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LOW-TEMPERATURE SINTERED SILVER NANCPARTICLE COMPOSITION AND
ELECTRONIC ARTICLES FORMED USING THE SAME
Abstract
A silver nanoparticle composition is provided which is

possible to be sintered through sintering at a low temperature
in a short time and to form silver electro conductive film and
wiring which is favorable for adhesion to a substrate and low
in resistance, and articles using the same are provided. The
silver nanoparticle composition is provided, wherein a main
component of a solvent is water, a pH of the composition is
within a range of 5.3 to 8.0, a silver nanoparticle included in
the composition is protected by an organic acid or a derivative
thereof, and the content of the organic acid or the derivative

thereof with respect to silver is 2 to 20% by mass.

No figure to accompany the abstract when published
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DESCRIPTION
LOW-TEMPERATURE SINTERED SILVER NANOPARTICLE COMPO3SITION AND
ELECTRCONIC ARTICLES FORMED USING THE SAME
TECHNICAL FIELD
(0001}

The present invention relates to a silver nanoparticle
composition which is excellent in adhesion to a base material
and can be used to form a metal film or a conductive circuit at
a low temperature in a short time.

BACKGROUND ART
[0002]

A major wiring method of a printed circuit board which is
fregquently used in electric products includes a method for
etching foil of metal such as aluminum and copper. According
to the conventional method, since materials are not the least
lost in parts removed by etching, the method is not preferable
from the viewpoint of effective utilization of the materials.
[0003]

Further, since waste liquid, and the like, are generated
due to etching, this method loads environment greatly. In
recent years, from the viewpoint of resource saving and
environment measure, wiring forming according to another method
has been extensively investigated.

[0004]

Among the new wiring forming technologies investigated,
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"printed electronics,” in which an existing printing technology
is applied to form a wiring and a conductive film, have been
expected to easily obtain those desired in a large amount, and
therefore particularly have attracted attention.

[0005]

As remarkable applications of the printed electronics, a
print CPU, a print light, a print tag, an all-print display, a
sensor, a print circuit board, an organic solar battery, an
electronic book, a nancimprint LED, a liquid-crystal display, a
PDP display, a print memory, and RF-ID have been investigated.
The scope of applicability is very wide.

(0C06]

The feasibility of such printed electronics largely
depends on a metal component expressing conductivity.
Therefore, in order to further promote the printed electronics
technology, a metal particle which is a conductive particle has
been widely investigated. From the viewpoint of a fine-wiring
field which has great expectations of the print method and low-
temperature sintering property, in particular, a metal
nanoparticle having a nano-order particle diameter has been
widely investigated {see Patent Documents 1 and 2).

[0007]

When the metal has nano-size, it has been known that it

has properties which greatly differ from physical properties in

a bulk state. Since this nanosized particle has very high
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activity, the particle is unstable as it 1s. For this reason,
as the nanoparticle, a nanoparticle having a covering layer
mainly including organic matter such as a surfactant on the
surface has been usually provided. As the composition, a
composition, in which metal nanoparticles covered with the
surfactant are dispersed in an organic solvent, has been mainly
provided.

[0008]

The surface of the metal nanoparticle is covered with
organic matter such as a surfactant, as described above, to
prevent sintering and aggregation of the particles. Use of a
surfactant having a long chain prevents sintering and
aggregation of the particles and is possible to ensure
independency and storage stability of the particles in the
liquid. Even if the metal is a nanosized particle, when a
surfactant having a high molecular weight is configured around
the particle, it 1s necessary to perform treatment at a high

temperature for a time as long as 30 minutes to 1 hour to

remove or degrade the surfactant on the surface of the particle

during formulation of a metal film. This makes it difficult to
apply the metal nanoparticle to a low-cost heat-labile wiring
board, and therefore the probability of application using the
metal nancparticles may be reduced. Further, from the
viewpoint of saving enerqgy, this is inappropriate.

[0002]
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The metal nanoparticles are often dispersed in an organic
solvent such as decane and terpinecl. Since the organic
solvent may cause environmental contamination, attention has to
be paid to disposal. Since an organic compenent of the
evaporated organic solvent diffuses easily, when a large amount
of the organic solvent is used for treatment, it is necessary
to install a local exhaust device. Of cause, it may damage our
bodies. For this reason, from the viewpoint of environment and
operation, it is desirable that a dispersion medium, in which
the organic solvent is not a main compenent, be used.

[0C10]

When the application of the metal nanoparticles is a
conductive material, the metal species of the metal
nanoparticles is most suitably silver from the viewpoint of low
resistance of metal, high acid resistance, low melting point
and easiness of sintering, and basis metal price.

[C011]

Based on the above knowledge, the present inventors have
developed a technology for metal nanoparticles which has low-
temperature sintering property and can form a metal film in a
short time, and disclosed the content of the technology in the
foregone application (see Patent Document 3).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS

[0012]
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Patent Document 1: Japanese Patent Application Laid-open
No. 2005-200604
Patent Document 2: Japanese Patent Application Laid-open No.
2005-310703
Patent Document 3: International Patent Application
Wo2008/048316 pamphlet
DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0013]

The present inventors have shown that even if treatment
is performed using a silver nanoparticle composition disclosed
in Patent Document 3 at a low temperature in a short time, a
conductive film having low resistance and favorable film
adhesion can be obtained. Specifically, when the composition
is applied to a base material by a simple printer in a
laboratory and heat treated by a dryer, or the like, at 140°C
or higher for 30 seconds or more, the conductive film shows
favorable conductivity.

[0014]

When in fact, a low-cost and low heat-resistant
substrate such as a PET film and paper is subjected to printing
and heat treatment using roll to roll continuocus print which is
usually used for industry, it is desired that the printing
speed be 30 m/min or more. In such a high-speed treatment,

even if a heat~treating furnace provided in a printer is set to
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140°C, a base material itself is transferred from the heat-

treating furnace before it is heated to 140°C. When the
temperature is set to a high temperature, there are problems
such as deformation and burning of the base material caused by
heat, rather than baking of the silver nanoparticle composition.
Therefore, insufficient sintering in a heat-treating process
makes it difficult to obtain favorable conductivity.

[0015]

For this reason, it is required to develop a composition
capable of cobtaining faveorable resistance even in treatment at
a lower temperature in a short time. In view of the above
problems, it is an object of the present invention to provide &
silver nanoparticle composition capable of obtaining favorable
resistance and adhesion at a low temperature in a short tinme.

It is another object of the present invention to provide
a silver thin film and wiring formed using the above silver
nanoparticle composition, and an RF-ID antenna, an RF-ID
antenna inlet, an EMI shield, and an electronic circuit formed
using them.

MEANS FOR SOLVING PROBLEM
[001¢6]

The following configuration can solve the above problems.
In a first invention, a silver nanoparticle composition is used,
wherein a main component of a solvent is water, a pH of the

composition is within a range of 5.3 to 8.0, a silver
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nanoparticle included in the composition is protected by an
organic acid or a derivative thereof, and a content of the
organic acid or the derivative thereof is within a range of 2
to 20% by mass with respect to silver.

[0017]

Hereinafter, other features of the present invention will
be described. In a second invention, the silver nanoparticle
composition of the first invention is used, wherein a content
of the silver nancparticle with respect to the entire content
of the composition is within a range of 15 to 75% by mass.
[0018]

In a third invention, the silver nancparticle composition
of the first or second invention is used, wherein a content of
an ammonia component present in the composition with respect to
the composition is more than (0.1% by mass.

{0019]

In a fourth invention, the silver nanoparticle
composition of any of the first to third inventions is used,
wherein a content of a nitric acid component present in the
composition with respect to the composition is more than 0.1%
by mass.

[0020]

In a fifth invention, the silver nanoparticle composition

of any of the first to fourth inventions is used, wherein a

primary particle diameter of the silver nanoparticle to be
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measured by a transmission electron microscope 1s egual to or

smaller than 100 nm.
[0021]

In a sixth invention, the silver nancoparticle composition
of any of the first to fifth inventions is used, which includes
a polymer obtained by polymerizing a monomer having a vinyl
group.

[0022]

In a seventh invention, the silver nanoparticle
composition of any of the first to sixth inventions is used,
wherein the organic acid or the derivative thereof is a
carboxylic acid having 5 to 8 carben atoms or a derivative
thereof.

[0023]

In an eighth invention, the silver nanoparticle
composition of any of the first to seventh inventicns is used,
wherein the organic acid or the derivative thereof is heptanoic
acid or a derivative thereof.

00243

In a ninth invention, the silver nanoparticle composition
of any of the sixth to eighth inventions is used, wherein the
polymer obtained by polymerizing a monomer having a vinyl group
includes at least one or more of a vinyl chloride homopolymer,
a vinyl chloride copolymer, a vinyl acetate homopolymer, and a

vinyl acetate copolymer.
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[0025]
In a tenth invention, the silver nanoparticle compcesition

of any of the first to ninth inventions is used, which includes

a polymer having a glass transition temperature (Ty) of 0°C or

higher and 100°C or lower.
[0026]

In an eleventh invention, the silver nanoparticle
composition of any of the first to tenth inventions is used,
which includes a water~dispersible polymer having at least one
or more of an CH group, a polyoxyethylene glycol group, and a
polyethylene glycol group.

[0027]

In a twelfth invention, the silver nanoparticle
composition of the eleventh invention is used, which includes a
polymer having a urethane bond.

{C028]

In & thirteenth invention, the silver nanoparticle
composition of any of the first to twelfth inventions is used,
wherein a surface resistivity of a silver thin f£ilm obtained by
applying the silver nanoparticle composition of any of the
first to eleventh inventions to a base material and subjecting

it to heat treatment in air at 60°C for 15 seconds is equal to

or less than 100 Q/square.

[0029]

In a fourteenth invention, a silver thin film or a silver
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wiring formed using the silver nanoparticle composition of any
of the first to thirteenth inventions is used.
[0C30]

In a fifteenth invention, an RF-ID antenna is used,
wherein an antenna part of an RF-ID is formed from a silver
wiring formed by applying the silver nanoparticle composition
of any of the first to thirteenth inventions to a base material
and firing the wiring to be converted into silver.

