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(57) ABSTRACT 

A transparent electro-conductive structure comprising a 
transparent Substrate and formed Successively thereon a 
transparent electro-conductive layer and a transparent coat 
layer, which is used in, e.g., front panels of display devices 
Such as CRTS. The transparent electro-conductive layer is 
composed chiefly of i) noble-metal-coated fine Silver par 
ticles having an average particle diameter of from 1 nm to 
100 nm, the fine silver particles being surface-coated with 
gold or platinum alone or a composite of gold and platinum, 
and ii) a binder matrix. 
A transparent electro-conductive layer forming coating fluid 
used in the production of this transparent conductive Struc 
ture comprises a Solvent and noble-metal-coated fine Silver 
particles dispersed in the Solvent and having an average 
particle diameter of from 1 nm to 100 nm, the fine silver 
particles being Surface-coated with gold or platinum alone or 
a composite of gold and platinum. 
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TRANSPARENT ELECTRO-CONDUCTIVE 
STRUCTURE, PROCESS FOR ITS PRODUCTION, 
TRANSPARENT ELECTRO-CONDUCTIVE LAYER 

FORMING COATING FLUID USED FOR ITS 
PRODUCTION, AND PROCESS FOR PREPARING 

THE COATING FLUID 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a transparent electro 
conductive Structure having a transparent Substrate and 
formed Successively thereon a transparent electro-conduc 
tive layer and a transparent coat layer, which is used in, e.g., 
front panels of display devices such as CRTs. More particu 
larly, this invention relates to a transparent electro-conduc 
tive Structure having Superior weatherability, conductivity 
and So forth and also achievable of cost reduction in manu 
facture, and a proceSS for its production, and also relates to 
a transparent electro-conductive layer forming coating fluid 
used for its production, and a proceSS for preparing Such a 
coating fluid. 

0003 2. Description of the Related Art 

0004. With office automation made in recent years, a 
variety of office information instruments have been intro 
duced into offices, and as office environment it is no longer 
uncommon to do office works all day while facing display 
devices of office information instruments. 

0005 Now, in office works done sitting close to cathode 
ray tubes (CRTs) of computers as an example of the office 
information instruments, it is required for display Screens to 
be easy to watch and not to cause Visual fatigue, as well as 
to be free from attraction of dust and electric shock which 
are due to the electrostatic charging on CRT Surfaces. 
Moreover, in addition to these, any ill influence on human 
bodies by low-frequency electromagnetic waves generated 
from CRTs is recently worried about, and it is desired for 
Such electromagnetic waves not to leak outside. 

0006 The electromagnetic waves are generated from 
deflecting coils and flyback transformers and a large quan 
tity of electromagnetic waves increasingly tend to leak to 
Surroundings as televisions become larger in size. 

0007 Now, the leakage of magnetic fields can be pre 
Vented in its greater part by designing, e.g., by the changing 
of deflecting coils in shape. AS for the leakage of electric 
fields, it can be prevented by forming a transparent electro 
conductive layer on the front-glass Surface of a CRT. 

0008 Measures to prevent such leakage of electric fields 
are theoretically the Same as the countermeasures taken in 
recent years to prevent electrostatic charging. However, the 
transparent electro-conductive layer is required to have a 
much higher conductivity than any conductive layerS formed 
for preventing the electroStatic charging. More Specifically, 
a layer with a surface resistance of about 10 ohm per Square 
is considered Sufficient for the purpose of preventing elec 
troStatic charging. However, in order to prevent the leakage 
of electric fields (i.e., electric-field Shielding), it is necessary 
to form at least a transparent electro-conductive layer with 
a low resistance of 10 ohm per Square or below, and 
preferably 10 ohm per square or below. 
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0009 Under Such circumstances, as countermeasures for 
Such a necessity, Some proposals are made until now. In 
particular, as a method that can attain a low Surface resis 
tance at a low cost, a method is known in which a transparent 
electro-conductive layer forming coating fluid prepared by 
dispersing conductive fine particles in a Solvent together 
with an inorganic binder Such as an alkyl-silicate is coated 
on a front glass for a CRT, followed by drying and then 
baking at a temperature of 200 C. or below. 

0010 This method making use of such a transparent 
electro-conductive conductive layer forming coating fluid is 
much simpler than any other transparent electro-conductive 
layer forming methods employing vacuum evaporation 
(vacuum deposition), Sputtering or the like, and can enjoy a 
low production cost. Thus, it is a method very advantageous 
as electric-field shielding that can be applied to CRTs. 

0011. As the transparent electro-conductive layer form 
ing coating fluid used in this method, a coating fluid is 
known in which indium tin oxide (ITO) is used as the 
conductive fine particles. Since, however, the resultant film 
has a surface resistance of as high as 10' to 10 ohm per 
Square, a corrective circuit for cancelling electric fields is 
required in order to Sufficiently shield the leaking electric 
fields. Hence, there has been a problem of a production cost 
which is rather high correspondingly. Meanwhile, in the case 
of a transparent electro-conductive layer forming coating 
fluid making use of a metal powder as the conductive fine 
particles, the resultant film may have a little lower trans 
mittance than in the case of the coating fluid making use of 
ITO, but a low-resistance film of from 10° to 10 ohm per 
Square can be formed. Accordingly, Such a coating fluid, 
which makes the corrective circuit unnecessary, is advanta 
geous in cost and is considered to become prevailing in 
future. 

0012 Fine metal particles used in the above transparent 
electro-conductive layer forming coating fluid are, as dis 
closed in Japanese Patent Applications Laid-open No. 
8-77832 and No. 9-55.175, limited to noble metals such as 
Silver, gold, platinum, rhodium and palladium, which may 
hardly be oxidized in air. This is because, if fine particles of 
a metal other than noble metals as exemplified by iron, 
nickel or cobalt are used, oxide films are necessarily formed 
on the Surfaces of Such fine metal particles in the atmo 
Sphere, making it impossible to attain a good conductivity as 
the transparent electro-conductive layer. 

0013 From another aspect, in order to make display 
Screens easy to watch, anti-glare treatment is made to the 
Surfaces of face panels So that the Screens can be restrained 
from reflecting light. This anti-glare treatment can be made 
by a method in which a finely rough Surface is provided to 
make diffused reflection on the Surface greater. This method, 
however, can not be Said to be preferable very much because 
its employment may bring about a low resolution, resulting 
in a low picture quality. Accordingly, it is preferable to make 
the anti-glare treatment by an interference method in which 
the refractive indeX and layer thickness of a transparent film 
is so controlled that the reflected light may rather interfere 
destructively with the incident light. In order to attain the 
effect of low reflection by such an interference method, it is 
common to employ a film of double-layer Structure formed 
of a high-refractive-indeX film and a low-refractive-indeX 
film each having an optical layer thickneSS Set at 40 and /40, 
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or '/3); and '40, respectively (). wavelength). The film 
formed of fine particles of indium tin oxide (ITO) as 
mentioned above is also used as a high-refractive-indeX film 
of this type. 
0.014. In metals, among parameters constituting an opti 
cal constants n-ik (n: refractive index; if=-1; k: extinction 
coefficient), the value of n is small but the value of k is 
extremely greater than that in ITO, and hence, also when the 
transparent electro-conductive layer formed of fine metal 
particles is used, the effect of low reflection that is attrib 
utable to the interference of light can be attained by the 
double-layer structure as in the case of ITO (a high-refrac 
tive-index film) Now, as Stated above, fine metal particles 
used in the conventional transparent electro-conductive 
layer forming coating fluid are limited to noble metals. Such 
as Silver, gold, platinum, rhodium and palladium. To com 
pare electrical resistance of these, platinum, rhodium and 
palladium have a resistivity of 10.6, 5.1 and 10.8 uS2cm, 
respectively, which are higher than 1.62 and 2.2 uS2cm of 
Silver and gold, respectively. Hence, it has been advanta 
geous to use fine Silver particles or fine gold particles in 
order to form a transparent electro-conductive layer having 
a low Surface resistance. 

0.015 The use of fine silver particles, however, may cause 
a great deterioration due to Sulfidation or contact with brine 
to cause a problem on weatherability. On the other hand, the 
use of fine gold particles can eliminate the problem on 
weatherability but has had a problem on cost as in the case 
when fine platinum particles, fine rhodium particles or fine 
palladium particles are used. Moreover, the use of fine gold 
particles also has a problem that, because the transparent 
electro-conductive layer formed absorbs a part of visible 
light rays in itself because of the optical properties inherent 
in gold, the film can not be used in the display Surfaces of 
display devices such as CRTs where flat transmitted-light 
profiles are required over the whole region of Visible light 
rayS. 

SUMMARY OF THE INVENTION 

0016. The present invention was made taking note of 
Such problems. Accordingly, an object of the present inven 
tion is to provide a transparent electro-conductive structure 
having Superior weatherability, conductivity and So forth 
and also achievable of cost reduction in manufacture. 

0.017. Another object of the present invention is to pro 
vide a process for producing a transparent electro-conduc 
tive Structure having Superior weatherability, conductivity 
and so forth. 

0.018 Still another object of the present invention is to 
provide a transparent electro-conductive layer forming coat 
ing fluid used in the production of a transparent electro 
conductive Structure having Superior weatherability, con 
ductivity and so forth. 
0.019 A further object of the present invention is to 
provide a process for preparing the transparent electro 
conductive layer forming coating fluid. 
0020 More specifically, in the present invention, the 
transparent electro-conductive structure comprises a trans 
parent Substrate and formed Successively thereon a trans 
parent electro-conductive layer and a transparent coat layer, 
wherein; 
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0021 the transparent electro-conductive layer is com 
posed chiefly of i) noble-metal-coated fine Silver particles 
having an average particle diameter of from 1 nm to 100 nm, 
the fine Silver particles being Surface-coated with gold or 
platinum alone or a composite of gold and platinum, and ii) 
a binder matrix. 

