PHOSPHORUS-CONTAINING COPPER POWDER AND METHOD FOR

PRODUCING THE SAME

Technical Field
[0001]

The present invention relates to a copper powder containing
phosphorus (hereinafter referred to as a "phosphorus-containing copper

powder") and a method for producing the same.

Description of Related Art
[0002]

Copper powder is used as a material of a contact member of a
conductor circuit or an electrode in a paste form.
[0003]

It is known that phosphorus (P) is contained in the copper powder
(for example, [0015] [0016] of Patent Document 1). These paragraphs of
the patent document 1 describe as follows: the reducibility of phosphorus to
copper oxide is utilized, and as a result, an adhesive layer is formed, having
excellent oxidation resistance, low volume resistivity, and high adhesion
between a semiconductor element and a support member for mounting
semiconductor element. In Patent Document 1, phosphorus-containing
copper alloy particles are formed by a water atomizing method.
[0004]

Incidentally, although there is no description about

phosphorus-containing copper powder, a technique of forming a metal
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powder by the water atomizing method is also disclosed in Patent
Document 2. Paragraph [0016] of Patent Document 2 describes that an
aqueous solution containing an organic acid having a pH of 7 to 11 is used

as a spray water in the water atomizing method.

Prior Art Document

Patent Document

[0005]

[Patent Document 1] Japanese Unexamined Patent Publication No.
2014-77101

[Patent Document 2] Japanese Unexamined Patent Publication No.

1993-195024

Summary of the Invention
Problem to be solved by the Invention
[0006]

The inventors of the present invention investigate a decrease of a
particle size of particles constituting the phosphorus-containing copper
powder. At that time, the inventors of the present invention attempt to
decrease a particle size by increasing a melt temperature and a spray
pressure when the water atomizing method is used. However, when this
method is used, it becomes clear that oxidation resistance is reduced in the
copper pulverized by the spray water, and as a result, oxygen content
(wt.%) of the phosphorus-containing copper powder is increased. When
the oxygen content in the phosphorus-containing copper powder is

increased, volume resistivity rises in a case of using the
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phosphorus-containing copper powder as an electric material.
[0007]

In addition, it is found by the inventors of the present invention that
liquid property of the spray water affects the oxygen content in a
production step of the phosphorus-containing copper powder. Specifically,
when the phosphorus-containing copper powder is prepared by the water
atomizing method, phosphorus in the particles is eluted. It is found that at
that time, when pH of the spray water is low, pH of a slurry is deviated
from a passive state range of copper, corrosion of the particles is
progressed, with a result that oxidation is progressed. It is also found that
the specific surface area of the particles is increased as the particle size
becomes smaller, and therefore the oxidation becomes more remarkable as
the particle size becomes smaller.

Further, when an organic acid is used in the water atomizing method
as in Patent Document 2, there is a problem that carbon content in the
obtained copper powder becomes high, and the volume resistivity is
increased in a conductor circuit formed by preparing the copper powder in a
paste form and applying it on a substrate which is then baked. In Patent
Document 2, no copper powder is produced.

[0008]

An object of the present invention is to provide a
phosphorus-containing copper powder with good volume resistivity and a
small carbon content by suppressing an oxygen content to a relatively low
value even if a particle size is made small, and a method for producing the

same.



Means for solving the Problem
[0009]
As a result of examining the abovementioned problem by the
inventors of the present invention, it is conceived to adopt the following
constitution as a production method.
® Phosphorus-containing copper powder is produced by the water
atomizing method from a molten metal in which phosphorus is added to
a melted copper.

® The spray water used in the water atomizing method is an alkaline
aqueous solution.

[0010]

Patent Document 2 describes as follows: an aqueous solution having
pH of 7 to 11 is used as a spray water (containing an organic acid) in the
water atomizing method in order to enhance an oxidation preventing effect
due to an organic acid. However, the object of the present invention is the
"phosphorus-containing copper powder”. Generally, it is a common
knowledge for those skilled in the art that in order to eliminate an adverse
effect such as resistance increase due to impurities mixed in the particles
from the spray water, the spray water used in the water atomizing method is
pure water.

