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ABSTRACT OF THE DISCLOSURE

Electroplating baths and processes for electrodeposi-
tion of stress-free nickel, cobalt, zinc or copper wherein
the stress-reducing additive present in the bath is an alpha-
keto carboxylic acid having 3 to 10 carbon atoms or the
water soluble salts, esters or amides of said acid and said
stress reducing additive is present in a concentration be-
tween about 0.25 g./1. and 15 g./1.

This invention relates to metal electroplating baths and
to a process for the production of stress-free metal elec-
trodeposits. More particularly it relates to additives that
serve as stress-reducing agents in such baths,

Electroplating is widely used for the purpose of alter-
ing the surface characteristics of metals and nonmetals
80 as to provide improved appearance, ability to with-
stand chemical attack, and improved resistance to tarnish
and corrosion or to alter dimensions. In addition it is also
used for the direct electro-forming of articles which be-
cause of their intricate shapes or requirements for sur-
face. finish would be difficult or costly to produce by con-
ventional metal working procedures.

A number of metals are deposited from electroplating
baths in a condition of internal stress which may be either
tensile (positive) stress or compressive (negative) stress.
This condition may be evidenced, for example, by lack
of adhesion or by the cracking or peeling of the metal
electroplate. It is particularly disadvantageous in electro-
forming applications where the products formed may be
warped or may have poor dimensional stability as the re-
sult of internal stress.

It is known that the amount of internal stress in an
electroplate is dependent to a large degree upon such
factors as the composition of the bath and its current den-
sity, acidity, and temperature and that the stress can be
reduced to some extent by the choice of conditions under
which the plating is carried out. In addition the presence
in the bath of certain materials, for example, primary
brighteners 'such as saccharin, is known to reduce stress
in the electrodeposits. In some cases these additives re-
duce the stress from a high tensile stress to a low tensile
stress; in others they reduce a tensile stress to a compres-

sive stress. No agent has been previously reported that:

will reduce either tensile stress or compressive stress to,
zero and maintain it at zero over a wide range of acidity,
current density, temperature, and concentration.

" In accordance with the present invention, it has been
found that metal electrodeposits having zero internal
stress can be prepared by electrolyzing an aqueous solu-
tion of at least one water-soluble salt of the metal which
contains a small amount of an a-keto acid having from 3
to 10 carbon atoms or a water-soluble salt, ester, or amide
of said acid. These stress-reducing additives can be used
in both electroplating baths that ordinarily produce posi-
tively-stressed metal deposits, such as Watts baths, and
electroplating baths that ordinarily produce negatively-
stressed metal deposits, such as zinc sulfate baths, to pro-
duce metal deposits that are stress-free over a wide range
of acidity, current density, temperature, and concentra-
tion.

In addition to being free from internal stress, the metal
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electrodeposits prepared in accordance with this inven-
tion are characterized by excellent hardness, ductility, ad-
hesion, and corrosion resistance,

A wide variety of a-keto acids may be used as stress-
reducing additives in the electroplating baths of this in-
vention. These include both aliphatic and aromatic mono-
carboxylic and dicarboxylic acids having from 3 to 10
carbon atoms. Illustrative of these acids are pyruvic acid,
a-ketobutyric acid, a-ketocaproic acid, a-ketocaprylic
acid, a-ketopelargonic acid, a-ketocapric acid, ketomalo-
nic acid, ketosuccinic acid, a-ketoglutaric acid, «-keto-
adipic acid, and benzoylformic acid. Water-soluble salts,
such as the alkali metal, ammonium, alkylamine, alkanol-
amine, and magnesium salts of these are fully equivalent
to the acids as stress-reducing agents and may be used
in their place in the various embodiments of the inven-
tion. Salts of the a-keto acids that have limited solubility
in water, such as the cobalt and nickel salts, may be used
in those baths that require only a small amount of the
additive or in combination with the more soluble salts.
Water-soluble esters and amides as well as those deriva-
tives of the acids that are hydrolyzed during electrolysis
to the a-keto acids or their water-soluble salts may also
be used. These include the lower alkyl esters, the lower
alkanol esters, lower glycol esters, the unsubstituted
amides, and lower alkyl substituted amides, for exam-
ple, the methyl, ethyl, propyl, butyl, hydroxyethyl, hy-
droxypropyl, ethylene glycol, and propylene glycol esters
and the unsubstituted amide, N-methylamide, N,N-di-
methylamide, and N,N-dipropylamide.

