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This invention relates to the electrodeposition of nickel
from an acid bath.

The object of this invention is to produce a fine-grained
lustrous ductile nickel deposit that is of high umformlty
under conditions of steady electrolysis.

This object can be accomplished by the addition to
the Watt’s type of nickel bath of a small percentage of
either chloral hydrate or bromal hydrate or mixtures of
these two halogenated aldehydes, together with a com-
pound carrying the

0
bl
group selected from the compounds listed in Table II.
TABLE I

Optimum conc.,

grams/liter

Chloral hydrate, CCl3-CHO-H,0 _..____.'. _____ 0.1-.6
Bromal hydrate, CBry;CHO-H,0O . ___._._ 0.1-1.0

TABLE I

‘Optimum conc.,

grams/liter

Trimethyl aconitate 0.1-1.2
Dimethyl fumarate 0.1-1.6
Dimethyl itaconate 0.1-1.5
Methoxyethyl acrylate -~ 0.1-1.0
Ethoxyethyl acrylate 0.1-1.0
Phenyl acrylate . - 0.1-6
Eethoxy propyl acrylate - 0.1-1.0
Phenoxyethyl acrylate iewn 0.1-0.6
Di-(methoxyethyl) maleate oo .0.1-2.0
Di-(methoxyethyl) . itaconate ..o o oo - 0.1-2.0
Di-(methoxyethyl) fumarate . ooeeemceeeee 0.1-2.0

Reaction product of coumarin and concentrated

sulfuric acid 0.2-1.2
Coumarin 0.1-0.6
3-chlorocoumarin - 0.1-0.5
6-, or 7- or 8-methoxy coumarin e 0.1-0.8
Methoxyethyoxyethyl acrylate omemececeee o 0.1-1.5
Ethoxyethoxyethyl acrylate 0.1-2.0

The reaction product .of coumarin and sulfuric acid
listed above in Table II refers to the product obtained by
reacting coumarin with sufficient and preferably a mini-
mum of concentrated sulfuric acid .to completelyv ‘solu-
bilize the coumarin.

The chloral hydrate or bromal hydrate may be added
to the bath, for example, as alcoholates or acetals,
since the latter regenerate the aldehydes or the hydrates
in the aqueous acidic nickel bath, The chloral or bromal
compound can be added to the bath from water solutions
or alcohol solutions or mixed water and alcohol solu-
tions, and when dissolved in the bath are considered to

‘be dissolved therein as the hydrates. Mixtures of the
- halogen atoms can be on the same molecule, for example

CCl,Br-CHO, CBryCl-CHO, and also mixtures of chloral
hydrate and bromal hydrate may be used. The preferred
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concentration as hydrates usually is 0.2 to 0.4 gram/liter,
though slightly higher or lower concentrations can be
used, depending on the temperature of the bath, pH, and
degrée of agitation of the cathode or solution around the
cathode. The higher the temperature, the higher the pH
up to about 5.2, and the higher the agitation, the lower
the concentration necessary for optimum results.

Chloral and bromal hydrate when present in the Watt’s
type bath or low chloride type bath make possible the
deposition of fine-grained, lustrous ductile nickel de-
posits over a rather wide plating range, and with increas-
ing plate thickness tend to smoothen out polishing lines
and other surface imperfections in the underlying metal
that is plated as is disclosed in United States Patent No.
2,321,182, issued June 8§, 1943, Furthermore, these com-
pounds of Table I do not seem to form any harmful
breakdown or degradation products at either the cathode
or anode during extended electrolysis, and this has been
confirmed by the results of commercial baths which have
been operated over long perieds (3 to 6 months and
longer) without the need of activated carbon treatments.

The

(0]
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compounds of Table II, on the other hand, when used
alone in the Watt’s type or low chloride mickel baths
while giving fine grained (but not as fine-grained de-
posits as the compounds of Table I), ductile deposits of
very good leveling qualities (smoothening of polishing
lines in the basis metal), have the shortcoming of form-
ing harmful reduction or degradation products at the
cathode during electrolysis. The baths using the com-
pounds of Table II have to be purified after a given num-
ber of amperes-hours are passed through the plating solu-
tion, not because of any drag-in of impurities, but because
of the formation of organic by-products from the com-
pounds themselves by the process of electrodeposition or
electrolysis. Thus, baths containing the addition agents
of Table II have to be treated with activated carbon as
often as every three to four weeks in commercial use.
This treatment is expensive, and furthermore there is a
variation of the quality of the plate, ductility, leveling
properties, etc. as the baths deteriorate from the accu-
mulation of the harmful by-products.