[00311

In a sixteenth invention, an RF-ID inlet using the
antenna of the fifteenth invention is used.
[CC32]

In a seventeenth invention, an EMI shield is used,
wherein a grid part of the EMI shield is formed from a wiring
which is a silver wiring formed by firing a wiring formed from
the silver nanoparticle composition of any of the first to
thirteenth inventions to be converted into silver.

[0033]

In an eighteenth invention, an electronic circuit is used,
wherein a wiring formed by a printing method from the silver
nanoparticle composition of any of the first to thirteenth
inventions is fired to be converted into silver and form a
silver wiring.

EFFECT OF THE INVENTION

[0034]

10
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The present invention provides a silver nanoparticle
composition which is excellent in an industrially required
level of low-temperature short-time sintering preperty and
acdhesion to a substrate, and makes it possible to form a silver
conductive film and wiring having low resistance, and articles
using the same,

BRIEF DESCRIPTION OF DRAWINGS
[0035]

Fig. 1 is a view illustrating a criterion of adhesion
evaluation.

Fig. 2 is a view illustrating an example of the outline
of an RF-ID antenna.

Fig. 3 is a cross sectional view of an RF-ID inlet.

Fig. 4 is a view illustrating an example of an EMI shield.

Fig. 5 is a view showing the configuration of a simple
applying device,

BEST MCDE (S} FOR CARRYING OUT THE INVENTION
[0036]

<Silver nanoparticle composition>

<Solwvent>

A solvent of the silver nanoparticle composition
(hereinafter simply referred to as "composition") in the
present invention is composed mainly of water. As used herein,
the phrase "is composed mainly of" means that a rate of water

in the solvent of the composition is 50% by mass or more. To

11
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such a composition, an auxiliary solvent in a total of 50% by
mass or less may be added.
[CC37]
<Auxiliary solvent>

As the auxiliary solvent, one kind of polar solvent which
includes typical derivatives of such as alcohol, polyol, and
ether, or combinations of a plurality of them can be used.
This makes it possible to adjust the solubility of additives
and improve the wettability with a substrate.
[0038]
<pH>

The pH of the composition is preferably 5.3 to 8.0. The
composition of the present invention has an emulsion structure
of water which is a main solvent, and the organic acid and the
silver nanoparticles. The organic acid and derivative thereof
are essentially low in solubility in water. However, these
organic acids each have a feature, in which increasing pH of
the solvent raises their solubility. When the pH is equal to
or less than 5.2, the organic acid and derivative thereof are
not almost dissolved in the solvent. Therefore, an excess
amount of the organic acid and derivative thereof agglutinate
the particles one another. Accordingly, since the particles
are agglutinated or a viscosity of the composition remarkably
increases, the composition is not suitable for a coating. When

the pH is equal to or greater than 8.1, the soclubility of the

12
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organic acid and derivative thereof in water serving as a
solvent is too high. Therefore, the amount of the organic acid
and derivative thereof arocund the particles is insufficient for
dispersing the particles one another. Accordingly, since the
particles are agglutinated or form bonds, the composition is
not suitable for a coating.
[0039]
<Silver nanoparticle>

The silver nanoparticles according to the present
invention can be formed by a wet method. The kinds of
manufacturing method are not particularly limited as long as
the particles can be formed by this method.
[0040]
The diameter of the silver nanoparticle to be measured by a
transmission electron microscope (TEM) is egual to or less than
100 nm, and preferably, equal to or less than 50 nm. When the
particle has a diameter larger than this range, low-temperature
sintering property to be expected as a silver nanoparticle
makes it difficult to be imparted, and it is not preferable.
As used herein, "diameter of silver nancparticle" is referred
to as "primary particle average diameter of silver
nanoparticle," and the detailed measurement method will be
described below.
(0041}

A silver concentration in the composition can be used in

13
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a range of 15 to 75% by mass, preferably 30 to 75% by mass, and
more preferably 40 to 75% by mass. From the viewpoint of
sintering at a low temperature and firing in a short time, it
is preferable that the solvent amount be small and the silver
concentration be high. However, since the high silver
concentration increases the viscosity of the compesition, a
suitable range of the silver concentration may be adopted
depending on printing methods. In spray printing methods, only
a composition having low viscosity can be printed. In this
case, since a low silver concentration is advantagecus, the
silver concentration can decrease.
[0042]
<Organic acid>

The surface of the silver nanoparticle in the composition
in the present invention is covered with an organic acid having
5 to 8 carbon atoms or a derivative thereof. The organic acid
or derivative thereof exerts effects of a so-called protectant,
which prevents sintering and aggregation between the particles,
and maintains a moderate distance between the particles. When
the number of carbon atom is more than 8, the organic acid or
derivative thereof has a boiling point which is near or very
highexr than the heat-resistant temperature of a low heat-
resistant substrate. Therefore, since thermal energy and time
for disscociation from the silver nanoparticle are sufficiently

required, it is not suitable for applications which need

14
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sintering property at a low temperature in a short time. In
orcder to suppress dispersion stability of particles in a liguid
and aggregation of particles in a room-temperature region
during storage, a moderate intermolecular distance and thermal
stability of the organic acid and derivative thereof is
required. For this reason, the organic acid or derivative
thereof preferably has 5 to 8 carbon atoms, and is more
preferably carboxylic acid. It is most preferably heptancic
acid.
[0043]

The content of the organic acid or derivative thereof
with respect to silver is preferably within a range of 2 to 20%
by mass. When the content of the organic acid or derivative
thereof is less than 2% by mass, the effects as a protectant
remarkably decrease, and aggregates are produced, whereby low-
temperature sintering property and dense property of a
conductive film deteriorate. Therefore, it is not preferable,.
When the content is more than 20% by mass, sintering at a low
temperature in a short time is inhibited, and therefore it is
not preferable. This is because the organic acid and
derivative thereof have a boiling point higher than that of
water as a main solvent.
[0044]
<Nitric acid component>

The nitric acid component in the composition acts to

i5
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promote decomposition of a surfactant, a dispersant, and
another additive resin during heating such as drying and firing
processes after application of the composition to a substrate.
For this reason, too low concentration of the nitric acid
component causes low-temperature sintering property to
deteriorate to make it difficult to form a film having
favorable conductivity on a low heat-resistant substrate such
as a PET substrate.

[CC45]

When a nitrate salt is used as a silver salt which is a
raw material, the nitric acid component is supplied from the
nitrate salt. When another silver salt is used, the nitrate
component may be supplied as nitric acid or ancother nitrate
salt after synthesis ¢©f the particles.

[00406]

A nitrate ion concentration in the composition obtained
above is more than 0.1% by mass, preferably equal to or more
than 0.2% by mass, and more preferably egual to or more than
0.3% by mass.

[0047]
<Ammonia component>

An ammonia component is included in the composition
obtained above in a content of more than 0.1% by mass,
preferably equal to or more than 0.2% by mass, and more

preferably equal to or more than 0.3% by mass. When i1t is out

16
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cf this range, a secondary aggregation diameter of silver
nanoparticle ink increases to remarkably increase sedimentation
of ink, a coated film itself becomes uneven, and conductivity

of a film after firing deteriorates. Therefore, it 1s not
preferable. This ammonia component is caused by alkali and a
reducing agent during the synthesis of the silver nanoparticles,
and by ammonia which is added to adjust pH after the reaction.
[0048]

The nitric acid and ammonia components in the composition
can be adjusted by adding ammonia and nitric acid so that the
above pH range is achieved. When the nitric acid and ammonia
components are included in an amount equal to or more than a
fixed amount, ion strength becomes toc high. Therefore, it has
been confirmed that the silver particles are aggressively
aggregated. For this reason, the nitric acid compeonent is
included in a content equal to or less than 5% by mass, and
preferably equal to or less than 3% by mass, and the ammonia
component is included in a content equal to or less than 2% by
mass, and preferably equal to or less than 1.5% by mass.

[0049]
<Adhesion improving material>

It is preferable that the composition in the present
invention include a polymer obtained by pelymerizing a monomer
having a vinyl group to increase the adhesion of a conductive

film to a base material. A polymer to be added may be a water-

i7
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soluble polymer which can be directly dissolved in a solvent,
latex which is a system (emulsion) in which resin fine
particles are dispersed in an agqueous soclvent, or the like.
The form of the polymer is not limited. The polymer can be
suitably used as long as it is dispersed in a solvent. The
polymer is also referred to as a water-dispersible polymer.
[0050]

Whether or not the water-dispersible polymer is one that
is obtained by polymerizing a monomer having a vinyl group can
be determined by FT-IR analysis, FT~Raman analysis, or thermal
decomposition GCMS.

[0051]

The polymer obtained by polymerizing a monomer having &
vinyl group is preferably any of a vinyl chloride homopolymer,
a vinyl chloride copolymer, a vinyl acetate homopolymer, and a
vinyl acetate copolymer, and the composition preferably
includes one or more kinds of these polymers. The polymers are
high in adherence to silver, and thus are suitable for
increasing adhesion to a base material. Further, since the
polymers are chemically stable, characteristics therecf in the
composition are also stable during use and storage.

(0C52]

An added amount of the polymer obtained by polymerizing a

monomer having a vinyl group is 0.5 to 10% by mass, preferably

1 to 8% by mass, and more preferably 1 to 7% by mass with

18
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respect to the entire composition. When the added amount is
less than 0.5% by mass, the adhesion is not sufficient, while
when it is more than 10% by mass, conductivity of the formed
coated film is adversely affected. Therefore, this is not
preferable.