[0011]

However, the above common knowledge is overridden and the
inventors of the present invention adopt the water atomizing method using
an alkaline aqueous solution as the spray water in the production step of the
phosphorus-containing copper powder. As a result, as shown in the

following constitution, even when the particle size is reduced, it is possible
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to obtain the phosphorus-containing copper powder in which the oxygen
content is kept relatively low and the carbon content is also kept low.
Specifically, the inventors of the present invention pay attention to a point
that elution of phosphorus in the particles occurs during a production step.
Namely, the inventors of the present invention obtain a knowledge that not
only the oxidation resistance of the phosphorus-containing copper powder
itself produced after the production step, but also pH control of the spray
water during production step, is focused. Therefore, there is a motivation
to overturn the common knowledge, and as a result, the present invention is
achieved. By controlling pH of the spray water in using phosphorus, a
deoxidizing effect of phosphorus is maximized and the use of organic acid
is not required. As a result, the oxygen content and the carbon content in
the phosphorus-containing copper powder can be simultaneously reduced.
[0012]

Based on the abovementioned knowledge, the present invention has
several aspects as follows.
[0013]

According to a first aspect of the present invention, there is
provided a phosphorus-containing copper powder containing phosphorus,
wherein

a ratio of an oxygen content (wt.%) to a BET specific surface area
(m? / g) (oxygen content / BET specific surface area) is 0.90 wt.% - g / m?
or less,

a divalent copper compound is present on a surface of particles
constituting the phosphorus-containing copper powder,

a carbon content is 0.10 wt.% or less, and
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D50 is 7.11 pum or less.
[0014]

According to a second aspect of the present invention, there is
provided the phosphorus-containing copper powder of the first aspect,
wherein a content of phosphorus is from 10 to 1000 ppm.

[0015]

According to a third aspect of the present invention, there is
provided the phosphorus-containing copper powder of the first aspect or the
second aspect, wherein a value of oxygen in the phosphorus-containing
copper powder x D50 is 1.40 wt.% - pum or less.

[0016]

According to a fourth aspect of the present invention, there is
provided the phosphorus-containing copper powder of any one of the first
to third aspects, wherein D50 is less than 1.0 um.

[0017]

According to a fifth aspect of the present invention, there is
provided the phosphorus-containing copper powder of any one of the first
to fourth aspects, wherein a ratio of carbon content (wt.%) to the BET
specific surface area (m? / g) of the phosphorus-containing copper powder
(carbon content / BET specific surface area) is 0.03 wt.% - g / m? or less.
[0018]

According to a sixth aspect of the present invention, there is
provided a method for producing a phosphorus-containing copper powder
from a molten metal in which phosphorus has been added to melted copper
by a water atomizing method, wherein a spray water used in the water

atomization method is an alkaline aqueous solution.
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[0019]

According to a seventh aspect of the present invention, there is
provided the method of the sixth aspect, wherein an amount of phosphorus
to be added is such that a content of phosphorus in the molten metal is 10 to
2000 ppm.

[0020]

According to an eighth aspect of the present invention, there is

provided the method of the sixth or seventh aspect, wherein pH of the

alkaline aqueous solution is adjusted to 8 to 12 mainly by an inorganic salt.

Advantage of the Invention
[0021]

According to the present invention, a phosphorus-containing copper
powder with good volume resistivity can be obtained by suppressing an
oxygen content to be low even if a particle size is made small, and with less

carbon content.

Brief Description of the Drawings
[0022]

FIG. 1 is a chart showing a result of a state analysis of copper
obtained by measuring a sample of example 2 by ESCA.

FIG. 2 is a chart showing a result of the state analysis of copper

obtained by measuring a sample of comparative example 1 by ESCA.

Detailed Description of the Invention

[0023]



Embodiments of the present invention will be described hereafter in
the following order.
1. Method for producing phosphorus-containing copper powder
1-1. Copper material melting step
1-2. Phosphorus addition step
1-3. pH adjustment step of adjusting pH of a spray water
1-4. Water atomization step
1-5. Drying step and other steps
2. Phosphorus-containing copper powder
3. Effect of this embodiment
In the present specification, "to" means that it is not less than a
predetermined value and not more than a predetermined value.
[0024]
<1. Method for producing phosphorus-containing copper powder>
1-1. Copper material melting step
In this step, a copper raw material which is a base for preparing a
phosphorus-containing copper powder is melted to form a molten metal.
As the copper raw material, a known material may be used, and for example,
a copper alloy may be melted. As examples of elements other than copper
constituting the alloy, zinc, nickel, manganese, aluminum, silver and tin
can be given. The content of these elements in the copper alloy is usually
1 to 50 wt.%, and preferably 5 to 40 wt.%. Further, there are no particular
restrictions on equipment and various conditions used for melting, and
known equipment and conditions may be used.
[0025]

