
0 094 801 Description This invention relates to floccular compositions
comprising ultrafine inorganic particles of at least one metal or compound
of a metal (especially particles of coinage or transition metals) in which
the maximum 5  dimension of a major proportion of the particles is from 0.5
to 3000 nm. It also relates to a method for making the compositions and to
materials containing the particles. Ultrafine inorganic particles are
conveniently prepared as dilute dispersions in liquids but more
concentrated dispersions or preferably dry particles are needed if the
particles are to be easily mixed into widely used materials such as inks,
paints, refractory enamels or highly viscous molten plastics. Attempts 10
to make concentrates or to dry ultrafine particles by the removal of liquid
have resulted in unacceptable agglomeration even when the ultrafine
particles have been treated with sterically hindering protective colloids
such as are described for example in British patent specification
GB-A-1277420. Briefly a sterically hindering protective colloid is a
substance which can attach to a colloidal particle and which is caused to
swell considerably by the liquid dispersant. Swelling occurs to such an
extent that a barrier of 15  immobilised liquid and protective colloid is
formed around the colloidal particles. However during drying the volume of
the swollen protective colloid reduces by far more than 5% whereupon the
colloidal particles approach each other and agglomerate. Similarly British
patent specification GB-A-2026341 discloses the use of materials which are
"solvated" or "solvatable" in order to inhibit flocculation of particles
dispersed in a solvent. When dispersed, "solvated" or "solvatable"
materials will swell with solvent in much the 20  same way that a
conventional protective colloid swells and likewise they will contract in
volume when dried so promoting agglomeration of colloidal particles.
Agglomeration destroys valuable properties of ultrafine inorganic
particles. For example certain metal particles having a maximum particle
dimension of from 2 (or preferably from 7) to 45 nm have a potential
usefulness as so-called "transparent" colouring agents. ("Transparent"
colouring agents generate colour 25  by absorbing certain wavelengths of
light as it is transmitted through the colouring agent whereas most
inorganic pigments generate colour by a combination of light scattering and
light absorbing actions). The ability to act as a transparent colouring
agent is lost if coinage or transition metal particles agglomerate to sizes
above 45 nm for then colour generated by scattering becomes dominant.
Worthwhile transparent colouring ability is also lost if the particle size
is below 2 nm and it declines as the particle size falls from 7 to 30  2
nm. The problem of agglomeration has impeded the development of ultrafine
particles of gold and silver as transparent colouring agents. For example,
Purple of Cassius is a commercially available 'transparent' inorganic
colouring agent in which fine gold particles exist attached to particles of
stannic oxide dispersed in water. The stannic oxide effectively inhibits
agglomeration in dilute dispersions but attempts to remove 35  water cause
agglomeration and a consequent masking of any colour generated by
absorbtion. One object of this invention is to reduce the problem of
agglomeration associated with compositions comprising ultrafine inorganic
particles, especially metal particles. Other objects include the provision
of a simple method for obtaining the compositions from dispersions and the
provision of materials containing the ultrafine particles. 40
Accordingly this invention provides a floccular composition comprising (a)
ultrafine inorganic particles of at least one metal or compound of a metal
in which the maximum dimension of a major proportion of the particles is
from  0.5 to 3000 nm (preferably 4 to 1500 nm), (b) a size-stabilizer in
combination with the particles, the size-stabilizer being a lyophobic
substance provided with means which impart lyophilic activity to the
surface of the substance wherein the substance 45  is Iyophobic to at least
one liquid dispersant to which the means is lyophilic and wherein the
lyophobic substance is sufficiently impermeable to said liquid dispersant
to prevent a reduction of more than 5% in the volume of the substance on
drying of the substance after its removal from a dispersion of the
substance in said liquid dispersant and (c) a flocculation modifier which
comprises a polyelectrolyte having a molecular weight of preferably at 50
least 3000 and which is attached to the combination of size-stabilizer and
ultrafine particles. The presence of such a compound lyophobic/lyophilic
size-stabiliser in the floccular composition confers on the composition a
good resistance to agglomeration of the ultrafine particles both during the
formation of the composition and during its mixing into widely used
materials especially viscous molten plastics materials which are notorious
for causing agglomeration. 55     This invention also provides a method for
making a floccular composition comprising ultrafine inorganic particles of
at least one metal or compound of a metal in which the maximum dimension of
a major proportion of the particles is from 0.5 to 3000 nm (preferably 4 to
1500 nm) wherein the method comprises (a) adding a colloidal dispersion of
ultrafine particles to a dispersion of a size-stabiliser in liquid 60
dispersant whereupon the ultrafine particles and the size-stabiliser
spontaneously enter into a combination, the size-stabiliser being lyophobic
substance provided with means which impart lyophilic 



activity to the surface of the substance, the substance and the means being
respectively lyophobic and lyophilic towards the liquid dispersant and
wherein the lyophobic substance is sufficiently impermeable to the liquid
dispersant to prevent a reduction of more than 5% in the volume of the
substance on drying of 65  the substance after its removal from the liquid
dispersant, 2    0 094 801 (b) either, before the addition of the colloidal
dispersion of ultrafine particles to the dispersion of size-stabiliser,
treating the size-stabiliser with a dispersion of a flocculation modifier
which comprises a polyelectrolyte having a molecular weight of preferably
at least 3000 and which as a result of the addition of the colloidal
dispersion flocculates with the size-stabiliser and ultrafine particles
producing a floccular 5  composition comprising flocculation modifier and
size-stabiliser in combination with ultrafine particles or, after the
addition of the colloidal dispersion of ultrafine particles to the
dispersion of size-stabiliser, treating the size-stabiliser with a
dispersion of a flocculation modifier which comprises a polyelectrolyte
having a molecular weight of preferably at least 3000 and which flocculates
with the size-stabiliser and the ultrafine particles producing a floccular
composition comprising flocculation modifier and size-stabiliser in 10
combination with ultrafine particles and optionally (c) separating off
dispersant from the floccular composition whereby there is obtained a dry
floccular composition which is free flowing and in which flocculation
modifier is attached to the combination of size-stabiliser and ultrafine
particles. The method ensures that when flocculation occurs and liquid
dispersant is separated from the floccular 15 composition, the majority of
ultrafine particles remain sufficiently spaced apart to resist
agglomeration. In addition after the dispersant has been separated off (for
example by filtration, spray drying or heating with continuous agitation)
it is possible to obtain dry floccular compositions which are not only
resistant to agglomeration of the ultrafine particles but which also flow
freely. Preferably the size-stabiliser is a hydrophobic substance provided
with means for imparting 20 hydrophilic activity to its surface so enabling
the method for making the floccular composition to employ water as a
dispersant. Size-stabilisers may be organic or inorganic. Typical organic
size-stabilisers include macromolecular (for example having molecular
weights of at least 5,000) substances such as modified polystyrene,
modified aliphatic polyolefins, copolymers of vinyl acetate and ethylene,
polyacrylates or polymethacrylate, polyvinyl acetate, polyurethanes (PTFE).
In the case of the polystyrene or aliphatic 25 polyolefins, the hydrocarbon
chains provide a hydrophobic core and the surface of the core is modified
by the provision of surface hydrophilic groups for example carboxylic
groups, hydroxyl or sulphate groups. Such groups may be provided by
grafting unsaturated acids or anhydrides onto the core, by polymerising
styrene, olefins or tetrafluoroethylene in the presence of surfactants
containing the hydrophilic groups or sometimes by the presence of residues
from free radical polymerisation initiators. Suitable unsaturated 30 acids
include acrylic or methacrylic acids and a suitable anhydride is maleic
anhydride. Suitable surfactants include non-ionics such as polyvinyl
alcohol, anionics such as benzene sulphonates or metal carboxylates such as
potassium oleate or cationics such as cetyl trimethyl ammonium chloride. In
the case of size-stabilisers containing polar groups, it is the presence of
polar -groups on the surface of the size-stabiliser which confer
hydrophilic activity on an otherwise substantially impermeable hydrophobic
35 core. The glass transition temperature or (in the case of crystalline
polymers) the crystalline melting point of the size-stabiliser is
preferably not less than 60C so that if required the floccular composition
can be easily ground to a fine powder without resorting to freeze grinding.