The stress-reducing additives disclosed herein may be
used advantageously in conjunction with many types of
acidic and alkaline electroplating baths and especially
with electroplating baths for the production of electro-
deposits of nickel, cobalt, iron, zinc, copper, cadmium, tin,
chromium, and alloys or other mixtures of these metals.
These include, for example, Watts baths, nickel sulfamate
baths, nickel chloride baths, nickel fluoborate baths, nickel
sulfate baths, copper sulfate baths, copper pyrophosphate
baths, copper fluoborate baths, cobalt sulfate baths, cobalt
sulfamate baths, zinc sulfate baths, chromic acid baths,
and the like. They are of particular value in acidic baths
since their use in these baths results in the formation of
deposits having an excellent combination of mechanical
properties that heretofore could be obtained only when
alkaline baths were used.

Only relatively small amounts of the a-keto acids or
their water-soluble salts, esters, or amides need be used
in the electroplating bath since concentrations as low as
0.25 g. per liter have been found to reduce the internal
siress of the metal electrodeposits to zero. In most cases
approximately 0.5 g. to 10 g. per liter of the additive
is used, with especially advantageous results being ob-
tained from the use of 0.75 g. to 6 g. per liter. As much
as 15 g. per liter or more of the «-keto compound can
be used, but the use of these larger amounts brings about
no particular advantage. The amount of the a-keto com-
pound used in any case is largely dependent upon such
factors as the type of electroplating bath being used and
the molecular weight and water solubility of the additive.

While these additives will produce stress-free metal
electrodeposits when used as the sole additives in elec-
troplating baths, they may also be used in conjunction
with brighteners, leveling agents, sequestering agents, in-
hibitors, wetting agents, conductivity-promoting salts, po-
rosity-preventing agents, and other additives customarily
used to improve metal electrodeposits.

The surface of the objects to be electroplated in ac-
cordance with the processes of this invention may be
formed of any material upon which electroplates are or-
dinarily deposited. For example, it may be a metal, such
as iron, steel, zinc, copper, aluminum, lead, or a metal
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alloy or a non-metal, such as a synthetic resin, wax
pager, cloth, wood, plaster, or glass.

The stress-reducing additives may
electroplating bath in any convenient way.

be added to the
For example,

4
Example 1

The use of the electroplating baths of this invention
for the production of stress-free electrodeposits of vari-
ous metals is shown in Table 1. In each case a well-

