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Description

Field of the Invention

[0001] The present invention relates to an apparatus
and process for zinc and zinc alloy electroplating.

Background of the Invention

[0002] US 5,162,079 A discloses an apparatus for
electroplating metals. The apparatus comprises an elec-
troplating bath which contains a plating solution of a me-
tallic salt, for instance, nickel sulfate. A cathode work-
piece is positioned in the bath. An insoluble anode as-
sembly is also provided in the bath. The anode assembly
includes an anode which is essentially insoluble during
electroplating and an anion exchange membrane enclo-
sure around the anode. An electrically conductive acid
solution is contained within the enclosure of the anode
assembly. The flow of electric current in the apparatus
causes anions, for instance sulfate ions, in the plating
solution to travel through the anion exchange membrane
increasing the acid concentration within the anode as-
sembly enclosure. Accumulated acid is periodically
flushed from the enclosure. One purpose of the appara-
tus of the '079 patent is to inhibit the increase in concen-
tration of dissolved metal in the electroplating bath due
to a cathode efficiency which is less than anode efficien-
cy.

[0003] US 4,778,572 A discloses an electroplating ap-
paratus for plating nickel onto a workpiece. A nickel-plat-
ing bath is provided in the apparatus. The bathis a typical
Watts nickel low pH acid bath. A cathode workpiece is
positioned in the bath. An anode structure is also posi-
tioned in the bath. The anode structure comprises a se-
ries of nickel plate anodes. The nickel plate anodes are
enclosed in an ion exchange membrane that allows elec-
tric current to flow from the anodes to the cathode work-
piece while at the same time shielding the anodes from
organics, such as Coumarin within the bath. The nickel
plate anodes are immersed in dilute sulfuric acid con-
tained within the ion exchange membrane enclosure.
[0004] DE 19834353A1 discloses an apparatus for ap-
plying a zinc-nickel coating onto a cathode workpiece.
The apparatus comprises a vessel which is divided by a
cation exchange membrane into a cathode compartment
containing a catholyte and an anode compartment con-
taining an anolyte. The catholyte is an alkaline zinc-nickel
electroplating bath containing poly(alkyleneimine) addi-
tives for complexing and brightening. A cathode work-
piece to be plated is positioned in the cathode compart-
ment. The anolyte is an acid such as sulfuric acid or phos-
phoric acid. A platinum coated titanium anode is im-
mersed in the anolyte. The ion exchange membrane al-
lows electric current to flow from the anode to the cath-
ode, but at the same time shields the anode from the
alkaline zinc-nickel electroplating bath.

[0005] WO 01/96631 A relates to an apparatus for ap-
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plying a zinc-nickel electroplate to a workpiece. The ap-
paratus comprises a zinc-nickel electroplating bath com-
prising an amine additive, such as poly(alkyleneimine),
which is capable of being oxidized in the bath to cyanides.
The bath has a pH more than about 14. A cathode work-
piece is positioned in the bath. An anode assembly is
also positioned in the bath. The anode assembly com-
prises an enclosure defining an anolyte compartment, at
least a portion of the enclosure being an ion exchange
membrane. An anolyte is positioned in the compartment.
Aninsoluble metal anode isimmersed in the anolyte. The
anolyte is a conductive salt or base solution and the an-
ode is a metal or metal coating selected from the group
consisting of nickel, cobalt, iron, chromium and alloys
thereof.

[0006] Electrolysis of alkaline zinc-nickel baths con-
taining poly(alkyleneimines) produces amine breakdown
at the anode into nitriles and cyanides if the anode is
exposed to the plating bath. The ion exchange mem-
brane prevents such amine breakdown. However, an ap-
paratus which comprises an alkaline electroplating bath
adjacentto an acid anolyte can be dangerous. In addition,
a platinum coated titanium anode is expensive.

Summary of the Invention

[0007] The present invention relates to an apparatus
for applying a zinc or zinc-alloy electroplate to a work-
piece, as set forth in claim 1. Preferred embodiments of
the present invention may be gathered from the depend-
ent claims.

[0008] In one aspect, the anode assembly can com-
prise an enclosure defining an anolyte compartment. At
least a portion of the enclosure can be an ion exchange
membrane. The anolyte can be disposed in the compart-
ment and the insoluble metal anode can be immersed in
the anolyte.

[0009] In another aspect, the electroplating bath fur-
ther comprises additional metal ions, which can be elec-
troplated onto the workpiece with the zinc and iron ions.
For example, the additional metal ions can include man-
ganese ions, cobalt ions, and combinations thereof. Ac-
cording to the invention, the additional metal ions can be
free of nickel ions.

