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(57) ABSTRACT

Provided is a silver-coated copper powder that has a den-
dritic shape, that ensures excellent conductivity as a result of
having an increased number of points of contact when
silver-coated dendritic copper particles are in contact, pre-
vents aggregation, and that can be suitably used in a con-
ductive paste, and an electromagnetic wave shield. The
silver-coated copper powder comprises amassed dendritic
copper particles having a linearly grown main trunk and a
plurality of branches branching from the main trunk. The
surface of the copper particles is coated with silver. The
main trunk and the branches of the copper particles have a
flat plate shape in which the average cross-sectional thick-
ness is more than 1.0 pm but no more than 5.0 um. The
silver-coated copper powder has a flat plate shape config-
ured from a layered structure of one layer or a plurality of
stacked layers. The average particle size (D50) is 1.0-100
pm.
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SILVER-COATED COPPER POWDER AND
CONDUCTIVE PASTE, CONDUCTIVE
MATERIAL, AND CONDUCTIVE SHEET
USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a copper powder
having the surface coated with silver (silver-coated copper
powder), and more specifically, it relates to a novel dendritic
silver-coated copper powder which can improve electrical
conductivity by being used as a material such as an electri-
cally conductive paste and a copper paste, an electrically
conductive coating material, and an electrically conductive
sheet using the same.

BACKGROUND ART

[0002] A paste such as a resin type paste or a calcined type
paste and a coating material such as an electromagnetic
wave shielding coating material which use a metal filler such
as a silver powder or a silver-coated copper powder are
frequently used in the formation of a wiring layer, an
electrode, and the like in an electronic device. A metal filler
paste of silver or silver-coated copper is applied or printed
on various kinds of substrates and then subjected to a
treatment of heat curing or heat calcination to form an
electrically conductive film to be a wiring layer or an
electrode.

[0003] For example, a resin type electrically conductive
paste is composed of a metal filler, a resin, a curing agent,
a solvent, and the like, and it is formed into an electrically
conductive film by being printed on an electric conductor
circuit pattern or a terminal and cured by heating at from
100° C. to 200° C. so as to form a wire and an electrode. In
a resin type electrically conductive paste, the thermosetting
resin is cured and shrunk by heat, and metal fillers are thus
joined by pressure and brought into contact with one another
to overlap each other, and as a result, an electrically con-
nected current path is formed. This resin type electrically
conductive paste is treated at a curing temperature of 200°
C. or lower so as to be used in a substrate using a material
susceptible to heat such as a printed wiring board.

[0004] Meanwhile, a calcination type electrically conduc-
tive paste is composed of a metal filler, glass, a solvent, and
the like, and it is formed into an electrically conductive film
by being printed on an electric conductor circuit pattern or
a terminal and calcined by heating at from 600° C. to 800°
C. so as to form a wire and an electrode. The calcination type
electrically conductive paste is treated at a high temperature
so that the metal fillers are sintered together to secure the
conduction. This calcination type electrically conductive
paste cannot be used in a printed wiring board using a resin
material since it is treated at a high temperature for calci-
nation in this manner, but it is possible to achieve low
resistance as the metal fillers are sintered by a high tem-
perature treatment. Hence, a calcination type electrically
conductive paste is used in an external electrode of a
laminated ceramic capacitor, or the like.

[0005] Meanwhile, the electromagnetic wave shield is
used to prevent the generation of electromagnetic noises
from an electronic device, and particularly in recent years,
the housing of a personal computer or a mobile phone is
made of a resin, and a method to form a thin metal film by
a vapor deposition method or a sputtering method, a method
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to apply an electrically conductive coating material, and a
method to shield electromagnetic waves by attaching an
electrically conductive sheet to a required place, and the like
have been thus proposed in order to secure the electrical
conductivity of the housing. Among them, a method in
which a metal filler is dispersed in a resin and applied and
a method in which a metal filler is dispersed in a resin and
processed into a sheet shape and the sheet is attached to a
housing are frequently used as a method exhibiting an
excellent degree of freedom since they do not require special
equipment in the processing step.

[0006] However, in such a case of dispersing a metal filler
in a resin and applying the resin or processing the resin into
a sheet, the dispersion state of the metal filler in the resin is
not uniform, and thus a method for increasing the filling
factor of the metal filler or the like is required in order to
obtain electromagnetic wave shielding efficiency. However,
problems are caused in that the flexibility of the resin sheet
is impaired as well as the weight of the sheet increases by the
addition of a great amount of metal filler. Hence, for
example, in Patent Document 1, it is described that a method
using a flat plate-shaped metal filler in order to solve these
problems is proposed, and this makes it possible to form a
thin sheet exhibiting an excellent electromagnetic wave
shielding effect and favorable flexibility.

[0007] Here, in order to fabricate such a flat plate-shaped
copper powder, for example, Patent Document 2 discloses a
method for obtaining a flake-shaped copper powder suitable
for a filler of an electrically conductive paste. Specifically, a
spherical copper powder having an average particle diameter
of from 0.5 um to 10 um as a raw material is mechanically
processed into a flat plate shape by the mechanical energy of
the medium loaded in a mill by using a ball mill or a
vibration mill.

[0008] In addition, for example, Patent Document 3 dis-
closes a technique related to a copper powder for electrically
conductive paste, in particular, a discoid copper powder
capable of obtaining high performance as a copper paste for
a through hole and an external electrode and a method for
producing the same. Specifically, a granular atomized cop-
per powder is put in a medium stirring mill, a fatty acid is
added thereto at from 0.5% to 1% by weight with respect to
the copper powder, and the copper powder is ground in the
air or an inert atmosphere by using a steel ball having a
diameter of from V% inch to V4 inch as a grinding medium so
as to be processed into a flat plate shape.

[0009] A silver powder is frequently used as the metal
filler to be used in these electrically conductive pastes and
electromagnetic wave shields, but there is a tendency to use
a silver-coated copper powder obtained by coating the
surface of a copper powder that is less expensive than silver
powder with silver so as to decrease the amount of silver
used due to the cost saving trend.

[0010] As amethod to coat the surface of a copper powder
with silver, there are a method to coat the copper surface
with silver by a substitution reaction and a method to coat
the copper surface with silver in an electroless plating
solution containing a reducing agent.

[0011] In the method to coat the copper surface with silver
by a substitution reaction, a silver film is formed on the
copper surface as the silver ion is reduced by the electrons
generated when copper dissolves in the solution. For
example, Patent Document 4 discloses a production method
in which a silver film is formed on the copper surface by the
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substitution reaction between copper and the silver ion as a
copper powder is put in a solution in which a silver ion is
present. However, there is a problem in this substitution
reaction method in that the amount of silver coated cannot
be controlled since the dissolution of copper does not
proceed any more when a silver film is formed on the copper
surface.

[0012] In order to solve such problem, there is a method
to coat silver by electroless plating solution containing a
reducing agent. For example, Patent Document 5 proposes a
method for producing a copper powder coated with silver by
the reaction between a copper powder and silver nitrate in a
solution in which a reducing agent is dissolved.

[0013] Meanwhile, as the copper powder, an electrolytic
copper powder precipitated in a dendritic shape called a
dendrite shape is known and it is characterized by a large
surface area due to a dendritic shape thereof. There is an
advantage that the amount of an electrically conductive filler
such as an electrically conductive paste can be decreased
since the branches of dendrite overlap each other, conduc-
tion is likely to occur, and the number of contact points
between particles is greater compared to that of spherical
particles in the case of using this in an electrically conduc-
tive film or the like since this has a dendritic shape in this
manner. For example, Patent Documents 6 and 7 propose a
silver-coated copper powder in which the surface of a copper
powder having a dendrite shape is coated with silver.

[0014] Specifically, Patent Documents 6 and 7 disclose
dendrites characterized by long branches branched from the
main stem as one that is further grown in a dendrite shape,
and it is described that the silver-coated copper powder
exhibits improved conduction as the contact points between
particles are more than those between the dendrites of the
prior art and it can enhance the electrical conductivity when
being used in an electrically conductive paste or the like
even though the amount of the electrically conductive pow-
der is decreased.

[0015] On the other hand, the electrolytic copper powders
are intertwined with one another more than the required
amount in the case of being used in an electrically conduc-
tive paste or the like when dendrites of an electrolytic copper
powder are developed, and it is thus pointed out in Patent
Document 8 that it is extremely difficult to handle the
electrolytic copper powder and the productivity decreases as
the aggregation thereof is likely to occur and the fluidity
thereof decreases. Incidentally, it is described in Patent
Document 8 that it is possible to improve the strength of the
electrolytic copper powder itself, to make it difficult for the
dendrite to break, and to mold the electrolytic copper
powder to have a high strength by adding a tungstate salt to
an aqueous solution of copper sulfate that is an electrolytic
solution for precipitating the electrolytic copper powder in
order to increase the strength of the electrolytic copper
powder itself.

[0016] In addition, in the case of utilizing a dendritic
copper powder as a metal filler of an electrically conductive
paste, a resin for electromagnetic wave shielding, or the like,
the dendritic copper powders are intertwined with one
another to cause aggregation when the metal filler in the
resin has a dendritically developed shape, and thus a prob-
lem that the dendritic copper powders are not uniformly
dispersed in the resin is caused and a problem is caused
when wiring is formed by printing as the viscosity of the
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paste increases by aggregation. Such a problem is also

pointed out, for example, in Patent Document 9.

[0017] In this manner, it is not easy to use a dendritic

copper powder as a metal filler of an electrically conductive

paste or the like, and the dendritic copper powder is also a

cause of poor progress in the improvement in electrical

conductivity of the paste.

[0018] In order to secure the electrical conductivity, a

dendritic shape having a three-dimensional shape is more

likely to secure the contact points than a granular shape and

is expected to secure high electrical conductivity as an

electrically conductive paste or an electromagnetic wave

shield. However, a silver-coated copper powder having a

dendrite shape of the prior art is a dendrite characterized by

a long branch branched from the main stem and has a long

and branched shape so that it has a simple structure from the

viewpoint of securing the contact point and does not have an

ideal shape as a shape to effectively secure the contact point

by using a smaller amount of silver-coated copper powder.

