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(54) Solution for the electrodeposition of a gold alloy and the alloy derived therefrom

(57) The present invention discloses a solution for
the electrodeposition of a gold alloy and the alloy derived
therefrom having defined colour coordinates in the range
of (L: 65-75; a: 6-9; b: 10-20). The solution comprises a
gold salt, an iron salt and a vanadium salt, and optionally

one or more salts of other metals selected from cobalt,
palladium, ruthenium, for modulating the end colour
shades; and optionally small amounts of tellurium, gal-
lium or bismuth salts, as sparkling aids and grain refiners.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of so-
lutions for electrodeposition of metal alloys and derived
alloys; in particular, it relates to a solution for the elec-
trodeposition of a gold alloy and to the alloy derived there-
from having defined colour coordinates in the range of
(L: 65-75; a: 6-9; b: 10-20).

PRIOR ART

[0002] The metal alloys obtained by electrodeposition
are widely used in various production sectors, both for
the physical qualities thereof and for the specific aesthet-
ic nature thereof.
[0003] Coloured alloys, obtained by the electrodepo-
sition of metals, both individually and alloyed together,
are found to be of interest for this second purpose; these
alloys are put to practical use in various fields: furniture,
clothing, jewellery, and in general any sectors requiring
articles having specific aesthetic properties. Coloured
Gold alloys are found to be among the most used since
they make it possible to obtain a vast range of colours
and shades depending on the formulation used and the
working conditions applied to obtain them.
[0004] Thus far, with galvanic gilding baths, it is pos-
sible to obtain the entire range of colours and shades of
the colours white, yellow, pink and even green; however,
brown colours are difficult to obtain under simple condi-
tions and using chemically stable solutions.
[0005] There is therefore an interest in the formulation
of chemically stable galvanic baths which are easy to
manage and handle and can be used for the electrodepo-
sition of brown gold alloys having colour coordinates in
the range of: (L: 65-75; a: 6-9; b: 10-20) and having a
shiny and coherent deposit.

SUMMARY OF THE INVENTION

[0006] The present invention solves the above prob-
lems by way of an aqueous solution for the electrodepo-
sition of a Gold alloy; said solution comprising a Gold
(Au) salt, an Iron (Fe) salt and a Vanadium (V) salt, and
optionally one or more salts of other metals suitably se-
lected among the Cobalt (Co), Palladium (Pd), Ruthe-
nium (Ru) salts, for modulating the end colour shades;
and optionally further comprising small amounts of one
of more Tellurium (Te), Gallium (Ga) or Bismuth (Bi) salts,
as sparkling aids and grain refiners.
[0007] The alloy derived from the aforementioned so-
lution has colour coordinates in the range of: (L: 65-75;
a: 6-9; b: 10-20).
[0008] The invention also further relates to a gold alloy
having colour coordinates in the range of: (L: 65-75; a:
6-9; b: 10-20), said alloy, which can be obtained from the
aforementioned solution, having the following percent-

age composition by weight:

- Au 86-91 %;
- Fe 6-8%
- V 4-6%
- Co, Pd, Ru or mixtures thereof 0-0.5%. Te, Ga, Bi

or mixtures thereof are not alloyed, but merely serve
as sparkling aids.

[0009] The invention also relates to a method for the
electrodeposition of a gold alloy as disclosed above using
the aforementioned solution.

