
EP 0 246 869 B1 Description This invention relates to a gold electroplating
bath, and more particularly to a gold electroplating bath containing an
additive to permit the deposition of bright gold coatings at high speeds.
The invention also 5  relates to a process for the electrodeposition of
gold using the bath. Gold is widely used as a contact material in the
electronics industry, most usually in the form of a thin coating obtained
by an electroplating process. The more important properties required of
such a coating are low contact resistance, high corrosion resistance and
good wear resistance. Gold electroplating baths which contain merely gold
In an electrodepositable form and an electrolyte 1o  have been found to
give coatings which are inadequate for use In contact applications in the
electronics industry, principally because such coatings show insufficient
resistance to abrasion. However, the quality of electrodeposited gold
coatings can be improved by adding other materials to the gold plating
bath. Such additives are often called "brighteners", because they increase
the brightness of gold deposits obtained at a given current density.
Although the brightness of a gold deposit is not itself of importance In
most 15  industrial applications, it has been found that the brightness of
a gold coating is often a good guide to one or more aspects of coating
quality, such as wear resistance and deposit structure. Transition metal
salts, such as cobalt, nickel and iron salts, form one group of widely-used
additives for acid gold baths. Gold electroplating baths which include
these compounds have been found to give gold coatings of greatly improved
wear resistance. For this reason, cobalt and nickel-containing acid gold 20
electrolytes are widely used in the electronics industry. However, with the
introduction of machines for the high speed selective plating of printed
circuit boards and connectors, even cobalt and nickel-brightened plating
baths have been found to be iacking, because the maximum current density at
which hard deposits can  be obtained is relatively low. Attempts have been
made to overcome this disadvantage by using higher concentrations of gold
(typically 15g/l instead of 8g/1), but this substantially increases the
cost of the 25  process, and the improvement obtained is only slight.
Certain organic compounds have also been used as additives in gold
electroplating baths. One such compound is polyethyleneimine, as described
in GB-A-1453212. The effect of using this compound is to increase the
maximum current density which can be employed, but the resultant coating is
generally found to give poor wear resistance. 30     Unfortunately,
attempts to combine the hardening effects of transition metal additives
with the benefits of organic additives have generally met with little
success. However, GB-A-1426849 discloses an elec- troplating bath which
contains a metallic as well as an organic additive. The organic additives
used are chemical compounds of sulphonic acids or sulphonic acid salts with
heterocyclic nitrogen-containing hydrocarbons, such as pyridine sulphonic
acid, quinonline sulphonic acid and picoline sulphonic acid. 35     In our
European Patent Application EP-A-0188386, we disclose a group of organic
compounds which 