[0019] Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2003-258490

[0020] Patent Document 2: Japanese Unexamined Patent
Application, Publication No. 2005-200734

[0021] Patent Document 3: Japanese Unexamined Patent
Application, Publication No. 2002-15622

[0022] Patent Document 4: Japanese Unexamined Patent
Application, Publication No. 2000-248303

[0023] Patent Document 5: Japanese Unexamined Patent
Application, Publication No. 2006-161081

[0024] Patent Document 6: Japanese Unexamined Patent
Application, Publication No. 2013-89576

[0025] Patent Document 7: Japanese Unexamined Patent
Application, Publication No. 2013-100592

[0026] Patent Document 8: Japanese Patent No. 4697643

[0027] Patent Document 9: Japanese Unexamined Patent
Application, Publication No. 2011-58027

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0028] The present invention has been proposed in view of
such circumstances, and an object thereof is to provide a
dendritic silver-coated copper powder which can be suitably
utilized in applications such as an electrically conductive
paste and an electromagnetic wave shield by preventing the
aggregation thereof while securing excellent electrical con-
ductivity through an increase in the number of contact points
when the dendritic copper powders coated with silver come
in contact with one another.

Means for Solving the Problems

[0029] The present inventors have carried out intensive
investigations to solve the problems described above. As a
result, it has been found out that a silver-coated copper
powder can be uniformly mixed with, for example, a resin
while securing excellent electric conductivity and can be
thus suitably used in an application such as an electrically
conductive paste as the silver-coated copper powder is
constituted as copper particles having a dendritic shape
having a dendritically grown main stem and a plurality of
branches separated from the main stem and a flat plate shape
having a cross sectional average thickness in a particular
range gather and has the surface coated with silver and an
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average particle diameter (D50) is in a particular range,
thereby completing the present invention. In other words,
the present invention provides the following.

[0030] (1) A first aspect of the present invention is a
silver-coated copper powder formed as copper particles
having a dendritic shape having a linearly grown main stem
and a plurality of branches separated from the main stem
gather, in which a surface of the silver-coated copper powder
is coated with silver, the silver-coated copper powder has a
flat plate shape having a cross sectional average thickness of
the main stem and the branches of the copper particles of
more than 1.0 pm and 5.0 um or less, the silver-coated
copper powder has a flat plate shape constituted by one layer
or a layered structure formed of a plurality of overlapping
layers and an average particle diameter (D50) is from 1.0 pm
to 100 pm.

[0031] (2) A second aspect of the present invention is the
silver-coated copper powder according to the first aspect, in
which a ratio obtained by dividing a cross sectional average
thickness of the copper particles coated with silver by an
average particle diameter (D50) of the silver-coated copper
powder is in a range of more than 0.01 and 5.0 or less.

[0032] (3) A third aspect of the present invention is the
silver-coated copper powder according to the first or second
aspect, in which an amount of silver coated is from 1% by
mass to 50% by mass with respect to 100% by mass of the
entire silver-coated copper powder coated with silver.

[0033] (4) A fourth aspect of the present invention is the
silver-coated copper powder according to any one of the first
to third aspects, in which a bulk density of the silver-coated
copper powder is in a range of from 0.5 g/cm> to 5.0 g/em®.

[0034] (5) A fifth aspect of the present invention is the
silver-coated copper powder according to any one of the first
to fourth aspects, in which a BET specific surface area value
is from 0.2 m*/g to 3.0 m*/g.

[0035] (6) A sixth aspect of the present invention is a metal
filler containing the silver-coated copper powder according
to any one of the first to fifth aspects at a proportion of 20%
by mass or more to the entire metal filler.

[0036] (7) A seventh aspect of the present invention is an
electrically conductive paste containing the metal filler
according to the sixth aspect mixed with a resin.

[0037] (8) An eighth aspect of the present invention is an
electrically conductive coating material for electromagnetic
wave shielding using the metal filler according to the sixth
aspect.

[0038] (9) A ninth aspect of the present invention is an
electrically conductive sheet for electromagnetic wave
shielding using the metal filler according to the sixth aspect.

Effects of the Invention

[0039] According to the silver-coated copper powder of
the present invention, it is possible to sufficiently secure the
contact points when being brought into contact with one
another while securing excellent electrical conductivity, to
be prevented from being aggregated so as to be uniformly
mixed with a resin or the like, and to be thus suitably used
in applications such as an electrically conductive paste and
an electromagnetic wave shield.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 is a diagram which schematically illustrates
a specific shape of copper particles which are coated with
silver and constitute a dendritic silver-coated copper pow-
der.

[0041] FIG. 2 is a photograph which illustrates an obser-
vation image when a dendritic copper powder before being
coated with silver is observed through a scanning electron
microscope at 1,000-times magnification.

[0042] FIG. 3 is a photograph which illustrates an obser-
vation image when a dendritic copper powder before being
coated with silver is observed through a scanning electron
microscope at 10,000-times magnification.

[0043] FIG. 4 is a photograph which illustrates an obser-
vation image when a dendritic copper powder before being
coated with silver is observed through a scanning electron
microscope at 10,000-times magnification.

[0044] FIG. 5 is a photograph which illustrates an obser-
vation image when the dendritic silver-coated copper pow-
der is observed through a scanning electron microscope at
1,000-times magnification.

[0045] FIG. 6 is a photograph which illustrates an obser-
vation image when a dendritic silver-coated copper powder
is observed through a scanning electron microscope at
10,000-times magnification.

[0046] FIG. 7 is a photograph which illustrates an obser-
vation image when the copper powder obtained in Com-
parative Example 1 is observed through a scanning electron
microscope at 5,000-times magnification.

[0047] FIG. 8 is a photograph which illustrates an obser-
vation image when the copper powder obtained in Com-
parative Example 2 is observed through a scanning electron
microscope at 5,000-times magnification.

PREFERRED MODE FOR CARRYING OUT
THE INVENTION

[0048] Hereinafter, specific embodiments (hereinafter,
referred to as the “present embodiment”) of the copper
powder according to the present invention will be described
in detail with reference to the drawings. However, the
present invention is not limited to the following embodi-
ments, and various modifications are possible without
changing the essence of the present invention. Incidentally,
the notation “X to Y” (X and Y are arbitrary numerical
values) in the present specification means “X or more and Y
or less”.

<<1. Dendritic Silver-Coated Copper Powder>>

[0049] The silver-coated copper powder according to the
present embodiment is a silver-coated copper powder which
is formed as copper particles having a shape having a
dendritically grown main stem and a plurality of branches
separated from the main stem gather and has the surface
coated with silver.

[0050] FIG. 1 is a schematic diagram which illustrates a
specific shape of the copper particles which are coated with
silver and constitute the silver-coated copper powder
according to the present embodiment. As illustrated in this
schematic diagram of FIG. 1, copper particles 1 coated with
silver (hereinafter, simply referred to as the “copper particles
1) have a dendritic shape of a two-dimensional or three-
dimensional form. More specifically, the copper particles 1
have a shape having a dendritically grown main stem 2 and
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aplurality of branches 3 separated from the main stem 2, and
the copper particles 1 have a flat plate shape having a cross
sectional average thickness of more than 1.0 pm and 5.0 um
or less. Incidentally, the branch 3 in the copper particles 1
means both a branch 3a that is branched from the main stem
2 and a branch 354 that is further branched from the branch
3a.

[0051] The silver-coated copper powder according to the
present embodiment is a silver-coated copper powder (here-
inafter, also referred to as the “dendritic silver-coated copper
powder”) which is constituted as such flat plate-shaped
copper particles 1 gather and in which the surface of the
copper powder (dendritic copper powder) having a dendritic
shape having a main stem and a plurality of branches is
coated with silver, and the silver-coated copper powder has
a flat plate shape constituted by one layer or a layered
structure formed of a plurality of overlapping layers (see the
SEM image of the copper powder in FIG. 3 or FIG. 4).
Moreover, the average particle diameter (D50) of the den-
dritic silver-coated copper powder constituted by these flat
plate-shaped copper particles 1 is from 1.0 pm to 100 pm.
[0052] Incidentally, as to be described later, the amount of
silver coated on the dendritic silver-coated copper powder
according to the present embodiment is from 1% by mass to
50% by mass with respect to 100% by mass of the entire
silver-coated copper powder coated with silver, but the
thickness of silver (coated thickness) is an extremely thin
film of about 0.15 um or less. Hence, the dendritic silver-
coated copper powder has a shape maintaining the shape of
the dendritic copper powder before being coated with silver
as it is. Accordingly, the shape of the dendritic copper
powder before being coated with silver and the shape of the
dendritic silver-coated copper powder after the copper pow-
der is coated with silver are both a dendritic shape of a
two-dimensional or three-dimensional form. In addition, the
copper powder has a flat plate shape constituted by one layer
or a layered structure formed of a plurality of overlapping
layers.

[0053] Incidentally, the dendritic silver-coated copper
powder according to the present embodiment can be
obtained, for example, by coating silver on the surface of the
dendritic copper powder precipitated on the cathode by
immersing an anode and a cathode in an electrolytic solution
which exhibits acidity from sulfuric acid and contains a
copper ion and allowing a direct current to flow through the
electrolytic solution for electrolysis although it will be
described in detail later.

[0054] FIG. 2 to FIG. 4 are photographs which illustrate
an example of an observation image when the dendritic
copper powder before being coated with silver according to
the present embodiment is observed through a scanning
electron microscope (SEM). Incidentally, FIG. 2 is an image
of the dendritic copper powder observed at 5,000-times
magnification, and FIG. 3 and FIG. 4 are images of the
dendritic copper powder observed at 10,000-times magni-
fication. In addition, FIG. 5 is a photograph which illustrates
an example of an observation image when the dendritic
silver-coated copper powder obtained by coating the den-
dritic copper powder of FIG. 2 with silver is observed
through an SEM. In addition, FIG. 6 is a photograph which
illustrates an example of an observation image when another
part of the dendritic silver-coated copper powder obtained
by coating the dendritic copper powder with silver is
observed through an SEM in the same manner. Incidentally,
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FIG. 5 is an image of the dendritic silver-coated copper
powder observed at 1,000-times magnification, and FIG. 6 is
an image of the dendritic silver-coated copper powder
observed at 10,000-times magnification.