[C053]

<Thickener (thickening material)>

In order to appropriately adjust viscosity, a resin
(hereinafter, "thickening material” and "thickener" are
synonymously used) can be added. The resin to be added is
preferably a water-dispersible pclymer which can be stably
dispersed in water serving as a main solvent. Further, the
polymer can have at least one or more ¢f an OH group, a
polyoxyethylene glycol group, and a polyethylene glycol group.
[0054]

The water-dispersible polymer may be the same as the
previous polymer having a vinyl group. In this case, the
polymer may be a polymer having at least one or more of an OH
group, a polyoxyethylene glycol group, and a polyethylene
glycol group, in addition to a vinyl group. Further, the
polymer may be added as a polymer differing from the polymer
having a vinyl group. Furthermore, polymers each having an OH
group, a polyoxyethylene glycol group, or a polyethylene glycol
group may be separately added. Since the polymer has these

groups, the polymer may have a favorable dispersibility in the

19
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solvent of the composition of the present invention, and thus
express a function of a thickening agent.
[0055]

Whether or not the water-dispersible polymer includes an
OH group, a polyoxyethylene glycol group, or a polyethylene
glycol group can be determined by FT-IR analysis, FT-Raman
analysis, or thermal decomposition GCMS,

[0056]

It is suitable that the polymer having at least one or
more of an OH group, a polyoxyethylene glycol group, and a
polyethylene glycol group be one having a urethane bond. Since
the polymer having a urethane bond is chemically stable, a
thickening effect in the solvent of the composition of the
present invention can be stably imparted for a long period of
time.

[0037]

Whether or not the water-dispersible polymer includes a
urethane bond can be determined by FT-IR analysis, FT-Raman
analysis, or thermal decomposition GCMS.

[0058]

The added amount of the above water-dispersible polymer
is more than 0% by mass and less than 10% by mass, preferably
0.1 to 5% by mass, and more preferably 0.2 to 3% by mass with
respect to the entire composition. The added amount is

preferably a minimum amount to allow the polymer to have a

20
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rheological property suitable for printing. Since the
rheological property suitable for printing significantly varies
depending on a printing method (flexocgraphic printing, gravure
printing, and screen printing), printing conditions (printing
speed and substrate), and the like, the rheological property
needs to be optimized appropriately so as to satisfy the
conditions. When the polymer is excessively added, sintering
of silver nanoparticle between particles is inhibited, and the
polymer enters gaps between the particles. Since resistance in
the entering portions is increased, the conductivity is reduced,
and therefore this is not preferable.
[0059]
<T4g of included polymer>

As described above, the composition can include polymers
depending on the applications thereof, and the polymers
preferably have a high glass transition temperature (T4). In
general, in an adhesive field, use of a polymer having a low T4
expresses adhesion at a lower temperature, and therefore it is
known that the use of the polymer having a low Ty is suitable
for achievement of adhesion.
[0060]

However, the present inventors have found that when the
polymer having a low Ty is added in a composition using silver
nanoparticles, the polymer adheres to the surface of the silver

nanoparticle due to adhesion of the polymer before sintering of
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the silver nanoparticles, and as a result, the action inhibits
sintering, to impart adhesion and not to impart low-resistance
characteristics.

[0061]

Therefore, the Ty of the polymer to be added is

preferably within a range of 0°C or more and 100°C or less.

When the Ty is lower than 0°C, the sintering of the silver
nanoparticles is inhibited not to impart low resistance.
Therefore, it is not preferable. When the Ty is higher than
100°C, the sintering of the nanoparticles is promoted and
adhesion of resins in sintering at a low temperature in a short
time is insufficient. Therefore, faveorable adhesion to a base
material cannot be ensured.

[0062]

In order to improve adhesion to a base material, it is
particularly important that a polymer having T4 within this
range should be used as the polymer to be added since the
polymer has strong adhesiveness to silver particles at Ty or
higher. The polymer may be added to a composition without
particularly limited to high T4 within the range as long as the
polymer is one having a function in which the polymer is
dispersed in a soclvent of the composition to control the
viscosity of the composition like a thickener, and having weak
adhesiveness to the surface of the silver nanoparticle.

[(0063]

22
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The T4 of the polymer can be determined by DSC

(differential scanning calcorimeter)

, DTA (differential thermal

analyzer), or TMA (thermomechanical measuring device). Further,

since a Ty of a homopolymer is desc
(polymer handbook, etc.), a Ty of a
by the following equation (1) from
homepolymers and mass fractions (W,
[0064]

(1/Tg) = (Wi/Tgq) + (W2/Tg2) +
wherein W, is the mass fraction of
(K} of homeopclymer of each monomer.
[0065]

<Resistance value>

ribed in variocus documents
copolymer can be determined
Togn (K) of various

) of moncomer.

each monomer and Ty, is Tq

The silver nanoparticle composition of the present

invention is characterized in that

silver thin film obtained by after

the surface resistivity of a

application of the

composition to a base material, heat-treating the composition

in air at 60°C for 15 seconds is equal to or less than 100

Q/sguare.

[0066]

As the base material, a PET base material having high

versatility and cheaper paper base
the case of the PET base material,
is performed, shrinkage increases,
problem of dimensional stability.

23

material are demanded. In
when heat treatment at 140°C

and therefore there is a

In the case of the paper
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base material, since heat resistance is low, it is known that
heat treatment decreases moisture in the base material to
largely decrease the strength. Therefore, it is desirable that
by heat treatment at a lower temperature in a shorter time, a
conductivity can be imparted.
(0067]

In order to achieve this object, it is desirable that the

treatment at 120°C or lower for 30 seconds or less, and

preferably at 100°C or lower for 30 seconds or less be
performed to obtain a favorable conductive film. As a
substance which expresses conductivity under a temperature
region of about 150 to 200°C, resin-hardening silver paste has
been previously known. The silver nanoparticle composition of
the present invention was confirmed that the heat treatment at

60°C for 15 seconds was performed to show a resistance value as

favorable as a surface resistivity of 100 (2/square or less.
This shows excellent low-temperature short-time sintering
property, in which a conductive film can be formed on a base
material having very low heat resistance such as thermal paper.
[0068]

Accordingly, a silver film or wiring having such a high
conductivity can be formed by applying or pattern printing the
composition on the base material, and sintering the base
material at a low temperature in a short time.

[0069]
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Printed articles having such the conductivity can be used
as a wiring, an RF-ID {(Radio Frequency Identification) antenna,
and an RF-ID inlet using the same. Fig. 2 shows an RF-ID
antenna 1 formed by a conductivity pattern using the silver
nanoparticle composition of the present invention. This is an
RF-ID antenna having an entire length (2) of 32 mm, an entire
width (3) of 18.5 mm, and a line width (4) of 0.7 mm. A
substrate is manufactured on PET having a thickness of 60 pm

using the silver nancparticle composition of the present

invention under firing conditions of 80°C for 30 seconds. The

resistance of the line is 35 Q.
{0070}

The RF~-ID antenna and IC can be bonded through a bump to
manufacture an RF-ID inlet. Fig. 3 shows a perspective view,
in which an IC 7 is installed in the RF-ID antenna 1 formed on
a substrate 5 (Fig. 3(a)) and a side view thereof (Fig. 3(b)).
The IC 7 is connected with the RF-ID antenna 1 through a bump 3.
[0071]

The silver nancparticle compesition of the present
invention can be used for an EMI shield (Electromagnetic
Interference Shield). Fig. 4 shows a schematic view of an EMI
shield 10 in the present invention. A frame 11 is an aluminum
chassis, and a base material 12 attached to the center of the

frame 11 is a transparent seal (polycarbonate). A conductive
pattern 13 having a width of 35 pm is formed in a grid pattern
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on this base material, and the pattern is formed by the silver
nanoparticle composition of the present inventicen. The EMI

shield has a total light transmittance of 72% and a surface

resistivity of 1.0 Q/square.
[0072]
<Manufacture of silver nanoparticles>

A method for manufacturing silver nancoparticles according
to the present invention will be described. The method for
manufacturing silver nanoparticles of the present invention is
characterized in that the composition is manufactured without
typically reguired processes such as filtration and drying.
Since the composition is obtained without filtration and drying
processes, a silver nanoparticle composition excellent in
dispersibility and low-temperature sintering property can be
obtained. Further, by removing these processes, production
facilities can try to be simplified.
f0073]
<Preparation of raw material sclution>

The silver nanoparticles according to the present
invention can be obtained by preparing three kinds of solutions
in advance, and sequentially mixing them. First, each solution
will be sequentially described.
[cc74]
(Solution A)

Agqueous ammonia and an organic acid are dissolved in ion-
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exchanged water.
[0C75]
(Solution B)

A reductant for reducing silver ions is diluted with ion-
exchanged water, or a reductant in a solid state at a normal
temperature is dissolved in ion-exchanged water. The reductant
is sufficient to have reducing ability capable of reducing
silver ions in the agqueous scolution. As the reductant, one
kind of hydrazine, hydrazine hydrate, sodium borohydride,
iithium borchydride, ascorbic acid, primary amine, secondary
amine, tertiary amine, and aluminum lithium hydride, or a
combination of a plurality of kinds thereof can be properly
selected.

[0076]
(Solution Q)

A water-soluble silver salt of the above-described silver
species is dissclved in icn-exchanged water.
[0077]

For example, in the case of silver, silver nitrate and
the like can be used as a silver salt. In addition, an acetate,
carboxylate, or sulfate salt, a chloride, a hydrate, or the
like can be selected. When a salt selected at this case is
difficult to be dissolved in water at a normal temperature, a
solution is warmed, or a sclubilizing agent may be added in a

range where the reaction is not impaired.
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(0078}
<Reaction process>

A reaction vessel is in advance charged with a
predetermined amount of ion-exchanged water and set to a
predetermined temperature. To the reaction vessel, the
solution A is added, followed by the solution B, and the
solution C sequentially to cause a reaction.

[0079]

At this time, the solution C is prepared so that the
silver concentration in the reaction vessel is 0.3 to 0.9 mol/L,
and preferably 0.4 to 0.7 mol/L. When the silver concentration
is lower than the above-described concentration, the amount of
the silver nanoparticles obtained after the reaction is small
and productivity deteriorates, and therefore it is not
preferable. When it is higher than the above-described
concentraticon, the reaction is promoted very aggressively, is
difficult to be controlled, and becomes uneven, and therefore
it 1s not preferable.

