
METHODS OF CHEMICAL SYNTHESIS AND PURIFICATION OF DIAMINOPHENQTHIAZINIUM
COMPOUNDS INCLUDING METHYLTHIONINIUM CHLORIDE (MTC RELATED APPLICATIONS
This application is related to: United Kingdom patent application GB
0421234.6 filed 23 September 2004; United Kingdom patent application GB
0503343.6 filed 17 February 2005; International patent application
PCT/GB2005/003441 filed 7 September 2005, the contents of all of which are
incorporated herein by reference in their entirety. TECHNICAL FIELD This
invention pertains generally to the field of chemical synthesis and
purification, and more specifically to methods of synthesizing and
purifying certain 3,7-diaminophenothiazin- 5-ium compounds (referred to
herein as "diaminophenothiazinium compounds") including Methythioninium
Chloride (MTC) (also known as Methylene Blue). The present invention also
pertains to the resulting (high purity) compounds, compositions comprising
them (e.g., tablets, capsules), and their use in methods of inactivating
pathogens, and methods of medical treatment and diagnosis, etc., for
example, for tauopathies, Alzheimer's disease (AD), skin cancer, melanoma,
viral diseases, bacterial diseases and protozoal diseases. BACKGROUND
Throughout this specification, including any claims which follow, unless
the context requires otherwise, the word "comprise," and variations such as
"comprises" and "comprising," will be understood to imply the inclusion of
a stated integer or step or group of integers or steps, but not the
exclusion of any other integer or step or group of integers or steps. It
must be noted that, as used in the specification and any appended claims,
the singular forms "a," "an," and "the" include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference to "a
pharmaceutical carrier" includes mixtures of two or more such carriers, and
the like. Ranges are often expressed herein as from "about" one particular
value, and/or to "about" another particular value. When such a range is
expressed, another embodiment includes from the one particular value and/or
to the other particular value. Similarly, when values are expressed as
approximations, by the use of the antecedent "about," it will be 



understood that the particular value forms another
embodiment.Methvthioninium Chloride (MTC) (also known as Methylene Blue)
Methythioninium Chloride (MTC) (also known as Methylene blue (MB);
methylthionine chloride; tetramethylthionine chloride;
3,7-bis(dimethylamino) phenothiazin-5-ium chloride; C.I. Basic Blue 9;
tetramethylthionine chloride; 3,7-bis(dimethylamino) phenazathionium
chloride; Swiss blue; C.I. 52015; C.I. Solvent Blue 8; aniline violet; and
Urolene Blue(r)) is a low molecular weight (319.86), water soluble,
tricyclic organic compound of the following formula: Methythioninium
Chloride (MTC) (also known as Methylene Blue), perhaps the most well known
phenothiazine dye and redox indicator, has also been used as an optical
probe of biophysical systems, as an intercalator in nanoporous materials,
as a redox mediator, and in photoelectrochomic imaging. See, for example,
Colour Index (Vol. 4, 3rd edition, 1971) and Lillie et al., 1979, and
references cited therein. MTC was first described in a German Patent in
1877 (Badische Anilin- und Soda-Fabrik, 1877). In that patent, MTC was
synthesized by nitrosylation of dimethylaniline, subsequent reduction to
form N,N-dimethyl-1,4-diaminobenzene, and subsequent oxidative coupling in
the presence of hydrogen sulphide (H2S) and iron(lll) chloride (FeCI3) .
Bernthsen described subsequent studies of MTC and methods for its synthesis
(see Bemthsen, 1885a, 1885b, 1889). Fierz-David and Blangley, 1949, also
describes methods for the synthesis of MTC from dimethylaniline, as
illustrated in the following schemeScheme 1 dimethylaniline
p-nitroso-dimethylaniline p-amino-dimethylaniline Thiosulfonic acid of
Thiosulfonic acid of p-amino-dimethylaniline Bindschedler green MTC In step
(a), nitrosodimethylaniline is prepared from dimethylaniline by treatment
with nitrite (NaNO2) in aqueous acid (HCI) solution. In step (b), the
nitroso compound is reduced to form p-aminodimethylaniline in aqueous acid
(HCI) solution using zinc dust solution. In steps (c), (d), and (e), the
p-aminodimethylaniline is oxidized in aqueous acid solution with another
molecule of dimethylaniline, and simultaneously a thiosulfonic acid group
is introduced; the ring is then closed using manganese dioxide or copper
sulfate. More 



specifically, a clear neutral solution of p-aminodimethylaniline is
acidified (H2SO4) , and a non-reducing zinc chloride solution is added
(ZnCI2 with Na2Cr2O7) . Aluminium thiosulfate (AI2(S2O3)3) and sodium
thiosulfate (Na2S2O3) are added. Sodium dichromate (Na2Cr2O7) is added. The
mixture is heated and aerated. Dimethylaniline is added. Sodium dichromate
(Na2Cr2O7) is added. The mixture is heated, and becomes dark greenish-blue
in colour due to the formation of the thiosulfonic acid of Bindschedler
green. Manganese dioxide or copper sulfate is added, and the mixture
heated, and the dye precipitates from the concentrated zinc chloride
solution. Very similar synthesis methods are described in the Colour Index
(Vol. 4, 3rd edition, 1971), p. 4470. Masuya et al., 1992, describe certain
phenothiazine derivatives, and methods for their preparation and use in
photodynamic therapy of cancer and in immunoassays utilizing
chemiluminescence. The compounds are prepared by routes similar to those
discussed above.Leventis et al., 1997, describe methods for the synthesis
of certain MTC analogs, which employ phenothiazine as a starting material
and which add the desired 3,7-substituents by halogenation followed by
animation. The authors assert that MTC is synthesized commercially by
oxidation of N.N-dimethyl-p-phenylene diamine with Na2Cr2O7 in the presence
of Na2S2O3, followed by further oxidation in the presence of
N,N-dimethylamine. Marshall and Lewis, 1975a, describes the purification of
commercial MTC and Azure B by solvent extraction and crystallisation. They
assert that aqueous MTC/Azure B mixtures at a buffered pH of 9.5 can be
separated by extraction with carbon tetrachloride. The carbon tetrachloride
removes the Azure B while leaving the MTC in the aqueous layer. They
further assert that low temperature crystallisation of MTC at a
concentration of 0.25 N with hydrochloric acid removes metal contaminants.
However, the organic purity analysis reported therein is based on
thin-layer chromatography, which is not suitable for quantification. Also,
the microanalysis for sulphated ash does not indicate a metal free sample.
(The preferred technique in 1975 was atomic absorption.) Marshall and
Lewis, 1975b, describes the analysis of metal contaminants in commercial
thiazine dyes by atomic absorption spectrophotometry. They report 38
samples with metal concentrations that vary widely between 0.02% and 25.35%
of individual samples; the metals examined were iron, potassium, sodium and
zinc. They also report that other metals may be present which were not
analysed. Aluminium, chromium, manganese, and 



copper, are all involved in synthetic procedures for MTC and are almost
certain to be present. Importantly, they report large variations in the
metal content of commercial samples of MTC. Lohr et al., 1975, describes
the purification of Azure B by column chromatography, specifically by
separation to isolate the desired product followed by ion exchange back to
the chloride. They assert that other cationic dyes such as MTC can be
purified by this method. However, column chromatography is not a suitable
method for the purification of MTC on a large scale. Fierz-David et al.,
1949, describes the synthesis of the zinc chloride double salt of MTC and
the removal of zinc by chelation with sodium carbonate followed by
filtration to generate zinc free methylene blue. However, the authors
acknowledge that this technique cannot be used on a large scale, because
the yields are poor. MTC is currently used to treat methemoglobinemia (a
condition that occurs when the blood cannot deliver oxygen where it is
needed in the body). MTC is also used as a medical dye (for example, to
stain certain parts of the body before or during surgery); a diagnostic
(for example, as an indicator dye to detect certain compounds present in
urine); a mild urinary antiseptic; a stimulant to mucous surfaces; a
treatment and preventative for kidney stones; and in the diagnosis and
treatment of melanoma.MTC has been used to treat malaria either singly
(Guttmann & Ehrlich, 1891) or in combination with chloroquine (Schirmer et
al. 2003; Rengelhausen et al. 2004), Malaria in humans is caused by one of
four protozoan species of the genus Plasmodium: P. falciparum, P. vivax, P.
ovale, or P. malariae. All species are transmitted by the bite of an
infected female Anopheles mosquito. Occasionally, transmission occurs by
blood transfusion, organ transplantation, needle-sharing, or congenitally
from mother to fetus. Malaria causes 300-500 million infections worldwide
and approximately 1 million deaths annually. Drug resistance, however is a
major concern and is greatest for P. falciparum, the species that accounts
for almost all malaria-related deaths. Drugs or drug combinations that are
currently recommended for prophylaxis of malaria include
chloroquine/proguanil hydrochloride, mefloquine, doxycycline and
primaquine. MTC (under the name Virostat, from Bioenvision Inc., New York)
has shown potent viricidal activity in vitro. Specifically Virostat is
effective against viruses such as HIV and West Nile Virus in laboratory
tests. West Nile virus (WNV) is a potentially serious illness affecting the
central nervous system. The large majority of infected people will show no 



