
DESCRIPTION SILVER-CONTAINING ALLOY PLATING BATH AND ELECTROLYTIC
PLATING METHOD USING THE SAME TECHNICAL FIELD
[0001]Thepresentinventionrelatestoa  silver-containing alloy
electrolytic plating bath which can produce silver-containing alloy
plated products suitable for electronic members, decoration members,
and dental members, to a method for electrolytic plating using the
same, and to a substrate on which the electrolytic plating is
deposited. BACKGROUND ART [0002]Silver has a beautiful white gloss or
non-gloss, and is used in tableware, ornaments, arts and crafts, and
the like. Since silver has highest electric conductivity among
metals, silver plating is applied to the surface of metals in
electric parts including contacts, automobile parts, aircraft parts,
and the like. (For example, refer to Japanese Patent Laid-Open No.
2000-76948 (Patent Document 1) and to Japanese Patent Laid-Open No.
H05-287542 (1993) (Patent Document 2).) [0003]On the other hand,
silver is likely to be oxidized and tends to generate whiskers on the
surface of silver plating. Accordingly, along with high density
mounting of electronic parts in recent years, the silver-plated
products raise serious problems of contact resistance failure and
electrical short circuit resulted from the generation of whiskers and
the surface oxidation. (For example, refer to Journal of Reliability
Engineering Association of Japan, vol.24, No.8, pp.761-766, (2002)
(Non-patent Document 1).) [0004]Regarding the above problems, persons
skilled in the art sought measures to prevent the generation of
whiskers on silver-plated products. Until now, however, no
satisfactory suppression of whisker generation is achieved through
the studies of plating bath and/or electrolytic plating method.
Currently, therefore, gold plating is very often used, which is more
expensive than silver, though the generation of whiskers is less and
the electric conductivity is good. (For example, refer to Japanese
Patent Laid-Open No. 2005-005716 (Patent Document 3) and Japanese
Patent Laid-Open No. 2002-167676 (Patent Document 4).) [0005][Patent
Document 1] Japanese Patent Laid-Open No. 2000-076948 [Patent
Document 2]  Japanese Patent Laid-Open No. H05-287542(1993)
[Patent Document 3]  



Japanese Patent Laid-Open No. 2005-005716 [Patent Document 4]
Japanese Patent Laid-Open No.  2002-167676 [Non-patent Document
1]JournalofReliability Engineering Association of Japan, vol.24,
No.8, pp.761-766, (2002) DISCLOSURE OF THE INVENTION TECHNICAL
PROBLEM  [0006]The present invention has been perfected to solve  the
above problems, and an object of the present invention is to provide
a silver-containing alloy electrolytic plating bath which can prevent
surface oxidation of the obtained silver-containing alloy plated
product and can suppress the generation of whiskers, to provide a
method for electrolytic plating using the same, and to provide a
substrate on which the electrolytic plating is deposited. Another
object of the present invention is to provide the silver-containing
alloy plated product obtained by the method of the present invention
with physical and electrical characteristics equivalent to those of
gold-plated products. TECHNICAL SOLUTION [0007]The present invention
provides a silver-containing alloy electrolytic plating bath which
can produce silver-containing alloy plated products having excellent
resistance to oxidation suitable for electronic members, decoration
members, and dental members, to a method for electrolytic plating
using the same, and to a substrate on which the electrolytic plating
is deposited. [0008]Specifically the plating bath is to deposit a
silver-containing alloy on the surface of the substrate. The
silver-containing alloy plated products having excellent resistance
to oxidation can be manufactured by using the plating bath which
contains (a) a silver compound containing 99.9% to 46% by mass of
silver on the basis of the total metal mass therein, (b) a gadolinium
compound containing 0.1% to 54% by mass of  gadolinium on the basis
of the total metal mass therein, (c) at least one kind of complexing
agent, and (d) a solvent, and by using the method for electrolytic
plating applying the plating bath. EFFECT OF THE INVENTION [0009]The
electrolytic plating method using the silver-containing alloy plating
bath of the present invention can provide a silver-containing alloy
plated product which prevents the surface oxidation and suppresses
the generation of whiskers. Furthermore, thus obtained
silver-containing alloy plated product has a hardness of Vickers 60
to 180 on the surface thereof and has a surface contact resistance at
a comparable level to that of gold, thus the silver-containing alloy
plated product can also be used as a substitute for gold-plated
products. BEST MODE FOR CARRYING OUT THE INVENTION [0010]The modes
for carrying out the invention are 



described in the following. The embodiments given below are simply
examples of the present invention, and a person skilled in the art
can modify the design adequately. [0011](Plating bath)       The
plating bath according to the present invention contains (a) a silver
compound containing 99.9% to 46% by mass of silver on the basis of
the total metal mass therein, (b) a gadolinium compound containing
0.1% to 54% by mass of gadolinium on the basis of the total metal
mass therein, (c) at least one kind of complexing agent, and (d) a
solvent.  [0012]a.Silver compound       The silver compound according
to the present invention is arbitrary compound if only the compound