[0010] In yet another aspect, the additive can be po-
tentially oxidizable to cyanide upon contact with the an-
ode. The anode can comprise any metal or metalloid that
can serve as an anode in a caustic solution. The anolyte
can be a sodium or potassium hydroxide solution.

Brief Description of the Drawings

[0011] The present invention and advantages thereof
will become more apparent upon consideration of the
following specification with reference to the accompany-
ing drawings in which:

Fig. 1 is a schematic illustration of a zinc-nickel elec-
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troplating apparatus in accordance with one aspect
of the application;

Fig. 2 is a schematic illustration of an anode assem-
bly in the apparatus of Fig. 1 of the application;

Fig. 3 is a schematic illustration of an anode assem-
bly in accordance with an aspect of the invention;
Fig. 4 is a schematic illustration of an anode assem-
bly in accordance with another aspect of the inven-
tion; and

Fig. 5 is a schematic illustration of an anode assem-
bly in accordance with yet another aspect of the in-
vention.

Description of the Embodiments

[0012] The present invention relates to an electroplat-
ing apparatus for applying a zinc-iron alloy electroplate
to a workpiece. By "zinc-alloy", it is meant a mixture of
zinc and iron optionally and at least one other metal, for
example, cobalt-iron, and manganese. Other metals not
listed in these examples can also be used.

[0013] The electroplating apparatus includes an alka-
line, cyanide-free, zinc electroplating bath. The electro-
plating apparatus of the present invention can inhibit the
electrolytic breakdown of electroplating bath additives in
the electroplating bath.

[0014] Fig. 1 illustrates an electroplating apparatus in
accordance with one aspect of the invention. The elec-
troplating apparatus 12 comprises a tank 14. The tank
14 contains the electroplating bath 16 and a cathode
workpiece 18. The tank 14 also comprises an anode as-
sembly 20. Referring to Fig. 2, the anode assembly 20
comprises an enclosure 22, which defines an anolyte
compartment 24. The compartment 24 can be closed by
the enclosure 22 on all sides and the bottom. At least
one wall 26 of the enclosure 22 can be an ion exchange
membrane.

[0015] The anolyte compartment 24 contains an
anolyte 28. An anode 30 can be immersed in the anolyte
28. Fig. 1 shows that the enclosure 22 shields the anode
30 from the electroplating bath 16 so that no bath 16
contacts the anode 30. The ion exchange membrane 26
can face the cathode workpiece 18. This allows electric
current to flow from the anode 30 to the cathode work-
piece 18 on the application of an electric potential to the
anode 30 and the cathode workpiece 18. The electric
current flow causes plating of the cathode workpiece 18.
[0016] It will be understood by those skilled in the art
that the enclosure 22 and compartment 24 can have
many configurations. For example, Fig. 3 shows that an
enclosure 42 can comprise a pliable bag 44 that is sus-
pended in a catholyte 46 of a tank 48. At least a portion
of the bag 44 and, preferably, substantially all of the bag
44 comprises an ion exchange membrane 50. A cathode
workpiece 52 is disposed in the catholyte 46. A metal
anode 54 is disposed in the anolyte 56, which is contained
within the bag 44.

[0017] Inyetanotheraspect of the invention, as shown
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in Fig. 4, an enclosure 60 can comprise a wall or partition
62 extending cross-wise in a tank 64 dividing the tank 64
into a catholyte compartment 66 and an anolyte compart-
ment 68. At least a portion of the wall 62 and, preferably,
substantially all of the wall comprises an ion exchange
membrane 70. A cathode workpiece 72 is disposed in
the catholyte 74 and a metal anode 76 is disposed in the
anolyte 78.

[0018] Inyetanotheraspect of the invention, as shown
inFig. 5,an enclosure 80 can comprise a cylindrical mem-
ber 82. The cylindrical member 82 can have a first end
84 and a second end 86. The second end 86 can be
positioned in a catholyte 88 contained within a tank 90.
At least a portion of the second end 86, and preferably,
substantially all of the second end 86 can comprise an
ion exchange membrane 92. The first end 84 can include
an anolyte inlet 94 and anolyte outlet 96. The anolyte
inlet 94 and anolyte outlet 96 allow anolyte (not shown)
to flow into the enclosure 80, about an anode 98 disposed
in the enclosure 80, and out of the enclosure. A cathode
workpiece 100 is disposed in the catholyte 88.

[0019] Other enclosure and compartment configura-
tions that are within the skill of the art can also be used.
[0020] Inthe presentinvention, the cathode workpiece
can be any workpiece typically used in electroplating. In
the example of the Figures 1 and 2, a steel plate can be
used.

[0021] The enclosure of the anode assembly can be
made of any suitable plastic resistant to the electroplating
bath and the anolyte, for instance, polyethylene.