visible symptoms or mild flu-like symptoms such as fever and headache.
About one in 150 will develop severe symptoms including tremors,
convulsions, muscle weakness, vision loss, numbness, paralysis or coma.
Generally, WNV is spread by the bite of an infected mosquito, but can also
spread through blood transfusions, organ transplants, breastfeeding or
during pregnancy from mother to child. Virostat is also currently in
clinical trials for the treatment of chronic Hepatitis C. Hepatitis C is a
viral infection of the liver. The virus, HCV, is a major cause of acute
hepatitis and chronic liver disease, including cirrhosis and liver cancer.
HCV is spread primarily by direct contact with human blood. The major
causes of HCV infection worldwide are use of unscreened blood transfusions,
and re-use of needles and syringes that have not been adequately
sterilized. The World Health Organization has declared hepatitis C a global
health problem, with approximately 3% of the world's population infected
with HCV and it varies considerably by region. The prevalence in the US is
estimated at 1.3% or approximately 3.5 million people. Egypt has a
population of approximately 62 million and contains the highest prevalence
of hepatitis C in the world, estimated at over 20% of the nation's
approximately 62 million people. MTC, when combined with light, can prevent
the replication of nucleic acid (DNA or RNA). Plasma, platelets and red
blood cells do not contain nuclear DNA or RNA. When MTC is introduced into
the blood components, it crosses bacterial cell walls or viral membranethen
moves into the interior of the nucleic acid structure. When activated with
light, the compounds then bind to the nucleic acid of the viral or
bacterial pathogen, preventing replication of the DNA or RNA. Because MTC
designed to inactivate pathogens, it has the potential to reduce the risk
of transmission of pathogens that would remain undetected by testing. MTC
and derivatives thereof (e.g., "diaminophenothiazinium compounds") have
been found to be useful in the treatment of tauopathies (such as, for
example, Alzheimer's disease) (see, for example, Wischik, CM., et al.,
1996, 2002). Oral and parenteral formulations of MTC are commercially
available in the United States, usually under the name Urolene Blue(r).
However, these formulations contain substantial amounts of metal
impurities. These impurities are highly undesirable, and many (e.g.,
including Al, Cr, Fe, Cu) exceed the safety limits set by European health
agencies. Consequently, there is a great need for higher purity (e.g.,
pharmaceutical grade purity, e.g., a purity safe for human consumption,
e.g., with low or reduced metal content) 



diaminophenothiazinium compounds, including MTC. The inventors have
developed methods for the synthesis of diaminophenothiazinium compounds
(including MTC), that yield products with extremely high purity and in
particular, products with extremely low levels of undesired impurities
(both organic and metal) that meet (and often exceed) the safety limits set
by European health agencies (e.g., the European Pharmacopoeia). Without
exaggeration, MTC prepared by the methods described herein is the purest
available worldwide. SUMMARY OF THE INVENTION One aspect of the present
invention pertains to a method of synthesis of diaminophenothiazinium
compounds, including high purity diaminophenothiazinium compounds. Another
aspect of the present invention pertains to a method of purification of
diaminophenothiazinium compounds. Another aspect of the invention pertains
to a high purity diaminophenothiazinium compound which is obtained by, or
obtainable by, a method as described herein.Another aspect of the invention
pertains to a composition (e.g., a pharmaceutical composition, e.g., a
tablet, a capsule) comprising a high purity diaminophenothiazinium compound
as described herein. Another aspect of the invention pertains to a high
purity diaminophenothiazinium compound as described herein for use in a
method of treatment of the human or animal body by therapy, for example in
respect of any of the diseases or indications discussed herein. Another
aspect of the invention pertains to a high purity diaminophenothiazinium
compound as described herein for use in a method of inactivating pathogens.
Another aspect of the invention pertains to use of a high purity
diaminophenothiazinium compound as described herein for the manufacture of
a medicament for use in the treatment of, e.g., a tauopathy (e.g.,
Alzheimer's disease). Another aspect of the invention pertains to use of a
method of synthesis of a high purity diaminophenothiazinium compound, as
described herein, as part of a method of manufacturing a medicament for use
in the treatment of, e.g., a tauopathy (e.g., Alzheimer's disease). Another
aspect of the invention pertains to a method of treatment of, e.g., a
tauopathy 



(e.g., Alzheimer's disease) in a patient, comprising administering to said
patient a therapeutically-effective amount of a high purity
diaminophenothiazinium compound, as described herein. As will be
appreciated by one of skill in the art, features and preferred embodiments
of one aspect of the invention will also pertain to other aspects of the
invention. DETAILED DESCRIPTION The Compounds In general, the present
invention pertains to methods for the preparation of certain
3,7-diamino-phenothiazin-5-ium compounds of the following formula,
collectively referred to herein as "diaminophenothiazinium
compounds":wherein: each of R1 and R9 is independently selected from: -H;
C1-4alkyl; C2-4alkenyl; and halogenated Ci-4alkyl; each of R3NA and R3NB is
independently selected from: C1-4alkyl; C2-4alkenyl; and halogenated
C1-4alkyl; each of R7NA and R7NB is independently selected from: C1-4alkyl;
C2-4alkenyl; and halogenated C1-4alkyl; and X is one or more anionic
counter ions to achieve electrical neutrality. The above structure is only
one of many equivalent resonance structures, some of which are shown below,
and all of which are intended to be encompassed by the above structure: In
one embodiment, the C1-4alkyl groups are selected from: linear Ci-4alkyl
groups, such as -Me, -Et, -nPr, -iPr, and -nBu; branched C3-4alkyl groups,
such as -iPr, -iBu, -sBu, and -tBu; and cyclic C3-4alkyl groups, such as
-cPr and -cBu. In one embodiment, the C2-4alkenyl groups are selected from
linear Ci-4alkenyl groups, such as -CH=CH2 (vinyl) and -CH2-CH=CH2 (allyl).
In one embodiment, the halogenated Ci-4alkyl groups are selected from:
-CF3, -CH2CF3, and -CF2CF3.In one embodiment, each of R1 and R9 is
independently -H, -Me, -Et, or -CF3. In one embodiment, each of R1 and R9
is independently -H, -Me, or -Et. In one embodiment, each of R1 and R9 is
independently -H. In one embodiment, each of R1 and R9 is independently
-Me. In one embodiment, each of R1 and R9 is independently -Et. In one
embodiment, R1 and R9 are the same. 



In one embodiment, R1 and R9 are different. In one embodiment, each of R3NA
and R3NB independently -Me, -Et, -nPr, -nBu, -CH2-CH=CH2, or -CF3. In one
embodiment, each of R3NA and R3NB is independently -Me or -Et. In one
embodiment, each of R3NA and R3NB is independently -Me. In one embodiment,
each of R3NA and R3NB is independently -Et. In one embodiment, R3NA and
R3NB are the same. In one embodiment, R3NA and R3NB are different. In one
embodiment, each of R7NA and R7NB independently -Me, -Et, -nPr, -nBu,
-CH2-CH=CH2, or -CF3. In one embodiment, each of R7NA and R7NB is
independently -Me or -Et. In one embodiment, each of R7NA and R7NB is
independently -Me. In one embodiment, each of R7NA and R7NB is
independently -Et. In one embodiment, R7NA and R7NB are the same. In one
embodiment, R7NA and R7NB are different. In one embodiment, R3NA and R3NB
and R7NA and R7NB are the same. In one embodiment, the groups
-N(R3NA)(R3NB) and -N(R7NA)(R7NB) are the same. In one embodiment, the
groups -N(R3NA)(R3NB) and -N(R7NA)(R7NB) are the same, and are selected
from: -NMe2, -NEt2, -N(nPr)2, -N(Bu)2, -NMeEt, -NMe(nPr), and
-N(CH2CH=CH2)2. In one embodiment, the groups -N(R3NA)(R3NB) and
-N(R7NA)(R7NB) are the same, and are selected from: -NMe2 and -NEt2. In one
embodiment, the groups -N(R3NA)(R3NB) and -N(R7NA)(R7NB) are other than
-NMe2. In one embodiment, one or more of the carbon atoms is 11C or 13C. In
one embodiment, one or more of the carbon atoms is 11C. In one embodiment,
one or more of the carbon atoms is 13C.In one embodiment, one or more of
the nitrogen atoms is N. In one embodiment, one or more or all of the
carbon atoms of one or more or all of the groups R3NA, R3NB, R7NA and R7NB
is 13C. In one embodiment, each of the groups and is -N(13CHs)2- In one
embodiment, each of R1 and R9 is -H, and each of the groups -N(R 3NA)(R3NB)
and -N(R7NA)(R7NB) is -N( 13CH3)2. In one embodiment, each of R1 and R9 is
-H; each of the groups -N(R 3NA)(R3NB) and 