0022. The process for producing this transparent electro 
conductive Structure comprises, 

0023 coating on a transparent Substrate a transpar 
ent electro-conductive layer forming coating fluid 
comprising a Solvent and noble-metal-coated fine 
Silver particles dispersed in the Solvent and having an 
average particle diameter of from 1 nm to 100 nm, 
the fine Silver particles being Surface-coated with 
gold or platinum alone or a composite of gold and 
platinum; and 

0024 coating a transparent coat layer forming coat 
ing fluid on the transparent electro-conductive layer 
thus formed, followed by heating. 

0025 The transparent electro-conductive layer forming 
coating fluid used in the production of the transparent 
electro-conductive Structure comprises a Solvent and noble 
metal-coated fine Silver particles dispersed in the Solvent and 
having an average particle diameter of from 1 nm to 100 nm, 
the fine Silver particles being Surface-coated with gold or 
platinum alone or a composite of gold and platinum. 
0026. The process for preparing the transparent electro 
conductive layer forming coating fluid comprises, 

0027 a noble-metal-coated fine silver particle mak 
ing Step of adding to a colloidal dispersion of fine 
Silver particles i) a reducing agent and at least one of 
an alkali metal aurate Solution and an alkali metal 
platinate Solution or ii) a reducing agent and a 
Solution of mixture of an alkali metal aurate and an 
alkali metal platinate, to coat gold or platinum alone 
or a composite of gold and platinum on the Surfaces 
of the fine silver particles to obtain a colloidal 
dispersion of noble-metal-coated fine Silver par 
ticles, 

0028 a desalting and concentrating step of Subject 
ing the colloidal dispersion of noble-metal-coated 
fine Silver particles to desalting treatment to lower its 
electrolyte concentration and to concentrating treat 
ment to concentrate the colloidal dispersion, to 
obtain a concentrated dispersion of noble-metal 
coated fine Silver particles, and 

0029 a solvent mixing step of adding to the con 
centrated dispersion of noble-metal-coated fine Sil 
ver particles a Solvent alone or a Solvent containing 
at least one of conductive fine oxide particles and an 
inorganic binder, to obtain the transparent electro 
conductive layer forming coating fluid. 

0030. Another process for preparing the transparent elec 
tro-conductive layer forming coating fluid comprises, 

0031 a noble-metal-coated fine silver particle mak 
ing Step of adding to a colloidal dispersion of fine 
Silver particlesi) at least one of an alkali metal aurate 
Solution and an alkali metal platinate Solution or ii) 
a Solution of mixture of an alkali metal aurate and an 
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alkali metal platinate, to coat gold or platinum alone 
or a composite of gold and platinum on the Surfaces 
of the fine silver particles by the aid of displacement 
reaction caused by a difference in ionization ten 
dency between Silver, gold and platinum, to obtain a 
colloidal dispersion of noble-metal-coated fine Silver 
particles, 

0032 a desalting and concentrating step of Subject 
ing the colloidal dispersion of noble-metal-coated 
fine Silver particles to desalting treatment to lower its 
electrolyte concentration and to concentrating treat 
ment to concentrate the colloidal dispersion, to 
obtain a concentrated dispersion of noble-metal 
coated fine Silver particles, and 

0033 a solvent mixing step of adding to the con 
centrated dispersion of noble-metal-coated fine Sil 
ver particles a Solvent alone or a Solvent containing 
at least one of conductive fine oxide particles and an 
inorganic binder, to obtain the transparent electro 
conductive layer forming coating fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 FIG. 1 is a graphical representation showing 
reflection profiles of transparent electro-conductive Struc 
tures according to Example 1 and Comparative Examples 1 
and 2. 

0.035 FIG. 2 is a graphical representation showing trans 
mission profiles of transparent electro-conductive structures 
according to Example 1 and Comparative Example 1. 

0.036 FIG. 3 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 1. 
0037 FIG. 4 is a graphical representation showing trans 
mission profiles of the transparent electro-conductive Struc 
ture according to Example 1 and a glass Substrate which is 
a constituent member of this structure. 

0.038 FIG. 5 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 2. 
0.039 FIG. 6 is a graphical representation showing trans 
mission profiles of the transparent electro-conductive Struc 
ture according to Example 2 and a glass Substrate which is 
a constituent member of this structure. 

0040 FIG. 7 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 5. 
0041 FIG. 8 is a graphical representation showing trans 
mission profiles of the transparent electro-conductive Struc 
ture according to Example 5 and a glass Substrate which is 
a constituent member of this structure. 

0.042 FIG. 9 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 6. 
0.043 FIG. 10 is a graphical representation showing 
transmission profiles of the transparent electro-conductive 
Structure according to Example 6 and a glass Substrate which 
is a constituent member of this structure. 
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0044 FIG. 11 is a graphical representation showing 
reflection profiles of transparent electro-conductive Struc 
tures according to Example 8 and Comparative Examples 1 
and 2. 

004.5 FIG. 12 is a graphical representation showing 
transmission profiles of transparent electro-conductive 
Structures according to Example 8 and Comparative 
Example 

0046 FIG. 13 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 8. 
0047 FIG. 14 is a graphical representation showing 
transmission profiles of the transparent electro-conductive 
Structure according to Example 8 and a glass Substrate which 
is a constituent member of this structure. 

0048 FIG. 15 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 9. 
0049 FIG. 16 is a graphical representation showing 
transmission profiles of the transparent electro-conductive 
Structure according to Example 9 and a glass Substrate which 
is a constituent member of this structure. 

0050 FIG. 17 is a graphical representation showing a 
reflection profile of a transparent electro-conductive Struc 
ture according to Example 11. 
0051 FIG. 18 is a graphical representation showing 
transmission profiles of the transparent electro-conductive 
Structure according to Example 11 and a glass Substrate 
which is a constituent member of this structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.052 The present invention will be described below in 
detail. 

0053 First the present invention is based on the stand 
point that gold or platinum is chemically stable and has 
excellent weatherability, chemical resistance, oxidation 
resistance and So forth and hence fine Silver particles can be 
improved in chemical Stability by coating gold or platinum 
alone or a composite of gold and platinum on their Surfaces. 
AS previously Stated, platinum has a little higher electrical 
resistance than Silver and gold. However, the gold or plati 
num alone or the composite of gold and platinum is used as 
coat layerS on the Surfaces of fine Silver particles and hence 
it by no means damages the good conductivity of the Silver. 
Incidentally, in place of the coating of the fine Silver 
particles with the gold or platinum alone or composite of 
gold and platinum, one may contemplate making Silver into 
an alloy with gold or platinum or with gold and platinum to 
form fine alloy particles. Such a method, however, makes it 
necessary to use the gold or platinum alone or the gold and 
platinum in a high concentration in the whole fine particles, 
and hence requires the gold or platinum or the gold and 
platinum in a large quantity, leaving a difficulty in View of 
cost. From the foregoing Standpoint, in the present inven 
tion, noble-metal-coated fine Silver particles obtained by 
coating the gold or platinum alone or composite of gold and 
platinum on the Surfaces of fine Silver particles are used So 
that the above problems can be solved. 
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0.054 More specifically, the present invention is a trans 
parent electro-conductive Structure having a transparent 
Substrate and formed Successively thereon a transparent 
electro-conductive layer and a transparent coat layer, char 
acterized in that the transparent electro-conductive layer is 
composed chiefly of i) noble-metal-coated fine Silver par 
ticles having an average particle diameter of from 1 nm to 
100 nm, the fine silver particles being surface-coated with 
gold or platinum alone or a composite of gold and platinum, 
and ii) a binder matrix. 
0.055 The coating of the gold or platinum alone or 
composite of gold and platinum on the Surfaces of fine Silver 
particles constituting the transparent electro-conductive 
layer brings about a great improvement in weatherability, 
chemical resistance and So forth because the Silver in the 
interiors of the noble-metal-coated fine Silver particles is 
protected by the gold or platinum alone or composite of gold 
and platinum. 

0056. For example, when a transparent electro-conduc 
tive layer comprised of fine Silver particles and a binder 
matrix composed chiefly of silicon oxide is immersed in 5% 
brine, chlorine ions in the brine react with the fine silver 
particles of the transparent electro-conductive layer to cause 
a great deterioration in a short time of 1 hour or leSS and 
cause even film peeling in the transparent electro-conductive 
layer. However, in the case of the transparent electro 
conductive layer in which the noble-metal-coated fine silver 
particles coated with the gold or platinum alone or a com 
posite of gold and platinum are used, the transparent electro 
conductive layer causes no change at all even when 
immersed for 24 hours or longer, depending on the coating 
weight of the gold or platinum alone or composite of gold 
and platinum, and shows a Superior weatherability. Also, 
gold and platinum do not oxidize in the atmosphere, and 
hence do not cause any deterioration of electrical resistance 
due to oxidation. Thus, the transparent electro-conductive 
layer in which the noble-metal-coated fine Silver particles 
are used has a better Surface resistance than the transparent 
electro-conductive layer in which conventional fine Silver 
particles are used. 

0057 Here, the noble-metal-coated fine silver particles 
are required to have an average particle diameter of from 1 
nm to 100 nm. Noble-metal-coated fine silver particles 
having an average particle diameter Smaller than 1 nm can 
be produced with difficulty, and also tend to aggregate, thus 
Such particles are not practical. AS for those larger than 100 
nm, the transparent electro-conductive layer may have too 
low a transmittance of Visible light rays, and, even if formed 
in a Small layer thickness to ensure a high transmittance of 
Visible light rays, the layer may have too high a Surface 
resistance, thus Such particles are not practical. Incidentally, 
the average particle diameter herein used refers to average 
particle diameter of fine particles observed on a transmission 
electron microscope (TEM). 
0.058. In the noble-metal-coated fine silver particles, the 
gold or platinum alone or composite of gold and platinum 
may be in a coating weight Set within the range of from 5 to 
100 parts by weight, and preferably from 10 to 50 parts by 
weight, based on 100 parts by weight of silver. If the gold or 
platinum alone or composite of gold and platinum is in a 
coating weight less than 5 parts by weight, the protection 
attributable to coating may be less effective to make the 
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weatherability a little poor. If on the other hand it is in a 
coating weight more than 100 parts by weight, a difficulty 
may occur in View of cost. 
0059 For the purpose of improving film transmittance in 
the transparent electro-conductive layer, conductive fine 
oxide particles of at least one Selected from tin oxide, 
antimony tin oxide and indium tin oxide may also be added 
to the interior of the transparent electro-conductive layer. In 
this instance, the noble-metal-coated fine Silver particles and 
conductive fine oxide particles in the transparent electro 
conductive layer may be in a mixing ratio So Set that the 
conductive fine oxide particles are in an amount within the 
range of from 1 to 200 parts by weight, and preferably from 
10 to 100 parts by weight, based on 100 parts by weight of 
the noble-metal-coated fine silver particles. If the conductive 
fine oxide particles are mixed in an amount leSS than 1 part 
by weight, the addition of the conductive fine oxide particles 
can not be effective, and if on the other hand in an amount 
more than 200 parts by weight, the transparent electro 
conductive layer may have too high a resistance to be 
practical. AS in the case of the noble-metal-coated fine Silver 
particles, the conductive fine oxide particles may preferably 
have an average particle diameter of from about 1 nm to 
about 100 nm. 