DETAILED DESCRIPTION OF THE INVENTION

[0010] For the purposes of the present invention, a so-
lution for electrodeposition is a galvanic bath and the sol-
vent used is water.
[0011] The solution preferably contains a suitable buff-
er system, one or more complexing agents which guar-
antee stability of the metals in solution in addition to mod-
ulating the alloying thereof, and a surfactant which also
acts as a sparkling aid.
[0012] The Gold salt may be Gold chloride, Gold sul-
phite, potassium Dicyanoaurate, potassium Tetracyano-
aurate, ammonium Cyanoaurate or a combination there-
of.
[0013] Preferably, the concentration of Gold as a metal
is in the range of 0.5 to 3 g/L, more preferably from 0.7
to 1.8 g/L, the most suitable concentration for obtaining
the desired triplet of colour coordinates in the range of
interest (L: 65-75; a: 6-9; b:10-20) being selected from
time to time.
[0014] The metals which are alloyed with the Gold are
primarily Iron and Vanadium, introduced into the solution
in the form of the most common salts thereof, such as,
for Iron, by way of non-limiting example, Iron sulphate,
Iron carbonate, Iron acetate, Iron citrate and Iron chlo-
ride, depending on the selected buffer system and on the
stability of the selected salt in the environment of the
solution, and for Vanadium, by way of non-limiting exam-
ple, Vanadium Oxychloride, Vanadium Oxytriethoxide,
Vanadium Oxytripropoxide, Vanadium Oxyfluoride, Va-
nadium Oxide, Sodium Vanadium Oxide, Vanadium hal-
ide.
[0015] The concentrations of the aforementioned met-
als are in the range of 0.2 g/L to 1 g/L, the most suitable
concentration of each of these for obtaining the desired
triplet of colour coordinates in the range of interest (L:
65-75; a: 6-9; b:10-20) being selected from time to time.
[0016] These metals are used so as to obtain a reduc-
tion in the values of the colour coordinates a and b with
respect to the typical values for a 24 kt Gold deposits (L
= 84-85; a = 6-8; b = 30-31); the amounts added for each
individual metal bring about a corresponding effect on
these coordinates in relation to the concentration. The
other metals which may be introduced into the solution
as salts for modulating the colour shades are Cobalt,
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Palladium, Ruthenium and mixtures thereof, these also
being introduced into the solution in the form of the most
common salts thereof, such as, by way of non-limiting
example, sulphate, carbonate, acetate, citrate and chlo-
ride, depending on the selected buffer system and on the
stability of the selected salt in the environment of the
solution.
[0017] The concentrations of each of these metals are
in the range of 0.005 to 0.5 g/L, the most suitable con-
centration of each of these for obtaining the desired triplet
of colour coordinates in the range of interest (L: 65-75;
a: 6-9; b:10-20) being selected from time to time.
[0018] These metals are used so as to obtain a mod-
ulation of the values of the colour coordinates a and b
with respect to the typical values for a 24 kt Gold deposits
(L = 84-85; a = 6-8; b = 30-31); the amounts added for
each individual metal bring about a corresponding effect
on these coordinates in relation to the concentration. In
particular, it has been found that:

- Ruthenium reduces the L coordinate;
- Palladium and Cobalt increase the L coordinate;

[0019] It has further been found that Tellurium, Gallium
and Bismuth or combinations thereof improve the homo-
geneity of the colour of the deposit and refine the grain
of the deposit: they are introduced into the solution in the
form of the soluble salts thereof or stable complexes
thereof in the working conditions of the solution, in
amounts for each metal in the range of 0.005 - 0.015 g/L
as a metal.
[0020] The pH of the solution is not a critical parameter
apart from for the stability in solution of the selected met-
als, and may be between 7 and 10, more preferably be-
tween 7.5 and 9.5, and is regulated using sodium or po-
tassium hydroxide or using inorganic acids such as, by
way of non-limiting example, sulphuric acid, phosphoric
acid, formic acid.
[0021] In working conditions, the pH is kept stable by
way of a buffer system selected among the acid/salt pairs
of acids such as gluconic, oxalic, citric, tartaric, malonic,
malic, phosphoric and sulphamic acid inter alia, which
serve as complexing agents for the metals in solution,
promoting the stability thereof, in addition to guarantee-
ing pH stability.
[0022] The salts of the aforementioned acids may be
sodium or potassium salts or salts of other alkali and
alkaline earth metals which are soluble in the conditions
of the solution.
[0023] The concentrations of the acids and the salts
thereof are in the range of 30 g/L to 170 g/L, more fa-
vourable of 50 g/L to 130 g/L.
[0024] It is also favourable to introduce one or more
complexing agents into the solution, in concentrations of
between 20 and 50 g/L, such as ethylenediamine-
tetraacetic acid, etidronic acid, nitrilotriacetic acid, ethyl-
enediamine tetra methylenephosphonic acid, nitrilotris-
methylenediphosphonic acid, in the form of the free acid

