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This invention. relates to a method of copper-plating 
metal surfaces, and more particularly to a: method of 
copper-plating the surfaces of objects made. of nonprecious 
metals. 
The prior art discloses a. great number of processes for 

depositing copper plates upon- the surfaces of metal ob 
jects. In general, these processes comprise ?rst depositing 
a thin base coating of copper on the metal surface by 
immersing the object in a solution of a suitable copper salt 
containing a cyanide compound and ?nally depositing 
the desired ultimate copper plate upon the pre-treated 
surface either by the well-known dipping process or by 
electrolysis. The preliminary step of providing the metal 
surface with a base coating of copper prior to- applying the 
?nal copper plate is considered by the art to be indispen 
sable to the production of good copper plates by electro 
lytic as well as other means. It is obvious, however, that 
this preliminary treatment renders the production of cop 
per plated articles costly and that a method which will 
produce a high grade copper plate without such pro-treat 
ment will make copper plated articlestof all types readily 
available to industry and the general public at a reduced 
cost and in quantities greater than heretofore. 

It is therefore an object of the present invention to pro 
vide a method for copper-plating metal objects which does 
not require the deposition of a'thin base coating of copper 
prior to the deposition of the ?nal copper plate on the 
surface of such objects. 
Another object of this invention is to provide a method 

of depositing a copper plate upon the surface of objects 
made of non-precious metals whereby the ?nal copper 
deposit can be applied directly to the clean metal surface 
of such objects. 

Other objects and advantages will become apparent as 
the description of my invention proceeds. 

I have found that objects made of non-precious metals 
such as iron, electrochemically‘active steel, zinc, alumi— 
num, and the like, can be copper-plated in an acid plating 
bath directly and without providing them with a prelimi~ 
nary'thin copper deposit by contacting such objects prior 
to‘ the plating step, preferably immediately prior thereto, 
with an acid pickling bath which contains an inhibitor hav 
ing a strong inhibiting effect. 
The inhibiting effect of a compound suitable for use‘ as 

an inhibitor in conjunction with the surface treatment of 
metal objects in acid pickling or plating baths can be 
de?ned as its capability of reducing the amount of hydro 
gen liberated by the attack of the acid bath upon the metal 
surface. Thus, the inhibiting elfect of an inhibitor for 
pickling and electroplating baths is to a certain degree 
equivalent to its corrosion-preventing effect and can be 
expressed in terms of the fractional amount of the maxi 
mum amount of hydrogen liberated by an acid bath which 
does not contain a corrosion-preventing additive. The 
largest amount of hydrogen liberated by the attack of an 
acid pickling or plating bath-when no inhibitor is added 
corresponds to a corrosion-preventing effect of 0%. By 
adding inhibitors to such baths the amount of hydrogen 
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liberated due to the attack of the acid bath on the metal 
can be‘ reduced to practically zero, which'corresponds'to. 
an inhibiting or corrosion-preventing effect of 100%. 
Compounds used as inhibitors within the scope of my in 
vention have an inhibiting effect of- at least 50%, which is 
termed a strong inhibiting effect. 

While the theory of the action of inhibitors in acid 
pickling and plating baths is stillL unsettled, it‘ is believed 
that inhibiting‘ compounds are characterized in that they 
retard the electrochemical exchange on the metal surface 
and‘ prevent the combination of the metal‘ with oxygen, 
both by adsorption. 

In the pickling bath the adsorptive action of inhibiting 
compounds added to the acid‘ pickling bath results in 
minimizing‘ the attack of the pickling solution on‘ the 
virgin metal surface without appreciably retarding the rate 
of dissolution of‘surface scale, rust or dirt on the metal’ 
surface. 

In the plating" bath the ads'or-ptive action of inhibitors 
and the retardation caused thereby result in a homogeni 
Zation of the metal‘ deposit which, in turn, produces metal 
deposits which are bright, adhere well to the metal surface, 
and are highly ductile‘. 