0060. The transparent electro-conductive layer forming 
coating fluid used to form the transparent electro-conductive 
layer can be prepared by a proceSS as described below. 
0061 First, a colloidal dispersion of fine silver particles 
is made up by a known process e.g., the Carey-Lea process, 
Am. J. Sci., 37, 47 (1889), Am. J. Sci., 38 (1889)). More 
Specifically, a mixed Solution of an aqueous iron (II) sulfate 
Solution and an aqueous Sodium citrate Solution are added to 
an aqueous Silver nitrate Solution to carry out reaction, and 
the resultant sediment is filtered and washed, followed by 
addition of pure water, whereby a colloidal dispersion of fine 
silver particles (Ag: 0.1 to 10% by weight) can be made up 
Simply. This colloidal dispersion of fine Silver particles may 
be made up by any method So long as fine Silver particles 
having an average particle diameter of from 1 nm to 100 nm 
can be dispersed, without any limitation to the above 
method. To the colloidal dispersion of fine silver particles 
thus obtained, a reducing agent is added and an alkali metal 
aurate Solution or an alkali metal platinate Solution is further 
added thereto, or an alkali metal aurate Solution and an alkali 
metal platinate Solution are added Separately, or a Solution of 
mixture of an alkali metal aurate and an alkali metal plati 
nate is added, to thereby coat gold or platinum alone or a 
composite of gold and platinum on the Surfaces of the fine 
Silver particles. Thus, a colloidal dispersion of noble-metal 
coated fine Silver particles can be obtained. 
0062. In this step of making noble-metal-coated fine 
Silver particles, a dispersant may optionally be added in a 
Small quantity to any one of, or all of, the colloidal disper 
Sion of fine Silver particles, the alkali metal aurate Solution, 
the alkali metal platinate Solution and the Solution of mixture 
of an alkali metal aurate and an alkali metal platinate. 
0063 Here, in the above step of making noble-metal 
coated fine Silver particles, the reaction to coat the gold or 
platinum alone or composite of gold and platinum on the 
Surfaces of fine Silver particles takes place because minute 
and fine Silver particles are already present in a large 
quantity in the Solution at the time when gold or platinum is 
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produced as a result of the reduction of an aurate or a 
platinate, and because the coating proceeds under conditions 
more advantageous in View of energy when gold or platinum 
grows on the Surfaces of fine Silver particles Serving as 
nuclei than when gold or platinum makes nucleation (homo 
geneous nucleation) by itself. Thus, the presence of minute 
and fine Silver particles in a large quantity in the Solution is 
prerequisite at the time when gold or platinum is produced 
as a result of the reduction of an aurate or a platinate, and 
hence the timing at which the aurate Solution or platinate 
Solution, the aurate Solution and platinate Solution or the 
Solution of mixture of the aurate and platinate and the 
reducing agent are added in the colloidal dispersion of fine 
Silver particles in the Step of making noble-metal-coated fine 
silver particles may preferably be so controlled that the 
reducing agent is added at least prior to adding the aurate 
Solution or platinate Solution, the aurate Solution and plati 
nate Solution or the Solution of mixture of an alkali metal 
aurate and an alkali metal platinate. More specifically, this is 
because, in the case when the reducing agent and the aurate 
Solution or platinate Solution, or the reducing agent and the 
aurate Solution and platinate Solution, or the reducing agent 
and the Solution of mixture of the aurate and platinate are 
added in the colloidal dispersion of fine silver particles in the 
State they are mixed, the gold or platinum may be produced 
as a result of the reduction of the aurate or platinate and also 
the gold or platinum may make nucleation (homogeneous 
nucleation) by itself, at the Stage where the aurate Solution 
or platinate Solution, the aurate Solution and platinate Solu 
tion or the Solution of mixture of the aurate and platinate is 
mixed in the reducing agent, so that the reaction to coat the 
gold or platinum alone or composite of gold and platinum on 
the Surfaces of fine Silver particles may not take place even 
when the aurate Solution and/or platinate Solution or the like 
and the reducing agent are added to the colloidal dispersion 
of fine Silver particles after they are mixed. 
0064. As the reducing agent, hydrazine NH, borohy 
drates such as sodium borohydrate NaBH, and formalde 
hyde may be used, but without limitation to these. Any 
reducing agents may be used So long as they do not cause 
aggregation of ultrafine Silver particles when added in the 
colloidal dispersion of fine Silver particles and can reduce 
the aurate and platinate to gold and platinum, respectively. 

0065 For example, the reduction reaction taking place 
when potassium aurate KAu(OH) and potassium platinate 
KPt(OH) are each reduced with hydrazine or sodium 
borohydrate is represented by the following Scheme. 

0.066 Here, when sodium borohydrate is used as the 
reducing agent, the electrolyte produced by reduction reac 
tion is in a high concentration as can be confirmed by the 
above reaction Scheme, and hence the fine particles tend to 
aggregate as will be described later. Thus, there is a limit on 
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its quantity when added as the reducing agent, and there is 
a disadvantage that a high Silver concentration can not be 
achieved in the colloidal dispersion of fine Silver particles 
used. 

0067. On the other hand, when hydrazine is used as the 
reducing agent, the electrolyte is leSS produced as can be 
confirmed by the above reaction Scheme, thus the hydrazine 
is more Suited as the reducing agent. 
0068 Incidentally, if any salts other than the alkali metal 
aurate and alkali metal platinate as exemplified by chloro 
auric acid HAuCl and chloroplatinic acid HPtCls, or 
chloroaurates Such as NaAuCl and KAuCl and chloroplati 
nates Such as Na-PtCls and K-PtCls are used as materials for 
coating gold and platinum, the reduction reaction caused by 
hydrazine is represented by the following Scheme. 

0069 (X: H, Na or K) 
0070 When chloroauric acid and the like are used in this 
way, not only the electrolyte produced by reduction reaction 
is in a high concentration, but also chlorine ions are pro 
duced, and hence react with fine Silver particles to form 
silver chloride, which is slightly soluble. Thus, it is difficult 
to use these as materials for forming the transparent electro 
conductive layer according to the present invention. 
0071. In the above process, it is also possible not to use 
hydrazine and to coat the gold or platinum alone or com 
posite of gold and platinum by the aid of displacement 
reaction caused by a difference in ionization tendency 
between Silver, gold and platinum. 
0072 More specifically, the alkali metal aurate solution 
or alkali metal platinate Solution or the alkali metal aurate 
Solution and alkali metal platinate Solution or the Solution of 
mixture of an alkali metal aurate and an alkali metal plati 
nate may be added directly to the colloidal dispersion of fine 
silver particles, whereby the colloidal dispersion of noble 
metal-coated fine Silver particles can be obtained. 
0073 Incidentally, the reaction to coat gold or platinum 
is represented by the following Scheme. 

0074 The colloidal dispersion of noble-metal-coated fine 
silver particles thus obtained may thereafter preferably be 
Subjected to desalting by dialysis, electrodialysis, ion 
eXchange, ultrafiltration or the like to lower the concentra 
tion of the electrolyte in the dispersion. This is because 
colloids may commonly aggregate when electrolytes are in 
a high concentration. This phenomenon is known also as the 
Schultz-Hardy's rule. For the same reasons, in the case when 
the conductive fine oxide particles of one Selected from tin 
oxide, antimony tin oxide and indium tin oxide are mixed in 
the colloidal dispersion of noble-metal-coated fine silver 
particles or the transparent electro-conductive layer forming 
coating fluid, Such conductive fine oxide particles or a 
dispersion thereof may also preferably be desalted before 
hand thoroughly. 

0075) Next, the colloidal dispersion of noble-metal 
coated fine Silver particles which has been Subjected to 
deSalting treatment is concentrated to obtain a concentrated 
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dispersion of noble-metal-coated fine Silver particles. Then, 
to this concentrated dispersion of noble-metal-coated fine 
Silver particles, an organic Solvent alone or an organic 
Solvent containing at least one of conductive fine oxide 
particles and an inorganic binder is added to make compo 
nent adjustment (e.g., fine-particle concentration, water con 
centration). Thus, the transparent electro-conductive layer 
forming coating fluid is obtained. 

0.076 When ultrafiltration is employed as a desalting 
method, this ultrafiltration also acts as concentrating treat 
ment as will be described later, and hence it is also possible 
to carry out the desalting treatment and the concentrating 
treatment Simultaneously. Accordingly, with regard to the 
deSalting treatment and concentrating treatment of the col 
loidal dispersion in which the noble-metal-coated fine silver 
particles Stand dispersed, their order may be set as desired 
depending on the manner of treatment to be employed. The 
deSalting treatment and concentrating treatment may be 
made Simultaneously when ultrafiltration or the like is 
employed. 