can be dissolved in a solvent solely or together with a complexing
agent described below, thus providing silver ions. In the present
invention, applicable sliver compounds are silver salts such as
silver chloride, silver bromide, silver sulfate, silver sulfite,
silver carbonate, organic silver sulfonate, silver sulfosuccinic
acid, silver nitrate, silver citrate, silver tartrate, silver
gluconate, silver oxalate, and silver oxide, and arbitrary soluble
salts containing these salts, though not limited to them. As of
these, salts with organic sulfonate are preferred. [0013]The silver
ions provided from a silver compound  exist in the plating bath of
the present invention by amounts from 99.9% to 46% by mass on the
basis of the total metal mass in the plating bath. Preferably these
silver ions may exist by amounts from 99.7% to 50% by mass, more
preferably from 99.7% to 60% by mass, and most preferably from 99.7%
to 70% by mass. [0014] The concentration of total metal ions in the
plating bath is in a range from 0.01 to 200 g/L, and preferably from
0.5 to 100.0 g/L. Normally the silver ions exist in the plating bath
by amounts from 20 to 200 g/L, and preferably from 25 to 80 g/L.
[0015]b.Gadolinium compound       The gadolinium compound according
to the present invention is arbitrary compound if only the compound
can be  dissolved in a solvent solely or together with a complexing
agent described below, thus providing gadolinium ions. In the present
invention, applicable gadolinium compounds include gadolinium salt
such as gadolinium nitrate, gadolinium oxide, gadolinium sulfate,
gadolinium chloride, and gadolinium phosphate, and a mixture thereof,
though not limited to them. Among these, gadolinium oxide is
preferred. [0016]The gadolinium ions provided from a gadolinium
compound exist in the plating bath of the present invention by
amounts from 0.1% to 54% by mass on the basis of the total metal mass
in the plating bath. Preferably these gadolinium ions may exist by
amounts from 0.3% to 50% by mass, more preferably from 0.3% to 40% by
mass, and most preferably from 0.3% to 30% by mass. If the amount of
gadolinium ions is smaller than 0.1% by mass, the whisker generation
from the obtained silver-containing alloy plated product cannot fully
be suppressed. On the other hand, if the amount of gadolinium ions is
54% by mass or larger to the total mass of the metal, the electric
conductivity deteriorates. Generally the gadolinium ions exist in the
plating bath by amounts from 0.01 to 5.0 g/L, preferably from 0.1 to
5.0 g/L. [0017]c.Complexing agent       The complexing agent is a
compound that coordinates with the silver ions and/or the gadolinium
ions, supplied from the above silver compound and/or gadolinium
compound, thus stabilizing the ions. According to the present
invention, the complexing agent may have two or more
metal-coordinating sites. [0018]Applicable complexing agents in the
present  invention include: amino acid having 2 to 10 carbon atoms;



at a concentration ranging from 0.1 to 250 g/L. Preferably the
complexing agent exists in the plating bath at an amount from 2 to
220 g/L, and more preferably from 50 to 150 g/L. [0021]d.Solvent
The solvent in the plating bath of the present invention may be the
one that can dissolve above silver compound, gadolinium compound, and
complexing agent. Applicable solvent includes water and non-aqueous
solvent such as acetonitrile, alcohol, glycol, toluene, and
dimethylformamide. A preferred solvent includes the one from which
other metal ions are removed by an ion-resin and the like. Most
preferable solvent is water after removing metal ions. [0022]The
plating bath of the present invention normally has a pH value ranging
from 1 to 14, preferably not more than 7, and more preferably not
more than 4. The pH of the plating bath may be maintained at a
desired level by adding a buffer thereto. Any compatible acid or base
can be used as the buffer, and organic or inorganic compound thereof
can be applied. The term "compatible acid or base" means that no
precipitation of silver ions and/or complexing agent is generated
from the   solvent when that kind of acid or base is used at an
amount sufficient to buffer the pH. Examples of the buffer are alkali
metal hydroxide such as sodium hydroxide and potassium hydroxide,
carbonate, citric acid, tartaric acid, nitric acid, acetic acid, and
phosphoric acid, though not limited to them. [0023] e. Additive
The plating bath of the present invention can optionally contain
known additives such as surfactant, stabilizer, gloss agent,
semi-gloss agent, antioxidant, and pH adjustor. [0024]Above
surfactant includes: nonionic surfactant prepared by addition
condensation of C1-C20 alkanol, phenol, naphthol, bisphenols, C1-C25
alkylphenol, arylalkylphenol, C1-C25 alkylnaphtol, C1-C25 alkoxylated
phosphoric acid (salt), sorbitan ester, styrenated phenols,
polyalkylene glycol, C1-C22 aliphatic amine, C1-C22 aliphatic amide,
and the like with 2 to 300 moles of ethylene oxide (EO) and/or
propylene oxide (PO); and various surfactants of cationic, anionic,
or amphoteric.  [0025]Above-given stabilizer is added aiming to
stabilize the liquid or to prevent decomposition of the liquid, and
specifically effective ones are known stabilizers such as cyan
compound, sulfur-containing compound such as thioureas, sulfite, and
acetylcysteine, and oxycarbonates such as citric acid. Furthermore,
above-described complexing agents are also useful as the stabilizer.