[0022] The ion exchange membrane of the enclosure
can be any ion exchange membrane used in an electro-
plating bath, such as a perfluorosulfonic acid ion ex-
change membrane marketed by E.l. Dupont de Nemours
under the trademark NAFION. NAFION is a copolymer
of tetrafluorethylene and perfluro-3,6-dioxa-4-methyl-7-
octanesulfonic acid. Preferred NAFION membranes
used in accordance with the present invention include a
NAFION 324 membrane or a NAFION 424 membrane.

[0023] Other examples of ion exchange membranes
that can also be used include membranes made from
sulfonated styrene-divinylbenzene dispersed in a matrix
of polyethylene and membranes made by the graft po-
lymerization of the polyethylene and styrene followed by
sulfonation.

[0024] The anolyte in the anolyte compartment can
comprise a conductive salt or base solution, such as an
aqueous solution of sodium sulfate or an alkaline solution
of potassium hydroxide or sodium hydroxide. These al-
kaline solutions can have concentrations, by way of ex-
ample, in the range of one molar to about 20 molar hy-
droxide, with a preferred concentration range of 1 to 10
molar hydroxide. A preferred anolyte can comprise about
50 g/liter sodium hydroxide to about 760 g/liter sodium
hydroxide.

[0025] The anode ofthe anode assembly can comprise
a metal or metalloid that is capable of functioning as an
anode in an electroplating bath and that is stable in a
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caustic solution. By "stable in a caustic solution", it is
meant that the anode does not decompose, deteriorate,
or erode in a caustic solution. Examples of metals that
can be used include nickel, cobalt, iron, chromium, and
alloys thereof, such as steel and ferrous alloys. Other
metals or metalloids can also be used as long as they
are capable of functioning as an anode and are stable in
a caustic solution.

[0026] The anode can be a solid metal or metalloid or
a metal coated on a substrate. For instance, the anode
can be nickel, a nickel alloy, or nickel coated onto a sub-
strate. The substrate can be metal, such as steel, copper
or aluminum or a plastic. An example of a nickel alloy is
Hastelloy, which is 55% nickel and 45% chromium. The
nickel or nickel alloy can be electroplated onto a substrate
using a Watts type plating bath, or using an electroless
nickel or nickel alloy plating process. Similarly, the anode
can be cobalt or cobalt coated onto a substrate, and al-
loys thereof. The anode can also be a mild steel, a steel
alloy, ferrous alloy, or an iron chromium alloy, such as
stainless steel.

[0027] The material construction of the anode is not
restricted. For example, either an electrolytic coating or
an electroless coating can be effectively employed on
the anode. Practical considerations, such as cost and
stability in a caustic solution will dictate the most suitable
material for the anode.

[0028] The electroplating bath can be an aqueous so-
lution that is alkaline, having a pH that is preferably about
14. The bath contains an inorganic alkaline component
in an amount effective to achieve this pH. Based on the
electroplating bath of the alkaline component, amounts
from about 50 g/liter to about 200 g/liter, can be used.
Examples of suitable alkaline components are alkali met-
al derivatives, such as sodium hydroxide, potassium hy-
droxide, sodium carbonate and potassium carbonate.
[0029] The electroplating bath can also contain a con-
trolled amount of zinc ions. The source for the zinc ions
for the electroplating bath can be any zinc compound,
which is soluble in an alkaline aqueous medium. Exam-
ples of zinc compounds which can be added to the elec-
troplating bath are zinc oxide or a soluble zinc salt, such
as zinc sulfate, zinc carbonate, zinc sulfamate, and zinc
acetate. The concentration of zinc ions in the electroplat-
ing bath can be from about 1 to 100 g/liter (about 1,000
ppm to about 100,000 ppm), preferably about 4 to about
50 glliter (about 4,000 to about 50,000 ppm). At a pH
about 14, the predominant zinc species in the bath is
zincate ion.

[0030] The bath can further contain a controlled
amount additional metal ions, which are not zinc or iron
ions. In accordance with one aspect of the invention,
these additional metal ions can include any metal ion that
can be effectively electroplated with the zinc ions onto
the workpiece in an alkaline electroplating bath. Exam-
ples of these metal ions can include transition metal ions,
such as manganese ions, cobalt ions, and combinations
thereof. Other metal ions not listed, which can be elec-

10

15

20

25

30

35

40

45

50

55

troplated with the zinc ions onto the workpiece in an al-
kaline electroplating bath, can also be used and are within
the scope of the present invention.