or in the form of a salt.
[0025] The selection of the form of the complexing
agent, the concentration and the composition of the even-
tual mixture is determined by the colour coordinates in
the range of interest (L: 65-75; a: 6-9; b: 10-20) which it
is desired to obtain.
[0026] The surfactant is selected from the sodium salts
of the alkylsulphonates and alkylphosphonates which are
soluble and stable at the working pH of the invention, and
is used in an amount of no more than 1 g/L, introduced
as a pre-diluted aqueous solution to avoid solubility prob-
lems.
[0027] The temperature and current density applied to
the solution are parameters which influence the colour
coordinates, and therefore have to be applied within par-
ticular intervals and modulated on the basis of the colour
coordinates which it is desired to obtain in the range of
interest (L: 65-75; a: 6-9; b: 10-20).
[0028] The preferred working temperature of the solu-
tion is in the range of 35 to 45°C; an increase in temper-
ature leads to an increase in Gold in the deposit and thus
raises the a and b coordinates.
[0029] The preferred current density is in the range of
0.5 A/dm2 to 3 A/dm3; an increase in applied current den-
sity initially leads to an alteration to the colour and sub-
sequently to the appearance of burns and localised in-
homogeneities of the deposit.
[0030] The duration of application of the current does
not influence the colour, but in relation to a colouring bath
the deposition times may typically be up to 2 minutes of
application.
[0031] A better understanding of the invention may be
gained from the following practical examples.

EXPERIMENTAL PART

Example No. 1

[0032] The following aqueous solution was prepared:

Citric Acid 30 g/L
Potassium Citrate 90 g/L
HEDP tetrasodium 7 g/L
Gold 1 g/L introduced as Potassium Dicyanoaurate
Iron 0.6 g/L introduced as Iron Citrate
Vanadium 0.6 g/L introduced as Vanadium Oxychlo-
ride
Tellurium 0.005 g/L introduced as Tellurium Oxide
Sodium Lauryl Ether 0.1 mL/L of the 10% w/v solution

[0033] A sheet of copper of size 10 3 10 cm, on which
a layer of 24 kt Gold having colour coordinates (L = 84.8;
a = 7.7; b = 30.2) had previously been deposited, was
plated with the above-disclosed solution in the laboratory
under the following working conditions:

pH 8
45 °C
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0.8 A/dm2

1 minute

[0034] The sheet was then rinsed in demineralised wa-
ter and dried in an oven at 85°C for 30 minutes, then left
to cool to room temperature.
[0035] The colour coordinates obtained were meas-
ured and found to be:

L: 72; a: 7.3; b: 15.2

[0036] From electron microscope analysis, the alloy
was found to have the following average % composition
by weight:

Au 89.4 %
Fe 6.65 %
V 3.95 %
Te did not alloy.

Claims

1. A solution for the electrodeposition of a gold alloy
having color coordinates in the range between: L:
65-75; a: 6-9; b: 10-20; said solution comprising a
Gold (Au) salt, an Iron (Fe) salt and a Vanadium (V)
salt, and optionally one or more salts of other metals
suitably selected among the Cobalt (Co), Palladium
(Pd), Ruthenium (Ru) salts, for modulating the end
color shades; and optionally further comprising small
amounts of one of more Tellurium (Te), Gallium (Ga)
or Bismuth (Bi) salts, as sparkling aids and grain re-
finers.

2. A solution according to claim 1, wherein Gold as a
metal is in the range between 0.5 and 3 g/L.

3. A solution according to claim 1, wherein Fe and V
as metals are provided in concentrations in the range
between 0.2 and 1 g/L, respectively.

4. A solution according to claim 1, wherein Co, Pd and
Ru, if provided, are each provided in concentrations
in the range between 0.005 and 0.5 g/L, wherein the
concentrations are referred to the metal in solution.

5. A solution according to claim 1, wherein Te, Ga, Bi
or combinations thereof are introduced in the solu-
tion in the form of soluble salts thereof or stable com-
plexes thereof in the working conditions of the solu-
tion, in amounts for each metal in the range between
0.005 and 0.015 g/L as a metal.

6. A solution according to any one of claims 1-5, having
a buffered pH in the range between 7 and 10.

7. A solution according to any one of claims 1-9, com-

prising one or more complexing agents in concen-
trations in the range between 20 and 50 g/L.

8. A solution according to any one of the preceding
claims, wherein a surfactant agent is provided in
amounts of no more than 1 g/L.

9. A method for the electrodeposition of a gold alloy
having color coordinates in the range: L: 65-75; a:
6-9; b: 10-20; said method comprising the use of a
solution according to any one of the preceding
claims.

10. A gold alloy, obtained according to the method of
claim 12, said alloy having color coordinates in the
range: L: 65-75; a: 6-9; b: 10-20 and having the fol-
lowing percentage composition by weight:

Au 86-91 %;
Fe 6-8%

V 4-6%
Co, Pd, Ru or mixtures thereof 0-0.5%.
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