1-2. Phosphorus addition step



In this step, phosphorus is added to the above molten metal. A
method of addition is not particularly limited. For example, the
phosphorus itself may be added to the molten metal, or an alloy of
phosphorus and copper may be added.

[0026]

An addition amount of phosphorus is preferably determined so that
an content of phosphorus in the molten metal to which phosphorus has been
added is 10 to 2000 ppm. Further, an amount of phosphorus contained in
the phosphorus-containing copper powder is preferably 10 to 1000 ppm
(more preferably 305 to 405 ppm). Even if it is out of the above range, an
effect of the present invention is exhibited, but if it is 10 ppm or more, it
becomes possible to sufficiently exhibit oxidation resistance by containing
phosphorus, and if it is 1000 ppm or less, it is possible to effectively realize
an appropriate volume resistivity when the phosphorus-containing copper
powder is used as an electric material. Particularly, when an addition
amount of phosphorus is set to about 1200 to 1600 ppm (the phosphorus
content in the phosphorus-containing copper powder becomes about 500 to
650 ppm), the oxidation resistance of phosphorus is particularly
satisfactorily exhibited, and it is possible to reduce the oxygen content and
oxygen content / BET specific surface area of the phosphorus-containing
copper powder, which is preferable. Further, when the addition amount of
phosphorus is set to about 850 to 1200 ppm (the phosphorus content in the
phosphorus-containing copper powder becomes about 380 to 550 ppm), it is
also possible to reduce D50 of the obtained phosphorus-containing copper
powder.

[0027]



Further, a temperature of the molten metal in this step is preferably
set to 1700 °C or less. By this setting, it becomes possible to effectively
suppress oxidation of the phosphorus-containing copper powder. On the
other hand, from a viewpoint of decreasing the particle size of the particles
constituting the phosphorus-containing copper powder, the temperature of
the molten metal is preferably high, and is preferably set to 1200 to
1700 °C.

[0028]
1-3. pH adjustment step of adjusting pH of a spray water

In this step, pH of the spray water used in the water atomization
step is adjusted. Specifically, pH is adjusted so that pH is higher than 7
using an alkaline aqueous solution as the spray water. Thus, it becomes
possible to effectively provide oxidation resistance. That is, by making
pH of the spray water alkaline, pH of the slurry is kept in a passive state
range of copper even if phosphorus is eluted, and oxidation of the particles
can be suppressed. As a result, it becomes possible to effectively reduce
the oxygen content in the phosphorus-containing copper powder even when
the particle size is made smaller. Thereby, in the method for producing
phosphorus-containing copper powder of the present invention, it is not
necessary to use an organic acid for suppressing oxidation as in Patent
Document 2. Therefore, in this embodiment, the spray water substantially
free of organic acid (organic acid is 1 mass% or less in the spray water) is
used.

[0029]
pH of the alkaline aqueous solution in this step is preferably in a

range of 8 to 12 (more preferably 8 to 11, 9 to 12, and still more preferably
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9 to 11). If the pH is 8 or more, it becomes possible to more effectively
reduce the abovementioned oxygen content. When pH exceeds 12, the
copper oxide on the surface of the copper powder is ionized and oxidation
is likely to proceed. On the other hand, if pH is 12 or less, it is possible to
effectively prevent the alkaline aqueous solution from affecting the
phosphorus contained in the phosphorus-containing copper powder or
production facilities. Further, in order to reduce D50 of the
phosphorus-containing copper powder, pH of the alkaline aqueous solution
is preferably set as 10 to 12.