-N(R7NA)(R7NB) is -N( 13CHa)2; and X is Cl . In one embodiment, X is
independently a halogen anion (i.e., halide). In one embodiment, X is
independently Cl , Br , or I . In one embodiment, X is independently Cl .
In one embodiment, the compound is in the form of a mixed salt, for
example, a ZnCI2 mixed salt. Examples of such compounds include the
following:Dispersions. Films. Coatings and Composites This invention
relates to dispersions, films, coatings and composites. In particular, the
invention relates to dispersions of fine particles and to films, coatings
and composites containing fine particles. More especially, the invention
relates to dispersions of fine conducting particles and to films, coatings
and composites containing fine conducting particles. In this specification,
the term "fine particles" means particles of micron and sub-micron size and
more especially nano-scale particle sizes. In particular, the term "fine
particles" means particles having a size of not more than 100 mm,
preferably not more than 10 mm and especially not more than about 1 mm.
Such particles may be regular or irregular in shape and includes particles
having significant aspect ratios such as flakes, platelet, fibrous and
tubular type particles. There are many applications that require
dispersions of fine particles to be made and for films or coatings
containing such particles to be made using dispersions. Such applications
include pigments for paint and ink formulations; conductive paint
formulations; conductive particles for forming thermally or conductive
coatings or films or 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 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 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 composite
materials. 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.Attempts at resolving such problems include adding anti-settling
agents, increasing particle loading, etc. These solutions have been only
partly successful and may, for example, lead to a significant increase in
viscosity that may preclude the dispersion from being useful in some
applications such as inks for ink jet printers and spray coating. Since
their discovery in the 1990s, carbon nanotubes have attracted significant
interest for many such applications owing to their high strength to weight
ratios, high thermal conductivity and good intrinsic electrical
conductivity. It is the latter property of carbon nanotubes that has
probably attracted most interest as potentially conductive coatings and
conductive polymers utilising carbon nanotubes have wide applicability. A
typical thermal application is in thermal interface materials for use in
cooling mechanisms for electronic components, for example as described in
WO 03/054958 or US 2003/01 11333. Carbon nanotubes may be made by a variety
of techniques such as arc discharge, chemical vapour deposition or laser
ablation as has been widely reported in the literature. The nanotubes may
be single-walled nanotubes (SWNT) or multi-walled nanotubes (MWNT)1 ie
tubes having two or more generally concentric walls. The SWNT typically
vary from about 1 to 2 nm in diameter, whereas MWNT typically vary from
about 5 to 50 nm in diameter. Carbon nanotubes typically have aspect ratios
of up to about 100 to 100000, ie they have lengths of around 1 to 100 mm.
Carbon nanotubes have also been made with diameters of the order of 100 to
200 nm and lengths of 20 to 100 mm, which, 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 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 flarne 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 of such an application is described
in WO 03/078315. As mentioned above, there are problems in forming suitable
stable dispersions of many fine particles 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 strongattractive
forces is that the nanotubes tend to exist as agglomerations of nanotubes
that are difficult to separate and disperse. An issue at least partly
related to the dispersal of the carbon nanotubes is that a number of
applications also require films, coatings or composites containing them to
have a high degree of optical transparency, ie the film, coating or
composite should be relatively clear in the visible waveband (approximately
700 to 400 nm). The amount of nanotubes present and the dispersal of those
nanotubes as individual tubes or ropes of tubes as compared to larger
clumps and agglomerates of tubes will affect the transparency and clarity
of the resultant material. There have been a number of approaches that
attempt to resolve these issues. For example, WO 02/076888 discloses
exfoliating carbon nanotubes, particularly SWNT by coating them with a
water-soluble polymer in water. WO 02/076724 and WO 03/024798 disclose
using carbon nanotubes dispersed in polymer films. Although the disclosures
in these two publications are not limited to the use of SWNT, they disclose
that SWNT, which readily form ropes of tubes, are particularly useful. In
particular, WO 02/076724 requires the use of carbon nanotubes that have an
outer diameter of less than 3.5 nm. In an article entitled "Dispersion and
film properties of carbon nanofibre pigmented conductive coatings", J A
Johnson et al, Progress in Organic Coatings 47 (2003), 198- 206, there is
disclosed the preparation of dispersions of carbon nanofibres by
exfoliating stacked tetraalkyl ammonium hectorite clay platelets in the
presence of nanofibre bundles 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. 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. 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, there 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 andintercalated derivatives", V
Georgakilas et al, Carbon 42 (2004) 865-870 discloses functionalising
single-wall carbon nanotubes using smectites clays, in particular a natural
Wyoming montmorillonite, to catalyse the reactions. WO 97/31873, US 4558075
and WPI Abstract Accession No 2003-382627 (CN 1384163) disclose using clays
in paint and coating compositions. The Applicant has found that, by using
clays surprisingly it is possible to develop stable, film-forming
dispersions of fine particles including those of carbon black and carbon
nanotubes and coherent films, coatings and composites containing such
particles. It is therefore an objective of the present invention to provide
stable dispersions of fine particles and films, coatings and composites
made therefrom. It is another objective of the present invention to provide
electrically conductive films, coatings and composites containing dispersed
conductive fine particles. It is yet another objective of the present
invention to provide thermally conductive films and composites containing
dispersed thermally conductive fine particles. According to a first
embodiment of the present invention, a non-aqueous dispersion comprises an
organic solvent comprising at least 50 wt% of said dispersion and a solids
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 solvent and,
optionally, an organic polymeric 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. 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 wt% 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 wt%, more
preferably at least 0.5 wt% of said dispersion. Preferably, in the
dispersion according to the first embodiment of the invention, said
polymeric species and/or reactive precursor of a polymeric species when
presentcomprises less than 35 wt% of said solids content and more
especially less than 25 wt% of said solids content. Preferably, the
polymeric species and/or a reactive precursor of a polymeric species when
present comprises at least 1 wt% of said solids content, more preferably at
least 5 wt% of said solids content, and especially at least 10 wt% of said
solids content. According to a second embodiment of the present invention,
a non-aqueous dispersion comprise a liquid reactive precursor of an organic
polymeric species comprising at least 50 wt% of said dispersion and a
solids component which comprises not more than 20 wt% of said dispersion,
said solids component comprising fine particles and an organicallymodified
layered inorganic species capable of being dispersed by said reactive
precursor. Preferably, in the dispersion according to the second embodiment
of the invention, the solids component comprises not more than 15 wt% of
said dispersion and more especially not more than 10 wt% 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 wt%, more preferably at least 0.5 wt% of said dispersion. The fine
particles used in the present invention may be metal, including metal
alloys and layered metals, and metal oxide particles, eg gold, silver,
copper, silver-coated copper, indium tin oxide, titanium dioxide; carbon
particles eg carbon black, graphite, carbon nanotubes, carbon nanowhiskers,
fullerenes; conductive polymers; and other functional and non-functional
fillers and additives such as boron nitride, silica and glass; colourants,
pigments, curing agents, catalysts and encapsulant systems. 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. 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 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.In preferred forms of the first and second embodiments of the
present invention, the fine particles are selected from
electrically-conductive particles; more especially the fine particles are
selected from metal and metal oxide particles and/or carbon particles. In
an especially preferred form of the first and second embodiments of the
present invention, the fine particles are carbon particles; more
especially, carbon nanotubes or carbon black and particularly carbon
nanotubes. The carbon nanotubes used in the invention may be SWNT, MWNT or
carbon nanofibres. Preferably, however, MWNT are used in the present
invention. The SWNT typically vary from about 1 to 2 nm in diameter and
lengths of between 0.5 mm to 100 mm. The MWNT typically vary from about 5
to 50 nm in diameter and may have lengths of between 0.5 mm to 200 mm. The
carbon nanotubes typically have aspect ratios of up to about 100 to 100000.
The carbon nanofibres typically have diameters of the order of 100 to 200
nm and lengths of 20 to 100 mm. The carbon nanotubes used in the invention
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 instance, the larger
structures often contain a significant amount of amorphous carbon. Aligned
carbon nanotubes may also be used in the invention. 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. 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. 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:where M2+ is a divalent cation such as Mg2+, M3+
is a trivalent cation such as Al3+ and Am is the interlayer anion such as
NO3' . In the organically-modified LDH, such anions as NO3 are substituted
by suitable organic anions. The value for x is typically in the range 0.2
to 0.33. The LDH should be selected for compatibility with the liquid
organic medium. In the formula: M2+ is preferably selected from Mg2+, Cu2+,
Zn2+, Mn2+, Fe2+, Co2+, Ni2+ M3+ is preferably selected from Al3+, Fe3+,
Cr3+, Co3+, In3+ Am is preferably of the general formula: R - B where Bm"
denotes an anion such as sulphate, sulphonate, carboxylate or toluate and R
denotes an organic aliphatic or aromatic structure with typically more than
4 carbon atoms. The organically-modified layered inorganic species is
modified wherein the interlayer 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. Suitable organic anion species are of
formula Am" 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 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
andswinefordite. More especially, the 2:1 layered phyllosilicates useful in
the invention have a dioctahedral character, which includes
montmorillonite, beidellite, nontronite and 



volkonskoite and dioctahedral vermiculite. Most preferred is
montmorillonite. Typically, reported aspect ratios for some of the clays
are: for hectorite (50), for saponite (150), for montmorillonite (200), and
for synthetic fluorohectorite ( 1500-2000). In this embodiment, preferably,
the organoclay is modified by organoammonium or organophosphonium cations.
Preferably, the organic groups of the organoammonium or organophosphonium
cations are selected from mixtures of alkyl, hydroxyalkyl, alkenyl and aryl
groups. The alkyl groups may be selected from alkyl chains of C1 to C20 and
may be mixtures thereof. In particular, the alkyl groups may be mixtures of
short and long chain alkyl groups. Preferably, the short chain alkyl groups
are C1 to C6 and the long chain alkyl groups are C7 to C2o- Preferably, the
hydroxyalkyl group is selected from C1 to C6 hydroxyalkyl groups, more
especially from C1 to C3 hydroxyalkyl groups. Preferably the alkenyl group
is selected from C10 to C20 alkenyl groups, more especially from C14 to C18
alkenyl groups. Preferably, the aryl group is phenyl. It 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
C18 (65 %), C16 (30 %), and C (5 %) alkenyl chains. In hydrogenated tallow,
the majority of the double bonds in the alkenyl chains have been
hydrogenated. The organic groups may themselves be terminated with reactive
end groups such as hydroxy, amine, epoxy etc, 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 cfooi) is greater than 1.2 nm and, more
particularly is at least 1.5 nm. 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
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.As
described above, the dispersions of the first and second embodiments of the
present invention utilise an organic solvent or a liquid reactive precursor
of a polymer (for convenience, hereinafter"a liquid organic medium" when
the context permits its use). 



