndependently -H In one enbodi nent, each of RL and RO is independently

-Me. I'n qpereeBOSEnGRIztan 8AiGA stith B s%!lﬁ'\a@ sLphbiste PEAIEERYidtY or Fdluate hrid e
enbodi rreg R1 and R9 are the sane.
enotes an organic allphatlc or aromatic structure with typically more than 4 carbon

atoms.

The organically-modified layered inorganic species is modified wherein the interlayer

15 metal cations or the interlayer inorganic anions have been exchanged by organic cations
and organic anions, respectively, to render the inorganic species organophilic and, in
particular, compatible with the organic medium.

Suitable organic cation species are protonated organoammonium or organophosphonium
cations, especially organoammonium cations.

20  Suitable organic anion species are of formula A™ as defined above.

When the layered inorganic species is an organoclay, the clay may by organically
modified by chemically grafting organic modifiers onto the surface of the clay platelets.

Preferably, when the inorganic species is an organoclay the organoclay used in the
invention is a silicate clay and more particularly is a silicate clay that is a natural or
25 synthetic planar, hydrous, layered phyllosilicate. In particular, the silicate clay is a 2:1
layered phyllosilicate with hydrated exchangeable cations, examples of which are
vermiculites and smectites, examples of the latter being montmorillonite, beidellite,
nontronite, volkonskoite, saponite, hectorite, fluorohectorite, sauconite, stevensite and
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embodbme nhonftdviflowited 2B0)\and fo? sithihktis fuidrohdotorite €1500tRodoNEeNnt , R3NA and R3NB
and R7NA and R7NB are the sane. In one enbodi nent, the groups
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enbodi neraryl grogpsyr tog alkylN(re@dANaRBDEBElcated frad RIKMAGHRENET) C alioeCo Bhe rmatyhmé
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-H, @&&ch altenyha@reupsupSrefaiakly3 tirg @RINBpuprisl phenyl. |t is preferred that at least a
proportion of the organic groups are derived from tallow and/or hydrogenated tallow.
Tallow is a natural product composed predominantly of Css (65 %), C16 (30 %), and Cy, (5
%) alkenyl chains. In hydrogenated tallow, the majority of the double bonds in the alkenyi
chains have been hydrogenated. The organic groups may themselves be terminated with
20 reactive end groups such as hydroxy, amine, epoxy eftc, including groups reactive in
response to incident radiation such as UV radiation.

Preferably, the spacing between the layers in the clay (derived from the characteristic
Bragg reflection peak of dyo1) is greater than 1.2 nm and, more particularly is at least 1.5
nm.

25 When the inorganic species is an organically-modified LDH, preferably the anions are
selected from fatty acids and alkyl, aryl or alkaryl sulphates or. sulphonates or mixtures
thereof. Particular examples of suitable anions are dodecyl sulphate, dodecylbenzene
sulphonate or styrene sulphonate.

The liquid organic medium used in the invention is capable of at least dispersing the

30 organically-modified layered inorganic species. More preferably, the organically-modified
layered inorganic species is also, at least to some extent, intercalated and/or exfoliated by
the liquid organic medium.
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I n one enbodi nent, the compound is in the formof a m xed salt, for
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Depending upon the degree of intercalation and/or exfoliation of the organically-modified
20 layered inorganic species by the liquid organic medium, some settlement may occur. This

phenomenon provides a simple screen of the effectiveness of the organic medium in

intercalating and/or exfoliating the organically-modified layered inorganic species. The

fact that t‘his screen is an effective_indicator for organically-modified layered inorganic

species/organic medium combinations was confirmed by examining some organically-
25 modified layered inorganic species/organic medium dispersions using X-ray diffraction.

Thus, as described in more detail below, after mixing a fixed weight, suitably 2%, of
organically-modified layered inorganic species with the liquid organic medium and
allowing the resultant mixture to stand for a settlement period, suitably 4 days (96 hours),
the settled volume may be measured. For ease of measurement, the mixture is placed in

30 standard vials and the height of the settled volume is measured and is expressed as a
percentage of the total height of the mixture.
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In one form of the first embodiment of the invention, it is preferred that, when the
25 organically-modified layered inorganic species is an organoclay that contains an aryl
group, the solvent also contains an aryl group.

With regard to the second embodiment of the invention, the liquid reactive precursor of a
polymer may be selected from monomeric and/or oligomeric precursors. The reactive
precursors may include appropriate initiators, catalysts etc or, alternatively, such

30 components may be added at a later stage. The reactive precursors, together with the
appropriate trigger component, may be polymerisable using heat or radiation or the
reactive precursors may be polymerisable on the addition of the appropriate frigger
component.
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are glycidyl-bis(4-amino-3,5-dimethylIphenyl)-1,4-diisopropylbenzene, (eg Epon 1072 sold by
Shell Chemical Co.) viscosity 30 — 40 Poise at 110°C; triglycidyl ethers of p-aminophenol
(eg “MY 0510 sold by Ciba Geigy), viscosity 0.55 — 0.85 Pa s at 25°C; preferably of
viscosity 8 — 20 Pa at 25°C; preferably this constitutes at least 25% of the epoxy
25 components used; diglycidyl ethers of bisphenol A based materials such as 2,2-bis(4,4'-
dihydroxy phenyl) propane (eg “DER 661" sold by Dow, or “Epikote 828" sold by Shell),
and Novolak resins preferably of viscosity 8 — 20 Pa s at 25°C; glycidyl ethers of phenol
Novolak resins (eg “DEN 431” or “DEN 438" sold by Dow), varieties in the low viscosity
class of which are preferred in making compositions according to the invention; diglycidyl
30 1,2-phthalate, eg GLY CEL A-100; diglycidy! derivative of dihydroxy diphenyl methane
(Bisphenol F) (eg “PY 306" sold by Ciba Geigy) which is in the low viscosity class. Other
epoxy resin precursors include cycloaliphatic such as 3',3' epoxycyclohexyl-3,4-
epoxycyclonexane carboxylate (eg “CY 179" sold by Ciba Geigy) and those in the
“Bakelite” range of Union Carbide Corporation.
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According to another form of the second ermbodiment of the invention, the reactive

precursor preferably comprises an addition-polymerisation resin precursor.

More specifically, the reactive precursor comprises at least one (meth)acrylate precursor
preferably selected from alkyl esters of acrylic acid or methacrylic acid or mixtures thereof.
25  Preferably, the alkyl group of the esters is selected from C1 to C18 alkyl, including cyclic
alkyl groups, more particularly C1 to C14 and especially C1 to C10. The reactive
precursor may by a single (meth)acrylate ester or a mixture of (meth)acrylate esters.
Additionally, the final reactive mixture prepared using the dispersion according to the
invention may contain minor proportions of other reactive species depending on the final
30 polymer properties required. Examples of such other reactive species are acrylic and
methacrylic acids, other (meth)acrylate esters, vinylic compounds including styrene and
derivatives thereof. Free-radical initiators Tor friggering the polymerisation of the
(meth)acrylate precursors include azo compounds and peroxide compounds. The
dispersion, according to the invention, consisting of (meth)acrylates, with or without other
35 reactive species but including initiators, may be cast or otherwise formed into a film and



conponent conprises not nore than 15 wt % of said di spersion and nore
especially not nore than 10 wt % of said dispersion. In particular, the
sol i ds conpan@ns7eenpri ses not nmore than 5 wt % of sai d GCIEBB050003670
Preferably, the solids conponent conprises at least 0.1 W% nore
preferably at least 0.5 w% of said di49Bersion. Preferably, in the

di sper si therapolyrmairisgd,t fort exanple sby evdating nernincident hadiativant iAlternatisely, the

ey \ : ¢ I . v

P csent cORBBRIE Bpdfingto WEEV G S ERNGEE or (el BEWEER. i il Sher

esloeci al reacties spediesb@Sncluding initizord, say ibé&rmﬂsib?m su?ﬁ&mﬁb!meegi?z a\?\/?} o
mer i ve. precursor of a. po :

D esont | SRSt paeD befe Afid, iR TEA mBligga PEII R P BFS: o ably o

l east 5 wt % of said solids content, and especially at |east 10 wt % of said
sol i d& cSuitebie . biswelsindidegrasin preeusord ereh heatreurablef ptexaurporss eantainingerthe on,

a non- adjeplimidd ér%%gsésofhecféﬁeﬁ\%esﬁmﬂtiégriaggj. dT[,ﬁ"igH\ Hebofeimids s Eed'hepdig2n! ©
pol yneric specieS conprising at |eas wt % of saird disperston and a

sol i ds cHehisiesmaonchi ik, digrplaitrakis- rand higher functionabmaleinidessandi trsirsmidgesn,
sal d SOl LdydOTRRAS YNGR hotelld BisBIORAL LIRS HA a2 RrBE0 iRk cf | o
| ayered 1 norgani c species capable o el ng dispersed by sard reactiv

pr ecur sofboytraremseferred, Bismaleinidsresios aa thushodefined are prepared byrtbe ezavtion ment

of t [ hi [ Fd?ﬁ%}” -m-r'-s et % of
sai ddeai sggf’g'%ﬁrhé'r?g ..fr?r%ér%lreésiggm a ﬁysﬁrg{' rm'r ed'f %grf%?}(?% Ofél(%gr}péés ¥ the
di sper si 8ynthesis paytiedaunrg for examplelin HsS. RaigrdiNast 3038;2QC 801802908627, 780 5

w % of sagiztodbiod R &3y 38y ef erably, the solids conponent conprises at |east
0.1 % nore preferably at least 0.5 wt % of said dispersion. The fine

particles used in the present invention may be metal, including netal

al | oys aﬁﬁ?f?%%rdé'd Ofrerohfaming, RIEGHERHP iBKNeR glahaticcred, arynafis dianines;eThe
copper, &lighatit - 6aRIRE FRPYe strightNBrain) Braheited, t bl AYHE) HridXinflsy SoRdIPN
partjcles eg carbon bl ack, graphite, carbon nanotubes, carbon nanowhi skers,
f ul 1 '8t enBeteroaiomsc tGMRRS 9'gn§+°5; aliphati dirgyings #re: hexane digminponctanediaminea|

fillers gashnedriniinefodesdiedrRMiRG=Pa tihbthyMexarddidntireand gl ass; col ourants,
pi gnents, curing agents, catalysts and encapsul ant systens. Dependi ng on

the type,.of particl.e used, the properties of dispersions and/or final
pr oduct s T RRFTRatc FIpmInRS Jhev. At ManeRygeR orARHSER" Ach s cantain useh Yasc o

of such éystempasd i welks. Freferredaamintatict ARNGhECtareCile PRENANiANIAeSh eheRl
o c GBI s s B B Slah Lo Prefubiedimings i, ™
expaatsi onapHtalanediarhinespthef vaeidus Amivd-teaininagddy poliarleRar diigonssrs BbYreBBoridiig NY
?gfg;g eoo graér‘;iallggsl}e% t8 rthéa &%fauhfl{l-%g[x\-lﬁrﬁnﬂ Z,nV\S/he(rei(l%rea;[crhI g??rqudinglrvi u%ll? g a
mon- or poly-nuclear arylene radical, each X may individually be —O-, -S-, COy~, -SO,-, -O-
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polyalkylene or polyoxyarylene, and wherein n is an integer of from 1 to 10; and primary
25 aminoalkyl terminated di- and polysiloxanes. An example of which would be the Matrimid

range of Bismaleimides sold by Ciba Geigy and Homide range sold by Hos-technik.

Particularly useful are bismaleimide “eutectic” resin precursor mixtures containing several
bismaleimides. Such mixtures generally have melting points, which are considerably
lower than the individual bismaleimides. Examples of such mixtures may be found in U.S.

30 Patent Nos. 4,413,107 and 4,377,657. Several such eutectic mixtures are commercially
available and include the BT Resins as sold by Mitsubishi.

The polyurethane precursors are polyfunctional (ie at least di-functional) isocyanates and
polyols or other reactant species that contain two or more groups reactive with isocyanate
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25 Dispersions according to the invention may also contain a polymeric species. and/or a
reactive precursor of a polymeric species, especially the dispersion according to the first
embodiment of the invention. The polymeric species and/or a reactive precursor of a '
polymeric species may be soluble in the liquid organic medium or, \_thﬁié‘ ;teééﬁiye_
precursor of a polymeric species, may be liquid.