In addition, it was found‘ that such- inhibitors have‘ a 
de?nite oxidation-retarding effect in the pickling bath. 
Compounds which are suitable for use as inhibitors in 

the acid pickling bath and‘ obviate the deposition of thin 
base coatings of copper on the metal objects prior to the 
application of the ?nal copper‘ plate thereon include or 
ganic acyclic or cyclic oxygen-, sulfur- or nitrogen-con 
taining compounds such as, for example, phenols, alco 
hols, aldehydes, ketones, sulfonic acids, sul?des, disul?des, 
sulfoxides or sulfones, aliphatic, cycloaliphatic, aromatic 
or heterocyclic bases, as Well as quaternary ammonium 
salts and other onium compounds, alkanolamines, espe 
cially triethanolamine andits salts, thiourea and its deriva 
tives, and derivatives of guanidine and the like. 
The adhering qualities of copper deposits applied to 

metal surfaces treated in pickling baths containing the 
above inhibitors can be further improved by adding to 
the pickling bath. inorganic or organic reducing agents 
such- as, for example, bivalent tin‘ chloride, sodium sul 
?te, sodium bisulfate, hydrazine sulfate and‘ the like. 

I have further found that the quality of ?nal copper 
deposits applied directly to metal surfaces of objects made 
of non-precious metals, pre-treated in the above manner, 
can be improved by adding to the plating bath certain 
brightening agents which not only enhance the bright 
ness of the copper deposit, but also act as. inhibitors‘ by 
retarding the electrochemical exchange on the metal sur 
face by adsorption. Examples. of brightening agents which 
have such dual characteristics are organic sulfonic acids 
or their salts having the general structural formula 

wherein G represents an organic radical which comprises 
a carbon atom bonded exclusively to hetero atoms and‘ 
to the radical —R—SO3H through a sulfur atom, and’ 
R represents a bivalent aliphatic radical which’ may. be 
unsubstituted or substituted by other organic radicals 
such as, for example, ethylene, propylene, alkyl. propyl 
ene, hydroxy propylene and pentylene, disclosed in co 
pending application S.N. 442,199, ?led July 8, 1954. 
Other well-known brightening agents which have been 
found to possess the dual capacity of brightening agent 
and inhibitor ina plating bath are benzoic acid, hydroxyl 
amine, alcohol, thiourea, phenolsulfonic acid, dimethyl 
aniline, lactic acid, as well as molasses, syrup, starch, 
gelatine, glue and many others. 

Finally, I have found that objects made of nonaprecious 
metals can be copper-plated immediately, after pre-treat—; 
ment with a pickling bath and'without depositing a thin, 
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pre-coating of copper in a cyanide bath by using one and 
the same additive for the pickling bath and in the plating 
bath. The prerequisite, however, is that such an ad 
ditive must act as an inhibitor with a strong inhibiting 
e?ect- in the‘pickling‘bath and as a brightening agent 
and as an inhibitor with a strong inhibiting e?ect in the 
plate bath. Examples of compounds which meet this 
requirement are the following sulf-onic acids, which con 
tain a carbon atom bonded exclusively to a‘ group- of 
hetero atoms: ' 

Betaine salts of isothiourea-S-butane-w-sulfonic acid 
Betaine salts of N-phenyl-isothiourea-S-butane-w-sulfonic 

acid 
2-mercaptobenzothiazole-S-propane-w-potassium sulfonate 
Thiocyanic acid-S-n-propylester-w-sodium sulfonate 
2-thiobenzooxazole-Spropane-w-sodium sulfonate 
2-thiometoxazine-s-butane-w-potassium sulfonate 
N,N-dimethyl-dithiocarbamic acid-n-propylester-w-sodium 

> sulfonate 

N,N-pentamethylene-dithiocarbamic acid-n-propylester-w 
sodium sulfonate 

N-butyl-dithiocarbamic acid-n-butylester-w-sodium 
fonate 

N-p-tolyl-dithiocarbamic 
sulfonate 

Dithiocarbamic acid-n-propylene-w-potassium sulfonate 
S-phenyl-trithiocarbonic acid-n-propylester-w-sodium sul 

fonate 
Trithiocarbonic acid-bis-propylester-w-sodium sulfonate 
Isopropyl-xanthogenic acid-n-butylester-w-sodium sulfo 

nate 
n-Butyl-xanthogcnic acid-n-propylester-w-sodium sulfonate 
Carbaminothiol acid-n-propylester-potassium sulfonate 

and the like. 
In place of the sodium or potassium salts of the above 

compounds, the corresponding salts of other inorganic 
or organic basic elements or compounds can be used 
equally as effectively. 

Within the scope of my invention, the ?nal copper de 
posit may be applied directly to the pickled metal surface 
with the aid of the well-known dipping process or also 
by the usual electroplating process employing an electric 
current. 