{00807

At this time, the reaction temperature (temperature of

the reaction solution) is normal temperature to 70°C.
[0081]
<Separation process>

The obtained reaction sclution is separated by

spontaneous precipitation into a supernatant and a reaction
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product. At this time, it is preferable that the reaction
sclution be left for at least half a day, and preferably left
to such a degree that a roughly upper half of the solution in
volume is the supernatant. The obtained product is separated
by decantation into a product and a supernatant, and thus a
concentrate of the silver nanoparticles can be obtained. In
order to shorten the time, a centrifuge and the like may also
be used.
f0082]

The composition of the present invention is characterized
in that the obtained concentrate is converted into a
composition as it is without washing. Since washing causes
notable aggregation of particles, it is not preferable. In the
conventionally reported silver particles and powder, the
particles are synthesized and then subjected to washing with an
appropriate solvent. O©On the other hand, since the concentrate
of the present invention is converted into a composition as it
is without washing, the process can be shortened, thereby
giving an effect of high productivity.
[0083]
<pH adjustment process>

The composition of the present invention is characterized
by once adjusting pH to 5.3 to 8.0 after the synthesis of
particles and before production of the concentrate. During the

synthesis of the silver nanoparticles, the reaction is caused
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by increasing the solution temperature and intensively stirring
the system. In this case, the organic acid and derivative
thereof serving as a surfactant need to be used excessively so0
as to suppress aggregation and binding during the synthesis of
particles. Since the excess organic acid and derivative
thereof have a low solubility in water which is a main solvent,
the particle has a structure, in which almost all of them
including an excess is arranged around the particles. For this
reason, the excess organic acid decreases dispersibility of the
silver particles, and high boiling point of the organic acid
prevents sintering of the silver particles.

[0084]

The organic acid and derivative thereof are characterized
by increasing their solubility in the solvent (water) with
increasing the pH of the solvent. The present inventors have
found that when a concentrate is obtained at room temperature,
the pH is set to a range of 5.3 to 8.0, thereby dissociating
the excess organic acid and derivative thereof which are
arranged around the particles from the periphery of particles,
and believed that this is to be used. In cther words, the
excess organic acid and derivative thereof are intentionally
dissociated from the periphery of silver particles by the pH
adjustment. Thereby, they are allowed to be dissolved in the
solvent, and part of substances which is not dissolved in the

solvent is separated as an emulsion of water and the organic
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acid and derivative thereof at an upper part of the composition.
(0085]

The pH adjustment process may be performed at the same
time as, or prior to, the separation process. Therefore,
standing may be allowed to separate the solution into a
supernatant and silver nanoparticles, the supernatant may be
removed, and the pH adjustment process may be performed to
dissociate the excess organic acid from the surface of the
silver particles. Alternatively, while or before the
separation process is performed by standing, the pH may be
adjusted, and the solvent and the excess organic acid which is
dissociated from the silver particle may be removed as a
supernatant. As described above, the excess organic acid is
disscciated from the periphery of silver particles, and then
the solution is concentrated to the concentration of silver to
be aimed, thereby obtaining a concentrate. The inventors have
found that, when the concentrate is used to prepare a
composition, the composition is excellent in dispersibility and
low-temperature sintering property.

[0086]

A plurality of pH adjustment processes may be performed
in combination with the separation process. For example, the
separation process is first performed for a predetermined time,
the pH adjustment process is performed when the concentration

is promoted to a certain extent, and then the separation
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process is performed by standing. A series of processes are
performed a plurality of times. In this case, the separation
process after the pH adjustment also has an object in which the
silver nanoparticles are precipitated and dissociation of
organic acid from the periphery of silver particles is promoted.
The separation process may include such an object.
[0087]

As for the range of pH, the following findings are given.
When the pH is egual to or lower than 5.2, an organic acid and
a derivative thereof have a low solubility in water. Therefore,
an excess amount of the organic acid and derivative thereof is
removed with a low removal efficiency. When the pH is equal to
or greater than 8.1, the solubility of the organic acid and
derivative thereocf in water is too high. Therefore, since the
amount of the organic acid and derivative thereof around the
particles is insufficient by the amount required for dispersion
of the particles one another, it is found that the particles
cause aggregation and binding and the solutien is not suitable
for a coating.
[0088]
<Dispersion process>

Nitric acid having an effect of a sintering promoter is
added so as to be a preferable range to the concentrate, in
which the silver nanoparticle is increased to an appropriate

concentration by the separation process. Thereafter, ammonia
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and nitric acid are added so that the concentrate provides an
appropriate pH, ammonia concentratiocn, and nitric acid
concentration. Then, 1in order to set the concentration to a
concentration suitable for a final targeted silver
concentration, the supernatant is added to make fine adjustment.
A high T, resin polymer for improving adhesion to the above-
described targeted base material and water-dispersible polymer
for viscosity adjustment {thickener) are added to obtain a
silver nanoparticle composition.
[0089]

The adjusted composition is applied to a base material by
a printing method. The printing method can be selected from
flexographic printing, gravure printing, screen printing,
offset printing, dispenser, spraying, and the 1ike, depending
on the object of application.
[00590]
<Evaluation of primary particle average diameter>

BAs used herein, the diameter of a silver nancoparticle is
referred to as a primary particle average diameter which is an
average value of a primary particle diameter from a TEM image,
and was measured as follows. Two parts by mass of the silver
nancparticle composition was added to a mixed sclution of 96
parts by mass of cyclohexane and 2 parts by mass of oleic acid,
and the resultant was subjected to ultrasonic waves to be

dispersed. The dispersed solution was added dropwise to a Cu
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microgrid with supporting film and dried to obtain a TEM sample.
A bright-field image, in which particles on the formed
microgrid were observed with a transmission electron microscopy
(JEM~100CX Mark-I11 type, manufactured by JEOL Ltd.) at an
accelerating voltage of 100 kV, was photographed at a
magnification of 300,000.

[0091]

In calculation of the primary particle average diameter,
an image analysis software (A-zo Kun (registered trademark),
manufactured by Asahi Kasei Engineering Corporation) was used.
The image analysis software discriminates each particle with
the light and dark shading of color. Circular particle
analysis to the TEM image at a magnification of 300,000 was
performed under the conditions of "brightness of particle” of
"dark," "noise cancelling filter" of "presence," "circular
threshold™ of "20," and "overlap degree"” of "50" to measure 200
or mere particles as a primary particle and determine a number
average diameter, which was regarded as a primary particle
average diameter. When a large number of aggregated particles
and deformed particles were present in the TEM image, it was
considered as being immeasurable.

[0082]
<Measurement of ammonia and nitric acid concentrations>
The composition was subjected to solid-liquid separation

by a membrane filter and a super~centrifugal separator, and the
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liguid was subiected to ion chromatograph to measure the
concentrations of ammonia and nitric acid in the composition.
[0083]

<Measurement of organic acid>

The quantitative determination of the organic acid in the
composition was performed by adding an excess amount of nitric
acld to the composition, heating a mixture, completely
dissolving a metal component, performing n-hexane extraction
four times, and performing GC-MS.

[C094}

Rheological properties of the composition were evaluated
with a rheometer manufactured by HAAKE (trade name: RheoStress
600) and the used corn was C35/2. Specifically, viscosities at
a share rate of 10 s™* and 1000 s™* were measured. Thixotropy
which shows a degree of nature for increasing fluidity by
stirring and returning the viscosity to its original state by
standing was defined as (viscosity at 10 s / {viscosity at
1000 =7y and evaluated.

[0095]
<Manufacture of conductive film>

The silver nanoparticle composition was applied to a base
material with a flexo proof (manufactured by RK Print Coat
Instruments, type: ESI12, anilox: 200 lines).

[0096]

As a setting of the flexo proof, pressures for the anilox
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roll and the rubber plate were adjusted. Pressure adjustment
was performed by pressing the anilox and rubber plate using
adjustment knobs at both ends by 0.05 to 0.10 mm from a
position where the anilox and rubber plate were in contact with
each other. Approximately 1 ml of the composition was then
dropped on the anilox and applied for about 1 second.

[0097]

Immediately after the application, firing was performed
for a predetermined time using a hot plate at a predetermined
temperature. In order to keep contact between the base
material and the hot plate favorable during the firing, an
unprinted portion of the base material was first pressed
against the hot plate to promote firing. When the composition
was not transcribed into Bemcot, the whole base material was
pressed against the hot plate with the Bemcot to perform the
firing.

[0098]

Fig. 5 shows schematic views of the Flexo proof. Fig.
5(a) shows a perspective view illustrating a process during
application and Fig. 5(b) shows a side view at that time. In a
flexo proof 20, an anilox roller 22 is arranged above a
cylinder rubber plate 21 and a doctor blade 23 is mounted on
the anilox roller 22. Distances between the rubber plate 21
and the anilox roller 22 and between the doctor blade 23 and

the anilox roller 22 are each constructed so as to be adjusted

36



10

i5

20

25

as described above. A coating 24 is dropped between the doctor
blade 23 and the anilox roller 22. The rubber plate 21 is
pressed against a base material 28 and an entirety is pulled in
the direction of an arrow as it is. The rubber plate 21
rotates and the anilox roller 22 inversely rotates with the
rotation of the rubber plate 21.

[0099]

The coating 24 adheres to the surface of the anilox
roller 22 in a fixed film thickness in between the rotating
anilox roller 22 and the doctor blade 23 and is transcribed
into the rubber plate 21 through a surface in contact with the
rubber plate 21. The ceoating 23 transcribed into the rubber
plate 21 is transferred to the base material 28 through the
rotation of the rubber plate 21, and transcribed into the base
material 28 to obtain a coated film 25. As described above,
the coating 24 is applied by the flexo proecf 20. If this type
of applying device is absent, an applying device having the
configuration shown in Fig. 5 may be used in manufacturing a
conductive film for measurement of resistance.