Typical inorganic size-stabilisers include barium sulphate, calcium
carbonate, alumina or silica, titania, ceria, cadmium sulphide or ferric
oxide. These compounds are all substantially insoluble in water and are 40
therefore essentially hydrophobic. However the ionic nature of the
compounds leaves a net charge at their surfaces which is sufficient to
impart hydrophilic activity. If necessary surface charges can be reversed
by treating negatively charged surfaces with a cationic coating fnaterial
or by treating positively charged surfaces with an anionic coating
material. Silica and alumina have the advantage of being very heat
resistant and so can be mixed into hot molten plastics materials or
refractory materials without risk of 45 decomposition. Cadmium sulphide and
ferric oxide illustrate the possible use of coloured size stabilisers.
Preferably the density of the size-stabilisers does not exceed 5.0 g/cm3.
The size-stabilisers are used in the form of (preferably colloidal)
dispersions of particles in liquid dispersants. For this reason the maximum
dimension of a particle of size-stabiliser should not exceed 10 [err].
However the smaller the particles, the easier it is to achieve high
concentrations of ultrafine particles in so the floccular composition. On
the other hand if the particles are too small, flocculation becomes
difficult. Preferably the number average maximum dimensions of the
particles of size-stabiliser lie in the range 20 nm to 5 [err]. Inorganic
size-stabilisers have the advantage of easy availability in the small size
ranges and 



silica is especially valuable in this respect. Concentrations of ultrafine
particles in the floccular composition can be as high as 60% by weight with
the lower limit being determined solely by commercial factors and 55
commercial practice will probably dictate a minimum of not less than 0.001%
by weight. The mechanism by which the size-stabiliser is combined with the
ultrafine particles when dry is not fully understood. It may be physical or
chemical. It may involve the flocculation modifier. Presumably hydrogen
bonding, ionic attraction and van der Waals forces are possible
explanations at least in part and probably at least two of these mechanisms
will co-exist to form some type of stable equilibrium. Whether 60 or not a
potential size-stabiliser has means for combining is quickly determinable
by trial and error. Similar considerations apply to attempts to explain and
determine the attachability of a flocculation modifier to the combination.
The flocculation modifier may be any macromolecular polyelectrolyte capable
of attaching itself to the size-stabiliser or to a combination of
size-stabiliser and ultrafine particles so as to result in a flocculation
65 (optionally after any necessary adjustment of pH) to produce a floccular
composition comprising 3    0 094 801 size-stabiliser in combination with
ultrafine particles and attached flocculation modifier. Preferably the
flocculation modifier attaches at a plurality of sites. Most simply, the
flocculation modifier chosen may comprise a high molecular weight of
polyelectrolyte a flocculating agent having a molecular weight of
preferably at least 10,000 which produces an immediate spontaneous
flocculation of the combination of 5 size-stabiliser and ultrafine
particles. Alternatively if it is preferred to control the onset of
flocculation, it is possible to choose a flocculation modifier which only
results in flocculation at a pre-determined pH so that flocculation will
not occur until the pH of the dispersion is adjusted to the pre-determined
pH. A less simple technique may be necessary where the size-stabiliser has
a high density (for example over 3.5 g/cm3) especially if it comprises
particles having largest dimensions of the order of 20 nm to 400 nm. The
density 10 of such size-stabilisers causes them to settle even though they
otherwise have the properties required for colloidal dispersion.
Accordingly it is desirable to add to them a polyelectrolyte flocculation
modifier which first assists in suspending the dense particles until
addition of the colloidal dispersion of ultrafine particles and then
results in flocculation of a composition comprising size-stabiliser in
combination with ultrafine particles and flocculation modifier. Preferred
flocculating modifiers have molecular weights of from 104 to 15 107. The
flocculating modifier may be a cationic polyelectrolyte such as a
polyacrylamide or a polyamine or an anionic polyelectrolyte such as a salt
of a polyacrylate. Preferably the flocculating modifier is used in the form
of a solution. A variety of conventional agitation techniques exist for
making colloidal dispersions of ultrafine inorganic materials. For example
they may be made by ultrasonic vibrations or rapid stirring. Preferably the
20 dispersions are made by liberating a metal from a solution of one or
more of its compounds because liberation techniques give particle-size
distributions which are narrower and are often monodisperse. For example
usually less than 1% of the particles have maximum dimensions which differ
from the number average maximum dimension by more than 40 nm. Often over
50% by number have maximum dimensions which differ by less than 10 nm from
the number average maximum of all the particles. Such narrow 25
monodisperse distributions are largely preserved by the method for making
floccular compositions so that where the ultrafine particles are
transparent colouring agents, it is possible to obtain colouring
compositions which generate purer colours, that is to say colours
characterised by the presence of a narrow maximum peak in the transmission
spectrum. It has been found to be worthwhile to treat the colloidal
dispersion of ultrafine particles with a sterically 30 hindering protective
colloid. The protective colloid serves to lessen the adverse consequences
of accidental additions of electrolyte to the colloidal dispersion. It
should be noted that attachment of the size-stabiliser to the ultrafine
particles may be direct or via an intervening protective colloid. This
invention especially provides a floccular composition in which the
ultrafine particles are particles of one or more coinage metals or
transition metals in which the majority (preferably at least 70%) of the 35
particles have a maximum particle dimension of from 2 or 4 to 45 nm.
Preferred metals are gold, silver or copper for these can be used as
transparent colouring agents imparting colours ranging from red, through
yellow and green to maroon. The particular colours obtained can be adjusted
to some extent by varying the size of the particles. Unlike organic
transparent colouring agents, gold and silver particles are extremely
resistant to heat and gold is extremely resistant to light. Preferably the
majority of gold particles should 40 have maximum dimensions of from 7 or
12 to 45 nm (or 50 nm if a small amount of scattering is tolerable),
whereas the majority of silver particles should preferably have maximum
dimensions of from 3 to 25 nm. It has also been discovered that the
floccular compositions enhance the resistance of ultrafine copper or cobalt
to heat and that if the floccular compositions are thermoformed into films,
then it is possible to 



obtain stable transparent colouring composition. However the stable colour
produced by the compositions 45 obtained from copper particles may be due
to transparent ultrafine particles of a copper compound. The films may be
ground to powders without loss of colour stability. Because of lack of
stability in air and water, it is preferred not to use ultrafine particles
composed of metals more electropositive than cobalt unless the particles
form tenacious protective layers of for example oxides. The platinum group
metals, especially platinum, palladium, rhodium and ruthenium provide 50
additional examples of non-coinage metals which are useful. It has also
been discovered that the invention is suitable for use with ultrafine
particles comprising compounds of metals, especially oxides and in
particular with metal oxides which are "transparent" colouring agents, for
example red iron oxide. In the case of the oxides, the maximum particles
dimensions can be much greater than 50 nm before scattering becomes an
intolerable problem. For example sizes up to 150 nm are practicable. Other
useful ultrafine 55 particles may for example comprise pigments such as red
cadmium sulpho selenide, yellow nickel titanate and blue cobalt aluminate.