[0031] The source for the nickel ions for the electro-
plating bath can be any nickel compound, which can be
made soluble in an aqueous alkaline solution. Examples
of suitable nickel compounds are inorganic and organic
acid salts of nickel, such as nickel sulfate, nickel carbon-
ate, nickel acetate, nickel sulfamate, and nickel formate.
The concentratipn of nickel ions in the electroplating bath
can be from about 0.1 to about 10 g/liter (about 100 to
10,000 ppm), more preferably in the range from about
0.1 gram per liter to about 3 g/liter (about 100 ppm to
about 3,000 ppm).

[0032] In accordance with yet another aspect of the
invention, the additional metal ions can include any metal
ion except that nickel ions cannot be used as the sole
additional metal ions. In this aspect, the electroplating
bath can comprise, for example, a mixture of zinc ions
and iron ions, a mixture of zinc ions, and iron ions, but
not a mixture of zinc ions and nickel ions. The source for
these additional metal ions for the electroplating bath can
be any suitable metal compound, which can be made
soluble in an aqueous alkaline solution. The concentra-
tion of metal ions in the electroplating bath can be from
about 0.1 to about 10 g/liter (about 100 to 10,000 ppm),
more preferably in the range from about 0.1 g/liter to
about 3 g/liter (about 100 ppm to about 3,000 ppm).
[0033] The electroplating bath can also contain, in ad-
dition to the zinc and the additional metal ions, at least
one additive commonly used in a zinc or zinc alloy elec-
troplating bath thatimproves an aspect of the electroplat-
ing process. Examples of aspects of the electroplating
process that can be improved include the physical prop-
erties of the electroplate and the metal complexing prop-
erties of the bath.

[0034] The additive can be any type of additive, which
is potentially capable of electrolytically breaking down at
the anode (i.e., reacting atthe anode) to produce a break-
down product (i.e., a reaction product), which would det-
rimentally affect the electroplating process. These break-
down products can detrimentally affect the electroplating
process by, for example, inhibiting the plating rates, pro-
ducing a dull deposit, increasing the toxicity of the elec-
troplating bath, precipitating from solution insoluble
breakdown products.

[0035] Although the additives in accordance with the
present invention can potentially electrolytically break-
down upon contact with an anode, the additives when
used with the anode assembly of the present invention
do not undergo electrolytic breakdown. The anode as-
sembly of the presentinventioninhibits electrolytic break-
down by minimizing contact of the additives with the an-
ode.

[0036] One type of additive, which is capable of poten-
tially electrolytically breaking down at the anode, can
comprise an amine. Amines can potentially be oxidizable
to cyanides upon contact with the anode. Examples of
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amines that are oxidizable to cyanides include alphatic
amines, such as ethyleneimine, 1,2-propyleneimine,
1,2-butyleneimine, and 1,1-dimethylethyleneimine as
well as polyamines, such as poly(alkyleneimine).
[0037] The poly(alkyleneimines) may have molecular
weights from about 100 to about 100,000 and should be
soluble in the bath. By way of example, poly(ethylene-
imine) which is useful in the bath can have a molecular
weight of from about 150 to above about 2,000. Useful
poly(ethyleneimines) are available commercially, for ex-
ample from BASF under the designation LUGALVAN G-
15, LUGALVAN G-20, and LUGALVAN G-35. Examples
of other useful poly(alkyleneimines) are tetraethyl-
enepentamine (TEPA), pentaethylenehexamine (PE-
HA), and heptaethylene octamine marketed by Nippon
Shokubai Co. Ltd. under the trademark EPOMIN 003.
One function of the aliphatic poly(alkyleneimines) is to
complex metal ions in the alkaline zinc bath.

[0038] Another type of additive, which is capable of
potentially electrolytically breaking down at the anode, is
the reaction product of imidazole and an electrophylic
difunctional monomer, such as epichlorohydrin. These
polymers can break down to produce cyanide at levels
of about 3 ppm. While this is not a very high amount of
cyanide, the cost of treatment of the electroplating bath
can increase many times because of the presence of
cyanide even at trace levels.

[0039] Yet another type of additive, which is capable
of potentially electrolytically breaking down at the anode,
is polyquaternium-2. Polyquaternium-2 upon contact
with the anode can breakdown causing slow plating rates
and dull deposits. In certain cases, these effects become
so severe that the bath must be dumped after as little as
six months.

[0040] Still yet another type of additive, which is capa-
ble of potentially electrolytically breaking down at the an-
ode, is a chelating agent, such as gluconate or tartrate.
These additives can be oxidized at the anode to produce
oxalate, in accordance with the present invention.
[0041] It will be understood by those skilled in the art
that the electroplating bath may also contain other addi-
tives such as other brighteners, and metal complexing
agents, which may or may not electrolytically breakdown
upon contact with the anode. One useful metal
complexing agent is QUADROL from BASF. QUADROL
is N,N,N’,N’-tetrakis(2-hydroxypropyl)-ethylenediamine.
[0042] The following examples show the advantages
of using membrane anode enclosures in alkaline zinc
and zinc-alloy plating baths. These examples are provid-
ed for illustration and are not to be construed as limiting
the scope or content of the invention in any way.