30 The polymeric species may be derived from thermosetting polymers, thermoplastic
polymers, elastomers and mixiures thereof that are soluble in the liquid organic medium.
The polymers may be selected from polyalkylenes, polyvinyl polymers, polyurethanes,
polyamides, polyethers, polyimides, polyesters, poly(meth)acrylates, bismaleimide resins,
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In the first embodiment of the invention wherein the dispersion comprises a solvent, the
polymeric species and/or a reactive precursor of a polymeric species functions as a binder
for the fine particles in films and other structures following removal of the solvent
therefrom.

25 Dispersions according to the invention are particularly useful for applications such as inks,
paints, forming films and coatings.

Dispersions according to the invention have particular utility. Such dispersions are of low
viscosity and may have their viscosity “tuned” to a particular application. For example """
simply increasing the fine particles/organoclay content will increase the viscosity of the

30 dispersions. Thus, low viscosity dispersions may be utilised in ink jet and spray coating
applications; medium viscosity dispersions may be utilised in dip coating applications and
higher viscosity dispersions may be utilised in calandering, screen printing and doctor

blade film formation applications.
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20 are carbon nanotubes.

A preferred structure in accordance with the third and fourth embodiments of the invention
consists essentially of said fine particles and said species.

In alternative forms of the third and fourth embodiments of the invention; ‘when the
polymeric species is present, it comprises less than 35 wit% of the structure and more
25 especially less than 25 wi% of the structure. Preferably, the polymeric species comprises
at least 1 wt% of the structure, more preferably at least 5 wt% of the structure and
especially at least 10 wt% of the structure. ' =

According to a fifth embodiment of the present invention, a structure comprises
electrically-conductive fine particles and an organically-modified layered inorganic species
30 and an organic polymeric component which comprises at least 50 wi% of the total weight
of the structure, wherein said structure has an electrical percolation threshold lower than
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D natceRtith HeRo(GEMY bf ERRoRIEICE) Mere> BLecRlif MeSsie. gj{g@&;eg'é?g dafidHf e d

I nor gani ¢ specl es/organi c ne sper5|o ractron. Thus,
as descrnapetibes. nore detail below, after mixing a fixed weight, suitably
2% of organically-nodified |ayered inorganic species with the liquid

or gani ¢ ABgjild a?ib?ecﬁ’été@"thé‘g hean)gaﬁféhtreanayaa[ﬁ rga.sgo[ne r@b@a@é ere rudfekdd ement

period, suitably 4 days ours the sett nmeasured. For
easdbof Q?Ea@tﬂge%ﬂ/?eme mwnilorh 9(9Lﬁ%d$%=r'9966@de'nbﬁf@@alﬁd&m00|taltbe Slispersienshei ght
of the sRiblditi téheiMMentoneasured and is expressed as a percentage of the
total height of the m xture.By using this sinple test, suitable |ow

Vi Scosi are media that intercalate and/or exfoliate

uid ani c nme

the or gztﬁhecﬁf c§pre,§)a %ardino It%al?r'élﬁentﬁﬂr'@%)h be adfii@e; Ehe filg may be,qoptiruqusate t he
resul t arr{avs %igdlf{i:dnt\/\mdtlf@ld entgm;Sgﬁe? tc?ﬁ%iteﬁ?r |6r |ﬁﬁ\%§/€tfe3d1§dbrﬂt|ﬁu&13 Eeeﬁésie |60%
nor e par i.cyl ar 0 0 ot al hei of the m xture n
parti cul"3gYH %ﬂé%@h E*@ataﬁ*g%ﬁ? l?é'ﬁ"‘sarlﬂ"mt th-\ndhe |36tgr fogm; theiim maype faid: osi t y
i qrod @ugsimikar 1@ dh lettrcalrdfeRctrdrfié circuit or form connections between components

for such circuits. Film thicknesses may be of the order of 1 to 40 um although-thicker-films-

may also be made. Such films may have electrical conductivities in the range 107 to 100

S cm™; more especially, the films may have a conductivity of at least 1 S cm™, more

preferably at least 10 S cm™ and particularly at least 50 S cm™.

25  Structures according to the invention are preferably abrasion resistant. — f-f—: ;; — -

When the structure according to the invention comprises conductive fine" particles; - -
preferably the weight ratio of fine particles to organically-ﬁmpd‘iﬁ,e'd_n»Ifgyfe're;di"i“r?)g‘rfga*nic} ,
species is in the range 99:1 to 10:90. Preferably, the ratio is not‘ more then 961 0, rhorei
preferably not more than 80:20 and more particularly is not more than 70:10. Preferably,

30 at the other end of the range, the ratio is at least 10:20 and, more preferably, is at least
20:80 and more especially is 30:70. Thus, preferred ranges for the weight ratio of fine
particles to organically-modified layered inorganic species are 90:10 to 10:90, more



I ntercal ate and/or exfoliate the organically-nodified |ayered inorganic
species to the extent that the resultant settled volune is at |east 75%
nore prefwoableosrsvat | east 80% nore particularly is arPCTiGEses/@0wand i s
especially 100% of the total height of the m xture. Wth regard to the
first enbodi nent, the organic solvent mgy be selected froma w de range of
or gani ¢ gsbfeeatiy 7613010 26:88| mpRApdrfculdryc 703016 30570! iACpaMidumdiRidréferr@Bdange
aromatic 'hﬁa{é&ar @%ﬁ i ncl udi ng substituted hydrocarbons, for exanple

hal ogen- dRB8E B89 %y dr ocar bons, al cohol's, ethers, including cyclic,

aromatic and aromatic-aliphatic ethers, aliphatic, cyclic aliphatic,

alr prrﬁt ![ c Sirudhﬂ'eeramc?mirigcto;:mehwgdtdionmmol bedeee( mnmn@?ﬂsulppdarltﬁdl tscl:nl iﬁ?ﬁﬂﬁﬁfé :

al i phatic romgti ¢ ester al koxyesters (particul.ar .0

21 koxyesiuPaiatso The. Rytae Reffimdy b8 HarRlBlb BRarongioheny sd ety

t heI og_gara'ubsh;atles emad;i of pobimers,dubth o:glan'm.léndhabﬁgﬁniaﬁdo@anirf&géteriély dhldfmétblenS,

i ncl udi ng-ha I ons, ethers. inc i ng. cycli.c
aronmat i cgraﬂr%d I'sgg%[rgetgi g&%ﬂﬂbﬁ;{? %ge'ﬁﬁ%{tgn Q?Vp%eaﬁ?rgiegr °HetH8r%@§?8¥? Ofdhehes,

al i phat i ctractires onenay bedstegrat thenelvith, ithoe flispérsions (@peortiing ub dhid nvéitidnchaving

al koxyest,ers) ! f | cularl eferre rgani c_sol vents
For use. 1o ustCtoriele SUBLBRer shOHbisR) Iior B HBbFE f Rrge sFesie

i so- hexanihe struntyres|accerdinghtexthe énvemtiom yaycforigiasixafng multilayered: strugtues) dor
chl ogQf or . . t , | -.2-pyrrolidone .

ot r dhycr pPieh WinaliFechbicnfl 8ol B0V R TH P it ined FRdneuiating

2- et hoxyerhgdnduetivet ancinich thiexlatiereinstanee,cofay ¢antaineorf aonsisd of difier ¢ondsittive
enbodi e atQFiaI he invention, it is preferred that, when the

organi cal l'y-nodi fied | ayered inorgani c species is an organocl ay that

contains an aryl _grogg, the solvent also contains an aryl group. Wth
regard t dhehiaveeiiamwile now dierdescribed thyewayvafnitlistration realy withii reéfererst tov the

precur soqmwiﬂge E%MEFE amyhé)a&()g@rggﬁ;rggrgl“ﬁﬁé’%(régwﬂigﬁ:ri c and/or oligoneric

precursors reactive precur appropriate initiators,
catal ysts etc or, alternatively, such conponents may be added at a | ater
st agdd TiFdOYredcisia/Bhqipgraph oba set elodals wentajging sameles phdispersione asdeggibed
conponent; ER@wpleer:pol ymeri sabl e using heat or radiation or the reactive
precursors may be polynerisable on the addition of the appropriate trigger
conponent_ The reactive precursor is preferably a thernpsetting resin and
may be sd&lIBER LS ArshPE H’l@t‘?ﬁ’&rﬁ of GAdoaNangtube f'ﬁ'ﬂs apdeseriped jnExample 2; and

addi ti on-pol ynerisation resin, especially a bisnaleimde resin, a

f or mal delFiglees 8rmansare®hbRYrdphs af BABOR hafotlBs fikhsdideschbed iRE@MmpieVa; or nore
thereof; and, nore especially, is preferably an epoxy resin derived from _

Lgﬁpgﬁﬂg sF?qr%% g: ig @%ﬁ@ﬁ& lelegt?'crwlm r\ﬁ%réall'gpr?];f g#eeoﬂfle ﬂl‘%\rsede%]::ritgerhein%rx%lrjr%leog;
20 Figure 6 is a photograph of a probe having a film dip-coated on one end as described in

Example 6;

Figure 7 is micrographs of Samples Epoxy-1 to Epoxy-4 as identified in Example 8, the
micrographs each showing the sample in non-polarised (left hand side) and polarised light
(right hand side);

25 Figure 8 is micrographs of Samples Epoxy-5 to Epoxy-7 as identified in E;tafn:pléf.éif"the Co
micrographs each showing the sample in non-polarised (left hand side) and polarised light
(right hand side);

Figure 9 is micrographs of Sample Epoxy-7 as identified in Example 8, the micrographs
each showing the sample in non-polarised (left hand side) and polarised light (right hand
30 side); ‘



aromatic diam nes, aromatic nonoprimary am nes, am nophenols, polyhydric
phenol s, pol yhydric al cohols, polycarboxylic acids and the |like, or a

m xt ure twenewfo37m9ocyanate ester resin, or a phenolic re@esTGB2BEIsaOpd7es of
addi tion-polynerisation resin are acrylics, vinyls, bismaleinmdes, and
unsat urated pol yesters. Exanples of formgl dehyde condensate resins are
urea, nel Biguree1@isimidrogrphs oASampldi Exppxy<d as &ehtified infExahmples 8. Cctha thiersgraphaent

Choxy byl huod M SRR o RRRBMABREC 1 S0 Yo 2P LF il o S

ambi ent tenperature; for exanple as disclosed in EP-A-0311349, EP-A-
0365168, Epum Bl B10icsTgraphs off $anmulF EpBLY:/0 &8 (0dentifed fnefxenple 8hibe nearographs
precur sorJ E@f 00 > i.tabl e epoxy resin precursors nmay
be sel ect%%f%f%rﬁﬁ# . ﬁbltglerféﬁg%%%c?ﬂ@mam no di phenyl net hane (eg "MW
9663", "My 720" or "My721" sold by G ba CGeigy) viscosity 10 - 20 Pa s at
500C; 5( wirigurg 12 i§ misrgraphsseio3armple Fopxy-th asfidentified indrxanple 8ctbe griegraphs

hi gher usgadHesARAiRg HePSample in non-polarised light: .

N.N. N N -tetragl yci dyl - bi s*-am nophenyO-I A- di i so- propyl benzene (eg Epon
1071 sol d_by Shell Chem cal Co.) viscosity 18 - 22 Poise at 1100C

NN NN _Iflg%jgedb?r ngraphs of Sample Epoxy-12 as identified in Example 8, the micrographs

bi s(4- ammmmmewﬁam&@ﬁg&nfgﬁpropyI benzene, (eg Epon 1072 sold
by Shell Chem cal Co.) viscosity 30 - Poi se at 1100C, triglycidyl ethers
of p-am ngphengl .(eqg. "My 0510" sold b i ba Gei , viscosity 0.55 - 0.85
Pa s at 2'%'8@56 gf‘éfgéﬁ%ﬁfﬁmﬁ of E‘HSQ%H'Vgg)%gaZDp'%%{O yde.ang, 14 @& Jdentified;ig
cons{0t ut Efaraple!|ss #sé miGograbhs bschaiominCasRa in iepgsdlaridedligiti dyl et hers of
bi sphenol A based materials such as 2,2-bis(4,4" - dihydroxy p'henyl) pr opane
(eg "DER 661" | d by Dow  or "Epikate 828" .sold by Shell),. and Novo] a
resins pr'ggﬁ'igaﬁﬁf %p%o@pgﬂggsqflafego#_(vga cpataining saz'g@’és 8?@5‘?%9’9"%?%9?%”@?5
phenol Nomd&xaknpled0ns (eg "DEN 431" o r "DEN 438" sold by Dow), varieties
in the |ow viscosity class of which are preferred in nmaking conpositions

G gryel ayrones; AT B B Riaditbi s e sanpie kMR R ek o 5 " og v

306" sold by G ba Geigy) which is in the low viscosity class. O her epoxy
resi n pr edgurect&arericiegraplycdiSanipisidestifieddn Example, 18; argpoxycycl ohexyl - 3, 4-
epoxycycl ohexane carboxylate (eg "CY 179" sold by G ba CGeigy) and those in

the {Bakehhie'1 i i :at | ' i S
that ‘Rave PaPal] BPEnbaidbhidfa s2! ot s cNBRIY AbIEP BT deddibl B¢ BCstRES
appr opr i do&Ex@mpleeids, such as oxetenes, that |ower the viscosities of the
system but are incorporated into the resin matrix on curing. Suitable

cyanate eSidhple€sSin precursors may be sel ected fromone or nore conmpounds
of

In the Examples below, the following particulate materials were used:

Carbon Nanotubes

20  The carbon nanotubes used in the Examples were as detailed in Table 1. The MWNT
were all obtained by chemical vapour deposition process route (CVD). The SWNT were
obtained by a catalytic route.