0077. In the present invention, the fact that the gold or 
platinum alone or composite of gold and platinum is coated 
on the Surfaces of fine Silver particles is founded by technical 
confirmation made by observation of particles on a trans 
mission electron microscope (TEM) and analysis of com 
ponents (EDX: energy dispersive X-ray analyzer), being 
made on that any changes in particle diameter are little Seen 
before and after the coating of the gold or platinum alone or 
composite of gold and platinum and that the gold or plati 
num alone or composite of gold and platinum is distributed 
uniformly on each particle, and also coordination number 
(the number of coordination) of the gold or platinum alone 
or composite of gold and platinum, examined by EXAFS 
(extended X-ray absorption fine structure) analysis. 
0078. With regard to the form in which the composite of 
gold and platinum covers the fine Silver particles, various 
forms are possible depending on differences coming from 
whether the aurate Solution and the platinate Solution are 
used or the Solution of mixture of the aurate and platinate in 
the Step of coating the composite of gold and platinum (i.e., 
the noble-metal-coated fine Silver particle making Step) or 
depending on differences in the timing of mixing these 
Solutions and in the concentration of the aurate and platinate. 
More specifically, depending on the differences in these 
conditions, various forms are possible Such that the gold 
covers the fine Silver particles on their whole Surfaces or in 
part and the platinum further covers them on the whole 
Surfaces, or conversely the platinum covers the fine Silver 
particles on the whole Surfaces or in part and the gold further 
covers them on the whole Surfaces, or the platinum and gold 
Standing each alone without overlapping each other, or in the 
form of an alloy, cover the fine silver particles on their whole 
Surfaces. 

0079 The treatment to concentrate the colloidal disper 
Sion of noble-metal-coated fine Silver particles can be made 
by any of conventional methods Such as reduced pressure 
evaporation and ultrafiltration. Also, the transparent electro 
conductive layer forming coating fluid may preferably have 
a water concentration of from 1 to 20% by weight. If it has 
a water concentration more than 20% by weight, in Some 
cases the transparent electro-conductive layer forming coat 
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ing fluid tends to cause cissing due to a high Surface tension 
of water in the course of drying after it has been coated on 
the transparent Substrate. 
0080. The problem of cissing can be solved by adding a 
Surface-active agent in the transparent electro-conductive 
layer forming coating fluid. However, there may arise 
another problem that the mixing of the Surface-active agent 
tends to cause faulty coating. Thus, it is preferable for the 
transparent electro-conductive layer forming coating fluid to 
have a water concentration of from 1 to 20% by weight. 
0081. There are no particular limitations on the above 
organic Solvent, which may appropriately Selected depend 
ing on coating methods and film-forming conditions. It may 
include, but not limited to, e.g., alcohol type Solvents Such 
as methanol, ethanol, isopropanol, butanol, benzyl alcohol 
and diacetone alcohol, ketone type Solvents Such as acetone, 
methyl ethyl ketone (MEK), methyl isobutyl ketone 
(MIBK), cyclohexanone and isophorone, glycol derivatives 
Such as propylene glycol methyl ether and propylene glycol 
ethyl ether, dimethylformamide (DMF), and N-methyl-2- 
pyrrolidone (NMP). 
0082) Using the transparent electro-conductive layer 
forming coating fluid thus obtained, the transparent electro 
conductive Structure can be obtained which has the trans 
parent Substrate and formed thereon the transparent electro 
conductive layer composed chiefly of i) noble-metal-coated 
fine Silver particles having an average particle diameter of 
from 1 nm to 100 nm and ii) a binder matrix and a 
transparent coat layer further formed thereon. 
0083. A transparent double-layer film constituted of the 
transparent electro-conductive layer and the transparent coat 
layer can be formed on the transparent Substrate by a method 
described below. That is, the transparent electro-conductive 
layer forming coating fluid composed chiefly of the Solvent 
and the noble-metal-coated fine Silver particles having an 
average particle diameter of from 1 nm to 100 nm is coated 
on the transparent Substrate, Such as a glass Substrate or a 
plastic Substrate, by a coating process Such as spray coating, 
Spin coating, wire bar coating or doctor blade coating, 
optionally followed by drying. Thereafter, a transparent coat 
layer forming coating fluid composed chiefly of, e.g., Silica 
Sol is over-coated (top-coated) by the same coating process 
as the above. 

0084. Next, after the overcoating, the coating formed is 
heated at a temperature of about, e.g., 50 to 250 C. to cause 
the over-coated transparent coat layer to harden, thus the 
transparent double-layer films are formed. Incidentally, the 
heating at a temperature of about 50 to 250 C. may cause 
no problem because the noble-metal-coated fine Silver par 
ticles are protected by the gold or platinum alone or com 
posite of gold and platinum. If, however, conventional fine 
Silver particles are used, the Surface resistance may increase 
at a temperature higher than 200 C. as a result of oxidative 
diffusion to cause deterioration of films. 

0085. Here, when the transparent coat layer forming 
coating fluid composed chiefly of Silica Sol or the like is 
over-coated by the above coating process, the Silica Sol thus 
over-coated (this Silica Sol turns into a binder matrix com 
posed chiefly of silicon oxide as a result of the heating) 
Soaks into gaps between noble-metal-coated fine Silver par 
ticles present in the layer formed by the transparent electro 



US 2001/0032969 A1 

conductive layer forming coating fluid previously coated, 
composed chiefly of the Solvent and the noble-metal-coated 
fine Silver particles. Thus, an improvement in conductivity, 
an improvement in Strength and a more improvement in 
weatherability can be achieved simultaneously. 
0.086 Moreover, the transparent double-layer film struc 
ture constituted of the transparent electro-conductive layer 
and the transparent coat layer can make the reflectance of the 
transparent double-layer film greatly low, because the trans 
parent electro-conductive layer comprising the noble-metal 
coated fine Silver particles dispersed in the binder matrix 
composed chiefly of Silicon oxide has, in its optical constant 
(n-ik), a refractive index n which is not So great but has a 
great extinction coefficient. Then, as shown in FIG. 1, in 
comparison with instances where fine ITO particles (Com 
parative Example 2) or fine Silver particles (Comparative 
Example 1) are used, the reflectance is improved at a short 
wavelength region (380 to 500 nm) of visible light rays 
when noble-metal-coated fine Silver particles coated with 
gold alone (Example 1) is used. Also, the profile of trans 
mitted light of the transparent double-layer film is, as shown 
in FIG. 2, also improved at the short wavelength region of 
Visible light rays by coating gold alone on the fine Silver 
particles. For example, in comparison of Standard deviation 
in respect of the transmittance of only a transparent double 
layer film, excluding the transparent Substrate, at each 
wavelength plotted at intervals of 5 nm of a wavelength 
region (380 to 780 nm) of visible light rays, the standard 
deviation is about 7% when fine silver particles (Compara 
tive Example 1) are used, whereas it is a Small value of about 
2 to 3% when the noble metal is coated (Examples 1 to 11) 
on the fine Silver particles, where very flat transmission 
profiles are obtained. The reason why the reflection and 
transmission characteristics of these transparent double 
layer films are improved is still unclear, and is presumed to 
be a change in Surface plasmon of fine metal particles that 
is attributable to the coating of the gold or platinum alone or 
composite of gold and platinum on the fine Silver particles. 
0.087 Here, as the silica Sol, usable are a polymeric 
product obtained by adding water and an acid catalyst to an 
orthoalkyl-silicate to effect hydrolysis followed by dehydra 
tion condensation polymerization further made to proceed, 
or a polymeric product obtained by Subjecting a commer 
cially available alkyl-silicate Solution having already been 
Subjected to hydrolysis and condensation polymerization 
made to proceed up to a 4- to 5-mer (tetramer to pentamer), 
to hydrolysis and dehydration condensation polymerization 
further made to proceed. Since the Solution Viscosity 
increases with progreSS of dehydration condensation poly 
merization to finally make the product Solidify, the degree of 
dehydration condensation polymerization may be So con 
trolled as to be not higher than the maximum Viscosity at 
which the coating fluid can be coated on the transparent 
Substrate Such as a glass Substrate or a plastic Substrate. The 
degree of dehydration condensation polymerization is not 
particularly Specified So long as it is kept at a level not higher 
than the maximum Viscosity, but may preferably be from 
about 500 to about 3,000 as weight-average molecular 
weight, taking account of film Strength and weatherability. 
Then, the dehydration condensation polymerization is Sub 
Stantially completed at the time the transparent double-layer 
film is heated and baked, and the alkyl-silicate partially 
hydrolyzed polymeric product turns into a hard Silicate film 
(a film composed chiefly of Silicon oxide). To the Silica Sol, 
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fine magnesium fluoride particles, an alumina Sol, a titania 
Solor a Zirconia Sol may be added So that the refractive index 
of the transparent coat layer can be controlled to change the 
reflectance of the transparent double-layer film. 
0088. In addition to the solvent and the noble-metal 
coated fine Silver particles having an average particle diam 
eter of from 1 nm to 100 nm, dispersed in the solvent, a silica 
Sol as an inorganic binder component electro-constituting 
the binder matrix of the transparent electro-conductive layer 
may also be mixed to make up the transparent electro 
conductive layer forming coating fluid. In Such an instance, 
too, the transparent electro-conductive layer forming coating 
fluid containing the Silica Sol may be coated, optionally 
followed by drying, and thereafter the transparent coat layer 
forming coating fluid may be over-coated by the above 
coating process, thus a similar transparent double-layer film 
comprised of the transparent electro-conductive layer and 
the transparent coat layer can be obtained. For the same 
reasons as in the case of mixing the conductive fine oxide 
particles in the transparent electro-conductive layer forming 
coating fluid, the Silica Sol to be mixed in the transparent 
electro-conductive layer forming coating fluid may also 
preferably be desalted beforehand thoroughly. 
0089. As described above, according to the transparent 
electro-conductive Structure of the present invention, the 
transparent electro-conductive layer of the transparent 
double-layer film constituted of the transparent electro 
conductive layer and transparent coat layer formed Succes 
Sively on the transparent Substrate is composed chiefly of i) 
the noble-metal-coated fine silver particles having an aver 
age particle diameter of from 1 nm to 100 nm, the fine silver 
particles being Surface-coated with the gold or platinum 
alone or composite of gold and platinum, and ii) the binder 
matrix. Hence, compared with conventional transparent 
electro-conductive Structures, it has Superior reflection pre 
ventive effect and transmission profile and also has a good 
weatherability and a high electric-filed Shielding effect. 
0090 Accordingly, the transparent electro-conductive 
Structure can be used in front panels of display devices Such 
as the CRTS previously Stated, plasma display panels 
(PDPs), vacuum fluorescent display (VFD) devices, field 
emission display (FED) devices, electro-luminescence dis 
play (ELD) devices and liquid-crystal display (LCD) 
devices. 

