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This invention relates to an electroplating process, and 
more particularly to such a process employing derivatives 
of organic sulfonic acids as brightening agents. - 

Electroplating baths have heretofore been modified by 
the inclusion of organic sulfonic acids or organic sulfation 
products of various compounds. While the prior art 
brightening agents have usually effected some improve 
ment in the brightness characteristics and ductility of 
selectrodeposits products from baths modified therewith, 
these brightening agents individually have not been suf 
ficient to produce commercially desirable electrodeposits, 
and have to be used with another and sometimes with 
even two or more supplemental brightening agents to pro 
duce the desired result. - 

It is, therefore, an object of this invention to provide 
brightening agents for electroplating baths which may 
advantageously be used as a sole brightening agent or 
with other addition agents to produce bright and ductile electrodeposits. 
Another object of our invention is to provide electro 

plating compositions of improved character. 
Still another object of our invention is to provide 

electroplating baths which will produce bright, lustrous 
and ductile electrodeposits which in many instances may 
be used for their intended purpose without further polish ing or buffing. 
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Still further objects and advantages of our invention 

will become apparent as the description thereof proceeds. 
We have found that the brightness and ductility of metal 

electrodeposits can be materially improved, particularly in 
case of nickel electrodeposits, by adding to such electro 
plating baths small amounts of organic sulfonic acid 
-compounds having the general structural formulas 

R-S-R-SOX 
or 

R-Y-S-R1-SOX 
wherein Rishydrogen or an acyclic or cyclic hydrocarbon 
radical, Y is a lower alkylene, CSNH, -CSNH-phenyl, 
CO, CS or SO group, R is a bivalent hydrocarbon radi 
cal, and X is hydrogen or an inorganic or organic basic 
substituent. Hydrocarbon radicals R and R may also 
be interrupted by oxygen, sulfur or nitrogen atoms or 
hetero atom groups derived therefrom, and may in addi 
tion contain substituents composed of hetero atoms or 
hetero atom groups. 
The class of compounds having the above general struc 

tural formula - consists, essentially of well-known sub 
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2 
compounds is to react the sulfur-containing compounds 
referred to in the preceding paragraph with halogen 
alkanesulfonic acids or their salts rather than with sul 
tones. In a few cases it is also possible to start with 
mercapto-alkane-sulfonic acid salts by reacting the same 
with corresponding halogen compounds. 

Examples of thioalkanesulfonic acids having the gen 
eral structural formula referred to which can be prepared 
by any of the above methods and may then be added to 
electroplating baths as brightening agents and as agents 
which promote the increase of the ductility of metal 
electrodeposits produced from such baths in accordance 
with our invention are the following: 
Mercaptoethane-1-sodium sulfonate 
Mercaptopropane-1-sodium sulfonate 
Mercaptobutane-1-sodium sulfonate 
Methylthiopropane-ay-sodium sulfonate 
Butylthiobutane-w-sodium sulfonate 
Cyclohexylthiopropane-w-sodium sulfonate 
Di-n-propylthioether-w-di-sodium sulfonate 
Di-n-butylthioether-w-to-di-sodium sulfonate 
Diethylthioether-to-w-di-sodium sulfonate 
Ethylene-1,2-bis-thiopropane-w-sodium sulfonate 
Benzylthiopropane-a-sodium sulfonate 
4-bromobenzylthioethane-a-sodium sulfonate 
Phenylthiopropane-w-sodium sulfonate 
4-bromophenylthioethane-w-sodium sulfonate 
Furfuryl-thiopropane-ay-sodium sulfonate 
Thioacetic acid-S-propylester-w-sodium sulfonate 
Thiobenzoic acid-S-propylester-ty-sodium sulfonate 
Methyl-dithiolic acid-propylester-w-sodium sulfonate 
Phenyl-dithiolic acid-propylester-to-sodium sulfonate 
Phenylsulfothiolic acid-propylester-w-sodium sulfonate 
Thioacetamide-S-propane-a-sodium sulfonate 
Thioacetanilide-S-propane-w-sodium sulfonate 
Thiobenzamide-S-butane-to-sodium sulfonate 
The brightening and ductility-improving agents of our 

invention can be employed to modify electroplating baths 
of all types. Thus, they will produce the desired effects 
in copper-plating, zinc-plating, silver-plating, nickel-plat 
ing, brass-plating and other such metal-plating baths, 
regardless of whether the metal plate is deposited by 
means of an electric current or merely by dipping the 
objects to be plated into the plating bath. - 

