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The invention relates to the electrodeposition 

of nickel and is more particiary concerned with 
the production of lustrous or mirror-like de 
posits. That such deposits could be obtained 
under certain conditions and in the presence of 
certain addition agents has been known for 
years. The processes hitherto used, however, 
have been subject to objectionable features, es 
pecially with reference to the character of the 
deposit and the cost of materials. Coatings ap 
plied in accordance with prior processes gen 
erally have a tendency to brittleness particu 

... larly upon increase of thickness of the deposit. 
Furthermore, Some at least of the addition agents 
used are expensive and, since they are destroyed 
or dissipated in the operation of the bath, ren 
der the maintenance of the bath costly. 
We have found that improved operation can 

be obtained from the standpoint of first cost and 
maintenance as well as satisfactory character 
of deposit by the use of a novel addition agent 
containing selenium. It is necessary that the 
selenium be present in some form or compound 
from which it may be deposited along with the 
nickel, at least in very small amounts, and for 
this purpose it is, of course, essential that such 
Compound be dispersed or dissolved in the elec 
trolyte. It is also desirable to maintain the elec 
trolyte free of non-essential foreign and pos 
sibly deleterious substances. Cost or commer 
cial availability is also naturally an important 
factor. 
As meeting most fully the above conditions we 

have preferred to employ the acids or acid an 
hydrides of selenium of which two are commer 
cially available, namely, the selenic and sele 
nious. Selenic acid is marked in the form of an 
aqueous Solution of HaSeo4 while the selenious 
compound is obtainable as selenious acid or se 
lenious oxide, Seda, which is readily soluble in 
Water to form HaSeO3. 

Instead of seisenic acid solution in the above 
bath we may use selenious oxide, the amount 
required being in the neighborhood of 0.1-0.3 
grain per iter. 
As an example of a nickel sulphate electrolyte 

the following may be given: 
Grams 

Nickel sulphate, NiSO4.6H2O.----------- 240 
Nickel chloride, NiCl,7H2O------------- 30 
Boric acid, HBO3---------------------- 30 O 
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. Amounts up to 0.5 gram of Seo per liter are sat The selenium compound is effective to cause 

deposition of bright coatings in nickel elec 
trolytes of the usual compositions some of which 
may be mentioned as examples. In the acetate 
bath the following solution has given satisfactory 
results: r 

Nickel acetate, Ni(CH3O2)------grams - 100 
Nickel chloride, NiClaaol---------do---- 100 
Acetic acid, HC2302-------- ---------ce-- 35 
Selenic acid (approximately 40% solu 

tion) -----------------------------cC-- 3 
Water to make up 1 liter and sufficient. HCl to 

adjust the pH to the desired acidity, for ex 
ample, 3-3.5. - 

Selenious oxide, Seoa------------------ 0.2-0.3 
Water to make up one liter, sulphuric acid be 
ing added in quantity sufficient to adjust the 
acidity as desired, for example to a pH of 
1.5-5.5. 
Selenic acid may also replace the selenious 

oxide in this formula. As an example of a high 
sulphate bath, such as may be used for nickel 
plating zinc-base die castings, the following may 
be given: 

... Ounces 
Nickel Sulphate--------------------- 10-12 
Sodium sulphate-------------------- 9-11 
Ammonium chloride----------------- 2 
Boric acid.------------------------ wn 3 
Selenious oxide--------------------- 0.025-0.05 
Water sufficient to make up one gallon, the pH 

being adjusted as desired, for example to ap 
proximately 5.8. 
It will be understood that the formulas given 

are merely illustrative and that variations there 
of or different types of electrolytes are not ex 
cluded. In each example given, bright deposits 
are obtainable at current densities of 24-48 am. 
peres per square foot and temperatures around 
110° F. 
The amount of the selenium compound may be 

varied over, a rather wide range and increases 
with concentration of nickel salts, more of the 
addition agent being used in heavier solutions. 

isfactory in an ordinary commercial bath, such 
as the examples above. In general, the amount 
required may be given as from 0.05 to 0.5 gram 
per liter of bath. The amount added should gen 
erally be restricted, however, to that necessary to 
produce the desired mirror-like deposit as ex 
cessive amounts tend to increase brittleness of 
the deposit. The selenious acid has been found 
more effective per unit of weight than the Selenic. 
For this reason as well as the lower cost of the 
selenious acid, the latter is at present preferred. 
The production of a bright or mirror-like deposit 
is affected by a number of factors, particularly 
concentration of electrolyte, character and 