;he a(if‘gvg. or t?n taqltlﬁousl sotlutlclmt‘of %leﬂfddﬁtwf may 5 ypown type of electroplating bath was used with and
e a i. 1re<1: ytho Ze fc élOp ating ba Ali a t.onlce without the stress-reducing additives in order to demon-
?}f co(;ld.lguous y broug OE. de %;ocess: ernatl\g: Y strate the effect on the internal stress of the electrode-
the a tl 1“’51 rtnayt © ctc;lm e P wi d or énc?lrp czlr.a el 13 posit of the addition of a small amount of the additive.
. ethmei)atﬁ da ac sthas © anof i’hanl giao ula t'y issolve In these tests as well as in those described in the
m Ae af Lcllnng © coursezls) te fhe;c rop at} ng E TOCeSS. 10 other examples, internal stress was measured by means 0f
duci preterre fprociesstaccclor 1{1tg Of 1 n;v?n 110nt (()lrfpro- the Brenner-Senderoff spiral contractometer. This instru-
ﬂ:‘ll cmg Stress- r?e:t_i:c ffo .eio? s ob ?tn}e al selected trom ment indicates stress by a change in the radius of curva-
c Zgggp tc_onmil g ol Te Z’ co ta ’ lign’ zxfnc, copper, ture of a helix as the belix is electroplated. The stress
? rtm p » i, € ror{l&um,tarlx fm’X ures ) ereo 1c9mp£1setsl in the deposit causes the helix to wind more tightly or
electrodepositing said meta rom an electrop ating bath 15 1y unwind depending on whether the deposit stress is
comprising an aqueous solution of at least one water- compressive or tensile. The change in radius of curva-
soluble salt of the metal to be _deposfced ~and approxi- ture as indicated by the angular displacement of one end
mately 025 g. to 15 g. per liter of said bath of a of the helix while the other end is held rigid is a measure
stress-reducing additive which is an a-keto acid having of the internal stress of the deposit and can be converted
from 3 to 10 carbon atoms Or a water-soluble salt, ester, 20 into conventional stress units, such as pounds per square
or amide of said acid. inch.
TABLE I
Cathode Internal
Ex. No. | Metal Deposited Ingredients of Bath Coneentra- | pXH | Tempera- Current Additive Concentra- Stress,
tion, g./1. ture, ° F. | Density, tion, g./1. p.s.i.
amp/ft.2
1A-1 Nickel NiS0,-6Hz0 300 4.0 140 40 T R — 21,300
_ NiCly-6H;0 60
1A-2 Boric Acid 37.5 4.0 140 40 Pyruvic Acid 2.25 0
1B-1 Cobalt CoSO04TH20 450 2.4 100 40 Nome  |emeeeeeeee- 92, 200
S CoCly-6H:0 45
1B-2 Boric Acid 38 2.4 100 40 Pyruvic Acid 4.5 0
-0 Coprer CuB04+5H0 188 <0.5 100 100 None  fememmecemeeo 12, 600
— H;804 74
1C-2 <0.5 100 100 Pyruvic Acid 1.87 0
1D-1 Copper CuyP07-3H:0 94 8.7 138 40 None  femmmmmmmmee- —4,000
— KP:01 337.5
1D-2 NH, 0H 4.7 8.7 138 40 Sodjum Pyruvate 1.25 0
1E-1 Zine ZnS0+7H20 350 3.9 120 100 None  |e-eemmemeee- —2,300
(NH) 32804 30
1E-2 3.5 120 100 Pyravie Acid 21 | 0
1E-3 3.9 120 100 Benzoylformic Acid 1.0 l 0
The following examples demonstrate the way in which Example 2
this invention may be practiced. It is to be understood, . »
however, that these examples are not to be construed The effect of the use of the stress-reducing additives