[0055] As illustrated in the observation images of FIG. 2
to FIG. 4, the dendritic copper powder constituting the
silver-coated copper powder according to the present
embodiment is in a precipitated state having a two-dimen-
sional or three-dimensional dendritic shape having a main
stem and branches branched from the main stem. In addi-
tion, the main stem and the branches are constituted as the
copper particles 1 having a flat plate shape and a dendritic
shape (see the schematic diagram of FIG. 1) gather, and the
copper particles 1 have a fine convex portion on the surface.
[0056] Here, the cross sectional average thickness of the
flat plate-shaped copper particles 1 constituting the dendritic
copper powder and having the main stem 2 and the branch
3 is more than 1.0 um and 5.0 um or less. The effect as a flat
plate is further exerted as the cross sectional average thick-
ness of the flat plate-shaped copper particles 1 is thinner. In
other words, it is possible to secure a large contact area
between the copper particles 1 and between the dendritic
silver-coated copper powders constituted by the copper
particles as the main stem and the branch of the dendritic
copper powder are constituted by flat plate-shaped copper
particles 1 having a cross sectional average thickness of 5.0
pm or less, and it is possible to realize low resistance,
namely, a high electrical conductivity as the contact area
increases. This makes it possible for the dendritic silver-
coated copper powder to exhibit superior electrical conduc-
tivity, to favorably maintain the electrical conductivity, and
to be suitably used in applications of an electrically con-
ductive coating material and an electrically conductive
paste. In addition, the dendritic copper powder can contrib-
ute to thinning of a wiring material and the like as it is
constituted by the flat plate-shaped copper particles 1.
[0057] Incidentally, the lower limit of the cross sectional
average thickness of the flat plate-shaped copper particles 1
is not particularly limited, but it is possible to obtain the flat
plate-shaped copper particles 1 having a cross sectional
average thickness of more than 1.0 pum by a method in which
the copper particles are precipitated on the cathode from an
electrolytic solution which exhibits acidity by sulfuric acid
and contains a copper ion to be described later by electroly-
sis.

[0058] In addition, the average particle diameter (D50) of
the dendritic silver-coated copper powder according to the
present embodiment is from 1.0 pm to 100 um. Incidentally,
the average particle diameter (D50) can be measured, for
example, by a laser diffraction method and scattering type
particle size distribution measurement.

[0059] For example, as pointed out in Patent Document 1,
a problem of a dendritic silver-coated copper powder is that
the dendritic copper powders are intertwined with one
another to cause aggregation and are not uniformly dis-
persed in the resin in some cases when the metal filler in the
resin has a developed dendritic shape in the case of utilizing
the dendritic copper powder as a metal filler of an electri-
cally conductive paste, a resin for electromagnetic wave
shield, or the like. In addition, the viscosity of the paste
increases due to the aggregation so as to cause a problem in
wiring formation by printing. This is caused by a large shape
of the dendritic silver-coated copper powder (particle diam-
eter), and the size of the shape of the dendritic silver-coated
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copper powder is required to be decreased in order to solve
this problem while taking advantage of the dendritic shape.
However, it is impossible to secure the dendritic shape when
the particle diameter of the dendritic silver-coated copper
powder is too small. Hence, the dendritic silver-coated
copper powder is required to have a size larger than a
predetermined size in order to secure the effect of being a
dendritic shape, namely, the effect that the dendritic copper
powder has a large surface area, exhibits excellent mold-
ability and sinterability, and can be molded to have a high
strength by being strongly connected to one another via a
branch-shaped place as it has a three-dimensional shape.
[0060] In this regard, the surface area increases and favor-
able moldability and sinterability can be secured as the
average particle diameter of the dendritic silver-coated cop-
per powder according to the present embodiment is from 1.0
um to 100 um. Moreover, this dendritic silver-coated copper
powder has a dendritic shape as well as is constituted as the
copper particles 1 having a dendritic shape having the main
stem 2 and the branches 3 and a flat plate shape gather, and
it is thus possible to secure more contact points between the
dendritic silver-coated copper powders by the three-dimen-
sional effect of being in a dendritic shape and the effect that
the copper particles 1 constituting the dendritic shape have
a flat plate shape.

[0061] Here, as described in Patent Document 2 and
Patent Document 3, for example, in a case in which a
spherical copper powder is formed into a flat plate shape by
a mechanical method, the spherical copper powder is pro-
cessed into a flat plate shape by adding a fatty acid and
grinding the spherical copper powder in the air or an inert
atmosphere since it is required to prevent the oxidation of
copper at the time of mechanical processing. However, it is
required to remove the fatty acid after completion of the
processing since it is impossible to completely prevent
oxidation and the fatty acid added at the time of processing
affects the dispersibility when the copper powder is formed
into a paste in some cases, but the fatty acid is firmly
attached to the copper surface by the pressure at the time of
mechanical processing in some cases and a problem arises
that the fatty acid cannot be completely removed.

[0062] On the contrary, the flat plate-shaped copper par-
ticles 1 constituting the dendritic silver-coated copper pow-
der according to the present embodiment are fabricated by
directly growing the copper particles into the shape of
dendritic copper powder without conducting mechanical
processing, and thus oxidation to be a problem in the
mechanical processing does not occur, the removal of fatty
acid is not required, and the electrical conductivity can be in
a significantly favorable state.

[0063] In addition, the dendritic silver-coated copper pow-
der according to the present embodiment is not particularly
limited, but it is preferable that the ratio (cross sectional
average thickness/average particle diameter) obtained by
dividing the cross sectional average thickness of the flat
plate-shaped copper particles 1 by the average particle
diameter (D50) of the silver-coated copper powder
described above is in a range of more than 0.01 and 0.5 or
less.

[0064] Here, the ratio (aspect ratio) represented by “cross
sectional average thickness/average particle diameter” is an
indicator, for example, of aggregation degree and dispers-
ibility when the dendritic silver-coated copper powder 1 is
processed as an electrically conductive copper paste and of
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the retainability of the appearance of the shape at the time of
coating the copper paste. When this aspect ratio exceeds 5.0,
the dendritic silver-coated copper powder is close to a
copper powder composed of spherical copper particles, and
the effect by face contact points is not exerted. On the other
hand, when the aspect ratio is 0.01 or less, the viscosity
increases at the time of forming the dendritic silver-coated
copper powder 1 into a paste and the retainability of the
appearance of the shape and the surface smoothness of the
copper paste at the time of being applied deteriorate in some
cases.

[0065] Inaddition, the bulk density of the dendritic silver-
coated copper powder according to the present embodiment
is not particularly limited, but it is preferably in a range of
from 0.5 g/cm> to 5.0 g/cm>. There is a possibility that the
contact points among the silver-coated copper powders
cannot be sufficiently secured when the bulk density is less
than 0.5 g/cm®. On the other hand, when the bulk density
exceeds 5.0 g/cm®, the average particle diameter of the
silver-coated copper powder also increases, the surface area
decreases, and the moldability and the sinterability thus
deteriorate in some cases.

[0066] Incidentally, it is possible to obtain the same effect
as the silver-coated copper powder composed only of the
dendritic silver-coated copper powder when the dendritic
silver-coated copper powder having the shape as described
above accounts for a predetermined proportion in the
obtained silver-coated copper powder when observed
through an electron microscope although copper powders
having shapes other than the shape are mixed therein.
Specifically, silver-coated copper powders having shapes
other than the shape described above may be contained in
the obtained copper powder as long as the dendritic silver-
coated copper powder having the shape described above
accounts for 80% by number or more, and preferably 90%
by number or more in the entire silver-coated copper pow-
ders when observed through an electron microscope (for
example, 500-times to 20,000-times).

<<2. Amount of Silver Coated>>

[0067] As described above, the dendritic silver-coated
copper powder 1 according to the present embodiment is
constituted in a dendritic shape by copper particles 1 which
have a flat plate shape having a cross sectional average
thickness of more than 1.0 pm to 5.0 um or less and the
surface of which is coated with silver. Hereinafter, coating of
the surface of the silver-coated copper powder with silver
will be described.

[0068] In the dendritic silver-coated copper powder
according to the present embodiment, the dendritic copper
powder before being coated with silver is preferably coated
with silver at a proportion of from 1% by mass to 50% by
mass with respect to 100% by mass of the entire silver-
coated copper powder coated with silver, and the thickness
(coated thickness) of silver is an extremely thin film of 0.15
um or less. By this fact, the dendritic silver-coated copper
powder has a shape maintaining the shape of the dendritic
copper powder before being coated with silver as it is.
[0069] The amount of silver coated on the dendritic silver-
coated copper powder is preferably in a range of from 1% by
mass to 50% by mass with respect to 100% by mass of the
entire silver-coated copper powder coated with silver. It is
preferable that the amount of silver coated is as small as
possible from the viewpoint of cost, but it is impossible to
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secure a uniform silver film on the surface of the copper
powder and a decrease in electrical conductivity is thus
caused when the amount is too small. Hence, the amount of
silver coated is preferably 1% by mass or more, more
preferably 5% by mass or more, and even more preferably
10% by mass or more with respect to 100% by mass of the
entire silver-coated copper powder coated with silver.

[0070] On the other hand, it is not preferable that the
amount of silver coated is too great from the viewpoint of
cost, and the amount of silver coated is preferably 50% by
mass or less, more preferably 30% by mass or less, and even
more preferably 20% by mass or less with respect to 100%
by mass of the entire silver-coated copper powder coated
with silver.

[0071] In addition, in the dendritic silver-coated copper
powder according to the present embodiment, the average
thickness of silver coated on the surface of the dendritic
copper powder is about from 0.003 um to 0.15 um and
preferably from 0.005 um to 0.05 pum. It is impossible to
secure uniform silver coating on the surface of the copper
powder and a decrease in electrical conductivity is caused
when the thickness of silver coated is less than 0.0003 pm
on average. On the other hand, it is not preferable that the
thickness of silver coated exceeds 0.15 um on average from
the viewpoint of cost.

