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The present invention relates to the electro 
deposition of nickel and nickel alloys upon met 
als and non-conductors and has for its primary 
object to provide an improved electrolyte which 
is applicable with advantage to various forms of 
nickel plating by electro-deposition and is pal'- 
ticularly suitable for use in producing the thick, 
hard and abrasion resistant coatings of nickel 
and nickel alloys required in eiectro-forming 
work; Such as for example the production of the 
Surfaces of pressure moulds by electro-deposi 
tion. 
Ordinary nickel deposits as usually applied in 

commercial nickel plating processes are unsuit 
able for certain industrial purposes, particularly 
for electro-forming work, because such deposits 
lack sufficient hardness. Moreover, the usual 
nickel bath. Solutions used as electrolytes for 
commercial nickel plating have a comparatively 
poor throwing power and the deposits obtained 
therefrom are subject to pitting and high stresses 
which are Serious obstacles to the production of 
good work, especially when the deposits have to 
be superimposed to build up comparatively thick 
walls or coatings on intricate shapes; while in 
coating shapes formed from non-conducting ma 
terials it is essential to avoid such stresses, par 
ticularly when electro-forming surfaces of pres 
Sure moulds by providing on a master of non 
conducting material shaped in accordance with 
the articles to be moulded, a conducting surface, 
prior to carrying out Said electro-forming. 
A nickel plating bath of the fluoride type po 

SeSSes very good throwing power while plating a 
deposit with low stresses and we propose to use 
a bath of this kind in preference to other known 
types of nickel baths such as the 'Watts,' 'Dou 
ble salt,' "Formate' and "All Chloride' types, as 
a basis for the invention hereinafter described. 

In order to obtain harder deposits without loss 
of toughness and with a hardness which remains 
stable at temperatures above 300° C. we prefer 
to use a nickel depositing Solution containing 
cobalt and We have found that the addition of 
Cobalt to the fluoride bath increases the throw 
ing power. 

It is known that the addition of certain or 
ganic agents, e. g., 1,3,6 Sodium naphthalene 
trisulphonate, to Solutions used in the electro 
deposition of bright nickel deposits increases the 
brightness and hardneSS of the deposits but the 
resulting coating or plating particularly if depos 
its of more than 20 thousandths up to 125 thou 
Sandths of an inch thickness are required is often 
laminated and usually very brittle, while surface 
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pitting is increased and the resulting hardneSS 
of the coating will not survive annealing temper 
atures above 300° C. Moreover, we have found 
that the addition of cobalt to a fluoride bath con 
taining Sodium naphthalene trisulphonate leads 
to deposition, upon the surface of the article to 
be coated, of an initial coating of nickel alloy 
which is very rich in cobalt and this cobalt 
bearing coating tends to disintegrate when 
heated. 
On the other hand, the addition of an Organic 

agent such as sodium naphthalene trisulphonate 
as above described was the only means previously 
known to us for eliminating or Substantially re 
ducing the stresses in the electro-deposited coat 
ings, particularly in the formation of intricate 
Shapes by electro-deposition. As above Stated the 
eiimination of Such stresses is of particular in 
portance when coating on non-conductors and 
it has been found that this result is obtained by 
use of Sodium naphthalene trisulphonate with 
Out regard to variations of current density over a 
Wide range; moreover it applies as far as the 
fluoride bath is concerned to various pH values, 
whereas with the other known nickel baths, the 
result can only be obtained, if at all, at a certain 
critical pH value which greatly complicates the 
Operation conditions. 
The use of Wetting agents to avoid pitting in 

electro-plating is generally known but most of 
the known Wetting agents increase the internal 
StreSSes of the electro-deposited coatings con 
Siderably. Moreover, they are known to decom 
pose when submitted to the usual plating condi 
tions, i. e. when influenced by higher temper 
ature, oxygen, development of hydrogen and as 
Sociated factors and the products of the decom 
position increase the stress still further, whiie 
tne wetting qualities are at the same time lost. 
We have now discovered that by using a flu 

