
DESCRIPTION 

Title of Invention 

ELECTROLYTIC HARD GOLD PLATING SOLUTION AND PLATING 

METHOD USING SAME 

Technical Field 

[0001] 

The present invention relates to an electrolytic hard 

gold plating sol-ution capable of forming a plating film which 

hardly generates pinholes even when formed in a thin film and 

which is dense, as well as to a plating method using the 

plating solution. The present invention relates particularly 

to an electrolytic hard gold plating solution preferably used 

for selective plating of electronic parts such as connector 

arid the like, as well as to a plating method using the 

plating' solution-. 

Background Art 

[0002j 

Owing to the recent progress of IT, electronic 

apparatuses such as mobile phone, note type personal computer 

and the like have rapidly come to possess a lighter weight, a 

smaller size and a higher performance. In connection 

therewith, needs for smaller size and. higher reliability have 

become stronger for electronic parts constituting the above-

mentioned electronic apparatuses. Gold plating is in wide 

use in the electronic parts constituting the above-mentioned 

electronic apparatuses. 
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[0003] 

For example," hard gold plating superior in abrasion 

resistance is applied to a contact member which becomes an 

electric contact of a connector electrically connecting 

5 electronic apparatuses or electronic parts. 

[0004] 

Contact member for electronic parts is produced 

generally by the following method. First, nickel plating is 

applied on a base material (e.g. copper material), whereby a: 

10 nickel film is formed. Next, hard gold plating is applied on 

the nickel film, whereby a gold film is formed. In this way, 

there is obtained a contact member in which a nickel film and 

a gold film have been formed on a copper material in this 

order. 

15 [0005] 

Since gold is expensive, gold film is made thin for 

gold saving. However, when a gold film is formed using a 

conventional gold plating solution, a large number of 

pinholes appears therein when the gold film has a thickness 

20 of 0.1 p.m or smaller. When pinholes are present in a gold 

film, the nickel film (which is a lower film) undergoes air 

oxidation via the pinholes, generating nickel oxide. This 

nickel oxide gives rise to, for example, an increase in 

electric resistance at contact point, causing a change in 

25 electric properties of electronic apparatus. As a result, 

the electronic apparatus comes to have .inconveniences. 

[0006] 

Thus, a gold film having a large number of pinholes 

therein has no sufficient protectability for nickel film. 
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Accordingly, it is desired that the gold film has no pinhole. 

[0007] 

In,Patent Literature 1, it is described that selective 

plating is applied to a contact member using a hard gold 

plating solution containing a lustering agent. This plating 

solution enables uniform electrodeposition. With this 

plating solution, however, the lustering agent component is 

taken into the gold film formed. When the additive component 

such as lustering agent component or the like is taken into 

the gold film, the gold purity of the gold film is reduced. 

As a result, the contact member comes to have an increased 

contact resistance or have a reduced corrosion resistance. 

Citation List 

15 Patent Literature 

[0008] 

PTL 1: Patent No. 3933930 

Summary of Invention 

20 Technical Problem 

[0009] 

A task to be achieved by the present invention is to 

provide an electrolytic hard gold plating solution which is 

preferably used in selective plating, etc. and which gives no 

25 pinhole in the gold film formed even when the film has a 

thickness of 0.1 pm or smaller. 

[0010] 

Other task to be achieved by the present invention is 

to provide a plating method using such an electrolytic hard 
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gold plating solution. 

Solution to Problem 

[0011] 

5 In order to achieve the above task, the present 

inventors made an investigation first on selective plating. 

As a result, it was found that, when an organic oxidizing 

agent is compounded in a plating solution, deposition of gold 

can be suppressed uniquely in a low current density range, 

10 and a patent application was made on this finding (Japanese 

Patent Application 2009-165730}. This organic oxidizing 

agent raises the oxidation and reduction potential of gold 

uniquely in- a low current density range (a current density of 

20 A/dm2 or lower) and suppresses gold deposition. Meanwhile, 

15 the organic oxidizing agent does not suppress gold deposition 

in a medium to high current density range (a current density 

of 20 to 200 A/dm2) . Thus, the area in which a plating film 

is formed, can be controlled by controlling the current 

density employed. For the above reason, an electrolytic hard 

20 gold plating solution containing an organic oxidizing agent 

can be preferably used in selective plating. 

[00121 

Next, the present inventors made an investigation on 

thin-film formation of gold film. As a result, it was found 

25 that, when the above-mentioned plating solution contains an 

organic crystal-controlling agent of the present invention, 

the gold film formed therewith generates no pinhole even when 

the gold film formed has a thickness of about 0.05 ]im. The 

present inventors further found that the above-mentioned 
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•plating solution can form a gold film of high gold purity. 

