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Description

[0001] The presentinvention referstoan electroplating
device for depositing nickel alloys and a process for de-
positing nickel alloys on a substrate with a solid replen-
isher.

[0002] In the field of plating, electroplating is a popular
and efficient method of strengthening metals. It is a ne-
cessity in so many industries, and its specific uses pro-
vide distinct advantages for each alloy type and applica-
tion. Itis also a complicated process thatinvolves precise
chemistry and attention.

[0003] Nickel alloy are a major electroplating product
used in the industry for protection and decorative appli-
cation. It is used in many industries today.

[0004] One of those drawbacks faced with nickel alloy
plating is that it generally involves the use of sulfates and
chlorides in the plating bath. Those compounds tend to
accumulate during the bath operation and cause envi-
ronmental issues and health issues.

[0005] Also, there is a need to have a replenishment
in nickel for the bath that is sufficient for an industrial
application. This replenishment solution needs also to be
as cost efficient as possible. There is also a need to avoid
the practice of bleed and feed. Bleed and feed is the
practice of discarding a fraction of old bath and replacing
it with new bath. In general, the additives are added to
the electroplating bath in liquid form having the conse-
quence that the total volume of the bath increases over
time, so a fraction of the electrolyte are discarded.
[0006] JP2012246554 discloses an alkaline zinc-nick-
el alloy plating liquid contains zinc, nickel, an electric con-
ductive salt, and a complexing agent of nickel, and does
not contain an aromatic sulfonic acid, an aromatic sul-
fonamide, an aromatic sulfonimide, an acetylenic com-
pound, an allyl compound, a nitrile compound, and sul-
fate. Especially, the nickel source is a water-insoluble
nickel compound such as nickel carbonate, nickel hy-
droxide, and nickel chloride. This solution still favor chlo-
ride as a solid replenisher.

[0007] US4428802 discloses a palladium-nickel alloy
plating solutions formed from tetramminepalladous chlo-
rideis provided. The tetramminepalladous chloride is sol-
uble in aqueous ammonia plating solution and is also
water soluble. This permits replenishment of the palladi-
um in a palladium-nickel plating solution during plating
operation merely by adding the tetramminepalladous pal-
ladius chloride as a solid which is easily dissolved. The
palladium-nickel alloy plating solutions contain between
about 5 to 30 g/l of palladium and 5 to 30 g/l of nickel.
This solution still favor chloride as a solid replenisher.
[0008] None of those prior art documents has focused
on a solid replenisher for nickel with a limited amount of
sulfate and chloride.

[0009] It was therefore an object of the present inven-
tion to provide an electroplating bath for depositing nickel
alloys with a solid replenisher that is compatible with this
focus.
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[0010] Thisproblemis solved by the electroplating bath
with the features of claim 1 and the process for depositing
nickel alloys with the features of claim 12. The further
dependent claims mention preferred embodiments.
[0011] According to the present invention, a device for
depositing nickel alloys with an electroplating unit com-
prising an electroplating bath and, separated from the
electroplating unit, a replenishing unit comprising or con-
sisting of a chamber,a line, a compartment or combina-
tions thereof is provided wherein the electroplating bath
comprises:

a) at least one nickel ion,

b) at least one additional metal ion,
c) at least one alkali metal ion,

d) at least one aromatic compound,

wherein the replenishing unit comprises a nickel replen-
isher which is a nickel source in a solid state via being
dissolved in the replenishing unit,

wherein the bath comprises less than 2000 ppm of chlo-
ride and less than 2000 ppm of sulfate,

wherein the concentration of nickel in the nickel replen-
isher is higher than the nickel concentration in the elec-
troplating bath,

wherein the nickel replenisher comprises less than 50
g/kg of chloride and less than 50 g/kg of sulfate.

[0012] In a preferred embodiment, the at least one al-
kali metal ion derives from an alkali metal ion source se-
lected from the group consisting of potassium hydroxide,
sodium hydroxide, and mixtures thereof and the pH of
the electroplating bath is above or equal to 14.