It has now been found that if the compounds of Table
I are used in conjunction with thé compounds of Table
II, a remarkably improved result is obtained over either
one alone in the Watt’s type or low chloride type nickel
baths. The fine-grained ductile plate obtained is much
more lustrous than. the plate obtained with the com-
pounds of Table I or II used separately at their optimum
concentration in the bath. Furthermore, the break-
down or degradation product or products formed during
plating with the compounds of Table II are greatly re-
duced not only from the fact that smaller concentrations
of the compounds of Table II can be used than when
used alone, but also apparently from a co-action effect
in the reduction processes occurring at the cathode when
the compounds of Table I are also present in the bath.
For example, if 8-methoxy coumarin, or coumarin, or
di-(methoxy ethyl) maleate or trimethyl aconitate are
added in concentration of 0.2 gram/liter for the first
two materials, or of 0.8 to 1.5 grams/liter for the latter
two materials, separately to Watt’s baths of pH=4.2
temperature 130° F.-140° F., it is possible to obtain
areas of plate in the intermediate current densities that
are not as fine-grained as in other areas. - These duller
areas are immediately removed or prevented from form-
ing by the addition of 0.2 gram/liter of, for example,
chloral hydrate, to obtain a uniformly lustrous plate.
This is not accomplished by other aldehydes such as
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acetaldehyde, formaldehyde, or proprionaldehyde. It
thus. appears. that .chioral or bromal hydrate exert a
definite carrier effect on the compounds of Table II.  This
carrier effect is not obtained, however, when the com-
pound is a substituted coumarin such-.as hydroxy or
carboxy substituted coumarine, or if a substituent such
as hydroxy, alkoxy.or alkyl group is in.the 3- or 4-
position on the coumarin ring.

As a result of this co-action in the reduction processes
at the cathode, nickel deposits obtained with the con-
joint use of the compounds of Table I with those of
Table II are free from dull gray streaks, and are much
more uniformly lustrous over a wider current density
plating range and have a better rate of brightening (in-
crease in luster) with increased plating, thickness. : Addi-
tionally there is greatly improved brightness in the low
current density areas. This result is very. important when
buffing the deposit, since a fine-grained plate with a given
leveling is easier to buff than a coarser grain plate with
the same leveling properties.. Also if instead of buffing,
a bright plate is deposited thereon, athinner bright
plate can be used to obtain a finished bright plate with-
out buffing than if the original plate was coarser-grained.

A preferred bright plate to be used over the deposits of
this invention is a nickel-cobalt bright plate containing
at least 10% cobalt in the plate deposited from a bath
containing o-benzoyl suifimide therein. This latter bath
can be of the Watt’s type, all chloride, or high chloride
or fluoborate type or mixtures, and the deposits of nickel
and cobalt obtained in the presence of o-benzoyl. sul-
fimide can be chromium plated without appreciable hydro-
gen embrittlement, unlike the case when the cobalt is
absent or present in amounts below about 10%.

The below examples set forth preferred bath. formula-
tions which are typical of the baths suitable for use in
practicing this invention.

Example 1

Nickel sulfate_ o oo 150-300 grams/liter.