The present inventors completed the present invention based 

on the above findings. 

[0013] • 

5 The present invention which has achieved the above task, 

is as described below. 

[0014] 

[1] An electrolytic hard gold plating solution comprising 

at least one member of a gold cyanide and a gold 

10 cyanide salt, 

a water-soluble cobalt salt or a water-soluble nickel 

salt, 

an electric conductive salt of organic acid, 

an aromatic sulfonic acid compound, 

15 at least one member selected from the group consisting 

of a carboxylic acid, an oxycarboxylic acid, and salts 

thereof, and 

a nitrogen-containing five-membered heterocyclic 

compound. 

20 [0015] 

[2] The electrolytic hard gold plating solution according 

to [1], wherein the concentration of the nitrogen-containing 

five-membered heterocyclic compound is 1 ~ 50 g/L. 

[0016] 

25 [3] The electrolytic hard gold plating solution according 

to [1] , v/herein the pH of the plating solution is in a range 

of 3 to 7. 

[0017] 

[4] A plating method which comprises spraying the 
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electrolytic hard gold plating solution of [1] onto a to-be-

p'lated area of a to-be-plated material to form a gold film on 

the to-be-plated area. 

5 Advantageous Effects of Invention 

[0018] 

The gold film formed with the electrolytic hard gold 

plating solution of the present invention generates no 

pinhole even when the film has a thickness of about 0.05 pm. 

10 The nickel film beneath the gold film is completely covered 

and protected by the gold film and, therefore, the material 

plated with the present plating solution has high corrosion 

resistance. Further, with the present electrolytic hard gold 

plating solution, the use amount of gold can be made small, 

15 resulting in superior economy. 

Description of Embodiments 

• [0019] (Electrolytic hard gold plating solution) 

In-depth description is made below on the electrolytic 

20 hard gold plating solution of the present invention. 

[0020] 

In the electrolytic hard gold plating solution of the 

present invention, at least either of a gold cyanide and a 

gold cyanide salt is compounded as a source of gold. Both of 

25 them may be compounded. As the gold cyanide salt, there are 

mentioned, for example, gold potassium cyanide, gold sodium 

cyanide and gold ammonium cyanide. They may be compounded 

singly or in two or more kinds. 

[0021] 
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In the present electrolytic hard gold plating solution, 

the concentration of the gold cyanide and the gold cyanide 

salt is 0.1 to 20 g/L, preferably 2 to 15 g/L, particularly 

preferably 3 to 10 g/L in terms of total gold concentration. 

5 With a gold concentration of lower than 0.1 g/L, the.cathode 

current efficiency is low, making it impossible to obtain a 

gold film of intended thickness. With a gold concentration 

higher than 20 g/L, the cathode current efficiency does not 

increase, in proportion to the gold concentration and there is 

10 no advantage of using a high gold concentration; further, the 

drag out of plating solution in plating operation is large, 

resulting in large waste of plating solution. 

[0022] 

In the present electrolytic hard gold plating solution,' 

15 an aromatic sulfonic acid compound is compounded. The 

aromatic sulfonic acid compound acts as an organic oxidizing 

agent. As the aromatic sulfonic acid compound, there are 

mentioned, for example, 2-nitrobenzenesul-fonic acid,' 3-

nitrobenzenesulfonic acid, 4-nitrobenzenesulfonic acid, 2,4-

20 dinitrobenzenesulfonic acid, 2-aminobenzenesulfonic acid, 3-

aminobenzenesufonic acid, 4-aminobenzenesulfonic acid, and 

salts thereof. Of these, an aromatic sulfonic acid compound 

having nit.ro group as a substituent is preferred. They may 

be compounded singly or in two or more kinds. 

25 [0023] 

The electrolytic hard gold plating solution containing 

such an aromatic sulfonic acid compound raises the oxidation 

reduction potential of gold uniquely In a low current density 

range (a current density of lower than 20 A/dm2) . As a 
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result, gold deposition is suppressed in a low current 

density range. Meanwhile, the electrolytic hard gold plating 

solution .containing such an aromatic sulfonic acid compound 

does' not suppress gold deposition in a medium to high current 

5 density range (a current density of 20 to 200 A/am2) . As a 

result, a normal gold film is formed in a medium to high 

current density range. 

[0024] 

With the electrolytic hard gold plating solution of the 

10 present invention, formation of plating film can be 

suppressed at an area of to-be-plated material other than the 

to-be-plated area thereof, by controlling the current density 

employed. 