[0072] As described above, the average thickness of silver
coated on the surface of the dendritic copper powder is about
from 0.0003 pum to 0.15 pm to be thin as compared to the
cross sectional average thickness (from 0.5 pm to 5.0 um) of
flat plate-shaped copper particles 1 constituting the dendritic
copper powder. Hence, the cross sectional average thickness
of the flat plate-shaped copper particles 1 does not substan-
tially change before and after the surface of the dendritic
copper powder is coated with silver.

[0073] In addition, the value of the BET specific surface
area of the dendritic silver-coated copper powder according
to the present embodiment is preferably from 0.2 m*/g to 3.0
m?/g although it is not particularly limited. The copper
particles coated with silver 1 do not have the desired shape
as described above and high electrical conductivity is not
obtained in some cases when the BET specific surface area
value is less than 0.2 m*/g. On the other hand, when the BET
specific surface area value exceeds 3.0 m?*g, there is a
possibility that the coating of the surface of the dendritic
silver-coated copper powder with silver is not uniform and
high electrical conductivity is not obtained. In addition, the
copper particles 1 constituting the silver-coated copper
powder are too fine and the silver-coated copper powder is
in a fine whisker-shaped state so that the electrical conduc-
tivity decreases in some cases. Incidentally, the BET specific
surface area can be measured in conformity with JIS Z 8830:
2013.

<<3. Production Method of Silver-Coated Copper
Powder>>

[0074] Next, a method for producing the dendritic silver-
coated copper powder according to the present embodiment
will be described. Hereinafter, a method for producing the
dendritic copper powder constituting the dendritic silver-
coated copper powder will be described first, and a method
for obtaining a dendritic silver-coated copper powder by
coating the dendritic copper powder with silver will be
subsequently described.
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<3-1. Production Method of Dendritic Copper Powder>

[0075] The dendritic copper powder before being coated
with silver can be produced by a predetermined electrolytic
method using, for example, a solution which exhibits acidity
from sulfuric acid and contains a copper ion as an electro-
lytic solution.

[0076] Upon electrolysis, for example, the solution which
exhibits acidity by sulfuric acid and contains a copper ion is
accommodated in an electrolytic cell in which metallic
copper is installed as the anode and a stainless steel plate, a
titanium plate, or the like is installed as the cathode and an
electrolytic treatment is conducted by applying a direct
current to the electrolytic solution at a predetermined current
density. This makes it possible to precipitate (electrodeposit)
the dendritic copper powder on the cathode along with
energization. Particularly, in the present embodiment, it is
possible to precipitate the dendritic copper powder in which
the flat plate-shaped copper particles 1 gather to form a
dendritic shape on the surface of the cathode by only the
electrolysis without subjecting the copper powder which is
obtained by electrolysis and has a granular shape or the like
to mechanical deformation processing or the like using a
medium such as a ball.

[0077] More specifically, as the electrolytic solution, for
example, one that contains a water-soluble copper salt,
sulfuric acid, an additive such as an amine compound, and
a chloride ion can be used.

[0078] The water-soluble copper salt is a copper ion
source for supplying a copper ion, and examples thereof may
include copper sulfate such as copper sulfate pentahydrate,
copper chloride, and copper nitrate, but the water-soluble
copper salt is not limited thereto. In addition, the concen-
tration of the copper ion in the electrolytic solution can be
set to about from 1 g/LL to 20 g/L. and preferably about from
2 g/lLto 10 g/L.

[0079] Sulfuric acid is an acid that is used to prepare an
electrolytic solution exhibiting acidity from sulfuric acid.
The concentration of sulfuric acid in the electrolytic solution
may be set to about from 20 g/L. to 300 g/I. and preferably
about from 50 g/IL to 200 g/L as the concentration of free
sulfuric acid. This concentration of sulfuric acid affects the
electrical conductivity of the electrolytic solution and it thus
affects the uniformity of the copper powder obtained on the
cathode.

[0080] As an additive, for example, an amine compound
can be used. This amine compound contributes to the shape
control of the copper powder to be precipitated together with
the chloride ion to be described later, and it is thus possible
to form the copper powder to be precipitated on the surface
of'the cathode into a dendritic copper powder having a main
stem and branches which are constituted by flat plate-shaped
copper particles having a dendritic shape and a predeter-
mined cross sectional average thickness.

[0081] As the amine compound, for example, Safranin O
(3,7-diamino-2,8-dimethyl-5-phenyl-5-phenazinium  chlo-
ride, C,oH,N,Cl, CAS No. 477-73-64) and the like can be
used. Incidentally, as the amine compound, one kind may be
added singly or two or more kinds may be added concur-
rently. In addition, the amount of the amine compound
added is set to an amount so that the concentration of the
amine compound in the electrolytic solution is preferably in
arange of more than 50 mg/IL and 500 mg/L or less and more
preferably in a range of from 100 mg/LL to 400 mg/L..
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[0082] The chloride ion can be contained in the electro-
Iytic solution by adding a compound (chloride ion source)
for supplying a chloride ion such as hydrochloric acid or
sodium chloride thereto. The chloride ion contributes to the
shape control of the copper powder to be precipitated
together with the additive such as the amine compound
described above. The concentration of the chloride ion in the
electrolytic solution can be set to about from 1 mg/I. to 1000
mg/L, preferably about from 10 mg/LL to 500 mg/L although
it is not particularly limited.

[0083] In the method for producing the dendritic copper
powder, for example, the dendritic copper powder is pro-
duced by precipitating and generating a copper powder on
the cathode through electrolysis using the electrolytic solu-
tion having the composition as described above. A known
method can be used as the electrolysis method. For example,
the current density is preferably set to a range of from 5
A/dm? to 30 A/dm? upon electrolysis using an electrolytic
solution exhibiting acidity by sulfuric acid, and the electro-
Iytic solution is energized while being stirred. In addition,
the liquid temperature (bath temperature) of the electrolytic
solution can be set, for example, to about from 20° C. to 60°
C.

<3-2. Coating Method of Silver
Silver-Coated Copper Powder)>

[0084] The dendritic silver-coated copper powder accord-
ing to the present embodiment can be produced, for
example, by coating the surface of the dendritic copper
powder fabricated by the electrolysis method described
above with silver by using a reduction type electroless
plating method or substitution type electroless plating
method.

[0085] It is preferable to conduct washing before silver
plating in order to coat the surface of the dendritic copper
powder with silver in a uniform thickness, and it is prefer-
able to conduct washing while dispersing and stirring the
dendritic copper powder in the washing liquid. This washing
treatment is preferably conducted in an acidic solution, and
it is more preferable to use a polycarboxylic acid, which is
also used as a reducing agent to be described later. After
washing, filtration, separation, and water washing of the
dendritic copper powder are appropriately repeated to obtain
a water slurry in which the dendritic copper powder is
dispersed in water. Incidentally, known methods may be
used for the filtration, separation, and water washing.
[0086] Specifically, in the case of conducting silver coat-
ing by the reduction type electroless plating method, it is
possible to coat the surface of the dendritic copper powder
with silver by adding a reducing agent and a silver ion
solution to the water slurry obtained after washing the
dendritic copper powder. Here, it is possible to more uni-
formly coat the surface of the dendritic copper powder with
silver by adding and dispersing the reducing agent in the
water slurry in advance and then continuously adding the
silver ion solution to the water slurry containing the reduc-
ing agent and the dendritic copper powder.

[0087] Various reducing agents can be used as the reduc-
ing agent, but the reducing agent is preferably a reducing
agent having a weak reducing power that cannot reduce a
complex ion of copper. As the weak reducing agent, a
reducing organic compound can be used, and for example,
a carbohydrate, a polycarboxylic acid and a salt thereof, an
aldehyde, and the like can be used. More specific examples
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thereof may include grape sugar (glucose), lactic acid, oxalic
acid, tartaric acid, malic acid, malonic acid, glycolic acid,
sodium potassium tartrate, and formalin.

[0088] After the reducing agent is added to the water
slurry containing the dendritic copper powder, it is prefer-
able to conduct stirring or the like in order to sufficiently
disperse the reducing agent. In addition, it is possible to
appropriately add an acid or an alkali in order to adjust the
water slurry to a desired pH. Furthermore, the dispersion of
the reducing organic compound of a reducing agent may be
accelerated by adding a water-soluble organic solvent such
as an alcohol.

[0089] As the silver ion solution to be continuously added,
those known as a silver plating solution can be used, but
among them, it is preferable to use a silver nitrate solution.
In addition, the silver nitrate solution is more preferably
added as an ammoniacal silver nitrate solution since it easily
forms a complex. Incidentally, ammonia to be used for the
ammoniacal silver nitrate solution may be added to the silver
nitrate solution, added to the water slurry together with the
reducing agent in advance and dispersed, or simultaneously
added to the water slurry as an ammonia solution different
from the silver nitrate solution, or any method including a
combination of these may be used.

[0090] It is preferable to gradually add the silver ion
solution at a relatively slow rate upon adding the silver ion
solution to the water slurry containing, for example, the
dendritic copper powder and the reducing agent, and this
makes it possible to form a silver film having a uniform
thickness on the surface of the dendritic copper powder. In
addition, it is more preferable to keep the addition rate
constant in order to increase the uniformity of the film
thickness. Furthermore, the reducing agent and the like that
are added to the water slurry in advance may be adjusted
with another solution and gradually optionally added
together with the silver ion solution.

[0091] In this manner, a dendritic silver-coated copper
powder can be obtained by filtering, separating, washing
with water, and then drying the water slurry to which the
silver ion solution and the like are added. The methods for
these treatments from the filtration are not particularly
limited, and known methods may be used.

[0092] Meanwhile, the method to coat silver by the sub-
stitution type electroless plating method utilizes the differ-
ence in ionization tendency between copper and silver, and
the silver ions in the solution are reduced by the electrons
generated when the copper dissolves in the solution and
silver thus obtained is precipitated on the copper surface in
the method. Accordingly, it is possible to coat silver when
the substitution type electroless silver plating solution is
constituted by a silver salt as a silver ion source, a com-
plexing agent, and a conductive salt as main components,
but it is possible to add a surfactant, a brightener, a crystal
modifier, a pH adjuster, a precipitation inhibitor, a stabilizer,
and the like to the plating solution if necessary in order to
more uniformly coat silver. The plating solution is not
particularly limited in the production of the silver-coated
copper powder according to the present embodiment as well.