Moreover, the compounds of our invention can be em 
ployed in conjunction with other well-known brightening 
agents, conductivity-promoting salts, wetting agents, poros 
ity-preventing agents, smoothing agents, and the like. 
The amounts in which the thioalkanesulfonic acids, in 

accordance with our invention, are added to electroplating 
baths in order to produce bright and highly ductile metal 
electrodeposits range from 0.01 to 20 grams per liter of 
electroplating bath, depending upon the particular additive 
used and the type of metal which is intended to be electro 
deposited. In general, the temperature of electroplating 
baths modified in accordance with our invention should 
be about 60° C. during the electroplating operation and 
the current density range should be between 0.5 and 12 
amp./dm.. The current density which will produce the 
optimum brightening effect depends upon the individual 
thioalkanesulfonic acid additive used to modify the electro stances which may be produced very readily. For ex 

ample, they can be obtained in a very simple manner 
and in a high degree of purity by reacting metal sulfides, 
metal hydro sulfides, or the salts of aliphatic, cyclo 
aliphatic, aromatic-aliphatic, aromatic heterocyclic mer 
capto compounds, or metal compounds of dithiolic acids, 
thiol acids or thioamides with cyclic anhydrides or organic 
oxyalkanesulfonic acids (sultones), such as for example, 
1,3-propanesultone, 1,4-butane sultone, etc. 
Another method of producing the above sulfonic acid 
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plating bath in accordance with our invention. 
The addition of the thioalkanesulfonic acid compounds 

as disclosed by us does not require changes in the operat 
ing conditions commonly employed in electroplating 
processes. - 

The surfaces of the objects to be electroplated in elec 
troplating baths modified in accordance with our inven 
tion may consist of any type of metal or alloy upon which 
electroplates are usually deposited. In the case where the 
metal Surface consists of steel, iron, zinc, and other non 
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precious metals or their alloys, it is recommended that 
such surfaces be covered with a thin layer of copper 
in the customary cyanide-copper sulfate solution prior to 
plating such surface with the final metal electroplate. 

Electrodeposits produced from plating baths modified 
with the thioalkanesulfonic acids or their salts in accord 
ance with our invention are extremely bright, adhere well 
to the base surface, have a high degree of ductility and 
are practically free from porosity. Their brightness is in 
most cases so high that subsequent polishing and buffing 
is not required. 
The thioalkanesulfonic acid additives of our invention 

are extremely stable in acid solutions, so that electro 
plating baths modified therewith remain capable of pro 
ducing bright and duticle electrodeposits for extended pe 
riods of time even at high temperatures, and need to 
be rejuvenated only from time to time with small amounts 
of these additives. 
The following examples will serve to illustrate our in 

vention more clearly and enable persons skilled in the art 
to understand our invention more completely. However, 
it is understood that our invention is not intended to be 
limited to the scope of the examples which follow. 

Example I 
1 gm./liter of 3-mercaptopropane-1-sodium sulfonate 

were dissolved in a nickel-plating bath which contained 
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60 gm./liter nickel chloride, 120gm./liter crystallized 
nickel sulfate and 35 gm./liter boric acid. Sheet steel 
which was pre-treated in a well-known manner in a cop 30 
per sulfate-cyanide bath by dipping it therein in order to : 
deposit a thin preliminary copper plate on the surface, 
was then nickel-plated in the modified bath at room tem 
perature and a current density of 5 amp./dm.. The 
nickel plate thus produced was fine-bright, well-adhering 
and free from porosity, and required no further mechani 
cal treatment such as buffing or polishing. 

In place of 3-mercaptopropane-1-sodium sulfonate, the 
di-sodium salt of di-n-propylthioether-w-w-disulfonic acid 
can be used with equal success. - 

Example II. 
1.5 gm./liter of phenylthiopropane-w-sodium sulfonate 

were dissolved in a nickel-plating bath which contained 60 
gm./liter nickel chloride, 120gm./liter crystallized nickel 
sulfate and 35gm./liter boric acid. Sheet steel, which was 
pre-treated as in Example I, was then nickel-plated in the 
modified plating bath at room temperature and a current 
density of 5 amp./dm.. The nickel plate thus produced 
was fine-bright and highly ductile and required no addi 
tional polishing or buffing. 
The same results were obtained when 1.25 gm./liter, 

thioacetanilide-S-propane-w-sodium sulfonate were sub 
stituted for phenylthiopropane-w-sodium sulfonate. 

