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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present in vention generally relates to a composite plated product and a method for producing the same.
More specifically, the invention relates to a composite plated product which is used as a material of sliding contact parts
such as switches and connectors.

Description of the Prior Art

[0002] Conventionally, as materials of sliding contact parts such as switches and connectors, there are used silver-
plated products wherein a conductive material such as copper or a copper alloy is plated with silver in order to prevent
oxidation of the conductive material due to heat in sliding processes.
[0003] However, there is a problem in that silver coatings are easily stripped by sliding since they are soft and easily
wear and since they generally have a high coefficient of friction. In order to solve this problem, there is proposed a
method for electroplating a conductive material with a composite material wherein graphite particles of carbon particles,
such as graphite and carbon black particles, having good heat resistance, wear resistance and lubricity, are dispersed
in a silver matrix, in order to improve the wear resistance of the conductive material (see, e.g., Japanese Patent Laid-
Open No. 9-7445). There is also proposed a method for producing a silver coating, which contains graphite particles,
by means of a plating bath to which a wetting agent suitable for the dispersion of graphite particles is added (see, e.g.,
Japanese Patent Unexamined Publication No. 5-505853 (National Publication of Translated Version of
PCT/DE91/00241)). Moreover, there is proposed a method for coating carbon particles with a metal oxide or the like by
the sol-gel method to enhance the dispersibility of the carbon particles in a composite plating bath of silver and the
carbon particles to increase the quantity of carbon particles in a composite coating (see, e.g., Japanese Patent Laid-
Open No. 3-253598).
[0004] However, in the methods disclosed in Japanese Patent Laid-Open No. 9-7445 and Japanese Patent Unexam-
ined Publication No. 5-505853, since it is required to add a dispersing agent or wetting agent for dispersing carbon
particles in a silver plating bath, there are some cases where a surface active agent used as the dispersing agent or the
like is absorbed onto the surface of carbon particles as well as the surface of a coating, so that the dispersing agent or
the like has a bad influence on the formation of the coating. In the method disclosed in Japanese Patent Laid-Open No.
3-253598, no dispersing agent is used. However, usable plating solutions are limited in accordance with the material of
a coating such as a metal oxide. For example, cyanide containing plating solutions and strong acid plating solutions
cannot be used.
[0005] Document GB 1534429 A teaches the electrolytic deposition of silver-graphite dispersion coatings, wherein a
cyanide-containing silver plating electrolyte is used.
[0006] Composite plated products produced by the methods disclosed in Japanese Patent Laid-Open No. 9-7445,
Japanese Patent Unexamined Publication No. 5-505853 and Japanese Patent Laid-Open No. 3-253598 have a relatively
high coefficient of friction, so that there is a problem in that the composite plated products cannot be used as the materials
of long-life contacts and terminals. Therefore, it is desired to provide a composite plated product which has a larger
content of carbon and a larger quantity of carbon particles on the surface thereof than those of the composite plated
products produced by the conventional methods and which has a better wear resistance than that of the composite
plated products produced by the conventional methods.