Carbon Black TR

The carbon black used in the Examples was obtained from Degussa and has a mean
25  particle size of around 20 nm.



t he general

formul a NCOAr (ZyAr x) nOCN and o

esters and conbi nati ons t hereof wherein Ar
substi t utwo 20060032940 c and conbi nati ons t hereof and ther epPlhEtcB2e05/00867heus

i nked in the ortho,

| i gonmers and/ or pol ycyanate

is a single or fused aromatic or

nmeta and/or para position and y = 0 up to 2 and x

and

n =0to 5 independently. The Zis a li@Ring unit selected fromthe group
consi st i fyllerenesxygen, car bonyl, sul phur, s

aromatic linked in ortho,

AN o2 2he MkrROILeoRSOABARNCT B BBSSor B Blbiindtlifulelit B3HS

and/ or substitute
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ul phur oxi des, chem cal bond,

erern sal
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hydr ocar [idigrenss (S 78)eusadig Example 8 wamqbtq:mgd fromidddrichrahddvadsa artice size dfo 20
carbon atgmg,for each Rl and/or R2and P(R3 R4 R 4 R5) wherein R3 is alkyl,
aryl, al koxy or hydroxy, R 4 may be equal

or chem cal
R4 R2 R

R5 is defined simlar to R3 above.

bond and R5 is doubly |inked oxygen or chem cal

to R4 and a singly |inked oxygen
bond or Si(R3
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a filmandthen polynerised, for exanple by heating or incident
radi at i P TR’ veI y, the dispersion,
consi stlrrg-u'?}—'ﬁrregﬁ%?cryl ates, with or wt

The indium tin oxide used in Example 7 was generated by the Applicant using a cryogenic
process to produce the ITO particles. The ITO particles had a particle size of around 30
10 nm but they tend to agglomerate and produce agglomerates of around a few microns in

Polyaniline

according to the invention,
hout ot her

The conductive polyaniline PANI used=in=Example 14 was :ebta_i'hjéd’ from ™ Aldrich

(emeraldine salt, av MW >15000. infusible powder having a particle size range 3-100 pm.

15 Gold and Silver

The gold and silver particles and flakes used in Example 15 were obtained from Aldrich.

The gold particles had a particle size in the range 1.5 to 3.0 um; the silver powder had a



reactive species but including initiators, may be enul sion or suspension
pol yneri sed and the resultant polyner beads and/or particles injection

noul ded owofesemsd4onto fil nms. Suitabl e bisnal ei m de resPOT@B200V®G78 ar e
heat - cur abl e precursors containing the maleinm do group as the reactive
functionality. The term bi smal ei m de as2tised herein includes nono-, bis-,
tris-, teartele size insthe ranggh2r td BuSatrpihel silver fdkeriadies panidlet $ige of w1 fuah; @fd as
wel I, unl.ess_ot herw se noted. Bisnal ei.m de ins, W, n, average

funct i ondi9 P?"oéfzea%‘lb'ﬁﬁ h?‘?sr Ragicls aiFe of gbgi‘gjli@s Bﬁ"‘n’i"\é{’léE E‘é’@?ﬂ& égsﬁﬂ\%ﬁt? to
defined abeutpre@mimd by the reaction of maleic anhydride or an aromatic or
aliphatic di- or polyarnine. Exanples of the synthesis may be found for
exanple in, U S Patent, Nos. 018, 290, 3.018,292,. 627,080, 3,770,691 and
5. 35, 34T B Shanies oY R erR e 4 bR o eealyrioien yiad g
aronmebi c species.nes. The aliphatic diam nes may be straight chain, branched,
or cyclic, and may contai n heteroatons. Exanples of such aliphatic diam nes
are hexa@ayisam ne, octanedi am ne, decanedi am ne, dodecanedi am ne, and

tri met hyl hexanedi am ne. The aromatic di am nes may be nononucl ear or

pol ynucl t.al AN e a f ar tic
G ain nos Cxganiifle Rafipd Abundahiet | ey BbCHEm" Selifeln g Giobfidas ™
met hy| ené@oraalese $exgsaUSA)ummarketed under thettradesraski Cloisitel@nand theie modifications,

napht al a kR ' i QUS L NG5 ] [ '

Cor caponTarar cBftentralign, (L Bh L2Rp S nd Bl R R e A088R I .,
A r tay TabievZ.dlrer icpmperisonmmvrpesespal lyydreghilicanorampidified sodliline algntmarifonite may
i ndi vi dug|,d: (T3 -5 : - | gyl - (10
hal ogenatg léédbégfékg/r?'q %%u@%] %Pg rprg%ﬁe}lnecg%&d glr%l@%%8£e3w%%%y§¥k@?%%a%r

pol yoxyafjaigite® was@lsthuses. n The slaya wereggeeived asrafing powdeo withrah pvénagey

am noal kyl st.ersg nat di VASY ] ' | d_be
he. ot r Pecte e im, The B8 riteat nOlfg eyt oY S K514 VB

sol d by fo2-dayslimmediataly piisutcausey usef ul are bi smal ei mi de "eutectic" resin
precursor m xtures containing several bismaleimdes. Such m xtures

genesal | ' ' ' ' b I e

7l 1 ) OREEorTRerbacit RirBlphontét o Bl BRITTLA 20R, 2ka 1BiRi0p, RN, o
Patent Nos. 4,413,107 and 4, 377,657. Several such eutectic m xtures are
commer ci 4BPI8 Z3vaj | abl e and i nclude the BT Resins as sold by M tsubishi. The
pol yur et hane precursors are polyfunctional (ie at |east di-functional)

| socyanat[es and polyols or O ner 1reacltant Speci ep thar._contal m [fWo gr_|mor e
groups reactive W t hS&dcyanat Qegamigakylameanisty anat eModifiet i ve pr éotir sjor
may be alliphatic degignalion nhati cs  ar®Antic or phl yeaneentrationhe ol yol s
and/or otlhggyreattive specigs, which include polyeghed1BPg ¥Ry PNhm)
NaMMT | Cloisite® Na+ - 92.6° 117
(0.97)
10A Cloisite® 10A Dimethyl benzyl T 125 1.92
ammonium (1.85)
15A Cloisite® 15A Dimethyl di(HT) 125 3.15
R S M e ‘ammonium (3.10)
e -1 20A. . | Cloisite® 20A-| .. Dimethyl di(HT) 95 24
ammonium
25A Cloisite® 25A | Dimethyl 2-ethylhexyl HT 95 1.86
o : _______ammonium
- ._=7= | 30B~"| Cloisite® 30B| Bis(2-hydroxyethyhmethyF- 90 1.85
T - T-ammonium " (1.74)

a Commercial designations provided by Southern Clay Products, Inc.

b T = tfallow, HT = hydrogenated tallow. Tallow is a natural product composed

predominantly of unsaturated Cqg (65 %), Cis (30 %), and Cy, (5 %) alkyl chains.

20 The term HT denotes the tallow-based alkyl chains in which majority of the
double bonds have been hydrogenated.



pol yethers, are able to react with the isocyanate precursor, in the
presence of suitable catalysts, to form pol yurethanes. As described

previ ouslwQ 2décapBegssi ons according to the invention prefecaldBroescoseann not
nore than 20 wt % sol i ds conponent, nore preferably not nore than 15 wt %
solids conmponent and nore especially ngp nore than 10 wt % sol i ds conponent.
I n preferred Ty namauntt b€ millieqouivalents tofe MmeRLA it G@BHADBr MO0 NPréF t han
5 wt % sol i ds montwrifdtite duringethatdationiclsxchiange rehctibnewith ahé phibtines 86diuf. 1
wt % nore prahertalriorde. | east 0.5 w % of solids conponent. Typically, the
di sper si ons cay Gisa %ﬂﬁ%&j&%ﬁ&tf@ &%{}é&eﬁ‘sggrma Feflebtibh PEIOG 4f 2L T ©
of Tigie par tidhifiled KR! Cfile YrallR! il SParemitei é}gggﬁfyirﬁeds R EXRD"

di spersi ons  afeabrients taiddchy!thy ABbligt W T1 vary cepending upon the =
applicatiagn . e di sper.sions.are infended. e weig ratio o
fine part il e@ét*o‘ﬁ@gﬁ%eccggﬁéﬂnggﬁ P%W%T@Pé‘&oqq'ﬁﬂ'iﬁani C species in such

di spersions may be in the range 99:1 to 1:99. Mre preferably the ratio is
not nore than 90: 10, nore especially is not nore than 80:20 and nay be

50: 50 or sbpeats Conversely, the ratio is preferably not | ess than 10:90, and
nore especially is not |less than 20:80. The di spersions according to the

i nvent i on, may, cont ai n, other conponents dependi ng upon the application, For
exartl o THE Ve84, 8 ThRle B0 FRamRI. . WWeRE ol st Rehpicabo@l or Hon-Blrity

ant i oxi dgrdde, afd werr sed@sasteivedser s, reinforcing materials, tougheners and
simlar additives as are well known in the art. When fornul ations are

adj ust ed ' e such ot her conponents, the solids conponent |imts as
descri beméiéa@pl y to all of the solids added. Dispersions according to
the invention may al so contain a polyneric species and/or a reactive

pr ecur soil hefepaxy cdsimused irs pxainple, 8 egsex idiglygidylhethdi sp bisphemol 2& @vaittiblegas o
the firs G f. ' | ri |

react | verhoRe P28 XRes i fertdhhEfibe Phaubi) B KSRy BN IBENTY oy

or gatfi ¢ H8Qiauspasific gnanity of 1rkBag il et R5 &G.uandia robleaulppiveight ptalsqpu G7@g, maky be

iauid. Th : ) Ced . |
ther nopl Jat T i adert REEA 37 WERYa REmERISR EIZBACYERE) PRt R S |
t he |i qubiyma-fldricle Cor @ittingham, arseto Upitest Kingdpni)e sel ect ed from

pol yal kyl enes, pol yvinyl polyners, polyurethanes, polyamn des, polyethers,

pol yi m d%%%%% pol y(net h)acryl ates, bisnal ei m de resins, cyanate
ester resrns, - mal dehyde resins and pol yoxazolines, In sone
applications, polynmers useful in this enbodi ment of the invention may be
sel ect edThe dngthacrylate monomers listed in Table 9, Example 10, were all purchased from

20  Sigma-Aldrich Co. (Gillingham, Dorset, United Kingdom). The thermal curing initiator
used was 1,1-di(tertbutylperoxy)-3,3,5-trimethyl cyclohexane (Trigonox 29-B90®, 90 %
solution in dibutyl phthalate) and was obtained from Akzo Nobel Polymer Chemicals BV.

