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Description

1. Field of the invention

[0001] The present invention relates to electrically conductive microgel. More particularly, the present invention re-
lates to electrically conductive microgel in which electrically conductive polymers or oligomers can be polymerized on
the surface of microgel particles. dispersed in an organic solvent, in the presence of a dopant and an oxidative polym-
erization catalyst, granting excellent conductivity to the microgel. Also, the present invention is concerned with a method
for preparing such electrically conductive microgel.

2. Description of the Prior Art

[0002] A number of applications of electrically conductive polymers for surface tension control, electromagnetic wave
shielding, fuel batteries, etc. have been under study. Particularly, polyaniline, polypyrrole, and polythiophene are stable
in air with high electrical conductivity. Another advantage of these conductive polymers is that they can be easily
synthesized through electrochemical or chemical polymerization. However, films made of the electrically conductive
polymers synthesized through electrochemical polymerization, although being constant in electrical conductivity across
their surface areas, are greatly limited in uses because they are not easily melted owing to the strong intermolecular
attractive force thereof. Powders of the electrically conductive polymers synthesized through chemical polymerization
require complicated post-treatment processing for their applications.
[0003] Recently, extensive research has been directed to improving the processability of electrically conductive pol-
ymers. Preparation of water-soluble multi-component composite particles through chemical polymerization is an ex-
ample of such research. Korean Pat. Laid-Open Publication No. 99-018821 discloses a method of preparing polyaniline
and polypyrrole within ABS emulsion latex while using an organic acid such as dodecylbenzene sulfonic acid or para-
toluene sulfonic acid as a dopant and ammonium persulfate as an oxidant. This method, however, is disadvantageous
in that, when the monomers are polymerized, the presence of ion groups within the dopant and the emulsifier of the
emulsion latex causes the monomers to be in an unstable water dispersion, resulting in undesired precipitation of
powder. In turn, this precipitated powder is difficult to form into transparent films as well as requires additional homog-
enizing processes, such as pulverization and fine dispersion, in order that the powder can be coated on cloth or used
in extrusion molding.
[0004] U.S. Pat. No. 6,001,549 describes an antistatic composition comprising electrically conductive polymer par-
ticles and copolymer microgel particles. The antistatic composition shows good conductivity at relatively low volume
fraction of the electrically conductive particles by including microgel particles, which are prepared using an aqueous
medium. However, the electrically conductive particles, selected from metal oxides, metal antimonates and ceramic
particles, are unsuitable to give transparent or low anti-reflective coating films.
[0005] U.S. Pat. No. 6,025,462 discloses an electrically conductive dendrimer whose reactive functional groups on
its surface are useful to synthesize an electrically conductive polymer for composite particles which have been shown
to solve the above problem encountered in the previous patent to some degree. However, the preparation process is
too complicated to avoid imposing limitations on its commercialization.
[0006] US-5,705,219 discloses a two-stage method for coating non-conducting substrates. In the first stage, the non-
conducting support is treated with a solution of a polymer of high molecular weight in a polar solvent such as water.
Typical polymers include polyvinyl alcohols, anionic polysaccharides (sodium salts of carboxymethylcellulose or alginic
acid), polyvinylpyrrolidone, polyacrylamide, and gelatin. In the second stage, the non-conductor is treated with a dis-
persion of fine solid particles, a surfactant and a salt (typically potassium chloride), also in a polar solvent such as
water (with optionally a small amount of added ethanol). The compositions are chosen such the dispersion is only just
stabilized, and coagulation takes place when it is added to the pre-treated non-conductor. Various inorganic particles
can be used, such as carbon black, finely divided oxides such as silica and tungsten blue, and stratified compounds
such as molybdenum (IV) sulfide. The coating system is in particular used for improving the adhesion of carbon black
to printed circuit boards, where adhesion of the particles to the surface of the nonconductor is in general unsatisfactory.
[0007] DE-4320527 discloses electrically conductive gels designed to establish interconnections for electrical cir-
cuitry, in particular for printed circuit boards. The gel is a silicone gel, preferably based on a cross-linked polysiloxane
polymer, and contains conductive particles of silver flakes and silver-coated mica.
[0008] EP-545568 describes curable and electrically conducting organosiloxane compositions. The compositions
contain finely divided silver particles, and are preferably cured by a platinum-catalysed hydrosilylation reaction. The
silver particles are coated with an esterified fatty acid, such as methyl oleate.
[0009] EP-463474 describes a method for preparing cationic microgel dispersions for use in cationic electrodeposi-
tion, widely used for applying primer coatings to metal surfaces such as those of motor vehicles. The microgels are
prepared from an ungelled cationic polyepoxide-amine reaction product (where the amine is typically a ketimine), by
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crosslinking with a polyepoxide. The cationic microgels produced are reported to allow good edge coverage and crater
control to be obtained while maintaining smooth films. The cationic microgel dispersions show good storage stability
and have particle sizes of 50 to 200 nanometers.