This invention also provides a material containing ultrafine inorganic
particles of the types hereinbefore described. In the case of finished
plastics materials ready for moulding or extrusion, ink or paint
compositions ready for use or refractory enamels prior to firing, the
material or composition will 60 usually contain from 0.01 to 5% (by weight
of the material in the absence of the floccular composition) of the
ultrafine particles. Masterbatches for use in making finished materials may
contain from 1 to 50% (preferably 5 to 30%) by weight of the ultrafine
particles. The particles may be incorporated into materials by mixing the
floccular compositions of this invention with the material or using most
known mixing techniques. For example for plastics materials it is possible
to use solvent techniques or melt-mixing in an 65 internal mixer (such as a
Banbury or a two roll mill) or high speed fluidising mixing (using for
example 4    0 094 801 Henschel or Diosna mixers). Ink and enamel
formulations may be made by bead or ball milling. For paints, the floccular
compositions may be simply stirred into a paint base. Accordingly the
materials will also contain some size-stabiliser and flocculating agent in
addition to the ultrafine particles. The invention is illustrated by
reference to the drawings of which 5     Figure 1 shows the transmission
spectra of colloidal dispersions small (15 nm) and large (25 nm) particles
of gold. Figure 2 shows the transmission spectrum of a colloidal dispersion
of silver particles and Figure 3 shows the transmission spectrum of a
colloidal dispersion of copper particles. The invention is also illustrated
by the following Examples in which the references to water are 10
references to distilled water. Examples 1 and 2 Aqueous colloidal
dispersions of gold were prepared by liberating gold by reducing an aqueous
solution of chloroauric acid as follows:- 15     0.1 g of chloroauric acid
containing 49.2% by weight of gold was dissolved in 1 litre of distilled
water and the solution was divided into two equal portions. One portion was
for use in Example 1 and the other was for use in Example 2. Both portions
were heated to boiling with continuous stirring and then into each was
quickly injected a 1% (by weight) an aqueous reducing solution of trisodium
citrate in cold distilled water. The volumes of citrate solution injected
are shown in Table A. A colloidal dispersion of transparent 20 ultrafine
particles of gold was formed to which was added 1.25 mls of a 1% (by
weight) solution of gum arabic as a protective colloid. The dispersion of
gold particles protected by gum arabic had a dominant colour generated by
the absorption of light by the gold particles. The number average maximum
dimension (as estimated by electron microscopy) of each of the two families
of metal particles is shown in Table A as is the colour dominant to the
unaided eye. The 25 transmission spectra of the two colloidal dispersions
are shown in Figure 1. It will be seen from Table 1 that the dimensions of
the particles can be varied by varying the ratio of citrate to chloroauric
acid. The lower the proportion of citrate used, the coarser will be the
particles and hence varying the citrate/acid ratio offers an easy way of
shifting the dominant colour from orange towards purple. It will be seen
from Figure 1 that pure colours are obtained, that is to say the dominant
transmission occurs over a band of wavelengths less 30 than 60 nm wide in
the case of Example 1 or less than 100 nm in the case of Example 2. TABLE A
Average max. 35                               Volume of citrate
dimensions of   Dominate Example       injected: ml       particles nm
colour 1              20                  15         Orange 



40                       2               8                  25
Magenta Example 3 Finer particles of gold could be produced by using sodium
borohydride as follows. 45     1 ml of a 2.5x [err] mol/[err] aqueous
solution of potassium chloroaurate was mixed vigorously with 3 mis of a
[err] mol/[err] solution of ice cold aqueous sodium borohydride. A
colloidal dispersion of ultrafine metallic particles of gold formed and the
dispersion had a dominant purple colour corresponding to an extinction
maximum at 525 nm. The gold particles had maximum dimensions in the range 3
to 25 nm. so Example 4 An aqueous colloidal dispersion of silver was
prepared from silver nitrate as follows:- An ice-cold 0.02M solution of
sodium borohydride in water was added with vigorous stirring to a 5.2x
[err]M solution of silver nitrate in distilled water. A ratio of 10 volumes
of borohydride solution to one of nitrate was used. Reduction was
spontaneous producing a deep yellow colloidal dispersion of 55 transparent
ultrafine metallic silver particles. 25 mg/I of polyvinyl pyrollidone was
added to the dispersion as a protective colloid so as to produce ultrafine
particles protected by polyvinyl pyrrolidone. The silver particles had
maximum dimensions in the range of from 4 to 25 nm and it was estimated
that their number average maximum dimension lay in the range 10 to 12 nm.
Figure 2 shows the transmission spectrum for a deep yellow colloidal
dispersion of silver. 60 Example 5 The procedure of Example 4 was repeated
except that the solution of silver nitrate was mixed with 5 mls of a 1 wt%
solution of ethylene diamine tetracetic acid in water and the ratio of
borohydride solution to 65  nitrate was reduced to 3:1. Silver particles
were obtained which had maximum dimensions down to 2 nm. 5    0 094 801
Example 6 An aqueous colloidal dispersion of copper was prepared by
liberating copper by reducing an aqueous complex of copper and polyacrylate
as follows: 20 mls.of a 0.3M solution of cupric chloride in distilled water
was mixed with 25 mls of an 8% (by 5 weight) aqueous solution of the sodium
salt of polyacrylic acid whereupon it is presumed that a complex of copper
and polyacrylate is formed. The mixture was diluted 100 fold and a 100 mls
of the diluted mixture was heated to between 80 and [err] and then 3 mls of
a 1.25M solution of hydrazine hydrate was added. Reduction of the presumed
complex of copper occurred producing a red colloidal dispersion of
transparent ultrafine copper particles. 25 mg/l of gelatin was added to the
colloidal dispersion as a protective colloid. 10 Figure 3 shows the
transmission spectrum of the colloidal dispersion of copper from which it
will be seen that a small dominant colour component occurs at about 560 to
575 nm giving a rich red colour. Example 7 An aqueous colloidal dispersion
of cobalt was prepared by the procedure of Example 6 modified by the 15
substitution of cobaltous chloride for cupric chloride and by the
substitution of 0.02M sodium borohydride as the reducing agent instead of
hydrazine. Reduction produced a black colloidal dispersion of ultrafine
cobalt particles which were transparent to the extent that particles were
not sufficiently thick for their blackness to absorb all the light beamed
to pass through them. The cobalt particles are unstable in air for more
than a few minutes and so it is necessary that they be promptly converted
to a floccular composition 20 and dispersed in a protective material such
as a plastics material. Example 8 An aqueous colloidal dispersion of red
iron oxide was made by adding iron oxide to water and subjecting the water
to ultrasonic vibrations for about 15 minutes. A rusty red colloidal
dispersion of 25 ultrafine particles of iron oxide was obtained. Examples 9
to 11 Aqueous colloidal dispersions of three pigments, namely red cadmium
sulpho-selenide (Example 9) yellow nickel titanate (Example 10) and blue
cobalt aluminate (Example 11) were made as follows:- 30     25 g of the
pigment was added to 250 mls of distilled water and subjected to ultrasonic
vibration for 15 minutes which produced a dispersion of the pigment in the
water. The dispersion was then subjected to the action of a colloid mill
until the dispersion became colloidal. The size of the particles in the
colloidal dispersion was estimated to be 1000 nm. 35 Examples 12 to 18
Colloidal dispersions made according to Examples 1, 2 or 4 were converted
to floccular compositions using a size-stabiliser and a flocculation
modifier. The size-stabiliser used in Examples 12 to 16 was a proprietary
modified hydrophobic polystyrene 



supplied by Vinyl Products Limited as an aqueous latex of globules
dispersed in water. The globules had 40 average maximum size of about 1
[err]. The polystyrene had a glasstransition temperature of [err] and was
modified by the presence of entities believed to be carboxyl groups which
provide hydrophilic activity. The various concentrations of globules in the
latex and the volumes of latex used are shown in Table B. The
size-stabiliser used in Examples 17 and 18 was an aqueous dispersion of
silica. Again the concentration of silica particles in the water and the
volume of silica dispersion used is shown in Table B. 45     The
flocculation modifier chosen was a proprietary cationic macromolecular
polyamine or macromolecular polyquaternary amine supplied by Cyanamid under
the names 'Superfloc' 587 and 'Superfloc' 521 respectively. ('Superfloc' is
a Registered Trade Mark). The flocculation agent is supplied as a solution
containing approximately 25% by weight of the agent. Various volumes of
size-stabiliser latex or dispersion were added to 720 mls of each of the
colloidal 50 dispersions made according to Examples 1, 2 or 4. Then
distilled water was added followed by various volumes of the solution of
flocculation modifier which spontaneously attached to the combination
resulting in flocculation and precipitation of a floccular composition. The
precipitate was dried and found to contain ultrafine particles attached
(-possibly via the protective colloid) to the size-stabiliser. The colour
of the precipitate and the concentration of ultrafine particles it
contained are shown in Table B. 55 60 65 6    0 094 801 [ERR]    0 094 801
The precipitates were dried by heating in air at [err]. In the case of
precipitates containing polystyrene, the heated precipitates reached a
temperature above the glass transition temperature of the polystyrene and
so they could be formed into a film by pressing between opposed parallel
glass plates. Films 90 pm thick were made in this way. No more than a
slight shift towards the blue of the dominant colour occurred 5 as a result
of the film-forming operation. This indicates that the floccular
compositions have a very high resistance to agglomeration of the ultrafine
particles. For precipitates containing silica, a brittle film could be
formed by drying the precipitate on a glass plate at [err]. Again the
film-forming operation caused only a small shift of the dominant colour
towards the blue. 10 Example 19 The procedures of Examples 12 to 18 were
repeated using colloidal dispersions of ultrafine particles which differed
only in that they carried no protective colloids. In all cases, as compared
with the protected systems no colour shift occurred which was discernable
by the unaided eye although a slight shift towards 15 the blue of the
dominant colour of the precipitate could be detected by instruments.