2 
amount of addition agent, temperature, Current 
density and acidity at the Cathode or pH. Ob 
viously, there will be a range for each of these 
factors within which most desirable results are 
secured, which range is dependent also to some 
extent upon the quantum relations of the other 
factors, and suitable control of these factors is 
necessary. Therefore, while we have given spe 
cific examples by way of illustration, it will be 
understood that variation of the Specific condi 
tions within a range easily determinable by ex 
periment is within the scope of our invention. 
One difficulty met with in nickel deposition is 

the occurrence of Small depressions or "pitS.' 
"Pitting,' as this phenomenon is commonly 
termed, is generally remedied by the addition to 
the electrolyte of strong oxidizing agents such as 
hydrogen peroxide. Such additions may be used 
in our selenium compound baths but have in some 
cases the effect of destroying the effectiveness 
of the selenium addition agent, thus rendering it 
necessary to make new additions of the latter 
after treatment with H2O2. We have found, how 
ever, that soaps of sulphated higher alcohols such 
as those sold under the trade name "Gardinol,' 
are effective to reduce pitting in our bright nickel 
baths and appear to have no deleterious effect. 
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One of the commercial preparations of these 
alcohol Soaps that is satisfactory for the purpose 
contains sodium alkyl sulphates which may have 
10-14 carbon atoms, the principal constituent of 
which may be sodium lauryl sulphate, 

CH3(CH2) 10CH2OSO3Na. 
The amount to be used depends upon the extent 
of the tendency to “pit.” As little as 0.01 gram 
per liter has an appreciable effect and 0.1 gram 
is usually sufficient even for baths that tend to 
pit badly. Amounts larger than one gram have 
not been found necessary although the larger 
amounts have not been found detrimental. 

In some cases, particularly with bright deposits 
produced with our process from the nickel Sull 
phate bath, difficulty may be found in depositing 
bright chromium over the nickel. The chromium 
may tend to deposit only in spots or streaks or 
with a milky film. We are not at present able to 
give a definite explanation of this phenomenon 
but it seems to be due to passivity of the nickel 
selenium surface induced by some peculiar con 
dition or conditions in the bath or procedure, or 
to the effect of selenium in the plated Surface. 
The difficulty is readily overcome by lightly buffing 
or scouring the plated surface before placing it in 
the chromium plating bath. 
We have also found that treatment of the elec 

trodeposited nickel in an electrolytic alkaline 
cleaner followed by treatment with hydrochloric 
acid eliminates any difficulty in regard to a Sub 
sequent coating of chromium. For this purpose 
the nickel plated article is placed in a bath con 
prising a solution of sodium carbonate, Sodium 
hydroxide, or other alkali or alkaline mixture or 
dinarily employed for removing grease from met 
als, and connected as cathode in a Suitable elec 
tric circuit. As a specific example, a cleaner com 
pound may comprise 35% by Weight of Soda ash, 
55% of trisodium phosphate and 10% sodium 
hydroxide. The bath may be made by dissolving 
2-6 oz. of this compound per gallon of water. 
The bath should be heated and the article treated 
therein for a period of 1-3 minutes, the current 
being supplied at a voltage of 1-6 volts. The 
article should then be rinsed and dipped in a 
bath of dilute HCl and again rinsed before being 
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2,838,529 
placed in the chromium plating bath. The lat 
ter may be of any usual type, for example, the 
chromic acid, chromium sulphate bath generally 
known as the "Sargent solution,' the usual Con 
ditions for depositing bright chromium being 
maintained. 

the Selenium-containing addition agent is 
gradually depleted in use both by drag-Out Or 
like losses of solution and by actual combination 
With the cathodic deposit by electrodeposition or 
otherwise. Replenishment must be made, there 
fore, as required to maintain the initial propor 
tions. The selenium deposited on the cathode 
apparently combines as metallic selenium with 
the nickel and we therefore regard the bright 
deposit as a compound or alloy of nickel and se 
lenium, the latter, of course, being present in ex 
tremely Small proportions. 
We claim: 
1. An electrodeposited combination of nickel 

and Selenium the latter being present in relative 
ly Small proportion. , 

2. An electrolyte for electrodeposition of nickel 
containing an aqueous solution of nickel salts and 
an addition agent soluble in the electrolyte con 
taining Selenium in sufficient quantity to cause 
deposition of the nickel in brilliant form. 

3. An electrolyte as in claim 2, the addition 
agent being a selenium acid. 

4. An electrolyte for electrodeposition of nickel 
comprising a solution containing nickel sulphate, 
nickel chloride, and selenious acid, the selenious 
acid being present in amounts corresponding to 
about .05 to 5 gram of SeO2 per liter of solution. 

5. An electrolyte for electrodeposition of nickel 
containing an aqueous solution of nickel salts, a 
Selenium compound soluble in the electrolyte and 
a Sulphated higher alcohol having at least 10 
carbon atoms in the molecule. 

6. Process of electrodepositing nickel in bright 
form upon a base, comprising passing an electric 
current through a nickel electrolyte to said base 
as cathode, said electrolyte containing a solution 
of nickel Salts and a compound of selenium solu 
ble in the electrolyte, 

7. Process as in claim 6, said compound being 
Selenious acid, 

8. Process of electrodeposition comprising 
passing an electric current through an electrolyte 
to a cathode to be coated, said electrolyte con 
taining Substances yielding simultaneously cath 
Odic deposits both of nickel and selenium. 

9. The process of electroplating a base com 
prising coating the base with a bright deposit 
containing nickel from a bath containing nickel 
Sulphate, nickel chloride and a selenium con 
pound Soluble in the bath, subjecting the surface 
to a treatment to eliminate passivity and then 
plating chromium thereon. 