Nickel chloride. . 20-60 grams/liter.
Boricacid. . - - oo 40-45 grams/liter.
Trimethyl aconitate_ .. _._____ 0.6-1.0 gram/liter.
Chloral hydrate_ . - 0.2-0.4 grams/liter.
PH e 3.8-4.5.
Temperature - oo 50° C.-60° C.
‘Example 2
Nickel sulfate_ o 150-300 grams/liter.
Nickel chloride .. 20-60 grams/liter.
Boricacid_ . ____ 40-45 grams/liter.
Di(methoxyethyl) maleate__—._~_. 0.8-1.2 grams/liter.
Chloral hydrate_ .o .2-0.4 grams/liter.
PH e 3.8-4.5.
Temperature - o 50° C.-60° C.
Example 3
Grams/liter
Nickel chloride_ oo . 100
Boricacid_ . o 50
Trimethyl aconitate____ . _______ 0.6-1.0
Chloral hydrate_______ . ___ 0.2-4
Example 4
Nickel sulfate.. .. e 150-300
Nickel chloride. oo 20-60
Boricacid o 4045
Reaction product of coumarin and concentrated
sulfuric acid . o o 0.3-0.5
Bromal hydrate, chloral hydrate or mixtures___ 0.2-.4
Example 5
Nickel sulfate_ s 150-300
Nickel chloride_ . 20-60
Boric acid - e 40-45
8-methoxy coumarin_ .. ___.. 0.2
Chloral hydrate o e 0.2-04
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Example 6
- Nickel sulfate o oo L 150-300
Nickel chloride_ - ——— ——— 20-60
Boric acid o o e 40-45
3-chlorocoumarin..__ —— 02
Chloral hydrate e 0.2-0.4
Example 7
Nickel sulfate e 150-300
Nickel chloride o e e 20-60
- Boric acid.. e 40-45
Coumarin - o 0.2
Chloral hydrate. e 0.2-0.4
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The preferred pH ranges are from 3.5 to 5.2 with a pH
of about 4.2 optimum, though with higher bath tempera-
tures the optimum pH shifts toward the lower values.
The preferred or optimum bath temperatures are from
50° C—60° C., though higher or lower temperatures can
be used. The hotter baths require slightly smaller con-
centrations of . the addition. agents of Tables I and II.
Also the more rapid the- agitation of the cathode or the
solution, the less the concentration of the addition agents
needed.

Besides boric acid- as buffer, other buffers such as form-
ate, citrate or fluoborate may be used, but preferably in
conjunction with boric acid. It is preferred to have none
or minimal quantities of sodium or ammonium ions
present.

A preferred bright plating bath for use in producing a
bright deposit over the -lustrous but cloudy nickel de-
posits obtained in Examples 1 to 7 inclusive is given in
Examples 8 and 9 and is to be used prior to the deposi-
tion of the usual chromium plate.

Example 8
Nickel chloride o, 100-200 grams/liter.
Cobalt sulfate or chloride . __.___ 30-50 grams/liter.
Boric acid 40-45 grams /liter.

o-Benzoyl sulfimide - ____ 0.1-3 grams/liter.
Benzene or; toluene sulfonamide ._. 0.1-3 grams/liter.

- Temperature — oo 40° C-70° C.
pH_____ e 2.5-4.8.
Example 9
Nickel sulfate or chloride - .——___ 100-300 grams/liter.
Cobalt sulfate or chloride - 30-50 grams/liter.
-Boric.acid 40-45 grams/ liter.
. 0-Benzoyl sulfimide .. 0.1-3 grams/liter.
Temperature — o 40° C.-70° C.
pH ——— ——. 2.5-4.8.

Baths given in Examples 8 and 9 may contain, in
addition, small concentrations of a

e
compound as exemplified in U.S. Patents 2,648,628 and
2,647,866, as well as compounds from Tables I and I,
and pH values as low as 1.5 may be used. Instead of

.cobalt sulfate or chloride or fluoborate, the correspond-

ing ferrous salt (or even ferric salt) may be substituted
in part or entirely for the cobalt salt concentration, and
the bright -nickel-cobalt, -nickel-iron, or nickel-cobalt-iron
alloy .plates -consequently obtained are -also not appre-

- ciably: hydrogen embrittled by the final chromium plate.

When iron is present in the bath, it is preferred to have

- -fluoborate ions also present in sufficient concentration to

-prevent or retard iron hydroxide precipitation in the

- bath: -While-from the economic standpoint it is highly

70

desirable to use iron, nevertheless for highest atmospheric
corrosion resistance it is preferred that-less than about
10% -of iron be present in the bright nickel alloy plates

- if the final thin chromium plate that is-applied is porous

as is the usual case. - That is, the atmospheric corrosion
resistance of the -nickel-iron alloy plate-when containing
more than about-10%-iron is-decreased somewhat when

X ol
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covered with the usual final relatively thin chromium
plate.