SUMMARY OF THE INVENTION

[0007] It is therefore an object of the present invention to eliminate the aforementioned problems and to provide a
composite plated product which has a large content of carbon and a large quantity of carbon particles on the surface
thereof and which has an excellent wear resistance, and a method for producing the same by sufficiently dispersing
carbon particles in a silver plating solution without using any additives such as dispersing agents and without coating
the surface of carbon particles.
[0008] In order to accomplish the aforementioned and other objects, the inventors have diligently studied and found
that it is possible to produce a composite plated product which has a large content of carbon and a large quantity of
carbon particles on the surface thereof and which has an excellent wear resistance, by electroplating a substrate serving
as a rawmaterial with a composite material of silver and carbon particles in a silver plating solution in which carbon
particles treated by an oxidation treatment are dispersed. Thus, the inventors have made the present invention.
[0009] According one aspect of the present invention, according to one aspect of the present invention, there is provided
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a method for producing a composite plated product, the method comprising the steps of: treating carbon particles by an
oxidation treatment; adding the treated carbon particles to a silver plating solution; and electroplating a substrate in the
silver plating solution containing the treated carbon particles, to form a coating of a composite material, which contains
the treated carbon particles in a silver layer, on the substrate. In this method for producing a composite plated product,
the oxidation treatment is preferably a wet oxidation treatment which is preferably a process for adding an oxidizing
agent to water in which carbon particles are suspended. The oxidizing agent may be selected from the group consisting
of nitric acid, hydrogen peroxide, potassium permanganate, potassium persulfate, sodium persulfate and sodium per-
chlorate. The silver plating solution may be a cyanide containing silver plating solution. The carbon particles may be
scale-shaped graphite particles having a thickness of 0.1 to 1.0 mm, preferably 0.1 to 0.5 mm, and a mean particle
diameter of 1 to 10 mm, preferably 3 to 8 mm.
[0010] According to another aspect, a composite plated product comprises: a substrate; and a coating of a composite
material containing carbon particles in a silver layer, the coating being formed on the substrate, wherein the content by
weight of carbon in the coating is 0.7 wt% or more, preferably 1.3 wt% or more. In this composite plated product, the
quantity of the carbon particles on a surface of the coating is preferably 10 area% or more, and more preferably 20
area% or more. The coating preferably has a thickness of 3 to 7 mm.
[0011] According to a further aspect, an electric contact comprises: a stationary contact; and a movable contact for
sliding on the stationary contact, wherein at least a part of at least one of the stationary and movable contacts contacting
the other contact is made of the above described composite plated product.
[0012] Throughout the specification, the terms "thickness" and "particle diameter" of carbon particles mean the thick-
ness and diameter of carbon particles assuming that each of the carbon particles has a disk shape.
[0013] According to the present invention, it is possible to sufficiently disperse carbon particles in a silver plating
solution without using any additives such as dispersing agents and without coating the surface of carbon particles, so
that it is possible to produce a composite plated product which has a large content of carbon and a large quantity of
carbon particles on the surface thereof and which has an excellent wear resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be understood more fully from the detailed description given herebelow and from the
accompanying drawings of the preferred embodiments of the invention. However, the drawings are not intended to imply
limitation of the invention to a specific embodiment, but are for explanation and understanding only.
[0015] In the drawings:

FIG. 1 is a flow chart showing a process for carrying out an oxidation treatment for carbon particles in a preferred
embodiment of a method for producing a composite plated product according to the present invention;
FIG. 2 is a schematic diagram for explaining an electric contact using a composite plated product according to the
present invention;
FIG. 3 is a graph showing the results of the analysis of gases generated at 300 °C from carbon particles before an
oxidation treatment; and
FIG. 4 is a graph showing the results of the analysis of gases generated at 300 °C from carbon particles after an
oxidation treatment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] In a preferred embodiment of a method for producing a composite plated product according to the present
invention, a coating of a composite material, which comprises a silver layer and carbon particles dispersed therein, is
formed on a conductive material by electroplating the conductive material in a silver plating solution to which carbon
particles treated by an oxidation treatment are added. If carbon particles are added to a silver plating solution to be
suspended therein without using any dispersing agents, it is not possible to incorporate the carbon particles into a coating.
However, if an oxidation treatment for carbon particles is carried out before adding the carbon particles to a silver plating
solution as this preferred embodiment, it is possible to improve the dispersibility of the carbon particles without using
any dispersing agents.
[0017] In the preferred embodiment of a method for producing a composite plated product according to the present
invention, lipophilic organic substances absorbed onto the surface of carbon particles are removed by the oxidation
treatment before the carbon particles are added to a silver plating solution. Such lipophilic organic substances include
aliphatic hydrocarbons, such as alkanes (e.g., nonane, decane) and alkenes (e.g., methylheptene), and aromatichydro-
carbons, suchasalkylbenzene (e.g., xylene) .
[0018] As the oxidation treatment for carbon particles, a wet oxidation treatment, a dry oxidation treatment using
oxygen gas or the like may be used. In view of mass production, a wet oxidation treatment is preferably used. If a wet
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oxidation treatment is used, it is possible to uniformly treat carbon particles having a large surface area.
[0019] As the wet oxidation treatment, there may be used a method for suspending carbon particles in an aqueous
solution containing a conductive salt to put therein platinum electrodes or the like as a cathode and anode to carry out
electrolysis, and a method for suspending carbon particles in water to add an optimum quantity of oxidizing agent thereto.
In view of productivity, the latter is preferably used, and the quantity of carbon particles added to water is preferably in
the range of from 1 wt% to 20 wt%. The oxidizing agent may be nitric acid, hydrogen peroxide, potassium permanganate,
potassium persulfate, sodium persulfate, sodium perchlorate or the like. It is considered that the lipophilic organic sub-
stances adhering to carbon particles are oxidized by the added oxidizing agent so as to be soluble in water to be suitably
removed from the surface of the carbon particles. If the carbon particles treated by the wet oxidation treatment are filtered
and washed as shown in FIG. 1, it is possible to further enhance the function of removing the lipophilic organic substances
from the surface of the carbon particles.
[0020] The lipophilic organic substances, such as aliphatic and aromatic hydrocarbons, can be thus removed from
the surface of the carbon particles by the above described oxidation treatment. According to analysis based on gases
heatedat 300 °C, gases generated by heating carbon particles to 300 °C after the oxidation treatment hardly contain
lipophilic aliphatic hydrocarbons such as alkanes and alkens, and lipophilic aromatic hydrocarbons such as alkylben-
zenes. Even if the carbon particles after the oxidation treatment slightly contain aliphatic and aromatic hydrocarbons,
the carbon particles can be dispersed in a silver plating solution. However, the carbon particles do not preferably contain
hydrocarbons having a molecular weight of 160 or more, and the intensity (the intensity in purge and gas chromatography
and mass spectroscopy) of gases generated at 300 °C from hydrocarbons having a molecular weight of less than 160
in the carbon particles is preferably 5,000,000 or less. It is considered that, if the carbon particles contain hydrocarbons
having a large molecular weight, the surfaceof eachof the carbon particles is coated with strong lipophilic hydrocarbons,
and the hydrocarbons are coagulated in the silver plating solution which is an aqueous solution, so that the carbon
particles do not form a coating of a composite material.
[0021] When carbon particles, from which aliphatic and aromatic hydrocarbons are removed by the above described
oxidation treatment, are suspended in the silver plating solution to carry out electroplating, a cyanide containing silver
plating solution is preferably used as the silver plating solution. In the conventional methods, it is required to adda surface
active agent to a cyanide containing silver solution if such a plating solution is used. However, in a preferred embodiment
of a method for producing a composite plated product according to the present invention, it is not required to add any
surface active agents to the silver plating solution, since it is possible to obtain a composite plating solution wherein
carbon particles are uniformly dispersed in the silver plating solution even if no surface active agent is added thereto.
[0022] If a cyanide containing silver plating solution is used, it is possible to obtain a composite coating which has a
large content of carbon and a large quantity of carbon particles on the surface thereof. It is considered that the reason
why the content of carbon in the coating is increased is that carbon particles are easily incorporated into a silver matrix
since the silver plating solution does not contain any surface active agents to prevent the surface active agents from
being absorbed onto the growth surface of a silver plating crystal when the crystal grows. It is also considered that the
reason why the quantity of carbon particles on the surface of the coating is increased is that it is difficult for the carbon
particles to be removed from the surface of the coating (similar to the cleaning function of detergent) during washing
after plating, since the silver plating solution does not contain any surface active agents.
[0023] If carbon particles treated by the oxidation treatment are thus added to a silver plating solution, it is possible
to sufficiently disperse the carbon particles in the silver plating solution without using any additives such as dispersing
agents and without coating the surface of the carbon particles. In addition, if such a silver plating solution is used for
carrying out electroplating, it is possible to produce a composite plated product, wherein a coating of a composite material
having the carbon particles dispersed in a silver layer is formed on a substrate serving as a raw material, which has a
large content of carbon and a large quantity of carbon particles on the surface thereof and which has an excellent wear
resistance.
[0024] Furthermore, the wear resistance of the composite plated product is improved as the content of carbon in the
coating is increased. In a composite plated product produced by the preferred embodiment of a method for producing
a composite plated product according to the present invention, the content by weight of carbon in the coating can be
0.7 wt% or more, preferably 1. 3 wt% or more, and the quantity of carbon particles on the surface of the coating can be
10 area% or more, preferably 20 area% or more, so that it is possible to obtain a composite plated product having an
excellent wear resistance.
[0025] In an electric contact comprising a stationary contact 10 and a movable contact 12 which is slidable on the
stationary contact 10 in directions shown by arrow A in FIG. 2, if at least one of the stationary contact 10 and the movable
contact 12 is formed of a composite plated product according to the present invention, the electric contact can have an
excellent wear resistance. In this case, only a part of one of the stationary contact 10 and the movable contact 12
contacting the other contact may be formed of a composite plate product according to the present invention.
[0026] Examples of a composite plated product and a method for producing the same according to the present invention
will be described below in detail.
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Examples 1 through 8