Preparation of clay or fine particle and liquid organic medium dispersions

Samples of solvent-, epoxy-, and methacrylate-based clay or fine particle dispersions

25 were made by adding a predetermined amount of clay or fine particles to a measured
quantity of the liquid organic medium, which was hand-mixed for 1 min to crudely
distribute the clay or fine particles through the liquid. The sample was then mixed for 2 x
5 min with a dual asymmetric centrifugal mixer (FlackTek SpeedMixer™ DAC 150 FVZ,
Hauschild Engineering, Germany) operating at 3000 rpm using 20 wt% of ceramic beads

30 (ytrria-stabilized zirconia beads (diameter: 2 mm) sold under the trade name Zirmil
available from Saint-Gobain ZirPro (Zirconiurn Products), a department of Saint-Gobain
Grains and Powders Division). The total weight of each sample was 20g (excluding the
ceramic beads).



| east one of the group consisting of thernoplastic acrylic, vinyl,

ur et hane, al kyd, pol yester, hydrocarbon, fluoroelastoner and cell uosic
resins; awo,20adBrawsetting acrylic, polyester, epoxy, uPeriaBre)s/m@mpcioal kyd
resins. The polyneric species may be nmade by m xing a dispersion of fine
particles and organically nodified | aygged i norganic species in a solvent
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(pol yur elnr?a?ﬁe neg With theangibrg deserihedaboyedhe dhermal q:yuwaaentumeaddﬁa With ne
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sol vent therefrom Dispersions according he I nvention are parti cuI arI y

useful f6e sgiginatueichie epexy eringnagent 63?41%%) 28 cernpared| tagtha methaaiialys .
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di sper si on§ hus, |ow viscosity dispersions may be utilised in ink jet and
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dip coating applications and hi gher viscosity dispersions may be utilised
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20 accordance with the method described above, 1 wt% of the thermal curing initiator was

added, followed by an additional mixing for 2 min at 3000 rpm using the centrifugal mixer.
All mixtures continued to exhibit low viscosity and remained highly fluid. The samples
were poured into stainless steel pans for curing. Thermal curing of the mixtures was
conducted in three consecutive steps: 0.5 h at 120°C, 0.5 h at 140°C, and 1 h at 150°C.

25 Measurement of Electrical Conductivity of Samples

1. Four probe conductivity measurements for films made from the samples with a
conductivity down to 10° S cm™:

The samples were sanded and polished and four elecirodes comprising silver conductive
paste were applied. The electrical conductivity of the samples was measured by a four-

30 probe conductivity measurement using a Keithley Instruments 610C solid-state
electrometer connected to a Jandel universal probe.



pol ymeri c conponent which, when present, conprises |ess than 50 wt % of the
conbi ned total weight of the particles and the species. Al so, according to
a fourth wobhoaiosesad of the present invention structure ecE@B28I30Y3670NE
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| ayered i norgani c species and, optional2dy, an organic pol yneric conponent
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structures aceargd 6fa0t’ao b Samenti on, the fine particles are carbon
particles, particularly carbon particles selected from carbon nanot ubes or

car bon blThelsamiplespwercesanddd ad plisHedt iR twWol sl6ctisdds fcembﬁé]ngrgwija@rgmﬁtigé the
erre Structure

invention, the fine.particles. are carbgn nanotubes. A pre
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consii@t s peobee rdonduttivitpf meabdrefiene psing | al eRithiey FRIrMBARCI @BC | Bolid-state
alternati gﬁrgfé\? of the third and fourth enbodi nents of the invention,
when thee%g}ry I'c species is present, it conprises |less than 35 wt % of the
structure and nore especially less than 25 wt % of the structure.

Pr ef er abThe sttiaceresigtivtyi of trepsamples wasipalcslateddtonh thedondustivity.of t he

structure, nore preferably at least 5 w% of the structure and_ especially
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pr esent W%%Mﬁes el ectrically-conductive fine
particles and an organically-nodified | ayered inorganic species and an
organi ¢ pdhesive taped @Sonisran thickeesscurrgreaterapas haiag ovasiditolaahie vé desiotdl
wei gfe  Ofnidipessds HS T LS S L
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the tape defining the channel. The transmission was immediately recorded at 550 nm
20 using a Varian Cary 1C UV-visible spectrophotometer and an Integrating Sphere (DRA-
CA-301) from Labsphere.

Example 1

Samples of clay/solvent were made up by the method described above. The solvents
used are listed in Table 3 below. The samples contained 0.4 g of clay, ie 2 wt%, and 19.6
25 g of solvent. Following removal of the ceramic beads from the samples, an amount of
each sample was put into a glass vial (the amount was sufficient to occupy about 80% to
90% of the volume of the vial). The vials containing the samples were permitted to stand
undisturbed for 4 days (96 hours) following which the height of the sample in the vial was
measured together with the height of any obvious sediment in the vial. Where there was
30 no obvious settlement of the clay, the height of the sediment was taken to be equal fo the
height of the sample. The height of the settled volume, ie the sediment, was then



W% and nore especially not less than 90 wt % of the structure. Mre
especially, the polyneric conponent conprises not |ess than 95 w % of the
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particles to organically-nodified |ayered inorganic spécies Is in the range
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mat e20 al visedwity Ot dispersion marginally in most instances compared to the solvent alone, the
dispersions all had a low viscosity and were highly fiuid. Only the dispersions of the 10A
organoclay and toluene, chloroform and o-xylene solvents showed any significant degree
of gelling but even those organoclay/solvent dispersions were still pourable. The addition
of carbon nanotubes to such dispersions made no appreciable difference to the viscosities

25 of the dispersions.

This is in contrast to the highly viscous gel network obtained by J A Johnson et al as

described in the article referred to above. As described in the article, the dispersed

carbon nanotubes, clay and solvent formed viscous gel networks that had to be broken

down by the addition of a suitable dispersant/ surfactant, to convert it into a low viscosity
30 fluid.
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Figure 14 is mcrographs of cured filns of Sanples Epoxy-10 and 12 as
identified in Exanple 8, the m crographs each showing the sanple in

non- pol arweedodasghw; Figure 15 is a photograph of a set poffi/GB2aés2008670t ai ni ng
sanpl es of dispersions as described in Exanple 10; Figures 16 and 17 are

m crographs of the Sanples identified 2n Exanple 12; Figure 18 are

m cr ogr ajgxamete Banpl es identified in Exanple 13; and Figure 19 is a

phot ograph of a set of vials containing sanples of dispersions as described
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particles had a particle size they ten omerate
and prod@eSanRS Ko Hiikslear that mwrﬁ@f\ﬁﬁm@b@dﬁenﬁo §he1élsh rb@s\a@ra &chenThe

condygt i g Meﬁ?&ﬁch'dﬁh@%d Hﬁ?éf thbrb%rt%f@ﬁa}l \Mf?e@ st gt i%gcflut(er flir i ch

(eneral dine salt, MV > . infusib havi ng SI ze
range 3- thad Seir '@)PEQ%‘HQQSPTQF@P")W@bgﬁ)ﬁ'ln'&ﬁ%m ‘mud cragiting? |'@IS@Q"3M@I cfackes
used in fepEpbearlih MG Wh@ﬁtltadri&%tftré%mo% qiwefshof sHPﬁ‘pIQ?H fheoasﬁésc' 881-afqa

particle_size in the range 1.5 to mm the silver powd aparticle

size in BALS Fﬁﬂ‘ﬁe"@'ﬁ@"@'@prﬁﬁ?m?’l‘fé °§P'I valr1 apdkia FPﬁi'EFLE?rp§Pl‘2(§téh% Radevs <10

mm and and Sol-3 at both the 1g and the 2g levels show coherent films of carbon nanotubes.

15 Example 3

Samples of dispersions were made up in toluene as shown in Table 4. The total weight of
carbon nanotubes and/or organoclay in each sample was 1 wi%, the balance being
toluene. For example, the 50:50 sample had 0.5 wt% carbon nanotubes and 0.5 wt%
organoclay and 99 wt% toluene. Aliquots of the samples were placed on a PET film (ex-
20  Du Pont Teijin, Melinex 506, 210x297mm, 175 pm thick) and spread to form a film using a
1 mil (25 ym) drawbar to form a thin layer of dispersion. The toluene was evaporated off
in a fume cupboard overnight under ambient conditions. The conductivity of the resuitant
carbon nanotube/organoclay films was measured and the results are shown in Table 4.

Photographs of Films 1, 2 and 4 are shown in Figures 3 and 4. As shown in Figure 4,'the

25 films had been subjected to scratching with tweezers. As can be seen from Films 2 and 4,
the organoclay, in addition to enabling better, and thinner film formation, imparts a
significant level of scratch resistance to the film. It was also observed the films containing
the organoclay were substantially homogeneous and significantly less powdery.

Film 4 was broken and the edge of it was examined under a scanning electron

30 microscope. The SEM micrograph (see Figure 5) showed the carbon nanotubes
appeared to have some degree of orientation within the film, the nanotubes being oriented
between layers of clay platelets.



t he nanosi ze silver had a particle size of about 100 nmbut it tended to
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D

Table 5
Film Materials Conductlwty Surface Thickness
CNT-A/10A (S cm™) Resistivity (um)
(/)
2 90/10 100 14.0 7
2A 90/10 74 9.7 14
4 50/50 11 457 2
4A 50/50 17 103 6
10
Example 5
Example 3 was repeated for the ratios shown in Table 6 but using carbon nanotubes
CNT-C, CNT-D and carbon black (“CB”) (ex-Degussa). The conductivity of the resultant
carbon nanotube/organoclay films was measured and the results are shown in Table 6.
15 Table 6
Film Ratio Materials Conductlwty Surface Thickness
(8 em™) Resistivity (pum)
(/)
8 100/0 CNT-B 120 9 12
9 100/0 CNT-D 75 15 9
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Example 8

Sample Wt % ITO | Wi% 10A
ITO-1 0.2
ITO-2 2.0
ITO-3 0.2 1.8
ITO-4 1.0 1.0
ITO-5 1.8 0.2

Samples of epoxy precursor dispersions were made up by the method described above

and as detailed in Table 7.

In all instances, the viscosity of the epoxy precursor was

sufficiently high to prevent visible sedimentation of the clays and/or the CNT in the

di

20

spersions.

A few drops of each sample was trapped between glass microscope slides and examined

under a Nikon Optiphot-Pol optical microscope under both normal and cross-polarised



initiator (~1 w% (see below). However, despite the high initial viscosity
of the epoxy precursor, all mxtures remained highly fluid and were poured
i nto staiwbess/steel pans for curing. Thermal curing of PCH&BIIONMWBES Was
conducted isothermally in an oven at 180 C for2 h. Preparation of

met hacryl at e- based car bon nanot ubes/ or aggocl av fil ms Fol | owi ng renoval of

t he cer arlight-beBissdmples swerplexamiied as hvdyarat afteti piods iop el NSGHE @aApREe

with the h ' 1 %.0f the thermal curjing initiator was
added, fo %vé'g° %@ﬁeédﬁéiﬁ%ﬁc?ﬁ%ﬁ§P°Yﬁ-¥'i°n<g°$@f)“§° ‘H“%P* G JBICFISAORYSTER E% e
cent ri f ughbwm indtiguras|7 toitdt ures continued to exhibit |ow viscosity and
remai ned highly fluid. The sanples were poured into stainless steel pans

consout | TSRS RO Ehd 4, B LA, 75 e aiart Joveie b igipeiaton

Meas ub e mexfoltgtion| eftheialays. CAadaotbessegn by tigawvipibies cidy skauks/aggegetes and the

conduct | 1Sy TR EG D h the bicrodBOR ke i adBRnaRnt Shibe PPNl and

four el ede thaadimasifiad claygremained sabstantially crystailine candene sigpificamtdnteTdatation

electric C | Vi h S L ob
conducti lela '? yerer%tggéudr' erlr%%? R‘{Sasglthg"ezgﬁk’ﬁﬁ I %ﬁ?’r 5&@&'2%8%@3’%&"1? Eetvgltseof
el ect r onditercalatinnéexfeliation. thejorderof ihaidegresadf ipteotatation/exiutiatiorobeing Epoxy-3

condygti W E S W TERYFR IS il : : iy

conducti vi ,thy‘°i5£§ t he raggzcse Eﬁé i‘gé%g{%ggquﬁgﬁééﬂg:# ?&@%@%ﬁ&%salg%%e‘g(gﬂded
and pol i 3889 Xrfay difsactiodet r odes conprising silver conductive paste were
applied. The electrical conductivity of the sanples was neasured by a

t wopr obe ¢ Gt plek \Egoky B &S BpEXES! wHith ¥8n@inddl ddrbsh ﬁmnﬁﬁ&&, thgsa?ﬁhtt}éﬂ%t g -
T anples wth a

3. Two probe conductivity neasurenents for cured s

conduct i PPE§TYed with thegashon, nangtybes being disgersed throughorit thessamples (seerfigwended
and poli ghed and two el ectrodes conprising silver conductive paste were
applied. The electrical conductivity of the sanples was neasured by a

t wopr pbe CEIndECtiVi ty measurenent using a Keithley Instrunments 610C

sol i d¥st ectroneter. The surface resistivity of the sanples was
calculated fromthe conductivity. Measurenent of Transparency of Sanples