[0030]

The alkalinity of the alkaline aqueous solution used as the spray
water is preferably produced mainly by an inorganic salt. Thus, the
carbon content in the phosphorus-containing copper powder can be kept low,
and when the phosphorus-containing copper powder is used as the
conductive material, the volume resistivity can be suppressed to be low.
This is a point that is greatly different from the configuration described in
Patent Document 2. Caustic soda, phosphate, caustic potash, ammonia
water, carbonate and the like, can be given as examples of the inorganic salt.
In addition, here, the meaning " produced mainly" by inorganic salt means
that the inorganic salt is more than 50 mass% among substances which
become alkaline when dissolved in water. Preferably, an alkaline aqueous
solution substantially free from an organic salt (having an organic salt of 1
mass% or less) is used.

[0031]
1-4. Water atomization step

In this step, as described above, the alkaline aqueous solution
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(substantially free from organic acid) is adopted as the spray water, and a
water atomizing method is adopted to prepare the phosphorus-containing
copper powder. As for the water atomizing step, known ones may be
adopted except for the conditions related to the alkaline aqueous solution
and the like. For example, a high pressure water atomizing method of
about 50 to 200 MPa may be adopted. When a spraying pressure is
increased, D50 of the obtained phosphorus-containing copper powder can
be made small.

[0032]

In this step, although explanation is repeated, the inventors of the
present invention overturn the common knowledge that pure water is used
as the spray water in the water atomizing method in order to eliminated an
adverse effect such as increase of resistance due to impurities which are
derived from the spray water, and adopt the water atomizing method using
the alkaline aqueous solution as the spray water, to thereby obtain the
phosphorus-containing copper powder having a relatively low oxygen
content even if the particle size is made small. The reason why such
phosphorus-containing copper powder is obtained is that, the lowering of
pH of the slurry is suppressed by using the alkaline aqueous solution as the
spray water, while paying attention to the elution of the phosphorus in the
particles during the production step. As a result of suppressing the
lowering of pH of the slurry, corrosion of the particles is suppressed, the
deoxidizing effect by phosphorus is exhibited at the maximum, and as
shown in table 1 which shows results of examples described later, oxidation
of the particles can be suppressed even when the particle size is made small.

As a result, it becomes possible to improve the oxidation resistance of the
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phosphorus-containing copper powder. Further, there is no need to
include the organic acid in the spray water, and therefore the carbon content
in the phosphorus-containing copper powder is small and the volume
resistivity is excellent.
[0033]
1-5. Drying and Others
In this step, the phosphorus-containing copper particles formed by
the water atomizing step are subjected to solid-liquid separation, drying,
crush, and classification, to thereby obtain the phosphorus-containing
copper powder. Further, each step necessary for preparing the
phosphorus-containing copper powder may be performed. For example,
nitrogen bubbling may be performed to the phosphorus-containing copper
slurry before drying. Further, each step necessary for preparing a paste
from the phosphorus-containing copper powder may also be performed.
Each condition of <2. Phosphorus-containing copper powder> described
later, refers to the condition after classification.
[0034]
<2. Phosphorus-containing copper powder>
The phosphorus-containing copper powder in this embodiment

produced by the abovementioned step has the following constitution.
® The ratio of oxygen content (wt.%) to BET specific surface area (m?/ g)

(oxygen content / BET specific surface area) is 0.90 wt.% - g / m? or

less.
® Divalent copper compound is present on the surface of the particles

constituting the phosphorus-containing copper powder.

® The carbon content is 0.10 wt.% or less.
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® D50 is 7.11 pum or less.
[0035]

First, the value of oxygen / BET specific surface area of the
phosphorus-containing copper powder in this embodiment is 0.90 wt.% - g/
m? or less. This means that when compared with BET, that is, the BET
specific surface area of the phosphorus-containing copper powder, the
oxygen content is low. The reason for placing the BET specific surface
area in the denominator is as follows. When the particle size of the
particles constituting the phosphorus-containing copper powder is made
small, the surface area per unit mass is naturally increased and the ratio of
the oxygen content attached to the particle surface is increased, and
therefore if merely using the oxygen content as an indicator, it becomes
difficult to distinguish whether the oxygen content is really decreased in
the phosphorus-containing copper powder. Therefore, the BET specific
surface area is placed in the denominator and a value indicating a balance
between the specific surface area and the oxygen content is used as an
index. In the phosphorus-containing copper powder of this embodiment,
which is produced using the abovementioned technique, the oxygen content
corresponding to the BET specific surface area is a predetermined value,
that is, 0.90 wt.% - g / m? or less, preferably 0.70 wt.% - g / m? or less from
a viewpoint of achieving a good volume resistivity, (Regarding the lower
limit, the value of the oxygen content / BET specific surface area is usually
0.30 wt.% - g / m? or more).