When the organically-modified layered inorganic species is intercalated
and/or exfoliated by the liquid organic medium, the resultant
organically-modified layered inorganic species dispersion is essentially
optically transparent under an optical microscope. It will be appreciated
that, in relatively high viscosity systems, the viscosity of the liquid
organic medium is sufficient to prevent significant settlement of the
organically-modified layered inorganic species and, of course, the fine
particles. However, in relatively low viscosity systems, depending upon the
degree of intercalation and/or exfoliation of the organically-modified
layered inorganic species, some settlement may occur. This phenomenon
provides a simple measure of the effectiveness of the liquid organic medium
in intercalating and/or exfoliating the organically-modified layered
inorganic species. In preferred dispersions according to the invention, the
organically-modified layered inorganic species, preferably an organoclay or
modified LDH, and the liquid organic medium combinations are selected to
have, in accordance with the simple test described below, a settled volume
of at least 50% or higher as specified below. Depending upon the degree of
intercalation and/or exfoliation of the organically-modified 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 this screen is an effective
indicator for organically-modified layered inorganic species/organic medium
combinations was confirmed by examining some organicallymodified 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 standard vials and the height
of the settled volume is measured and is expressed as a percentage of the
total height of the mixture.By using this simple test, suitable low
viscosity liquid organic media are media that intercalate and/or exfoliate
the organically-modified layered inorganic species to the extent that the
resultant settled volume is at least 50%, more preferably is at least 60%,
more particularly is at least 70% of the total height of the mixture. In
particularly preferred embodiments of the invention, suitable low viscosity
liquid organic media are media that 



intercalate and/or exfoliate the organically-modified layered inorganic
species to the extent that the resultant settled volume is at least 75%,
more preferably is at least 80%, more particularly is a t least 90% and is
especially 100% of the total height of the mixture. With regard to the
first embodiment, the organic solvent may be selected from a wide range of
organic solvents such as aliphatic, including cyclic aliphatic, and
aromatic hydrocarbons, including substituted hydrocarbons, for example
halogen-substituted hydrocarbons, alcohols, ethers, including cyclic,
aromatic and aromatic-aliphatic ethers, aliphatic, cyclic aliphatic,
aromatic or heterocyclic carbonyl compounds (more particularly ketones),
aliphatic and aromatic esters and alkoxyesters (particularly C1 to C6
alkoxyesters) (eg propyl acetate) and mixtures thereof. More preferably,
the organic solvent is selected from aliphatic and aromatic hydrocarbons,
including halogensubstituted hydrocarbons, ethers, including cyclic,
aromatic and aromatic-aliphatic ethers, aliphatic or heterocyclic ketones,
aliphatic and aromatic esters and alkoxyesters (particularly C1 to C6
alkoxyesters) and mixtures thereof. Particularly preferred organic solvents
for use in the invention are selected from the group consisting of
iso-hexane, , methyl cyclohexane, methyl cyclohexane, toluene, xylene,
chloroform, acetone, methyl ethyl ketone, N-methyl-2-pyrrolidone,
tetrahydrofuran, anisole, methyl benzoate, 2- butoxyethylacetate,
2-ethoxyethylacetate and mixtures thereof. In one form o f the first
embodiment of the invention, it is preferred that, when the
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 b e selected from monomeric and/or oligomeric
precursors. The reactive precursors may include appropriate initiators,
catalysts etc or, alternatively, such 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 trigger
component.The reactive precursor is preferably a thermosetting resin and
may be selected from the group consisting of an epoxy resin, an
addition-polymerisation resin, especially a bismaleimide resin, a
formaldehyde condensate resin, a phenolic resin and mixtures of two or more
thereof; and, more especially, is preferably an epoxy resin derived from
the mono or poly-glycidyl derivative of one or more of the group of
compounds consisting of 



aromatic diamines, aromatic monoprimary amines, aminophenols, polyhydric
phenols, polyhydric alcohols, polycarboxylic acids and the like, or a
mixture thereof, a cyanate ester resin, or a phenolic resin. Examples of
addition-polymerisation resin are acrylics, vinyls, bismaleimides, and
unsaturated polyesters. Examples of formaldehyde condensate resins are
urea, melamine and phenols. According to one form of the second embodiment
of the invention, the reactive precursor preferably comprises at least one
epoxy, cyanate ester or phenolic resin precursor, which is liquid at
ambient temperature; for example as disclosed in EP-A-0311349, EP-A-
0365168, EP-A-91310167.1 or in PCT/GB95/01303. Preferably the reactive
precursor is an epoxy resin precursor. Suitable epoxy resin precursors may
be selected from N.N.N'N'-tetraglycidyl diamino diphenylmethane (eg "MY
9663", "MY 720" or "MY721" sold by Ciba Geigy) viscosity 10 - 20 Pa s at
5O0C; (MY721 is a lower viscosity version of MY720 and is designed for
higher use temperatures;
N.N.N'N'-tetraglycidyl-bis^-aminophenyO-i^-diiso-propylbenzene (eg Epon
1071 sold by Shell Chemical Co.) viscosity 18 - 22 Poise at 1100C;
N.N.N'N'-tetraglycidyl-
bis(4-amino-3,5-dimethylphenyl)-1,4-diisopropylbenzene, (eg Epon 1072 sold
by Shell Chemical Co.) viscosity 3O - 40 Poise at 1100C; triglycidyl ethers
of p-aminophenol (eg "MY 0510" sold by Ciba Geigy), viscosity 0.55 - 0.85
Pa s at 250C; preferably of viscosity 8 - 20 Pa at 25C; preferably this
constitutes at least 25% of the epoxy 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 o f viscosity 8 - 20 Pa s at 25C; glycidyl ethers of
phenol Novolak resins (eg "DEN 431" o r "DEN 438" sold by Dow), varieties
in the low viscosity class of which are preferred in making compositions
according to the invention; diglycidyl 1,2-phthalate, eg GLY CEL A-100;
diglycidyl 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-
epoxycyclohexane carboxylate (eg "CY 179" sold by Ciba Geigy) and those in
the "Bakelite" range of Union Carbide Corporation.Epoxy resin precursors
that have relatively high viscosities may be used in combination with
appropriate diluents, such as oxetenes, that lower the viscosities of the
system but are incorporated into the resin matrix on curing. Suitable
cyanate ester resin precursors may be selected from one or more compounds
of 



the general formula NCOAr(ZyArx)nOCN and oligomers and/or polycyanate
esters and combinations thereof wherein Ar is a single or fused aromatic or
substituted aromatic and combinations thereof and there between nucleus
linked in the ortho, meta and/or para position and y = 0 up to 2 and x and
n = 0 to 5 independently. The Z is a linking unit selected from the group
consisting of oxygen, carbonyl, sulphur, sulphur oxides, chemical bond,
aromatic linked in ortho, meta and/or para positions and/or CR2 wherein Ri
and R2 are hydrogen, halogenated alkanes, such as the fluorinated alkanes
and/or substituted aromatics and/or hydrocarbon units wherein said
hydrocarbon units are singularly or multiply linked and consist of up to 20
carbon atoms for each R1 and/or R2and P(R3 R4 R'4 R5) wherein R3 is alkyl,
aryl, alkoxy or hydroxy, R'4 may be equal to R4 and a singly linked oxygen
or chemical bond and R5 is doubly linked oxygen or chemical bond or Si(R3
R4 R'4 R5) wherein R3 and R4 R4 are defined as in P(R3 R4 R'4 R5) above and
R5 is defined similar to R3 above. An example of which would be the Arocy
range of cyanate esters sold by Ciba Geigy. Optionally, the thermoset can
consist essentially of cyanate esters of phenol/formaldehyde derived
Novolaks or d icyclopentadiene derivatives thereof, an example of which is
XU71 787 sold by the Dow Chemical Company. According to another form of the
second embodiment 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. 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 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 for triggering 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 reactive species but including initiators, may be cast or otherwise
formed into a film andthen polymerised, for example by heating or incident
radiation. Alternatively, the dispersion, according to the invention,
consisting of (meth)acrylates, with or without other 



reactive species but including initiators, may be emulsion or suspension
polymerised and the resultant polymer beads and/or particles injection
moulded or formed into films. Suitable bismaleimide resin precursors are
heat-curable precursors containing the maleimido group as the reactive
functionality. The term bismaleimide as used herein includes mono-, bis-,
tris-, tetrakis-, and higher functional maleirnides and their mixtures as
well, unless otherwise noted. Bismaleimide resins with an average
functionality of about 2 are preferred. Bismaleimide resins as thusly
defined are prepared by the reaction of maleic anhydride or an aromatic or
aliphatic di- or polyarnine. Examples of the synthesis may be found for
example in U.S. Patent Nos. 3,018,290, 3,018,292, 3,627,780, 3,770,691 and
3,839,358. Preferred di- or polyamine precursors include aliphatic and
aromatic diamines. The aliphatic diamines may be straight chain, branched,
or cyclic, and may contain heteroatoms. Examples of such aliphatic diamines
are hexanediamine, octanediamine, decanediamine, dodecanediamine, and
trimethylhexanediamine. The aromatic diamines may be mononuclear or
polynuclear, and may contain fused ring systems as well. Preferred aromatic
diamines are the phenylenediamines; the toulenediamines; the various
methylenediamines, particularly 4,4-'-methylenedianiline; the
naphtalanediamines; the various amino-terminated polyarylene oligomers
corresponding to or analogues to the formula H2N-Ar[X-Ar]nNH2, wherein each
A r may individually be a mon- or poly-nuclear arylene radical, each X may
individually be -O-, -S-, CO2-, -SO2-, -OCO-, C1-C10 lower alkyl, C1-C10
halogenated alkyl, C2-C10 lower alkyleneoxy, aryleneoxy, polyalkylene or
polyoxyarylene, and wherein n is an integer of from 1 to 10; and primary
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.
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 isocyanategroups. The isocyanate reactive precursor
may be aliphatic, cycloaliphatics, aromatic or polycyclic. The polyols
and/or other reactive species, which include polyester polyols and 