Adhesi ve t afeSaimplbNei Cl OICIRyToHE1€SSW% ORI €7 GNPPgse PEIWBAoFenTal d to
achi eve desijred thicknesses as required) was applied to ¢acn rong slde of
standard gl SEpsxy={f 0SCOPE NaMMT 5 - -

Epoxy-2 10A 5 - —

Epoxy-3 15A 5 - -

Epoxy-4 30B 5 - —

Epoxy-5 NaMMT 5 CNT-A 0.1

Epoxy-6 10A 5 CNT-A 0.1

Epoxy-7 15A 5 CNT-A 0.1

Epoxy-8 30B 5 CNT-A 0.1

Epoxy-9 — - CNT-A 0.1

Epoxy-10 — - CNT-A 1.0

Epoxy-11 NaMMT 0.1 CNT-A 1.0

Epoxy-12 10A 0.1 CNT-A 1.0

Epoxy-13 16A 0.1 CNT-A 1.0

Epoxy-14 10A 0.1 CNT-D 0.5

Epoxy-15 — - CNT-B 0.5

Epoxy-16 10A 0.1 CNT-B 0.5

Epoxy-17 10A 0.1 CNT-C 0.5

The Samples Epoxy-6 and Epoxy-7 were allowed to stand for 60 min and were re-
examined. Both Samples Epoxy-6 and Epoxy-7 (see Figure 9) remained well dispersed
and showed no sign of re-aggregation of the carbon nanotubes even though, in the case



slides to define a channel therebetween on each slide. The uncured sanple
under test was dragged into the channel between the tapes using another

gl ass m cwoeoaps7sdi de, thereby producing a filmof 25 mceraB8osdoderkness or
greater depending on the thiickness of the tape defining the channel. The
transm ssion was i nmedi ately recorded a3y 550 nmusing a Varian Gary 1C
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the vl urEnartrite O R oluset e 8Py’ BT 8BSk 5° HebRedPla o
st and undompanmérttiéarty ré-afgyegat® 6vérdime) f ol | owi ng whi ch the hei ght of the
sanple in trie vial was neasured together with the hei ght of any obvious

fﬁgi Lt.n; thill pae?ﬁedré&ate\‘}'}ﬁ{a ‘Fe\;eﬁeé’re?(geﬁﬁ\ 8 &%@%ﬁ af@?%l%;ﬁ@ﬁ% rﬁ%t ] pﬁ’éfdn%y'
sanpl e. fmemamy dipplicstionh dhateteguisel owodmtty;ty it bermesmmamdrgoodvmlcal visibility,

t henexpr gssed zp&@'agwpg‘?g@%ﬁm%& the total height of the sanple. The

results are s | east sone of the vials were re-neasured
after 60 days and those results are.given in brackets in Table 3. A snall

al i quot bioweweh forinierealates/erfeliater orgaspclaysitie Applisanbhes foupd thasivenasmall
mcr co (& i ng
Cr o5 o) Bftouhtss of 8 uhBiey LA sipffiBsnyPaffi Bt hanéubeciac: 95"‘%”“9““%
ntor cal SemalearERONy-12 fase Riouee 8heinswhigh ethe rganasiaydior the Ga1bop Inevelu aﬁd

j ust bel guightrEfidlid 9 840, Hd péﬂé@?tlﬂ?@bé‘lébewgatléh 6f Me”e4thort ndMothBEP IsLto"es @

conveni ent am)unt to use as, he clay was highly intercal ated and/ or

exf ol i at 86en ever thedime psted-| 1 eentrast whes smali araeunts ehynmeditigd elay peer 4sash i n
the vial Sahﬁl&EPSx@-11Q§bé Figtte £2), }éJaggd?Qéeiﬁfé;ﬁtof tHePEarSERhartubils ‘Gec@ted! ay

there was 1 nsufficient clay present the sanpl e vol une and they
devel oped a visually cl ear tgzsnrtlon of sol vent above the sedinent in the

vi al Thot Beagerasfiatettihe cartap Rarotyhesacsursp dhe.absancs ohrAY Sver MNENICHIRG, | e
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Samples Epoxy-10 and Epoxy-12 as previously described. Reference to Figure 14 clearly
shows that re-aggregation of the carbon nanotubes has occurred in Sample Epoxy-10

20 during curing, whereas the carbon nanotubes remained dispersed in the cured sample of
Sample Epoxy-12. The cured films were of the order of 100-200 um thick.

Sample Epoxy-13 performed similarly to Sample Epoxy-12.

Samples Epoxy-14 and Epoxy-17 in both dispersions and cured forms showed re-
aggregation of the carbon nanotubes over the time period.

25 In Samples Epoxy-15 and Epoxy-16 in both dispersions and cured forms the carbon
nanotubes remained dispersed.

Example 9

Samples of the epoxy-based dispersions were made up and portions thereof were cured
by the methods described above and as detailed in Table 8.

30



The percentage figure is indicative of the amount of dispersion and
I ntercal ation and/ or exfoliation of the clays in the solvents. It is to be
not ed t hawo 2e8w/d33449t he cl ay increased the viscosity of trhe/aheqansi7on
marginally in nost instances conpared to_the solvent alone, the dispersions
al | had ow vi scosity and were highly32luid. Only the dispersions of the
10A orga and tol uene, chloroformand o-xyl ene solvents showed any
significant degree of gelling but even those organocl ay/ sol vent di spersions
wer e st(igampleNoablGlay toslef | | ONTOT | CAORRGT EBREUDEGRy [ O SHaRspdr&ity’%s! ON

made nq_appreci abiTgpdi|f felgnce Topd he VCRTOS| ti gendf t N@5Qin$ MR @G0QUR filmh| S
is in dantrast fh the ghly {/iscousfgel nefjwrk obtaihed by J A _Johnson| et

al as d&EROXYHI8d {n the articl e GNF-& red1t®h aboedx182 descri bt8i1{H2) he
articl ¢,ERo#-18i spersed carbon| @NbAUbes0.51 ay @3k193] vent  f alB@03)scous
gel net\EROX¥-20hat had [to be b SRAdDWNO t he 32d0Ti on of #5542983)! e

di sper gdmoxy<dr f act-ant|. te cop@NT-A{ i AtD> al | 5BxI0Scosity 63.0(53.9)
fluid. oxgRat ' 5§ Ref |[TECS 11LENDA [Tabbel 3 ColiBxm0X i 5 t he 788¢661)

V)

sol ubi | HHy—pararpter—and—y re—given +n M2 he values quoted afe
fromli ¥ Lo H'A; hl ed-050) (1-%%20\1'- A)1Sol-2 (1 wto
CNT- A 4 EPOXYddos by cla? 100CNEA B0l 05 ( 1 A6X107°CNT- A + 1 0wt %

or ganocw\ ol 4 dpleln /@'\“I.E\'Ar‘l hOB ;-)h \/Z-QXF.O'?ZOI lene. Alimuots of flg

7

and 2g,| E00X%26t | Lel0A [wer & adHENT-A £t a0@ ek 214x307°4i khes and the tol uehe
was evapERoxyRd of 110Mder Saci|@NITA bt 8.% enpheBl@F of 400C. Phot ographk

H L + H H I o ] ol o clhalas 1 | TR P~ ) Theo 1innar r-op
s the |ERRE L D B R R L L 0 O S aporatton ot +hr
sol vent-oay2R. [AOAT o 27 c LONTAL QT2 X0 odl 26 of diTpersi-on
pri or | EROBY: ra.i1., e ohINEA L A 10 o L S O™ L T T o that the
amount |4gPoX¥ly of JUAL D5 TENEAL 71D e ko 2807, b annear ance p
dried fliEReX%R2 b WA 1o Ol o) GNLATO 10, [ 49d03, '

Sol -1 ("EDoR)-33NOCTFOA Fewt; ONT-Al Is' §i(glni’ | ;2(;]4%101&[1 '
simla .Ep%x‘r-@ﬁc.?“.fdl@‘ dgogar ' TR vvi|5:|5 Tt d2."7§i’0'u"'t —at bot
sanpl e IEbOS(V]-%5m S EOA . L3 H’%ﬁ: 9 bd.lsvvl S 92.|9kjlqﬂlrl\t Mprovenents—ovet
Sol -1 4 BhoxyB6P % AT E 0,50 [ ENT-ALITS 6% SlTh s3>

and t he E?ng‘ ¥ B T T BT STCNT-AP b0 PO

Sanpl eq tspepsrong—were npde—up—H—tortepe—as—Show— :

total WEHpgky-381 Carozon na@npt UDENTRAd] or 1@ ganodlgyforn each sapp(gsyas

w % t hEDRRY-BBCE| DAY 0.1 CNT-A 0.5 6.0x10° 46.0 (25.8)
Epoxy-40 10A 0.1 CNT-A 0.3 1.5x10° 56.7 (34.7)
Epoxy-41 10A 0.1 CNT-A 0.2 2.6x107*“ 65.9 (58.0)
Epoxy-42 10A 0.1 CNT-A 0.1 3.8x10™° 76.0 (63.4)
Epoxy-43 - = CNT-B 1.0 1.5x10"° 14.2 (5.8)
Epoxy-44 - - CNT-B 0.5 1.5x10™ 27.0 (20.8)
Epoxy-45 -~ - CNT-B 0.3 1.4x10™ 47.5 (39.3)
Epoxy- — - CNT-B 0.3 1.4x10* (55.5)
45A*
Epoxy-46 - - CNT-B 0.2 1.9x10° 65.8 (65.3)
Epoxy-47 - - CNT-B 0.1 3.5x10" 80.1 (73.6)
Epoxy-48 10A 0.1 CNT-B 1.0 2.0x10° 19.0 (6.3)
Epoxy-49 10A 0.1 CNT-B 0.5 6.1x10* 34.7 (27.8)
Epoxy-50 10A 0.1 CNT-B 0.3 3.0x10™ 55.4 (52.8)
Epoxy- 10A 0.1 CNT-B 0.3 3.0x10* (64.7)
50A*
Epoxy-51 10A 0.1 CNT-B 0.2 6.5x10° 68.0 (59.1)
Epoxy-52 10A 0.1 CNT-B 0.1 1.7x107% 85.8 (80.4)
Epoxy-53 — - - — - 99.6 (29.3)
Epoxy-54 10A 0.1 - - - 99.2 (99.0)

* To demonstrate the effect of the dilution of the sample by the curing agent has on the
optical transparency, the curing agent was included in these two samples.



t ol uene. For exanple, the 50:50 sanple had 0.5 wt % car bon nanot ubes and 0.5
wt % or ganocl ay and 99 wt % toluene. Aliquots of the sanples were placed on a
PET fil mwexeodds7®ont Teijin, Melinex 506, 210x297mm 1P&TraB20#W/mEg70and
spread to forma filmusing a 1 ml (25 mm drawbar to forma thin | ayer of
di spersion. The tol uene was evaporated 3gf in a fune cupboard overni ght
under anRefgrting @ dableos) the Tafede 8pskyariasing &oméirﬁr’fy%oﬁlisdérﬁémhaWWCNT-A

nanot ube/ or ganocl ay. fi l s, nmeasured and the results gre shown in Table
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m cr oscgman Or6 eviBEdf cartmonotanefubeS SENT-A (ureguibgd ﬁlh_eslafléém? _plemolagjﬁn rthmslhc:lbgs
orentation within the fi e _nanot ybes
bor g or (ATRE EepRlEa PRy 3 &) oBhest Bptht P Bl pid SeRERTRI e 5
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nanot ubedispgrsioms| contaipiog yostyy veryesniall emnownds of asgaretiayn ti0A showean limproaed
h i h f_Fil . ' '
compar i sSRTEETaRy A iRt "B enbley BRedhrah epaiiond coRiteny e, gorpon
Exanpl e Bafotabgd €Samples Eppaald® diof Epoxiet2r aindo Sasiples Epoxyidl ¢o 6Efmxy-2%5i ng
b - - bon bl ack ("CB" - De . Th
gg:]dlcj)(r:]t P%@%H@Fﬁlg Eglﬁllgggruﬁgunr{?s gﬂ‘ﬁ@gﬁr nggot ugg/ o$ ganoZ:I gsxf i ?rgs\?v:)s meagur ed
and the results are shown in Table 6. Table 6Exanple 6 Exanple 3 was
r epetd edCurrd samples ioé theoepaxypregprsorodisparsians erntainingescarboni hanotobem@dIFRY i n

t he sanplLg.; 9 | : Nt B ategl: A
pl astic %?nélggﬁﬁg?wh{%a&%%e ?I%?\gﬂ'tﬁge r?i?lﬁ? %%%%'%@8%&@?8%@ upon ren@'&g t he
t ol uene fPEXYevesiog coatRIRING only stheussrbompnaaectubsser nfuthermarger thenbraswrsor

condi ti OgRpER/AS EbnBaififG BnfLHEA IndiNahibun®d &f Yrgddteidy P68 shofCarl idPicved) -
transparency as compared to the epoxy precursor dispersions containing only the carbon
20 nanotubes (Samples Epoxy-48 to Epoxy-52 and Samples Epoxy-43 to Epoxy-47,
respectively).