[0093] More specifically, it is possible to use silver nitrate,
silver iodide, silver sulfate, silver formate, silver acetate,
silver lactate, and the like as the silver salt, and it is possible
to react the silver salt with the dendritic copper powder
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dispersed in the water slurry. The concentration of silver ion
in the plating solution can be set to about from 1 g/L. to 10
g/L.

[0094] In addition, the complexing agent forms a complex
with the silver ion, as a typical complexing agent, it is
possible to use citric acid, tartaric acid, ethylenediaminetet-
raacetic acid, nitrilotriacetic acid, and the like or an N-con-
taining compound such as ethylenediamine, glycine, hydan-
toin, pyrrolidone, or succinimide, hydroxyethylidene
diphosphonic acid, aminotrimethylene phosphonic acid,
mercaptopropionic acid, thioglycol, thiosemicarbazide, and
the like. The concentration of the complexing agent in the
plating solution can be set to about from 10 g/I. to 100 g/L..
[0095] In addition, as the conductive salt, it is possible to
use an inorganic acid such as nitric acid, boric acid, or
phosphoric acid, an organic acid such as citric acid, maleic
acid, tartaric acid, or phthalic acid, or sodium, potassium,
and ammonium salts thereof, and the like. The concentration
of the conductive salt in the plating solution can be set to
about from 5 g/L. to 50 g/L.

[0096] The coating amount when silver is coated on the
surface of the dendritic copper powder can be controlled, for
example, by changing the amount of silver input in the
substitution type electroless plating solution. In addition, it
is preferable to keep the addition rate constant in order to
enhance the uniformity of the film thickness.

[0097] In this manner, a dendritic silver-coated copper
powder can be obtained by filtering, separating, washing
with water, and then drying the slurry of which the reaction
has been completed. The methods for these treatments from
the filtration are not particularly limited, and known meth-
ods may be used.

Conductive Paste,
Material for
and  Electrically

<<4. Application of Electrically
Electrically ~ Conductive  Coating
Electromagnetic =~ Wave  Shielding,
Conductive Sheet>>

[0098] As described above, the dendritic silver-coated
copper powder according to the present embodiment is a
dendritic silver-coated copper powder having a main stem
and a plurality of branches branched from the main stem and
is constituted as copper particles which have a shape having
the dendritically grown main stem 2 and a plurality of
branches 3 separated from the main stem 2 and a flat plate
shape having a cross sectional average thickness of more
than 1.0 pm and 5.0 um or less and are coated with silver
gather as illustrated in the schematic diagram of FIG. 1.
Moreover, the average particle diameter (D50) of the den-
dritic silver-coated copper powder is from 1.0 um to 100 pm.
Such a dendritic silver-coated copper powder has a large
surface area and exhibits excellent moldability and sinter-
ability by being in a dendritic shape, and the dendritic
silver-coated copper powder can secure a large number of
contact points and exerts excellent electric conductivity by
being constituted in a dendritic shape as the flat plate-shaped
copper particles having a predetermined cross sectional
average thickness gather.

[0099] In addition, according to the dendritic silver-coated
copper powder having such a predetermined structure, it is
possible to suppress aggregation of the dendritic silver-
coated copper powder and to uniformly disperse dendritic
silver-coated copper powder in the resin even in the case of
forming dendritic silver-coated copper powder into a copper
paste or the like, and it is also possible to suppress occur-
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rence of defective printing and the like due to an increase in
viscosity of the paste or the like. Accordingly, dendritic
silver-coated copper powder can be suitably used in appli-
cations such as an electrically conductive paste and an
electrically conductive coating material.

[0100] For example, as an electrically conductive paste
(copper paste), the dendritic silver-coated copper powder
according to the present embodiment is not limited to use
under particularly limited conditions, but the electrically
conductive paste can be fabricated by kneading the dendritic
silver-coated copper powder as a metal filler with a binder
resin and a solvent and further with an additive such as an
antioxidant or a coupling agent if necessary.

[0101] Specifically, the binder resin is not particularly
limited, and those that have been used in the prior art can be
used. For example, an epoxy resin, a phenol resin, an
unsaturated polyester resin, or the like can be used.

[0102] In addition, with regard to the solvent as well, it is
possible to use an organic solvent such as ethylene glycol,
diethylene glycol, triethylene glycol, glycerin, terpineol,
ethyl carbitol, carbitol acetate, and butyl cellosolve, which
have been used in the prior art. In addition, the amount of the
organic solvent added is not particularly limited, but the
added amount can be adjusted in consideration of the
particle size of the dendritic silver-coated copper powder so
as to obtain a viscosity suitable for an electrically conductive
film forming method such as screen printing or a dispenser.
[0103] Furthermore, it is also possible to add another resin
component for adjustment of viscosity. Examples thereof
may include a cellulose-based resin typified by ethyl cellu-
lose, and the resin component can be added as an organic
vehicle by being dissolved in an organic solvent such as
terpineol. Incidentally, the amount of the resin component
added is required to be suppressed to an extent to which the
sinterability is not inhibited, and it is preferably set to 5% by
weight or less with respect to the total amount.

[0104] In addition, for example, an antioxidant can be
added as an additive for improving electrical conductivity
after calcination. The antioxidant is not particularly limited,
but examples thereof may include a hydroxycarboxylic acid.
More specifically, a hydroxycarboxylic acid such as citric
acid, malic acid, tartaric acid, or lactic acid is preferable, and
citric acid or malic acid having a high adsorptive power to
copper is even more preferable. The amount of the antioxi-
dant added can be set, for example, to about from 1% by
weight to 15% by weight in consideration of the antioxida-
tion effect, the viscosity of the paste, and the like.

[0105] In addition, as the curing agent as well, 2-ethyl-4-
methylimidazole and the like which have been used in the
prior art can be used. Furthermore, as the corrosion inhibitor
as well, benzothiazole, benzimidazole, and the like which
have been used in the prior art can be used.

[0106] In addition, the dendritic silver-coated copper pow-
der according to the present embodiment can be used by
being mixed with a copper powder having another shape, a
silver-coated copper powder, and a metal filler such as nickel
or tin having electrical conductivity in the case of being
utilized as a metal filler for electrically conductive paste. At
this time, the proportion of the dendritic silver-coated copper
powder in the total amount of the metal fillers used as an
electrically conductive paste is preferably 20% by mass or
more, more preferably 30% by mass or more, and even more
preferably 40% by mass or more. In this manner, in the case
of'using the dendritic silver-coated copper powder as a metal
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filler, the gap of the dendritic silver-coated copper powder is
filled with a copper powder having another shape by mixing
a metal filler such as the copper powder having another
shape together with the dendritic silver-coated copper pow-
der according to the present embodiment, and this makes it
possible to secure more contact points for securing electrical
conductivity. In addition, as a result, it is also possible to
decrease the total input amount of the dendritic silver-coated
copper powder and a copper powder having another shape.
[0107] When the dendritic silver-coated copper powder is
less than 20% by mass in the total amount of the copper
powders to be used as the metal filler, the contact points
among the dendritic silver-coated copper powders decrease
and electrical conductivity as a metal filler decreases even if
an increase in the number of contact points due to mixing of
the dendritic silver-coated copper powder with a copper
powder having another shape is taken into consideration.
[0108] It is possible to form various kinds of electric
circuits by using the electrically conductive paste fabricated
by utilizing the metal filler described above. In this case as
well, it is not used under particularly limited conditions, but
it is possible to utilize a circuit pattern forming method or
the like which has been conducted in the prior art. For
example, it is possible to form a printed wiring board, an
electric circuit of various kinds of electronic parts, an
external electrode, and the like by applying or printing the
electrically conductive paste fabricated by utilizing the
metal filler described above on a calcined substrate or a
non-calcined substrate, heating, then pressing if necessary,
curing, and baking it.

[0109] In addition, in the case of utilizing the metal filler
described above as the material for electromagnetic wave
shielding as well, the metal filler is not used under particu-
larly limited conditions but can be used by a general method,
for example, by being mixed with a resin.

[0110] For example, in the case of forming an electrically
conductive coating material for electromagnetic wave
shielding by utilizing the metal filler described above, the
metal filler can be used as an electrically conductive coating
material by a general method, for example, by being mixed
with a resin and a solvent and further with an antioxidant, a
thickener, an anti-settling agent, and the like if necessary and
kneaded together.

[0111] The binder resin and solvent to be used at this time
are not particularly limited, and those that have been used in
the prior art can be used. For example, a vinyl chloride resin,
a vinyl acetate resin, an acrylic resin, a polyester resin, a
fluorocarbon resin, a silicone resin, a phenol resin, and the
like can be used as the binder resin. In addition, with regard
to the solvent as well, it is possible to use an alcohol such
as isopropanol, an aromatic hydrocarbon such as toluene, an
ester such as methyl acetate, a ketone such as methyl ethyl
ketone, and the like which have been used in the prior art.
In addition, with regard to the antioxidant as well, it is
possible to use a fatty acid amide, a higher fatty acid amine,
a phenylenediamine derivative, a titanate-based coupling
agent, and the like, which have been used in the prior art.
[0112] In addition, in the case of forming an electrically
conductive sheet for electromagnetic wave shielding by
utilizing the metal filler described above as well, the resin to
be used for forming the electromagnetic wave shielding
layer of the electrically conductive sheet for electromagnetic
wave shielding is not particularly limited, and those that
have been used in the prior art can be used. For example, it
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is possible to appropriately use a thermoplastic resin, a
thermosetting resin, a radiation-curing resin, and the like
that are composed of various kinds of polymers and copo-
lymers such as a vinyl chloride resin, a vinyl acetate resin,
a vinylidene chloride resin, an acrylic resin, a polyurethane
resin, a polyester resin, an olefin resin, a chlorinated olefin
resin, a polyvinyl alcohol-based resin, an alkyd resin, and a
phenol resin.

[0113] The method for producing the electromagnetic
wave shielding material is not particularly limited, but for
example, the electromagnetic wave shielding material can
be produced by applying or printing a coating material in
which a metal filler and a resin are dispersed or dissolved in
a solvent on a substrate to form an electromagnetic wave
shielding layer and drying the coating material to an extent
to which the surface is solidified. In addition, it is possible
to utilize a metal filler containing the dendritic silver-coated
copper powder according to the present embodiment in the
electrically conductive adhesive layer of an electrically
conductive sheet.