polyethers, are able to react with the isocyanate precursor, in the
presence of suitable catalysts, to form polyurethanes. As described
previously, dispersions according to the invention preferably contain not
more than 20 wt% solids component, more preferably not more than 15 wt%"
solids component and more especially not more than 10 wt% solids component.
In preferred forms of the invention, the dispersions contain not more than
5 wt% solids component. Preferably, the dispersion contain at least 0.1
wt%, more preferably at least 0.5 wt% of solids component. Typically, the
dispersions contain between 1 to 3 wt% solids component. The weight ratio
of fine particles to organically-modified layered inorganic species in
dispersions according to the invention will vary depending upon the
application for which the dispersions are intended. The weight ratio of
fine particles to organically-modified layered inorganic species in such
dispersions may be in the range 99:1 to 1:99. More preferably the ratio is
not more than 90:10, more especially is not more than 80:20 and may be
50:50 or less. Conversely, the ratio is preferably not less than 10:90, and
more especially is not less than 20:80. The dispersions according to the
invention may contain other components depending upon the application. For
example the dispersions may contain mixtures of fine particles,
antioxidants, fillers, plasticisers, reinforcing materials, tougheners and
similar additives as are well known in the art. When formulations are
adjusted to include such other components, the solids component limits as
described above apply to all of the solids added. 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, when a reactive precursor of a polymeric species, may be
liquid. The polymeric species may be derived from thermosetting polymers,
thermoplastic polymers, elastomers and mixtures thereof that are soluble in
the liquid organic nraedium. The polymers may be selected from
polyalkylenes, polyvinyl polymers, polyurethanes, polyamides, polyethers,
polyimides, polyesters, poly(meth)acrylates, bismaleimide resins,cyanate
ester resins, phenol-formaldehyde resins and polyoxazolines, In some
applications, polymers useful in this embodiment of the invention may be
selected from at 



least one of the group consisting of thermoplastic acrylic, vinyl,
urethane, alkyd, polyester, hydrocarbon, fluoroelastomer and celluosic
resins; and, thermosetting acrylic, polyester, epoxy, urethane, and alkyd
resins. The polymeric species may be made by mixing a dispersion of fine
particles and organically modified layered inorganic species in a solvent
with the polymer either by dissolving the polymer in the dispersion or by
mixing a separate solution of the polymer with the dispersion. The
resultant polymer solution containing the dispersed fine particles may then
formed into a film by any suitable process such as solvent casting, spin
coating, doctor blade etc. Solvent removal may be accelerated by any
conventional means, for example the application of heat, reduced pressure
etc. The reactive precursor of a polymeric species may be derived from
reactive precursors that are compatible with the liquid organic medium.
When the liquid organic medium is itself a reactive precursor, the reactive
precursor of a polymeric species may be copolymerisable with said reactive
precursor or may form a separate polymeric species. The reactive precursor
of a polymeric species may be, as previously described, those reactive
precursors may be selected from precursors for addition-polymerisation
resins (such as (meth)acrylates, bismaleimides, and unsaturated
polyesters), epoxide resins, cyanate ester resins, isocyanate resins
(polyurethanes) or formaldehyde condensate resins (such as urea, melamine
or phenols) or mixtures thereof. 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. 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
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.Thus, according to a third embodiment of the present
invention, a structure comprises fine particles and an organically-modified
layered inorganic species and, optionally, an organic 



polymeric component which, when present, comprises less than 50 wt% of the
combined total weight of the particles and the species. Also, according to
a fourth embodiment of the present invention structure comprising fine
particles which are high aspect ratio particles and an organically-modified
layered inorganic species and, optionally, an organic polymeric component
which, when present, comprises less than 50 wt% of the combined total
weight of the particles and the species, wherein the fine particles are at
least partially oriented. In such structures according to the third and
fourth embodiments of the present invention, the fine particles are
selected from metal and metal oxide particles, carbon particles, conductive
polymeric particles; functional and non-functional fillers and additives,
colourants, pigments, curing agents, catalysts and encapsulant systems.
More particular, in such structures, the fine particles are selected from
electricallyconductive particles and are preferably selected from metal and
metal oxide particles and/or carbon particles. In especially preferred
structures according to the invention, the fine particles are carbon
particles, particularly carbon particles selected from carbon nanotubes or
carbon black. In preferred forms of the third and fourth embodiments of the
invention, the fine particles 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 wt% of the
structure and more especially less than 25 wt% 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 and an
organic polymeric component which comprises at least 50 wt% of the total
weight of the structure, wherein said structure has an electrical
percolation threshold lower thanand/or a transparency greater than an
equivalent structure in which the organicallymodified layered inorganic
species is absent. In preferred forms of the structure according to the
fifth embodiment of the invention, the polymeric component comprises not
less than 80 wt%, more preferably not less than 85 



wt% and more especially not less than 90 wt% of the structure. More
especially, the polymeric component comprises not less than 95 wt% of the
structure. Typically, the polymeric matrix is between 97 to 99 wt% of the
structure. In preferred forms of the structure according to the fifth
embodiment of the invention, the fine particles are preferably selected
from metal and metal oxide particles and/or carbon particles. In especially
preferred structures according to the fifth embodiment of the invention,
the fine particles are carbon particles, particularly carbon particles
selected from carbon nanotubes or carbon black and, more especially, the
fine particles are carbon nanotubes. As will be appreciated, the
organically-modified layered inorganic species in the structures according
to the invention are as described hereinbefore in relation to the
dispersions according to the invention. The structures according to the
invention may be a film. The film may be continuous, ie have significant
width and length relative to its depth, or it may be discontinuous, ie have
insignificant width relative to its length and/or depth. In the latter
form, the film may be laid out similar to an electrical or electronic
circuit or form connections between components for such circuits. Film
thicknesses may be of the order of 1 to 40 mm although thicker-films may
also be made. Such films may have electrical conductivities in the range
10"7 to 100 S cm"1; more especially, the films may have a conductivity of
at least 1 S cm"1, more preferably at least 10 S cm" 1 and particularly at
least 50 S cm"1. Structures according to the invention are preferably
abrasion resistant. - - When the structure according to the invention
comprises conductive fine particles; preferably the weight ratio of fine
particles to organically-modified layered inorganic species is in the range
99:1 to 10:90. Preferably, the ratio is not more than 90:10, more
preferably not more than 80:20 and more particularly is not more than
70:10. Preferably, at the other end of the range, the ratio is at least
10:90 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,
morepreferably 70:30 to 20:80, more particularly. 70:30 to 30:70. A
particularly preferred range is 70:30 to 60:40. Structures according to the
invention may be free standing or supported on a suitable substrate. The
substrate itself may be conducting or non-conducting and includes
substrates made of polymers, both organic and inorganic, inorganic
materials and metals. 



The structures according to the invention may be formed on the surfaces of
other structures or may be integral therewith, the dispersions according to
the invention having been used to impregnate such other structures, for
example fabrics to form a prepreg. The structures according to the
invention may form part of a multilayered structure, for example a laminate
consisting of two or more layers. The other layers may be insulating or
conductive and, in the latter instance, may contain or consist of other
conductive materials. The invention will now be described by way of
illustration only with reference to the following Examples and the
accompanying drawings, of which: Figure 1 is a photograph of a set of vials
containing samples of dispersions as described in Example 1; Figure 2 is a
set of photographs of carbon nanotube films as described in Example 2; and
Figures 3 and 4 are photographs of carbon nanotube films as described in
Example 3; Figure 5 is a scanning electron micrograph of one of the films
described in Example 3; 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); Figure 8 is micrographs of Samples Epoxy-5 to Epoxy-7 as
identified in Example 8, the 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 side);Figure 10 is micrographs of Sample
Epoxy-9 as identified in Example 8, the micrographs each showing the sample
in non-polarised light; Figure 11 is micrographs of Sample Epoxy-10 as
identified in Example d, the micrographs each showing the sample in
non-polarised light; Figure 12 is micrographs of Sample Epoxy-1 1 as
identified in Example 8, the micrographs each showing the sample in
non-polarised light; Figure 13 is micrographs of Sample Epoxy-1 2 as
identified in Example 8, the micrographs each showing the sample in
non-polarised light; 



Figure 14 is micrographs of cured films of Samples Epoxy-10 and 12 as
identified in Example 8, the micrographs each showing the sample in
non-polarised light; Figure 15 is a photograph of a set of vials containing
samples of dispersions as described in Example 10; Figures 16 and 17 are
micrographs of the Samples identified in Example 12; Figure 18 are
micrographs of Samples identified in Example 13; and Figure 19 is a
photograph of a set of vials containing samples of dispersions as described
in Example 14. Examples In the Examples below, the following particulate
materials were used: Carbon Nanotubes 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 The carbon black used in the Examples was
obtained from Degussa and has a mean particle size of around 20
nm.Fullerenes The fullerite (C60:C70 mixture (9:1) precursor to
buckminsterfullerenes (C60) and (6,6)- fullerenes (C70)) used in Example 13
was obtained from Aldrich and had a particle size of < 1 nm. Table 1 Indium
Tin Oxide 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 nm but they tend to agglomerate
and produce agglomerates of around a few microns in size. Polvaniline The
conductive polyaniline PANI used -in? Example 14 was obtained from Aldrich
(emeraldine salt, av MW >15000. infusible powder having a particle size
range 3-100 mm. 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 mm; the silver powder had aparticle
size in the range 2 to 3.5 nm; the silver flake had a particle size of <10
mm; and 