. [0025] 

15 The concentration of the organic oxidizing agent 

compounded in the present electrolytic hard gold plating 

solution is 0.1 to 20 g/L, preferably 0.5 to 5 g/L, 

particularly preferably 1 to 3 g/L. With a concentration of 

organic oxidizing agent of lower than 0.1 g/L, the effect of 

20 suppression of gold deposition in a low current density range 

is small.- With a concentration of organic oxidizing agent of 

higher than 20 g/L, the effect of suppression of gold 

deposition in a low current density range is unchanged and 

high, 

25 [0026] 

In the present electrolytic hard gold'plating solution, 

a carboxylic acid or an oxycarboxylic acid or a salt thereof 

is compounded. They act as' a complexing agent. As the 

carboxylic acid, the oxycarboxylic acid or the salt thereof, 
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there are.mentioned, for example, formic acid, glycolic acid, 

lactic acid, oxybenzoic acid, succinic acid, malonic acid, 

malic acid, tartaric acid, phthalic acid, diglycolic acid, 

citric acid, and salts thereof. As the salt, there are 

5 preferred alkali metal salts such as sodium salt, potassium 

salt anci the like; alkaline earth metal salts such as calcium 

salt and the like; and salts of ammonia, amine, etc. They 

may be•compounded singly or in two or more kinds. 

[0027] 

10 In the present electrolytic hard gold plating solution, 

the concentration of complexing agent is 1 to 100 g/L, 

preferably 5 to 600 g/L. With a concentration of complexing 

agent of lower than 1 g/L, the inorganic impurities 

dissolving out from the plated material tend to be taken into 

15 the gold film formed. The inorganic impurities taken into 

the gold film reduce the gold purity of the gold film. As a 

result, the gold film has inferior appearance, and the 

contact member has an increased contact resistance and has 

lower corrosion resistance. With a concentration of 

20 complexing agent of higher than 100 g/L, no effect 

corresponding to such a high concentration is obtained, and 

such a concentration is not economical. 

[0028] 

In the present electrolytic hard gold plating solution/ 

25 a water-soluble cobalt salt or a water-soluble nickel salt is 

compounded. As the cobalt salt, there are mentioned, for 

example, cobalt sulfate, cobalt nitrate, cobalt chloride, and 

basic cobalt carbonate. As the nickel salt, there are 

mentioned, for example, nickel sulfate, nickel sulfamate, 
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nickel sulfite, and nickel chloride. They may be compounded 

singly or in two or more kinds. 

•[0029] 

In the present electrolytic hard gold plating solution, 

5 the concentration of cobalt salt or nickel salt is 0.01 to 10 

•g/L, preferably 0.1 to 1.0 g/L. With a concentration of 

cobalt salt or nickel salt of lower than 0.01 g/L, the gold 

film formed has a low hardness. With a concentration of 

cobalt salt or nickel salt of higher than 10 g/L, no effect 

10 corresponding to such a high concentration is obtained, and 

such a concentration is not economical. By compounding the 

cobalt salt or the nickel salt in the above concentration, 

the gold film formed has a hardness of 150 to 200 HV. 

Incidentally, "water-soluble" of the cobalt salt or the 

15 nickel salt, compounded in the present electrolytic hard gold 

plating solution refers to such a water solubility that the 

salt can be dissolved in water in the above-mentioned 

concentration. 

[0030] 

20 • In the present electrolytic hard gold plating solution, 

an electric conductive salt of organic acid is compounded. 

As the electric conductive salt of organic acid, there are 

mentioned, for example, potassium formate, potassium citrate, 

potassium phosphate, potassium nitrate, and potassium 

25 succinate. They may be compounded singly or in two or more 

kinds. 

[0031] 

In the present electrolytic hard gold plating solution, 

the concentration of electric conductive salt of organic acid 
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is 10 to 200 g/L, preferably 50 to 100 g/L. With a 

concentration of electric conductive salt of organic acid of 

lower than 10 g/L, the gold film.formed has inferior 

appearance and no normal gold film is obtained. With a 

5 concentration of electric conductive salt of organic acid of 

higher than 200 g/L, no effect corresponding to such a high 

concentration is obtained, and such a concentration is not 

economical. 