[0100]
<Surface resistivity>

After the application, heat treatment is performed at a
predetermined temperature for a predetermined time. The heat
treatment sinters and integrates the silver nanoparticles to

express conductivity. Conductivity was evaluated using a four
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probe method as a surface resistivity {(unit: Q/square or €/sq.,
ohm per square is read, which means resistance per unit area,
is referred to as sheet resistance or simply as surface
resistance, and is used in a coated film and thin film field).
[0101]
<Volume resistivity>

The relationship between the volume resistivity and the
surface resistivity is volume resistivity = surface resistivity
x thickness of sample. The volume resistivity was calculated
from the above surface resistivity and the thickness of a
sample obtained with a laser microscope. In Examples, mirror
coated paper (manufactured by 0ji paper Coc., Ltd.) was
basically used as a base material. When the paper was a base
material, soak of the composition to the base material and
detericrated surface roughness made it difficult to measure the
thickness of the sample with a laser microsceope. Therefore,
when the volume resistivity was determined, a PET (polyethylene
terephthalate) film (Melinex {(registered trademark) 545
manufactured by DuPont Teijin Films Ltd.) was used as a base
material. In Examples of the description, from the viewpoint
of measurement of film thicknesses, a PET substrate was used in
the measurement of volume resistivity. However, any base
materials can be used, particularly without limiting to PET as
long as the film thickness can be measured through a film

thickness measuring method using ¥X-ray fluorescence.
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[0102]
<Evaluation of adhesion>

Adhesion of a silver film obtained by firing after the
application to a base material and the base material was
evaluated through a cross-cut method. A mending tape
(manufactured by 3M) was used as a tape. The cross—-cut method
was performed with reference to JIS 56000~5-6. When the base
material was paper, the tape was separated over a few seconds,
and the cross-cut method was performed so that the base
material itself was not destroyed. A determination was
visually made. Fig. 1 shows the criterion. The criterion is
six—-grade evaluation of 0 to 5. 0 shows a state where the film
was not peeled from the base material. 5 shows a state where
the film was almost peeled.
[0103]
<Measurement of pH>

The pH was measured by means of a handy pH/Dc meter: D-55
{manufactured by HORIBA, Ltd.,) or eguivalent of this meter
according to the pH measurement method in JIS Z 8802 (1984).
9611-10D (manufactured by HCRIBA, Ltd.,)} was used as a pH
electrode. Two-point calibration was performed using standard
solutions having a pH of 6.86 and 4.01, respectively befocre
measurement. When pH was measured, the sclution was
sufficiently stirred and then stood for about 3C seconds to

about 1 minute, an inspection terminal {(pH electrode) was

39



10

15

20

25

immersed in the solution to read values of meter.

EXAMPLES

[0104)]

<Examples 1 toc 8 and Comparative Examples 1 to 4> Effects of pH
<EXAMPLE 1>

<Preparation of raw material liquid>

As a raw material liguid A, 0.31 kg of 28% by mass
aqueous ammonia, and 0.36 kg of heptanoic acid were mixed with
1.2 kg of ion-exchanged water.

[0105]

As a raw material liguid B, 0.39 kg of 85% by mass
hydrous hydrazine was diluted with 1.0 kg of ion-exchanged
water,

[0106]

As a raw material liquid C, 1.4 kg of silver nitrate
crystal was dissolved in 1.2 kg of warmed ion-exchanged water
to prepare a solution.

[C107]
<Synthesis reaction of silver nanoparticlie>

Into a reaction vessel equipped with a reflux condenser,
11 kg of ion-exchanged water was placed t¢ suppress
volatilization of contents during the reaction, and was heated
while stirring. When the temperature of ion-exchanged water
fell within 30 to 50°C, the raw material liquids A, B, and C

were sequentially added while stirring to initiate the reaction.
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[0108]
<Concentrate>

The reaction vessel was cooled and contreolled so that the

temperature during the reaction was not higher than 60°C. The
condenser for cooling the inside of the reaction vessel was
mounted in the reaction vessel to perform cooling. The
reaction was completed at a time when increase in temperature
due to reaction heat was stopped even if cooling of the
reaction vessel was stopped. Thereafter, the reaction solution
was transferred to another container, and the container stood
for 24 hours to condense the reaction product.
[0109]

After standing for 24 hours, a supernatant was removed.
The obtained concentrate was poured in an airtight bottle with
a lid so as not to volatilize components during storage, and
the bottle stood at a cool and dark place for 3 months to
condense the reaction product more. Thereafter, a supernatant
was moderately removed to obtain a further condensed reaction
product. Both the standing for 24 hours and standing for 3
months are classified intoc a separation process.
[0110]
<pH adjustment>

In order tc promote the disscciation of excess heptanoic
acid arranged around the particles, aqueous ammonia was added

to the concentrate to adjust the pH of the concentrate to 7.3.
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Immediately after the adjustment, the concentrate stood for
additional 3 or 4 days to promote the dissociation of excess
heptancic acid. After standing for 3 or 4 days, the obtained
supernatant was removed. When a separated emulsion of water
and the organic acid and derivative thereof was seemed on the
top of the supernatant, it was further removed. Thus, a final
concentrate having a silver concentration required for
formation of a composition was obtained. The supernatant
obtained during the separation was used to adjust the silver
concentration of the composition. This is because use of the
supernatant for the adjustment of the silver concentration does
not change the pH of the composition and changes such as
aggregation of silver nanoparticles do nolt cause,.
[0111]
<Conversion intc composition>

A vinyl chloride copolymer latex having a Tq of 73°C was
added as a polymer having a high T4 to the concentrate of which
pH was adijusted, in order to increase the adhesion to a base
material. In addition, a polyurethane thickener for adjusting
the viscosity, propylene glycol as a wetting agent, and the
supernatant obtained after the pH adjustment for adjusting the
silver concentration were added and stirred to obtain a
composition of Example 1 having 60% by mass of silver, 3% by
mass of vinyl chloride copolymer latex (Ty = 73°C), 2% by mass

of peclyurethane thickener, and 2.5% by mass of propylene glycol.
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The pH of the composition was 7.3, or the same as the pH of
concentrate after the pH adjustment. The amcunts of heptancic
acid in the concentrate and in the supernatant were measured
separately, and the amount of heptanocic acid in the composition
was adjusted from these measured amocunts. These
characteristics are shown in Table 1.
[0112]
<Examples 2 to 7 and Comparative Examples 1 and 2>

Compositions of Examples 2 to 7 and Comparative Examples
1 and 2 were obtained in the same manner as in Example 1,
except that either agueous ammonia or nitric acid was added in
the pH adjustment process and the pH was adjusted tc the pH of
Examples 2 to 7 and Comparative Examples 1 and 2 in Table 1.
These characteristics are shown in Table 1. Since the
supernatant obtained in the separation process after the pH
adjustment was used to adjust the silver concentration of the
composition in the same manner as in Example 1, the pH of the
composition was the same value as the pH after the pH
adiustment.
(0113]
<Comparative Examples 3 and 4>

Compositions of Comparative Examples 3 and 4 were
obtained in the same preparation methods as in Comparative
Examples 1 and 2, respectively, except that the silver

concentration with respect to the entire composition was
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adjusted to 40% by mass. The pH of the compositiocons of
Comparative Examples 3 and 4 were 5.2 and 8.1, respectively.
These characteristics are shown in Table 1.
[0114)]
<Example 8 and Comparative Example 5>

The composition described in Example 2 was stirred by a
stirrer at 300 rpm. It was confirmed that when stirring was
continued, an ammonia component in a liquid was volatilized,
and the pH was decreased with longer stirring time. According
to the stirring operation, samples of Example 8 and Comparative
Example 5 having a pH of 5.3 and 5.2, respectively, were
obtained. That is, the pH during condensation in Example 8 and
Comparative Example 5 was 6.8 which was the same as in Example
2, but the samples had a different final pH as the composition.
These characteristics are shown in Table 1.
[0115]

Table 1
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(0116}

The thus obtained compositions in Examples 1 to 8 and
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Comparative Examples 1 to 5 were applied to mirror coated paper
(manufactured by 0ji paper Co., Ltd.) with a flexo proof
(manufactured by RK Print Coat Instruments, type: ESI1Z,
anilox: 200 lines). The coated film was heat treated at 60°C
for 15 seconds to form a fired film. The imparted surface
resistivity and adhesion are shown in Table 1.

[0117]

From the comparison of Examples 1 to 8 and Comparative
Examples 1 to 5, it was observed that the pH of ink
(composition) remarkably influenced rheological properties of
ink, and when the pH was equal to or lower than 5.2 or equal to
or greater than 8.1, the viscosity, in particular, at a low
share rate (10 s™') was largely increased.

[0118]

In Examples 1 to 8, it was confirmed that favorable
application to a base material was possible, and after the heat
treatment, favorable conductivity and adhesion to a base
material were stably imparted.

[0119]

In Comparative Example 1, since the compositicon did not
have a fluidity, the viscosity could not be measured. Further,
the composition could not be applied to a base material. In
Comparative Examples 2 and 5, the compositions could be applied
to a base material, but the applied compositions showed uneven

thicknesses and the conductivity could not be imparted. It was
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confirmed that adhesion was also insufficient.
[0120]

Since the viscosities in Comparative Examples 1 and 2
were too high, Comparative Examples 3 and 4 in which the silver
concentration was decreased to 40% by mass were prepared.

These compositions could be applied to a base material, but by
heat treatment at 60°C for 15 seconds, the conductivity could
not be imparted.

[0121]

Comparative Examples 3 and 4, in the case of heat
treatment condition of 60°C and 15 seconds, did not show
conductivity. However, in the case ¢f heat treatment condition
of 140°C and 30 seconds, the conductive films could be obtained.
Specifically, the surface resistivities in Comparative Examples
3 and 4 were 5.8 and 4.4 Q/square, respectively. It was
confirmed that the adhesion of these films was also
insufficient.