[0036]
In addition to the abovementioned definition, in the

phosphorus-containing copper powder of this embodiment, the divalent
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copper compound is present on the surface of the particles constituting the
phosphorus-containing copper powder. As an example of the divalent
copper compound, copper (I1) oxide and copper (I1) carbonate can be given.
Here, whether or not the divalent copper compound is present is judged
based on whether or not a satellite peak (around 945 to 940 eV) of the
divalent copper compound appears in X-ray photoelectron spectroscopic
analysis. Specifically, when satisfying (Peak intensity of satellite peak /
peak intensity of Cu2p peak) > 0.06, it is judged that the divalent copper
compound is present on the particle surface. The peak intensity of the
Cu2p peak mentioned here means a maximum intensity at a peak position.
Also, the peak intensity of the satellite peak is the maximum intensity
between 945 and 940 eV.

[0037]

As described in the abovementioned technique, in this embodiment,
when the phosphorus-containing copper powder is prepared, the alkaline
aqueous solution is adopted as the spray water in the water atomizing
method. As a result, oxidation resistance can be improved. Specifically,
oxidation is suppressed on the surface of each particle constituting the
produced phosphorus-containing copper powder, and even if oxidation
occurs, it stably occurs and stable divalent copper compounds are generated
rather than unstable monovalent copper compounds. Since the divalent
copper compound is present as a very stable passivation film, it inhibits
further oxidation progression.  Thereby, as a result, the oxidation
resistance of each particle and phosphorus-containing copper powder is
improved. Namely, in the phosphorus-containing copper powder of this

embodiment, the presence of the divalent copper compound on the surface
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of the particle means that, oxidation is effectively suppressed on the
surface of each particle constituting the phosphorus-containing copper
powder.

Further, as described above, in this embodiment, there is no need to
use the organic acid in the water atomizing method, and therefore the
carbon content in the phosphorus-containing copper powder is 0.10 wt.% or
less, and the carbon content is very small. Therefore, by using the
phosphorus-containing copper powder of this embodiment, a conductor
having low volume resistivity can be formed. From a viewpoint of such a
low volume resistivity, the carbon content in the phosphorus-containing
copper powder is preferably 0.04 wt.% or less.

[0038]

Further, in addition to the abovementioned definition, D50 of the
phosphorus-containing copper powder in this embodiment (see the item of
the later-described example, for specific examples of how to determine) is
7.11 pm or less. As described above, by adopting the technique of this
embodiment, even if the particle size is made small, the oxygen content can
be suppressed to be low. Therefore, by defining D50 of the
phosphorus-containing copper powder to be as small as 7.11 pm or less in
this embodiment, the abovementioned effect can be remarkably exhibited.
From a viewpoint of this effect, D50 of the phosphorus-containing copper
powder is preferably 0.2 to 5.0 um, and more preferably 0.3 to 4.0 pum.
[0039]

Preferred constitutions of the phosphorus-containing copper powder
of the present invention other than those mentioned above include the

following.
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® The ratio of the carbon content (wt.%) to the BET specific surface area
(m? / g) (carbon content / BET specific surface area) is 0.03 wt.% - g /
m? or less.

® The contained amount of phosphorus is from 10 to 1000 ppm.

® The value of oxygen content (wt.%) x D50 is 1.40 wt.% - um or less.

[0040]

The carbon content / BET specific surface area refers to the content
of carbon when compared with the BET specific surface area, that is, the
phosphorus-containing copper powder, similarly to the oxygen content /
BET specific surface area. When the particle size of the particles
constituting the phosphorus-containing copper powder is made small, the
surface area per unit mass is naturally increased, and the ratio of the carbon
content attached to the particle surface is increased, and therefore the BET
specific surface area is placed in the denominator and a value indicating the
balance between the specific surface area and the carbon content is used as
an indicator. From a viewpoint of good volume resistivity, the carbon
content / BET specific surface area is preferably 0.025 wt.% - g / m? or less,
and more preferably 0.020 wt.% - g / m? or less.