oride bath containing cobalt with the addition of 
an Organic hardener or brightener of the sodium 
naphthalene trisulphonate type, and at the same 
time adding a wetting agent of the type consist 
ing of Sulphonated cetyl and oleyl alcohols con 
taining between 40-70% of the sulphonated oleyi 
alcohol, the remainder being sulphonated cetyl 
alcohol, hard and tough nickel and nickel alloy 
deposits can be obtained of a considerable thick 
neSS, without pits or internal stresses. We have 
found that the wetting agent as sold under the 
trade name "Claytavon WM' and formed of sul 
phonated cetyl and oleyl alcohols of which 
40-70% is oleyl, and the rest cetyl alcohol serves 
well for this purpose. The hardness of the alloy 
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deposited from the above bath is approximately 
550 wickers. This hardness of the electro-de 
posit shows relative stability even attemperatures 
between 300° and 500° C., i. e. at temperatures 
used in the production of zinc and aluminium 
pressure die-castings. The addition of the two 
organic agents to the fluoride bath containing 
cobalt ensures hardness, stability attemperatures 
above 300° C., and the internal stresses, which 
are usually increased by wetting agents, can be 
substantially eliminated. An excessive cobalt 
deposition in the first plating period is prevented, 
and it is thus possible to build up a deposit of 
a relatively uniform nickel cobalt alloy. 
Whilst the nickel electro-formed from the elec 

trolyte of this invention is unusually stable in 
its hardness, even under the influence of rela 
tively high temperatures and is not embrittled 
by submission to temperatures up to 300° C., a 
certain embrittlement sets in above 300° C., which 
may be mechanically disadvantageous. We have 
discovered, however, that by adding cadmium to 
the electrolyte in concentrations such as 1 in 
30,000 this embrittlement is prevented, while the 
cadmium addition leads to a gradual increase in 
ductility with the subjection of the metal to in 
creasingly high temperatures, without. Subse 
quently reducing the stability of the hardness and 
without reducing the absolute value of that hard 
ness for most temperatures. It should be made 
clear that the physical properties of the nickel 
referred to are not those ruling when the nickel 
is subjected to the temperatures mentioned but 
refers to properties of the nickel at room tem 
perature, after having been heated to certain 
temperatures. 
The addition of the two organic agents and 

cadmium does not reduce the throwing power of 
the fluoride bath containing cobalt, which can 
be operated over a wider range of pH values 
than the usual nickel baths without reducing the 
stress-decreasing effect of the organic hardener. 
An example of an electrolytic nickel plating 

bath for carrying the present invention into effect 
is given below: 

Eacample 
Nickel Sulphate----------------ounces-- 35-50 
Cobalt Sulphate------------------do---- 1-3% 
Boric acid----------------------- do---- 4-6 
Sodium fiuoride------------------ do---- 1-2%. 
Sodium chloride------------------ do---- 4-2 
Cadmium oxide-------------- grammes-- .2-l 
The above substances are dissolved into dis 

tilled water to make up one gallon of Solution 
and the Solution thus obtained then submitted to 
one of the known Oxidation processes e. g. an oxi 
dation process employing potassium permanga 
nate to free the solution from organic and other 
contaminants. The Solution after Such proces 
sing is thoroughly filtered and the following ad 
ditions are made to the filtered solution: 
1-3-6 sodium naphthalene trisulphonate-4-20 
grammes per gallon of Solution 

Sulphonated aliphatic alcohol such as sulphonat 
ed cetyl and oleyl alcohols (40-70% oleyl and 
the rest cetyl) (sold under the trade name 
Claytavon WM) 4-12 grammes per gallon of 
solution 

The solution thus obtained should produce the 
results above described when used in a nickel 
plating bath at temperatures between 35-45 C. 
and at an electric current density of 8-25 amperes 
per square foot. The master is removed from the 
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4. 
bath when the deposit has reached a desired 
thickness, and the deposit is detached to thereby 
secure and form the mould. 
We claim: 
1. An electrolytic bath for the electrodeposi 

tion of nickel cobalt alloys upon non-conductors 
for electro-forming pressure molds consisting es 
sentially in aqueous solution of 33-50 oz.S. nickel 
sulphate, 1 to 3% oz.S. cobalt sulphate, 4 to 6 ozs. 
boric acid, 1 to 2A ozs. sodium fluoride, 4 to 2 
ozs. Sodium chloride, 4 to 20 grams of 1-3-6 so 
dium naphthalene trisulphonate and 4 to 12 
grams of sulphonated aliphatic alcohol per gal 
lon of solution. 