are especially effective additives for acid gold baths, namely pyridine and
pyrazine substituted at the 2- or 3- position with an amino-, amido-,
thioamido-, or cyano-group. These compounds have been found to give bright
coatings at substantially increased current densities. Such increased
current densities can be employed to increase the rate of deposition of
gold, or to allow a reduction in concentration of gold in the 40  bath, or
both, according to preferred practice. EP-A-0150439 also discloses the use
of substituted pyridine compounds for use as gold electroplating bath
additives, and moreover discloses the use of substituted quinoline
compounds. Preferred compounds are said to be mono- or dicarboxylic acid,
mono- or disulphonic acid or mono- or dithiol derivatives or pyridine, and
quinoline derivatives such as 3-quinoline carboxylic acid, 3-quinoline
carboxaldehyde, and 2, 45 4-quinolinediol. Nicotinic acid (i.e.
pyridine3-carboxylic acid), 2- or 4-pyridine carboxylic acid nicotinic acid
methyl ester, nicotinamide, nicotinic acid diethylamide,
pyridine-2,3-dicarboxylic acid, pyridine-3,4-dicarbox- ylic acid,
pyridine-3-sulphonic acid and pyridyl-4-thioacetic acid are said to be
especially preferred. We have now discovered that 3-(3-pyridyl) acrylic
acid and 3-(3-quinolyl)acrylic are particularly effective additives for
gold electroplating baths. They are more stable in use than the 3-amino
pyridine which Is 50  disclosed in our European Patent Application
EP-A-0188386, and they are superior to nicotinic acid in that they allow
even higher current densities to be used while still obtaining bright
coatings. The concentration of 3-(3-pyridyl) acrylic acid or 3-(3-quinolyl)
acrylic acid used will depend on the particular electroplating conditions
contemplated. If the concentration of additive is too low, a negligible
brightening effect may be obtained. On the other hand, if the concentration
of additive is too high, the 55  cathodic efficiency may become
unacceptably low. Generally speaking, a concentration of 3-(3-pyridyl)
acrylic acid or 3-(3-quinolyl) acrylic acid in the range 0.01 g/l to 5 g/l
will be found to be appropriate. A concentration of from 0.05 g/l to 1.0
g/l is preferred, and a concentration of from 0.2 g/l to 0.75 g/l is
particularly preferred. 2    EP 0 246 869 B1 The 3-(3-pyridyl) acrylic acid
or 3-(3-quinolyl) acrylic acid may be used as free acids or as salts.
Suitable salts are alkali metal salts such as the sodium and potassium
salts. The gold electroplating bath of the present invention may include a
metallic brightener, which can be any base metal or mixture of base metals
which are known to be appropriate for use in acid gold 5  electroplating
baths. Included in such metals are cobalt, nickel, iron, chromium, cadmium,
copper, zinc, tin, indium, manganese and antimony. Cobalt, nickel, and iron
are particularly preferred. The metallic brightener is generally used in
the form of a water soluble salt, such as the sulphate, 



citrate or acetate, and may be used at a concentration of from 10 mg to 10
g/l. Alternatively, metal complexes with chelating agents such as
ethylenediaminetetraacetic acid (EDTA) may be used. More 10  preferably,
the concentration of metallic brightener Is from 100 mg/l to 5 g/l, for
example from 350 mg/l to 2 g/l. The gold of the electroplating bath of the
invention is in the form of a water-soluble complex, such complexes being
well known in the art. Examples of such complexes are ammonium and alkali
metal gold cyanides. Potassium gold cyanide is especially preferred. 16
The gold complex will generally be present in the electroplating bath at a
concentration of from 1 to 100 g/l, and preferably at a concentration of
from 2 to 20 g/l, for example 4 or 8 g/l. The, usual acid buffering systems
may be used in the electroplating bath of the Invention, to obtain a pH
which is preferably in range 3.0 to 5.5. For example, a citrate/oxalate
buffer may be used to obtain a pH In the range 4 to 5, for example a pH of
4.5. 20     In addition, other conventional plating bath additives, such as
wetting agents, can be used. The electroplating bath of the present
invention, and a process for its use, are now illustrated further by the
following Examples. EXAMPLE 1 25 An aqueous gold electroplating bath having
the following composition was prepared: gold (as potassium cyanide complex)
8 g/1 tripotassium citrate 100 g/l oxalic acid 30 g/1 so  cobalt (as cobalt
sulphate) 0.3 g/l 3-(3-pyridyl) acrylic acid pH 4.7 0.5 g/l This
composition was used to plate brass sheets in a High-speed Hull cell, at a
temperature of [err]. Bright deposits (as defined in our European Patent
Application EP-A-0188386) were obtained at current densities up to 10
[err], and a cathodic efficiency of 42% was obtained even at a current
density of 5 35  A/[err]. EXAMPLE 2 A barrel-plating solution comprising
the following components was prepared: 40  citrate/oxalate buffer pH 4.2
gold, (as potassium gold cyanide) 2 g/l nickel (as nickel sulphate) 1 g/l
3-(3-pyridyl) acrylic acid 0.5 g/l A similar solution containing no
3-(3-pyridyl) acrylic acid was also prepared, and the two solutions were 45
used to plate brass at three different current densities. In each case,
cathodic efficiency and rate of 