The amount of phosphorus contained in the phosphorus-containing
copper powder, is described in 1-2. The phosphorus adding step.

[0041]

The oxygen content (wt.%) x D50 is a value proportional to
[{(oxygen content) x (particle volume x copper density)} / particle surface
area]. The fact that this value is 1.40 wt.% - pm or less means that the
oxygen content in the phosphorus-containing copper powder is low when

compared with the surface area of the phosphorus-containing copper
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powder. Conventionally, when D50 is set to be small, the oxygen content
(wt.%) is usually increased for the reason mentioned above, and the value
of oxygen content x D50 is hardly decreased. However, by adopting the
technique of this embodiment, increase of the oxygen content can be
suppressed even if D50 is set to be small. In view of the results of the
later-described examples, the range is 1.40 wt.% - pm or less.

[0042]

Further, in this embodiment, it is extremely preferable that D50 is
less than 1.0 um. As far as the inventors of the present invention know,
there is no phosphorus-containing copper powder satisfying not only a
condition that "oxygen content / BET specific surface area value is 0.90
wt.% - g / m® or less" and "divalent copper compound is present on the
surface of the particles constituting the phosphorus-containing copper
powder"”, but also a condition that D50 is less than 1.0 um (nano meter
order). Namely, by adopting the technique of this embodiment, the
oxygen content can be suppressed to be low even in a case of the
phosphorus-containing copper powder with a particle size made small to a
nano meter order, and an extremely good volume resistivity can be expected
when the copper powder of this constitution is used as an electric material.
Further, accordingly, thinning of electrodes and thinning of film thickness
can be achieved.

[0043]

As a constitution other than the above constitution, the ratio of the
divalent copper compound among the copper compounds constituting the
surface of the phosphorus-containing copper powder is preferably 10% or

more. This shows that a stable passive film as described above is formed.
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[0044]
<3. Effect of this embodiment>

This embodiment exhibits the following effects.

In this embodiment, after the alkaline aqueous solution is adopted
as the spray water, the water atomizing method is adopted to prepare the
phosphorus-containing copper powder. Thus, the lowering of pH of the
slurry can be suppressed during the production step and the oxidation of the
particles can be suppressed even when the particle size is made small. As
a result, the oxidation resistance of the phosphorus-containing copper
powder can be improved even when the particle size is made small. As a
result, even if the particle size is made small, by controlling the oxygen
content to be relatively low, the phosphorus-containing copper powder with
good volume resistivity can be obtained. Further, there is no need to add
the organic acid to the spray water in order to reduce the oxygen content,
and therefore the carbon content in the obtained phosphorus-containing
copper powder can also be decreased. As a result, the
phosphorus-containing copper powder with good volume resistivity can be

obtained.

Examples
[0045]

Next, the present invention will be described in detail by showing
examples. Of course, the present invention is not limited to the following
examples.

[0046]

<Example 1>
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In this example, the phosphorus-containing copper powder was
produced using the method for producing the phosphorus-containing copper
powder described in the abovementioned embodiment. Each condition
will be described hereafter, but the content without special mention is as
described in table 1 below.

[0047]
(Copper raw material melting step)

In this step, 15 kg of oxygen-free copper balls were melted, to
thereby prepare a molten metal. The temperature of the molten metal was
set to 1300 °C.

[0048]
(Phosphorus adding step)

In this step, a phosphorus copper goetmetal (phosphorus content
was 15 wt.%) was used and added to the molten metal so that the
phosphorus content in the molten metal was 400 ppm.

[0049]
(pH adjustment step of adjusting pH of the spray water)

In this step, the spray water used in the water atomization step was
prepared. Specifically, the alkaline aqueous solution prepared by adding
25.1 g of caustic soda to 15.8 m® of pure water was provided as the spray
water. pH value of the spray water was 9.6 (numerical value at 15 °C).
[0050]

(Water atomization step)

In this step, water atomization was performed. Each condition

(water pressure etc.) is as follows.

® \Water pressure: 100 MPa
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® Water flow volume: 160 L / min.
[0051]
(Drying and others)

In this step, the slurry obtained in the water atomization step was
dried and crushed after solid-liquid separation, to thereby obtain a fine
powder by air classifire.