[0013] In a preferred embodiment, the nickel ion de-
rives from a nickel ion source selected from the group
consisting of nickel(ll) hydroxide, nickel(ll) carbonate,
nickel(ll) hydroxide carbonate, nickel(ll) chloride, nickel
(I sulfate, nickel (Il) acetate, nickel (Il) sulfamate, nickel
(Il) formate, hydrates thereof, and mixtures thereof,
wherein less than 50% of the Ni ions are provided by
nickel (1) sulfate and/or nickel (Il) chloride.

[0014] In a preferred embodiment, the concentration
of nickel in the nickel replenisher is at least twice the
nickel concentration in the electroplating bath.

[0015] In a preferred embodiment, the replenishing
unit is connected to electroplating unit.

[0016] Inamore preferred embodiment, the replenish-
ing unit is connected to electroplating unit by one or more
tubes and/or pipes.

[0017] In a preferred embodiment, the at least one al-
kali metal ion is present in an amount of 0.1 to 10 mol/L,
preferably 1 to 8 mol/L, more preferably 2 to 4 mol/L.
[0018] In a preferred embodiment, the nickel ion is
presentin an amountof 0.01 to 1 mol/L, preferably 0.015
to 0.5 mol/L, more preferably 0.02 to 0.03 mol/L.

[0019] Inapreferred embodiment, the additional metal
ion is a zinc ion.
[0020] In a more preferred embodiment, the zinc ion

derives from a zinc ion source selected from the group
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consisting of zinc(ll) oxide, zinc(ll) hydroxide, zinc (II)
chloride, zinc (Il) sulfate, zinc (Il) carbonate, wherein less
than 50% of the Zn ions are provided by zinc (ll) sulfate
and/or zinc (Il) chloride

[0021] In a preferred embodiment, the electroplating
bath comprises of at least one amine.

[0022] Ina preferred embodiment, the least one amine
is present in an amount of 0.001 to 1 mol/L, preferably
0f0.005 to 0.8 mol/L, more preferably of 0.01 to 0.5 mol/L.
[0023] In a preferred embodiment, the at least one
amine is selected from a group of aliphatic amines from
the polymerisation of alkylamines and also monoeth-
anolamine, diethanolamine, triethanolamine, ethylenedi-
amine, diethylenetriamin, tetraethylenepentamine, pen-
taethylenenehexamine, and hepatethyleneoctamine.
[0024] In a preferred embodiment, the at least one ar-
omatic compound is present in an amount of 0.001 to 3
mmol/L, preferably 0.5 to 2.5 mmol/L, more preferably 1
to 2 mmol/L.

[0025] In a preferred embodiment, the bath is free of
any epoxy compounds.

[0026] In a preferred embodiment, the at least one ar-
omatic compound is selected from a group of organic
and inorganic brighteners.

[0027] In a preferred embodiment, the nickel source is
provided as a sludge, paste and/or powder.

[0028] In a preferred embodiment, the replenishing
unit comprises a cartridge system, a filter, a dissolution
system, and combinations thereof.

[0029] In a preferred embodiment, the bath comprises
less than 1000 ppm of chloride and/or less than 1000
ppm of sulfate.

[0030] In a more preferred embodiment, the bath is
free of sulfate ions.

[0031] In a preferred embodiment, the nickel replen-
isher comprises less than 40 g/kg of chloride and/or less
than 40 g/kg of sulfate.

[0032] According to the present invention, a process
for depositing nickel alloys on a substrate from a nickel
alloy bath is also provided including the following steps:

e Providing an electroplating device according to the
invention,

* Immersing a substrate in the electroplating bath and

e Applying an electrical current to deposit the nickel
alloy on the substrate.

wherein a nickel source in a solid state is dissolved in
the separate replenishing unit.

[0033] In a preferred embodiment, the electroplating
bath performs under 2000 ppm of chloride and sulfate
for at least 1000 Ah/L.

[0034] In a preferred embodiment, the nickel alloy de-
posit has a thickness from 2 to 15 pm.

[0035] In a preferred embodiment, the deposition rate
of the nickel alloy is above 0.25 pm/min.