[0122)

From the above results, it is confirmed that if a
composition having a pH of 5.3 te 8.0 is prepared, the
composition is excellent in low-temperature sintering property.
When the composition having a pH out of the range of the
present invention (5.3 to 8.0) was prepared and stoocd for 24
hours after the preparation, the precipitation of particles and
the supernatant due to aggregation were observed. However, in
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the composition having a pH falling within the range, they were
not observed.
[0123]
<Volume resistivity>
<As to EXAMPLE 1>

The obtained composition in Example 1 was applied to a
PET (polyethylene terephthalate) film (Melinex (registered
trademark) 545 manufactured by DuPont Teijin Films Ltd.) with a
flexo proof (manufactured by RK Print Coat Instruments, type:
ESI12, anilox: 200 lines).
[0124)]

When the obtained coated film was fired at 120°C for 30
seconds, a fired film had a thickness of 1.3 um and a volume
resistivity of 2 x 107° Qecm. When another coated film was
fired at 100°C for 30 seconds, a fired film had & thickness of

1.1 pm and & volume resistivity of 2 x 107° Qecm. It was
confirmed that heat treatment at a low temperature in a very
short time was performed to obtain a composition which was
equal to or less than the volume resistivity, as compared with
the conventional resin-hardening silver paste.

[0125]

<Examples 9 to 12 and Comparative Examples 5 and 6> Effects of
amount of heptancic acid

<EXAMPLE 9>

<pH adjustment>
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The operation in Example 1 was repeated until a
concentrate was obtained. In order to promote the dissocciation
of excess heptanoic acid arranged around the particles, aqueous
ammonia was added to the above concentrate to adjust the pH of
the concentrate to about 6.0. Immediately after the adjustment,
the concentrate stood for additional 3 or 4 days to promote the
dissociation of excess heptancic acid. After standing for 3 or
4 days, the obtained supernatant was removed. When a separated
enulsion of water and the organic acid and derivative thereof
was seemed on the top of the supernatant, it was further
removed. Thus, a final concentrate having a silver
concentration required for formation of a composition was
obtained. The supernatant obtained during the separation was
used to adjust the silver concentration of the composition.
[0126]
<Conversion into composition>

A vinyl chloride copolymer latex having a Ty of 40°C was
added as a polymer having a high T4 to the concentrate of which
pH was adijusted to about 6.0, in order to increase the adhesion
to a base material. In addition, a polyurethane thickener for
adjusting the viscosity, propylene glycol as a wetting agent,
and the supernatant obtained after the pH adjustment for
adijusting the silver concentration were added and stirred to

obtain a composition c¢f Example 9 having 60% by mass of silver,

3% by mass of vinyl chloride copolymer latex (Ty = 40°C), 2% by
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mass of polyurethane thickener, 2.5% by mass of propylene
glycol, and 4% by mass of heptancic acid (the concentration of
heptanoic acid is indicated as "6% by mass" as a ratio with
respect to silver in Table 2) with respect to the entire amount
of the composition. The pH of the composition was 5.9. The
characteristics are shown in Table 2.
[0127]
<EXAMPLE 10>

A composition of Example 10 was obtained in the same
manner as in Example 9, except that the amount of heptanoic
acid was 0.72 kg as double volume in a raw material preparation
process. The pH of the composition was 6.0. The
characteristics are shown in Table 2.
f0128]
<EXAMPLE 11>
<Conversion into composition>

The same operation as in Example 9 was performed until
conversion into composition. A vinyl chloride copolymer latex
having a Ty of 40°C was added as a polymer having a high T, to
the concentrate of which pH was adjusted to about 6.0, to
increase the adhesion to a base material. 1In addition, a
polyurethane thickener for adjusting the viscosity, propylene
glycol as a wetting agent, and heptancic acid were added so
that the concentration of heptanoic acid in the composition was

10% by mass (it is indicated as "14% by mass" as a ratio with
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respect to silver in Table 2).
[0129]

The supernatant obtained after the pH adjustment was
added to adjust the silver concentration, and stirred. Ammonia
was then added to adjust the pH to about 6.0 again since the
addition of heptanocic acid decreased pH. A compcsition of
Example 11 having 60% by mass of silver, 3% by mass of vinyl
chloride copolymer latex (Ty = 0°C), 2% by mass of polyurethane
thickener, and 2.5% by mass of propylene glycol, and the
concentration of heptanoic acid with respect to silver of 14%
by mass was obtained. The pH of the composition was 6.1. The
characteristics are shown in Table 2.

[(0130]
<EXBMPLE 12>
<Conversion intoc composition>

A compesition of Example 12 was obtained in the same
manner as in Example 11, except that the amount of heptanoic
acid was increased in the conversion process into composition
so that the concentration of heptanoic acid with respect to
silver was 20% by mass. The characteristics are shown in Table
2.

[0131]
<COMPARATIVE EXAMPLE 6>
Synthesis of particles and concentration were performed

according the conditions in Example 1, except that the amount
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of heptanoic acid was changed to 0.18 kg as a half volume in
the raw material preparation process.
[0132]
<pH adjustment>

As in Example 9, in order to promote the dissociation of
excess heptancic acid arranged arocund the particles, aqueous
ammonia was added to the above-described concentrate to adjust
the pH of the concentrate to about 6.0. Immediately after the
adjustment, the concentrate stood for additional 3 cor 4 days to
promote the dissociation of excess heptanoic acid. After
standing for 3 or 4 days, the obtained supernatant was removed.
When a separated emulsion of water and the organic acid and
derivative thereof was seemed on the top of the supernatant, 1t
was further removed. Thus, a final concentrate having a silver
concentration required for formation of a composition was
obtained. The supernatant obtained during the separation was
used to adjust the silver concentration of the compesition.
(0133]
<Conversion into composition>

Additives were added and stirred in the same manner as in
Example 9 to cbtain a composition of Comparative Example 6
having a concentration of heptanocic acid of 1% by mass with
respect to silver. The characteristics are shown in Table 2.
(0134]

<COMPARATIVE EXAMPLE 7>
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A composition of Comparative Example 7 was obtained in
the same manner as in Example 11, except that the amount of

heptanocic acid was increased in the conversion process into

composition so that the concentration of heptancic acid with

respect to silver was 25% by mass.

shown in Table 2.

The characteristics are

10135]
Table 2
{ atex Ag ) pH of Hfsptanoic acid jAmmonia Nitric acid Surface Adhesion
T, :?22:;2::; composition ‘:;:,::espﬂm ° ::‘:,:;zz:ﬁon ;ozzrznp::;ion resistivity | cross—cut
{C) (% by mass) (% by mass)|(% by mass) |{% by mass)| (Q/sq.) |method
Eramples | 40 | 60 .. .99 1.6 [/ 04 .10 | 1.7 .1.90..
Eamlo 10/ 40 | .60 1. 60 .. 1..1.04. |. 1.0...|.. 1.2 Q..
Fxamele 11| 40 | 60 i 6.1 | 14 1. 04 ... 1.0 .25 [ 0 .
Example 12|~ 4() 60 5.8 20 0.5 1.0 1.5 0
Cemeel 40 | 601 5.9 | | I 04 |. 1.0 * e W
Eramme?® 40 60 6.0 25 0.6 1.1 iOverrangel §
% gannot be applied and accordingly cannot be evaluated
i0136]

The thus obtained compositions in Examples 9 to 12 and

Comparative Examples 6 and 7 were applied to mirror coated

paper

(manufactured by RK Print Coat Instruments,

anilox;:

for 15 seconds to form a fired film.

200 lines).

(manufactured by Cji paper Co.,

Ltd

>

type

with a flexo proof

: EST1Z2,

The coated film was heat treated at 60°C

resistivity and adhesion are shown in Table 2.

[0137]

The obtained surface

From the comparison of Examples 9 to 12 and Comparative

Examples 6 and 7,
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heptanoic acid in the composition remarkably influences the
resistance of the conductive film. In Examples 9 to 12 in
which the concentration of heptanoic acid with respect to
silver in the composition fell within the range of 2 to 20% by
mass, conductive films having favorable conductivity and
adhesion were obtained.

[0138]

In Comparative Example 6 in which the concentration of
heptanoic acid with respect to silver in the composition was 1%
by mass, since particles were aggressively aggregated, although
a composition was prepared, the composition could not be
applied to a base material. This leads to surmise that since
the amount of heptanocic acid for protecting silver
nanoparticles is small, the dispersion state cannot be kept to
generate very aggressive aggregation.

[0139]

In Comparative Example 7 in which the concentration of
heptancic acid with respect to silver in the composition was
more than 20% by mass, although a composition could be prepared
and applied, a film after heat treatment could not have
resistance and the adhesion was very poor.

[0140]

This is considered to be due to remarkable inhibition of

sintering in synthesis of silver nanoparticles during heat

treatment when the particles excessively existed since the
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boiling point of heptanoic acid is a high temperature of 223°C.
[0141)

In order to promote the dissociation of excess heptancic
acid arranged around the particles, aqueous ammonia was added
to the above concentrate to adjust the pH of the concentrate to
about 6.0. Thereafter, in Examples 11 and 12 and Comparative
Example 7, heptanoic acid was added to the composition to check
the change of low-temperature sintering property. In Examples
11 and 12, it was not confirmed that the addition of heptanoic
acid largely increased viscosity and that low-temperature
sintering property remarkably deteriorated as in Comparative
Example 1. This suggests that decreased sclubility of
heptanoic acid in a solvent and arrangement of excess heptanoic
acid around particles adversely affects increase in viscosity
and deterioration of low-temperature sintering property.

[0142]

When heptanoic acid can be dissolved in a solvent and the
amount of heptanoic acid around particles is appropriate,
although heptanoic acid is soluble in the solvent to some
extent, the characteristics are assumed not to be adversely
affected. The heptancic acid molecules arranged around the
particles reversibly repeat desorption from and adsorption to
the particles. Therefore, from the viewpoint of storage
stability, or the like, heptancic acid is assumed to be

desirable to exist in the solvent to scme extent.
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[0143]

The concentration of heptanoic acid with respect to
silver is preferably within a range of 2% by mass or more and
20% by mass or less. It is more preferably within a range of
4% by mass or more and 15% by mass or less.