[0052]
Then, various evaluations were performed to the obtained
phosphorus-containing copper powder. The results are shown in table 1
below.
Various parameters-were-obtained evaluations were performed using
the following apparatus or technique.
® D50 (um) ... A laser diffraction type particle size distribution measuring
apparatus (HELOS & RODOS (dry dispersion in the free aerosol jet)
manufactured by SYMPATEC Co., Ltd.) was used, to thereby obtain a
cumulative 50% particle size based on volume under a dispersion
pressure of 5 Bar.

® Oxygen content (wt.%) in phosphorus-containing copper powder ... was
measured by O / N meter (EMGA-920, manufactured by Horiba Itd.)

® \Whether the divalent copper compound is present on the surface of the
particles constituting the phosphorus-containing copper powder ... was
determined by an X-ray photoelectron spectroscope (ESCA 5800,
manufactured by ULVAC-PHI) (hereinafter referred to simply as ESCA)

(Measurement condition)

- X-ray source ... Al monochromatic X-ray source

- Output ... 150W
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- Photoelectron take-off angle ... 45 °

- Pass energy ... 23.5 eV

® Content of phosphorus ... it was measured by ICP emission
spectrophotometer (SPS 3520 V, manufactured by Hitachi High-Tech
Science corporation)

® BET specific surface area (m?/ g) ... By using BET specific surface area
measuring device (manufactured by Yuasa lonics Itd., 4 Sorb US),
degassing was performed at 105 ° C for 20 minutes while flowing N,
and it was measured by the BET one-point method while flowing a
mixed gas of N, - He (30 vol% of N,, 70 vol% of He).

® Carbon content (wt.%) in the phosphorus-containing copper powder ... It
was measured by a carbon / sulfur analyzer (EMIA-220V manufactured
by Horiba Itd.).

[0053]

<Example 2>

The fine powder was prepared in the same manner as in example 1

except that the addition amount of caustic soda was set to 126.1 g. Then,

various evaluations similar to those in example 1 were performed.

[0054]

<Example 3>

The fine powder was prepared in the same manner as in example 1

except that the molten metal temperature was set to 1600 °C and the

phosphorus copper metal was added so that the phosphorus content in the

molten metal was 950 ppm, and the addition amount of caustic soda was set

to 316.7 g, and the water pressure was set to 150 Mpa. Then, various

evaluations similar to those in example 1 were performed.
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[0055]
<Example 4>

The fine powder was prepared in the same manner as in example 3
except that phosphorous copper metal was added so that the phosphorus
content in the molten metal was 1400 ppm, and the addition amount of
caustic soda was set to 126.1 g. Then, various evaluations similar to those
in example 1 were performed.
[0056]
<Example 5>

The fine powder was prepared in the same manner as in example 1
except that the phosphorous copper metal was added so that the phosphorus
content in the molten metal was 790 ppm, the addition amount of caustic
soda was set to 100.3 g, and the water pressure was set to 65 MPa. Then,
various evaluations similar to those in example 1 were performed.
[0057]
<Example 6>

The fine powder was prepared in the same manner as in example 3
except that the phosphorous copper metal was added so that the phosphorus
content in the molten metal was 1800 ppm. Then, various evaluations
similar to those in example 1 were performed.
[0058]
<Example 7>

The fine powder was prepared in the same manner as in example 2
except that the phosphorous copper metal was added so that the phosphorus
content in the molten metal was 300 ppm, and the water pressure was set to

150 MPa. Then, various evaluations similar to those in example 1 were
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performed.
[0059]
<Example 8>

The fine powder was prepared in the same manner as in example 5
except that the addition amount of caustic soda was set to 631.5 g and the
water pressure was set to 150 MPa. Then, various evaluations similar to
those in example 1 were performed.
[0060]
<Comparative example 1>

In this comparative example, the fine powder was prepared in the
same manner as in comparative example 1 except that the temperature of
the molten metal was set to 1200 °C, phosphorus was not added to the
molten metal, pure water was used as the spray water, and water
atomization was performed under conditions of a water pressure of 150
MPa and a water amount of 160 L / min. Then, various evaluations similar
to those in example 1 were performed.
[0061]
<Comparative example 2>