[0027] As shown in Table 1, scale-shaped (or flake-shaped) and soil-grain-shaped graphite particles having a thickness
of 0.1 to 0.5 mm and a mean particle diameter of 3 to 8 mm were prepared as carbon particles. In the examples and
comparative examples, the thickness of the carbon particle was measured by observing a scanning electron microphoto-
graph (SEM photograph). The mean particle diameter of the carbon particles was obtained as follows. First, 0.5g of
carbon particles were dispersed in 50g of a solution containing 0.2 wt% of sodium hexametaphosphate, and further
dispersed by ultrasonic waves. Then, particle diameters of the carbon particles in a distribution based on volume were
measured by means of a laser light scattering particle-size distribution measuring device,and a particle diameter at 50
% in a cumulative distribution was assumed as the mean particle diameter.
[0028] Then, the graphite particles were put into pure water to carry out a wet oxidation treatment using potassium
persulfate as an oxidizing agent.
[0029] Then, the graphite particles thus treated were added to an alkaline cyanide containing silver plating solution
comprising 100 g/l of potassium silver cyanide, 120 g/l of potassium cyanide and 4 mg/l of potassium selenocyanate
serving as a brightening agent.
[0030] Then, a copper plate serving as a raw material was electroplated in the above described silver plating solution
at a temperature of 25 °C and at a current density of 1 or 6 A/dm2 to produce a composite plated product wherein a
composite coating of silver and graphite particles having a thickness of 5 mm was formed on the copper plate.
[0031] Samples were cut out of the composite plated product (containing the raw material) to be prepared for analyses
of Ag and C, respectively. The content by weight (X wt%) of Ag in the sample was obtained by the plasma spectroscopic
analysis by means of an ICP device (IRIS/AR produced by Jarrell Ash Corporation), and the content by weight (Y wt%)
of C in the sample was obtained by the infrared analysis by means of a carbon/sulfur microanalyzer (EMIA-U510 produced
by HORIBA, Ltd.). Then, the content by weight of C in the coating was calculated as Y/(X+Y). As a result, the content
by weight of C in the coating was in the range of from 0.7 to 2.1 % by weight (7.1 to 10.5 % by volume). In addition, a
cross section of the coating was observed by means of a scanning electron microscope (SEM). As a result, it was
confirmed that the coating was formed of a composite material containing graphite particles in a silver layer.
[0032] One of two composite plated products thus obtained was intended to be used as an indenter, and the other
composite plated product was used as an evaluating sample, so that the wear resistance of the composite plated product
was evaluated by carrying out an abrasion test for confirming the wearing state of the composite plated product by
continuing the reciprocating sliding movement (sliding distance: 14 mm, sliding speed: 2 Hz) of the indenter while pushing
the indenter against the evaluating sample at a constant load (100g) until the raw material was exposed. As a result, in
Examples 1 through 8, the raw material was not exposed after the reciprocating sliding movement was repeated 20,000
times or more. Particularly in Examples 1, 3, 5 and 7, the raw material was not exposed after the reciprocating sliding
movement was repeated 150,000 times ormore, so that it was found that the composite plate product had an excellent
wear resistance.

Comparative Examples 1 through 6

[0033] A copper plate serving as a raw material was plated with silver by the same method as that in Examples 1
through 8, except that the oxidation treatment was not carried out, and the measurement of the content by weight of
graphite particles in a coating and the evaluation of the wear resistance thereof were carried out. As a result, it was
found that the coating contained no graphite particle so as not form a composite material containing graphite particles
in a silver layer. In addition, it was found that the raw material was exposed after the reciprocating sliding movement
was repeated below 1,000 times and that the wear resistance was bad.
[0034] The results in Examples 1 through 8 and Comparative Examples 1 through 6 are shown in Table 1.