deposition were measured, and the brightness of the resultant coating was
assessed, with the results given in Table 1. EXAMPLE 3 50 Example 2 was
repeated using a citrate/oxalate buffer at pH 4.7, with the results given
in Table 11. EXAMPLE 4 55  -  Example 2 was repeated using cobalt (1 g/l as
cobalt sulphate) instead of nickel with the results given in Table 111.
EXAMPLE 5 3    EP 0 246 869 B1 Example 3 was repeated using cobalt (1 g/l
as cobalt sulphate) instead of nickel. The results shown in Table IV were
obtained. EXAMPLE 6 5 The effect of varying the concentration of
3-(3-pyridyl) acrylic acid was investigated using the following composition
to plate brass at 35 C in a Hull Cell equipped with a stirrer: gold (as
potassium gold cyanide) 4 g/l tripotassium citrate 120 g/l 10 oxalic acid
30 g/l cobalt (as cobalt sulphate) 0.5 g/l pH 4.7 To this basic composition
was added 3-(3-pyridyl) acrylic acid In varying amounts, and the maximum
current density usable with each solution was determined. The results were
as shown in Table V. 15 EXAMPLE 7 Example 6 was repeated using a High-speed
Hull Cell, and similar results were obtained, except that no significant
improvement in maximum current density was obtained by increasing the
concentration of 3-(3- 20 pyridyl) acrylic acid beyond 0.5 g/l. At this
concentration, the maximum current density at which bright coatings could
be obtained was 6.5 [err]. 25 30 



35 40 45 50 55 4    EP 0 246 869 B1 JJ C                                I
[err] [err] [err] 10                                    [err] [err] [err]
[err] [err] 0 - 0 [err] [err] [err] i [err] [err] [err] 30
[err] [err] [err] a [err] 40 . 



[err] [err]    EP 0 246 869 B1 [err] [err] [err] - [err] [err] 15 [err]
[err] 4 [err] [err] q4 [err] [err] [err]
0 [err] u 40                        [err] [err] [err]    EP 0 246 869 B1 I
I [err] [err] [err] 



[err] o              [err] U [err] [err] [err] [err] [err] 30
[err] [err] [err] [err] [err] 40
0 [err] 46 [err] [err] 50 55    EP 0 246 869 B1 5 [err] 10 [err] [err] 15
[err] 20 [err] [err] [err] 25 



[err] [err] [err] 35 [err] [err] [err] 35 [err] [err] [err] 50 55    EP 0
246 869 B1 [err] [err] 10 [err] [err] x 20 25 30 U 35
[err] 40 45 50 Claims 1. An acid gold electroplating bath comprising gold
in electrodepositable form and one or more additives selected from
3-(3-pyridyl) acrylic acid, 3-(3-quinolyl) acrylic acid, and salts thereof.
55 



2. An acid gold electroplating bath according to claim 1, which also
contains a metallic additive. 3. An acid gold electroplating bath according
to claim 1 or claim 2, wherein the metallic additive is a    EP 0 246 869
B1              11111111111111111111111111111 *   C   L   M   S   * 6 [err]
10 [err] [err] 20 26 30 30 [err] [err] 45
[err] 50 Claims 1. An acid gold electroplating bath comprising gold in
electrodepositable form and one or more additives selected from
3-(3-pyridyl) acrylic acid, 3-(3-quinolyl) acrylic acid, and salts thereof.
55 2. An acid gold electroplating bath according to claim 1, which also
contains a metallic additive. 3 An acid gold electroplating bath according
to claim 1 or claim 2, wherein the metallic additive Is a 9    EP 0 246 869
B1 cobalt, nickel or iron salt. 4. An acid gold electroplating bath
according to any preceding claim wherein 3-(3-pyridyl) acrylic acid is
present at a concentration of from 0.01 g/l to 5 g/l. 5 