2. An electrolytic bath for the electron deposi 
tion of cobalt-nickel alloys upon metals and non 
conductors in the production of pressure molds 
consisting essentially in aqueous solution for each 
gallon thereof 33 to 50 ozs. of nickel sulphate, 4-6 
ozs. of boric acid, 1 to 2% ozs. of sodium floride, 
1 to 3A ozs. of cobalt sulphate, 4 to 2 oz.S. of 
sodium chloride, 4 to 20 grams of an organic 
hardener and stress reliever having a sodium 
naphthalene trisulphonate base, and 4 to 12 
grams of a wetting agent consisting of a sul 
phonated aliphatic alcohol and 0.2 to 1 gram of 
cadmium oxide to increase the ductility of the 
deposit after exposure to high temperatures. 

3. A process for producing the surface of a 
pressure mould of nickel cobalt alloy which con 
sists of providing on a master of non-conducting 
material shaped in accordance with the articles 
to be moulded, a conducting surface, depositing 
nickel alloy on said conducting Surface in an 
electrolytic bath consisting essentially in each 
gallon of aqueous solution of 33 to 50 oz.S. of nickel 
Sulphate, 4 to 6 O2S. of boric acid, 1 to 2% ozs. of 
sodium fluoride, 1 to 3% o2S. of cobalt sulphate, 
A to 2 OZS. of Sodium chloride, 4 to 20 grams of 
an organic hardener and stress reliever having a 
Sodium naphthalene trisulphonate base, and 4 
to 12 grams of a Wetting agent consisting of a 
Sulphonated aliphatic alcohol, removing the mas 
ter from the bath when the deposit has reached 
a desired thickness and detaching the deposit to 
thereby Secure and form the mould. 

4. A process for producing the surface of a 
pressure mould of nickel cobalt alloy which con 
sists of providing on a master of non-conducting 
material shaped in accordance with the articles 
to be moulded, a conducting surface, depositing 
nickel alloy on said conducting surface in an elec 
trolytic bath consisting essentially in each gallon 
of aqueous Solution of 33 to 50 ozs. of nickel sul 
phate, 4 to 6 OZS. of boric acid, 1 to 2% ozs. of 
Sodium fluoride, 1 to 3% ozs. of cobalt sulphate, 
A to 2 O2S. of Sodium chloride, 4 to 20 grams of 
an organic hardener and stress reliever having a 
Sodium naphthalene trisulphonate base, 4 to 12 
grams of a wetting agent consisting of a sul 
phonated aliphatic alcohol, and 0.2 to 1 gram of 
Cadmium oxide, removing the master from the 
bath when the deposit has reached a desired 
thickness and detaching the deposit to thereby 
Secure and form the mould. 

5. A process for producing the surface of a 
pressure mould of nickel cobalt alloy which con 
sists of providing on a master of non-conducting 
material shaped in accordance with the articles 
to be moulded, a conducting surface, depositing 
nickel alloy on said conducting surface in an elec 
trolytic bath consisting essentially in each gallon 
of aqueous Solution of 33 to 50 ozs. of nickel sul 
phate, 4 to 6 ozs. of boric acid, 1 to 2A ozs, of 
sodium fluoride, 1 to 3% ozs. of cobalt sulphate, 
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A to 2 ozs. of sodium chloride, 4 to 20 grams of 
an organic hardener and stress reliever having a 
sodium naphthalene trisulphonate base, and 4 to 
12 grams of a wetting agent consisting of a sul 
phonated aliphatic alcohol, at a current density 
of 8-25 amperes per square foot, removing the 
master from the bath when the deposit has 
reached a desired thickness and detaching the 
deposit to thereby Secure and form the mould. 

6. A process for producing the surface of a 
pressure mould of nickel cobalt alloy which Con 
sists of providing on a master of non-conducting 
material shaped in accordance, with the articles 
to be moulded, a conducting surface, depositing 
nickel alloy on Said conducting surface in an elec 
trolytic bath consisting essentially in each gallon 
of aqueous solution of 33 to 50 ozs. Of nickel Sull 
phate, 4 to 6 OZS. of boric acid, 1 to 24 O2S. of 
sodium fluoride, 1 to 3% O2S. of cobalt sulphate, 
4 to 2 oz.S. of sodium chloride, 4 to 20 grams of 
an organic hardener and stress reliever having a 
sodium naphthalene trisulphonate base, and 4 to 
12 grams of a wetting agent consisting of a sul 
phonated aliphatic alcohol, at a current density 
of 8-25 amperes per square foot and at a tem 
perature of 35 to 45° C., removing the master 
from the bath when the deposit has reached a 
desired thickness and detaching the deposit to 
thereby Secure and form the mould. 

PETER, SPRO. 
FRITZ WOHILGEMUTH. 
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