Table 1
C Particles for Raw Material Plating

Shape
Mean Diameter 

(mm)
Oxi-da-

tion
Suspended 
Carbon (g/l)

Current 
Density 
(A/dm2)

Content of C 
(wt%)

Wear Resistance 
(times)

Ex.1 scale 3.4 X 80 1 1.8 over 100,000
Ex.2 scale 3.4 X 80 6 1.5 over 50,000
Ex.3 scale 5.8 X 80 1 1.7 over 150,000

Ex.4 scale 5.8 X 80 6 1.3 over 50,000
Ex.5 scale 5.8 X 120 1 2.1 over 150,000



EP 1 609 888 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0035] As can be seen from Table 1, in Comparative Examples 1 through 6 wherein the oxidation treatment is not
carried out, the raw material is exposed after the reciprocating sliding movement is repeated below 1,000 times, whereas
in Examples 1 through 8 wherein the oxidation treatment is carried out, the raw material is not exposed after the recip-
rocating sliding movement is repeated over 20,000 times, and particularly in Examples 1, 3, 5 and 7, the raw material
is not exposed after the reciprocating sliding movement is repeated over 150, 000 times, so that the wear resistance is
excellent. Thus, since the composite plated product in Examples 1 through 8 has a good wear resistance, it is not required
to apply grease on a contact portion of a sliding contact part when the composite plated product is used as the material
of the sliding contact part, so that it is possible to solve problems, such as the deterioration in function due to the
deterioration of the grease.

Examples 9 through 11

[0036] First, scale-shaped graphite particles (carbon SN-5 produced by SEC Corporation) having a mean particle
diameter of 5 mm were prepared as carbon particles, and potassium persulfate was prepared as an oxidizing agent.
Then, 6 wt% of graphite particles were added to 3L of pure water, and this mixed solution was heated to 50 °C while
being stirred. Then, 1.2L of a solution containing 0.1 mol/l of potassium persulfate was gradually dropped to the mixed
solution, and then, stirred for two hours to carry out an oxidation treatment. Thereafter, filtration was carried out by means
of a filter paper, and washing was carried out.
[0037] With respect to carbon particles before and after the oxidation treatment, gases generated at 300 °C were
analyzed by means of a purge and gas chromatography and mass spectrometer (Japan Analysis Industry JHS-100)
(GCMAS QP-5050A produced by Shimadzu Corp.) on conditions of purge and trap shown in Table 2 and on conditions
of CGMS analysis shown in Table 3. The results are shown in Table 4, and the results of the analyses of carbon particles
before and after the oxidation treatment are shown in FIGS. 3 and 4, respectively. As can be seen from Table 4 and
FIGS. 3 and 4, lipophilic aliphatic hydrocarbons, such as nonane, decane and 3-methyl-2-hepten, and lipophilic aromatic
hydrocarbons, such as xylene, were removed from the carbon particles by the above described oxidation treatment.

(continued)

C Particles for Raw Material Plating

Shape
Mean Diameter 

(mm)
Oxi-da-

tion
Suspended 
Carbon (g/l)

Current 
Density 
(A/dm2)

Content of C 
(wt%)

Wear Resistance 
(times)

Ex.6 scale 5.8 X 120 6 0.7 over 20,000
Ex.7 scale 8.3 X 80 1 1.5 over 150,000
Ex.8 soil 4.0 X 80 1 1.3 over 50,000

Comp. 
1

scale 3.4 - 80 1 - Below 1,000

Comp. 
2

scale 3.4 - 80 6 - below 1,000

Comp. 
3

scale 5.8 - 80 1 - below 1,000

Comp. 
4

scale 5.8 - 80 6 - below 1,000

Comp. 
5

soil 4.0 - 80 1 - below 1,000

Comp. 
6

soil 4.0 - 80 6 - below 1,000

Table 2
conditions of purge and trap

purge temp. 300°C
purge time 20 min.
trap temp. -60°C

absorbent glass wool
thermal desorption temp. 358°C
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(continued)

conditions of purge and trap

thermal desorption time 25 sec.
amount of sample 200 mg

Table 3

conditions of GCMS analysis

column DB-5ms 0.25 mm I.D. x 30m

column temp. 40°C (3 min.) →10°C/min. →300°C
inlet temp. 300°C
carrier He 100kPa
injecting method split (1:30)
ionizing method EI
detector gain 1.70 kV

interface temp. 250°C
mass range 20-900 m/z

Table 4
Peak Intensity

Kind Material Name Molecular Weight Before Oxidation After Oxidation

alkene

buten 56.11 3144919 4607692
3-methyl-3-heptene 112.21 3784837
3-ethyl-3-hexene 112.21 8545655