[0026]Above-given gloss agents include: various aldehydes
suchasm-chlorobenzaldehyde,p-nitrobenzaldehyde,
p-hydroxybenzaldehyde, 1-naphtoaldehyde, salicylaldehyde,
paraldehyde, acrolein, chlotonaldehyde, glutaraldehyde, and vanillin;
ketones such as benzalacetone and acetophenone; unsaturated
carboxylic acid such as acrylic acid, methacrylic acid, and crotonic
acid; triazine; imidazole; indole; quinoline; 2-vinylpyridine; and
aniline. [0027]Above-given semi-gloss agents include: thioureas;
N-(3-hydroxybutylidene)-p-sulfanylacid; N-butylidenesulfanyl acid;
N-cinnamoylidene sulfanilic acid;
2,4-diamino-6-(2'-methylimidazolyl(1'))ethyl-1,3,5-triazine
2,4-diamino-6-(2'-ethyl-4-methylimdazoly1(1rnethyl-1,3,5-t riazine;
2,4-diamino-6-(2'-undecylimidazolyl(1'))ethyl-1,3,5-triazin e; phenyl
salcilate, and benzothiazoles such as benzothiazole,
2-methylbenzothiazole,2-(methylmercapto)benzothiazole,
2-aminobenzothiazole,2-amino-6-methoxybenzothiazole,
2-methyl-5-chlorobenzothiazole,2-hydroxybenzothiazole,



[0029](Electrolytic plating method)       The present invention
provides a method for electrolytic plating, comprising the steps of:
immersing a substrate in a plating bath; and applying an electric
field to the substrate, wherein the plating bath contains (a) a
silver compound containing 99.9% to 46% by mass of silver on the
basis of the total metal mass therein, (b) a gadolinium compound
containing 0.1% to 54% by mass of gadolinium on the basis of the
total metal mass therein, (c) at least one kind of complexing agent,
and (d) a solvent. The method for electrolytic plating according to
the present invention can use a method widely known to persons
skilled in the barrel plating, rack plating, high speed continuous
plating, rackless plating, and the like. [0030]a.Substrate
According to the present invention, the substrate allowing the
silver-containing alloy to deposit on the surface thereof is the
conductive one, which is used as an anode in the electrolytic plating
process. The conductive material used as the substrate includes iron,
nickel, copper, chromium, tin, zinc, an alloy thereof, and resin
substrate treated by the metal or alloy thereof as the metal surface
preparation, though not limited to them. Preferable material therefor
includes stainless steel, 42 alloy, phosphor bronze, nickel, and
brass.   Furthermore, the substrate may be subjected to surface
treatment to improve the adhesiveness of plating.