Accordingly the benefit gained by using a protective colloid lies mainly in
the increased resistance of the colloid dispersion of ultrafine particles
to accidental contamination by electrolyte. Example 20 20        A
floccular composition comprising gold and a conventional water-dispersible
polyacrylate acid size-stabiliser was made as follows: An aqueous
dispersion of a polyacrylate acid and containing 38 wt% solids was obtained
from Rohm and Haas under the trade name 'Primal' B85. The dispersion was
diluted by adding 13.2 g of dispersion to 250 mls of water. 180 mls of the
diluted dispersion was mixed with 720 mls of a colloidal dispersion of gold
25 made according to Example 1. 25 mIs of a flocculation modifier
consisting of 1 g of 'Superfloc' 587 in 100 mis of water was added to the
mixture. Spontaneous flocculation occurred and the floccular composition
was filtered and dried. Example 21 30     This invention illustrates the
use of polytetrafluoroethylene (PTFE) as a size-stabiliser and also the use
of a pH-dependent flocculation modifier to delay the onset of flocculation.
The PTFE was obtained as an aqueous dispersion from Farbwerke Hoechst under
the trade name 'Hostaflon' TF 5032. The dispersion contained 60% by weight
of solids comprising particles of PTFE (which is hydrophobic) having
surfaces modified by the presence of some unidentified hydrophilic
substance which might have been a 



35 polyethylene oxide. Before use the PTFE dispersion was diluted by adding
10 g of the dispersion to 250 mis of water. The pH-dependent flocculation
modifier was an aqueous dispersion of a polyacrylic acid obtained from Rohm
and Haas under the trade name 'Primal' Al. The dispersion was diluted by
adding 20 g of dispersion to 250 mls of water. The floccular composition
was made as follows. 400 mls of a colloidal dispersion of gold made
according to  Example 2 was mixed with 50 mls of the 40 diluted PTFE
dispersion. The mixture was stirred and then 1 ml of the diluted polyacrlic
dispersion was added. Later, the pH of the mixture was adjusted to 2.5 or
below by the addition of dilute sulphuric acid. Flocculation occurred
spontaneously. The floccular composition was filtered from the dispersant
and dried. It was then cold-pressed (using a pressure of 1.5x[err]
MN/[err]) to form cold-sintered discs 1.5 mm thick. The discs were purple
and 45 translucent. Example 22 Floccular compositions containing copper
were made as follows: 180 mls of the polystyrene size-stabiliser system
used in Example 12 was added to 720 mls of the so colloidal dispersion made
according to Example 6. The combination was flocculated by adding 180 mls
of the polyamine solution used in Example 12. The precipitate was pink but
over a period of about 10 minutes it became green. However if it was dried
quickly and converted to a film by the technique used in Examples 12 to 18
it was possible to obtain a pink film which indicates that the floccular
composition has a high resistance to agglomeration of the ultrafine
particles. The film colour too was unstable in air but the colour 55
changed to a stable transparent green. It is not clear what compound of
copper is created. It is presumed that attachment of the ultrafine
particles to the size-stabiliser occurred for otherwise resistance to
agglomeration would be low. Examples 23 and 24 60     The procedure of
Example 22 was repeated using either for Example 23 a colloidal dispersion
of cobalt made according to Example 7 or for Example 24 the colloidal
dispersion of iron oxide made according to Example 8 instead of the
dispersion of copper. Floccular compositions containing either transparent
black ultrafine particles of cobalt or rusty red iron oxide were
precipitated. The precipitates were converted to films which appeared to
retain the colour of the precipitate illustrating that the floccular
compositions have 65 a high resistance to agglomeration of the ultrafine
particles. 8    0 094 801 The colour of the precipitate containing cobalt
was unstable in air and so conversion to the film had to be accomplished
within 15 minutes of the formation of the precipitate. However the colour
of the film was stable. 5  Examples 25 to 27 These examples illustrate
floccular compositions comprising three alternative pigments namely red
cadmium sulpho-selenide (Example 25), yellow nickel titanate (Example 26)
and blue cobalt aluminate (Example 27). 15 mls of a dispersion of pigment
made according to Example 9 was added to 250 mls of water 10 containing 50
g of the modified polystyrene latex used in Example 12. 3 mls of a
dispersion of 5 g of 'Superfloc' 587 in 100 mls of water were added
whereupon spontaneous flocculation occurred. The floccular composition was
filtered from the dispersant, deposited thinly on a glass slide, dried and
heated to [err]. An intensely red film was obtained. The procedure was
repeated using in turn 15 mls of the dispersions of nickel titanate and
cobalt 15 aluminate made according to Examples 10 and 11 respectively.
Intensely coloured yellow and blue films were obtained. Example' 28 This
Example illustrates a modified technique for use with very dense
size-stabilisers in the form of 20 large particles. A suspension of barium
sulphate (density 4.5 g/[err]) was made by thoroughly mixing in a 5 litre
beaker a solution of 197 g of barim acetate in 1 liter of water with a
solution of 109.5 g of anhydrous sodium sulphate also in 1 litre of water.
The barium sulphate obtained slowly settled out of the suspension. The
barium sulphate was washed twice by adding fresh water, stirring to form a
suspension, allowing the 25 suspension to settle overnight and then
decanting off the water. The particles of barium sulphate obtained had
maximum dimensions in the range 40 to 120 nm. A stable dispersion of barium
sulphate in water was made by stirring the washed particles into 5 litres
of water to form a suspension and then adding 12 g of a dispersion of a
cationic polyelectrolyte flocculation modifier which inhibits settlement.
The dispersion comprised 30 wt% of a quaternary ammonium 



30 polyacrylate in aqueous isopropanol and was obtained from ABS Chemicals
Ltd of Stockport, Cheshire. The polyacrylate is thought to have a molecular
weight of 5000. The barium sulphate particles were recovered by filtration,
washed by dispersing in fresh water and standing overnight before further
filtration. Washing was repeated three times. The washed particles were
re-dispersed in water to produce a dispersion containing 16 wt% of solids.