SUMMARY OF THE INVENTION

[0010] Leading to the present invention, the intensive and thorough research on electrically conductive microgel,
conducted by the present inventors, resulted in the finding that electrically conductive polymers or oligomers can be
polymerized in a dispersion of microgel particles in the presence of a dopant and an oxidative polymerization catalyst
and adsorbed onto the particle, granting excellent conductivity to the microgel particles.
[0011] Therefore, it is an object of the present invention to provide a method for preparing an electrically conductive
microgel, by which excellent electrical conductivity can be obtained. It is another object of the present invention to
provide an electrically conductive microgel which has a three-dimensional array of electrically conductive polymers in
association with a polymeric binder, thereby showing excellent electrical conductivity, electromagnetic wave shielding,
electrostatic prevention and film performance even though a small quantity of electrically conductive polymers are
present therein.
[0012] In accordance with the present invention, there is provided a method for preparing an electrically conductive
microgel comprising, on the basis of the electrically conductive microgel to be produced, adding 3 to 30 weight % of a
monomer for synthesizing an electrically conductive polymer and 1 to 20 weight % of a dopant to 15 to 80 weight %
of an organic solution containing 5 to 60 weight % of microgel particles based on the organic solution, and polymerizing
said monomer at a temperature of 0 to 80 °C under the addition of 2 to 40 weight % of an aqueous solution containing
1 to 40 weight % of an oxidative polymerization catalyst based on the aqueous solution, in which the polymer is adsorbed
on the surface of the microgel particles, and the monomer for synthesizing an electrically conductive polymer is selected
from the group consisting of pyrrole, thiophene, indole, carbazole, furan, aniline, monomeric derivatives thereof and
mixtures thereof.
[0013] In accordance with another object of the present invention, there is provided an electrically conductive microgel
suitable for use in electrical conduction, electromagnetic-radio frequency interference shielding, electrostatic discharge
protection and anti-fogging.