[0144]

<Examples 13 to 15 and Comparative Examples 8> Effects of
concentration of ammonia and nitric acid in composition
<EXAMPLE 13>

<pH adjustment>

The operation in Example 1 was repeated until a
concentrate was obtained. Agqueous ammonia and nitric acid were
added to the concentrate obtained by standing for 3 months to
adjust the pH of the concentrate to about 7.0. Immediately
after the adjustment, the concentrate stood for additional 3 or
4 days to promote the dissociation of excess heptancic acid.
After standing for 3 or 4 days, the obtained supernatant was
removed. When a separated emulsion of water and the organic
acid and derivative thereof was seemed on the top of the
supernatant, it was further removed. Thus, a final concentrate
was obtained. The supernatant obtained during the separation
was used to adjust the silver concentration of the composition.
[0145]

<Conversion into composition>

A vinyl chloride copolymer latex having a Tyg of 7°C was
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added as a polymer having a high T4y to the concentrate of which
pH was adjusted to about 7.0, to increase the adhesion to a
base material. In addition, a polyurethane thickener for
adjusting the viscosity, propylene glycol as a wetting agent,
and the supernatant obtained after the pH adjustment for
adijusting the silver concentration were added and stirred to
obtain a composition of Example 13 having 60% by mass of silver,
3% by mass of vinyl chloride copolymer latex (Ty = 7°C), 2% by
mass of polyurethane thickener, 2.5% by mass of propylene
glycol, 0.4% by mass of ammonia component, and 1.0% by mass of
nitric acid component. The pH of the composition was 7.0. The
characteristics are shown in Table 3.
[C1l46]
<EXAMPLE 14>

A composition of Example 14 having an ammonia
concentration of 0.9% by mass and 2.7% by mass nitric acid
component in the composition was obtained in the same manner as
in Example 13, except that nitric acid was added in an amount
more than usual during the pH adjustment and then ammonia was
added to adjust the pH to about 7.0 which was the same as in
Example 13. The pH of the composition was 7.3. The
characteristics are shown in Table 3.
[0147]
<EXAMPLE 15>

A composition of Example 15 having an ammonia
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concentration of 0.2% by mass and a nitric acid component
concentration of 0.6% by mass was cbtained in the same manner
as in Example 13, except that during conversion into
composition, pure water, not the supernatant obtained during
concentration, was used to adjust a silver concentration. The
pH of the composition was 7.2. The characteristics are shown
in Table 3.
[0148]
<CCMPARATIVE EXAMPLE 8>

The operation in Example 1 was repeated until a
concentrate was obtained. The concentrate obtained by standing
for 3 months was filtered and washed to obtain a concentrate.
The concentrate was used and a vinyl chloride copolymer latex
having a T4 of 7°C was added as a polymer having a high Tg to
increase the adhesion to a base material. In addition, a
polyurethane thickener for adjusting the viscosity, and
propylene glyccl as a wetting agent were added. In order to
adjust the silver concentration, pure water was added and
stirred to obtain a composition of Comparative Example 8. In
the composition, the concentrations of ammonia and nitric acid
component are 0.1% by mass or less and 0.1% by mass,
respectively. The pH of the composition was 7.0. The
characteristics are shown in Table 3.
[0149]

Table 3

58



10

15

20

Latex |4z pH of Heptanoic acid | Ammonia Nitric acid Surface Adhesion

concentration with respect to| componant component e -
resistivity | cross—cut

T' of composition compositian silver in composition | in composition
(C)  [(% by mass) (% by mass) (% by mass)| (% by mass) | (Q/sq) method
Bamets) 1...1.60.1.7.0 .10 104 1 1.0 | | I 0.
Erompto 18| 1...1.680..1.7.3..1..9.1.09 [ .27 1. .21 | 0.
Frample (5 1 60 | 7.2 12 0.2 0.6 9.8 0
amies| 7 160 |70 | 6 [<071| 0.1 [Overrance] 3

[0150]

The thus obtained compositions in Examples 13 to 15 and
Comparative Example 8 were applied to mirror coated paper
{manufactured by 0ji paper Co., Ltd.) with a flexo prcof
{(manufactured by RK Print Coat Instruments, type: ESI1Z,
anilox: 200 lines). The obtained coated film was heat treated
at 60°C for 15 seconds to form a fired film. The obtained
surface resistivity and adhesion are shown in Table 3.

[0151]

From the comparison of Examples 13 to 15 and Comparative
Example 8, it is found that the ammonia concentration in the
composition and heptanoic acid in the composition remarkably
influence the resistance of conductive £ilm and secondary
aggregate diameter. When the ammonia concentration and the
concentration of heptanoic acid in the composition was 0.1% by
mass and 0.1% by mass or less, respectively, particles were
aggressively aggregated. In this case, when the composition
was applied, the gquality was poor, the obtained film had many

holes, and even coated film was not obtained. For this reason,
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when the film was fired, resistance and favorable adhesion were
not obtained.
[0152]
<Examples 16 to 19 and Comparative Example 9> Difference of
glass transition temperature (Tg)
<pH adjustment>

The operation in Example 1 was repeated until a
concentrate was obtained. Aqueous ammonia was added to the
concentrate obtained by standing to adjust the pH to about 7.0.
Immediately after the adjustment, the concentrate stood for
additional 3 or 4 days to promote the dissociation of excess
heptanoic acid. After standing for 3 or 4 days, the obtained
supernatant was removed. When a separated emulsion of water
and the organic acid and derivative thereof was seemed on the
top of the supernatant, it was further removed. Thus, a final
concentrate was obtained. The supernatant obtained during the
separation was used to adjust the silver concentration of the
composition.
[0153]
<Conversion into composition>

A vinyl chloride copolymer latex having different glass
transition temperatures (T,;) was added as a polymer having a
high T4 to the concentrate of which pH was adjusted to about
7.0, in order to increase the adhesion to a base material. In

addition, a polyurethane thickener for adjusting the viscosity,
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propylene glycol as a wetting agent, and the supernatant
obtained after the pH adjustment for adjusting the silver
concentration were added and stirred to obtain compositions of
Examples 16 to 19 and Comparative Example 9 having 60% by mass
of silver,

3% by mass of vinyl chloride copolymer latex, 2% by

mass of polyurethane thickener, and 2.5% by mass of propylene

glycol, and including vinyl chloride copolymer having various

Ty. These characteristics are shown in Table 4,
{0154]
Table 4
Latex Ag pH of Heptanoic acid | Ammonia Nitric acid Surface Adhasion
i wil respec! (s] nant Lomponen
Ty 2?3?:;2:1?5“ composition si:fher pectt ;O?E;positiun in c:mpo;tion resistivity | cross—cut
() (% by mass) (% by mass) | {% by mass) | (% by mass) | (2/sq.) method
Bamplots) 7 | 60 | 71\ 6 | 05 A0 1.2 1.0
Barelo 18 73160 1. .69 | .. 6._.1.05 | 10 1.08 1.0 .
Bxemple 18] 75 60 1.2 6 0.5 1.0 1.1 0
Bamss | —3 60 6.8 6 0.5 1.0 [Overranee| Q

[0155]

The thus obtained compositions in Examples 16 to 19 and

Comparative Example 9 were applied to mirror coated paper

(manufactured by Cji paper Co.,

(manufactured by RK Print Coat Instruments,

anilox:

at 60°C for 15 seconds to form a fired film.

200 lines).

Ltd.}

type:

with a flexo proof

ESI1Z2,

The obtained coated film was heat treated

surface resistivity and adhesion are shown in Table 4.

[0156]

The obtained

From the comparison of Examples 16 to 19 and Comparative
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Example 9, it is found that T4 of vinyl chloride copolymer
latex to be added to improve the adhesion to a base material
remarkably influences the resistance of the conductive film
closely. When T, is lower than 0°C, it is confirmed that
resistance 1s abruptly increased. This is considered that when
Ty, is too low, polymers are likely to adhere to the surface of
silver nanoparticles during storage of the composition or
printing, and thus sintering is inhibited during heat treatment.
[0157]
<Examples 20 to 26 and Comparative Examples 10 and 11> Others
(different polymer and silver concentration)
<EXAMPLE 20>

A composition of Example 20 was cbtained in the same
manner as in Example 16, except that a vinyl chloride copolynmer
latex having T4 of 75°C was added. The characteristics are
shown in Table 5.
[0158]
<EXAMPLE 21>

A composition of Example 21 was obtained in the same

manner as in Example 16, except that a vinyl chloride copolymer
latex having Tgq of 70°C was added. The characteristics are

shown in Table 5.
[0159]
<EXAMPLE 22>

A composition of Example 22 was obtained in the same
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manner as in Example 16, except that a vinyl acetate copolymer

latex having Ty of 53°C was added. The characteristics are
shown in Table 5.
[0160]
<EXAMPLE 23>

A composition of Example 23 was obtained in the same
manner as in Example 16, except that a vinyl acetate
homopolymer latex having T4y of 65°C was added. The
characteristics are shown in Table 5.
[0161]
<EXAMPLE 24>

A composition of Example 24 was obtained in the same
manner as in Example 22, except that the silver concentration
was 70% by mass. The characteristics are shown in Table 5.
[0162]
<EXAMPLE 25>

A composition of Example 25 was obtained in the same
manner as in Example 22, except that the silver concentration
was 40% by mass. The characteristics are shown in Table 5.
[0163]
<EXAMPLE 26>

A composition of Example 26 was obtained in the same
manner as in Example 22, except that the silver concentration
was 30% by mass. The characteristics are shown in Table 5.