35 18 g of this dispersion were added to 400 mls of a colloidal dispersion
of silver prepared according to Example 4. The dispersions were stirred
together whereupon spontaneous flocculation began producing a floccular
composition comprising flocculation modifier attached to size-stabiliser in
combination with ultrafine particles. 40 Examples 29 to 31 Floccular
compositions made according to Examples 12,13 or 16 were 'rixd in turn into
high density polyethylene (Example 29) polymethyl methacrylate (Example 30)
or polystyrene (Example 31) as follows:- Each floccular composition was
shaken with granules of a commercial injection moulding grade of 45 high
density polyethylene, with 'Diakon' polymethyl methacrylate or with
polystyrene in the presence of tetrahydrofuran. The tetrahydrofuran
rendered the granules sticky so that the floccular composition adhered to
them. Excess tetrahydrofuran was then poured off. The granules and adhering
composition were charged to the hopper of a conventional single screw
extruder feeding a plaque-defining injection mould. The charges were
injection moulded into plaques 3 mm thick. 50     On formation of the
plastics plaques, the colour generated by the 15 nm gold particles became
red, that generated by the 25 nm gold particles became maroon and that
generated by the silver particles became golden yellow. These are useful
colours. A single-screw extruder is a notoriously inefficient method for
mixing pigments into plastics materials (especially crystalline
polyolefins) which may account for some shift in colour. More efficient
mixers will probably produce better results. 55 Examples 32 and 33 These
examples illustrate the use of floccular compositions to make a paint
material containing silver (Example 32) or a paint containing gold (Example
33). 1 g of a floccular composition containing silver and made according to
Example 11 was dissolved in 10 60 mls of propyl acetate. An organo-sol was
obtained which preserved the ultrafine nature of the silver particles.
Using a spatula, the solution was stirred into a commercially available
paint base of the type used in making paints for motor vehicles and
comprising nitrocellulose dispersed in alkyl acetate. The paint was then
applied to paper to produce a coating 300 [err] thick which dried to a
golden yellow colour. The procedure was repeated using a floccular
composition containing'gold and made according to 65 Example 20. The dried
coating obtained was magenta. 9    0 094 801 Example 34 A coloured printing
ink material was made as follows: A floccular composition containing gold
and made according to Example 17 was ground using a mortar and pestle. 1.5
g of the ground composition was mixed with 25 g of a conventional
nitrocellulose 5printing ink base in a bead mill to produce a coloured ink.
The ink was applied thinly to paper where it dried to produce a coating
having a colour describable as pinkish magenta. Example 35 The procedure of
Example 34 was repeated using 1 g of an unground floccular composition
containing 10 silver and barium sulphate and made according to Example 28
instead of the 1.5 g of ground gold composition. The dried coating obtained
was golden yellow. Examples 36 and 37 The examples illustrate the use of
floccular compositions comprising. gold and either silica (Example 15 36)
or alumina (Example 37) as the size-stabiliser in enamel fluxes for
decorating porcelain. A floccular composition was made by taking 1 litre of
a colloidal dispersion of gold made according to Example 1 and adding 12.5
mls of a 4 wt% aqueous dispersion of silica (of average particle size 50
nm) followed by 12.5 mls of a dispersion of 'Superfloc' 521 as used in
Example 14. The floccular composition was recovered by filtration and
dried. 20     The dried floccular composition was ground using a mortar and
pestle and passed through a 105 [err] sieve. 7 g of the sieved composition
was ball milled with an aqueous slurry containing 42 g of a conventional
commercially available enamel flux comprising a lead silicate glass. The
mixture was dried at [err] and passed through a 75 [err] sieve before
further drying for 30 mins at [err] in a vacuum oven. 



20 g of the vacuum dried mixture was roll milled with about 15 g of an
organic transfer medium to 25 enable the mixture to be screen printed. The
mixture was screen printed onto porcelain and fired at 700 to [err]. A
smooth glass enamel film having a pinkish magenta colour was obtained
indicating that the ultrafine nature of the gold particles had not been
lost. The procedure was repeated using a 4 wt% dispersion of alumina
instead of silica and using 23.5 mis of a 1 wt% dispersion of polyacrylic
acid instead of 'Superfloc' 521. A similar pinkish magenta glass enamel 30
film was obtained. Example 38 This Example illustrates the ability of a
floccular composition to adsorb dyes. Two dyes were tested, namely
'Alcovar' Black supplied by Williams (Hounslow) Ltd., and 'Trypan' Blue.
Both dyes are described in 35 the"Colour Index" published in 1971 by the
Society of Dyers and Colourists of Bradford England and those descriptions
are herein incorporated by reference 'Alcovar' Black is listed as Solvent
Black 33 and 'Trypan' Blue is listed as Direct Blue 14, Colour Index number
23850. An aqueous dispersion of 'Alcovar' Black was mixed with an aqueous
suspension of a yellow floccular composition comprising silver on barium
sulphate as made according to Example 28. The mixture was 40 stirred and
allowed to stand overnight. The dye was adsorbed by the floccular
composition and it caused the colour of the composition to change from
yellow to green. By way of comparison, the procedure was repeated using a
dispersion of barium sulphate alone instead of the floccular composition.
The dye was not adsorbed and no colour change occurred. The procedures were
repeated using an aqueous dispersion of 'Trypan' Blue instead of 'Alcovar'
Black. 45 'Trypan' Blue was adsorbed by the floccular composition causing a
colour change from yellow to grey. It was not adsorbed by the barium
sulphate alone and no colour change occurred. Clearly dyeing offers the
possibility of modifying the colour of the floccular composition by
adsorption of the dye onto either the ultrafine particles or onto the
composition in general. Accordingly this invention also provides a
floccular composition which additionally comprises adsorbed dye. 50 Claims
1. A floccular composition comprising 55    (a) ultrafine inorganic
particles of at least one metal or a compound of a metal in which the
maximum dimension of a major proportion of the particles is from 0.5 to
3000 nm, (b) a size-stabilizer in combination with the particles, the
size-stabiliser being a lyophobic substance provided with means which
impart lyophilic activity to the surface of the substance wherein the
substance is lyophobic to at least one liquid dispersant to which the means
is Iyophilic and wherein the lyophobic 60 substance is sufficiently
impermeable to said liquid dispersant to prevent a reduction of more than
5% in the volume of the substance on removal of the substance from a
dispersion of the substance in said liquid dispersant and (c) a
flocculation modifier which comprises a polyelectrolyte attached to the
combination of size-stabiliser and ultrafine particles. 65    2. A
floccular composition according to claim 1 wherein the ultrafine particles
are transparent particles 10    0 094 801 Example 34 A coloured printing
ink material was made as follows: A floccular composition containing gold
and made according to Example 17 was ground using a mortar and pestle. 1.5
g of the ground composition was mixed with 25 g of a conventional
nitrocellulose 5 printing ink base in a bead mill to produce a coloured
ink. The ink was applied thinly to paper where it dried to produce a
coating having a colour describable as pinkish magenta. Example 35 The
procedure of Example 34 was repeated using 1 g of an unground floccular
composition containing 10  silver and barium sulphate and made according to
Example 28 instead of the 1.5 g of ground gold composition. The dried
coating obtained was golden yellow. Examples 36 and 37 The examples
illustrate the use of floccular compositions comprising gold and either
silica (Example 15 36) or alumina (Example 37) as the size-stabiliser in
enamel fluxes for decorating porcelain. A floccular composition was made by
taking 1 litre of a colloidal dispersion of gold made according to Example
1 and adding 12.5 mls of a 4 wt% aqueous dispersion of silica (of average
particle size 50 nm) followed by 12.5 mls of a dispersion of 'Superfloc'
521 as used in Example 14. The floccular composition was recovered by
filtration and dried. 