DETAILED DESCRIPTION OF THE INVENTION

[0014] In the present invention, electrically conductive microgel is prepared by synthesizing electrically conductive
polymers on the surface of microgel particles dispersed in an organic solvent and adsorbing the synthesized polymers
thereonto. The microgel particles useful in the present invention are intramolecularly crosslinked, ultra-fine polymer
particles with an average diameter of 0.01 to 10 microns and can be typically prepared by two processes. For reference,
the term "an organic solution containing microgel" or "a microgel-containing organic solution" as used herein refers to
a dispersion of microgel particles in an organic solvent.
[0015] One process for preparing a dispersion of microgel particles in an organic solvent is described in U.S. Pat.
No. 4,403,003, which teaches a non-aqueous dispersion (NAD) process. Also, a dispersion of microgel particles in an
organic solvent can be obtained by a combination of emulsion polymerization and aqueous-organic solvent conversion,
as taught in European Pat. Pub. No. 029637.
[0016] In the NAD process, vinyl monomers are polymerized to microgel through dispersion polymerization in the
presence of a polymer stabilizer in an organic solvent. With a steric stabilization ability, the polymer stabilizer acts to
inhibit the flocculation of the microgel produced. In detail, the polymer stabilizer provides an energy barrier against
particle flocculation by forming a chain-extended configuration of the polymer around individual microgel particles. In
the '003 patent, the polymer stabilizer is prepared as follows. 12-Hydroxystearic acid is self-condensed to an acid value
of about 31 to 34 mg KOH/g (corresponding to a number average molecular weight of 1650 to 1800) and then reacted
with an equivalent amount of glycidyl methacrylate. The resulting unsaturated ester is copolymerized at a weight ratio
of 2:1 with a mixture of methyl methacrylate and acrylic acid in the proportions of 95:5.
[0017] In another process, microgel can be prepared by the emulsion polymerization of vinyl monomers together
with crosslinking monomers (e.g. divinyl monomers) in the presence of an emulsifier. Aqueous emulsions of microgel
particles are being used industrially for an excellent metallic effect in paints for automobiles. In the present invention,
however, a dispersion of microgel particles in an organic solvent is required, which can be obtained through the aque-
ous-organic solvent conversion process. This conversion process is known as a coagulation process as taught in WO
91/00895 and EP Publication No. 029638. When n-butanol is added to an aqueous microgel emulsion, coagulation of
microgel particles occurs, resulting in the separation into two phases: a lower phase containing n-butanol, water and
the emulsifier and an upper phase containing the microgel particles, n-butanol and the other components. The upper
phase is azeotropically distilled in vacuo to remove residual water; thus obtaining a dispersion of microgel particles in
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an organic solvent.
[0018] Monomers suitable for use in forming the microgel particles used in the present invention are addition polym-
erizable monomers containing ethylenically unsaturated or more specifically vinylic, acrylic and/or allylic groups. Rep-
resentative examples of the monomers include n-pentyl acrylate, n-butyl acrylate, benzyl acrylate, t-butyl methacrylate,
1,1-dihydroperfluorobutyl acrylate, benzyl methacrylate, chloromethylstyrene, ethyl methacrylate, isobutyl acrylate,
2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, chloroprene, n-butyl methacrylate, isobutyl methacrylate, isopropyl
methacrylate, lauryl acrylate, lauryl methacrylate, methyl acrylate, 2-ethoxyethyl acrylate, 2-ethoxyethyl methacrylate,
2-cyanoethyl acrylate, phenyl acrylate, isopropyl acrylate, n-propyl methacrylate, n-hexyl acrylate, 2-hydroxyethyl acr-
ylate, 2-hydroxyethyl methacrylate, styrene, vinylbenzyl acetate, vinyl benzoate and mixtures thereof.
[0019] Crosslinking monomers useful for forming the microgel particles used in the present invention are exemplified
by allyl methacrylate, N,N'-methylenebisacrylate, ethylene dimethacrylate, 2,2-dimethyl-1,3-propylene diacrylate, di-
vinylbenzene, N,N'-bis(methacryloyl)urea, 4,4'-isoproylidenediphenylene diacrylate, 1,3-butylene diacrylate, 1,4-cy-
clohexylenedimethylene dimethacrylate, ethylene diacrylate, 1,6-hexamethylene diacrylate, 1,6-diacrylamidohexane,
1,6-hexamethylene dimethacrylate, tetramethylene dimethacrylate, ethylenebis(oxyethylene) diacrylate, ethylenebis
(oxyethylene)dimethacrylate, ethylenetrimethacrylate and 2-crotonoyloxyethyl methacrylate.
[0020] To be suitable for use in the present invention, the microgel particles have to range, in size, from about 0.01
to 10 microns and more preferably from about 0.01 to 1 micron. The microgel content in an organic solvent is preferably
maintained in the range from 5 to 60 weight %. If the content of microgel particles is less than 5 weight %, the effects
obtained by the addition thereof cannot be expected. On the other hand, a dispersion containing more than 60 weight
% of microgel particles is too viscous to handle with ease.
[0021] In accordance with the present invention, the electrically conductive microgel is prepared by adding 3 to 30
weight % of monomers for synthesizing electrically conductive polymer and 1 to 20 weight % of dopants to 15 to 80
weight % of an organic solution containing 5 to 60 weight % of microgel particles and then polymerizing the monomers
under the addition of 2 to 40 weight % of an aqueous solution containing 5 to 40 weight % of an oxidative polymerization
catalyst. The synthesized polymer is adsorbed on the surface of the microgel particles.
In the case of the monomers to be polymerized to an electrically conductive polymer being aniline, the reaction changes
color from pale green to dark green during the polymerization. After completion of polymerization, phase separation
occurs with a lower layer being an aqueous phase containing the oxidative polymerization catalyst and the lower layer
can be removed with ease.
[0022] If the amount of the monomers is below 3 weight %, the resulting polymer is poor in conductivity. On the other
hand, when the monomers are used at an amount more than 30 weight %, the microgel particles coagulate. Further,
if an amount of the organic solution containing the microgel particles is less than 15 weight %, the microgel particles
are coagulated to cause the problem of instability. On the other hand, the use of the solution exceeding 80 weight %
suffers from too low conductivity. When the oxidative polymerization catalyst is used at an amount less than 2 weight
%, the polymerization proceeds too slowly. On the other hand, in the presence of more than 40 weight % of the oxidative
polymerization catalyst, the polymerization rate is too high to avoid the coagulation of the microgel particles.
[0023] The preparation of the electrically conductive microgel is preferably carried out in the range of 0 to 80 °C. The
problem with the extra-range of the reaction temperature also resides in the polymerization rate. For example, if the
reaction is carried out at less than 0 °C, the polymerization proceeds too slowly. On the other hand, at higher than 80
°C, the polymerization rate is so fast as to cause coagulation of the microgel particles. Depending on the concentration
of the monomers and the polymerization temperature, it may take several seconds to several days to complete the
polymerization.
[0024] With poor solubility in organic solvents, the electrically conductive polymer is adsorbed onto the surface of
the microgel particles while being synthesized.
[0025] For the synthesis of the electrically conductive polymer in an organic solution containing the microgel particles
are used monomers such as pyrrole, thiophene, indole, carbazole, furan, aniline, and derivatives thereof. For example,
the pyrrole derivatives include N-methyl pyrrole, N-ethyl pyrrole, N-propyl pyrrole, and N-butyl pyrrole. Aniline deriva-
tives useful in the present invention may be exemplified by N-alkyl aniline, 4-phenoxy aniline, 4-trimethylsilyl aniline,
and 2,4-dimethoxy aniline. 3,4-(alkylenedioxy)thiophene is also useful.
[0026] In the microgel particle-containing organic solution, the microgel particles are dispersed and stabilized through
solvation by the hydrophobic organic solvent. The hydrophobic organic solvent is defined as being poorly water-com-
patible with a Hansen solubility parameter of 12.5 or less. Examples of the hydrophobic organic solvent available in
the present invention include toluene, xylene, methylene chloride, chloroform, ethyl acetate and butyl acetate.
[0027] Oxidative polymerization catalysts that are generally used for preparing electrically conductive polymers are
also used for the present invention. Their examples include ammonium persulfate, potassium persulfate, ferric chloride
and ferric tosylate hydrogenperoxide.
To give rise to an increase in the conductivity of the microgel, the electrically conductive polymer is doped. Doping a
conductive polymer entails chemically modifying the backbone to produce mobile charge carriers. With this purpose,
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commonly used dopants for preparing conductive polymers are usable in the present invention. Examples thereof
include dodecylbenzenesulfonic acid, toluenesulfonic acid, camphorsulfonic acid, benzenesulfonic acid, hydrochloric
acid, styrenesulfonic acid or 2-acrylamido-2-methylpropanesulfonic acid. The dopant is used in the mixture of the mon-
omers for the synthesis of the electrically conductive polymer and preferably at an amount of 1 to 20 weight % based
on the total weight of the whole solution (corresponding to an equivalent ratio of 0.3 to 1.5 to the monomers for the
electrically conductive polymer). For instance, if the amount of the dopant is below 1 weight %, the polymer is doped
insufficiently, resulting in low conductivity of the microgel. Over-doping with more than 20 weight % of the dopant also
causes a decrease in conductivity of the electrically conductive microgel.
According to the present invention, the electrically conductive microgel takes a core/shell structure in which electrically
conductive polymers or oligomers are physically adsorbed onto internal crosslinked microgel particles.
[0028] For coating application, the electrically conductive microgel of the present invention may be combined with
various binders, depending on the electrical conductivity and physical properties required for the coating. Associated
with a binder, the microgel is maintained in a three dimensional structure when being dried (in the form of paint).
Available as a binder in the present invention are those which are used in conventional paint. Suitable examples thereof
include polyurethane resins, polyacrylic resins, thermosetting alkyd resins, and radiation curing vinyl monomers or
oligomers. Preferably, the mixing ratio of the binder and the electrically conductive microgel of the present invention
ranges 1:99 to 90:10 on the weight basis.
Optionally, a paint containing the electrically conductive microgel of the present invention may contain additives at an
amount of up to 60 weight %. By way of example, not limitation, the additives include fillers and antioxidants. Useful
as fillers are talc, barium sulfate, calcium carbonate, fibers, kaolin, pigment and conductive fillers. Additionally, in order
to improve the performance of the electrically conductive film coated, an attaching enhancer, a thickener, a curing
agent and/or an organic solvent are useful.
[0029] Organic solvents can be removed in a freeze drying process, a spray drying process or a vacuum drying
process. To be useful as a solid material, the microgel of the present invention can be treated in an ordinary process
(e. g., injection or extrusion molding). The electrically conductive materials or composite materials of the present in-
vention can find applications in the electromagnetic-radio frequency interference shielding, antistatic, and anti-fog in-
dustries.
[0030] A better understanding of the present invention may be obtained in light of the following examples which are
set forth to illustrate, but are not to be construed to limit the present invention.