Example 1

[0043] An alkaline zinc-nickel bath contained 10 g/liter
of zinc, 1.5 gl/liter of nickel, 20 g/liter of

tetraethylenepentamine (TEPA) and 10 g/liter QUAD-
ROL. An anode box (disclosed in Figure 1) having a
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NAFION 450 membrane on one side, containing 500 mL
of a solution of 150 g of sodium hydroxide was placed in
azinc-nickel bath. Ametal anode was placed inthe anode
box. The metal anode was made of a coating of electro-
less nickel (containing 10%P) on steel. 5 amperes of cur-
rent were passed through the cell for 6 hours. The plating
bath was analyzed for cyanide, and no cyanide was de-
tected. There was no erosion of the electroless coated
steel anode in the anode box.

Example 2

[0044] In this Example, the anode box was filled with
a solution of 150 g/liter of sodium hydroxide in water. The
metal anode in the box was made of nickel metal. A cell,
similar to Example 1, was run at 5 amperes for 6 hours
as before. The plating bath was analyzed for cyanide,
and no cyanide was detected. The nickel anode had a
thin conductive coating of nickel oxide/nickel hydroxide,
which did not interfere with the plating process. There
was no weight loss of nickel anode.

Example 3

[0045] The anode box of Example 1 was filled with a
20% solution of 50% liquid caustic. The metal anode was
nickel electroplated from a Watts type plating solution,
onto a steel base metal. The bath was run at 5 amperes
and 6.84 volts for 6 hours. The plating bath was analyzed
for cyanide, and no cyanide was detected. There was no
metal anode weight loss.

Example 4

[0046] A zinc-nickel plating bath, similar to the bath in
Example 1, was electrolyzed for 100 ampere hours, using
aboxanode with a NAFION 450 ion exchange membrane
covering one side of the box. The anode in the box was
steel coated with electroless nickel that contained 8%P.
After 100 amperes hours, the bath was analyzed for cy-
anide and was found to contain no detectable cyanide.
There was no metal anode weight loss.

Comparative Example 5

[0047] A 2-liter alkaline zinc-nickel plating bath con-
taining 30 g/liter of polyethyleneimine (TEPA) was elec-
trolyzed for 160 ampere-hours with a nickel anode placed
directly into the plating bath. The bath was found to con-
tain 508 ppm of cyanide.

Example 6

[0048] The anode box of Example 1 was filled with a
solution of 150 g/liter of potassium hydroxide. The metal
anode in the anolyte was mild steel Q-panel. The bath,
which was similar to the bath of Example 1, was electro-
lyzed at 5 amperes for 6 hours. There was a slight loss
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of weight from the steel anode. The electrolyte was an-
alyzed for cyanide, and no cyanide was detected.

Example 7

[0049] The anode box of Example 1 is filled with a so-
lution of 150 g/liter of sodium hydroxide. The metal anode
in the box is cobalt. The alkaline zinc-nickel bath contains
20 glliter of poly(ethyleneimine) and is electrolyzed for
30 ampere-hours.

Example 8

[0050] The metal anode in the anode box of Example
1 is steel coated with cobalt. The plating bath is similar
to Example 1. The anolyte in the box is a 20% solution
of 50% liquid caustic.

Example 9

[0051] In this Example, the metal anode in the anode
box is a cobalt alloy anode. The anolyte is a 20% solution
of 50% liquid caustic. The plating bath and apparatus are
similar to Example 1.

Example 10

[0052] Inthis Example, the metal anode is steel coated
with a cobalt alloy coating from an electroless, cobalt
plating bath. The zinc-nickel plating bath and apparatus
are similar to Example 1. The anode box contains a 15%
solution of 50% liquid caustic. The alkaline zinc-nickel
bath is electrolyzed for 6 hours at 5.0 amperes.

Example 11

[0053] In this Example, the metal anode in the anode
box was stainless steel. The plating bath and apparatus
were similar to Example 1. After 30 ampere-hours, there
was no detectable cyanide. There was no weight loss
from the stainless steel anode.

Example 12 (Invention)

[0054] An alkaline non-cyanide zinc plating bath was
prepared containing 10 g/liter of zinc, 130 g/liter of sodium
hydroxide, 8 ml/liter of a brightener and about 5 g/liter of
sodium tartrate. After extended periods of electrolysis, a
white precipitate formed in the plating bath. This precip-
itate was sodium oxalate, produced by anodic oxidation.
The precipitated oxalate interfered with the brighteners,
causing dull and rough zinc plate.