[0031]b.Electrolysis condition       According to the method for
electrolytic plating of the present invention, the substrate on the
surface of which the silver-containing alloy is deposited (plated) is
used as the anode. Soluble or preferably insoluble cathode is used as
the secondary electrode. In the present invention, there can be
applied pulse plating, direct current plating, or combination of
pulse plating with direct current plating. [0032]A person skilled in
the art can adequately vary the current density and the electrode
surface potential in the design of the electrolytic plating process
depending on the substrate being plated. Generally cathode current
density and anode current density vary in a range from 0.5 to 3
A/cm2, respectively. Generally the temperature of plating bath is
maintained in a range from 25C to 45C during the process of
electrolytic plating. To form the deposit of desired thickness, the
electrolytic plating process is conducted fora sufficient period. The
method according to the present invention can form the
silver-containing alloy plating on the surface of substrate at a
thickness ranging from 0.01 to 50 p.m. [0033](Substrate on which the
electrolytic plating is deposited)       The present invention
provides a substrate on which the electrolytic plating is deposited,
which electrolytic plating contains (1) 99.9% to 46% by mass of
silver on the basis of the  total metal mass, and (2) 0.1% to 54% by
mass of gadolinium on the basis of the total metal mass. [0034]The
silver-containing alloy plating deposited on the surface of the
substrate can suppress the surface oxidation and can prevent the
generation of whiskers. Furthermore, the silver-containing alloy
plating has a hardness of Vickers from 60 to 180. [0035]In addition,
the silver-containing alloy plating deposited on the surface of the
substrate according to the present invention can have a surface
contact resistance at a comparable level to that of gold. The term
"surface contact resistance" referred to herein signifies the
resistance under applying current in a loaded state. The
silver-containing alloy plating according to the present invention



hardness)       Using a surface hardness gauge (Model DMH-2,
manufactured by Matsuzawa Co., Ltd.), the Vickers hardness was
determined in an environment at normal temperature under a loading
condition of 0.245 N (25 gF) for 15 seconds. [0041](Salt spray test)
In accordance with JIS H8502, an electrolytically plated substrate
was subjected to neutral salt spray test (5%-NaC1 aqueous solution).
After 1 hour, 24 hours, and 168 hours (1  week) had passed, the
condition of plating surface (presence/absence of corrosion) was
observed. [0042](Solder wettability test)       In accordance with
JIS Z3196, an electrolytically plated substrate was subjected to
solder wettability test by the wetting balance method. The evaluation
was given using the solder bath of: tin-lead eutectic solder (tin :
lead = 60% : 40%) as lead-based solder, and tin-silver-copper solder
(M705, tin : silver : copper= 96.5% : 3% : 0.5%, manufactured by
Senju Metal Industry Co., Ltd.) as lead-free solder, respectively.
[0043] (Example 1)       A plating bath containing the
following-listed components at concentrations given in Table 1 was
prepared. Thus prepared plating bath showed strong acidity.
[0044](Table 1) Silver oxide35 g/L Isopropanol sulfonate 150 g/L
Diethanolamine60 g/L Gloss agent5 g/L L-ascorbic acid1 g/L Gadolinium
oxide0.3 g/L [0045]To an iron-based substrate and a copper-based
substrate, electrolytic plating was applied in the above plating
bath, respectively. The substrate was immersed in the plating bath at
a temperature ranging from 25C to 45C, and current was applied at 0.5
to 3.0 A/dm2 of current density for 2 to 3minutes using the substrate
as the anode, and thus a plated  coating of 1 pm in thickness was
obtained. The content of gadolinium in thus obtained plated coating
was 0.10% by mass on the basis of the total mass of the plated
coating. [0046]To thus obtained plated coating, tests were given in
terms of heat resistance, contact resistance, Vickers hardness, and
salt durability. The results are given in Table 4. [0047](Example 2)
A plating bath containing the following-listed components at
concentrations given in Table 2 was prepared. Thus prepared plating
bath showed strong acidity. [0048](Table 2) Silver oxide35 g/L
Isopropanol sulfonate 120 g/L Diethanolamine50 g/L Gloss agent5 g/L
L-ascorbic acid1 g/L Gadolinium oxide0.5 g/L 



[0049]To an iron-based substrate and a copper-based  substrate,
electrolytic plating was applied in the above plating bath,
respectively. The substrate was immersed in the plating bath at a
temperature ranging from 25C to 45C, and current was applied at 0.5
to 3.0 A/dm2 of current density for 2 to 3minutes using the substrate
as the anode, and thus a plated coating of 1 pm in thickness was
obtained. The content of gadolinium in thus obtained plated coating
was 0.30% by mass on the basis of the total mass of the plated
coating.  [0050]To thus obtained plated coating, tests were given  in