PREPARATION EXAMPLE 1

Preparation of Microgel Through Emulsification Polymerization

[0031] To a reactor equipped with a stirrer, a reflux condenser, a thermometer and a four-necked funnel was charged
720 g of deionized water which was then heated to 80 °C, followed by the addition of 3.2 g of CO-436 (Rhone-Poulenc)
as a non-ionic emulsifier and 1.6 g of ammonium persulfate as an initiator to the reactor. A monomer mixture containing
60 g of N-butyl acrylate, 100 g of methyl methacrylate and 1 g of allyl methacrylate was added slowly over 2 hours. To
the mixture was further added 10 g of an aqueous solution containing 0.6 g of ammonium persulfate. After being
maintained at 80 °C for 2 hours, the reactor was cooled to room temperature. The resulting reaction was filtered through
a 400 mesh nylon filter. The filtrate, a microgel emulsion, had a solid content of 18.5 % with an average particle size
of 80 nm.
[0032] 228 g of n-butanol was added to 736 g of the microgel emulsion and stirred. After being allowed to stand for
4 hours, the solution was separated into two layers. 640 g of the lower aqueous phase saturated with n-butanol was
removed. To the upper layer containing the microgel was added 736 g of butyl acetate, after which the solution was
azeotropically distilled in vacuo at 70 °C to eliminate undesired residual water. As a result, the microgel was dispersed
in the organic solvent. This dispersion of microgel had a solid content of 33 % and was found to contain a water content
of 0.08 as measured by the Karl-Fisher titration method.

PREPARATION EXAMPLE 2

Preparation of Microgel through Non-Aqueous Dispersion

[0033] Into a 1 L reactor equipped with a stirrer, a thermometer, a reflux condenser and a four-necked funnel was
charged 354.29 g of heptane which was then heated to 95 °C and the mixture of the ingredients given in the following
Table 1 was then added:
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[0034] The contents of the reactor were maintained for 30 min at the same temperature to form a seed dispersion
of polymer. Afterwards, the ingredients of the following Table 2 were fed as a mixture into the reactor at a steady rate
over 3 hours. A dispersion of microgel particles in the organic solvent was obtained having a solid content of 52.1 %
and a gel content of 34.5 %.