Aside from the addition of the above-described addi 
tives to the pickling bath and/or the plating bath in 
accordance with my invention, the methods usually ern~ 
ployed in copper-plating metal objects need not be 
changed. For example, the basic pickling bath consists 
of the usual inorganic or organic acids or acid salts, 
particularly sulfuric acid, and the pickling and plating 
baths may also contain the usual wetting agents. The 
plating bath may also contain any of the well-known 
agents which promote the formation of smooth copper 
plates as well as other brightening agents and porosity 
reducing agents. The basic plating baths may consist 
of any of the well-known and usually employed copper 
salt solutions. , 

The method in accordance with my invention may be 
employed in copper-plating any non-precious metal such 
as iron, electrochemically active steel, zinc, aluminum, 
magnesium, and alloys thereof. 
The following examples will enable persons skilled in 

the art to understand my invention more completely. 
However, it is understood that my invention is not limited 
to the particular examples cited below. 

sul 

acid-n-propylester-w-potassium 

Example I 
Sheet iron was ?rst pickled in a pickling bath consist 

ing of a 2 N-sulfuric acid solution and containing 0.1% 
to 0.5% dibenzylsul?de as an inhibitor. Thereafter the 
pickled sheet iron was electroplated in a copper sulfate 
solution containing 0.5 -gm./liter dibenzylsulfoxide and 
0.1 gm./liter thiourea, at room temperature and with 
a current density of 3 amps./dm.2. The copper deposit 
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4 
produced thereby adhered well to the surface of the sheet 
11‘011. 

Example II 

Objects made of iron were pickled in a pickling bath 
of 2 n-sulfuric acid containing 0.1% to 0.5% dibenzyl 
sulfoxide as an inhibitor. Subsequently the pickled metal 
objects were electroplated in a copper sulfate bath which 
contained 0.5 lgm./liter N,N-dimethyl-dithiocarbamic 
acid-n-butylester-w-sodium sulfonate, at room temperature 
and with a current density of 4 amp./dm.2. The copper 
deposits produced thereby had excellent adhering prop 
erties. 

Example Ill 

Objects made of sheet iron were pickled for 1 to 10 
minutes in a pickling bath containing 1 gm./liter N,N 
diethyl-dithiocarbamic acid-n-propylester-w-sodium sul 
fonate as an inhibitor. The pickled sheet iron objects 
were then copper plated at room temperature and with a 
current density of 5 amp./dm.2 in a copper sulfate solu 
tion which contained 1 gm./liter of N,N-diethyl-dithio 
carbamic acid-n-propylester-w-sodium sulfonate as a 
brightening agent and inhibitor. The copper deposits 
produced thereby adhered very well to the metal surface 
and were bright and lustrous. 

Example IV 

Sheet iron was pickled in a 2 N-sulfuric acid solution 
which also contained 1 gm./liter of the betaine salt of 
isothiourea-S-propane-w-sulfonic acid as an inhibitor. 
Subsequently the pickled sheet iron was immersed for 2 
minutes in a copper sulfate solution which also contained 
1 gm./liter of the above betaine salt as a brightening 
agent and inhibitor. A bright and well-adhering copper 
deposit was produced thereby on the surface of the sheet 
iron, which was su?icient for a variety of uses and fur 
ther treatment. 
A few of these dip-plated sheets were then further 

copper-plated by electrolysis in a copper sulfate bath con 
taining 1 gm./liter of the betaine salt of isothiourea-S 
propane-w-sulfonic acid. The copper deposits obtained 
thereby are excellently adhering and highly lustrous de 
posits. 

Example V 
Objects made of sheet iron were pickled in a 2 N-sul 

furic acid solution containing 5 gm./liter bivalent tin 
chloride and 1 gm./liter N,N-pentamethylene-dithiocar 
bamic acid-n-propylester-w-sodium sulfonate as an inhibi 
tor. The pickled sheet iron objects were then dipped 
in a copper sulfate bath containing 1 gm./liter of N,N 
pentamethylene - dithiocarbamic acid-n-propylester-w-so 
dium sulfonate as a brightening agent and inhibitor. As 
in Example IV, the copper deposits produced thereby had 
excellent brightness properties and adhered to the metal 
surfaces even more completely than those obtained in 
Example IV. A few of these dip-plated objects were 
then electroplated in a copper sulfate bath as in Example 
IV. The copper deposits obtained were bright and lus 
trous and adhered very well to the surface of the objects. 
While I have illustrated certain speci?c embodiments 

of my invention, I wish it to be understood that certain 
changes and variations may be made without departing 
from the spirit of my invention and the scope of the 
following claims. 