[0055] The use of an anode enclosure with an electro-
less nickel coated steel anode, prevented the oxidation
of tartrate to oxalate, thus eliminating the interference
with the brighteners and the roughness caused by pre-
cipitated oxalate.
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Example 13

[0056] A zinc-iron alloy bath containing 20 g/liter of
zinc, 300 ppm of iron, 130 g/liter of sodium hydroxide and
50 gl/liter of triethanolamine (TEA) to complex the iron,
was electrolyzed for an extended period of time. The
anodic oxidation of the TEA produced breakdown prod-
ucts, which interfered with waste treatment.

[0057] Theuseofananode enclosure, with a pure nick-
el anode, prevented the oxidation of TEA.

Example 14

[0058] Two test cells containing alkaline zinc-nickel
plating baths were electrolyzed for 40 ampere-hours.
One cell had a nickel anode without an anode enclosure
and the other cell had an anode enclosure containing a
nickel anode. The electrolyte in each cell was composed
of 10 g/liter of zinc, 1,500 ppm of nickel, 25 g/liter of tetra-
ethylenepentamine, and a brightener. The membrane
anode enclosure contained 1 liter of a 25% solution of
50% liquid caustic in water.

[0059] After 40 ampere-hours, the cell with the direct
anode was plating with 6.5% lower efficiency than the
cell with the membrane enclosed anode. After two
months of continuous operation, the cell with the direct
anode was plating with about 40% lower efficiency than
the cell with the membrane enclosed anode.

Example 15

[0060] An alkaline zinc plating bath, containing 10 g/lit-
erof zinc, 130 g/liter of sodium hydroxide and maintained
with 2 g/liter of Mirapol WT, was operated until the anodic
breakdown products from the anodic oxidation of the Mi-
rapol reduced the cathodic efficiency by about 50% of
the initial level of efficiency, which took about 1 year.
Using membrane enclosed anodes eliminates this de-
crease in cathodic efficiency, because the Mirapol WT is
prevented from undergoing anodic oxidation.

[0061] Asiillustrated by the above examples and in ac-
cordance with the present invention, an apparatus and
process are provided by which zinc and a zinc-alloy can
be safely plated onto a substrate using an electroplating
bath containing an additive, especially poly(alkylene-
imines). This is accomplished without anode corrosion
or generating cyanides in the electroplating bath.
[0062] It will be understood by those skilled in the art
that a commercial apparatus and process will employ a
electroplating bath comprising additives in addition to ad-
ditives described in above. In addition, a commercial bath
typically can employ a 4000 liter tank and the cathode
workpiece can be positioned between arrays of compart-
mentalized anodes on opposite sides of the cathode
along the sides of the tank.

[0063] From the above description of the invention,
those skilled in the art will perceive improvements,
changes and modifications. Such improvements, chang-
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es and modifications within the skill of the art are intended
to be covered by the appended claims.

(94) and anolyte outlet (96), said anolyte inlet (94)
and said anolyte outlet (96) allowing anolyte to flow
through said enclosure (80).

Claims 5 6. The apparatus of any of the preceding claims where-
in said anode (30) comprises nickel, a nickel alloy,

1. Anapparatus (12) for applying a zinc-iron alloy elec-

troplate to a workpiece, said apparatus comprising:

a nickel coating, a nickel alloy coating, cobalt, a co-
balt alloy, a cobalt coating, a cobalt alloy coating,
mild steel, a steel alloy, or a ferrous alloy, and said