[0035] In both Tables 1 and 2, the graft copolymer stabilizer was obtained as follows. 12-Hydroxystearic acid was
self-condensed to an acid value of about 31 to 34 mg KOH/g (a number average molecular weight of 1650 to 1800)
and then reacted with an equivalent amount of glycidyl methacrylate. The unsaturated ester thus obtained was copol-
ymerised at a weight ratio of 2:1 with a mixture of methyl methacrylate and acrylic acid in the proportion of 95:5.

EXAMPLE 1

[0036] 6 g (solid content of 1.98 g) of the microgel obtained in Preparation Example 1 and 10 g of toluene were
charged into a reactor and cooled to 0 °C. Into the reactor, 2 g of dodecyl benzenesulfonic acid as a dopant, and 0.56
g of aniline were slowly added under stirring. A solution of 1.3 g of ammonium persulfate in 10 ml of water was injected
in five installments at intervals of 30 min. As the aniline was polymerized, the reaction solution turned in color from
milky to dark green. After 24 hours, the reaction was stopped. Through the separation funnel, the lower aqueous layer
containing the oxidant and ammonium persulfate was removed. The dark green microgel layer which remained was
coated onto a glass plate and dried. The coating was measured to be 1.8 S/cm in specific conductivity.

EXAMPLE 2

[0037] 4 g (solid content of 2.08 g) of the microgel obtained in Preparation Example 2 and 10 g of toluene were
charged into a reactor and cooled to 0 °C. Also, 2 g of dodecyl benzenesulfonic acid as a dopant, and 0.56 g of aniline
were slowly added into the reactor under stirring. A solution of 1.3 g of ammonium persulfate in 10 ml of water was
injected in five installments at intervals of 30 min. As the aniline was polymerized, the reaction solution turned in color
from milky to dark green. After 24 hours, the reaction was stopped. Through the separation funnel, the lower aqueous
layer containing the oxidant and ammonium persulfate was removed. The dark green microgel layer which remained
was coated onto a glass plate and dried. The coating was measured to be 0.9 S/cm in specific conductivity.

EXAMPLE 3

[0038] 6 g (solid content of 1.98 g) of the microgel obtained in Preparation Example 1 and 10 g of toluene were
charged into a reactor and maintained at 20 °C. Also, 0.56 g of pyrrole was slowly added into the reactor under stirring.
The pyrrole was allowed to polymerize as 2.25 g of ferric chloride (FeCl3) in 10 ml of water was slowly added. After 24
hours of polymerization, the reaction was stopped. Through the separation funnel, the lower aqueous layer was re-
moved. The dark green microgel layer remaining in the upper layer was coated onto a glass plate and dried. The
coating was measured to be 0.6 S/cm in specific conductivity.

TABLE 1

Ingredient Weight (g)

Methyl Methacrylate 54.25

Azodiisobutyronitrile 4.20

Graft Copolymer Stabilizer 19.84

TABLE 2

Ingredient Weight (g)

Methyl methacrylate 250.00

Allyl methacrylate 7.75

Azodiisobutyronitrile 3.38

Graft copolymer stabilizer (see table 1) 53.16
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EXAMPLE 4

[0039] 4 g (solid content of 2.08 g) of the microgel obtained in Preparation Example 2 and 10 g of toluene were
charged into a reactor and maintained at 20 °C, followed by slowly adding 0.56 g of pyrrole under stirring. The pyrrole
was allowed to polymerize as 2.25 g of ferric chloride (FeCl3) in 10 ml of water was slowly added. After 24 hours of
polymerization, the reaction was stopped. Through the separation funnel, the lower aqueous layer was removed. The
dark green microgel layer remaining in the upper layer was coated onto a glass plate and dried. The coating was
measured to be 0.3 S/cm in specific conductivity.

EXAMPLE 5

[0040] 6 g (solid content of 1.98 g) of the microgel obtained in Preparation Example 1 and 10 g of toluene were
charged into a reactor and maintained at 20 °C. Also, a solution of 0.9 g of ferric tosylate (Fe(p-toluene sulphonate)3)
in 10 ml of water was slowly added and subsequently, 0.4 g of thiophene. The reaction mixture was allowed to react
at 20 °C for 12 hours. Afterwards, the reaction was stopped. Through the separation funnel, the lower aqueous layer
was removed. The dark green microgel layer which remained was coated onto a glass plate and dried. The coating
was measured to be 0.7 S/cm in specific conductivity.

EXAMPLE 6

[0041] 4 g (solid content of 2.08 g) of the microgel obtained in Preparation Example 2 and 10 g of toluene were
charged into a reactor and maintained at 20 °C. Also, a solution of 0.9 g of ferric tosylate (Fe(p-toluene sulphonate)3)
in 10 ml of water was slowly added and subsequently, 0.4 g of thiophene. The reaction mixture was allowed to react
at 20 °C for 12 hours. Afterwards, the reaction was stopped. Through the separation funnel, the lower aqueous layer
was removed. The dark green microgel layer remaining in the upper layer was coated onto a glass plate and dried.
The coating was measured to be 7.5 S/cm in specific conductivity.