Example III 
1 gm./liter of S-acetyl-3-thiopropane-1-sodium sulfonate 

was added to each liter of a nickel-plating bath contain 
ing 60 gm./liter nickel chloride, 120gm./liter crystallized 
nickel sulfate and 35 gm./liter boric acid. Objects made 
of brass were then nickel-plated in this modified bath at 
a temperature of 50° C. and a current density of 3 
amp./dm.. The nickel plate produced thereby was fine 
bright and highly lustrous. . . 
The same results can be obtained by substituting. S 

benzoyl-3-thiopropane-1-sodium sulfonate for the S-acetyl 
3-thiopropane-1-sodium sulfonate as above described. 

Example IV 
1 gm. of dithiobenzoic acid-n-propylester-to-sodium sul 

fonate was added to each liter of a zinc galvanizing bath 
containing 60 gm./liter zinc cyanide, 50gm./liter sodium 
cyanide, 15 gm./liter sodium hydroxide and 1 gm./liter 
sodium sulfite. Metal objects were then zinc-plated in 
this modified bath at room temperature and a current 
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is: 

density between 2 and 10 amp./dm. The zinc plate 
produced thereby was fine-bright and adhered very well 
to the metal surface. s 

Equally good results can be obtained when, in place 
of the dithiobenzoic acid salt referred to above, an equal amount of thiobenzamide-S-propane-to-sodium sulfonate is 
used as a brightening agent. 

Example V 
A small amount of S-benzyl-3-thiopropane-1-sodium 

sulfonate was added to an acid copper-plating bath which 
contained 220gm./liter copper sulfate and 60 gm./liter 
sulfuric acid. Objects were then copper-plated in this 
modified bath at room temperature and a current density 
of 5 amp./dm.2. The copper deposits produced thereby 
were bright, soft and had an extremely fine grain. 

While we have disclosed certain specific embodiments 
of our invention, we wish it to be understood that said 
invention is not limited to such embodiments, and that 
changes and variations may be made therein without de 
parting from the spirit of our invention or the scope of 
the appended claims. - 
We claim: m 1. An electroplating bath for producing electro-deposits 

of a metal selected from the group consisting of copper, 
zinc and nickel, comprising an acid solution of at least 
one inorganic salt of the metal to be electrodeposited and 
from 0.01 to 20 gm./liter of a sulfonic acid compound 
having a structural formula selected from the group 
consisting of 

R-S-R-SOH 
R-Y-S-R-SOH 

and their alkali metal salts, wherein R is selected from the group consisting of hydrogen, acyclic hydrocarbon 
radicals and cyclic non-heterocyclic hydrocarbon radicals, 
R1 is a lower alkylene radical, and Y is selected from 
the group consisting of lower alkylene, -CSNH-, 
-CSNH-phenyl-, -CO-, -CS- and -SO-. 

2. An electroplating bath for producing electro-de 
posits of a metal selected from the group consisting of 
copper, Zinc and nickel, comprising an acid solution of 
at least one inorganic salt of the metal to be electro 
deposited and from 0.01 to 20 gm./liter of a compound 
Selected from the group consisting of sulfonic acids hay 
ing the structural formula 

R-Y-S-R-SOH 
and their alkali metal salts, wherein R is an acyclic hy 
drocarbon radical, Y is selected from the group con 
sisting of lower alkylene, -CSNH-, -CSNH-phenyl 
-CO-, -CS- and -SO-, and R is a lower alkylene 
radical. - 

3. An electroplating bath of producing electrodeposits 
of a metal selected from the group consisting of copper, 
Zinc and nickel, comprising an acid solution of at least 
one inorganic salt of the metal to be electrodeposited and 
from 0.01 to 20 gm./liter of a compound selected from 
the group consisting of sulfonic acids having the struc 
tural formula 

and 

R-Y-S-R-SOH 
and their alkali metal salts, wherein R is a cyclic non 
heterocyclic hydrocarbon radical, Y is selected from the 
group consisting of lower alkylene, -CSNH-, -CSNH 
phenyl-, -CO-, -CS- and -SO-, and R is a 
lower alkylene radical. - 4. An electroplating bath for producing electrodeposits 
of nickel, comprising an acid solution of at least one 
inorganic salt of nickel and 0.01 to 20 gm./liter of the 
disodium salt of di-n-propylithioether-w-cy-disulfonic acid. 

5. An electroplating bath for producing electrodeposits 
of zinc comprising an acid solution of at least one in 
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organic salt of zinc and 0.01 to 20gm./liter of dithioben 
Zoic acid-n-propylester-cy-sodium sulfonate. 

