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Description

[0001] The present invention relates to an electrolyte
composition as well as a method for the deposition of
quaternary copper alloys. In particular, the present in-
vention relates to an electrolyte composition as well as
a method for the deposition of bronze alloys which com-
prise copper, tin and zinc and a fourth alloying metal.
[0002] The deposition of metal or alloy layers on sub-
strates is widely used in many technical fields. Substrate
surfaces can be coated with corresponding metal or alloy
layers for decorative or functional reasons. Thus, it is for
example possible to increase the corrosion resistance of
surfaces by applying corresponding corrosion resistant
metal or alloy layers, to improve the abrasion resistance
of the surfaces or to give them a more decorative design.
Accordingly, electroplating surface coatings are used in
very different fields such as for example the automobile
industry, the fittings industry or the manufacture of jew-
ellery.

[0003] In particular where the corresponding surfaces
are in direct contact with a body, such as for example in
the case of jewellery or also in the case of medical in-
struments, it has been endeavoured for a long time to
design surfaces such that eventual irritations caused by
for example allergies or heavy metal intoxications are
avoided.

[0004] In particular bronzes comprise a non negligible
portion of heavy metals, such as for example lead, and
they can also comprise portions of nickel which is sus-
pected of provoking allergies if it is in direct contact with
the skin.

[0005] Furthermore, substrates are often provided with
nickel and/or chromium layers for decorative purposes.
Since these substances are suspected of provoking al-
lergies, it is endeavoured, in particular in the filed of the
jewellery industry, toreplace such coatings with harmless
coatings that present the same or better properties.
[0006] It is thus the object of the present invention to
provide an electrolyte composition for the deposition of
quaternary copper alloy layers on substrates, which is
free of noxious heavy metals. Furthermore, itis the object
of the presentinvention to provide a corresponding meth-
od for the deposition of such alloy layers.

[0007] Concerning the electrolyte composition, this
aimis achieved by an electrolyte composition for the dep-
osition of a quaternary copper alloy on a substrate, com-
prising at least copper, tin and zinc in form of the ions
thereof as well as ions of a metal that is selected from
the group consisting of indium, gallium and thallium. Thal-
lium is proved to be a brightener (grain refiner) in the
electrodeposition of bronze alloys. With a concentration
of 0.05 g/l in the electrolyte, the deposit can contain up
to 1 % of this elements.

[0008] Surprisingly it has been found that the addition
of a metal selected from the group consisting of indium,
gallium and thallium, to bronzes comprising copper, tin
and zinc clearly improves the surface properties of the

10

15

20

25

30

35

40

45

50

55

deposited layers with regard to hardness and corrosion
resistance. Hereby, the thus deposited bronze alloys can
be very well used in the field of decorative coatings as
well as electronics.

[0009] The addition of an alloying metal selected from
the group consisting of indium, gallium and thallium,
makes it possible to deposit white, brilliant bronze alloy
layers which do not release any noxious metals. Hereby,
the thus deposited copper alloy layers can also be used
as an alternative of nickel or chromium coatings.
[0010] The white metals such as tin, zinc as well as
the metals from the group consisting of indium, gallium
and thallium, can be widely varied in the electrolyte com-
position according to the invention, whereby copper alloy
layers having surface properties that can be widely ad-
justed can be deposited. The addition of a fourth alloying
metal of the described type to bronze alloys on the base
of copper, tin and zinc permits to clearly increase the
corrosion resistance of the deposited layers against ag-
gressive environmental influences such as for example
salt water or human sweat. Furthermore, the hardness
of the deposited alloy layers is significantly increased by
the addition of the fourth alloying metal.

[0011] The electrolyte compositions according to the
invention comprise cyanide besides the mentioned alloy-
ing metals. Herein, the cyanide concentration can vary
in a range comprised between 1 and 100 g/l according
to the invention, wherein as cyanide source not only al-
kali-cyanides but also the alloying metals of the electro-
lyte composition in form of cyanide complexes, such as
for example copper cyanide or zinc cyanide, can be add-
ed.

[0012] Furthermore, the alloying metals of the electro-
lyte composition can be added in form of the soluble ox-
ides, sulphates thereof or other suitable soluble com-
pounds.