0091. According to the transparent electro-conductive 
layer forming coating fluid of the present invention, the 
coating fluid is composed chiefly of the Solvent and the 
noble-metal-coated fine Silver particles dispersed in the 
Solvent and having an average particle diameter of from 1 
nm to 100 nm, the fine Silver particles being Surface-coated 
with the gold or platinum alone or composite of gold and 
platinum. Hence, it can effectively form a transparent 
double-layer film having a good reflection preventive func 
tion and a good electric-filed Shielding function and also 
having a good transmission profile at the region of Visible 
light rays and a good weatherability, compared with trans 
parent electro-conductive layers formed using conventional 
transparent electro-conductive layer forming coating fluids. 
0092 Accordingly, the transparent electro-conductive 
Structure usable in front panels of display devices Such 
CRTs, PDPs and LCD devices can be obtained by forming 
the transparent electro-conductive layer by the use of this 
transparent electro-conductive layer forming coating fluid. 
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0093. The present invention will be described below in 
greater detail by giving Examples. The present invention is 
by no means limited to these Examples. In the following, 
“%” refers to “% by weight” except for “%” of transmit 
tance, reflectance and haze, and "part(s) refers to "part(s) 
by weight'. 

EXAMPLE 1. 

0094. A colloidal dispersion of fine silver particles was 
made up by the Carey-Lea process. Stated Specifically, to 33 
g of an aqueous 9% silver nitrate Solution, a mixed Solution 
of 39 g of an aqueous 23% iron (II) sulfate solution and 48 
g of an aqueous 37.5% Sodium citrate Solution was added, 
and thereafter the sediment formed was filtered and washed, 
followed by addition of pure water to make up a colloidal 
dispersion of fine silver particles (Ag: 0.45%). To 15 g of 
this colloidal dispersion of fine Silver particles, 0.5g of an 
aqueous 1% hydrazine Solution was added, and a mixed 
Solution of 15 g of an aqueous potassium aurate KAu(OH) 
solution (Au: 0.1%) and 0.3 g of an aqueous 2% polymeric 
dispersant Solution was further added with Stirring to obtain 
a colloidal dispersion of noble-metal-coated fine Silver par 
ticles coated with gold alone. This colloidal dispersion of 
noble-metal-coated fine Silver particles was desalted with an 
ion-exchange resin (available from Mitsubishi Chemical 
Industries Limited; trade name: DIAION SK1B, SA20AP), 
followed by ultrafiltration to obtain a concentrated disper 
Sion. To this dispersion, ethanol (EA) and diacetone alcohol 
(DAA) were added to obtain a transparent electro-conduc 
tive layer forming coating fluid containing noble-metal 
coated fine silver particles (Ag: 0.217%; Au: 0.057%; water: 
11.8%; EA: 82.9%; DAA. 5.0%). The transparent electro 
conductive layer forming coating fluid thus obtained was 
observed on a transmission electron microscope to reveal 
that the noble-metal-coated fine Silver particles had an 
average particle diameter of 7.2 nm. 
0.095 Next, the transparent electro-conductive layer 
forming coating fluid containing the noble-metal-coated fine 
Silver particles was spin-coated (130 rpm, for 60 seconds) on 
a glass Substrate (Soda-lime glass of 3 mm thick) heated to 
40 C., and thereafter Subsequently a silica Sol was spin 
coated thereon (130 rpm, for 60 seconds), followed by 
hardening at 180° C. for 20 minutes to obtain a glass 
substrate provided with a transparent double-layer film 
constituted of a transparent electro-conductive layer con 
taining the noble-metal-coated fine Silver particles and a 
transparent coat layer formed of a Silicate film composed 
chiefly of Silicon oxide, i.e., a transparent electro-conductive 
Structure according to Example 1. 

0.096 Here, the above silica Sol was made up using 19.6 
parts of Methyl-silicate 51 (trade name; available from 
Colcoat Co., Ltd.), 57.8 parts of ethanol, 7.9 parts of an 
aqueous 1% nitric acid Solution and 14.7 parts of pure water 
to obtain one having SiO (silicon oxide) Solid content in a 
concentration of 10%, which was finally diluted with a 
mixture of isopropyl alcohol (IPA) and n-butanol (NBA) 
(IPA/NBA=3/1) so as to have the SiO solid content in a 
concentration of 0.7%. 

0097 Film characteristics (surface resistance, visible 
light ray transmittance, Standard deviation of transmittance, 
haze, and bottom reflectance/bottom wavelength) examined 
on the transparent double-layer film formed on the glass 
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Substrate are shown in Table 1 below. The bottom reflectance 
is meant to be a minimum reflectance in the reflection profile 
of the transparent electro-conductive structure, and the bot 
tom wavelength a wavelength at the minimum reflectance. 
The reflection profile of the transparent electro-conductive 
structure according to Example 1 is shown in FIGS. 1 and 
3, and its transmission profile in FIGS. 2 and 4 together. 
0098 Transmittance shown in Table 1 in respect of only 
the transparent double-layer film, excluding the transparent 
Substrate (glass Substrate), at each wavelength plotted at 
intervals of 5 nm of a wavelength region (380 to 780 nm) of 
Visible light rays is determined in the following way: 

Transmittance (%) of only transparent double-layer 
film, excluding transparent substrate (glass substrate)= 
(transmittance measured on the whole structure inclu 
sive of transparent substrate)/(transmittance of trans 
parent substrate)x100 

0099 Here, in the present specification, unless particu 
larly noted, a value obtained by measuring transmittance of 
the whole Structure inclusive of the transparent Substrate 
(i.e., the transparent Substrate having the transparent double 
layer film, meant to be the transparent electro-conductive 
Structure) is used as the transmittance. 
0100. The surface resistance of the transparent double 
layer film is measured with a Surface resistance meter 
LORESTA AP (MCP-T400), manufactured by Mitsubishi 
Chemical Industries Limited. The value of haze and the 
Visible light ray transmittance is measured with a haze meter 
(HR-200, a reflectance-transmittance meter) manufactured 
by Murakami Color Research Laboratory, on the whole 
structure inclusive of the transparent substrate. The reflec 
tance and the reflection and transmission profiles are mea 
sured with a spectrophotometer (U-400) manufactured by 
Hitachi Ltd. The particle diameter of the noble-metal-coated 
fine Silver particles is measured by observing the particles on 
a transmission electron microScope manufactured by Nip 
pon Denshi K.K. 

EXAMPLE 2 

0101. Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, the 
procedure of Example 1 was repeated except that an aqueous 
1.5% hydrazine Solution and an aqueous potassium aurate 
solution (Au: 0.15%) were used to obtain a transparent 
electro-conductive layer forming coating fluid in which 
noble-metal-coated fine Silver particles having an average 
particle diameter of 6.3 nm were dispersed (Ag: 0.221%; 
Au: 0.079%; water: 5.0%; EA: 89.7%; DAA. 5.0%) and the 
Silica Sol was diluted So as to have the SiO2 (Silicon oxide) 
Solid content in a concentration of 0.65%. Thus, a glass 
substrate provided with a transparent double-layer film 
constituted of a transparent electro-conductive layer con 
taining the noble-metal-coated fine Silver particles and a 
transparent coat layer formed of a Silicate film composed 
chiefly of Silicon oxide, i.e., a transparent electro-conductive 
Structure according to Example 2 was obtained. 
0102 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive Structure according to Example 2 is 
shown in FIG. 5, and its transmission profile in FIG. 6. 

EXAMPLE 3 

0103). Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, the 
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procedure of Example 1 was repeated except that an aqueous 
0.5% hydrazine Solution and an aqueous potassium aurate 
solution (Au: 0.05%) were used to obtain a transparent 
electro-conductive layer forming coating fluid in which 
noble-metal-coated fine Silver particles having an average 
particle diameter of 6.8 nm were dispersed (Ag: 0.24%; Au: 
0.028%; water: 3.7%; EA: 91.0%; DAA. 5.0%) and the 
Silica Sol was diluted So as to have the SiO2 (Silicon oxide) 
Solid content in a concentration of 0.65%. Thus, a glass 
substrate provided with a transparent double-layer film 
constituted of a transparent electro-conductive layer con 
taining the noble-metal-coated fine Silver particles and a 
transparent coat layer formed of a Silicate film composed 
chiefly of Silicon oxide, i.e., a transparent electro-conductive 
Structure according to Example 3 was obtained. 
0104 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. 

EXAMPLE 4 

0105. Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, the 
procedure of Example 1 was repeated except that, without 
addition of the reducing agent acqueous hydrazine Solution, 
15 g of an aqueous potassium aurate Solution (Au: 0.05%) 
was added with Stirring to effect displacement reaction 
between gold and Silver to obtain a colloidal dispersion of 
noble-metal-coated fine Silver particles and also obtain a 
transparent electro-conductive layer forming coating fluid in 
which noble-metal-coated fine Silver particles having an 
average particle diameter of 6.5 nm were dispersed (Ag: 
0.245%; Au: 0.025%; water: 7.6%; EA: 87.1%; DAA: 
5.0%). Thus, a glass substrate provided with a transparent 
double-layer film constituted of a transparent electro-con 
ductive layer containing the noble-metal-coated fine Silver 
particles and a transparent coat layer formed of a Silicate film 
composed chiefly of Silicon oxide, i.e., a transparent electro 
conductive structure according to Example 4 was obtained. 
0106 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. 