I claim: 
1. The method of producing copper deposits on sur 

faces of metal objects, said metal being selected from the 
group consisting of iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing dibenzylsul?de 
as an inhibitor, and thereafter applying the ?nal copper 
plate directly to the pickled objects on which a layer of 
inhibitor from said pickling bath solution remains ad 
herent by electroplating said objects in an acid solution of 
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copper sulfate, said solution containing small amounts of 
dibenzylsulfoxide and thiourea. 

2. The method of producing copper deposits on sur 
faces of metal objects, said metal being selected from the 
group consisting of iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing dibenzylsulf 
oxide as an inhibitor, and thereafter applying the ?nal 
copper plate directly to the pickled objects on which a 
layer of inhibitor from said pickling bath solution re 
mains adherent by electroplating said objects in an acid 
solution of copper sulfate, said solution containing small 
amounts of N,N-dimethyl-dithiocarbamic acidnn-butyl 
ester-w-sodium sulfonate. 

3. The method of producing copper deposits on sur 
faces of metal objects, said metal being selected from 
the group consisting of iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing an inhibitor 
compound having an inhibiting effect of at least 50% 
and thereafter applying the ?nal copper plate directly to 
the pickled surface of said objects to which a quantity 
of pickling bath solution remains adherent by electro— 
plating said objects in an acid solution of a copper salt. 

4. The method of producing copper deposits on sur 
faces of metal objects said metal being selected from the 
group consisting or iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing an inhibitor 
having an inhibiting effect of at least 50% and there 
after applying the ?nal copper plate directly to the 
pickled surface of said objects to which a quantity of 
pickling bath solution remains adherent by electroplat 
ing said objects in an acid solution of a copper salt, 
said solution containing a brightening agent. 

5. The method of producing copper deposits on sur 
faces of metal objects, said metal being selected from 
the group consisting or iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing an inhibitor 
having an inhibiting effect of at least 50% and thereafter 
applying the ?nal copper plate directly to the pickled sur 
face of said objects to which a quantity of pickling bath 
solution remains adherent, by electroplating said objects 
in an acid solution of a copper salt, said solution con 
taining an inhibitor. 

6. The method of producing copper deposits on sur 
faces of metal objects, said metal being selected from 
the group consisting or iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing an inhibitor 
having an inhibiting effect of at least 50%, and there 
after applying the ?nal copper plate directly to the 
pickled surface of said objects to which a quantity of 
pickling bath solution remains adherent by electroplating 
said objects in an acid solution of a copper salt, said 
solution containing a brightening agent and an inhibitor. 

7. The method of producing copper deposits on sur 
faces of metal objects, said metal being selected from 
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the group consisting or iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing N,N—diethyl 
dithio‘canbamic acid-n-propylester-w-sodium sulfonate, 
and thereafter applying the ?nal copper plate directly 
to the pickled surface of said objects on which a layer 
of inhibitor from said pickling bath solution remains 
adherent by electroplating said objects in an acid solu 
tion of copper sulfate, said solution containing small 
amounts of N,N-diethyl-dithiocanbamic acid-n-propyl 
ester-w-sodiurn sulfonate. 

8. The method of producing copper deposits on sur 
faces of objects, said metal being selected from the group 
consisting of iron, zinc, aluminum and electrochemically 
active steels which comprises pickling said objects in an 
acid pickling bath containing a small amount of the 
betaine salt of isot‘hiourea-S-propane-w-sulfonic acid, and 
thereafter applying the ?nal copper plate directly to the 
pickled objects on which a layer of inhibitor from said 
pickling bath solution remains adherent by contacting 
said objects with an acid solution of copper sulfate, said 
solution containing the betaine salt of isothiourea-S-pro 
pane-w-sulfonic acid. 

9. The method of producing copper deposits on sur 
faces of metal objects, said metal being selected from 
the group consisting of iron, zinc, aluminum and electro 
chemically active steels, which comprises pickling said 
objects in an acid pickling bath containing bivalent tin 
chloride and N,N-pentamethylene-dithiocarbamic acid 
n-propylester-w-sodium sulfonate, and thereafter applying 
the ?nal copper plate directly to the pickled objects on 
which a layer of inhibitor from said pickling bath solu 
tion remains adherent by contacting said objects with 
an acid solution of copper sulfate, said solution contain 
ing N,N-pentamethylene-dithiocarbamic acid-n-propyb 
ester-w-sodium sulfonate. 
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