EXAMPLES

[0114] Hereinafter, the present invention will be described
more specifically with reference to Examples together with
Comparative Examples, but the present invention is not
limited to the following Examples at all.

<<Evaluation Method>>

[0115] The observation of shape, the measurement of
average particle diameter, and the like were carried out on
the silver-coated copper powders obtained in Examples and
Comparative Examples by the following methods.

(Observation of Shape)

[0116] Arbitrary 20 fields of vision were observed in a
field of vision at predetermined magnification through a
scanning electron microscope (model: JSM-7100F manu-
factured by JEOL Ltd.), and the appearance of the copper
powder contained in the field of vision was observed.

(Measurement of Average Particle Diameter)

[0117] The average particle diameter (D50) was measured
by using a laser diffraction/scattering method particle size
distribution measuring instrument (HRA9320 X-100 manu-
factured by NIKKISO CO., LTD.).

(Measurement of Aspect Ratio)

[0118] The obtained silver-coated copper powder was
embedded in an epoxy resin to fabricate a sample for
measurement, and the sample was cut, polished, and
observed through a scanning electron microscope to observe
the cross section of the silver-coated copper powder. More
specifically, 20 copper powders were observed and the
average thickness (cross sectional average thickness) of the
copper powders was determined, and the aspect ratio (cross
sectional average thickness/D50) was determined from the
ratio of the cross sectional average thickness value to the
average particle diameter (D50) determined by using a
particle size distribution measuring instrument using a laser
diffraction/scattering method.
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(BET Specific Surface Area)

[0119] The BET specific surface area was measured by
using a specific surface area and pore distribution measuring
instrument (QUADRASORB SI manufactured by Quan-
tachrome Instruments).

(Measurement of Specific Resistance Value)

[0120] The specific resistance value of the coating film
was determined by measuring the sheet resistance value with
a four-terminal method using a low resistivity meter (Lo-
resta-GP MCP-T600 manufactured by Mitsubishi Chemical
Corporation) and the film thickness of the coating film using
a surface roughness and shape measuring instrument (SUR-
FCO M130A manufactured by TOKYO SEIMITSU CO.,
LTD.) and dividing the sheet resistance value by the film
thickness.

(Electromagnetic Wave Shielding Property)

[0121] The evaluation of the electromagnetic wave shield-
ing property was carried out by measuring the attenuation
factor of the samples obtained in the respective Examples
and Comparative Examples by using an electromagnetic
wave having a frequency of 1 GHz. Specifically, the level in
the case of Comparative Example 4 in which the dendritic
silver-coated copper powder was not used was evaluated as
“A”, a case in which the attenuation factor was worse than
the level of Comparative Example 4 was evaluated as “X”,
a case in which the attenuation factor was more favorable
than the level of Comparative Example 4 was evaluated as
“(0”, and a case in which the attenuation factor was superior
to the level of Comparative Example 4 was evaluated as
“O”.

[0122] In addition, it was confirmed whether the electro-
magnetic wave shielding property changed or not by bend-
ing the fabricated electromagnetic wave shield in order to
evaluate the flexibility of the electromagnetic wave shield.

EXAMPLES AND COMPARATIVE EXAMPLES
Example 1

<Production of Dendritic Copper Powder>

[0123] A titanium electrode plate having an electrode area
of 200 mmx200 mm and a copper electrode plate having an
electrode area of 200 mmx200 mm were installed in an
electrolytic cell having a capacity of 100 L as the cathode
and the anode, respectively, an electrolytic solution was put
in the electrolytic cell, and a direct current was applied to
this, thereby precipitating a copper powder (dendritic copper
powder) on the cathode plate.

[0124] At this time, a solution having a composition in
which the concentration of copper ion was 5 g/L. and the
concentration of sulfuric acid was 150 g/L. was used as the
electrolytic solution. In addition, Safranin O (safranin,
manufactured by KANTO CHEMICAL CO., INC.) as an
additive was added to this electrolytic solution so as to have
a concentration of 100 mg/L in the electrolytic solution, and
a hydrochloric acid solution (manufactured by Wako Pure
Chemical Industries, [.td.) was further added thereto so that
the concentration of chloride ion (chlorine ion) in the
electrolytic solution was 10 mg/L.. Thereafter, an electric
current was applied to the electrolytic solution having a
concentration adjusted as described above so that the current
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density of the cathode was 25 A/dm? under a condition in
which the electrolytic solution was circulated at a flow rate
of 15 L/min by using a pump and the temperature thereof
was maintained at 25° C., thereby precipitating a copper
powder on the cathode plate. The electrolytic copper powder
precipitated on the cathode plate was mechanically scraped
off to the cell bottom of the electrolytic cell by using a
scraper and recovered, and the copper powder thus recov-
ered was washed with pure water, then placed in a vacuum
dryer, and dried.

[0125] The shape of the electrolytic copper powder thus
obtained was observed by the method using a scanning
electron microscope (SEM) described above, and as a result,
at least 90% by number or more of copper powders in the
copper powders thus precipitated was a dendritic copper
powder which was formed as copper particles having a
shape having a linearly grown main stem, a plurality of
branches linearly branched from the main stem, and
branches further branched from the branches gather and had
a two-dimensional or three-dimensional dendritic shape. In
addition, the copper powder had a flat plate shape consti-
tuted by one layer or a layered structure formed of a plurality
of overlapping layers.

<Production of Dendritic Silver-Coated Copper Powder by
Reduction Method>

[0126] Next, a silver-coated copper powder was fabricated
by using the dendritic copper powder fabricated by the
method described above.

[0127] In other words, 100 g of the dendritic copper
powder thus obtained was stirred in a 3% aqueous solution
of tartaric acid for about 1 hour, then filtered, washed with
water, and dispersed in 2 liters of ion exchanged water. To
this, 5 g of tartaric acid, 5 g of glucose, and 50 ml of ethanol
were added, 50 ml of 28% ammonia water was further added
thereto and stirred, thereafter, an aqueous solution prepared
by dissolving 60 g of silver nitrate in 4 liters of ion
exchanged water, an aqueous solution prepared by dissolv-
ing 25 g of glucose, 25 g of tartaric acid, and 250 ml of
ethanol in 750 ml of ion exchanged water, and 250 ml of
28% ammonia water were gradually added to the mixture
over 60 minutes, respectively. The bath temperature at this
time was 25° C.

[0128] After the addition of each aqueous solution was
completed, the powder was filtered, washed with water, and
dried over ethanol, thereby obtaining a dendritic silver-
coated copper powder in which the surface of the dendritic
copper powder was coated with silver. In addition, the
dendritic silver-coated copper powder had a flat plate shape
constituted by one layer or a layered structure formed of a
plurality of overlapping layers. The dendritic silver-coated
copper powder was recovered, and the amount of silver
coated was measured to have a result 0f 26.2% by mass with
respect to 100% by mass of the entire silver-coated copper
powder coated with silver. In addition, the dendritic silver-
coated copper powder thus obtained was observed through
an SEM in a field of vision at 5,000-times magnification, and
as a result, the dendritic silver-coated copper powder was a
dendritic silver-coated copper powder having a two-dimen-
sional or three-dimensional dendritic shape in which the
surface of the dendritic copper powder before being coated
with silver was uniformly coated with silver and it was a
dendritic silver-coated copper powder having a dendritic
shape having a dendritically grown main stem, a plurality of
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branches branched from the main stem, and branches further
branched from the branches. Incidentally, at least 90% by
number or more of the silver-coated copper powder thus
obtained was a dendritic silver-coated copper powder having
the shape described above.

[0129] In addition, the copper particles constituting the
main stem and branches of the dendritic silver-coated copper
powder had a flat plate shape having a cross sectional
thickness of 3.4 um on average, and the average particle
diameter (D50) of the dendritic silver-coated copper powder
was 58.9 um. Moreover, the aspect ratio (cross sectional
average thickness/average particle diameter) calculated
from the cross sectional average thickness of the copper
particles constituting the dendritic silver-coated copper pow-
der and the average particle diameter of the dendritic silver-
coated copper powder was 0.006. In addition, the bulk
density of the copper powder thus obtained was 3.0 g/cm®.
In addition, the BET specific surface area was 1.1 m*/g.
<Formation into Electrically Conductive Paste>

[0130] Next, the dendritic silver-coated copper powder
fabricated by the method described above was formed into
a paste to fabricate an electrically conductive paste.

[0131] In other words, 40 g of the dendritic silver-coated
copper powder thus fabricated was mixed with 20 g of a
phenol resin (PL-2211 manufactured by Gunei Chemical
Industry Co., Ltd.) and 10 g of butyl cellosolve (KANTO
CHEMICAL CO., INC. Cica Special Grade), and the mix-
ture was repeatedly kneaded by using a small kneader
(Non-bubbling Kneader NBK-1 manufactured by NIHON-
SEIKI KAISHA LTD.) for 3 minutes at 1500 rpm four times
to be formed into a paste. Upon pasting, the copper powder
was uniformly dispersed in the resin without aggregating.
The electrically conductive paste thus obtained was printed
on glass by using a metal squeegee and cured for 30 minutes
at temperatures of 150° C. and 200° C. in the air atmosphere,
respectively.

[0132] The specific resistance value of the coating film
obtained by curing was measured, as a result, it was 16x107°
Q-cm (curing temperature: 150° C.) and 2.3x107° Q-cm
(curing temperature: 200° C.), respectively, and it was found
that the electrically conductive paste exhibits excellent elec-
trical conductivity.