20     The dried floccular composition was ground using a mortar and pestle
and passed through a 105 [err] sieve. 7 g of the sieved composition was
ball milled with an aqueous slurry containing 42 g of a conventional
commercially available enamel flux comprising a lead silicate glass. The
mixture was dried at 100C and passed through a 75 [err] sieve before
further drying for 30 mins at [err] in a vacuum oven. 20 g of the vacuum
dried mixture was roll milled with about 15 g of an organic transfer medium
to 25 enable the mixture to be screen printed. The mixture was screen
printed onto porcelain and fired at 700 to [err]. A smooth glass enamel
film having a pinkish magenta colour was obtained indicating that the
ultrafine nature of the gold particles had not been lost. The procedure was
repeated using a 4 wt% dispersion of alumina instead of silica and using
23.5 mis of a 1 wt% dispersion of polyacrylic acid instead of 'Superfloc'
521. A similar pinkish magenta glass enamel 30 film was obtained. Example
38 This Example illustrates the ability of a floccular composition to
adsorb dyes. Two dyes were tested, namely 'Alcovar' Black supplied by
Williams (Hounslow) Ltd., and Trypan' Blue. Both dyes are described in 35
the "Colour Index" published in 1971 by the Society of Dyers and Colourists
of Bradford England and those descriptions are herein incorporated by
reference 'Alcovar' Black is listed as Solvent Black 33 and 'Trypan' Blue
is listed as Direct Blue 14, Colour Index number 23850. An aqueous
dispersion of 'Alcovar' Black was mixed with an aqueous suspension of a
yellow floccular composition comprising silver on barium sulphate as made
according to Example 28. The mixture was 40 stirred and allowed to stand
overnight. The dye was adsorbed by the floccular composition and it caused
the colour of the composition to change from yellow to green.            ,-
By way of comparison, the procedure Was repeated using a dispersion of
barium sulphate alone instead of the floccular composition. The dye was not
adsorbed and no colour change occurred. The procedures were repeated using
an aqueous dispersion of 'Trypan' Blue instead of 'Alcovar' Black. 45
'Trypan' Blue was adsorbed by the floccular composition causing a colour
change from yellow to grey. It was not adsorbed by the barium sulphate
alone and no colour change occurred. Clearly dyeing offers the possibility
of modifying the colour of the floccular composition by adsorption of the
dye onto either the ultrafine particles or onto the composition in general.
Accordingly this invention also provides a floccular composition which
additionally comprises adsorbed dye. 50 Claims 1. A floccular composition
comprising 55     (a) ultrafine inorganic particles of at least one metal
or a compound of a metal in which the maximum dimension of a major
proportion of the particles is from 0.5 to 3000 nm, (b) a size-stabilizer
in combination with the particles, the size-stabiliser being a lyophobic
substance provided with means which impart Iyophilic activity to the
surface of the substance wherein the substance is lyophobic to at least one
liquid dispersant to which the means is lyophilic and wherein the lyophobic
60 substance is sufficiently impermeable to said liquid dispersant to
prevent a reduction of more than 5% in the volume of the substance on
removal of the substance from a dispersion of the substance in said liquid
dispersant and (c) a flocculation modifier which comprises a
polyelectrolyte attached to the combination of size-stabiliser and
ultrafine particles. 65     2. A floccular composition according to claim 1
wherein the ultrafine particles are transparent particles 10    0 094 801
of one or more metals of the coinage and transition groups excluding metals
more electropositive than cobalt. 3. A floccular composition according to
claim 2 wherein the maximum dimension of a major proportion of the
particles is from 2 to 50 nm. 5      4. A floccular composition according
to claim 3 wherein less than 1% by number of the particles have a maximum
dimension which differs from the number average maximum dimension of all
particles by more than 40 nm. 5. A floccular composition according to claim
1 wherein the ultrafine inorganic particles are transparent particles of
one or more metal compounds. 10     6. A floccular composition according to
claim  5 wherein the maximum  dimension of a major proportion of the
particles is from 2 to 150 nm. 7. A floccular composition according to any
one of the preceding claims wherein the size-stabilizer comprises a
hydrophobic organic substance having a molecular weight of at least 5000. 



8. A floccular composition according to any one of the preceding claims
wherein the size-stabiliser 15 comprises an inorganic compound. 9. A
floccular composition according to claim 8 wherein the size-stabiliser has
a density above 3.5 g/[err]. 10. A floccular composition according to any
one of the preceding claims wherein the molecular weight of the
polyelectrolyte flocculation modifier is at least 3000. 20     11. A
floccular composition according to any one of the preceding claims wherein
the composition also comprises adsorbed dye. 12. A free-flowing composition
comprising ultrafine particles, a size-stabiliser in combination with the
ultrafine particles and a flocculating modifier attached to the combination
of size-stabiliser and particles and optionally comprising an adsorbed dye,
the particles, size-stabiliser and flocculation modifier and dye 25 being
as defined in any one of claims 1 to 11. 13. A method for making a
floccular composition comprising ultrafine inorganic particles of at least
one metal or a compound of a metal in which the maximum dimension of a
major proportion of the particles is from 0.5 to 3000 nm wherein the method
comprises steps of (a) adding a colloidal dispersion of ultrafine particles
to a dispersion of a size-stabiliser in liquid 30 dispersant whereupon the
ultrafine particles and the size-stabiliser spontaneously enter into a
combination, the size-stabiliser being a lyophobic substance having surface
means which impart Iyophilic activity to the surface of the substance, the
substance and the means being respectively Iyophobic and lyophilic towards
the liquid dispersant and wherein the lyophobic substance is sufficiently
impermeable to the liquid dispersant to prevent a reduction of more than 5%
in the volume of the substance on removal of 35 the substance from the
liquid dispersant, (b) either, before the addition of the colloidal
dispersion of ultrafine particles to the dispersion of size-stabiliser,
treating the size-stabiliser with a dispersion of a polyelectrolyte
flocculation modifier which on the addition of the colloidal dispersion
flocculates with the size-stabiliser and ultrafine particles producing a
floccular composition comprising flocculation modifier and size-stabiliser
in combination with 40 ultrafine particles or, after the addition of the
colloidal dispersion of ultrafine particles to the dispersion of
size-stabiliser, treating the size-stabiliser with a dispersion of a
polyelectrolyte flocculation modifier which flocculates with the
size-stabiliser and the ultraflne particles producing a floccular
composition comprising flocculation modifier attached to the combination of
size-stabilizer and ultrafine particles. 14. A method according to claim 13
which additionally comprises the step of separating off dispersant 45 from
the floccular composition whereby there is obtained a dry floccular
composition in which flocculation modifier is attached to a combination of
size-stabiliser and ultrafine particles. 15. A method according to claim 13
wherein the colloidal dispersion of ultrafine particles is made by
liberating metal from dissolved metal compound. 16. A method according to
any one of claims 13 to 15 wherein the colloidal dispersion of ultrafine 50
particles is treated with a sterically hindering protective colloid before
treatment with the dispersion of size-stabiliser. 17. A plastics, ink,
paint or refractory enamel material containing inorganic particles
characterised in that the inorganic particles are ultrafine inorganic
particles in combination with a size-stabiliser and a flocculation modifier
and optionally absorbed dye as defined in any one of claims 1 to 12. 55
18. A material according to claim 17 characterised in that the inorganic
particles are particles of metal a majority of which have a maximum
dimension of from 2 to 50 nm. Patentanspruche 60 1. Flockenformige
Zubereitung, dadurch gekennzeichnet, dag dieselbe aus folgenden
Bestandteilen besteht la) ultrafeinen anorganischen Teilchen aus wenigstens
einem Metall oder einer Metallverbindung, bei welcher die maximalen
Abmessungen eines GroBteils der Teilchen im Bereich zwischen 0,5 und 300 nm
65 liegen, 11    0 094 801 (b) einem mit dem Teilchen in Verbindung
stehenden GroLenstabilisator in Form einer Iyophoben Substanz, welche
Mittel aufweist, die an ihrer Oberfiache eine Iyophile Aktivitat erzeugen,
wobei die Substanz gegenuber dem einen flOssigen Losungsmittel Iyophob ist,
gegenuber welcher das betreffende Mittel eine Iyophile Aktivitit aufweist,
und wobei die lyophobe Substanz gegenuber dem flussigen 5  Losungsmittel
ausreichend undurchlissig ist, um bei Entfernung de Substanz aus der
Dispersion eine Reduktion von mehr als 5 Vol.-% der Substanz zu verhindern
und 



(c) einem  Flockungsmodifiziermittel, welches einen Polyelektrolyten
aufweist, der auf der aus Grdienstabilisator und ultrafeinen Teilchen
bestehenden Zusammensetzung aufgepfopft ist. 2. Flockenf6rmige Zubereitung
nach Anspruch 1, dadurch gekennzeichnet, dal3 die ultrafeinen Teilchen 70
transparente Teilchen aus einem oder mehreren Metallen der Edel- und
Obergangsmetalle sind, wobei Metalle ausgeschlossen sind, welche starker
elektropositiv sind. 3. Flockenfbrmige Zubereitung nach Anspruch 2, dadurch
gekennzeichnet, daB die maximalen Abmessungen des gro6ten Teils der
Teilchen zwischen 2 und 50 nm liegen. 4. Flockenformige Zubereitung nach
Anspruch 3, dadurch gekennzeichnet, daB zahlenmdgig weniger '5 als 1% der
Teilchen maximale Abmessungen aufweisen, welche -von der mittleren
maximalen Abmessung aller Teilchen sich mehr als um 40 unterscheiden. 5.