10. Process as in claim 9, said treatment in 
cluding rubbing the surface with abrasive. 

11. Process as in claim 9, said treatment in 
cluding Subjecting the surface to the cathodic ac 
tion of an alkaline electrolytic cleaner. 

12. An electrolyte for deposition of nickel con 
taining nickel acetate, nickel chloride, acetic acid 
and a compound containing selenium soluble in 
the electrolyte. 

13. An article comprising a conducting base 
and an electrolytically deposited coating pre 
dominantly of nickel, said coating having a con 
tent of Selenium to an amount sufficient to cause 
deposition of the nickel in brilliant form. 

75 
14. An article comprising a conducting base 

and a coating thereon consisting of an adherent 
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and brilliant-surface deposit predominantly of 
nickel but containing selenium to the amount Ob 
tained by electrodeposition of the nickel from a 
nickel plating bath containing the equivalent of 
approximately 0.05 to 0.5 gram per liter of Seo2. 

15. The process of electrodeposition, which 
comprises electrodepositing nickel from an acid 
solution of nickel Salts and an addition agent 
containing selenium in Sufficient quantity to 
cause deposition of the nickel in brilliant form, 
the addition agent being a compound soluble in 
Said solution containing an acid radical of a 
Selenium acid. 

O 

16. An electrolyte for electrodeposition of 
nickel comprising an acid solution of nickel salts 
and an addition agent containing selenium in 
sufficient quantity to cause deposition of the 
nickel in brilliant form, the addition agent being 
a compound soluble in said solution containing 
an acid radical of a selenium acid. 

17. An electrolyte for electrodeposition of 
nickel comprising an acid solution containing 
nickel sulphate, nickel chloride, and selenic acid 
in amount sufficient to cause deposition of the 
nickel in brilliant form. 

18. The process of electrodeposition, which 
comprises electrodepositing nickel from an acid 
Solution of nickel salts in the presence of an 
amount sufficient to insure a bright nickel de 
posit of a selenium compound, said compound be 
ing a compound soluble in said solution contain 
ing an acid radical of a selenium acid, and a 
minor amount of a sulphate of lauryl alcohol. 

19. An electrolyte for electrodeposition of 
nickel, comprising an acid solution of nickel salts 
and containing an amount Sufficient to insure a 
bright nickel deposit of a selenium compound, 
Said compound being a compound Soluble in Said 
solution containing an acid radical of a selenium 
acid, and a minor amount of a Sulphate of launyl 
alcohol. 

20. An electrolyte for electrodeposition of 
nickel comprising an aqueous acid solution con 
taining nickel sulphate, nickel chloride, boric 
acid and to which has been added a minor quan 
tity of a selenium acid soluble in the electrolyte 
sufficient to cause deposition of the nickel in 
brilliant form. 

2i. An electrolyte for the electrodeposition of 
nickel comprising an aqueous acid solution of a 
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compound of nickel and to which has been added 
a small amount of selenium di-oxide sufficient 
to cause deposition of the nickel in brilliant form. 

22. An electrolyte for electrodeposition of 
nickel comprising an aqueous acid solution con 
taining nickel sulphate, nickel chloride, boric 
acid and to which has been added a minor quan 
tity of selenious acid sufficient to cause deposi 
tion of the nickel in brilliant form. 

23. An electrolyte for electrodeposition of 
nickel containing an aqueous solution of nickel 
salts and an addition agent containing selenium 
in sufficient quantity to cause deposition of the 
nickel in brilliant form, the addition agent being 
Selenious acid to the amount produced by the 
addition of approximately 0.05 to 0.5 gram SeO2 
per liter of solution. . 

24. An article comprising a metallic base and 
having a brilliant and adherent electrodeposited 
coating thereon composed predominately of 
nickel and containing a relatively minute amount 
of Selenium. 
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25. An article comprising a conducting base, a 
brilliant electrodeposited coating thereon pre 
dominately of nickel and containing a small 
amount of selenium, and a brilliant electrode 
posited coating of chromium upon said first men 
tioned coating. 

26. An electrolyte for electrodeposition of 
nickel comprising an acid nickel electrolyte con 
taining, a small amount of a compound of Sele 
nium soluble in the electrolyte. 

27. An electrolyte for electrodeposition of 
nickel comprising an aqueous acid nickel electro 
lyte containing selenic acid in amount sufficient 
to cause deposition of nickel in brilliant form. 

28. An electrolyte for electrodeposition of 
nickel comprising an acid.nickel electrolyte con 
taining selenious acid in amount sufficient to 
cause deposition of nickel in brilliant form. 

29. The process of electroplating a base which 
comprises coating the base with a bright deposit 
containing nickel from an acid nickel electrolyte 
containing a selenium compound soluble in the 
electrolyte, subjecting the deposit to a treatment 
to eliminate passivity and then plating chromium 
thereOn. 

HARRY C. MOUGEY. 
RAFB. J. W.RSHING, 
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