5. An acid gold electroplating bath according to any preceding claim
wherein 3-(3-pyridyl) acrylic acid Is present at a concentration of from
0.5 g/l to 1.0 g/l. 6. An acid gold electroplating bath according to any
preceding claim wherein the gold is present as a 10     water soluble
complex at a concentration of from 1 to 20 g/l. 7. A process for forming a
gold deposit on a metallic article, comprising electroplating said article
in a bath as claimed in any preceding claim. 15 Revendlcatlons 1. Un bain
acide de d~p6t dlectrolytique d'or, comportant de I or sous forme
susceptible d'etre deposdo par 6lectrolyse et un ou plus d'un additif
choisl parmi lacide 3-(3-pyridyl)acrylique, Iacide 3-(3-
quinoleyl)acrylique et les sels de ceux-ci. 20 2. Un bain acide de dep8t
electrolytique d'or selon la revendication 1, qui renferme egalement un
additif metallique. 3. Un bain acide de dep8t dlectrolytique d'or selon la
revendlcation 1 ou la revendication 2, dans loquel 26    Iladditif
mdtalllque est un sel de cobalt, de nickel ou de fer. 4. Un bain acide de
d~p6t dlectrolytique d'or selon lPune quelconque des revendications
precedentes, dans lequel lPacide 3-(3-pyridyl)acrylique est present selon
une concentration de 0,01 g/itre & 5 g/lItre. 3o  5. Un bain acide de depat
6lectrolytique d'or selon l'une quelconque des revendications pr~cedentes,
dans lequel lPacide 3-(3-pyridyl)acrylique est pr~sent selon une
concentration de 0,5 g/litre a 1,0 gllitre. 6. Un bain acide de dep8t
electrolytique d'or selon lPuns quelconque des revendications precedentes,
dans lequel lPor est present sous la formo d'un complexe soluble dans l'eau
a une concentration de 1 I 35     20 g/litre. 7. Un proc~dd pour former un
dep8t d'or sur un article metallique, consistant & rsaliser un dep8t
electrolytique sur ledit article dans un baln tel que revendlqu6 dans l'une
quelconque des revendica- tions pr~cddentes. 40 PatentansprUche 1. Saures
Gold-Elektroplattierungsbadumfassend Gold In galvanisch abscheidbarer Form
und einen oder mehrere Zusatzstoffe, ausgew~hlt unter
3-(3-Pyridyl)acrylsaure, 3-(3-Chinolyl)acrylsAure, und Salzen 46
hievon. 2. Saures Gold-Elektroplattlerungsbad nach Anspruch 1, welches auch
elnen metallischen Zusatzsoff enthait. so  3. Saures
Gold-Elektroplattlerungsbad nach Anspruch 1 odor Anspruch 2, worin der
metallische Zusatz- stoff ein Kobalt-, Nickel- odor Elsensalz ist. 4.
Saures Gold-Elektroplattierungsbad nach einem der vorstehenden Ansprtche,
worin die 3-(3-Pyridyl)- 



acrylsaure in einer Konzentration von 0,01 gi bis 5 g/i vorliegt. 55 5.
Saures Gold-Elektroplatlierungsbad nach elnem der vorstehenden Anspr~che,
worin die 3-(3-Pyridyl)- acrylsaure in einer Konzentration von 0,5 gil bis
1,0 gil vorliegt 10    EP 0 246 869 B1 6. Saures
Gold-Elektroplattierungsbad nach elnem der vorstehenden Ansprtlche, worin
das Gold als wasserl6slicher Komplex in einer Konzentration von 1 bis 20
g/l vorliegt 7. Verfahren zur Bildung einer Goldabscheldung auf elnem
metallischen Erzeugnis, umfassend das 5      Elektroplattleren des
genannten Erzeugnisses in elnem  Bad, wie es in einem  der vorstehenden
AnsprUche beansprucht wird. 10 15 20 25 30 35 40 45 50 65    