Example 2

<Production of Dendritic Copper Powder>

[0133] A solution having a composition in which the
concentration of copper ion was 7 g/l and the concentration
of sulfuric acid was 150 g/I. was used as the electrolytic
solution, Safranin O as an additive was added to the elec-
trolytic solution so as to have a concentration of 150 mg/LL
in the electrolytic solution, and a hydrochloric acid solution
was further added thereto so that the concentration of
chlorine ion in the electrolytic solution was 25 mg/L.
Thereafter, the temperature of the electrolytic solution
adjusted to the concentration described above was main-
tained at 25° C. while circulating the electrolytic solution at
a flow rate of 15 L/min by using a metering pump, and an
electric current was applied thereto so that the current
density of the cathode was 20 A/dm?, thereby precipitating
a copper powder on the cathode plate. The electrolytic
copper powder thus precipitated on the cathode plate was
mechanically scraped off to the cell bottom of the electro-
Iytic cell by using a scraper and recovered, and the copper

Mar. 22, 2018

powder thus recovered was washed with pure water, then
placed in a vacuum dryer, and dried.

<Fabrication of Dendritic Silver-Coated Copper Powder by
Substitution Method>

[0134] The surface of the copper powder was coated with
silver by using 100 g of the dendritic copper powder thus
obtained and a substitution type electroless plating solution.
[0135] As the substitution type electroless plating solu-
tion, a solution having a composition obtained by dissolving
20 g of silver nitrate, 20 g of citric acid, and 10 g of
ethylenediamine in 1 liter of ion exchanged water was used,
and 100 g of dendritic copper powder was added to the
solution and reacted by being stirred for 60 minutes. The
bath temperature at this time was 25° C.

[0136] After the reaction was completed, the powder was
filtered, washed with water, and dried over ethanol, thereby
obtaining a dendritic silver-coated copper powder in which
the surface of the dendritic copper powder was coated with
silver. In addition, the dendritic silver-coated copper powder
had a flat plate shape constituted by one layer or a layered
structure formed of a plurality of overlapping layers. The
dendritic silver-coated copper powder was recovered, and
the amount of silver coated was measured to have a result of
10.6% by mass with respect to 100% by mass of the entire
silver-coated copper powder coated with silver. In addition,
the dendritic silver-coated copper powder thus obtained was
observed through an SEM in a field of vision at 5,000-times
magnification, and as a result, a dendritic silver-coated
copper powder in a state in which the surface of a dendritic
copper powder before being coated with silver was uni-
formly coated with silver was formed, and the dendritic
silver-coated copper powder was a silver-coated copper
powder having a two-dimensional or three-dimensional den-
dritic shape having a dendritically grown main stem, a
plurality of branches branched from the main stem, and
branches further branched from the branches. Incidentally, at
least 90% by number or more of the silver-coated copper
powder thus obtained was a dendritic silver-coated copper
powder having the shape described above.

[0137] In addition, the copper particles constituting the
main stem and branches of the dendritic silver-coated copper
powder had a flat plate shape having a cross sectional
thickness of 1.2 pm on an average and a fine convex portion
on the surface. In addition, the average particle diameter
(D50) of this dendritic silver-coated copper powder was 44.6
um. Moreover, the aspect ratio (cross sectional average
thickness/average particle diameter) calculated from the
cross sectional average thickness of the copper particles
constituting the dendritic silver-coated copper powder and
the average particle diameter of the dendritic silver-coated
copper powder was 0.03. In addition, the bulk density of the
copper powder thus obtained was 1.6 g/cm>. In addition, the
BET specific surface area was 1.7 m*/g.

<Formation into Electrically Conductive Paste>

[0138] Next, the dendritic silver-coated copper powder
thus fabricated was formed into a paste to fabricate an
electrically conductive paste by the method described above.
[0139] In other words, 40 g of the dendritic silver-coated
copper powder thus fabricated was mixed with 20 g of a
phenol resin (PL-2211 manufactured by Gunei Chemical
Industry Co., Ltd.) and 10 g of butyl cellosolve (KANTO
CHEMICAL CO., INC. Cica Special Grade), and the mix-
ture was repeatedly kneaded by using a small kneader
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(Non-bubbling Kneader NBK-1 manufactured by NIHON-
SEIKI KAISHA LTD.) for 3 minutes at 1500 rpm four times
to be formed into a paste. Upon pasting, the copper powder
was uniformly dispersed in the resin without aggregating.
The electrically conductive paste thus obtained was printed
on glass by using a metal squeegee and cured for 30 minutes
at temperatures of 150° C. and 200° C. in the air atmosphere,
respectively.

[0140] The specific resistance value of the coating film
obtained by curing was measured, as a result, it was 28x107°
Q-cm (curing temperature: 150° C.) and 3.9x107° Q-cm
(curing temperature: 200° C.), respectively, and it was found
that the electrically conductive paste exhibits excellent elec-
trical conductivity.

Example 3

[0141] The dendritic silver-coated copper powder fabri-
cated in Example 1 was dispersed in a resin to prepare an
electromagnetic wave shielding material. Incidentally, the
fabrication of dendritic copper powder for fabricating the
dendritic silver-coated copper powder and the conditions
until the dendritic silver-coated copper powder was fabri-
cated by coating the dendritic copper powder with silver
were the same as in Example 1, and a dendritic silver-coated
copper powder having an amount of silver coated of 26.2%
by mass with respect to 100% by mass of the entire
silver-coated copper powder coated with silver was used.

[0142] With 40 g of this dendritic silver-coated copper
powder, 100 g of a vinyl chloride resin and 200 g of methyl
ethyl ketone were mixed, respectively, and the mixture was
repeatedly kneaded by using a small kneader for 3 minutes
at 1500 rpm four times to be formed into a paste. Upon
pasting, the copper powder was uniformly dispersed in the
resin without aggregating. This was applied on a substrate
formed of a transparent polyethylene terephthalate sheet
having a thickness of 100 um by using a Mayer bar and dried
to form an electromagnetic wave shielding layer having a
thickness of 25 pm.

[0143] The electromagnetic wave shielding property was
evaluated by measuring the attenuation factor by using an
electromagnetic wave having a frequency of 1 GHz. The
results thereof are presented in Table 1.

Comparative Example 1

[0144] A copper powder was precipitated on the cathode
plate in the same manner as in Example 1 except that
Safranin O as an additive and chlorine ion were not added
to the electrolytic solution. Then, the surface of the copper
powder thus obtained was coated with silver in the same
manner as in Example 1 to obtain a silver-coated copper
powder. Incidentally, the amount of silver coated on the
silver-coated copper powder was 26.1% by mass with
respect to 100% by mass of the entire silver-coated copper
powder coated with silver.

[0145] The results obtained by observing the shape of the
silver-coated copper powder thus obtained through an SEM
in a field of vision at 5,000-times magnification is illustrated
in FIG. 7. As illustrated in the photograph of FIG. 7, the
shape of the silver-coated copper powder thus obtained was
a dendritic shape formed as particulate copper gathered, it
was in a state in which the surface of the copper powder was
coated with silver, and the average particle diameter (D50)
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of'the silver-coated copper powder was 45.3 um. In addition,
a fine convex portion was not formed on the dendritic
portion.

[0146] 20 g of a phenol resin (PL-2211 manufactured by
Gunei Chemical Industry Co., Ltd.) and 10 g of butyl
cellosolve (KANTO CHEMICAL CO., INC. Cica Special
Grade) were mixed with 40 g of the silver-coated copper
powder fabricated by the method described above, and the
mixture was repeatedly kneaded by using a small kneader
(Non-bubbling Kneader NBK-1 manufactured by NIHON-
SEIKI KAISHA LTD.) for 3 minutes at 1500 rpm four times
to be formed into a paste. Upon pasting, an increase in
viscosity occurred whenever kneading was repeated. This
was considered to be caused by aggregation of a part of the
copper powder, and it was difficult to uniformly disperse the
copper powder. The electrically conductive paste thus
obtained was printed on glass by using a metal squeegee and
cured for 30 minutes at temperatures of 150° C. and 200° C.
in the air atmosphere, respectively.

[0147] The specific resistance value of the coating film
obtained by curing was measured, as a result, it was 670x
107° Q-cm (curing temperature: 150° C.) and 310x107°
Q-cm (curing temperature: 200° C.), respectively, and the
electrically conductive paste thus obtained had an high
specific resistance value and exhibited poorer electrical
conductivity as compared to the electrically conductive
pastes obtained in Examples.

Comparative Example 2

<Production of Dendritic Copper Powder>

[0148] A solution having a composition in which the
concentration of copper ion was 10 g/I. and the concentra-
tion of sulfuric acid was 150 g/I. was used as the electrolytic
solution. In addition, Safranin O (manufactured by Kanto
Chemical Industry Co., [.td.) as an additive was added to the
electrolytic solution so as to have a concentration of 50 mg/L.
in the electrolytic solution, and a hydrochloric acid solution
(manufactured by Wako Pure Chemical Industries, Ltd.) was
further added thereto so that the concentration of chloride
ion (chlorine ion) in the electrolytic solution was 10 mg/L.
Thereafter, an electric current was applied to the electrolytic
solution having a concentration adjusted as described above
so that the current density of the cathode was 20 A/dm>
while circulating the electrolytic solution at a flow rate of 15
L/min by using a metering pump and the temperature of the
electrolytic solution was maintained at 45° C., thereby
precipitating a copper powder on the cathode plate.

[0149] The results obtained by observing the shape of the
silver-coated copper powder thus obtained through an SEM
in a field of vision at 5,000-times magnification are illus-
trated in FIG. 8. As illustrated in the photograph of FIG. 8,
the shape of the electrolytic copper powder thus obtained
was a dendritic copper powder formed as copper particles
having a granular shape gathered. However, the dendritic
main stem and branch were rounded but did not have a flat
plate shape constituted by one layer or a plurality of over-
lapping multilayer structures as the copper powder obtained
in Examples.

<Production of Dendritic Silver-Coated Copper Powder by
Reduction Method>

[0150] Next, a silver-coated copper powder was fabricated
in the same manner as in Example 1 by using the dendritic
copper powder thus obtained.
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[0151] The dendritic silver-coated copper powder thus
obtained was recovered, and the amount of silver coated was
measured, and as a result, it was 26.5% by mass with respect
to 100% by mass of the entire silver-coated copper powder
coated with silver. In addition, the dendritic silver-coated
copper powder thus obtained was observed through a SEM
in a field of vision at 5,000-times magnification, and as a
result, the dendritic silver-coated copper powder was a
dendritic silver-coated copper powder which had a two-
dimensional or three-dimensional dendritic shape and in
which the surface of the dendritic copper powder before
being coated with silver was uniformly coated with silver
and the dendritic silver-coated copper powder did not have
a flat plate shape constituted by one layer or a layered
structure formed of a plurality of overlapping layers as the
silver-coated copper powders obtained in Examples.
<Formation into Electrically Conductive Paste>

[0152] Next, the dendritic silver-coated copper powder
fabricated by the method described above was formed into
a paste to fabricate an electrically conductive paste.