[0036] In a preferred embodiment, the nickel source is
provided as a sludge, paste and/or powder. With refer-
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ence to the following figures and examples, the subject
matter according to the present invention is intended to
be explained in more detail without wishing to restrict
said subject matter to the specific embodiments shown
here.

[0037] Fig. 1 shows two plated parts with the invention,
above with a bath that has just started working and plate
below with a bath that has worked at 22,6 Ah/L.

Examples

Bath composition:

[0038] The bath used for the example is a zinc nickel
plating bath that has the following composition:

- Zinc9gl/L,

- Nickel 1.4 g/L,

- KOH 160 g/L,

- 20 g/L TEPA,

- 6.59/LTEA,

- 0.21 g/L Trigonelline

Plating preparation:

[0039] A 50L plating bath was prepared according to
the concentrations stated above. Dissolution line/device
were prepared with 5L of the plating bath described
above.

[0040] 35 g of Nickel hydroxide carbonate (32 % Nick-
el)were loaded in a cartridge. The Nickel powder or paste
is slightly wetted with water. The loaded cartridge is fitted
into a nickel dissolution line/device, where the electrolyte
is flowing through the cartridge. After complete dissolu-
tion of the Nickel powder, the cartridge is refilled with
Nickel hydroxide powder or paste.

Plating:

[0041] Abarrelis halffilled with M8 steel (10.9) screws.
[0042] The barrel goes through the following pre-treat-
ment steps:

- Hot degreaser with Presol SFD from Coventya

- Rinsing with water

- Etching with HCI of the screws incl. Piclane 50 from
Coventya

- Rinsing with water

- Anodic cleaning with AK80 from Coventya

- Rinsing with water

- Acidic Activation

- Rinsing with water

[0043] For the plating, two steel anodes are used at a
constant current of 12 A for 30 minutes.
[0044] The barrel is after cleaned with water.
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Re-dosing the nickel:

[0045] The Nickel and Zinc concentration is checked
in the plating Bath. The Nickel concentration is checked
in the Nickel dissolution line/device.

[0046] Zinc ion is re-dosed by Zinc pellets or zincate
solution. Nickel ion is re-dosed by exchanging the Bath
electrolyte with the higher loaded/concentrated nickel
electrolyte from the Nickel dissolution line/device as
much as needed.

Results:

[0047] Dissolution rate of the nickel hydroxide carbon-
ate is up to 1.4 g/Lh (highest dissolution rate only in fresh
Nickel-free electrolyte).

[0048] The plate obtained even after 22 Ah/L is like the
one obtained with a plating bath at 0 Ah/L as seen in Fig.
1.

[0049] The deposition rate on screws is approximately
0.35 pwm/min.It must be compared with a classical ZnNi
deposition rate in sodium-based electrolyte that is ap-
prox. 0.2 wm/min.Nevertheless, it is already well known
that potassium based ZnNi systems are faster than so-
dium based ZnNi electrolyte systems.

[0050] In comparison to known ZnNi system based
with Nickel sulfate or Nickel chloride as the Nickel source,
this invention may be performed up to 25 Ah/L with less
than 200 ppm of sulphate and less than 30 ppm of chlo-
ride. In a known ZnNi system based with Nickel sulfate
or Nickel chloride as the Nickel source, the electrolyte
accumulate up to 4000 ppm of sulfate or up to 3500 ppm
chloride at an electrolyte stage of 25 Ah/L, respectively.
In a Nickel sulphate based ZnNi electrolyte the percent-
age volume increase due to addition of Nickel as a liquid
would be already 2.5 % and 2.9 % in a nickel chloride
based ZnNi electrolyte after 25 Ah/L, whereas with this
invention no volume increase is possible due to addition
of Nickel as a solid.