[0013] Besides the mentioned alloying metals, the
electrolyte composition according to the invention com-
prises complexing agents for the complexation of the
metals present in the electrolyte composition. Herein,
suitable complexing agents are for example nitrilotriace-
tic acid (NTA), ethylenediaminetetraacetic acid (EDTA),
diethylenetriaminepentaacetic acid (DTPA), phospho-
nates such as for example the phosphonate that is dis-
tributed by the company Monsanto under the name
"Dequest", derivates or salts of the D-gluconic acid as
well as alkali hydroxides. Depending on the alloying met-
al concentrations, such complexing agents can be con-
tained in the electrolyte composition according to the in-
vention singly or in a suitable mixture.

[0014] Furthermore, the electrolyte compositions ac-
cording to the invention can comprise alkali salts of phos-
phonic acids, such as for example ethylenediaminetetra
(methylphosphonic acid) (EDTMPA) or 1-hydroxyethyli-
denediphosphonic acid (HEDP or etidronic acid).
[0015] The function of these compounds is to maintain
indium, gallium and thallium in solution by forming soluble
complexes which are strong enough in order to regulate
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their co-deposition with copper, tin and zinc.

[0016] Without being limited to this theory it appears
that zinc deposition is more relied to these complexing
agents, than to the cyanide complex K2Zn(CN)4.
[0017] Furthermore, the electrolyte composition ac-
cording to the invention can content Rochelle salt (Sodi-
umpotassiumtartrat), and (or) glycolic acid, for example
in form of alkali salts thereof. These salts function as
conductive salts and as pH buffers to the electrolyte. Be-
sides the above mentioned constituents, the electrolyte
compositions according to the invention advantageously
comprise surface-active agents, such as for example the
additive distributed by the company Enthone under the
name Brightener SW or also the betaine derivate distrib-
uted under the name ATC Solution No. 10.

[0018] The copper content of the electrolyte composi-
tions can be comprised between 1 and 30 g/I. Advanta-
geously, the cyanide-copper-ratio is comprised between
1:1 and 10: 1, calculated on the base of potassium
cyanide.

[0019] The tin concentration of the electrolyte compo-
sition according to the invention can vary in arange com-
prised between 1 and 40 g/l, wherein it advantageously
comprises a hydroxide-tin-ratio comprised between 1 : 1
and 5 : 1, calculated on the base of potassium hydroxide.
The tin concentration of the electrolyte composition ac-
cording to the invention can vary between 0.4 and 20 g/I.
[0020] The concentration of the fourth alloying metal
selected from the group consisting of indium, gallium and
thallium, can vary between 0.1 and 10 g/I, depending on
the selected complexing agent. Herein, it is the object of
the complexing agent to stabilize the alloying metals
presentin the electrolyte composition in alkaline solution,
in order to avoid the precipitation of corresponding metal
hydroxides.

[0021] Concerningthe method, the aim oftheinvention
is achieved by a method for the deposition of a quaternary
copper alloy on asubstrate comprising the process steps:

contacting the substrate with an electrolyte compo-
sition that at least comprises copper, tin and zinc in
form of the ions thereof as well as ions of a metal
selected from the group consisting of indium, gallium
and thallium.

applying a voltage between the substrate and a
counter-electrode for the electroplating deposition of
a quaternary alloy layer on the substrate.

[0022] Advantageously, the set current density of the
method according to the invention for the deposition of
a corresponding quaternary copper alloy layer on the
substrate is comprised between 0.05 and 5 A/dm2, pref-
erably between 0.1 and 3 A/dm2,

[0023] The temperature during the step of contacting
the substrate to be coated with the electrolyte composi-
tion according to the invention can vary between 20 and
80°C, preferably between 50 and 70°C. Below 50°C, the
deposit is less bright, not homogeneous, colour is not
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uniform and corrosion resistance is less good. Above
70°C, the electrolyte generates too much break-down
products and consumes more energy, more potassium
hydroxide and more potassium cyanide. The conse-
quence is a quick build-up of potassium carbonate, as
also a rapid ageing of the electrolyte.

[0024] Using the electrolyte composition according to
the invention as well as the coating method according to
the invention, quaternary copper alloys having a layer
thickness of up to 20 wm can be deposited, which are
free of fissures and brilliant.