the nanosize silver had a particle size of about 100 nm but it tended to
agglomerate to about 1 to 2 mm. In the Examples, following clays were used
as the organically-modified layered inorganic species. Clays Organophilic
modified montmorillonites available from Southern Clay Products, Inc.
(Gonzales, Texas, USA), marketed under the trademark Cloisite(r) and their
modifications, modifier concentration, and 0O 01 basal spacing as provided
by the supplier are shown in Table 2. For comparison purposes, a
hydrophilic non-modified sodium montmorillonite available from Southern
Clay Products, Inc. and also marketed under the trademark Cloisite(r) was
also used. The clays were received as a fine powder with an average
particle size of 8 mm. The as-received powdery clays were dried at 100 0C
under vacuum for 2 days immediately prior to use. In order of increasing
hydro phobicity, the clays are 15A, 2OA, 25A,10A,30B, NaMMT Table 2 a
Commercial designations provided by Southern Clay Products, Inc. b T =
tallow, HT = hydrogenated tallow. Tallow is a natural product composed
predominantly of unsaturated Ci 8 (65 %), C16 (30 %), and Cu (5 %) alkyl
chains. The term HT denotes the tallow-based alkyl chains in which majority
of the double bonds have been hydrogenated.c The amount of milliequivalents
of ammonium salt used per 100 g of montmorillonite during the cationic
exchange reaction with the pristine sodium montmorillonite. d The basal
spacing corresponds to the characteristic Bragg reflection peak of c/001
obtained by XRD. The values in parenthesis were obtained from XRD
measurements made by the Applicant. e Cation exchange capacity of the
sodium montmorillonite. Solvents The solvents listed in Table 3, Example 1,
were all either technical-grade or high-purity grade, and were used as
received. Epoxy System The epoxy resin used in Example 8 was a diglycidyl
ether of bisphenol A available as 



EPON(tm) 828 (Resolution Performance Products) with an epoxy equivalent
weight of 184- 190, a specific gravity of 1.16 g ml"1 at 25 0C, and a
molecular weight of about 377 g mol- 1. The curing agent used in was
4,4'-methylene bis(2,6-diethylaniline) purchased from Sigma-Aldrich Co.
(Gillingham, Dorset, United Kingdom). Methacrylate Systems The methacrylate
monomers listed in Table 9, Example 10, were all purchased from
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(r), 90 % solution in dibutyl phthalate) and was obtained
from Akzo Nobel Polymer Chemicals BV. Preparation of clav or fine particle
and liquid organic medium dispersions Samples of solvent-, epoxy-, and
methacrylate-based clay or fine particle dispersions 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(tm) DAC 150 FVZ1 Hauschild Engineering, Germany) operating at
3000 rpm using 20 wt% of ceramic beads (ytrria-stabilized zirconia beads
(diameter: 2 mm) sold under the trade name Zirmil available from
Saint-Gobain ZirPro (Zirconium Products), a department of Saint-Gobain
Grains and Powders Division). The total weight of each sample was 2Og
(excluding the ceramic beads).Preparation of clav/fine particles/liquid
organic medium dispersions Clay/liquid organic medium samples were prepared
as described above. A predetermined amount of fine particles was then added
to each sample and hand-mixed into the sample. The sample was then mixed
for another 2 x 5 min with the centrifugal mixer to disperse the fine
particles. The total weight of each sample was 20g (excluding the ceramic
beads). Preparation of cured epoxy-based carbon nanotubes/oraanoclav bulk
samples Following removal of the ceramic beads from samples of the epoxy
precursor dispersions in accordance with the method described above, the
thermal curing agent was added with a molar ratio of 1 of epoxide monomer
to 0.77 curing agent. The curing agent was dispersed into the mixture by an
additional mixing for 2 x 5 min at 3000 rpm using the centrifugal mixer.
The extra mixing of the epoxy-based samples was required owing to the solid
nature of the epoxy curing agent (-24 wt%) as compared to the methacrylate 



initiator (~1 wt%) (see below). However, despite the high initial viscosity
of the epoxy precursor, all mixtures remained highly fluid and were poured
into stainless steel pans for curing. Thermal curing of the mixtures was
conducted isothermally in an oven at 180 C for2 h. Preparation of
methacrylate-based carbon nanotubes/oraanoclav films Following removal of
the ceramic beads from samples of methacrylate dispersions in 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 1200C, 0.5 h at 1400C, and 1 h at 1500C.
Measurement of Electrical Conductivity of Samples 1. Four probe
conductivity measurements for films made from the samples with a
conductivity down to 10"3 S cm" 1: The samples were sanded and polished and
four electrodes comprising silver conductive paste were applied. The
electrical conductivity of the samples was measured by a fourprobe
conductivity measurement using a Keithley Instruments 610C solid-state
electrometer connected to a Jandel universal probe.2. Two probe
conductivity measurements for films made from the samples with a
conductivity in the range of 10 3 to 10"6 S cm"1 : The samples were sanded
and polished and two electrodes comprising silver conductive paste were
applied. The electrical conductivity of the samples was measured by a
twoprobe conductivity measurement using a Philips Pm 2518 RMS multimeter.
3. Two probe conductivity measurements for cured samples with a
conductivity in the range of 1fJ7 to 10'15 S cm"1 : The samples were sanded
and polished and two electrodes comprising silver conductive paste were
applied. The electrical conductivity of the samples was measured by a
twoprobe conductivity measurement using a Keithley Instruments 610C
solid-state electrometer. The surface resistivity of the samples was
calculated from the conductivity. Measurement of Transparency of Samples
Adhesive tape of 25 micron thickness or greater (tapes being overlaid to
achieve desired thicknesses as required) was applied to each long side of
standard glass microscope 



slides to define a channel therebetween on each slide. The uncured sample
under test was dragged into the channel between the tapes using another
glass microscope slide, thereby producing a film of 25 microns thickness or
greater depending on the thiickness of the tape defining the channel. The
transmission was immediately recorded a t 550 nm using a Varian Gary 1C
UV-visible spectrophotometer and an Integrating Sphere (DRACA- 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 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 trie vial was measured together with the height of any obvious
sediment in the vial. Where there was no obvious settlement of the clay,
the height of the sediment was taken to be equal to the height of the
sample. The height of the settled volume, ie the sediment, was
thenexpressed as a percentage of the total height of the sample. The
results are shown in Table 3. At least some of the vials were re-measured
after 60 days and those results are given in brackets in Table 3. A small
aliquot of each sample was viewed under a Nikon Optiphot-Pol optical
microscope. If the sample was found to be optically clear, even when using
crosspolarized light, which could indicate that the organoclay is highly
intercalated and/or exfoliated. The samples at around the 100% level and
just below tended to exhibit such behaviour. A 2 wt% of clay sample was a
convenient amount to use as, if the clay was highly intercalated and/or
exfoliated, the clay visually filled the available volume of dispersion in
the vial, ie gave a 100% figure. In contrast, for smaller wt%s of clay
there was insufficient clay present to fill the sample volume and they
developed a visually clear portion of solvent above the sediment in the
vial notwithstanding the clay was highly intercalated and/or exfoliated, ie
there was insufficient clay present to fill the sample volume.
Additionally, the set of vials containing the samples for toluene
(following 4 days settlement) are shown in Figure 1. 



The percentage figure is indicative of the amount of dispersion and
intercalation and/or exfoliation of the clays in the solvents. It is to be
noted that, whilst the clay increased the viscosity of the dispersion
marginally in most instances compared to the solvent alone, the dispersions
all had a low viscosity and were highly fluid. 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 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
fluid.Applicant's Ref TEC 5 1153 26 Table 3 Column A is the Hansen
solubility parameter and values are given in MPa1'2. The values quoted are
from literature sourcesExample 2 Samples SoM (1 wt% CNT-A)1Sol-2 ( 1 wt%
CNT-A + 0.1 wt% organoclay 10A) and Sol-3 ( 1.0 wt% CNT-A + 1.0 wt%
organoclay 10A) were made up as described above in toluene. Aliquots of 1g
and 2g, respectively, were added to stainless steel dishes and the toluene
was evaporated off under vacuum and at a temperature of 400C. Photographs
of the dishes containing the samples are shown in Figure 2. The upper row
is the dishes that contained 1g of dispersion prior to evaporation of the
solvent and the lower row is the dishes that contained 2g of dispersion
prior to evaporation of the solvent. As can be seen, it is clear that the
amount of sample added to the dish has an affect on the appearance of the
dried film of the carbon nanotubes. However, it is quite apparent that
Sol-1 (no organoclay present) exhibits significant "mud cracking", ie
similar to cracks that appear in mud when it dries out, at both levels of
sample in the dishes. Sol-2 and Sol-3 show significant improvements over
Sol-1 and, in particular, Sol-2 at the 2g level and Sol-3 at both the 1g
and the 2g levels show coherent films of carbon nanotubes. 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
wt%, 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- Du Pont Teijin, Melinex 506, 210x297mm, 175 mm thick) and
spread to form a film using a 1 mil (25 mm) 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 resultant 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 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
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.Table 4 Example 4 Example 3
was repeated for Films 2 and 4 but with 0.20 wt% polystyrene (ex-Aldrich)
replacing 0.20 wt% toluene (Films 2A and 4A) to give a final film polymer
content of 20 wt%. The conductivity of the resultant carbon
nanotube/organoclay/ polystyrene films was measured and the results are
shown in Table 5, the results of Films 2 and 4 being included for
comparison between the films without and with polymeric binder. Table 5
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. Table 6Example 6 Example 3 was
repeated but with the total weight of carbon nanotubes and/or organoclay in
the sample was 3 wt%, the balance being toluene. The CNT-A/10A was 50:50. A
plastic probe was dipped into the resultant dispersion and upon removal the
toluene was evaporated off in a fume cupboard overnight under ambient
conditions leaving a thin coating on the end of the probe (see Figure 6). 