EXAMPLE 5 

0107 Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, and 
using 0.4 g of an aqueous 1% hydrazine Solution and an 
aqueous potassium aurate Solution (Au: 0.075%), a disper 
Sion of noble-metal-coated fine Silver particles having an 
average particle diameter of 7.1 nm was obtained. 
0108. Then, the procedure of Example 1 was repeated 
except that an indium tin oxide (ITO) dispersion obtained by 
using fine ITO particles having an average particle diameter 
of 0.03 um (available from Sumitomo Metal Mining Co., 
Ltd.; trade name: SUFP-HX) and by desalting them thor 
oughly by ion eXchange was added in the above dispersion 
of noble-metal-coated fine Silver particles to finally obtain a 
transparent electro-conductive layer forming coating fluid in 
which the noble-metal-coated fine silver particles and the 
fine ITO particles were dispersed (Ag: 0.294%; Au: 0.049%; 
ITO: 0.1%; water: 9.7%; EA: 84.95%; DAA; 4.9%), a silica 
Sol having a weight-average molecular weight of 1,920 was 
used and diluted so as to have the SiO (silicon oxide) solid 
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content in a concentration of 0.8%, a glass Substrate heated 
to 35° C. was used and the transparent electro-conductive 
layer forming coating fluid and the Silica Sol were spin 
coated under conditions of 150 rpm for 60 seconds, followed 
by hardening at 210 C. for 20 minutes. Thus, a glass 
substrate provided with a transparent double-layer film 
constituted of a transparent electro-conductive layer con 
taining the noble-metal-coated fine Silver particles and fine 
ITO particles and a transparent coat layer formed of a 
Silicate film composed chiefly of Silicon oxide, i.e., a trans 
parent electro-conductive Structure according to Example 5 
was obtained. 

0109 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive Structure thus produced according to 
Example 5 is shown in FIG. 7, and its transmission profile 
in FIG. 8. 

EXAMPLE 6 

0110. Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, and 
using 0.4 g of an aqueous 1% hydrazine Solution and an 
aqueous potassium aurate Solution (Au: 0.075%), a disper 
Sion of noble-metal-coated fine Silver particles having an 
average particle diameter of 7.1 nm was obtained. 
0111. Then, the procedure of Example 1 was repeated 
except that an antimony tin oxide (ATO) dispersion obtained 
by using fine ATO particles having an average particle 
diameter of 0.01 um (available from Ishihara Sangyo Kai 
sha, Ltd.; trade name: SN-100P) and by desalting them 
thoroughly by ion eXchange was added in the above disper 
Sion of noble-metal-coated fine Silver particles to finally 
obtain a transparent electro-conductive layer forming coat 
ing fluid in which the noble-metal-coated fine Silver particles 
and the fine ATO particles were dispersed (Ag: 0.29%; Au: 
0.048%; ATO: 0.174%; water: 11.0%; EA: 83.58%; DAA: 
4.9%), a Silica Sol having a weight-average molecular 
weight of 1,920 was used and diluted so as to have the SiO, 
(silicon oxide) Solid content in a concentration of 0.8%, a 
glass Substrate heated to 35°C. was used and the transparent 
electro-conductive layer forming coating fluid and the Silica 
Sol were spin-coated under conditions of 150 rpm for 60 
seconds, followed by hardening at 210 C. for 20 minutes. 
Thus, a glass Substrate provided with a transparent double 
layer film constituted of a transparent electro-conductive 
layer containing the noble-metal-coated fine Silver particles 
and fine ATO particles and a transparent coat layer formed 
of a Silicate film composed chiefly of Silicon oxide, i.e., a 
transparent electro-conductive Structure according to 
Example 6 was obtained. 
0112 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive Structure thus produced according to 
Example 6 is shown in FIG. 9, and its transmission profile 
in FIG. 10. 

EXAMPLE 7 

0113. Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, the 
procedure of Example 1 was repeated except that 0.4 g of an 
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aqueous 1% hydrazine Solution and an aqueous potassium 
aurate solution (Au: 0.075%) were used to obtain a concen 
trated dispersion of noble-metal-coated fine Silver particles, 
a Solution containing a tetramer of tetramethyl-Silicate 
(available from Colcoat Co., Ltd.; trade name: Methyl 
Silicate 51) as an inorganic binder was added thereto to 
obtain a transparent electro-conductive layer forming coat 
ing fluid in which noble-metal-coated fine Silver particles 
having an average particle diameter of 7.0 nm were dis 
persed (Ag: 0.29%; Au: 0.052%; SiO: 0.02%; water: 
8.78%; EA: 85.85; DAA. 5.0%), a silica sol having a 
weight-average molecular weight of 2,460 was used and 
diluted so as to have the SiO (silicon oxide) solid content 
in a concentration of 0.7%, a glass substrate heated to 35 C. 
was used and the transparent electro-conductive layer form 
ing coating fluid and the Silica Sol were spin-coated under 
conditions of 150 rpm for 60 seconds, followed by harden 
ing at 210° C. for 20 minutes. Thus, a glass substrate 
provided with a transparent double-layer film constituted of 
a transparent electro-conductive layer containing the noble 
metal-coated fine Silver particles and a transparent coat layer 
formed of a Silicate film composed chiefly of Silicon oxide, 
i.e., a transparent electro-conductive Structure according to 
Example 7 was obtained. 
0114 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. 

EXAMPLE 8 

0115) To 33 g of an aqueous 9% silver nitrate solution, a 
mixed solution of 39 g of an aqueous 23% iron (II) sulfate 
solution and 48 g of an aqueous 37.5% sodium citrate 
Solution was added, and thereafter the Sediment formed was 
filtered and washed, followed by addition of pure water to 
make up a colloidal dispersion of fine Silver particles (Ag: 
0.49%). To 240 g of this colloidal dispersion of fine silver 
particles, 5 g of an aqueous 1% hydrazine monohydrate 
NHHO Solution was added, and 200 g of an aqueous 
potassium platinate (IV) K-Pt(OH) solution (Pt: 0.06%) 
was further added with Stirring to obtain a colloidal disper 
Sion of noble-metal-coated fine Silver particles coated with 
platinum alone. This colloidal dispersion of noble-metal 
coated fine Silver particles was Subjected repeatedly to the 
Step of concentrating it by ultrafiltration, adding pure water 
to the resultant concentrated Solution and again concentrat 
ing it by ultrafiltration, to obtain a desalted concentrated 
dispersion. To this dispersion, ethanol (EA) and diacetone 
alcohol (DAA) were added to obtain a transparent electro 
conductive layer forming coating fluid containing noble 
metal-coated fine silver particles (Ag: 0.245%; Pt: 0.025%; 
water: 7.48%; EA: 87.25%; DAA. 5.0%). The transparent 
electro-conductive layer forming coating fluid thus obtained 
was observed on a transmission electron microscope to 
reveal that the noble-metal-coated fine Silver particles had an 
average particle diameter of 9.2 nm. 
0.116) Next, this transparent electro-conductive layer 
forming coating fluid was spin-coated (130 rpm, for 60 
Seconds) on a glass Substrate (Soda-lime glass of 3 mm thick) 
heated to 40 C., and thereafter subsequently a silica Sol was 
spin-coated thereon (130 rpm, for 60 seconds), followed by 
hardening at 180° C. for 20 minutes to obtain a glass 
substrate provided with a transparent double-layer film 
constituted of a transparent electro-conductive layer con 
taining the noble-metal-coated fine Silver particles and a 
transparent coat layer formed of a Silicate film composed 
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chiefly of Silicon oxide, i.e., a transparent electro-conductive 
Structure according to Example 8. 
0.117) Here, the above silica Sol was made up using 19.6 
parts of Methyl-silicate 51 (trade name; available from 
Colcoat Co., Ltd.), 57.8 parts of ethanol, 7.9 parts of an 
aqueous 1% nitric acid Solution and 14.7 parts of pure water 
to obtain one having SiO (silicon oxide) Solid content in a 
concentration of 10%, which was finally diluted with a 
mixture of isopropyl alcohol (IPA) and n-butanol (NBA) 
(IPA/NBA=3/1) so as to have the SiO solid content in a 
concentration of 0.65%. 

0118 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive Structure thus produced according to 
Example 8 is shown in FIGS. 11 and 13, and its transmis 
sion profile in FIGS. 12 and 14 together. 

EXAMPLE 9 

0119 Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 8, the 
procedure of Example 8 was repeated except that 6.3 g of an 
aqueous 1% hydrazine monohydrate NH.H2O Solution and 
a mixed Solution of 121 g of an aqueous potassium aurate 
KAu(OH) solution (Au: 0.098%) and 121 g of an aqueous 
potassium platinate KPt(OH) solution (Pt: 0.065%) were 
used to obtain a transparent electro-conductive layer form 
ing coating fluid in which noble-metal-coated fine Silver 
particles coated with a composite of gold and platinum and 
having an average particle diameter of 11.7 nm were dis 
persed (Ag: 0.26%; Au: 0.03%; Pt: 0.02%; water: 7.48%; 
EA: 87.2%; DAA. 5.0%). Thus, a glass substrate provided 
with a transparent double-layer film constituted of a trans 
parent electro-conductive layer containing the noble-metal 
coated fine Silver particles and a transparent coat layer 
formed of a Silicate film composed chiefly of Silicon oxide, 
i.e., a transparent electro-conductive Structure according to 
Example 9 was obtained. 
0120 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive Structure according to Example 9 is 
shown in FIG. 15, and its transmission profile in FIG. 16. 

EXAMPLE 10 

0121 Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 8, the 
procedure of Example 8 was repeated except that, without 
addition of the reducing agent acqueous hydrazine Solution, 
203 g of an aqueous potassium platinate K2Pt(OH) Solution 
(Pt: 0.064%) was added with stirring to effect displacement 
reaction between platinum and Silver to obtain a transparent 
electro-conductive layer forming coating fluid in which the 
noble-metal-coated fine Silver particles coated with platinum 
and having an average particle diameter of 9.2 nm were 
dispersed (Ag: 0.24%; Pt: 0.025%; water: 9.2%; EA: 
85.53%; DAA. 5.0%). Thus, a glass substrate provided with 
a transparent double-layer film constituted of a transparent 
electro-conductive layer containing the noble-metal-coated 
fine Silver particles and a transparent coat layer formed of a 
Silicate film composed chiefly of Silicon oxide, i.e., a trans 
parent electro-conductive structure according to Example 10 
was obtained. 