In this comparative example, the fine powder was prepared in the
same manner as in comparative example 1 except that the temperature of
the molten metal was set to 1300 °C and the phosphorus copper metal was
added so that the phosphorus content in the molten metal was 300 ppm.
Then, various evaluations similar to those in example 1 were performed.
[0062]
<Comparative example 3>

In this comparative example, the fine powder was prepared in the
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same manner as in comparative example 1 except that the temperature of
the molten metal was set to 1300 °C, and the addition amount of caustic
soda was changed to 126.1 g. Then, various evaluations similar to those
in example 1 were performed.
[0063]
<Comparative example 4>

In this comparative example, the fine powder was prepared in the
same manner as in comparative example 1 except that the water pressure
was set to 100 MPa. Then, various evaluations similar to those in example
1 were performed.
[0064]
<Result>

The following table 1 shows the results of the abovementioned
examples and comparative examples.

[Table 1]
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As seen from table 1, each example satisfies the following conditions:

® Oxygen content (wt.%) / BET specific surface area value is 0.90 wt.% -
g/ m? or less.

® Carbon content (wt.%) is 0.10 wt.% or less.

® Carbon content (wt.%) / BET specific surface area value is 0.03 wt.% - g
/ m? or less.

® The value of oxygen content (wt.%) x D50 is 1.40 wt.% - pm or less.

® Divalent copper compound is present on the surface of the particles
constituting the phosphorus-containing copper powder.

® D50 is 7.11 um or less. On the other hand, there is no comparative
example that satisfies all of the above conditions.

[0065]

Whether or not the divalent copper compound was present on the
surface of the particles constituting the phosphorus-containing copper
powder, was examined by ESCA. Specific results obtained at that time are
shown in FIG. 1 and FIG. 2. FIG. 1 is a chart showing a result of state
analysis of copper obtained by measuring a sample of example 2, using
ESCA. FIG. 2 is a chart showing the result of state analysis of copper
obtained by measuring a sample of comparative example 1, using ESCA.

There is a satellite peak indicating the presence of the divalent
copper compound in example 2 as shown in FIG. 1, and meanwhile there is
no peak showing the presence of the divalent copper compound in
comparative example 1 as shown in FIG. 2.

[0066]
As a result of the above, this example shows the

phosphorus-containing copper powder in which the oxygen content is
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suppressed to be relatively low even when the particle size is made small,
as compared with this comparative example. Therefore, when the
phosphorus-containing copper powder of this example is used as an electric

material, good volume resistivity and adhesion can be expected.
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CLAIMS

1. A phosphorus-containing copper powder containing phosphorus,
wherein

a ratio of an oxygen content (wt.%) to a BET specific surface area
(m? / g) (oxygen content / BET specific surface area) is 0.90 wt.% - g / m?
or less,

a divalent copper compound is present on a surface of particles
constituting the phosphorus-containing copper powder,

a carbon content is 0.10 wt.% or less, and

D50 is 7.11 pm or less.

2. The phosphorus-containing copper powder according to claim 1,

wherein a content of phosphorus is from 10 to 1000 ppm.

3. The phosphorus-containing copper powder according to claim 1
or 2, wherein a value of oxygen in the phosphorus-containing copper

powder x D50 is 1.40 wt.% - pm or less.

4. The phosphorus-containing copper powder according to any one

of claims 1 to 3, wherein D50 is less than 1.0 pm.

5. The phosphorus-containing copper powder according to any one
of claims 1 to 4, wherein a ratio of carbon content (wt.%) to the BET
specific surface area (m? / g) of the phosphorus-containing copper powder

(carbon content / BET specific surface area) is 0.03 wt.% - g / m? or less.
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6. A method for producing a phosphorus-containing copper powder
from a molten metal in which phosphorus has been added to melted copper
by a water atomizing method, wherein a spray water used in the water

atomization method is an alkaline aqueous solution.

7. The method for producing a phosphorus-containing copper
powder according to claim 6, wherein an amount of phosphorus to be added

Is such that a content of phosphorus in the molten metal is 10 to 2000 ppm.

8. The method for producing a phosphorus-containing copper

powder according to claim 6 or 7, wherein pH of the alkaline aqueous

solution is adjusted to 8 to 12 mainly by an inorganic salt.
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