an electroplating bath (16) having a pH more 170 anolyte (28) is a sodium or potassium hydroxide so-
than about 14, said electroplating bath (16) in- lution comprising 50 to about 760 grams per liter so-
cluding zinc ions, and an additive; dium or potassium hydroxide.
a cathode workpiece (18) in said bath (16);
an anode assembly (20) contacting said bath 7. The apparatus of any of the preceding claims,
(16), said anode assembly (20) including an 15 said anolyte (28) comprising a conductive salt or
anolyte (28) and an insoluble metal anode (30) base solution, and
in said anolyte (28); said additive being a gluconate or tartrate that is ca-
pable of electrolytically breaking down upon contact
said additive being capable of electrolytically break- with said anode (30) to form an oxalate.
ing down upon contact with said anode (30); 20
said anode assembly (20) inhibiting the electrolytic
breakdown of said additive; Patentanspriiche
characterized in that
said electroplating bath (16) is a non-cyanide elec- 1. Vorrichtung (12) zum Aufbringen eines galvanischen
troplating bath (16) which further includes a bright- 25 Uberzugs aus einer Zink-Eisen-Legierung auf ein
ener, Werkstlick, wobei die Vorrichtung Folgendes auf-
said additive is a chelating agent which is capable weist:
of electrolytically breaking down upon contact with
said anode (30) to form an oxalate, ein Galvanisierbad (16) mit einem pH-Wert von
the electroplating bath (16) further comprises addi- 30 mehr als ungeféhr 14, wobeidas Galvanisierbad
tional iron ions, which can be electroplated onto said (16) Zink-lonen und einen Zusatzstoff aufweist;
workpiece with the zinc ions, and ein Kathoden-Werkstilick (18) in dem Bad (16);
the additional metal ions are free of nickel ions. eine Anodenanordnung (20), die das Bad (16)
kontaktiert, wobei die Anodenanordnung (20) ei-
The apparatus of claim 1 wherein the anode assem- 35 nen Anolyt (28) und eine unlésliche Metall-An-
bly (20) comprises an enclosure (22) defining an ode (30) in dem Anolyt (28) aufweist;
anolyte compartment (24), at least a portion of the
enclosure (22) being an ion exchange membrane wobei der Zusatzstoff imstande ist, elektrolytisch
(26), said anolyte (28) being disposed in said anolyte beim Kontakt mit der Anode (30) zu zerfallen;
compartment (24), and said insoluble metal anode 40 wobei die Anodenanordnung (20) den elektrolyti-
(30) being immersed in said anolyte (28). schen Zerfall des Zusatzstoffs inhibiert;
dadurch gekennzeichnet, dass
The apparatus of claim 2 wherein said enclosure (42) das Galvanisierbad (16) ein Nicht-Zyanid-Galvani-
comprises a bag (44), said bag (44) being disposed sierbad (16) ist, das ferner einen Glanzbildner bzw.
in said electroplating bath (46), at least a portion of 45 Aufheller aufweist,
said bag (44) being anion exchange membrane (50). wobei der Zusatzstoff ein Komplex- bzw. Chelatbild-
ner ist, der imstande ist, beim Kontakt mit der Anode
The apparatus of claim 2 wherein said enclosure (60) (30) zu zerfallen, um ein Oxalat zu bilden,
comprises a wall (62), said wall (62) dividing a tank wobei das Galvanisierbad (16) ferner zusatzliche Ei-
(64) into a first compartment (66) and second com- 50 sen-lonen aufweist, die auf das Werkstlick mit den
partment (68), at least a portion of said wall (62) be- Zink-lonen galvanisiert werden kénnen, und die zu-
ing an ion exchange membrane (70). satzlichen Metallionen frei von Nickel-lonen sind.
The apparatus of claim 2 wherein said enclosure (80) 2. Vorrichtung gemaR Anspruch 1, wobei die Anoden-
55

comprises a member (82), said member (82) includ-
ing a first end (84) and a second end (86), said sec-
ond end (86) being disposed in said electroplating
bath (88), said firstend (84) including an anolyte inlet

anordnung (20) eine Einfassung (22) aufweist, die
eine Anolytkammer (24) definiert, wobei zumindest
ein Teil der Einfassung (22) eine lonenaustausch-
membran (26) ist, wobei der Anolyt (28) in der Ano-
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lytkammer (24) angeordnet ist und die unlésliche
Metall-Anode (30) in den Anolyt (28) eingetaucht ist.

Vorrichtung gemafl Anspruch 2, wobei die Einfas-
sung (42) einen Beutel (44) aufweist, wobei der Beu-
tel (44) in dem Galvanisierbad (46) angeordnet ist,
wobei zumindest ein Teil des Beutels (44) eine lo-
nenaustauschmembran (50) ist.

Vorrichtung gemafl Anspruch 2, wobei die Einfas-
sung (60) eine Wand (62) aufweist, wobei die Wand
(62) einen Behalter (64) in eine erste Kammer (66)
und eine zweite Kammer (68) unterteilt, wobei zu-
mindestein Teilder Wand (62) eine lonenaustausch-
membran (70) ist.

Vorrichtung gemafl Anspruch 2, wobei die Einfas-
sung (80) ein Glied (82) aufweist, wobei das Glied
(82) ein erstes Ende (84) und ein zweites Ende (86)
aufweist, wobei das zweite Ende (86) in dem Galva-
nisierbad (88) ange-ordnet ist, wobei das erste Ende
(84) einen Anolyteinlass (94) und einen Anolytaus-
lass (96) aufweist, wobei es der Anolyteinlass (94)
und der Anolytauslass (96) einem Anolyt ermdgli-
chen, durch die Einfassung (80) zu flieRen.