[0025] The deposited layers are uniform and present
a high corrosion resistance.

[0026] The corrosion resistance to Neutral Salt Spray
(according to the standard ISO 9227) for the same thick-
ness of this deposit, plated on the same substrate, is
minimum twice better than for the white ternary alloy cop-
per/tin/zinc. Corrosion resistance to artificial sweat (ac-
cording to the standard 1ISO 3160-2) is also twice better
than for the white ternary alloy copper/tin/zinc . For ex-
ample, a deposit of 3 um of copper/tin/zinc/indium ac-
cording to the invention, plated on brass substrate resists
more than 300 hours in the neutral salt spray test. The
comparative ternary white alloy copper/tin/zinc resists
less than 120 hours.

[0027] In artificial sweat test, the quaternary alloy re-
sists 7 days, and the ternary alloy resists maximum 36
hours. The hardness of the alloy deposited according to
the invention, with the following composition: 53% Cu;
29% Sn; 7% Zn; 11 % In, has been measured at 500 to
520 Hv 0.05.

[0028] The alloying metals can vary within the depos-
ited alloy layers depending on the set electrolyte compo-
sition. Herein, the copper content of the deposited layers
can vary between 52 and 55 % by mass, the tin content
can vary between 23 and 35 % by mass and the zinc
content can vary between 5 and 13 % by mass. The con-
tent of the fourth alloying metal selected from the group
consisting of indium, gallium and thallium, can vary be-
tween 0.5 and 17 % by mass in the alloy layers deposited
according to the invention, with a preferred content of 4
to 12% by mass in the alloy for optimum performances.
[0029] The following exemplary embodiments repre-
sent examples of the electrolyte composition according
to the invention, which however cannot be limited to the
concrete exemplary embodiments.

Example 1

Aqueous electrolyte composition comprising

[0030]

12 g/l copper as copper cyanide

12 g/l tin as potassium or sodium stannate

259/l zinc as Zn(CN), or ZnO

34/ In as Iny(SO4)3

25 g/l ethylenediaminetetra(methylphosphonic ac-
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id) as sodium or potassium salt

10 ml/l  1-hydroxyethylidenediphosphonic acid as so-
dium or potassium salt

50 ml/l  glycolic acid (as sodium or potassium salt)

45 g/l KCN

14 g/l KOH

2mi/ Brightener SW (brightener of Enthone Inc.)

1 ml/l ATC solution no. 10 (surface-active agent on
the base of betaine derivates)

Example 2

[0031] A temperature of 62°C and a current density of

1.0 A/dm2, from this aqueous electrolyte at in 20 minutes
a 5 pm thick, white, fully bright and levelling deposits
which contained 52.1 % copper, 27.6% tin, 7.7% zinc
and 12.6% indium were obtained. The deposit was cor-
rosion and tarnish resistant, with a hardness of 510
HV( 05-

Example 3

[0032] From the aqueous electrolyte described in ex-
ample 1, at a temperature of 62°C, a current density of
1.7 A/Jdm2, in 44 minutes a 12.4 pm thick, white, fully
bright and levelling deposits which contained 56.2% cop-
per, 25.1 % tin, 7.3% zinc and 11.4% indium were ob-
tained.

Example 4

[0033] A plating barrel is filled with small pieces made
of brass. Rotation speed of the barrel is adjusted at 8
rotations per minute. From the aqueous electrolyte de-
scribed in example 1, at a temperature of 62°C, a current
density of 0.15 A/dmZ2, in 120 minutes a 4 pm thick, white,
fully bright and levelling deposits which contained 53.3%
copper, 26.7% tin, 8.2% zinc and 11.7% indium were
obtained.

Example 5

Aqueous electrolyte composition comprising

[0034]

13 g/l copper as copper cyanide

13 g/l tin as potassium or sodium stannate

2549/ zinc as Zn(CN), or ZnO

249/l Gallium as Ga,04

25 g/l ethylenediaminetetra(methylphosphonic ac-
id) as sodium or potassium salt

10 ml/l 1-hydroxyethylidenediphosphonic acid as so-
dium or potassium salt

50 ml/l  glycolic acid (as sodium or potassium salt)

45 g/l KCN

14 g/l KOH

2 mi/ Brightener SW (brightener of Enthone Inc.)
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1 mi/ ATC solution no. 10 (surface-active agent on
the base of betaine derivates)

Example 6

[0035] From the aqueous electrolyte described in ex-

ample 5, at a temperature of 62°C, a current density of
1.0 A/dmZ2, in 20 minutes a 4.5 wm thick, white, fully bright
and slightly levelling deposits which contained 52.8%
copper, 38.1 % tin, 5.6% zinc and 3.5% gallium were
obtained.