as being limitative, but are furnished merely for the

on various types of nickel electroplating baths is shown

purpose of illustration. 50 in Table IL
TABLE II
Ex. Concen- Temper- Cathode Concen- Internal
No. Type of Bath Ingredients of Bath tration, pH ature, Current Additive tration, Stress,
g/l °F. Density g./l. p.si.
2A-1 Watts Bath NiS046H,0 300 4.0 140 40 None  Jeccmmmmneem- 21, 300
NiCly-6H0 60
2A-2 Boric Acid 37.5 4.0 140 40 Sodium Pyruvate 2.8 0
2A-3 4.0 140 40 Ammonium Pyruvate 2.0 0
2A-4 4.0 140 40 Magnesium Pyruvate 2.1 0
2A-5 4.0 140 40 Triethanolamine 6.0 0
Pyruvate
2B-1 Sulfamate Ni(S03;NHa)a 330 4.0 120 100 None  femeewmmeone- 7,200
— Boric Acid 30 ——— -
2B-2 4.0 120 100 Sodium Pyruvate 19 0
2B-3 4.0 120 40 None  ldeememeeee- 3,000
2B-4 4.0 120 40 Sodium Pyruvate 0.94 0
2B-5 4.0 120 40 Sodium Pyruvate 1.9 0
2C-1 Chloride NiCly-6H0 300 2.0 140 40 None  temeemeeee- 64,200
—_— Boric Acid 38
2C-2 2.0 140 40 Pyruvie Acid 2.1 0
2D-1 Fluoborate Ni(BF4)3 300 1.8 \ 120 40 None 0 |emememmmeme- 30, 800
— Boric Acid 30
2D-2 1.8 l 120 40 Sodium Pyruvate 3.0 0
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Example 3 ] TABLE IV
Stress-reducing additives were used in Watts baths that Tempera- |Cathode Cur.| Tnternal
contained sulfo-oxygen compounds ag primary brighteners Ex. No. PH | ture,°F. |rent Density,| Stress, p.s.i.
alone or in combination with a secondary luster-pro- g amp/it.? '
ducing brightener. The composition of the baths and the
Operating conditions employed are given in Table IIL. 9 1w @ 9
From the data in this table it will be seen that the baths 4.5 140 20 0
containing a stress-reducing additive produced bright or 48 1w S g
semi-bright stress-free nicke] electrodeposits, whereas 10 3.0 140 40 0
those that did not contain one of these additives pro- R s % :
duced deposits having high compressive stress. i.g Hg gg 8
45 115 40 0
4.5 115 80 0
M 3.0 115 40 0
15 4N_. 3.0 115 80 0
TABLE IIX
Concentra- Tempéra- Cathode Concentra-| Internal
Ex, Type of Bath Brightener tion, g.1. | pH | ture, ° F. | Current Additive tion, g./1. Stress,
No. Density p.s.d.
3A-1 ‘Watts Bath ! Sodium salt of 1.9 4.0 140 40 None - | —14, 000
(Semi-bright) saccharin
3A-2 4.0 140 40 Sodium Pyruvate 4.7 0
8B-1 | Watts Bath ! Sodium salt of 1.12 4.0 145 40 None (. —B, 000
(semi-bright) benzaldehyde-
3B-2 o-sulfonic acid 4.0 145 40 Sodium Pyruvate 1.4 0
3C-1 Watts Bath ? Sodium salt of 2.25 4.0 145 40 None | -9,800
(semi-bright) benzaldehyde-
3C-2 o-sulfonic acid 4.0 145 40 Sodium Pyruvate L4 0
3D-1 | Watts Bath 1 Sodium salt of 3.37 4.0 145 40 None = - | . ~13, 000
(semi-bright) benzaldehyde- -
3D-2 o-sulfonic acid 4.0 145 40 Sodium Pyruvate 2.8 ’ 0
3E-1 ‘Watts Bath 1 Sodium salt of 1.12 4.0 140 40 None (... ~10, 600
(semi-bright) naphthalene-
3E-2 1, 3, 6~trisul- 4.0 140 40 Sodium Pyruvate 0.9 0
fonic acid . :
8F-1 | Watts Bath! | Sodium salt of 5.0 40| 140 40 None = | —18, 900
—————  (Bright) saccharin -
3F-2 Methyl butynol- 0.05 4.0 140 40 Pyruvic Acid 0.97 0
ethylene oxide
adduet
1 Ingredients of Watts bath are given in Table II.
Example 4 Example 5

The effect of variations in the acidity, temperature, and
cathode current density of a bright nickel Watts bath con-
taining a stress-reducing additive on the internal stress
of nickel deposits is shown in Table IV. The bath used

The effect of the addition of various a-keto, acids to a
nickel sulfamate bath or to a bright nickel Watts bath
on the internal stress of the nickel deposit is shown in
Table V.

TABLE V
Ex. Ingredients of Concen- Tempera- | Cathode Concen- Internal
No. Type of Bath Bath tration, PH | ture, °F. | Current Additive tration, Stress,
g/l Density g/l p.s.i.
5A-1 Nickel Ni(SO3NH,), 330 4.0 120 40 None | ___ . 3,000
— Sulfamate Boric Acid 30
5A-2 4.0 120 40 a-Kotobutyric acid 1.0 0
5A-3 4.0 120 40 Sodium L5 0
Ketomalonate
5A~4 3.1 120 40 2-Ketoglutaric acid 1.0 0
5A-5 3.1 120 40 a-Ketosuccinic acid 1.0 ]
5A-6 3.1 120 40 a-Ketoadipie acid 1.0 0
5B-1 Bright NiS04.6H,0 300 4.0 140 40 None | —12, 600
nickel NiCl-6H,0 60
5B-2 Watts Boric Acid 37.5 4.0 140 40 a-Ketobutyric acid 2.0 1]
Bath Sodium salt of sac- 2.4
charin
5B-3 Methyl butynol- 0. 065 4.0 140 40 Sodium 4.0 0
ethylene oxide Ketomalonate
adduct

in each case contained 300 g. of NiSO,-
6H,0, 37.5 g. of boric acid, 2.4 g. of the sodium

N1C12 *

6H,0, 60 g. of

salt of saccharin, 0.065 g. of methyl butynol-ethylene
oxide adduct, and 0.75 g. of pyruvic acid per liter. From
the data in this table it will be seen that bright stress-

free nickel deposits were obtained ove

operating conditions.