3-methyl-2-heptene 112.21 6635173
A
L

alkane

nonane 128.26 7517631
n-decane 142.28 33201250 2247064
n-undecane 156.31 34487440 1960814
n-dodecane 170.33 25659890

n-tridecane 184.36 21593880
n-tetradecane 198.39 20702350
n-pentadecane 212.42 7383416
n-hexadecane 226.44 7460682
2-methyldecane 240.47 6486639

benzene

benzene 78.11 6774720 2834457
toluene 92.14 15352830 4401590
ethylbenzene 106.17 4157454
p-xylene 106.17 7788405 1021066
m-xylene 106.17 5125236
o-xylene 106.17 7625775

A trimethyl benzene 120.19 17572940
R methylbenzene 120.19 6787947

styrene 104.15 7625775

naphtha-lene
naphthalene 128.17 6481065
C8H16 112.21 4510563

aromatic hydrocarbons of C10H14 134.22 7537705
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[0038] Then, 40g/l (Example 9), 80 g/l (Example 10) and 120 g/l (Example 11) of carbon particles treated by the above
described oxidation treatment were added to a cyanide containing silver plating solution comprising 100 g/l of potassium
silver cyanide, 120 g/l of potassium cyanide and 4 mg/l of potassium selenocyanate to be dispersed and suspended
therein to prepare composite plating solutions of silver and carbon particles, respectively. Eachof these composite plating
solutions is used for electroplating a copper plate serving as a raw material at a temperature of 25 °C and at a current
density of 1 A/dm2 to produce a composite plated product wherein a composite coating of silver and carbon particles
having a thickness of 5 mm was formed on the copper plate.
[0039] With respect to the composite plated products thus obtained, the content by weight of carbon in the coating
was calculated by the same method as that in Examples 1 through 8. As a result, the content by weight of carbon in the
coating was 1.5 wt% in Example 9, 2.2 wt% in Example 10, and 2.0 wt% in Example 11.
[0040] The surface of a test piece cut out of each of the composite plated products was observed, and the quantity
(% by area) of carbon particles on the surface of the coating was calculated as follows. First, an image of the surface
of the test piece was taken as a super depth image at an objective lens power of 100 by means of a super depth shape
microscope (VK-8500 produced by KEYENCE CORPORATION). Then, an image analyzing application (SCION IMAGE
produced by SCION CORPORATION) was used on a personal computer for incorporating the image as a monochrome
to indicate the contrast of the image as binary digits, so that the portions of silver were separated from the portions of
carbon particles. Then, the quantity of carbon particles on the surface of the coating was calculated as a ratio Y/X of the
number (Y) of pixels of the portions of carbon particles to the number (X) of pixels of the whole image. As a result, the
quantity of carbon particles on the surface of the coating was 28 area% in Example 9, 32 area% in Example 10, and 30
area% a in Example 11.
[0041] Then, a cyanide containing silver plating solution comprising 100 g/l of potassium silver cyanide and 120 g/l of
potassium cyanide was used as a plating solution for producing a silver-plated product wherein a silver coating having
a thickness of 5 mm was formed on a copper plate having a thickness of 0.3 mm. Then, the coefficient of friction between
the test piece cut out of the composite plated product and the silver-plated product thus produced was obtained. This
coefficient of friction (m) was calculated as follows. First, the test piece cut out of the composite plated product was
indented (R=3mm) to be used as a convex indenter, and the plate-shaped silver-plated product was used as an evaluating
sample on the base side. A load cell was used for sliding the indenter on the evaluating sample at a moving speed of
60 mm/min while pushing the indenter against the evaluating sample at a load of 3 N, and a force (F) applied in horizontal
directions was measured. Then, the coefficient of friction was calculated from m = F/N. As a result, the coefficient of
friction was 0.26 in Example 9, 0.34 in Example 10, and 0.32 in Example 11.

Examples 12 and 13

[0042] Composite plated products of silver and carbon particles were produced by the same method as that in Example
10, except that scale-shaped graphite particles (Carbon SGP-3 and SGP-8 produced by SEC Corporation) having mean
particle sizes of 3 mm (Example 12) and 8 mm (Example 13) were used as carbon particles, respectively. With respect
to the composite plated products thus produced, the content by weight of carbon in the coating, the quantity of carbon
particle on the surface of the coating, and the coefficient of friction of the composite plated product were obtained. As
a result, in Examples 12 and 13, the content by weight of carbon in the coating was 1.8 wt% and 1.7 wt%, the quantity
of carbon particles on the surface of the coating was 30 area% and 27 area%, and the coefficient of friction of the
composite plated product was 0.30 and 0.31, respectively.