[0164]
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<COMPARATIVE EXAMPLE 10>

A composition of Comparative Example 10 was obtained in
the same manner as in Example 22, except that the silver
concentration was 80% by mass. The characteristics are shown
in Table 5.
[0165]
<COMPARATIVE EXAMPLE 11>

A composition of Comparative Example 11 was obtained in
the same manner as in Example 22, except that the silver
concentration was 10% by mass. The characteristics are shown
in Table 5.
[0166]

Table 5

Latex Type Ag pH of Japlaroic acid| Amtoonia Nitriv acid¢ Surface Adhesion
concentration . ith respoct td conpronanit compoenant T -
T, oo jcompositiontt in commositionlin composition resistivity i cross—cut
{C) (% by mass) {% by mass) | (% by mass)| (% by mass) (Q/sq) |method

oo ) 75 | Y oomer | 60 | 7.1 1 6 |05 110 | 1.2 | O
0.5 1.0 0.9 0

Example 21 70 ﬁnﬂiz‘m 60 7,2

Example 22 53 w::;:;:::ﬁ 60 6'8

05 | 10 ;12 1.9

6
6

pronse ) 65 | vomepener | 60 |73 | 8 105 | 10 1 07 | O
6
7

pamoio 2 53 | Coowmer | 10 | 1.0 04 |10 | 06 | O

o 83 | e | 40 | 8.8
ol zs) 53 | Viraeme 130 168 | 7 |05 | 1.2 | 175

5] 58 | Coieer | 80 |69 | 6 104 | RO LK LLXL
B 53 | Viweme | 10 | 6.8 | 9 [ 0.7 | 1.2 [overrense 5

* cannot he applied and accordingly cannot be evaluated

[0167]

The thus cobtained compositions in Examples 20 to 26 and
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Comparative Examples 10 and 11 were applied to mirror coated
paper {manufactured by 0ii paper Co., Ltd.) with a flexo procf
(manufactured by RK Print Coat Instruments, type: ESI12,
anilox: 200 lines). The obtained coated film was heat treated
at 60°C for 15 seconds to form a fired film. The obtained
surface resistivity and adhesion are shown in Table 5.

[0168]

Tt was confirmed that, from results of Examples 20 to 23,
the same characteristics can be obtained from various types of
polymers. From the comparison of Examples 23 tTo 26 and
Comparative Examples 10 and 11, it is found that the silver
concentration remarkably influences the resistance of the
conductive f£ilm.

[0168]

The composition having a silver concentration of 80% by
mass did not have fluidity, and could not be applied. Further,
it is considered that since the composition having a silver
concentration of 10% by mass has a solvent component in a too
large amount, sintering insufficiently promotes under heat
treating condition of 60°C and 15 seconds, and the resistance
value cannct be obtained. In addition, adhesion was also
insufficient. In Examples 25 and 26, the conductivity was
obtained. Even if compositions of Comparative Examples 3 and 4
having pH without an apprepriate range has a silver

concentration of 40% by mass, conductivity cannot be obtained.
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However, although a reason why conductivity is obtained in
Examples 25 and 26 is not known in detail, difference of
leveling due to difference of the emulsion structure of the
composition and the like are considered to be associated.
[0170]
<EXAMPLES 27 to 34> Others
<EXAMPLE 27>

A compoesition of Example 27 was obtained in the same
manner as in Example 1, except that a vinyl chloride copolymer
latex having a Ty of 7°C was added. The characteristics are
shown in Table 6.
[0171]
<EXAMPLES 28 to 34>

Compositions of Examples 28 to 34 were obtained in the
same manner as in Example 27, except that the added amounts of
latex, thickener, and propylene glycol were shown in the
composition shown in Table 6. The characteristics are shown in
Table 6.
[0172]

Table 6
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Ag
concentration
of composition

(% by mass)

pH of

composition

Latex

(% by mass)

Thickener

(% by mass)

Propylane
glycol

(% by mass)

Heptanoic acid
with respect to
gilver

(% by mass)

Example 27

Example 29

Example 30

Example 31
Example 32

Example 33

60

...................................

...........................

............................................................

........................

Example 34 7 60 7'1 ;3 !! 1 0,0 2,5 5
Ammonia Nitric acid Viscosity (D) at | Viscosity @ at [Thixetropic ratio| Surface Adhesion
componant component share rate of |share rate of ) . HATEN -
in compesition |in composition | 10 (1/¢) 1000 (1/s) (Viscosity (/@ rBSIStIVIty cross—out
(% by mass)|(% by mass)|  (cp) (ap) (/sq) | Method

Example 27
Example 28
Example 28

Example 30

Example 31

i

eamsic2l 05 | 1.0 | 250 | 80 | 3 109 | 0
EBxample 33) 05 1..1.0 420 | 60 | 71108 | 0 ...
Example 34| () & 1.0 2200 | 280 8 1.7 0
[0173]

The thus obtained compositions in Examples 27 to 34 were

applied to mirror coated paper (manufactured by 03ii paper Co.,

Ltd.) with a flexo proof (manufactured by RK Print Coat

Instruments, £SI12, anilox: 200 lines). The obtained

type:
coated film was heat treated at €0°C for 15 seconds to form a
fired film, The obtained surface resistivity and adhesion are
shown in Table 6.

[0174]

It was confirmed that, from results of Examples 27 to 34,
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if the amount rate of additives changed, printing cbiects
having favorable conductivity and adhesion is formed.
INDUSTRIAL APPLICABILITY

[0175]

It is considered that the silver nanoparticle composition
of the present invention can be suitably used for printed
electronics, and a print CPU, a print light, a print tag, an
all-print display, a sensor, a print circuit board, an organic
solar battery, an electronic book, a nanoimprint LED, a ligquid-
crystal display, a PDP display, a print memory, and RF-ID which
are currently investigated can be used.

DESCRIPTICN OF REFERENCE NUMERALS

[(0176]
1 RF-ID antenna
2 entire length
3 entire width
4 line width
5 substrate
7 IC
8 bunmp

10 EMI shield

11 frame

12 base material

13 conductive pattern
20 flexo proof

68



21

22

23

24

25

28

cylinder rubber plate
anilox roller

doctor blade

coating

coated £ilm

base material
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CLAIMS

1. A silver nanoparticle composition, wherein a main
component of a solvent is water, a pH of the compositiocn is
within a range of 5.3 to 8.0, a silver nanoparticle included in
the composition is protected by an organic acid or a derivative
therecf, and a content of the organic acid or the derivative
thereof is within a range of 2 to 20% by mass with respect to
silver.

2. The silver nanoparticle composition according to claim
1, wherein a content of the silver nanoparticle with respect to
the entire content of the compesition is within a range of 15
to 75% by mass.

3. The silver nanoparticle composition according to claim
1 or 2, wherein a content of an ammonia component present in
the composition with respect to the entire content of the
composition is more than 0.1% by mass.

4. The silver nanoparticle composition according to any
of claim 1 to 3, wherein a content of a nitric acid component
present in the composition with respect to the entire content
of the composition is more than C.1% by mass.

5. The silver nanoparticle composition according to any
of claims 1 to 4, wherein a primary particle average diameter
of the silver nanoparticle to be measured by a transmission

electron microscope is equal to or smaller than 1C0 nm.
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6. The silver nanoparticle composition accerding to any
of claims 1 to 5, comprising a polymer obtained by polymerizing
a moncemer having a vinyl group.

7. The silver nancparticle composition according to any
of claims 1 to 6, wherein the organic acid or the derivative
thereof is a carboxylic acid having 5 to 8 carbon atoms or a
derivative thereof.

8. The silver nanoparticle composition according to any
of claims 1 to 7, wherein the organic acid or the derivative
thereof 1s heptanoic acid or a derivative thereof.

9. The silver nanoparticle composition according to any
of claims 6 to 8, wherein the polymer obtained by polymerizing
a monomer having a vinyl group includes at least one or more of
a vinyl chloride homecpelymer, a vinyl chloride copolymer, a
vinyl acetate homopolymer, and a vinyl acetate copolymer.

10. The silver nanoparticle composition according to any
of claims 1 to 9, comprising a polymer having a glass
transition temperature (Tq) of 0°C or higher and 100°C or lower.

11. The silver nanoparticle composition according to any
of claims 1 to 10, comprising a water-dispersible polymer
having at least one or more of an CH group, a pclyoxyethylene
glycol group, and a pclyethylene glycol group.

12. The silver nanoparticle composition according to
claim 11, comprising a polymer having a urethane bond.

13. The silver nanoparticle composition according to any
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of claims 1 to 12, wherein a surface resistivity of a silver
thin film obtained by applying the silver nanoparticle
composition acceording to any of claims 1 to 11 to a base

naterial and subjecting it to heat treatment in air at 60°C for

15 seconds is equal to or less than 100 Q/square.

14, A silver thin film or a silver wiring formed using
the silver nanoparticle composition according to any of claims
1 to 13.

15. An RF-ID antenna, wherein an antenna part of an REF-ID
is formed from a silver wiring formed by applying the silver
nanoparticle composition according to any of claims 1 to 13 to
a base material and firing the wiring to be converted into
silver.

16. An RF-ID inlet using the antenna according to claim
15.

17. An EMI shield, wherein a grid part of the EMI shield
is formed from a wiring which is a silver wiring formed by
firing a wiring formed from the silver nancparticle composition
according to any of claims 1 to 13 to be converted into silver.

18. An electronic circuit, wherein a wiring formed by a
printing method from the silver nanoparticle composition
according to any of claims 1 to 13 is fired to be converted

into silver and form a silver wiring.

72



Fig., 1

1/5

GLASSIFIGATION 2 3 5
gsis 3ng WORSE
STATE : e THAN 4
k¥ 3R




o)




)

b

(







s )
S S S S

(b)




	Page 1 - BIBLIOGRAPHY
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - DESCRIPTION
	Page 62 - DESCRIPTION
	Page 63 - DESCRIPTION
	Page 64 - DESCRIPTION
	Page 65 - DESCRIPTION
	Page 66 - DESCRIPTION
	Page 67 - DESCRIPTION
	Page 68 - DESCRIPTION
	Page 69 - DESCRIPTION
	Page 70 - DESCRIPTION
	Page 71 - DESCRIPTION
	Page 72 - DESCRIPTION
	Page 73 - DESCRIPTION
	Page 74 - DESCRIPTION
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - DRAWINGS
	Page 78 - DRAWINGS
	Page 79 - DRAWINGS