Example 7 Example 3 was repeated but using ITO both without and with
organoclay 10A as shown in Table 7. Without the organoclay, the ITO was
poorly dispersed in the toluene and quickly settled out. With the
organoclay, the ITO was well dispersed in the toluene and the dispersion
exhibited stability. Table 7 Example 8 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 ions. 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-polarisedlight. The samples were
examined as mixed and after periods of time. Some samples were also cured
as described above. Photographs of some of the microscopy results are shown
in Figures 7 to 14. Samples Epoxy-1 to Epoxy-4 (see Figure 7) exhibited
different levels of intercalation/ exfoliation of the clays. As can be seen
by the visible clay stacks/aggregates and the level of crystallinity shown
in the micrograph taken using polarised light, Sample Epoxy-1, ie the
unmodified clay, remained substantially crystalline and no significant
intercalation had occurred. In contrast, the Samples Epoxy-2 to Epoxy-4
showed varying levels of intercalation/exfoliation, the order of the degree
of intercalation/exfoliation being Epoxy-3 < Epoxy-4 < Epoxy-2. The
intercalation/exfoliation of these samples was also checked using X-ray
diffraction. In Samples Epoxy-5 to Epoxy-8, which contained carbon
nanotubes, the same trend is observed with the carbon nanotubes being
dispersed throughout the samples (see Figure 8). Table 7 The Samples
Epoxy-6 and Epoxy-7 were allowed to stand for 60 min and were reexamined.
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 caseof Sample Epoxy-7, owing to the significantly lower level of
intercalation of the clay it may be expected that some re-aggregation of
the carbon nanotubes may occur. In contrast, Samples Epoxy-9 and Epoxy-10
(see Figures 10 and 11, respectively) 



demonstrate that the carbon nanotubes in the epoxy precursor but absent the
organoclay component clearly re-aggregate over time. It will be appreciated
the levels of clay in these samples are relatively high at 5 wt% and, for
many applications that require conductivity to be present and good optical
visibility, that level of clay will be precluded. However, for
intercalated/exfoliated organoclays, the Applicant has found that very
small amounts of organoclay can significantly affect carbon nanotube
re-aggregation. Thus, Sample Epoxy-12 (see Figure 13), in which the
organoclay to the carbon nanotubes weight-ratio is 1 to 10, no perceptible
re-aggregation of the carbon nanotubes is to be seen over the time period.
In contrast, when small amounts of unmodified clay are used, Sample
Epoxy-11 (see Figure 12), re-aggregation of the carbon nanotubes occurred.
Re-aggregation of the carbon nanotubes occurs in the absence of clay even
when curing of the epoxy precursor dispersion is initiated immediately
following mixing of the components to form the dispersion. This was
demonstrated by curing portions of 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
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 mm
thick. Sample Epoxy-13 performed similarly to Sample Epoxy-12. Samples
Epoxy-14 and Epoxy-17 in both dispersions and cured forms showed
reaggregation of the carbon nanotubes over the time period. 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 d.Table 8 To demonstrate t e e
fect of the dilution of the sample by the curing agent has on the optical
transparency-, the curing agent was included in these two samples.Referring
to Table 8, the cured epoxy resins containing only carbon nanotubes CNT-A
have a percolation threshold at about 0.5 wt% of carbon nanotubes (Samples
Epoxy-18 to Epoxy-22), whereas with 5 wt% of organoclay 10A, the cured
resins are essentially nonconductive (Samples Epoxy-23 to Epoxy-27). A
reduction in organoclay level (Samples Epoxy-28 to Epoxy-32) shows that the
percolation threshold is re-established for samples 



containing up to about 1 wt% of organoclay 10A. At 0.5 wt% of organoclay
10A1 more than 0.5 wt% of carbon nanotubes CNT-A is required to establish a
percolation threshold (Samples Epoxy-33 to Epoxy-37). The cured epoxy
resins containing only very small amounts of clay demonstrate a lowered
percolation threshold as compared to the cured epoxy resins containing only
the carbon nanotubes. Furthermore, the precursor dispersions containing
only very small amounts of organoclay 10A show an improved transparency as
compared to the epoxy precursor dispersions containing only the carbon
nanotubes (Samples Epoxy-38 to Epoxy-42 and Samples Epoxy-18 to Epoxy-22,
respectively) or higher amounts of clay. Cured samples of the epoxy
precursor dispersions containing carbon nanotubes CNT-B similarly
demonstrate a slightly lowered percolation threshold as compared to the
cured epoxy resins containing only the carbon nanotubes. Furthermore, the
precursor dispersions containing only very small amounts of organoclay 10A
show an improved transparency as compared to the epoxy precursor
dispersions containing only the carbon 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 Epo*y-50/Epoxy-50A, the curing agent
dilutes the dispersions. 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
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 wassufficient 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 no obvious settlement
of the clay, the height of the sediment was taken to be equal to the height
of the sample. The height of the settled 



volume, ie the sediment, was then expressed as a percentage of the total
height of the sample. The results are shown in Table 9. Additionally, the
set of vials containing the samples for isobornyl methacrylate are shown in
Figure 15. Some samples contained both sediment and a floating portion; the
percentage of the combination of the heights of the sediment and the
floating portion is quoted in brackets i n Table 9. A small aliquot of each
sample was viewed under a Nikon Optiphot-Pol optical microscope. If the
sample was found to be optically clear, even when using crosspolarized
light, that was indicative that the clay is highly intercalated and/or
exfoliated. The samples at around the 100% level and just below tended to
exhibit such behaviour. Table 9 * Column A is the Hansen solubility
parameter and values are given in MPa, 11/' 2. The values quoted are from
literature sources.Example 11 Samples were made up using isobornyl
methacrylate (iBMA) and ethyl methacrylate (EMA) as shown in Table 10.
Table 10 The Samples Meth-1 to Meth-4 and Meth-1 1 to Meth-1 4 without any
organoclay showed very poor dispersion of the carbon nanotubes but no
additional re-aggregation 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 level of organoclay
added (Samples Meth-5 to Meth-1 0 and Meth-1 5 to Meth-1 8). The addition
of 5 wt% of poly-iBMA to Sample Meth-1 did not improve the d ispersibility
of the carbon nanotubes and at 10 wt% poly-iBMA additionally caused
re-aggregation of the carbon nanotubes to occur. Example 12 Samples were
made up using solvents and carbon black as shown in Table 1 1.Table 1 1 As
can be seen from Figures 16 and 17 (in which the micrographs were taken
immediately after mixing), without the organoclay (Samples CB-1 and CB-3),
the carbon black was poorly dispersed in the solvent and rapidly settled
out whereas, in the presence of the organoclay (Samples CB-2 and CB-4), the
carbon black was well dispersed and the dispersions exhibited stability for
at least one week. Such dispersions in accordance with the invention,
especially when incorporating a 



reactive precursor of a polymeric binder, for example an epoxy resin
precursor and curing agent, may find utility in thermal ink jet printer
applications. In such applications, typically the viscosity of the ink has
to be not more than 20 cP and the particle size has to be not more than 5
mm. Using solvent/reactive precursor solutions, the carbon black does not
disperse well and settles out almost immediately. Even when anti-settling
agents are added, although the rate of settling is decreased, the settling
of the carbon black is not 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 wt% fullerite, using methyl ethyl
ketone and toluene as 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 slightly, ie it occupied 87% of the total volume of
liquid, it was uniform in colour with no apparent sedimentation.Toluene is
a known solvent for fullerenes. Consequently, both samples appeared to be
clear, dark red solutions, even after one week. However, examination of the
solutions after mixing showed that the sample without the organoclay
clearly had a significant proportion of non-dispersed fullerite
agglomerations as compared to the sample with the organoclay - see Figure
18. Example 14 Samples 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 1OA. Without the organoclay, the polyaniline was poorly dispersed
in the solvent and rapidly settled out whereas, in the presence of the
organoclay, the polyaniline was well dispersed and the dispersion exhibited
stability for at least one week - see Figure 19 (taken at one week).
Example 15 Samples were made up using gold and silver particles (Au and Ag
respectively in Table 10) with toluene as the solvent and both without clay
and with organoclay 10A as shown in Table 10. 



Table 10 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 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.From the Examples, it appears that suitable
liquid organic media for use in the invention have a total Hansen
solubility parameter in the range 14 to 24, more preferably in the range 16
to 23 and more especially in the range 16 to 23.Claims 1. A non-aqueous
dispersion comprising an organic solvent comprising at least 50 wt% of said
dispersion and a solids 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 solvent and, optionally, an organic polymeric 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. 2. A
dispersion according to claim 1 wherein the solvent comprises at least 70
wt% of said dispersion. 3. A dispersion according to claim 1 or claim 2
wherein the solids component comprises not more than 15 wt% of said
dispersion and more especially not more than 10 wt% of said dispersion. 4.
A dispersion according to any one of the preceding claims wherein the
solids 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. 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 species and/or a reactive precursor of a polymeric species when
present comprises at least 1 wt% 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 99:1 to 1:99. 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 70:30.10. A dispersion according to claim 8 or
claim 9 wherein the weight ratio of fine particles to said species is not
less than 10:90, and more especially is not less than 20:80. 11. A
dispersion according to any one of the preceding claims wherein the fine
particles are selected from metal and metal oxide particles, carbon
particles, conductive polymeric particles; functional and non-functional
fillers and additives, colourants, pigments, curing agents, catalysts and
encapsulant systems. 12. A dispersion according to any one of the preceding
claims wherein the fine particles are selected from electrically-conductive
particles. 13. A dispersion according to according to any one of the
preceding claims wherein the fine particles are selected from metal and
metal oxide particles and/or carbon particles. 14. A dispersion according
to any one of the preceding claims wherein the fine particles are carbon
particles. 15. A dispersion according to any one of the preceding claims
wherein the fine particles are carbon nanotubes or carbon black. 16. A
dispersion according to any one of the preceding claims wherein the
organicallymodified layered inorganic species comprises an organoclay or an
organicallymodified layered double hydroxide. 17. A dispersion according to
any one of the preceding claims wherein the organicallymodified layered
inorganic species is a natural or synthetic organoclay. 18. A dispersion
according to any one of claims 1 to 16 wherein the organicallymodified
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. 