Vorrichtung gemaR einem der vorangehenden An-
spriiche, wobei die Anode (30) Folgendes aufweist:
Nickel, eine Nickel-Legierung, eine Nickel-Be-
schichtung, eine Nickel-Legierungsbeschichtung,
Kobalt, eine KobaltLegierung, eine Kobalt-Legie-
rungsbeschichtung, unlegierten Stahl, eine Stahl-
Legierung, eine Eisen-Legierung, und

der Anolyt (28) eine Natrium- oder Kaliumhydroxid-
I6sung ist, die 50 bis ungefahr 760 Gramm pro Liter
Natrium oder Kaliumhydroxid aufweist.

Vorrichtung gemaR einem der vorangehenden An-
spriiche,

wobei der Anolyt (28) eine leitende Salz- oder Ba-
senldsung ist, und

der Zusatzstoff ein Gluconat oder Tartrat ist, das im-
stande ist, beim Kontakt mit der Anode (30) elektro-
lytisch zu zerfallen, um ein Oxalat zu bilden.

Revendications

Dispositif (12) pour appliquer un dép6ét électrolytique
de zinc-alliage de fer a une piéce a usiner, le dispo-
sitif comprenant :

un bain de dépét électrolytique (16) ayant un pH
supérieur a environ 14, le bain de dépét électro-
lytique (16) comprenant des ions zinc et un
additif ;

unepiece a usinerformant cathode (18) dans le
bain (16) ;
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un ensemble formant anode (20) contactant le
bain (16), I'ensemble formant anode (20) com-
prenant un anolyte (28) et une anode métallique
insoluble (30) dans ledit anolyte (28) ;

I'additifétant capable de rupture électrolytique lors
d’un contact avec I'anode (30) ;

I'ensemble formant anode (20) inhibant la rupture
électrolytique de I'additif ;

caractérisé en ce que

le bain de dépbt électrolytique (16) est un bain de
dépbt électrolytique sanscyanure (16) qui comprend
en outre un agent azurant,

I'additif est un agentchélateurqui est capable de rup-
ture électrolytique lors d’un contact avec I'anode (30)
pour former un oxalate,

le bain de dépbt électrolytique (16) comprenant en
outre des ions fer additionnels, qui peuvent étre dé-
posés sur la piece a usiner avec les ions zinc, et
lesions métalliques additionnels sont exemptsd’ions
nickel.

Dispositif selon la revendication 1, dans lequel I'en-
semble formant anode (20) comprend une enceinte
(22) définissant un compartiment anolyte (24), au
moins une portion de I'enceinte (22) étant une mem-
brane d’échange d’ions (26), I'anolyte (28) étant dis-
posé dans le compartiment anolyte (24), et 'anode
métallique insoluble (30) étantimmergée dans I'ano-
lyte (28).

Dispositif selon la revendication 2, dans lequel I'en-
ceinte (42) comprend un sac (44), le sac (44) étant
disposé dans le bain de dép6ét électrolytique (46), au
moins une portion du sac (44) étant une membrane
d’échange d’ions (50).

Dispositif selon la revendication 2, dans lequel I'en-
ceinte (60) comprend une paroi (62), la paroi (62)
divisant un réservoir (64) en un premier comparti-
ment (66) et un deuxiéme compartiment (68), au
moins une portion de la paroi (62) étant une mem-
brane d’échange d’ions (70).

Dispositif selon la revendication 2, dans lequel I'en-
ceinte (80) comprend un élément (82), ledit élément
(82) comprenant une premiéere extrémité (84) et une
deuxieme extrémité (86), la deuxieme extrémité (86)
étant disposée dans le bain de dépbt électrolytique
(88), la premiere extrémité (84) comprenant une en-
trée d’anolyte (94) et une sortie d’anolyte (96), I'en-
trée d’anolyte (94) et la sortie d’anolyte (96) permet-
tant a I'anolyte de circuler a travers I'enceinte (80).

Dispositif selon'une quelconque des revendications
précédentes, dans lequel 'anode (30) comprend du
nickel, un alliage de nickel, un revétement en nickel,
un revétement en alliage de nickel, du cobalt, un
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alliage de cobalt, un revétement en cobalt, un revé-
tementen alliage de cobalt, de I'acier doux, un alliage
d’acier ou un alliage ferreux, et 'anolyte (28) est une
solution d’hydroxyde de sodium ou de potassium
comprenant de 50 a environ 760 grammes par litre
d’hydroxyde de sodium ou de potassium.

Dispositif selon 'une quelconque des revendications
précédentes,

I'anolyte (28) comprenant une solution saline ou ba-
sique conductrice, et

I'additifétant un gluconate ou un tartrate qui est ca-
pable de rupture électrolytique lors d’'un contactavec
I'anode (30) pour former un oxalate.
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