EXAMPLE 7

[0042] Dispersed in an organic solvent, the microgel prepared in the present invention could be mixed with thermo-
setting paint and photosetting paint. The electroconductive microgel with a solid content of 15 %, prepared in Example
1, was blended with commercially available photosetting paint, such as a product from Sunkyoung-UCB, Korea, iden-
tified as "R-100" (solid content 50 %, Vicure 55 (a photoinitiator, Akzo Chemical) 4 %), and the blend was coated on
a poly(ethyleneterephthalate) (PET) film with the aid of a bar coater. After being allowed to stand at room temperature
for 2 min, the coating was gelled using a fusion system process (2-300 watts/inch, H lamp 1.9 inch distant from the
coating). The coating, made of photosetting paint containing the microgel, was transparent with a green color and
measured to change in electroconductivity with the content of the microgel, as given in Table 3, below.

COMPARATIVE EXAMPLE 1

[0043] In a reactor equipped with a temperature controller was charged 200 g of ABS emulsion latex (ABS solid
weight 80 g) at 0 °C. A solution of 6.2 g (0.019 mole) of dodecylbenzene sulfonic acid and 2.2 g (0.012 mole) of
paratoluene sulfonic acid in 200 ml of distilled water was added to the latex and stirred for a predetermined period of
time. To this solution, aniline was added at an amount of 12.0 g (0,13 mole), which corresponded to 15 % by weight
of the ABS used. After being well mixed by stirring for 20 min, the solution was added with a solution of 8.8 g (0.039
mole) of ammonium persulfate in 200 g of distilled water over 30 min, followed by allowing the solution to react for 16
hours under a stirring condition. The precipitate which was formed as the reaction proceeded was filtered off, washed

TABLE 3

Example 1/
Photosetting Paint, R-100

Conductive Microgel (Solid content, wt%) Electro-conductivity(S/cm)

1 2/6 9 4X10-7

2 2/4 13 3X10-6

3 2/2 23 2X10-5

4 4/2 37 7X10-3
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with distilled water and dried at 70 °C for 24 hours. The specific conductivity of the dried precipitate was measured to
be 0.001 S/cm.
[0044] Despite use of a larger amount of the electrically conductive polymer than in the above Examples, there was
obtained an electroconductivity which was 100 times lower.
[0045] As described hereinbefore, a three-dimensional array of polymers is formed on a solid phase to produce an
electrically conductive microgel in accordance with the present invention. With this structural feature, the electrically
conductive microgel of the present invention shows excellent electrical functions, including electrical conduction, elec-
tromagnetic-radio frequency interference shielding, and electrostatic prevention, in spite of its low content of electrically
conductive polymers. Additionally, the electrically conductive microgel of the present invention enjoys the advantage
of being easily blended with binders and curing agents, affording a coating which is transparent with an excellent
conductivity.
[0046] The present invention has been described in an illustrative manner, and it is to be understood that the termi-
nology used is intended to be in the nature of description rather than of limitation. Many modifications and variations
of the present invention are possible in light of the above teachings. Therefore, it is to be understood that within the
scope of the appended claims, the invention may be practiced otherwise than as specifically described.

Claims

1. A method for preparing an electrically conductive microgel comprising the following steps:

- adding a monomer for synthesizing an electrically conductive polymer in an amount of 3 to 30 weight %, and
a dopant in an amount of 1 to 20 weight %, both amounts being calculated on the basis of the electrically
conductive microgel to be produced, to 15 to 80 weight %, on the basis of the electrically conductive microgel,
of an organic solution, which contains 5 to 60% weight % of microgel particles based on the organic solution;
and

- polymerizing said monomer at a temperature of 0 to 80°C under the addition of 2 to 40 weight %, on the basis
of the electrically conductive microgel, of an aqueous solution containing an oxidative polymerization catalyst
in an amount of 1 to 40 weight % based on the aqueous solution,

wherein the polymer is adsorbed on the surface of the microgel particles, and the monomer for synthesizing an
electrically conductive polymer is selected from the group consisting of pyrrole, thiophene, indole, carbazole, furan,
aniline, monomeric derivatives thereof and mixtures thereof.

2. The method according to daim 1, in which the monomeric derivatives comprise N-methyl pyrrole, N-ethyl pyrrole,
N-propyl pyrrole, N-butyl pyrrole, N-alkyl aniline, 4-phenoxy aniline, 4-trimethylsilyl aniline, 2,4-dimethoxy aniline,
and 3,4-(alkylenedioxy)thiophene.

3. The method according to claim 1 or 2, wherein the oxidative polymerization catalyst is selected from the group
consisting of ammonium persulfate, ferric chloride and ferric tosylate hydrogenperoxide.

4. The method according to any of claims 1 to 3, wherein the dopant is selected from the group consisting of do-
decylbenzenesulfonic acid, toluenesulfonic add, camphorsulfonic acid, benzenesulfonic acid, hydrochloric acid,
styrenesulfonic acid and 2-acrylamido-2-methylpropanesulfonic acid.