The transparencies quoted will be improved even further when, as demonstrated by
Samples Epoxy-45/Epoxy-45A and Epoxy-50/Epoxy-50A, the curing agent dilutes the
dispersions.

25 Samples Epoxy-53 and Epoxy-54 are provided for comparison.

Thus, it will be appreciated that dispersions in accordance with the invention lead to a
reduction in the percolation threshold in combination with improved transparency,
especially when the dilution affect of the addition of the curing agent is taken into effect.

Example 10

30 Samples of methacrylate dispersions were made up by the method described above. The
methacrylates used are listed in Table 9 below. The samples contained 0.4g of clay, ie 2
wt%, and 19.6g of methacrylate monomer. Following removal of the ceramic beads from
the samples, an amount of each sample was put into a glass vial (the amount was



Exanmpl e 7 Exanple 3 was repeated but using | TO both without and with
organocl ay 10A as shown in Table 7. Wthout the organoclay, the I TO was
poorly diwpenea37dm t he tol uene and quickly settl ed out PCYWAB2043083670
organoclay, the 1TO was wel | dispersed_in the toluene and the di spersion
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di f f r act Migros¢apesaifpthessampie ywas faundpisxbe dpticallyctrleannevem ahenansiog cross-

nanot ube : i ?{g%e ' ; I t |

di spersegokaﬁgﬁduﬁ%gﬁttﬁa{tﬁ&?slgalc es ‘éﬁ?‘%’?’éﬁg%m&thﬁ%ﬂﬁg%é%zn%{? dél%ged.
Epoxy- 6 3R€ SEmelep-at ajpnd thg F&%dﬁ\@bam ivstibelow ta3wl ed to exhnibiteuch bebayiaut. ned.
Bot h Sanpl es Epoxy-6 and Epoxy-7 (see Figure 9) renmai ned well dispersed and
showesl ngaple@ of re-aggregation of the carbon nanotubes even though, in

t he caseof Sanple Epoxy-7, owing to the significantly |ower |evel of
i ntercal j i octed that sone re-agqreqati on of

the car b@-%tubes may ogccur .| NaMMht|r 2s80B danfli0és EB4 {928Ad [EABAY {10
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(see Fig and 11, respgect]vely)
Stearyl methacrylate 16.0 20% 23% A43% 41% | 45% 34
(86)%
Isobornyl methacrylate | 16.6 23% 35% ¢ 87

— 33%

Lauryl methacrylate 16.8 23% 27% 34%
1 (73)%

Isodecyl methacrylate 23% 27% 17 27% 20 » 33

(83)% (83)% | (90)%
t-Butyl methacrylate 18.0 21% 47% | 34% o )
Ethyl methacrylate 18.4 17% 3 P %
Methyl methacrylate 19.4 20% 47% | 1% | 37%
2-Hydroxyethyl 274 17% 17% | 33% | 23% | 30% | 27%
methacrylate

* Column A is the Hansen solubility parameter and values are given in MPa"2. The
values quoted are from literature sources.



denonstrate that the carbon nanotubes in the epoxy precursor but absent the
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The Samples Meth-1 to Meth-4 and Meth-11 to Meth-14 without any organoclay showed

very poor dispersion of the carbon nanotubes but no additional re-aggregatidn of the
carbon nanotubes appeared to occur. The dispersability of the carbon nanotubes was

improved by the addition of the organoclay, the improvement being proportional to the

10

level of organoclay added (Samples Meth-5 fo Meth-10 and Meth-15 to Meth-18).

The addition of 5 wi% of poly-iBMA to Sample Meth-1 did not improve the dispersibility of
the carbon nanotubes and at 10 wt% poly-iIBMA additionally caused re-aggregation of the
carbon nanotubes to occur.

Example 12

15

Samples were made up using solvents and carbon black as shown in Table 11.



containing up to about 1 wt% of organoclay 10A. At 0.5 wt % of organocl ay
10A1 nore than 0.5 wt % of carbon nanotubes CNT-A is required to establish a
per col at iwo 20éwoszdael d ( Sanpl es Epoxy-33 to Epoxy-37). TireTa@B20ak/0persy
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15 eliminated over the useful life of such dispersions, eg minimum 8 hour shift, preferably 24

hour period.

Clearly, dispersions in accordance with the invention overcome such problems.

Example 13

Samples were made up using 0.2 wit% fullerite, using methyl ethyl ketone and toluene as
20 the solvents both without clay and with 2.0 wt% of clay 10A. In both cases, the
dispersions of the fullerite samples were improved by the addition of the organoclay.

When the methyl ethyl ketone was used as the solvent, examination of the vials after one
week showed that, without the organoclay, the dispersion was cloudy with sedimentation
oh the bottom of the vial and that, with the organoclay, although the dispersion had settled

25 slightly, ie it occupied 87% of the total volume of liquid, it was uniform in colour with no
apparent sedimentation.



vol une, ie the sedinent, was then expressed as a percentage of the total

hei ght of the sanple. The results are shown in Table 9. Additionally, the
set of viwboeostadni ng the sanples for isobornyl nethaecylc2eosanss7shown in
Figure 15. Sone sanples contained both sedinent and a floating portion; the
per cent age of the conbination of the hgyghts of the sedinent and the
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par an®t eorgandclayl-ses Figuee d8ven in MPa, 11/' 2. The val ues quoted are from

literature sources. Exanple 11 Sanpl es were made up using isobornyl

et hacrygat e (I8N and ethyl nmethacrylate (EMA) as shown in Table 10.

Tabl e 10%I es Meth-1 to Meth-4 and Meth-1 1 to Meth-1 4 without any

organocl ay showed very poor dispersion of the carbon nanotubes but no
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r e- aggr e§¥hibitad sability for ah jlaashormweekihsge Figues t9 (taken@lippeaveek). Sanpl es wer e
made up using solvents and carbon black as shown in Table 1 1.Table 1 1 As
can be sgeimpled® Fi gures 16 and 17 (in which the mcrographs were taken

I mredi ately after m xing), wthout the organoclay (Sanples CB-1 and CB-3),

t he carbgn bl ack was poorly, di sorl) rsed in the solvent and rapidly settled
out wher SATIPIES WarR dnasiecu {189 0q AR SiveR PEICIES (AR A respestventincEabIS | ¢ he

car bon bhaykitwesuee! ds e SoRehtand Bothi withott s8¢ aRE mﬁ_&géﬁd&éyeﬁbﬁsw!@.héww for
at | east, Qp%%ﬁgk Such dispersions in accordance with the invention,
n, .

espel? al | i ncorporating a
Table 10
Sample Particle size Amount of Au | Amount of organo-
or Ag (wt %) clay (wt %)
Au-1 Powder 1.5 to 3 um 1.0 -
Au-2 Powder 1.5 10 3 um 1.0 2.0
Ag-1 Nanosize activated powder 0.2 -
Ag-2 Nanosize activated powder 0.2 2.0
Ag-3 Powder 2 to 3.5 ym 0.2 -
Ag-4 Powder 2 to 3.5 ym 0.2 - 20
Ag-5 Flake <10 um 0.2 -
Ag-6 Flake <10 ym 0.2 2.0

Without the clay, in all instances the Samples Au-1, Ag-1, Ag-3 and Ag-5 showed
significant agglomeration and poor dispersion of the particles when examined under a

20 microscope following mixing. This was particularly evident in Sample Au-1. In these
Samples, the particles settled rapidly.

In contrast, in the presence of the organoclay, Samples Au-2, Ag-2, Ag-4 and Ag-6 were
all well dispersed when examined under a microscope following mixing. The Samples
remained stable dispersions for at least 4 days following mixing.



reactive precursor of a polyneric binder, for exanple an epoxy resin
precursor and curing -agent, may find utility in thermal ink jet printer
appl i cat iwo0oda37smch applications, typically the viscoecmGRosdgs7onk has
to be not nore than 20 cP and the particle size has to be not nore than 5
mm Using solvent/reactive precursor s@gutions, the carbon black does not

di sper seFmmh theaBxampies,| ieappears Hateaitablenguld akginic mEByiaforbsninathkiinvedtién | Ng

agents ape adde |t hough, t.he rate of settling,j creased, the .settling
of “the chsoA 5L EBnoa HAHbLS heAinelat in 155 Feg itk By 87 Tore Pisrerthi i the

di sper si range 16do 2B mindumors espesiallytin the rapgefietapsy 24 hour period. Cearly,

di spersions in accordance with the invention overcone such problens.
Exanpl e 13 Sanples were nade up using 0.2 ww% fullerite, using methyl ethyl
ket one and tol uene as the solvents both without clay and with 2.0 wt % of
clay 10A. In both cases, the dispersions of the fullerite sanples were

i nproved by the addition of the organoclay. Wen the nethyl ethyl ketone
was used as the solvent, exam nation of the vials after one week showed
that, w thout the organoclay, the dispersion was cloudy with sedi nentation
oh the bottomof the vial and that, with the organoclay, although the

di spersion had settled slightly, ie it occupied 87% of the total vol une of
liquid, it was uniformin colour with no apparent sedi nmentation. Tol uene is
a known sol vent for fullerenes. Consequently, both sanples appeared to be
clear, dark red solutions, even after one week. However, exam nation of the
solutions after m xi ng showed that the sanple w thout the organocl ay
clearly had a significant proportion of non-dispersed fullerite

aggl onerations as conpared to the sanple with the organoclay - see Figure
18. Exanple 14 Sanples were made up using 0.2 wt % conductive polyaniline
particles, using toluene as the solvent both without clay and with 2.0 wt %
of clay 10A. Wthout the organoclay, the polyaniline was poorly di spersed
in the solvent and rapidly settled out whereas, in the presence of the
organocl ay, the polyaniline was well dispersed and the di spersion exhibited
stability for at |east one week - see Figure 19 (taken at one week).
Exanpl e 15 Sanpl es were nade up using gold and silver particles (Au and Ag
respectively in Table 10) with toluene as the solvent and both w thout clay
and wi th organoclay 10A as shown in Table 10.



Tabl e 10 Wthout the clay, in all instances the Sanples Au-1, Ag-1, Ag-3
and Ag-5 showed significant aggl oneration and poor dispersion of the

parti cl eswotreos/sxam ned under a m croscope foll ow ng m PCOEGB206R/®36v8S
particularly evident in Sanple Au-1. Ipn these Sanples, the particles
settled E Irindly. In contrast, in the p?%sence of the organoclay, Sanples
Au- 2, Ag¥Z—Ag-4 and Ag-6 were all well dispersed when exam ned under a

m croscope followi ng m xing. The Sanpl es remai ned stabl e dispersions for at
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reactive precandor rezctiven pacymar of gopglymeiic speaes ehien @Predent dompsiaing less vent ,
sai d pol yneri S ; l.ve precursor of a polyneric species
when present @gﬁp%?ﬁ@%n%%géésm'gigﬁrﬁéﬁ'm%of said solids content. 2. A

di spersion according to claim1l wherein the solvent conprises at |east 70
w %18 sdi d of\ shispessiamaccerding igiclgimr wbereictbesdivagt comprises at least 70cwith of 2
wherein the sglijdgpeRigaonent conprises not nore than 15 wt% of said

di spersion and nore especially not nore than 10 wt % of said di spersion. 4.
A di spersion according to any one of the preceding clains wherein the

sol i ds cdOnpondntiSRESHIRN | acserding tongiaimt haer Slajme 0@ avhesein ctheli sqlids stamporent A

di sper si on acedishises roPmdRy tHaRa5to4 BEsdld afsper ' ¥\$b°er ' lids
conmponent co righes at | east. 0.1 wm% ?mre@gresi@rﬁtﬁgget eé’ﬁ"pBF’Eﬁ‘\‘Rf"&) of
sai d di sper si HaAn 18 Wtk ofisajsdisnessiomccording to any one of the preceding
claims wherein said polyneric species and/or reactive precursor of a

pol yiger i4; Speﬁicﬁs?pérél@rm_dé&&&ﬁlpttoCthé%‘f thé ite | SRinYd Wnefeis dhé spfdd ds

content and nore esRem al |y I'ess than 25 wt % of said solids content.

component comprises not more than 5 wt% of said dispersion.