[0153] In other words, with 40 g of the dendritic silver-
coated copper powder fabricated by the method described
above, 20 g of a phenol resin (PL-2211 manufactured by
Gunei Chemical Industry Co., Ltd.) and 10 g of butyl
cellosolve (KANTO CHEMICAL CO., INC. Cica Special
Grade) were mixed, and the mixture was repeatedly kneaded
by using a small kneader (Non-bubbling Kneader NBK-1
manufactured by NIHONSEIKI KAISHA LTD.) for 3 min-
utes at 1500 rpm four times to be formed into a paste. Upon
pasting, the copper powder was uniformly dispersed in the
resin without aggregating with one another. The electrically
conductive paste thus obtained was printed on glass by using
a metal squeegee and cured for 30 minutes at temperatures
of 150° C. and 200° C. in the air atmosphere, respectively.
[0154] The specific resistance value of the coating film
obtained by curing was measured, and as a result, it was
530x107° Q-cm (curing temperature: 150° C.) and 360x107°
Q-cm (curing temperature: 200° C.), respectively.

Comparative Example 3

[0155] The properties of the electrically conductive paste
with a silver-coated copper powder obtained by coating a flat
plate-shaped copper powder of the prior art with silver were
evaluated and compared to the properties of the electrically
conductive pastes fabricated by using the dendritic silver-
coated copper powders of Examples.

[0156] The flat plate-shaped copper powder was fabri-
cated by mechanically flattening a granular electrolytic
copper powder. Specifically, 5 g of stearic acid was added to
500 g of a granular atomized copper powder (manufactured
by MAKIN METAL POWDERS LTD.) having an average
particle diameter of 7.9 um, and the mixture was subjected
to flattening treatment by a ball mill. The flattening treat-
ment was conducted by putting 5 kg of 3 mm zirconia beads
in the ball mill and rotating the mixture for 60 minutes at a
rotation speed of 500 rpm.

[0157] The flat plate-shaped copper powder thus obtained
was coated with silver by the same method as in Example 1.
The amount of silver coated on the silver-coated copper
powder thus fabricated was 26.4% by mass with respect to
100% by mass of the entire flat plate-shaped silver-coated
copper powder coated with silver. The flat plate-shaped
silver-coated copper powder thus fabricated was subjected
to the measurement using a particle size distribution mea-
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suring instrument by a laser diffraction/scattering method
and, as a result, the average particle diameter (D50) thereof
was 24.1 um, and the copper powder was subjected to the
measurement using a SEM and, as a result, the thickness
thereof was 0.6 um and a smooth and fine convex portion
was not formed on the surface. Moreover, the aspect ratio
(cross sectional average thickness/average particle diameter)
calculated from the cross sectional average thickness and the
average particle diameter was 0.02.

[0158] Next, 20 g of a phenol resin (PL-2211 manufac-
tured by Gunei Chemical Industry Co., Ltd.) and 10 g of
butyl cellosolve (KANTO CHEMICAL CO., INC. Cica
Special Grade) were mixed with 40 g of the flat plate-shaped
silver-coated copper powder thus obtained, and the mixture
was repeatedly kneaded by using a small kneader (Non-
bubbling Kneader NBK-1 manufactured by NITHONSEIKI
KAISHA LTD.) for 3 minutes at 1500 rpm four times to be
formed into a paste. Upon pasting, the copper powder was
uniformly dispersed in the resin without aggregating with
one another. The electrically conductive paste thus obtained
was printed on glass by using a metal squeegee and cured for
30 minutes at temperatures of 150° C. and 200° C. in the air
atmosphere, respectively.

[0159] The specific resistance value of the coating film
obtained by curing was measured, and as a result, it was
59%107% Q-cm (curing temperature: 150° C.) and 10x107°
Q-cm (curing temperature: 200° C.), respectively, and the
electrically conductive paste thus obtained had a higher
specific resistance value and exhibited poorer electrical
conductivity as compared to the electrically conductive
pastes obtained in Examples 1 and 2.

Comparative Example 4

[0160] A silver-coated copper powder in which a flat
plate-shaped copper powder fabricated by mechanically
flattening a granular electrolytic copper powder was coated
with silver was fabricated in the same manner as that used
in Comparative Example 3, and the properties of the elec-
tromagnetic wave shield from the silver-coated copper pow-
der were evaluated and compared to the properties of the
electromagnetic wave shield fabricated by using the den-
dritic silver-coated copper powder of Example to examine
the effect of dendritic shape. Incidentally, the flat plate-
shaped silver-coated copper powder used was coated with
silver by the same method as in Example 1. The amount of
silver coated on the silver-coated copper powder thus fab-
ricated was 26.1% by mass with respect to 100% by mass of
the entire flat plate-shaped silver-coated copper powder
coated with silver.

[0161] 100 g of a vinyl chloride resin and 200 g of methyl
ethyl ketone were mixed with 40 g of this flat plate-shaped
silver-coated copper powder, respectively, and the mixture
was repeatedly kneaded by using a small kneader for 3
minutes at 1500 rpm four times to be formed into a paste.
Upon pasting, the copper powder was uniformly dispersed
in the resin without aggregating. This was applied on a
substrate formed of a transparent polyethylene terephthalate
sheet having a thickness of 100 um by using a Mayer bar and
dried to form an electromagnetic wave shielding layer
having a thickness of 25 pm.

[0162] The electromagnetic wave shielding property was
evaluated by measuring the attenuation factor by using an
electromagnetic wave having a frequency of 1 GHz. The
results thereof are presented in Table 1.



US 2018/0079000 A1l

14

TABLE 1
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Shape

Aspect ratio Properties of

[Cross sectional electrically
Cross sectional Average average thickness/ conductive Properties of
average particle average paste electromagnetic
thickness diameter particle (x10~° Qem) wave shield
[pm] [pm] diameter] 150° C. 200° C. Plane Bending
Example 1 3.4 58.9 0.006 16 2.3 — —
Example 2 1.2 44.6 0.03 28 3.9 — —
Example 3 3.4 58.9 0.006 — — © O
Comparative — 45.3 — 670 310 — —
Example 1
Comparative — 6.7 — 530 360
Example 2
Comparative 0.6 24.1 0.02 59 10 — —
Example 3
Comparative 0.6 24.1 0.02 — — A X
Example 4

EXPLANATION OF REFERENCE NUMERALS

[0163] 1 Copper powder
[0164] 2 Main stem (of copper particle)
[0165] 3, 3a, 3b Branch (of copper particle)

1. A silver-coated copper powder formed as copper par-
ticles having a dendritic shape having a linearly grown main
stem and a plurality of branches separated from the main
stem gather, wherein

a surface of the silver-coated copper powder is coated

with silver,

the silver-coated copper powder has a flat plate shape

having a cross sectional average thickness of the main
stem and the branches of the copper particles of more
than 1.0 um and 5.0 pm or less,

the silver-coated copper powder has a flat plate shape

constituted by one layer or a layered structure formed
of a plurality of overlapping layers and an average
particle diameter (D50) is from 1.0 um to 100 pm.

2. The silver-coated copper powder according to claim 1,
wherein a ratio obtained by dividing a cross sectional
average thickness of the copper particles coated with silver
by an average particle diameter (D50) of the silver-coated
copper powder is in a range of more than 0.01 and 5.0 or
less.

3. The silver-coated copper powder according to claim 1,
wherein an amount of silver coated is from 1% by mass to
50% by mass with respect to 100% by mass of the entire
silver-coated copper powder coated with silver.

4. The silver-coated copper powder according to claim 1,
wherein a bulk density of the silver-coated copper powder is
in a range of from 0.5 g/cm® to 5.0 g/em®.

5. The dendritic silver-coated copper powder according to
claim 1, wherein a BET specific surface area value is from
0.2 m*/g to 3.0 m%/g.

6. A metal filler comprising the silver-coated copper
powder according to claim 1 at a proportion of 20% by mass
or more to the entire metal filler.

7. An electrically conductive paste comprising the metal
filler according to claim 6 mixed with a resin.

8. An electrically conductive coating material for electro-
magnetic wave shielding comprising the metal filler accord-
ing to claim 6.

9. An electrically conductive sheet for electromagnetic
wave shielding comprising the metal filler according to
claim 6.

10. The silver-coated copper powder according to claim 2,
wherein an amount of silver coated is from 1% by mass to
50% by mass with respect to 100% by mass of the entire
silver-coated copper powder coated with silver.

11. The silver-coated copper powder according to claim 2,
wherein a bulk density of the silver-coated copper powder is
in a range of from 0.5 g/cm® to 5.0 g/em’.

12. The silver-coated copper powder according to claim 3,
wherein a bulk density of the silver-coated copper powder is
in a range of from 0.5 g/cm® to 5.0 g/em’.

13. The dendritic silver-coated copper powder according
to claim 2, wherein a BET specific surface area value is from
0.2 m*/g to 3.0 m%/g.

14. The dendritic silver-coated copper powder according
to claim 3, wherein a BET specific surface area value is from
0.2 m*/g to 3.0 m%/g.

15. The dendritic silver-coated copper powder according
to claim 4, wherein a BET specific surface area value is from
0.2 m*/g to 3.0 m%/g.

16. A metal filler comprising the silver-coated copper
powder according to claim 2 at a proportion of 20% by mass
or more to the entire metal filler.

17. A metal filler comprising the silver-coated copper
powder according to claim 3 at a proportion of 20% by mass
or more to the entire metal filler.

18. A metal filler comprising the silver-coated copper
powder according to claim 4 at a proportion of 20% by mass
or more to the entire metal filler.

19. A metal filler comprising the silver-coated copper
powder according to claim 5 at a proportion of 20% by mass
or more to the entire metal filler.

20. An electrically conductive paste comprising the metal
filler according to claim 16 mixed with a resin.
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