5. The method according to any of claims 1 to 4, wherein the microgel containing organic solution comprises a hy-
drophobic organic solvent and the microgel particles are dispersed and stabilized through solvation by the hydro-
phobic organic solvent.

6. The method according to any of claims 1 to 5, wherein the hydrophobic organic solvent is poorly water-compatible
with a Hansen solubility parameter of 12.5 or less.

7. The method according to claim 6, wherein the organic solvent is selected from the group consisting of toluene,
xylene, methylene chloride, chloroform, ethyl acetate and butyl acetate.

8. The method according to any of claims 1 to 7, wherein the microgel particles are prepared by a non-aqueous
dispersion process or by a combination of emulsification polymerization and aqueous-organic solvent conversion
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processes.

9. The method according to any of claims 1 to 8, wherein the microgel particles range from 0.01 to 10 microns in
particle size.

10. The method according to any of claims 1 to 9, wherein the electrically conductive microgel takes a core/shell
structure in which electrically conductive polymers or oligomers are physically adsorbed onto the internally cross-
linked microgel particles.

11. An electrically conductive microgel prepared by the method of any of claims 1 to 10, for use in electrical conduction,
electromagnetic-radio frequency interference shielding, electrostatic prevention or anti-fogging.

12. The electrically conductive microgel according to daim 11, wherein the electrically conductive microgel is used in
association with a binder, said binder being mixed at a weight ratio of 1:99 to 90:10 with said microgel.

Patentansprüche

1. Verfahren zur Herstellung eines elektrisch leitfähigen Mikrogels, umfassend die folgenden Schritte:

- Zugabe eines Monomers zur Synthese eines elektrisch leitfähigen Polymers in einer Menge von 3 bis 30 Gew.-
% und eines Dotierungsmittels in einer Menge von 1 bis 20 Gew.-%, wobei beide Mengen bezogen auf das
herzustellende elektrisch leitfähige Mikrogel berechnet sind, zu 15 bis 80 Gew.-%, bezogen auf das elektrisch
leitfähige Mikrogel, einer organischen Lösung, die 5 bis 60 Gew.-% Mikrogel-Teilchen, bezogen auf die orga-
nische Lösung, enthält; und

- Polymerisieren des Monomers bei einer Temperatur von 0 bis 80°C unter Zugabe von 2 bis 40 Gew.-%, be-
zogen auf das elektrisch leitfähige Mikrogel, einer wäßrigen Lösung, die einen oxidativen Polymerisationska-
talysator in einer Menge von 1 bis 40 Gew.-%, bezogen auf die wäßrige Lösung, enthält,

wobei das Polymer auf der Oberfläche der Mikrogel-Teilchen adsorbiert wird und das Monomer zur Synthese eines
elektrisch leitfähigen Polymers aus Pyrrol, Thiophen, Indol, Carbazol, Furan, Anilin, Monomerderivaten davon und
Gemischen davon ausgewählt ist.

2. Verfahren nach Anspruch 1, wobei die Monomerderivate N-Methylpyrrol, N-Ethylpyrrol, N-Propylpyrrol, N-Butyl-
pyrrol, N-Alkylanilin, 4-Phenoxyanilin, 4-Trimethylsilylanilin, 2,4-Dimethoxyanilin und 3,4-(Alkylendioxy)thiophen
umfassen.

3. Verfahren nach Anspruch 1 oder 2, wobei der oxidative Polymerisationskatalysator aus Ammoniumpersulfat, Eisen
(III)chlorid und Eisen(III)tosylat-Wasserstoffperoxid ausgewählt ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei das Dotierungsmittel aus Dodecylbenzolsulfonsäure, Toluol-
sulfonsäure, Camphersulfonsäure, Benzolsulfonsäure, Salzsäure, Styrolsulfonsäure und 2-Acrylamido-2-methyl-
propansulfonsäure ausgewählt ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Mikrogel enthaltende organische Lösung ein hydrophobes
organisches Lösungsmittel umfaßt und die Mikrogel-Teilchen mittels Solvatation durch das hydrophobe organische
Lösungsmittel dispergiert und stabilisiert sind.

6. Verfahren nach Anspruch 5, wobei das hydrophobe organische Lösungsmittel mit einem Hansen-Löslichkeitspa-
rameter von 12,5 oder weniger schlecht wasserkompatibel ist.

7. Verfahren nach Anspruch 6, wobei das organische Lösungsmittel aus Toluol, Xylol, Methylenchlorid, Chloroform,
Ethylacetat und Butylacetat ausgewählt ist.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei die Mikrogel-Teilchen durch ein nicht-wäßriges Dispersions-
verfahren oder durch eine Kombination von Emulsionspolymerisationsverfahren und wäßriges Lösungsmittel/or-
ganisches Lösungsmittel-Konversionsverfahren hergestellt werden.
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9. Verfahren nach einem der Ansprüche 1 bis 8, wobei die Mikrogel-Teilchen eine Teilchengröße im Bereich von 0,01
bis 10 Mikron aufweisen.