6. An electroplating bath for producing electrodeposits 
of zinc comprising an acid solution of at least one in 
organic salt of zinc and 0.01 to 20 gm./liter of thiobenz 
amide-S-propane-ay-sodium sulfonate. 

7. An electroplating bath for producing electrodeposits 
of copper comprising an acid solution of at least one 
inorganic salt of copper and 0.01 to 20 gm./liter of S 
benzyl-3-thiopropane-1-sodium sulfonate. 

8. An electroplating bath for producing electrodeposits 
of nickel comprising an acid solution of at least one 
inorganic salt of nickel and 0.01 to 20 gm./liter of 
phenyl-thiopropane-to-sodium sulfonate. 

9. The process of producing bright and lustrous elec 
trodeposits of a metal selected from the group consisting 
of copper, zinc and nickel, which comprises electro 
depositing said metal from a bath containing said metal 
principally in the form of an acid solution of an inorganic 
salt of the metal in the presence of from 0.01 to 20 
gm./liter of a sulfonic acid brightening agent having a 
structural formula selected from the group consisting of 

and their alkali metal salts, wherein R is selected from 
the group consisting of hydrogen, acyclic hydrocarbon 
radicals and cyclic non-heterocyclic hydrocarbon radi 
cals, R1 is a lower alkylene radical, and Y is selected 
from the group consisting of lower alkylene, -CSNH-, 
-CSNH-phenyl-, -CO-, -CS- and -SO-. 

10. The process of producing bright and lustrous elec 
trodeposits of a metal selected from the group consisting 
of copper, zinc and nickel, which comprises electro 
depositing said metal from a bath containing said metal 
principally in the form of an acid solution of an inorganic 
salt of the metal in the presence of from 0.01 to 20 
gm./liter of a brightening agent selected from the group 
consisting of sulfonic acids having the structural formula 

O 
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and their alkali metal salts, wherein R is an acyclic 
hydrocarbon radical, Y is selected from the group con 
sisting of lower alkylene, -CSNH-, -CSNH-phenyl-, 
-CO-, -CS- and -SO2-, and R is a lower alkylene 
radical. - 

11. The process of producing bright and lustrous elec 
trodeposits of a metal selected from the group consisting 
of copper, zinc and nickel, which comprises electro 
depositing said metal from a bath ocntaining said metal 
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principally in the form of an acid solution of an inorganic 
salt of the metal in the presence of from 0.01 to 20 
gm./liter of a brightening agent selected from the group 
consisting of sulfonic acids having the structural formula 

R-Y-S-R-SOH 
and their alkali metal salts, wherein R is a cyclic non 
heterocyclic hydrocarbon radical, Y is selected from the 
group consisting of lower alkylene, -CSNH-, -CSNH 
phenyl-, -CO-, -CS- and -SO, and R is a lower 
alkylene radical. 

12. The process of producing bright and lustrous nickel 
electrodeposits which comprises electrodepositing said 
nickel from a bath containing said nickel principally in 
the form of an acid solution of at least one inorganic 
salt of nickel, in the presence of 0.01 to 20 gm./liter of 
the disodium salt of di-n-propylthioether-o-o-disulfonic 
acid as a brightening agent. - 

13. The process of producing bright and lustrous zinc 
electrodeposits which comprises electrodepositing said 
Zinc from a bath containing said zinc principally in the 
form of an acid solution of at least one inorganic salt 
of zinc, in the presence of 0.01 to 20 gm./liter of dithio 
benzoic acid-n-propylester-to-sodium sulfonate as a bright ening agent. 
14. The process of producing bright and lustrous zinc 

electrodeposits which comprises electrodepositing said 
Zinc from a bath containing said zinc principally in the 
form of an acid solution of at least one inorganic salt 
of zinc, in the presence of 0.01 to 20 gm./liter of thio 
benzamide-S-propane-w-sodium sulfonate as a brightening 
agent. 

15. The process of producing bright and lustrous cop 
per electrodeposits which comprises electrodepositing said 
copper from a bath containing said copper principally in 
the form of an acid solution of at least one inorganic 
salt of copper, in the presence of 0.01 to 20 gm./liter of 
S-benyl-3-thiopropane-1-sodium sulfonate as a brighten 
ing agent. 

16. The process of producing bright and lustrous nickel 
electrodeposits which comprises electrodepositing said 
nickel from a bath containing said nickel principally in 
the form of an acid solution of at least one inorganic 
salt of nickel, in the presence of 0.01 to 20 gm./liter of 
phenylthiopropane-to-sodium sulfonate as a brightening 
agent. 
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