5. A dispersion according to any one of the preceding claims wherein the solids
component comprises at least 0.1 wt%, more preferably at least 0.5 wt% of said
dispersion. '

20 6. A dispersion according to any one of the preceding claims wherein said polymeric

species and/or reactive precursor of a polymeric species when present comprises
less than 35 wt% of said solids content and more especially less than 25 wt% of
said solids content.

7. A dispersion according to any one of the preceding claims wherein the polymeric
25 species and/or a reactive precursor of a polymeric species when present
comprises at least 1 wi% of said solids content, more preferably at least 5 wt% of

said solids content, and especially at least 10 wt% of said solids content.

8. A dispersion according to any one of the preceding claims wherein the weight ratio
of fine particles to said species is in the range 92:1 to 1:99.

30 9. A dispersion according to claim 8 wherein the weight ratio of fine particles to said
species is not more than 90:10 and more especially is not more than 70:30.



7. A dispersion according to any one of the preceding clainms wherein the
pol yneric species and/or a reactive precursor of a polyneric species when
present cwopnecasz4at | east 1 w % of said solids content pcrmeogwoebenabl y at
| east 5 Wt % of said solids content, and especially at |east 10 wt % of said
solids content. 8. A dispersion accordigg to any one of the preceding

cl ai ms wheg.ei NA igpéRicaNhcdording t&Tcidilnng dtagthint beknérainS fHedwBBRC r4tid bE fihd t he
range 99:1 to 1:99. 9. A dispersjon according to claim@8 wherein the wei ght
ratio of fine Paticles tassaidspegies shatiless than tk90nsAngd marenespecially i Aolisss
especially is fn a008¢ than 70: 30. 10. A di spersion according to claim8 or
claim9 wherein the weight ratio of fine particles to said species is not

| ess than,10: 90, .and nore especially is not. less than 2Q:80. 11. A

i sper s oh-accr APREFSIE SHPTIRG B iohens (o MEoEHas ARTRGHATA: He fivge
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encapsul ant syesleomnts] pignfents, spdngagents) catalyitsghd éncapsulamteystenishe precedi ng
clainms wherein the fine particles are selected fromelectrically-conductive

particles,,13. JA.dj rsi dj ccording.to any one of the
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nmet al oxi de papaiticles araselécied rambalectficallyicohdistivd partidledi sper si on accor di ng
to any one of the preceding clains wherein the fine particles are carbon

partisel esqq 15. Mol | r Ak a t : ' =Th
her dfn tHS "7 ARISeT PR eatha R o (i ORE oPtnd BRRIGT SOy
di sper si on accthedinegparticles preosriecied from mpetat edd metall axidespasticiessamd/ohearbon

or gani cal | yrmd*,%,iﬁg sl ayered inorganic species conprises an organoclay or an
organi cal | ynodi ti 1 ayered doubl e hydroxide. 17. A dispersion according to
any one of the preceding clains wherein the organicallynodified |ayered

i nor gani cl4pecfedispersignnaecarding de aynoenRetfcther prapedingnclaimg . whergins ghsr fnen
accordi ng to apyieRs apd c4rbsh Partidles© 16 wherein the organical | ynodified

| ayered i norgani c species conprises a synthetic and naturally occurring

| ayer ed doubl e hydroxide in which organi c anions have been substituted for

i nor d&ni c1%ani ofsdigpension asrording de| aye Pne i hasPrepedingfclaims wherein the fine

particles are carbon nanotubes or carbon black.

16. A dispersion according to any one of the preceding claims wherein the organically-
modified layered inorganic species comprises an organoclay or an organically-
modified layered double hydroxide.

20 17. A dispersion according to any one of the preceding claims wherein the organically-
modified layered inorganic species is a natural or synthetic organoclay.

18. A dispersion according to any one of claims 1 to 16 wherein the organically-
modified layered inorganic species comprises a synthetic and naturally occurring
layered double hydroxide in which organic anions have been substituted for

25 inorganic anions within the interlayer regions thereof.

19. A dispersion according to any one of the preceding claims wherein the organically-
modified layered inorganic species and the solvent combinations are selected to
have a settled volume of at least 50% or higher, said seftled volume being
determined as hereinbefore described.



19. A di spersion according to any one of the preceding clains wherein the
organi cal l ynodi fi ed | ayered i norganic species and the sol vent conbi nati ons
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20 and mixtures thereof, the reactive precursors being selected from precursors for
addition-polymerisation resins, epoxide resins, cyanate ester resins, isocyanate

resins (polyurethanes) or formaldehyde condensate resins or mixtures thereof.

24, A non-aqueous dispersion comprising a liquid reactive precursor of an organic
polymeric species comprising at least 50 wt% of said dispersion and a solids
25 component which comprises not more than 20 wt% of said dispersion, said solids
component comprising fine particles and an organically-modified layered inorganic

species capable of being dispersed by said reactive precursor.

25. A dispersion according to claim 24 wherein the solids component comprises not
more than 15 wt% of said dispersion and more especially not more than 10 wt% of
30 said dispersion.

26. A dispersion according to claim 24 or claim 25 wherein the solids component
comprises not more than 5 wi% of said dispersion.



said dispersion. 26. A dispersion according to claim24 or claim25 wherein
the solids conponent conprises not nore than 5 wt % of said dispersion.27. A
di sper si onoao@mm3di4ng to any one of clainms 24 to 26 wher ecm/dBe030b847ds
conponent conprises at least 0.1 W% nore preferably at |least 0.5 wt % of
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particl es are carbon nanotubes or carbon black. 36. A dispersion according
to any one of clainms 24 to 35 wherein the organicallynodified | ayered
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ani ons have been substituted for inorganic anions wt h| n the interlayer
regi Bhs 8&er ebfdispersion according to any one of claims 24 to 31 wherein the fine particlesare

selected from electrically-conductive particles.

33. Adispersion according to according to any one of claims 24 to 32 wherein the fine
particles are selected from metal and metal oxide particles and/or carbon particles.

34. A dispersion acCording to any one of claims 24 to 33 wherein the fine particles are
20 carbon particles.

35. A dispersion according to any one of claims 24 to 34 wherein the fine particles are
carbon nanotubes or carbon black.

36. A dispersion according to any one of claims 24 to 35 wherein the organically-
modified layered inorganic species comprises an organoclay or an organically-
25 modified layered double hydroxide.

37. A dispersion according to any one of claims 24 to 36 wherein the organically-
medified layered inorganic species is a natural or synthetic organoclay.

38. A dispersion according to any one of claims 24 to 37 wherein the organically-
modified layered inorganic species comprises a synthetic and naturally occurring



39. A dispersion according to any one of clains 24 to 38 wherein the
organi cal l ynodi fi ed l'ayered i norgani c species and the precursor

conbi nat iwoewvs7siel ect ed such that the inorganic speci esTiGB2005®8cal at ed
and/ or exfoliated by the precursor as assessed using optical m croscopy
and/ or settling volune as hereinbefore 4®&scribed. 40. A dispersion

accordi ng to &ygreandouible Hyadnoxida4int evhch olganés @anivas chaveabéen supstituted sfor | S

asins, cyanal DOToR AR REGANE SRR kBRatCT ) Lrat hanee) or
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non-f unct i onadesdribeér s and additives, colourants, pignents, curing agents,
catal ysts and encapsul ant systens. 43. A structure according to clainms 4 1

or claimg2 wWACkRbErsloCaldoPBIEt el Sondliof ECs£%0 3P Wherein said_ reactive
el ectrically-conductive particles. 44, A structure according to any one of
clains 4 1 toPEBUIGeEi:Felectrd fromepregurspes 95 agdilionwobmerigationorasins: gpoxidel

met &g Oxi de PRddifsC lchanatd Hshbr FadiRON hifel RS hgg to
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A structure a€elensalg resnamy raixkrestheregfns 4 1 to 45 wherein the fine
particles are carbon nanotubes o r carbon black. 47. A structure conprising

fine pargycl e siicife ebRphsithy MNSHriclegbh® aﬁ%réérﬁéé?l%—rﬁéﬂiﬁémayered inorganic
organi cal ly-nodified | aéﬁred I norgani c. speci es and, optionally, an organic

pol yneri ¢ conpeffifh angh emionaliy,apryeanic PAEReNiG seraperant which When,prasght,
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particles are at |east partially oriented. 48. A structure according to

claitR4 7 whePR8¥FPS he fine particles are selected fromnetal and netal
oxi de particles, carbon particles and conductive polyneric particles. 49. A
st ruct ur g2.accarstiudiré according té Elam 41 wheéreih3hutine particldicaré selected ffohrtineal ar e

and metal oxide particles, carbon particles, conductive polymeric particles;
functional and non-functional fillers and additives, colourants, pigments, curing
agents, catalysts and encapsulant systems.

20 43. A structure according to claims 41 or claim 42 wherein the fine particles are
selected from electrically-conductive particles.

44. A structure according to any one of claims 41 to 43 wherein the fine particles are
selected from metal and metal oxide particles and/or carbon particles.

45. A structure according to claim 41 to claim 44 wherein the fine particles are carbon
25 particles.

46. A structure according to any one of claims 41 to 45 wherein the fine particles are
carbon nanotubes or carbon black.

47. A structure comprising fine particles which are high aspect ratio particles and an
organically-modified layered inorganic species and, optionally, an organic
30 polymeric component which, when present, comprises less than 50 wit% of the



selected fromelectrically-conductive particles. 50. A structure according
to any one of clains 47 to 49 wherein the fine particles are selected from
met al andwoeb@lozopde particles and/ or carbon particl esPCPIGB2A03aM0BETOL Ur €
according to claim4-7 to claim50 whergl n the fine particl es are carbon

particles. 52. Astruc re cardin ne of .cl ai ns tg 5 1 wherein
the fine parti®@MPinegdig #Mcﬁ %‘5‘5’393 B%d fﬁé@%‘%%dv*@r%eeéw gP%@aFGb&ny
one of cl ai s afle &t leastpartliporiehtedg essentially of said fine particles and
said species. 54. A structure according to any one of clains 4 1 to 52
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and mor e Bspedt AP a3BFRG o SBM A, BRereiL M PR RS a1 Selgetit T s
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pref egably, at 9 the u e Lall | . wt %
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wher ei n t he orsgesteddrdny elediricallydcinayuetive particlegani ¢ speci es conpri ses an
organocl ay or an organical lynodified | ayered doubl e hydroxide. 57. A

structurg accg(%m}%, Foac%% o é?'f &{é‘bﬁﬁla‘}nslﬁ%i@ Bl tﬂetﬂlﬂggart dles, are

or gani cal | ynodi ayere |nor anlc species iS a natura
or ganocl ay. SSGIGAt@tfmmMQ! and dagtalipgde oadlcmsmrwmnmmm parti¢ies.or ganocl ay i s
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the organoclay is an organi cally-nodified clay wherein t I nterlayer netal
cati &8s have Eﬁgﬁﬁﬁchanged by protonated organoammoni um or
or ganophosphoni um cati ons, especially by organoamoni um cations. 60. A

structur gzaccwgtrmmb@cebralr@ tohnghi& b clalifs 27 4859 WREIBINUAE Fhe p%ﬁlc%t&é
fromm xtures of al ka%sfugﬁ%droxyal kyl, al kenyl and aryl groups. .

structure acc&PWPRJ one of claims 4 1 to 56 wherein the
organi cal | ynodi fi ed | ayered inorgani c species conprises a synthetic and

nat ur al | $30ccW strutture aicesreihgdioLdrlycoriy @f eiairde 4i1toV8 €dhsiitiaig bssertiallp 0f s&igv e
been substi tui{ed f | noa§ nic anions within the interlayer regions

t hereof . 62. "§P?ﬁ'8Faraé‘ BIUSRFCY to claim 6 1 wherein the

organi cal ly-nodified | ayered
16 54. A structure according to any one of claims 41 to 52 wherein the polymeric species

comprises less than 35 wi% of the structure and more especially less than 25 wt%
of the structure.

55. A structure according to any one of claims 41 to 52 or to claim 54 wherein the
polymeric species comprises at least 1 wt% of the structure, more preferably at
20 least 5 wt% of the structure and especially at least 10 wt% of the structure.

56. A structure according to any one of claims 41 to 55 wherein the organically-
modified layered inorganic species comprises an organoclay or an organically-
modified layered double hydroxide.