Claims

1. Electroplating device for depositing nickel alloys with
an electroplating unit comprising an electroplating
bath and, separated from the electroplating unit, a
replenishing unit comprising or consisting of a cham-
ber, a line, a compartment or combinations thereof,
wherein the electroplating bath comprising:

a) at least one nickel ion,

b) at least one additional metal ion,
c) at least one alkali metal ion,

d) at least one aromatic compound,

wherein the replenishing unit comprises a nickel re-
plenisher which is a nickel source in a solid state via
being dissolved in the replenishing unit,
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wherein the bath comprises less than 2000 ppm of
chloride and less than 2000 ppm of sulfate,
wherein the concentration of nickel ions in the nickel
replenisher is higher than the nickel concentration in
the electroplating bath,

wherein the nickel replenisher comprises less than
50 g/kg of chloride and less than 50 g/kg of sulfate.

Electroplating device of claim 1,

wherein the at least one alkali metal ion comprises
potassium hydroxide, sodium hydroxide, and mix-
tures thereof and the pH of the electroplating bath is
above or equal to 14.

Electroplating device of claims 1 or 2,

wherein the nickel ion derives from a nickel ion
source selected from the group consisting of nick-
el(ll) hydroxide, nickel(ll) carbonate, nickel(ll) hy-
droxide carbonate, nickel(ll) chloride, nickel (ll) sul-
fate, nickel (ll) acetate, nickel (ll) sulfamate, nickel
(II) formate, hydrates thereof, and mixtures thereof,
wherein less than 50% of the Ni ions are provided
by nickel (1) sulfate and/or nickel (Il) chloride.

Electroplating device of any of the preceding claims,
wherein the at least one alkali metal salt is present
in an amount of 0.1 to 10 mol/L, preferably 1 to 8
mol/L, more preferably 2 to 4 mol/L.

Electroplating device of any of the preceding claims,
wherein the nickelionis presentin an amount of 0.01
to 1 mol/L, preferably 0.015 to 0.5 mol/L, more pref-
erably 0.02 to 0.03 mol/L.

Electroplating device of any of the preceding claims,
wherein the additional metal ion is a zinc ion, which
preferably derives from a zinc ion source selected
from the group consisting of zinc(ll) oxide, zinc(ll)
hydroxide, zinc (Il) chloride, zinc (I1) sulfate, zinc (II)
carbonate, wherein less than 50% of the Zn ions are
provided by zinc (Il) sulfate and/or zinc (ll) chloride.

Electroplating device of any of the preceding claims,
wherein the electroplating bath further comprises of
at least one amine, preferably selected from the
group consisting of aliphatic amines from the polym-
erisation of alkylamines and also monoeth-
anolamine, diethanolamine, triethanolamine, ethyl-
enediamine, diethylenetriamin, tetraethyl-
enepentamine, pentaethylenenehexamine, and
hepatethyleneoctamine, preferably in an amount of
0.001 to 1 mol/L, more preferably of 0.005 to 0.8
mol/L, and even more preferably of 0.01 to 0.5 mol/L.

Electroplating device of any of the preceding claims,
wherein the at least one aromatic compound is se-
lected from the group consisting of organic and in-
organic brighteners, wherein the at least one aro-
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matic compound is preferably present in an amount
of 0.001 to 3 mmol/L, more preferably 0.5 to 2.5
mmol/L, and even more preferably 1 to 2 mmol/L.

Electroplating device of any of the preceding claims,
wherein the nickelion source is provided as a sludge,
paste and/or powder.

Electroplating device of any of the preceding claims,
wherein the replenishing unit comprises a cartridge
system, a filter, a dissolution system, and combina-
tions thereof.

Electroplating device of any of the preceding claims,
wherein the at least one aromatic compound is se-
lected from a group of organic and inorganic bright-
eners.

Process for depositing a nickel alloy on a substrate
including the following steps:

* Providing an electroplating device of any of the
preceding claims,

* Immersing a substrate in the electroplating
bath and

» Applying an electrical current to deposit the
nickel alloy on the substrate

wherein a nickel source in a solid state is dissolved
in the separate replenishing unit.

Process of claim 12,

wherein the electroplating bath is performed with
less than 2000 ppm of chloride and less than 2000
ppm sulfate for at least 1000 Ah/L.

Process of claim 12 or claim 13,
wherein the deposition rate of the nickel alloy is
above 0.25 pm/min.

Process of any of the preceding claims, wherein the
nickel source is provided as a sludge, paste and/or
powder.
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