0.122 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. 
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EXAMPLE 11 

0123. Using 240g of a colloidal dispersion of fine silver 
particles (Ag: 0.49%) which was made up in the same 
manner as in Example 8, without addition of the reducing 
agent aqueous hydrazine Solution, 203 g of an aqueous 
potassium platinate KPt(OH) solution (Pt: 0.064%) was 
added with Stirring to effect displacement reaction between 
platinum and Silver to obtain a dispersion of noble-metal 
coated fine Silver particles coated with platinum and having 
an average particle diameter of 9.2 nm. 
0.124. Then, the procedure of Example 8 was repeated 
except that an indium tin oxide (ITO) dispersion obtained by 
using fine ITO particles having an average particle diameter 
of 0.03 um (available from Sumitomo Metal Mining Co., 
Ltd.; trade name: SUFP-HX) and by desalting them thor 
oughly by ion eXchange was added in the above dispersion 
of noble-metal-coated fine Silver particles to finally obtain a 
transparent electro-conductive layer forming coating fluid in 
which the noble-metal-coated fine silver particles and the 
fine ITO particles were dispersed (Ag: 0.312%; Pt: 
0.0325%; ITO: 0.12%; water: 12.3%; EA: 87.23%; DAA: 
0%), a silica Sol having a weight-average molecular weight 
of 1,920 was used and diluted so as to have the SiO (silicon 
oxide) Solid content in a concentration of 0.8%, a glass 
substrate heated to 350C was used and the transparent 
electro-conductive layer forming coating fluid and the Silica 
Sol were spin-coated under conditions of 150 rpm for 60 
seconds, followed by hardening at 210 C. for 20 minutes. 
Thus, a glass Substrate provided with a transparent double 
layer film constituted of a transparent electro-conductive 
layer containing the noble-metal-coated fine Silver particles 
and fine ITO particles and a transparent coat layer formed of 
a Silicate film composed chiefly of Silicon oxide, i.e., a 
transparent electro-conductive Structure according to 
Example 11 was obtained. 
0.125 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive structure according to Example 11 is 
shown in FIG. 17, and its transmission profile in FIG. 18. 

COMPARATIVE EXAMPLE 1. 

0126. Using a colloidal dispersion of fine silver particles 
which was made up in the same manner as in Example 1, the 

Type of 
fine particles 

Example: 

Ag-Au 
Ag-Au 
Ag-Au 
Ag-Au 

Ag-Au 
Ag-Pt 
Ag-Au-Pt 

Ag-Au + ITO 
Ag-Au + ATO 
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procedure of Example 1 was repeated except that the fine 
Silver particles were not coated with gold to obtain a 
transparent electro-conductive layer forming coating fluid in 
which fine Silver particles having an average particle diam 
eter of 6.9 nm were dispersed (Ag: 0.3%; water: 4.0%; EA: 
90.7%; DAA. 5.0%). Thus, a glass substrate provided with 
a transparent double-layer film constituted of a transparent 
electro-conductive layer containing the fine Silver particles 
and a transparent coat layer formed of a Silicate film com 
posed chiefly of Silicon oxide, i.e., a transparent electro 
conductive Structure according to Comparative Example 1 
was obtained. 

0127 Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive structure according to Comparative 
Example 1 is shown in FIGS. 1 and 11, and its transmission 
profile in FIGS. 2 and 12. 

COMPARATIVE EXAMPLE 2 

0128. A transparent electro-conductive layer forming 
coating fluid prepared by dispersing in a Solvent fine ITO 
particles having an average particle diameter of 30 nm 
(available from Sumitomo Metal Mining Co., Ltd.; trade 
name: SDA-104; ITO:2%) was spin-coated (150 rpm, for 60 
Seconds) on a glass Substrate (Soda-lime glass of 3 mm thick) 
heated to 40 C., and thereafter Subsequently a silica Sol 
diluted So as to have SiO2 (Silicon oxide) Solid content in a 
concentration of 1.0% was spin-coated thereon (150 rpm, for 
60 seconds), followed by hardening at 180° C. for 30 
minutes to obtain a glass Substrate provided with a trans 
parent double-layer film constituted of a transparent electro 
conductive layer containing the fine ITO particles and a 
transparent coat layer formed of a Silicate film composed 
chiefly of Silicon oxide, i.e., a transparent electro-conductive 
Structure according to Comparative Example 2. 

0129. Film characteristics examined on the transparent 
double-layer film formed on the glass Substrate are shown in 
Table 1 below. The reflection profile of the transparent 
electro-conductive structure according to Comparative 
Example 2 is shown in FIGS. 1 and 11. 

TABLE 1. 

*1. * 2 
Noble Visible 

metal Surface light ray Transmit 
coating resis- transmit- tance Bottom reflectance? 
weight tance tance standard Haze bottom wavelength 
(pbw) (S2/D) (%) deviation (%) (%/nm) 

26.0 490 72.7 3.29 O O.1/515 
35.6 390 69.4 2.OO O1 O.O5/495 
11.7 395 72.5 2.72 O1 O.O8/505 
10.2 473 73.1 4.89 O O.08/510 
16.7 456 748 3.01 0.4 0.46/540 
16.6 534 74.2 3.04 O.2 O.61/530 
17.9 313 71.2 2.40 O O.O2/465 
10.2 658 71.6 2.31 O 0.07/525 
19.2 553 70.4 2.48 O1 O.08/510 
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TABLE 1-continued 

*1. *2 
Noble Visible 
metal Surface light ray Transmit 
coating resis- transmit- tance Bottom reflectance? 

Type of weight tance tance standard Haze bottom wavelength 
fine particles (pbw) (S2/D) (%) deviation (%) (%/nm) 

1O Ag-Pt 10.4 728 7O.O 2.35 O.1 0.07/525 
11 Ag-Pt + ITO 10.4 457 69.7 1.75 0.4 0.15/570 
Comparative Example: 

1. Ag 98O 70.9 6.67 O.1 O.23f485 
2 ITO 16,000 93.3 O.2 O.83/540 

pbw: parts by weight 
* 1: Coating weight of the gold or platinum alone or composite of gold and platinum (noble metal) 
based on 100 parts by weight of silver. 
* 2: Value with respect to the transmittance (%) of only the transparent double-layer film, excluding 
the transparent substrate, at each wavelength plotted at intervals of 5 nm of wavelength region 
(380 to 780 nm) of visible light rays. 

0130 Weatherability Test were immersed in 5% brine to examine any changes of the 
Surface resistance and film appearance of the transparent 

0131 The transparent electro-conductive structures double-layer film provided on the transparent Substrate 
according to Examples 1 to 11 and the transparent electro- (glass Substrate) of each structure. The results are shown in 
conductive Structure according to Comparative Example 1 Table 2 below. 

TABLE 2 

Surface resistance 

Initial 
value Appearance of double-layer film 
(S2/D) Value after immersion in 5% brine (transmittance, haze, reflection) 

Example: 

1. 490 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

2 390 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

3 395 No change in surface resistance No changes in transmittance, haze and 
on immersion for 3 hr. Surface reflection profile on immersion for 1 hr. 
resistance changed to 3.1 k2/ A slight change in reflection color on 
on immersion for 24 hr. immersion for 24 hr. 

4 473 No change in surface resistance No changes in transmittance, haze and 
on immersion for 3 hr. Surface reflection profile on immersion for 1 hr. 
resistance changed to 620 G.2/ A slight change in reflection color on 
on immersion for 24 hr. immersion for 24 hr. 

5 456 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

6 534 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

7 313 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

8 658 No change in surface resistance No changes in transmittance, haze and 
on immersion for 6 hr. Surface reflection profile on immersion for 6 hr. 
resistance changed to 755 G2/D A slight change in reflection color on 
on immersion for 24 hr. immersion for 24 hr. 

9 553 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

1O 728 No change in surface resistance No changes in transmittance, haze and 
on immersion for 6 hr. Surface reflection profile on immersion for 6 hr. 
resistance changed to 1,031 2/) A slight change in reflection color on 
on immersion for 24 hr. immersion for 24 hr. 

11 457 No change in surface resistance No changes in transmittance, haze and 
on immersion for 24 hr. reflection profile on immersion for 24 hr. 

Comparative Example: 

1. 980 Surface resistance changed to Haze increased on immersion for 30 min. 
>1,000,000 S2/O on immersion for Transparent double-layer film peeled 
15 min to become unmeasurable. partly on immersion for 10 hr. 
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0132) Evaluation 
0133 (1) As can be seen from the results shown in Table 
1, the values of Surface resistance (S2/D) and Standard 
deviation of transmittance of the transparent double-layer 
film according to each Example are confirmed to have been 
greatly improved, compared with the values of the transpar 
ent double-layer film according to each Comparative 
Example. AS also can be seen from the comparison of the 
transmission profiles of the transparent electro-conductive 
Structures according to Examples 1 and 8 with the transmis 
Sion profiles of the transparent electro-conductive structure 
according to Comparative Example 1 as shown in FIGS. 2 
and 12, very flat transmission profiles are confirmed to be 
attained in the transparent electro-conductive Structures of 
Examples 1 and 8. 
0134. As can be seen from the reflection profiles shown 
in FIGS. 1 and 11, the transparent electro-conductive struc 
tures of Examples 1 and 8 are also confirmed to be improved 
also in reflection characteristics in the visible light ray 
wavelength region, compared with those of Comparative 
Examples 1 and 2. 
0135 (2) As can be seen from the results shown in Table 
2, the transparent double-layer film according to each 
Example is confirmed to be greatly improved in weather 
ability, compared with the transparent double-layer film of 
Comparative Example 1. 
0136 (3) As can be confirmed from Table 1, in compari 
Son of the Visible light ray transmittance of the transparent 
electro-conductive Structures according to Examples 1 to 7, 
in which the noble-metal-coated fine Silver particles coated 
with gold alone are used, the Visible light ray transmittance 
of Examples 5 and 6, incorporated with ITO and ATO, 
respectively, shows higher values than that of other 
Examples. 
0.137. On the other hand, as can be confirmed from Table 
1, in comparison of the Surface resistance of the transparent 
electro-conductive Structures according to Examples 8 to 11, 
in which the noble-metal-coated fine Silver particles coated 
with gold or platinum alone or composite of gold and 
platinum are used, Example 11, incorporated with ITO, 
shows the Smallest value and also, in respect of the Visible 
light ray transmittance, these Examples Show Substantially 
the same values. That is, this indicates that in Example 11 
the transparent electro-conductive layer can be made to have 
a higher visible light ray transmittance than that in Examples 
8 to 10 when the transparent electro-conductive layer is 
made to have a thickness Set Smaller So as to have Substan 
tially the same Surface resistance as that in Examples 8 to 10. 
0.138. From these facts, it is confirmed that an improve 
ment of film transmittance in the transparent electro-con 
ductive layer can be achieved when the conductive fine 
oxide particles of ITO or ATO are incorporated in the 
transparent electro-conductive layer. 
0139 (4) In Examples 1 to 11, the noble-metal-coated 
fine Silver particles are made using potassium aurate and 
potassium platinate as the aurate and platinate, respectively. 
In place of these potassium aurate and potassium platinate, 
experiments have also been made using Sodium aurate and 
Sodium platinate. 
0140. The same evaluation tests as in Examples 1 to 11 
have been made also in respect of noble-metal-coated fine 
Silver particles obtained using the Sodium aurate and Sodium 
platinate, and the same evaluation results as those have been 
confirmed to be obtainable. 
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What is claimed is: 
1. A transparent electro-conductive Structure comprising a 

transparent Substrate and formed Successively thereon a 
transparent electro-conductive layer and a transparent coat 
layer, wherein; 