19. A dispersion according to any one of the preceding claims wherein the
organicallymodified layered inorganic species and the solvent combinations
are selected to have a settled volume of at least 50% or higher, said
settled volume being determined as hereinbefore described.20. A dispersion
according to any one of the preceding claims wherein the solvent is
selected from organic solvents in the group comprising aliphatic, including
cyclic aliphatic, and aromatic hydrocarbons, including substituted
hydrocarbons, alcohols, ethers, including cyclic, aromatic and
aromatic-aliphatic ethers, aliphatic, cyclic aliphatic, aromatic or
heterocyclic carbonyl compounds (more particularly ketones), aliphatic and
aromatic esters and alkoxyesters (particularly C1 to C6 alkoxyesters) and
mixtures thereof. 21. A dispersion according to claim 20 wherein the
solvent is selected from aliphatic and aromatic hydrocarbons, including
halogen-substituted hydrocarbons, ethers, including cyclic, aromatic and
aromatic-aliphatic ethers, aliphatic or heterocyclic ketones, aliphatic and
aromatic esters and alkoxyesters (particularly Ci to C6 alkoxyesters) and
mixtures thereof. 22. A dispersion according to claim 20 or claim 2 1
wherein the solvent is selected from the group consisting of iso-hexane,
toluene, xylene, chloroform, acetone, methyl ethyl ketone,
N-methyl-2-pyrrolidone, tetrahydrofuran, anisole, methyl benzoate, 2-
butoxyethylacetate, 2-ethoxyethylacetate and mixtures thereof. 23. A
dispersion according to any one of the preceding claims wherein said
polymeric species and/or reactive precursor of a polymeric species
comprises a polymeric species derived from thermosetting polymers,
thermoplastic polymers, elastomers 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 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 



said dispersion. 26. A dispersion according to claim 24 or claim 25 wherein
the solids component comprises not more than 5 wt% of said dispersion.27. A
dispersion according to any one of claims 24 to 26 wherein the solids
component comprises at least 0.1 wt%, more preferably at least 0.5 wt% of
said dispersion. 28. A dispersion according to any one of claims 24 to 27
wherein the weight ratio of fine particles to said species is in the range
99:1 to 1:99. 29. A dispersion according to claim 28 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. 30. A dispersion according to claim 28
or claim 29 wherein the weight ratio of fine particles to said species is
not less than 10:90, and more especially is not less than 20:80. 3 1. A
dispersion according to according to any one of claims 24 to 30 wherein the
fine particles are selected from metal and metal oxide particles, carbon
particles, conductive polymeric particles; functional and non-functional
fillers and additives, colourants, pigments, curing agents, catalysts and
encapsulant systems. 32. A dispersion according to any one of claims 24 to
3 1 wherein the fine particles are selected from electrically-conductive
particles. 33. A dispersion 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 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 organicallymodified layered
inorganic species comprises an organoclay or an organicallymodified layered
double hydroxide. 37. A dispersion according to any one of claims 24 to 36
wherein the organicallymodified layered inorganic species is a natural or
synthetic organoclay. 38. A dispersion according to any one of claims 24 to
37 wherein the organicallymodified layered inorganic species comprises a
synthetic and naturally occurringlayered double hydroxide in which organic
anions have been substituted for inorganic anions within the interlayer
regions thereof. 



39. A dispersion according to any one of claims 24 to 38 wherein the
organicallymodified layered inorganic species and the precursor
combinations are selected such that the inorganic species is intercalated
and/or exfoliated by the precursor as assessed using optical microscopy
and/or settling volume as hereinbefore described. 40. A dispersion
according to any one of claims 24 to 39 wherein said reactive precursor is
selected from precursors for addition-polymerisation resins, epoxide
resins, cyanate ester resins, isocyanate resins (polyurethanes) or
formaldehyde condensate resins o r mixtures thereof. 41. A structure
comprising fine particles and an organically-modified layered inorganic
species and, optionally, an organic polymeric component which, when
present, comprises less than 50 wt% of the combined total weight of the
particles and the species. 42. A structure according to claim 4 1 wherein
the fine particles are selected from metal and metal oxide particles,
carbon particles, conductive polymeric particles; functional and
non-functional fillers and additives, colourants, pigments, curing agents,
catalysts and encapsulant systems. 43. A structure according to claims 4 1
or claim 42 wherein the fine particles are selected from
electrically-conductive particles. 44. A structure according to any one of
claims 4 1 to 43 wherein the fine particles are selected from metal and
metal oxide particles and/or carbon particles. 45. A structure according to
claim 4 1 to claim 44 wherein the fine particles are carbon particles. 46.
A structure according to any one of claims 4 1 to 45 wherein the fine
particles are carbon nanotubes o r 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
polymeric component which, when present, comprises less than 50 wt% of
thecombined total weight of the particles and the species, wherein the fine
particles are at least partially oriented. 48. A structure according to
claim 4 7 wherein the fine particles are selected from metal and metal
oxide particles, carbon particles and conductive polymeric particles. 49. A
structure according to claim 47 or claim 48 wherein the fine particles are 



selected from electrically-conductive particles. 50. A structure according
to any one of claims 47 to 49 wherein the fine particles are selected from
metal and metal oxide particles and/or carbon particles. 51. A structure
according to claim 4-7 to claim 50 wherein the fine particles are carbon
particles. 52. A structure according to any one of claims 47 to 5 1 wherein
the fine particles are carbon nanotubes. 53. A structure according to any
one of claims 4 1 to 52 consisting essentially of said fine particles and
said species. 54. A structure according to any one of claims 4 1 to 52
wherein the polymeric species comprises less than 35 wt% of the structure
and more especially less than 25 wt% of the structure. 55. A structure
according to any one of claims 4 1 to 52 or to claim 54 wherein 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. 56. A structure according to any one of claims 4 1 to 55
wherein the organicallymodified layered inorganic species comprises an
organoclay or an organicallymodified layered double hydroxide. 57. A
structure according to any one of claims 4 1 to 56 wherein the
organicallymodified layered inorganic species is a natural or synthetic
organoclay. 58. A structure according to claim 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 beenexchanged by protonated organoammonium or
organophosphonium cations, especially by organoammonium cations. 60. A
structure according to claim 59 wherein the organoammonium are selected
from mixtures of alkyl, hydroxyalkyl, alkenyl and aryl groups. 61. A
structure according to any one of claims 4 1 to 56 wherein the
organicallymodified 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. 62. A structure according to claim 6 1 wherein the
organically-modified layered 



inorganic species comprises a synthetic and naturally occurring layered
double hydroxide of formula: where M2+ is a divalent cation such as Mg2+,
M3+ is a trivalent cation such as Al3+ and Am~ is the interlayer anion, the
value of x being in the range 0.2 to 0.33. 63. A structure according to any
one of claims 4 1 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 4 1 to 63 wherein
the polymer is derived from precursors for addition-polymerisation resins,
epoxide resins, cyanate ester resins, isocyanate resins (polyurethanes) or
formaldehyde condensate resins or mixtures thereof. 65. A structure
according to any one of claims 4 1 to 64 wherein the weight ratio of fine
particles to organically-modified layered inorganic species is in the range
99:1 to 1:99. 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 o r claim 66 wherein the weight ratio of
fine particles to organically-modified layered inorganic species is not
less than 10:90, and more especially is not less than 20:80.68. A structure
according to any one of claims 4 1 to 67 comprising a film. 69. A structure
according to any one of claims 4 1 to 68 having a conductivity of at least
1 S cm"1. 70. A structure according to any one of claims 4 1 to 69 having a
conductivity of at least 10 S cm"1. 7 1. A structure according to any one
of claims 4 1 to 70 having a conductivity of at least 50 S cm"1 . 72. A
structure comprising electrically-conductive fine particles and an
organicallymodified layered inorganic species and an organic polymeric
component which comprises at least 50 wt% of the total weight of the
structure, wherein said structure has an electrical percolation threshold
lower than and/or a transparency greater than an equivalent structure in
which the organically-modified layered inorganic species is absent. 



73. A structure according to claim 72 comprising not less than 80 wt%
polymeric component, more preferably not less than 85 wt% polymeric
component and more 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 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 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.80. A structure according to any one of
claims 72 to 79 wherein the organicallymodified layered inorganic species
comprises an organoclay or an organicallymodified layered double hydroxide.
81. A structure according to any one of claims 72 to 80 wherein the
organicallymodified layered inorganic species is a natural or synthetic
organoclay. 82. A structure according to claim 8 1 wherein the organoclay
is selected from vermiculites and smectites and especially is a
montmorillopite. 83. A structure according to claim 8 1 or claim 82 wherein
the organoclay is an organically-modified clay wherein the interlayer metal
cations have been exchanged by protonated organoammonium or
organophosphonium cations, 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
organicallymodified 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 hydroxide of formula: where M2+ is a divalent cation such as Mg 2+,
M3+ is a trivalent cation such as Al3+ and A"1' 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 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 mixtures thereof.89. A structure
according to any one of claims 72. to 88 wherein the polymer is derived
from precursors for epoxide resins. 90. 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.
91. 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. 92. A structure
according to claim 90 or claim 9 1 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 . 93. A structure
according to any one of claims 72 to 92 comprising a film. 