57. A structure according to any one of claims 41 to 56 wherein the organically-
25 modified layered inorganic species is a natural or synthetic organoclay.

58. A structure according to claimm 57 wherein the organoclay is selected from
vermiculites and smectites and especially is a montmorillonite.

59. A structure according to claim 57 or claim 58 wherein the organoclay is an
organically-modified clay wherein the interlayer metal cations have been



I norgani ¢ species conprises a synthetic and naturally occurring | ayered
doubl e hydroxi de of fornula: where M2+ is a divalent cation such as Mj2+,
MB+ i s a woizeadmsm49cati on such as Al 3+ and Am- i s the i rCcerdByevooastoon, the
value of x being in the range 0.2 to 0.33. 63. A structure according to any
one of clains 4 1 to 62 wherein the pol#%reric conponent is selected from

t her noset t i ng gxohgngeds byt protonafedh irgangarhsoaien @&l asganophesphotium Xdalioas,

t hereof. 64. '%SEééiHI\f}}ﬁycfrggﬁ&a%rqbﬁgmtc%go?% one of clains 4 1 to 63 wherein
[ e SO r

the pol yner is deri om precu addi ti on-pol yneri sati on resins,
epoxi de resins, cyanate ester resins, isocyanate resins (polyurethanes) or
f or mal deffPde dostatigatascerdisigrie claimBidwhbersin thecorgehoarmonilins aressiected from
according to ghuRE I3 [ wei ght ratio of fine
particles to orétgnl cgﬂlg/ypr?gg@}'ée%% %@%’?@&%ﬁ%@g@ﬁ%@speci es is in the range
99:1 to 1:99. 66, A structure according to claim65 wherein the weight

rati o®of &l ne A &lrustures aceasdipg daranyarns - oo alaime dH1| toy 86 ewhensiny Hen proasisaliy-es
is not more t hagkifed BYerdBdndrEARic RpRASS | ' ngA
structure accordin tgecl arildnﬁaE}Sc%%r C gédrrr?{%ﬂfss_% \ﬁhrye)%)éﬁﬁéﬁ%ﬁ%?gﬁ?@%&clﬁémgf
fine particl edayesrddgablechydroxide dntwhigh) araanici aniess gbane: bepa csubstitutedn far

l'ess than 10: $brgariclaRBhEwWRRIAYGE Mherayb P rélfibns feredfhan 20:80.68. A structure
according to any one of claims 4 1 t0 67 conprising a film 69. A structure

accordi n% to gny one of clains 4 1 to 68 having a conductivity of at |east
1 S cnf 19270, An'stppiyeg (@osomding, o) ¢lgim Shnyhersin dhe corganisally-modified glayeredng a
condygtivity alorgdni¢ @p6éied Gomphisdsla synkhetft Bihd HalturaRy dEEEHIAG NSydréd JBYbIENE
of clains 4 1 t& 70 réi]!o'g@ﬂ a conductivity of at least 50 Scml . 72. A
structure comWiOxdg [& cal | y- conductive fine particles and an
organi cal l ynodi fied | ayered inorgani c species and an organic polyneric
conponent whi ch corfpgai I -5 % of the total weight of the
structure, wherei nr[@gfxﬁfzgég&]ﬁ?‘gﬂh % el ectrical percolation threshold

| ower than and/or a transparency greater than an equival ent structure in

whi ch the or gqerMYisPaivhieRfictRneier RGN is BSflSent GatBRSER: as AR

and A™ is the interlayer anion, the value of x being in the range 0.2 to 0.33.

156 63. A structure according to any one of claims 41 to 62 wherein the polymeric
component is selected from thermosetting polymers, thermoplastic polymers,
elastomers and mixtures thereof.

64. A structure according to any one of claims 41 fo 63 wherein the polymer is derived

from precursors for addition-polymerisation resins, epoxide resins, cyanate ester

20 resins, isocyanate resins (polyurethanes) or formaldehyde condensate resins or
mixtures thereof.

65. A structure according to any one of claims 41 to 64 wherein the weight ratio of fine
particles to organically-modified layered inorganic species is in the range 99:1 to
1:99.

25 66. A structure according to claim 65 wherein the weight ratio of fine particles to
organically-modified layered inorganic species is not more than 90:10 and more
especially is not more than 80:20.

67. A structure according to claim 65 or claim 66 wherein the weight ratio of fine
particles to organically-modified layered inorganic species is not less than 10:90,
30 and more especially is not less than 20:80.



73. A structure according to claim 72 conprising not |ess than 80 w %
pol ynmeric conponent, nore preferably not |ess than 85 wt % pol yneric
conponentweandigmrayespeci al |y not | ess than 90 w % pol ymrerigs2oanpssrent . 74.
A structure according to claim72 or claim73 conprising not |ess than 95
wt % pol yngric gomponent . 75. A struct »according to any one of clains 72
to 74 whefein '@ ﬁ‘é“ﬁﬁ"ﬁeﬂcﬁ%’f’{’\gé?égyaf‘%OE%'Pé'B?éa te B4 FPMPrIENI &fiMpet al  oxi de
particles, carbon particles and conductive polyneric particles. 76. A
struct ur 9accdk diracjuteoacuopdingiéo afiy wnaiofs cléaing @174 681aa¢hG o bshductty of at
particles arelé%tqcégrqqfrom metal and nmetal oxide particles and/or carbon
particles. 77. structure according to any one of clains 72 to 76 wherein
the fine particles are carbon particles. 78. A structure according to any
one of cl78i s Avstruiure7acdoeding o ahe oherod plaimis @i ée 69 haviag mocorabItysfsator
carbog bl ack. |4 1Hsdticture according to claim 78 wherein the fine
particles are carbon nanotubes. 80. A structure according to any one of
clains 72 to 79 wherein the organicallynodified | ayered inorganic species
conpri sedlan d¥ §tavrbereagecording toapaene A | glaines # dd 70abavirg adcortduetivitychfcati de.
81l. A structuigsps6@&GhMg to any one of clains 72 to 80 wherein the
organi cal lynodified | ayered inorganic species is a natural or synthetic
organocl ay. 82. A structure according to claim8 1 wherein the organocl ay
is select éd f PoRirYEHEg eQmprising &Fﬂ?tr!ﬁ@%cﬁﬁﬂ@%ctblﬁdﬁ% peadicleis| gnd @anaorganically-
nmont nori | | opi heodiffed: ri i | ' ' rein
) laflerel iHE/gHRIB %Bg%gacﬁtng)?@ﬁﬁlc”bﬁxﬁteﬁé co gﬁ}eﬁtzww@ﬁ

t he g@ganocl ay is an organically-nodifi / erei en ayer net al
cati Onhs have E_@@'H"%%_ﬁé&%iﬁﬂ @y“%%o%m dateb wrightagfrihe strueture, wherein said
or ganophos phoRirUSURAKADAS eleREFRECHELbNHY tﬂ%gﬁéleqm&”hﬂmaﬁaﬁdr%anﬁ%éﬁr@&

structure according to claim84 wherein the organoanmoni um are se

from m xt ur es 9FF2tEY than am\eautyRleAt isjuctuge kienwhich nireapiganigatizmedified . layered
structure accoigdiic §pectd)is apserel clains 72 to 80 wherein the
organi cal | ynodi fied |ayered inorgani c species conprises a synthetic and
nat ur al li occyrrj ncg | a ergcg dgub e hizdroxi de in which organic anions have
been sub&Pi t ufedrygire; AHRERIRG & HAIMNE Gamprising Bof jassr thape$0 MeY%i sakymeric

thert®f. 86. Lomponeitumereasreferaliyfot Ioss tRANTBS W SYIhéErid 88mponent and more
organi cal | y-npdi f i (?d I ?P/er «f=hd i
especially not less than 90 wt% polymeric component.
74. A structure according to claim 72 or claim 73 comprising not less than 95 wt%
polymeric component.

75. A structure according to any one of claims 72 to 74 wherein the fine particles are
20 selected from metal and metal oxide particles, carbon particles and conductive
polymeric particles.

76. A structure according to any one of claims 72 to 74 wherein the fine particles are
selected from metal and metal oxide particles and/or carbon particles.

77. A structure according to any one of claims 72 to 76 wherein the fine particles are
25 carbon particles.

78. A structure according to any one of claims 72 to 77 wherein the fine particles are
carbon nanotubes or carbon black.

79. A structure according to claim 78 wherein the fine particles are carbon nanotubes.



i norgani c speci es conprises a synthetic and naturally occurring layered
doubl e hydroxide of fornula: where M+ is a divalent cation such as My 2+,
MB+ is a woizeadmsm49cati on such as Al 3+ and A'1l" is the ipoTayB28058103@N0I ON,
the value of x being in the range 0.2 to 0.33. 87. A structure according to
any one qQf clajns 72 to 86 wherein the 4%l yneri c conponent is selected from
t her noset®®% ng H YR aceqrdingdsl aryt poe il glaims 72et<a§90wber:errathb prganicathp-

t hereof . 88. An&drfé&ﬁé*é%daﬁl%@a‘ﬂicngpédk@ ﬁth | Oé@gﬂﬁcléﬁ Saaﬂ O@gﬁrcg Yns

the polyner is rom precursors
epodeeyresr né“°‘§@%ﬂr'§y%fe€§f’\éﬁ"em§rpﬁ'§e |socyanate resins (poI yur et hanes) or
f or mal dehyde condensate resins or m xtures thereof.89. A structure

accor di n@1t o am)stroaeré)bcéﬂrarhgﬂok'hy bRe 38 MBRHEI72 fohgopr%é(rgﬁr tHe o%%'hlc\é

oxide resins. 90. A structure accor
551 il Bk s vt ol srounasy
organi cally-nodified | ayered inorganic species is in the range 99:1 to 1:1.
91. A st8@ct urke saucturejlamgorﬂgng]gtdiléﬂauﬂOSWFﬁrélntigﬁl tcsmsa&gzérfgg.g: ge%tea k@?’@

nmodifie red inor

Ito ﬁ;tnl gi)eiot gngg%ggﬁ%sﬁ%dcf'a??tﬁeﬁ %"‘Jn%%/p ¥ i3/ @W@"@Q A structure
according to claim90 or claim9 1 wherein the weight ratio of fine
particl eg3t 0 &y gtindtued kycardidg ftoeclarha)aared alaint @anmem%@% ?&1&4& y I8

| ructuare
;2?2 I‘gl ﬁ g ? gdaf%y gcr?g@gfo%‘fﬁgl #lsals’?gv e{,elgzﬁ}?ongﬁ?r@)'ﬁg Qe?qh ,q:ptlons have been

exchanged by protonated organoammonium or organophosphonium cations,

e of

especially by organoammonium cations.

84. A structure according to claim 84 wherein the organoammonium are selected from
mixtures of alkyl, hydroxyalkyl, alkenyl and aryl groups.

85. A structure according to any one of claims 72 to 80 wherein the organically-
15 modified layered inorganic species comprises a synthetic and naturally occurring
layered double hydroxide in which organic anions have been substituted for

inorganic anions within the interlayer regions thereof.

86. A structure according to claim 85 wherein the organically-modified layered
inorganic species comprises a synthetic and naturally occurring layered double
20 hydroxide of formula:
[Mlziji+(0H)2]y A.'V”/_m nHZO

where M*" is a divalent cation such as Mg?*, M* is a trivalent cation such as APR*
and A™ is the interlayer anion, the value of x being in the range 0.2 to 0.33.

87. A structure according to any one of claims 72 to 86 wherein the polymeric
25 component is selected from thermosetting polymers, thermoplastic polymers,
elastomers and mixtures thereof.

88. A structure according to any one of claims 72 to 87 wherein the polymer is derived
from precursors for addition-polymerisation resins, epoxide resins, cyanate ester
resins, isocyanate resins (polyurethanes) or formaldehyde condensate resins or

30 mixtures thereof.
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89.

90.

91.

92.

93.

48
A structure according to any one of claims 72 to 88 wherein the polymer is derived

from precursors for epoxide resins.

A structure according to any one of claims 72 to 89 wherein the weight ratio of fine
particles to organically-modified layered inorganic species is in the range 99:1 to
1:1.

A structure according to claim 90 wherein the weight ratio of fine particles to
organically-modified layered inorganic species is not more than 90:10 and more
especially is not more than 80:20.

A structure according to claim 90 or claim 91 wherein the weight ratio of fine
particles to organically-modified layered inorganic species is not less than 3:1, and
more especially is not less than 5:1.

A structure according to any one of claims 72 to 92 comprising a film.