(continued)

Peak Intensity
Kind Material Name Molecular Weight Before Oxidation After Oxidation

O ketone acetaldehyde 44.05 3144919 4607692
acetone 58.08 6291980 7838290

R sulfur dioxide 3924202
air (N2, CO2, O2) 2526328 2857783

AL: aliphatic hydrocarbons
AR: aromatic hydrocarbons
O: containing oxygen
R: others
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Comparative Example 7

[0043] A silver-plated product was produced by the same method as that in Example 10, except that the oxidation
treatment was not carried out. With respect to the silver-plated product thus produced, the content by weight of carbon
in the coating, the quantity of carbon particles on the surf ace of the coating, and the coefficient of friction of the silver-
plated product were obtained. As a result, the content by weight of carbon in the coating was 0 wt%, and the quantity
of carbon particles on the surface of the coating was 0 area%, so that carbon particles did not form a composite material.
In addition, the coefficient of friction of the silver-plated product was 1.23 which was far higher than that in Examples 9
through 13.
[0044] Furthermore, as can be seen from the results of the analysis of gases generated at 300 °C as shown in Table
4 and FIG. 3, if the oxidation treatment is not carried out as this comparative example, a large number of peaks exhibiting
lipophilic aliphatic and aromatic hydrocarbons appear so that lipophilic aliphatic and aromatic hydrocarbons adhere to
graphite particles. In addition, if graphite particles were not treated by the oxidation treatment as this comparative
example, the graphite particles were coagulated in the plating solution, so that it was not possible to uniformly suspend
the graphite particles therein.

Comparative Example 8

[0045] A composite plated product was produced by the same method as that in Comparative Example 7, except that
5 ml/l of sodium lauryl sulfate having the function of highly dispersing carbon particles was added to a plating solution
as a surface active agent. With respect to the composite platedproduct thus produced, the content by weight of carbon
in the coating, the quantity of carbon particles on the surface of the coating, and the coefficient of friction of the composite
platedproduct were obtained. As a result, the content by weight of carbon in the coating, and the quantity of carbon
particles on the surface of the coating were 1.1 wt% and 5 area%, respectively, which were far smaller than those in
Examples 9 through 13. In addition, the coefficient of friction of the composite plated product was 0.50 which was higher
than that in Examples 9 through 13.
[0046] The results in Examples 9 through 13 and Comparative Examples 7 and 8 are shown in Table 5.

Claims

1. A method for producing a composite plated product, the method comprising the steps of:

Table 5
Gases generated at 300°C

O Molecular Weight over 160 Molecular Weight below 160 D Q S C A F

Ex.9 X

not detected

5 40 - 1.5 28 0.26
Ex.10 X Intensity o f AL and AR 5 80 - 2.2 32 0.34
Ex.11 X is not more than 5 120 - 2.0 30 0.32
Ex.12 X 5,000,000 3 80 - 1.8 30 0.30
Ex.13 X 8 80 - 1.7 27 0.31

Comp. 
7

-
AL and AR

Intensity of AL and AR 5 80 - 0 0 1.23

Comp. 
8

- is over 5,000,000 5 80 X 1.1 5 0.50

O: oxidation treatment
D: particle diameter (mm) of carbon particles
Q: quantity of suspended carbon particles
S: surface active agent
C: content (% by weight) of carbon
A: quantity (% by area) of carbon particles on surface
F: coefficient of friction
AL: aliphatic hydrocarbons
AR: aromatic hydrocarbons
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treating carbon particles by an oxidation treatment;
adding the treated carbon particles to a silver plating solution; and
electroplating a substrate in the silver plating solution containing the treated carbon particles, to form a coating
of a compositematerial, which contains the treated carbon particles in a silver layer, on the substrate.

2. A method for producing a composite plated product as set forth in claim 1, wherein said oxidation treatment is a wet
oxidation treatment.

3. A method for producing a composite plated product as set forth in claim 2, wherein said wet oxidation treatment is
a process for adding an oxidizing agent to water in which carbon particles are suspended.

4. A method for producing a composite plated product as set forth in claim 3, wherein said oxidizing agent is selected
from the group consisting of nitric acid, hydrogen peroxide, potassium permanganate, potassium persulfate, sodium
persulfate and sodium perchlorate.