Flockenformige Zubereitung nach Anspruch 1, dadurch gekennzeichnet, daB die
ultrafeinen anorganischen Teilchen transparente Teilchen von einer oder
mehrerer Metaliverbindungen sind. 6. Flockenf6rmige Zubereitung nach
Anspruch 5, dadurch gekennzeichnet, daB die maximalen 20 Abmessungen eines
gr6Bten Teils der Teilchen im Bereich zwischen 2 und 150 nm liegen. 7.
Flockenf6rmige Zubereitung nach einem der vorhergegangenen Anspruche,
dadurch gekenn- zeichnet, dal der Grol3enstabilisator aus einer hydrophoben
organischen Substanz besteht, welche ein Molekulargewicht von wenigstens 5
000 aufweist. 8. Flockenf6rmige Zubereitung nach einem der vorhergegangenen
Anspruche, dadurch gekennzeich- 25 net, daB der Gr6l3enstabilisator eine
anorganische Verbindung enthalt. 9. Flockenffrmige Zubereitung nach
Anspruch 8, dadurch gekennzeichnet, daB der Grdlenstabilisator eine Dichte
von mehr als 3,5 g/cm3 aufweist. 10. Flockenf6rmige Zubereitung nach einem
der vorhergegangenen Anspriche, dadurch gekennzeich- net, daR das
Molekulargewicht des polyelektrolytischen Flockungsmodifiziermittel
wenigstens 3 000 30  betragt. 11. Flockenformige Zubereitung nach einem der
vorhergegangenen Ansprache, dadurch gekennzeichnet, daB die Zubereitung
zusatzlich einen absorbierten Farbstoff enthalt. 12. FreiflieBende
Zubereitung aus ultrafeinen Teilchen, einem mit den ultrafeinen Teilchen in
Verbindung stehenden Grolenstabilisator sowie einem an die Kombination aus
Grolenstabilisator und 36 Teilchen aufgepfropften Flockungsmodifiziermittel
und eventuell zusatzlich einem absorbierten Farbstoff, wobei die Teilchen,
der GroBenstabilisator, das Flockungsmodifiziermittel und der Farbstoff
entsprechend einern der Anspruche 1 bis 11 festgelegt sind. 13. Verfahren
zur Herstellung einer flockenformigen Zubereitung aus ultrafeinen
anorganischen Teilchen aus wenigstens einem  Metall oder einer
Metallverbindung, bei welcher die maximalen 40  Abmessungen elnes groBeren
Teils der Teilchen im Bereich zwischen 0,5 und 3 000 nm  liegen
gekennzeichnet durch folgende Verfahrensschritte ;. a) Hinzufugen einer aus
ultrafeineri Teilchen bestehenden kolloidalen Dispersion, einer Dispersion
aus einem in einem flussigem L6sungsmitte( aufgelosten Groienstabilisator,
worauf die ultrafeinen Teilchen K>     und der Grdgenstabilisator spontan
in Verbindung treten, 45 -wobei der Grogenstabilisator eine Iyophobe
Substanz ist, welche mit einem oberflachenaktiven Mittel versehen ist, das
eine Iyophile Aktivitat der Oberfiache der jeweiligen Substanz verleiht,
A -wobei die Substanz und das jeweilige Mittel gegenGber dem flOssigen
Losungsmittel jeweils Iyophob bzw. Iyophill sind und so -wobei die Iyophobe
Substanz gegenuber dem flussigen Losungsmittel ausreichend undurchlassig
ist, um be! Entfernung der Substanz aus dem flussigen Losungsmittel eine
Reduktion von mehr als 5 Vol.-% der Substanz zu verhindern und (b) entweder
vor dem Zusatz der kolloidalen Dispersion von ultrafeinen Teilchen zu der
Dispersion des 55 Gro~lenstabilisators, Behandlung des GroBenstabilisators
mit einer Dispersion eines polyelektrolytischen Flockungsmodifiziermittels,
welches beim Zusetzen zu der kolloidalen Disperion mit dem
Gro~enstabilisator und den ultrafeinen Teilchen ausflockt und dabei eine
flockenformige Zubereitung erzeugt, die aus dem Flockungsmodifiziermittel
und dem Grolenstabilisator in Verbindung mit der ultrafeinen Teilchen
besteht oder nach dem Zusetzen der kolloidalen Dispersion von ultrafeinen
Teilchen zu 60 der Dispersion des GroBenstabilisators, Behandlung des
Gr6l3enstabilisators mit einer Dispersion aus einem polyektrolytischen
Flockungsmodifiziermittel, welches mit dem Grofenstabilisator und
ultrafeinen Teilchen ausflockt und wobei die flockenf6rmige Zubereitung das
Flockungsmodifiziermittel enthalt, das auf der Kombination aus
Gr6genstabilisator und ultrafeinen Teilchen aufgepfropft ist. 14. Verfahren
nach Anspruch 13, dadurch gekennzeichnet, daR zusatzlich ein
Verfahrensschritt 65 vorgesehen ist, bei welchem das Losungsmittel von der
flockenformigen Zubereitung abgetrennt, wird so . 12
lliiiiiiiiiiiil  



0 094 801 da1 auf diese Weise eine trockene flockenformige Zubereitung
gebildet ist, in welcher das Flockungs- modifiziermittel auf der aus
Grolgenstabilisator und ultrafeinen Teilchen bestehenden Kombination
aufgepfropft ist. 15. Verfahren nach Anspruch 13, dadurch gekennzeichnet,
dal die kolloidale Dispersion von 5 ultrafeinen Teilchen durch Freigabe von
Metall aus einer gelosten Metaliverbindung hergestelit wird. 16. Verfahren
nach einem der Anspruche 13 bis 15, dadurch gekennzeichnet, dal die
kolloidale Dispersion von ultrafeinen Teilchen mit einem sterisch
hindernden Schutzkolloid behandelt wird, bevor die jeweilige Behandlung mit
der Dispersion des GroBenstabilisators erfolgt. 17. Material in Form eines
Kunststoffs, einer Druckerfarbe, einer Anstrichfarbe oder eines feuerfesten
10 Emailmaterials mit anorganischen Teilchen, dadurch gekennzeichnet, daB
die anorganischen Teilchen in ultrafeiner Struktur mit einem
GroBenstabilisator, einem  Flockungsmodifiziermittel und eventuell
zusatzlich einem absorbierten Farbstoff in Verbindung stehen sowie diese
Stoffe um einem der Anspruche 1 bis 12 festgelegt sind. 18. Material nach
Anspruch 17, dadurch gekennzeichnet, daB die anorganischen Teilchen 15
Metaliteilchen sind, bei welchen ein Grolteil maximale Abmessungen im
Bereich zwischen 2 und 50 nm aufweisen. Revendications 20     1.