[0032] 

10 In the present electrolytic hard gold plating solution, 

a nitrogen-containing five-membered heterocyclic compound is 

compounded. The nitrogen-containing five-membered 

heterocyclic compound acts as an organic crystal-controlling 

agent. The present inventor considers as follows. The 

15 nitrogen-containing five-membered heterocyclic compound is 

adsorbed on the gold cyanide ion present in the plating bath, 

or is adsorbed or forms a complex with the gold ion after 

ligand disengagement (cyanide ion), in an electric double 

layer, whereby the growth of gold crystal is controlled and a 

20 dense gold film is formed. The nitrogen-containing five-

membered heterocyclic compound used in the present invention 

is not taken into the gold film formed; therefore, the gold 

film has a high gold purity. 

[0033] 

25 As the nitrogen-containing five-membered heterocyclic 

compound, there are mentioned, for example, imidazole, 2-

methylimidazole, pyrazole, 3,5-dimethylpyrazole, 2-

imidazoline, 2-pyrrolidone, hydantoin, 5,5-dimethylhydantoin, 

allantoin, succinic acid imide, DL-pyroglutamic acid, and 
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salt thereof. 

[0034] 

In the present electrolytic hard gold plating solution, 

the concentration of nitrogen-containing five-membered 

5 heterocyclic compound is 1 to 50 g/L, preferably 5 to 20 g/L, 

particularly preferably 8 to 12 g/L. With a concentration of 

nitrogen-containing five-membered heterocyclic compound of 

lower than 1 g/L, the effect of crystal, controlling is small 

and no dense gold film is obtained. With a concentration of 

10 nitrogen-containing five-membered heterocyclic compound of 

higher than 50 g/L, no effect corresponding to such a high 

concentration is obtained, and such a concentration is not 

economical. 

[0035] 

15 The present electrolytic hard gold plating solution is 

usable in a pH range of 3.0 to '7.0, and is used preferably in 

a pH range of 4.0 to' 5.0. When the pH is lower than 4.0, the 

cathode current efficiency is low, making it difficult to 

•obtain a gold film having an intended thickness. Meanwhile, 

20 when the pH is higher than 5.0, the gold film formed has a 

reddish appearance, making it difficult to obtain a normal 

gold film. Incidentally, as the pH-adjusting agent, there 

are mentioned, for example, sodium hydroxide, potassium 

hydroxide, ammonium hydroxide and dilute sulfuric acid. 

25 [0036] 

The present electrolytic hard gold plating solution may 

contain other substances as .long as the effect of the present 

invention is not impaired thereby. 

[0037] 
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The plating with the present electrolytic hard gold 

plating solution can be conducted by a known plating method. 

The plating can also be conducted by a selective plating 

method of using a platinum-made nozzle as an anode and a to-

5 be-plated material as a cathode and spraying the present 

electrolytic hard gold plating solution from the platinum-

made nozzle onto the to-be-plated material. 

Examples 

10 [0038] 

The constitution of the test equipment used and the 

evaluation method used are as follows. 

[0039] 

.A copper plate of 32-mm x 150 mm x 0.2 mm was prepared. 

15 On this copper plate was formed a nickel film in a thickness 

of 2 urn, using a nickel sulfamate plating solution, and the 

resulting plate was used as a'sample. On this sample was 

superimposed a silicon rubber-made masking plate having a 

square opening of 10 mm x 10 mm, and they were fixed. 

20 [0040] 

A plating solution was sent to the injection orifice of 

plating solution using a pump. The plating solution was 

injected from the injection orifice onto the opening of the 

masking plate. Thereby, selective plating was conducted on 

25 the sample. A platinum nozzle of 5 mm in diameter was fitted 

to the injection orifice of plating solution, and this nozzle 

was used as an anode. 

[0041] 

The measurement of the thickness of the gold film 
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formed was conducted using a fluorescent X-ray film thickness 

tester SEA 5120 manufactured by SII. 

[0042] 

The pinholes generated in the gold film were evaluated 

5 by the test method by exposure to nitric acid vapor (JIS H 

8620 10.5) which is a porosity test described in Japanese 

Industrial Standards (JIS). In the porosity test, the sizes 

and numbers of pinholes in plating layer are measured. In 

the test by exposure to nitric acid vapor, the above sample 

10 after selective plating is placed on a ceramic plate put in a 

desiccator containing nitric acid at the bottom and is 

allowed to stand for 1 hour at about 23°C. The nitric acid 

vapor generated in the desiccator passes through the pinholes 

of sample and corrodes the nickel film of sample. When the 

15 nickel film (under layer) is corroded, spots appear on the 

gold film. The condition of spots was examined referring to 

the rating number standard chart specified in Method of 

corrosion resistance test (JIS H 8502 11.5). 