Example 7

Aqueous electrolyte composition comprising

[0036]

14 g/l copper as copper cyanide

7 g/l tin as potassium or sodium stannate

254/ zinc as Zn(CN), or ZnO

0.02 g/l thallium as thallium sulphate

10 ml/ 1-hydroxyethylidenediphosphonic acid as
sodium or potassium salt

50 ml/l glycolic acid (as sodium or potassium salt)

70 g/l KCN

10 g/l KOH

1 ml/l ATC solution no. 10 (surface-active agent on
the base of betaine derivates)

Example 8

[0037] From the aqueous electrolyte described in ex-

ample 7, at a temperature of 55°C, a current density of
0.5 A/dmZ2, in 20 minutes a 2.5 wm thick, white, fully bright
deposits which contained 58% copper, 34% tin, 7.4%
zinc, and 0.6% thallium were obtained. In this example,
thallium functions as metallic brightener.

Claims

1. An electrolyte composition for the deposition of a
quaternary copper alloy on a substrate, comprising
atleast copper, tin and zinc in form of the ions thereof
as well as ions of a metal that is selected from the
group consisting of indium and gallium.

2. An electrolyte composition according to claim 1,
comprising 1 to 30 g/l copper.

3. An electrolyte composition according to one of the
preceding claims, comprising 0.4 to 20 g/l zinc.

4. An electrolyte composition according to one of the
preceding claims, comprising 1 to 40 g/l tin.

5. An electrolyte composition according to one of the
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preceding claims, comprising a metal of the group
consisting of indium, gallium and thallium, in a con-
centration comprised between 0.1 and 10 g/l.

An electrolyte composition according to one of the
preceding claims, furthermore comprising cyanide
in a concentration comprised between 1 and 100 g/I.

An electrolyte composition according to one of the
preceding claims, at least comprising a complexing
agent for the metals contained in the electrolyte com-
position.

An electrolyte composition according to claim 7,
wherein the complexing agent is selected from the
group consisting of nitrilotriacetic acid (NTA), ethyl-
enediaminetetraacetic acid (EDTA), diethylenetri-
aminepentaacetic acid (DTPA), Dequest®, a deri-
vate or salt of the D-gluconic acid or mixtures thereof.

An electrolyte composition according to one of the
preceding claims, comprising an alkali hydroxide or
ammonium hydroxide.

An electrolyte composition according to one of the
preceding claims, furthermore comprising a com-
pound of the group consisting of ethylenediamine-
tetra(methylphosphonic acid) (EDTMPA), 1-hydrox-
yethylidenediphosphonic acid (etidronic acid,
HEDP) or salts thereof.

An electrolyte composition according to one of the
preceding claims, furthermore comprising glycolic
acid.

An electrolyte composition according to one of the
preceding claims, comprising a surface-active
agent.

A method for the deposition of a quaternary copper
alloy on a substrate, comprising the process steps:

- contacting the substrate with an electrolyte
composition that at least comprises copper, tin
and zinc in form of the ions thereof as well as
ions of a metal selected from the group consist-
ing of indium, gallium and thallium;

- applying a voltage between the substrate and
a counter-electrode for the electroplating depo-
sition of a quaternary alloy layer on the sub-
strate.

A method according to claim 13, wherein for the dep-
osition of the alloy layer a current density between
0.05 and 5 A/dm? is set.

A quaternary copper alloy layer deposited by elec-
troplating and comprising copper, tin, zinc as well as
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16.

a metal of the group consisting of indium, gallium
and thallium.

A quaternary copper alloy layer deposited by elec-
troplating, wherein the alloy comprises 52 to 55 %
by mass copper, 23 to 35% by mass tin, 5 to 13%
by mass zinc as well as 4 to 12% by mass of a metal
selected from the group consisting of indium, gallium
and thallium.
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