Composition floconneuse comprenant: (a) des particules inorganiques
ultrafines d'au moins un metal ou composb mbtallique dans lequel la
dimension maximale de la proportion majoritaire des particules est comprise
entre 0,5 et 3000 nm, (b) un stabilisateur de taille prevu en combinaison
avec les particules, Iedit stabilisateur de taille btant une substance
Iyophobe prbvue avec les moyens qui communiquent i'activitb Iyophile vers
la surface de la 25 substance dans lequel stabilisateur la substance est
Iyophobe envers au moins un dispersant liquide par rapport auquel lesdits
moyens sont Iyophiles, et egalement dans lequel la substance Iyophobe est
suffisamment impermeable audit dispersant liquide pour eviter une rbduction
de plus de 5% en volume de la substance lors de l'blimination de cette
substance d'une dispersion comprenant cette meme substance dans ledit
dispersant liquide et 30     (c) un modificateur de foculation qui comprend
un polyelectrolyte fixb A la combinaison stabilisateur de taille-particules
ultrafines. 2. Composition floconneuse selon la revendication 1, dans
laquelle les particules ultrafines sont des particules transparentes d'au
moins un metal du type de transition ou du type destine a la realisation de
pieces de monnaie, en excluant les metaux plus blectropositifs que le
cobalt. 35     3. Composition floconneuse selon la revendication 2, dans
laquelle la dimension maximale de la proportion majoritaire des particules
est comprise entre 2 et 50 nm. 4. Composition floconneuse selon la
revendication 3, dans laquelle moins de 1% en nombre de particules ont une
dimension maximale qui different de plus de 40 nmn de la dimension maximale
moyenne de l'ensemble des particules. 40     5. Composition floconneuse
selon la revendication 1, dans laquelle les particules inorganiques
ultrafines sont des particules transparentes d'au moins un compose
m6tallique. ; ..~      6. Composition flocconneuse selon la revendication
5, dans laquelle la dim'ensioh   maximale de la proportion majoritaire des
particules est comprise entre 2 et 150 nm. 7. Composition floconneuse selon
'une quelconque des revendications prec6dentes dans laquelle le 45
stabilisateur de taille comprend une substance organique hydrophobe ayant
un poids moleculaire d'au moins 5000. 8. Composition floconneuse selon
l'une quelconque des revendications precbdentes, dans laquelle le
stabilisateur de taille comprend un compos6 inorganique. 9. Composition
floconneuse selon la revendication 8, dans laquelle le stabilisateur de
taille prbsente 50 une densit6 superieure a 3,5 g/cm3. 10. Composition
floconneuse selon l'une quelconque des revendications precedentes, dans
laquelle le poids mol6culaire du modificateur de floculation
poly6lectrolyte est au moins egal A 3000. 11. Composition floconneuse selon
l'une quelconque des revendications prec6dentes, dans laquelle la
composition comprend 6galement un colorant adsorbb. 55     12. Composition
coulable comprenant des particules ultrafines, un stabilisateur de taille
en combinaison avec lesdites particules ultrafines et un modificateur de
floculation fix6 a la combinaison stabilisateur de taille-particules, ainsi
qu'bventuellement un colorant adsorbb, les particules, le stabilisateur de
taille et le modificateur de floculation, ainsi que le colorant, btant du
type dbfini dans l'une quelconque des revendications 1 A 11. 60     13.
Procbdd pour realiser une composition floconneuse comprenant des particules
inorganiques 



ultrafines d'au moins un metal ou compose m~tallique dans lequel la
dimension maximale de la proportion majoritaire des particules est comprise
entre 0,5 et 3 000 nm, ledit proced6 comprenant: (a) I'addition d'une
dispersion colloidale de particules ultrafines sur une dispersion d'un
stabilisateur de taille dans un dispersant liquide apres quoi lesdites
particules ultrafines et ledit stabilisateur de taille 65 entrent
spontanement en combinaison, ledit stabilisateur de taille etant une
substance Iyophobe 13 111111 11111 11111111111 * C L   M   S   *    0 094
801 comprenant des moyens de surface qui communiquent l'activite Iyophile
vers la surface de cette meme substance, la substance et lesdits moyens
etant respectivement Iyophobes et Iyophiles envers le dispersant liquide,
ia substance Iyophobe gtant suffisamment impermeable au dispersant liquide
pour 6viter une reduction de plus de 5% en volume de ladite substance lors
de son elimination du dispersant liquide, 5      (b) soit, avant l'addition
de la dispersion colloldale des particules ultrafines dans la dispersion du
stabilisateur de taille, un traitement dudit stabilisateur de taille par
une dispersion d'un modificateur de floculation polyelectrolyte qui flocule
lors de l'addition de la dispersion colloidale avec le stabilisateur de
taille et les particules ultrafines, produisant une composition floconneuse
comprenant ledit modificateur de floculation et le stabilisateur de taille
en combinaison avec lesdites particules ultrafines, soit, apres I0
I'addition de la dispersion colloidale des particules ultrafines sur la
dispersion du stabilisateur de taille, le traitement de ce meme
stabilisateur de taille par une dispersion d'un modificateur de floculation
polyblectrolyte qui flocule avec ledit stabilisateur de taille et lesdites
particules ultrafines, produisant une composition floconneuse qui comprend
ledit modificateur de floculation fixe sur la combinaison stabilisateur de
taille-particules ultrafines. 75 14. Procede selon la revendication 13, qui
comprend en outre l'etape de separation du dispersant de la composition
floconneuse, permettant ainsi d'obtenir une composition floconneuse seche
dans laquelle le modificateur de floculation est fixe sur un combinaison du
stabilisateur de taille et des particules ultrafines. 15. Procede selon la
revendication 13, dans lequel la dispersion colloidale des particules
ultrafines est obtenue en liberant un metal d'un compose metallique
dissous. 20 16. Proced6 selon l'une quelconque des revendications 13 a 15,
dans lequel la dispersion colloldale des particules ultrafines est traitee
par un colloide de retenue protecteur de type sterique, et ce avant
traitement par la dispersion du stabilisateur de taille. 17. Materiau de
type plastique, encre, peinture ou email refractaire contenant des
particules inorganiques, caracteris6 en ce que lesdites particules
inorganiques sont ultrafines et pr6sentent en 25 combinaison avec un
stabilisateur de taille ainsi qu'un modificateur de floculation et,
eventuellement, un colorant adsorbs, tel que dMfini dans l'une quelconque
des revendications 1 a 12. 18. Materiau selon la revendication 17,
caract6rise en ce que les particules inorganiques sont des particules de
metal dont la majorite a une dimension maximale comprise entre 2 et 50 nm.
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