In Examples 1-7, nickel fluoborate may be present or
be substituted in part or for the whole concentration of
total nickel salts. However, the rate of brightening or
leveling is not optimum with high fluoborate content or
with high content of buffers other than boric acid, for ex-
ample, formate. The nickel chloride content may be
lower or higher than the values given in Examples 1-7,
but the ductility of the plate and the luster is not optimum
with high nickel chloride concentrations.

The above described bright nickel alloy plates which
can be chromium plated without appreciable hydrogen
embrittlement, and which have a high rate of brighten-
ing, can be used as thin bright plate over a relatively
thick, cloudy, lustrous plate obtained from baths similar
to examples 1-7, and obtain a final bright finish requir-
ing no buffing before bright chromium plating. For ex-
ample, 0.5 mil to 2 mils thicknesses of cloudy lustrous
plate obtained from baths of Examples 1-7 can be made
fully bright with as little as 10% of the thickness of the
cloudy plate, with the bright nickel alloy plate. Further-
more, thicker bright nickel-alloy plate as already de-
scribed can be applied up to 50% or more of the thick-
ness of the softer cloudy plate, without appreciable hy-~
drogen embrittlement after chromium plating. The chro-
mium plate is usually applied directly over the final bright
plate in thicknesses of about 0.01 mil to 0.1 mil.

The nickel alloy plate preferably contains a minimum
of 50% nickel. Nickel-cobalt alloy plate may satisfac-
torily contain up to as much as 50% cobalt. Nickel-iron
alloy plate may satisfactorily contain as much as 40%
iron. When both iron and cobalt are present the sum
of iron and cobalt may be as high as 50%. .

By careful combination of the compounds of Table I
and Table II under optimum conditions, it is possible to
obtain a plate which is practically completely bright ex-
except for a faint bluish haze which is obscured upon
chromium plating by the bluish bright chromium layer.

What is claimed is:

1. A metallic bright protective coating on a metallic
base consisting of a firmly adherent layer of a substan-
tially sulphur-free lustrous nickel deposit having a thick-
ness from 0.5 mil to 2 mils, and an overlying layer which
is firmly adherent to said nickel deposit consisting of a
nickel-cobalt bright plate containing at least 509 nickel
and about 10% to 50% cobalt in the plate and having
a thickness from 0.05 mil to 1 mil.
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2. A metallic bright protective coating on a metallic
base consisting of a firmly adherent layer of a substan-
tially sulphur-free lustrous nickel deposit having a thick-
ness from 0.5 mil to 2 mils, and an overlying layer which
is firmly adherent to said nickel deposit consisting of
a nickel-cobalt bright plate containing at least 50%
nicke] and about 10% to 50% cobalt in the plate and
having a thickness from 0.05 mil to 1 mil, and a layer
of chromium of a thickness of about from 0.01 mil to
0.1 mil firmly adherent to said nickel-cobalt plate.

3. A metallic bright protective coating on a metallic
base consisting of a firmly adherent layer of a lustrous
nickel deposit having a thickness in the range of about
0.5-2 mils, and a layer overlying said Iustrous nickel
deposit consisting of a nickel alloy and having a thickness
of about 0.05-1 mil, said nickel alloy being an alloy
of nickel with at least one metal selected from the group
consisting of cobalt and iron and containing at least 50%
nickel, the cobalt, when present, being present in an
amount of about 10% to 50%, and the iron, when pres-
ent, being present in an amount less than 40%.

4. A metallic bright protective coating on a metallic
base consisting of a firmly adherent layer of a lustrous
nickel deposit having a thickness in the range of about
0.5-2 mils, and a layer overlying said lustrous nickel
deposit consisting of a nickel alloy and having a thick-
ness of about 0.05-1 mil, said nickel alloy being an
alloy of nickel with at least one metal selected from
the group consisting of cobalt and iron and containing
at least 50% mnickel, the cobalt, when present, being
present in an amount of about 10% to 50%, and the
iron, when present, being present in an amount less than
10%.
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