Said transparent electro-conductive layer is composed 
chiefly of i) noble-metal-coated fine silver particles 
having an average particle diameter of from 1 nm to 
100 nm, the fine Silver particles being Surface-coated 
with gold or platinum alone or a composite of gold and 
platinum, and ii) a binder matrix. 

2. The transparent electro-conductive Structure according 
to claim 1, wherein, in Said noble-metal-coated fine Silver 
particles, the gold or platinum alone or composite of gold 
and platinum is in a coating weight Set within the range of 
from 5 parts by weight to 100 parts by weight based on 100 
parts by weight of Silver. 

3. The transparent electro-conductive Structure according 
to claim 1, wherein conductive fine oxide particles are 
contained in Said transparent electro-conductive layer. 

4. The transparent electro-conductive Structure according 
to claim 3, wherein Said conductive fine oxide particles are 
fine particles of a material Selected from the group consist 
ing of tin oxide, antimony tin oxide and indium tin oxide. 

5. The transparent electro-conductive Structure according 
to claim 1, wherein Said binder matrix of the transparent 
electro-conductive layer and Said transparent coat layer are 
each composed chiefly of Silicon oxide. 

6. The transparent electro-conductive Structure according 
to any one of claims 1 to 5, wherein Said transparent 
electro-conductive layer has a Surface resistance of from 10 
ohm per Square to 3,000 ohm per Square, and has a Standard 
deviation of transmittance of from 0% to 5% in only a 
transparent double-layer film constituted of the transparent 
electro-conductive layer and the transparent coat layer, 
excluding the transparent Substrate, at each wavelength 
plotted at intervals of 5 nm of a wavelength region of from 
380 nm to 780 nm of visible light rays. 

7. A process for producing a transparent electro-conduc 
tive Structure having a transparent Substrate and formed 
Successively thereon a transparent electro-conductive layer 
and a transparent coat layer; the proceSS comprising the 
Steps of; 

coating on a transparent Substrate a transparent electro 
conductive layer forming coating fluid comprising a 
Solvent and noble-metal-coated fine Silver particles 
dispersed in the Solvent and having an average particle 
diameter of from 1 nm to 100 nm, the fine silver 
particles being Surface-coated with gold or platinum 
alone or a composite of gold and platinum; and 

coating a transparent coat layer forming coating fluid on 
the transparent electro-conductive layer thus formed, 
followed by heating. 

8. The process for producing a transparent electro-con 
ductive Structure according to claim 7, wherein, in Said 
noble-metal-coated fine Silver particles, the gold or platinum 
alone or composite of gold and platinum is in a coating 
weight set within the range of from 5 parts by weight to 100 
parts by weight based on 100 parts by weight of silver. 

9. The process for producing a transparent electro-con 
ductive structure according to claim 7, wherein conductive 
fine oxide particles are contained in Said transparent electro 
conductive layer forming coating fluid. 

10. The process for producing a transparent electro 
conductive Structure according to claim 9, wherein Said 
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conductive fine oxide particles are fine particles of a material 
Selected from the group consisting of tin oxide, antimony tin 
oxide and indium tin oxide. 

11. The process for producing a transparent electro 
conductive structure according to claim 7 or 9, wherein an 
inorganic binder constituting a binder matrix of the trans 
parent electro-conductive layer is contained in Said trans 
parent electro-conductive layer forming coating fluid. 

12. The process for producing a transparent electro 
conductive Structure according to claim 7, wherein Said 
transparent coat layer forming coating fluid is composed 
chiefly of a Silica Sol. 

13. A transparent electro-conductive layer forming coat 
ing fluid used in the production of a transparent electro 
conductive Structure having a transparent Substrate and 
formed Successively thereon a transparent electro-conduc 
tive layer and a transparent coat layer; 

Said coating fluid comprising a Solvent and noble-metal 
coated fine Silver particles dispersed in the Solvent and 
having an average particle diameter of from 1 nm to 
100 nm, the fine Silver particles being Surface-coated 
with gold or platinum alone or a composite of gold and 
platinum. 

14. The The transparent electro-conductive layer forming 
coating fluid according to claim 13, wherein, in Said noble 
metal-coated fine Silver particles, the gold or platinum alone 
or composite of gold and platinum is in a coating weight Set 
within the range of from 5 parts by weight to 100 parts by 
weight based on 100 parts by weight of silver. 

15. The transparent electro-conductive layer forming 
coating fluid according to claim 13, which further comprises 
conductive fine oxide particles. 

16. The transparent electro-conductive layer forming 
coating fluid according to claim 15, wherein Said conductive 
fine oxide particles are fine particles of a material Selected 
from the group consisting of tin oxide, antimony tin oxide 
and indium tin oxide. 

17. The transparent electro-conductive layer forming 
coating fluid according to claim 13 or 15, which further 
comprises an inorganic binder. 

18. A process for preparing a transparent electro-conduc 
tive layer forming coating fluid used in the production of a 
transparent electro-conductive structure having a transparent 
Substrate and formed Successively thereon a transparent 
electro-conductive layer and a transparent coat layer; the 
process comprising: 

a noble-metal-coated fine Silver particle making Step of 
adding to a colloidal dispersion of fine Silver particles 
i) a reducing agent and at least one of an alkali metal 
aurate Solution and an alkali metal platinate Solution or 
ii) a reducing agent and a Solution of mixture of an 
alkali metal aurate and an alkali metal platinate, to coat 
gold or platinum alone or a composite of gold and 
platinum on the Surfaces of the fine Silver particles to 
obtain a colloidal dispersion of noble-metal-coated fine 
Silver particles, 

a desalting and concentrating Step of Subjecting the col 
loidal dispersion of noble-metal-coated fine Silver par 
ticles to desalting treatment to lower its electrolyte 
concentration and to concentrating treatment to con 
centrate the colloidal dispersion, to obtain a concen 
trated dispersion of noble-metal-coated fine Silver par 
ticles, and 

Oct. 25, 2001 

a Solvent mixing Step of adding to the concentrated 
dispersion of noble-metal-coated fine Silver particles a 
Solvent alone or a Solvent containing at least one of 
conductive fine oxide particles and an inorganic binder, 
to obtain the transparent electro-conductive layer form 
ing coating fluid. 

19. The process for preparing a transparent electro-con 
ductive layer forming coating fluid according to claim 18, 
wherein the reducing agent used in Said noble-metal-coated 
fine Silver particle making Step is hydrazine. 

20. A process for preparing a transparent electro-conduc 
tive layer forming coating fluid used in the production of a 
transparent electro-conductive Structure having a transparent 
Substrate and formed Successively thereon a transparent 
electro-conductive layer and a transparent coat layer; the 
process comprising: 

a noble-metal-coated fine Silver particle making Step of 
adding to a colloidal dispersion of fine Silver particles 
i) at least one of an alkali metal aurate Solution and an 
alkali metal platinate Solution or ii) a Solution of 
mixture of an alkali metal aurate and an alkali metal 
platinate, to coat gold or platinum alone or a composite 
of gold and platinum on the Surfaces of the fine Silver 
particles by the aid of displacement reaction caused by 
a difference in ionization tendency between Silver, gold 
and platinum, to obtain a colloidal dispersion of noble 
metal-coated fine Silver particles, 

a desalting and concentrating Step of Subjecting the col 
loidal dispersion of noble-metal-coated fine silver par 
ticles to desalting treatment to lower its electrolyte 
concentration and to concentrating treatment to con 
centrate the colloidal dispersion, to obtain a concen 
trated dispersion of noble-metal-coated fine Silver par 
ticles, and 

a Solvent mixing Step of adding to the concentrated 
dispersion of noble-metal-coated fine Silver particles a 
Solvent alone or a Solvent containing at least one of 
conductive fine oxide particles and an inorganic binder, 
to obtain the transparent electro-conductive layer form 
ing coating fluid. 

21. The process for preparing a transparent electro-con 
ductive layer forming coating fluid according to any one of 
claims 18 to 20, wherein the alkali metal aurate and alkali 
metal platinate used in Said noble-metal-coated fine Silver 
particle making Step are potassium aurate or Sodium aurate, 
and potassium platinate or Sodium platinate, respectively. 

22. The process for preparing a transparent electro-con 
ductive layer forming coating fluid according to any one of 
claims 18 to 21, wherein, in Said noble-metal-coated fine 
Silver particle making Step, the colloidal dispersion of fine 
Silver particles and at least one of the alkali metal aurate 
Solution and the alkali metal platinate Solution or the Solu 
tion of mixture of an alkali metal aurate and an alkali metal 
platinate are mixed in a proportion So controlled that, in the 
noble-metal-coated fine Silver particles, the gold or platinum 
alone or composite of gold and platinum is in a coating 
weight set within the range of from 5 parts by weight to 100 
parts by weight based on 100 parts by weight of silver. 