terms of heat resistance, contact resistance, Vickers hardness, and
salt durability. The results are given in Table 4. [0051](Example 3)
A plating bath containing the following-listed components at
concentrations given in Table 3 was prepared. Thus prepared plating
bath showed strong acidity. [0052](Table 3) Silver oxide35 g/L
Isopropanol sulfonate 120 g/L Diethanolamine50 g/L Gloss agent5 g/L
L-ascorbic acid1 g/L Gadolinium oxide8 g/L [0053]To an iron-based
substrate and a copper-based substrate, electrolytic plating was
applied in the above plating bath, respectively. The substrate was
immersed in the plating bath at a temperature ranging from 25C to
45C, and current was applied at 0.5 to 3.0 A/dm2 of current density
for 2 to 3minutes using the substrate as the anode, and thus a plated
coating of 1 m in thickness was obtained. The content of gadolinium
in thus obtained plated coating was 54.00% by mass on the basis of
the total mass of the plating. [0054]To thus obtained plated coating,
tests were given in terms of heat resistance, contact resistance,
Vickers  hardness, and salt durability. The results are given in
Table 4. [0055]To the coatings prepared by using the plating baths of
Examples 1 to 3 and Comparative Examples 1 to 6, given in Table 4,
tests were given in terms of heat resistance, contact resistance,
Vickers hardness, and salt durability. The results are given in Table
4.  Salt spray test 11891 0 0 0 0 0 0 
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0 0 0 0 0 0         Copper-based substrate Copper-based substrate
Iron-based substrate Copper-based substrate Copper-based substrate
Copper-based substrate (by oTos) Comparative Example 2 (Ag+0.01%Gd)
Comparative 



Example 3 (Ag+60%Gd) Comparative Example 4 (solo Au) Comparative
Example 5 (solo Zn) Comparative Example 6 (Zn-1-0.3&Gd)
[0057]Regarding the plated coating of sole silver, (Comparative
Example 1) , there appeared discoloration after the heat-resistance
test. On the other hand, Examples 1 to 3, according to the present
invention, induced no discoloration or separation of plated coating,
and were confirmed to have sufficient heat resistance. As for the
salt spray test, corrosion was observed on the plated coating of sole
silver, (Comparative Example 1), and on the silver-plated coating
containing 0.01% Gd, (Comparative Example 2). To the contrary, the
plated coating of the present invention did not generate corrosion
even after 1 week. [0058]In addition, the plated coating of the
present invention was confirmed to have a contact resistance
equivalent to that of gold-plated coating, and have a surface
hardness not less than that of the gold-plated coating. [0059]For the
zinc-plated coating, even a plated coating containing 0.3% Gd,
(Comparative Example 6), showed heat resistance and corrosion
resistance equivalent to those of the plated coating containing no
Gd, (Comparative Example 5). [0060]Next, solder wettability test was
given to the coatings obtained using the plating baths in Examples 1
to 3 and in Comparative Examples 1 to 4. The results are given in
Table 5.   no-by-us  >, 1-) -.-1 :01 al -0 Cl) .4cf)   
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substrate Iron-based substrate Copper-based substrate (Pou7g+5v)
Comparative Example 1 (solo Ag) Comparative Example 2 (Ag+0.01%Gd)
Comparative Example 3 (Ag+60%Gd) Comparative Example 4 (solo Au)
[0062]As shown in Table 5, Examples 1 to 3 of the present invention
showed a wettability comparable to that of gold-plated coating
(Comparative Example 4) for both the lead-based solder ( tin-lead
eutectoid solder) and the lead-free solder (tin-silver-copper
solder).  CLAIMS 1. A substrate with an electrolytic plating
deposited on the surface thereof, said electrolytic plating
containing        (1) 99.9% to 46% by mass of silver on the basis of
total metal mass and        (2) 0.1% to 54% by mass of gadolinium on
the basis of total metal mass. 2. The substrate according to claim 1,
wherein said substrate is an electronic member, a decoration member,
or a dental member. 3. A method for electrolytic plating to deposit a
silver-containing alloy on the surface of a substrate, comprising the
steps of:    immersing the substrate in a plating bath; and applying
an electric field to the substrate, wherein said plating bath
contains:        (a) a silver compound containing 99.9% to 46% by
mass of silver on the basis of total metal mass therein;        (b) a
gadolinium compound containing 0.1% to 54% by mass of gadolinium on
the basis of total metal mass therein; 



(c) at least one kind of complexing agent; and        (d) a solvent.
4. An electrolytic plating bath to deposit a silver-containing alloy
on the surface of a substrate, containing:         (a) a silver
compound containing 99.9% to 46% by mass of silver on the basis of
total metal mass therein;        (b) a gadolinium compound containing
0.1% to 54% by mass of gadolinium on the basis of total metal mass
therein;        (c) at least one kind of complexing agent; and
(d) a solvent. 