T a wide range of

70

What is claimed is:

1. An electroplating bath for producing stress-free
metal electrodeposits of a metal selected from the group
consisting of nickel, cobalt, zinc and copper, comprising
an aqueous solution of at least one water-soluble salt of
the metal to be electrodeposited and an effective amount

7 of a stress-reducing additive selected from the group con-
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carboxylic acids having from 3 to 10
esters, and

sisting of a-keto
carbon atoms and the water-soluble salts,
amides of said acids.

2. An electroplating bath for producing stress-free elec-
trodeposits of a metal selected from the group consisting
of nickel, cobalt, zinc, and copper, comprising an aque-
ous solution of at least one water-soluble salt of the
metal to be electrodeposited and approximately 0.25 g.
to 15 g. per liter of said bath of a stress-reducing addi-
tive selected from the group consisting of «-keto car-
boxylic acids baving from 3 to 10 carbon atoms and the
water-soluble salts, esters, and amides of said acids.

3. An clectroplating bath according to claim 2 wherein
the quantity of the stress-reducing additive is 0.5 g. to 10
g. per liter.

4. An electroplating bath for producing stress-free
nickel electrodeposits comprising an aqueous solution of
at least one water-soluble salt of nickel and approximate-
ly 0.25 g. to 15 g. per liter of said bath of a stress-reduc-
ing additive selected from the group consisting of a-keto
carboxylic acids having from 3 to 10 carbon atoms and
the water-soluble salts, esters, and amides of said acids.

5. An electroplating bath for producing stress-free
nickel electrodeposits comprising an aqueous solution of
at least one inorganic salt of nickel and 0.5 g. to 10 2.
per liter of said bath of a stress-reducing additive selected
from the group consisting of «-keto carboxylic acids hav-
ing from 3 to 10 carbon atoms and the water-soluble
salts, esters, and amides of said acids.

6. An electroplating bath according to claim § wherein
the stress-reducing additive is pyruvic acid.

7. An electroplating bath according to claim § wherein
the stress-reducing additive is sodium pyruvate.

8. An electroplating bath according to claim § wherein
the stress-reducing additive is ammonium pyruvate.

9. An electroplating plate according to claim 5 wherein
the stress-reducing additive is 2-ketoglutaric acid.

10. An electroplating bath according to claim 5 where-
in the stress-reducing additive is a-ketobutyric acid.
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11. An electroplating bath according to claim 5 where-
in the stress-reducing additive is sodium ketomalonate.

12. A method of producing a stress-free electrodeposit
of a metal selected from the group consisting of nickel,
cobalt, zinc, and copper, which comprises electrodeposit-
ing said metal from an clectroplating bath comprising an
aqueous solution of at least one water-soluble salt of the
metal to be deposited and approximately 0.25 g. to 15 g.
per liter of said bath of a stress-reducing additive selected
from the group consisting of a-keto carboxylic acids hav-
ing from 3 to 10 carbon atoms and the water-soluble salts,
esters, and amides of said acids. '

13. A method of producing a stress-free nickel electro-
deposit which comprises electrodepositing nickel from an
electroplating bath comprising an aqueous solution of at
least one water-soluble salt of nickel and 0.5 g. to 10 g.
per liter of said bath of a stress-reducing agent selected
from the group consisting of a-keto carboxylic acids hav-
ing from 3 to 10 carbon atoms and the water-soluble
salts, esters, and amides of said acids.

14. The method of claim 13 wherein the stress-reduc-
ing additive is pyruvic acid.

15. The method of claim 13 wherein the stress-reduc-
ing additive is sodium pyruvate.

16. The method of claim 13 wherein the siress-reduc-
ing additive is 2-ketoglutaric acid.

17. The method of claim 13 wherein the stress-reduc-
ing additive is a-ketobutyric acid.

18. The method of claim 13 wherein the stress-reduc-
ing additive is sodium ketomalonate.
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