10. Verfahren nach einem der Ansprüche 1 bis 9, wobei das elektrisch leitfähige Mikrogel eine Kern/Schalen-Struktur
annimmt, bei der elektrisch leitfähige Polymere oder Oligomere physikalisch auf den intern vernetzten Mikrogel-
Teilchen adsorbiert sind.

11. Elektrisch leitfähiges Mikrogel, hergestellt durch das Verfahren nach einem der Ansprüche 1 bis 10 zur Verwendung
bei der Leitung von Elektrizität, bei der Abschirmung elektromagnetischer Radiofrequenzinterferenzen, beim
Schutz vor elektrostatischer Aufladung oder bei der Verhinderung von Beschlägen.

12. Elektrisch leitfähiges Mikrogel nach Anspruch 11, wobei das elektrisch leitfähige Mikrogel in Verbindung mit einem
Bindemittel verwendet wird, wobei das Bindemittel in einem Gewichtsverhältnis von 1:99 bis 90:10 mit dem Mi-
krogel gemischt ist.

Revendications

1. Procédé pour préparer un microgel électriquement conducteur comprenant les étapes suivantes :

- addition d'un monomère pour synthétiser un polymère électriquement conducteur en une quantité de 3 à 30
% en masse, et d'un dopant en une quantité de 1 à 20 % en masse, les deux quantités étant calculées sur la
base du microgel électriquement conducteur à produire, à 15 à 80 % en masse, sur la base du microgel
électriquement conducteur, d'une solution organique qui contient 5 à 60 % en masse de particules de microgel
sur la base de la solution organique ; et

- polymérisation dudit monomère à une température de 0 à 80°C avec addition de 2 à 40 % en masse, sur la
base du microgel électriquement conducteur, d'une solution aqueuse contenant un catalyseur de polymérisa-
tion par oxydation en une quantité de 1 à 40 % en masse sur la base de la solution aqueuse,

où le polymère est adsorbé sur la surface des particules de microgel, et le monomère pour synthétiser un polymère
électriquement conducteur est choisi dans le groupe consistant en le pyrrole, le thiophène, l'indole, le carbazole,
le furane, l'aniline, leurs dérivés monomères et leurs mélanges.

2. Procédé selon la revendication 1 où les dérivés monomères comprennent le N-méthylpyrrole, le N-éthylpyrrole,
le N-propylpyrrole, le N-butylpyrrole, une N-alkylaniline, la 4-phénoxyaniline, la 4-triméthylsilyl-aniline, la 2,4-di-
méthoxyaniline et un 3,4-(alkylènedioxy)thiophène.

3. Procédé selon la revendication 1 ou 2 où le catalyseur de polymérisation par oxydation est choisi dans le groupe
consistant en le persulfate d'ammonium, le chlorure ferrique et l'hydrogénoperoxyde de tosylate ferrique.

4. Procédé selon l'une quelconque des revendications 1 à 3 où le dopant est choisi dans le groupe consistant en
l'acide dodécylbenzène-sulfonique, l'acide toluènesulfonique, l'acide camphosulfonique, l'acide benzènesulfoni-
que, l'acide chlorhydrique, l'acide styrènesulfonique et l'acide 2-acrylamido-2-méthylpropanesulfonique.

5. Procédé selon l'une quelconque des revendications 1 à 4 où la solution organique contenant le microgel comprend
un solvant organique hydrophobe et les particules de microgel sont dispersées et stabilisées par solvatation par
le solvant organique hydrophobe.

6. Procédé selon l'une quelconque des revendications 1 à 5 où le solvant organique hydrophobe est médiocrement
compatible avec l'eau avec un paramètre de solubilité de Hansen de 12,5 ou moins.

7. Procédé selon la revendication 6 où le solvant organique est choisi dans le groupe consistant en le toluène, le
xylène, le chlorure de méthylène, le chloroforme, l'acétate d'éthyle et l'acétate de butyle.

8. Procédé selon l'une quelconque des revendications 1 à 7 où les particules de microgel sont préparées par un
procédé de dispersion non aqueuse ou par une combinaison de procédés de polymérisation par émulsification et
de conversion à solvant aqueux-organique.
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9. Procédé selon l'une quelconque des revendications 1 à 8 où les particules de microgel ont une taille de particule
de 0,01 à 10 µm.

10. Procédé selon l'une quelconque des revendications 1 à 9 où le microgel électriquement conducteur revêt une
structure noyau/enveloppe dans laquelle des polymères ou oligomères électriquement conducteurs sont adsorbés
physiquement sur les particules de microgel réticulées à l'intérieur.

11. Microgel électriquement conducteur préparé par le procédé selon l'une quelconque des revendications 1 à 10
destiné à être utilisé dans la conduction électrique, le blindage contre les interférences électro-magnétiques-ra-
diofréquence, la prévention électrostatique ou contre la buée.

12. Microgel électriquement conducteur selon la revendication 11 où le microgel électriquement conducteur est utilisé
en association avec un liant, ledit liant étant mélangé à un rapport massique de 1 : 99 à 90 : 10 avec ledit microgel.
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