[0043] (Example 1) 

20 Gold potassium cyanide: 5 g/L (as Au) 

Potassium citrate: 70 g/L 

Citric acid: 50 g/L 

Potassium formate: 20 g/L 

Cobalt sulfate: 0.96 g/L 

25 2-Nitrobenzenesulfonic acid: 2 g/L 

Imidazole: 10 g/L 

[0044] 

A plating solution was prepared using the above 

composition. The plating solution was adjusted to a pH of 
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4.2, and selective plating was conducted on a sample at a 

solution temperature of 55°C and at a current density of 40 

A/dm2 so as to give a gold film thickness of 0.05 um. The 

gold film formed on the sample had a lemon yellow color and 

5 uniform and good appearance. With respect to the corrosion 

test, the rating number was 9.5-5 and the total corroded area 

ratio was above 0.02% but 0.05% or below. 

[0045] (Examples 2 to 5} (Comparative Examples 1 to 2) 

Each plating solution was prepared according to the 

10 formulation shown in Table 1 and, using the solution, 

selective plating was conducted on each sample in the same 

manner as in Example 1. The gold film formed on each sample 

had a lemon yellow color and uniform and good appearance. 

The results of corrosion test are shown in Table 2. 
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Table 1 

Ex. 1 Ex.. 2 Ex. 3 Ex.; 4 Ex. 5 Comp. 
Ex. 1 

Comp. 
Ex. 2 

Concen­
trations 

Gold cyanide 
(as gold) 

5 . 5 5 5 5 5 5 

of plating Potassium citrate 70 7-0 70 70 70 70 70 
solution Citric acid 50 50 50 50 50 50 50 
components Potassium formate 20 20 2 0 20 20 20 20 
(g/L) Cobalt sulfate 0:96 0. 96 0. 96 - - 0.96 0. 96 

Nickel sulfate - - - 0.90 0.90 - •-
2™ 

Nitrobenzenesulfonic 
acid 

2 2 2 c 2 

Sodium m-nitro-
benzenesulfonate 

— — _ — — 2 — 

Imidazole 10 - - 10 - - -

2-Pyrrolidone _ 10 - - - - _ 

5, 5-
dimethylhydantoin 

— — — 10 — 10 
" 

— 

Conditions pH 4.2 4.2 4.2 4.2 4.2 4.2 4.2 
of plating Solution temperature 

(°C) 
55 55 55 55 55 55 55 

Current density 
(A./ dm2) 

40 40 40 40 40 40 40 



[0047] 

Table 2 

Rating number Total corroded area ratio % 
Ex. 1 ••• 9.5-5 Above 0.02% but 0.05% or below 
Ex. 2 9.3-3 Above 0.05% but 0.07% or below 
Ex. 3 9.5-6 Above 0.02% but 0.05% or below 
Ex; 4 9.5-3 Above 0.02% but 0.05% or below 
Ex. 5 9.3-6- Above 0.05% but 0.07% or below 
Comp. 
Ex. 1 

4-1 Above 2.50% but 5.00% or below 

Comp. 
Ex. 2 

4-4 Above 2.50% but 5.00% or below 

[0048] 

In Examples 1 to 5, corrosion was significantly 

suppressed as compared with. Comparative Examples 1 to 2-. 

[0049] 

As is clear from above, the electrolytic hard gold 

plating solution of the present invention can form a gold 

film which is extremely few in pinholes even when the film 

has a thickness of 0.1 pm or smaller and which is dense. As 

a result, the material plated with the present plating 

solution is superior in corrosion resistance. 
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CLAIMS 

[Claim 1] 

An electrolytic hard gold plating solution comprising 

at least one member of a gold cyanide and a gold 

5 cyanide salt, 

a water-soluble cobalt salt or a water-soluble nickel 

salt, 

an electric conductive salt of organic acid, 

an aromatic sulfonic acid compound, 

10 at least one member selected from the group consisting 

of a.carboxylic acid, an oxycarboxylic acid, and salts 

thereof, and 

a nitrogen-containing five-membered heterocyclic 

compound. 

15 [Claim 2] 

The electrolytic hard gold plating solution according 

to Claim 1, wherein the concentration of the nitrogen-

. containing five-membered heterocyclic compound is 1 ~ 50 g/L. 

[Claim 3] 

20 ~ The electrolytic hard gold plating solution according 

to Claim 1, wherein the pH of the plating solution is in a 

range of 3 to 7. 

[Claim 4] 

A plating method which comprises spraying the 

25 electrolytic hard gold plating solution of Claim 1 onto a to-

be-plated area of a to-be-plated material to form a gold film 

on the to-be-plated area. 
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