5. A method for producing a composite plated product as set forth in claim 1, wherein said silver plating solution is a
cyanide containing silver plating solution.

6. A method for producing a composite plated product as set forth in claim 1, wherein said carbon particles are scale-
shaped graphite particles having a thickness of 0.1 to 1.0 mm and a mean particle diameter of 1 to 10 mm.

7. A method for producing a composite plated product as set forth in claim 1, wherein said carbon particles are scale-
shaped graphite particles having a thickness of 0.1 to 0.5 mm and a mean particle diameter of 3 to 8 mm.

Patentansprüche

1. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes, wobei das Verfahren die Schritte umfasst, dass:

Kohlenstoffpartikel durch eine Oxidationsbehandlung behandelt werden;
die behandelten Kohlenstoffpartikel einer Silberplattierlösung zugesetzt werden; und
ein Substrat in der Silberplattierlösung, die die behandelten Kohlenstoffpartikel enthält, elektroplattiert wird, um
eine Beschichtung eines Verbundstoffmaterials, das die behandelten Kohlenstoffpartikel in einer Silberschicht
enthält, auf dem Substrat zu bilden.

2. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes nach Anspruch 1, wobei die Oxidationsbehandlung
eine Nassoxidationsbehandlung ist.

3. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes nach Anspruch 2, wobei die Nassoxidationsbe-
handlung ein Prozess zum Zusatz eines Oxidationsmittels zu Wasser ist, in welchem Kohlenstoffpartikel suspendiert
sind.

4. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes nach Anspruch 3, wobei das Oxidationsmittel aus
der Gruppe gewählt ist, die Salpetersäure, Wasserstoffperoxid, Kaliumpermanganat, Kaliumpersulfat, Natriumper-
sulfat und Natriumperchlorat umfasst.

5. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes nach Anspruch 1, wobei die Silberplattierlösung
eine cyanidhaltige Silberplattierlösung ist.

6. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes nach Anspruch 1, wobei die Kohlenstoffpartikel
zundergeformte Graphitpartikel mit einer Dicke von 0,1 bis 1,0 mm und einem mittleren Partikeldurchmesser von 1
bis 10 mm sind.

7. Verfahren zum Erzeugen eines verbundstoffplattierten Produktes nach Anspruch 1, wobei die Kohlenstoffpartikel
zundergeformte Graphitpartikel mit einer Dicke von 0,1 bis 0,5 mm und einem mittleren Partikeldurchmesser von 3
bis 8 mm sind.
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Revendications

1. Procédé pour produire un produit plaqué composite, le procédé comprenant les étapes consistant à :

traiter des particules de carbone par un traitement d’oxydation ;
ajouter les particules de carbone traitées à une solution de placage d’argent ; et
faire un électroplacage d’un substrat dans la solution de placage d’argent contenant les particules de carbone
traitées, pour former un revêtement d’un matériau composite, qui contient les particules de carbone traitées
dans une couche d’argent, sur le substrat.

2. Procédé pour produire un produit plaqué composite selon la revendication 1, dans lequel ledit traitement d’oxydation
est un traitement d’oxydation par voie humide.

3. Procédé pour produire un produit plaqué composite selon la revendication 2, dans lequel ledit traitement d’oxydation
par voie humide est un processus pour ajouter un agent d’oxydation à de l’eau dans laquelle les particules de
carbone sont en suspension.

4. Procédé pour produire un produit plaqué composite selon la revendication 3, dans lequel ledit agent d’oxydation
est sélectionné parmi le groupe comprenant acide nitrique, peroxyde d’hydrogène, permanganate de potassium,
persulfate de potassium, persulfate de sodium et perchlorate de sodium.

5. Procédé pour produire un produit plaqué composite selon la revendication 1, dans lequel ladite solution de placage
d’argent est une solution de placage d’argent contenant un cyanure.

6. Procédé pour produire un produit plaqué composite selon la revendication 1, dans lequel lesdites particules de
carbone sont des particules de graphite en forme d’écailles ayant une épaisseur de 0,1 à 1,0 mm et un diamètre de
particule moyen de 1 à 10 mm.

7. Procédé pour produire un produit plaqué composite selon la revendication 1, dans lequel lesdites particules de
carbone sont des particules de graphite en forme d’écailles ayant une épaisseur de 0,1 à 0,5 mm et un diamètre de
particule moyen de 3 à 8 mm.
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