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ABSTRACT OF THE DISCLOSURE 
An aqueous acidic composition useful for forming a 

copper tin coating on a ferrous metal surface without the 
application of electric current, which comprises copper 
ions in the range of from about 0.01 to 30% by weight 
calculated as CuSO4-5H2O, tin ions within the range 
of about 0.01 to 30% by weight calculated as SnSO, 
and a long chain aliphatic amine in the range of about 
0.01 to 10% by weight. 

BACKGROUND OF THE INVENTION 

Numerous treating solutions have been proposed for 
forming a copper-tin plate on metal surfaces without the 
use of electric current. Frequently, the solutions used 
have been aqueous acidic solutions of inorganic copper 
and tin salts, such as solutions of copper and tin sulfate, 
in combination with one or more additive materials which 
serve to enhance the deposition of the copper-tin plate 
and/or the characteristics of the plate which is produced. 
While many of the compositions and processes which 

have heretofore been developed have been generally satis 
factory, some di?iculties have been encountered where 
diiferent types and grades of ferrous metal surfaces have 
been treated. Frequently, with the compositions and proc 
esses of the prior art, variations in the type of ferrous 
metal being treated have resulted in similar variations in 
the quality of the copper-tin coating which has been 
produced. Moreover, where these copper-tin coating solu 
tions have been used for treating steel wire, prior to wire 
drawing operations, it has often been found to be diffi 
cult to consistently obtain a bright, adherent coating. 
Additionally, the compositions of the prior art have had 
a relatively low tolerance for ferrous iron. With these 
solutions, as the quantity of ferrous iron in the bath 
has increased, the quality of the copper-tin coating pro 
duced has decreased. It has, therefore, been the practice 
to discard the electroless copper-tin plating solution when 
the ferrous iron content has built-up to about 3.5 to 4% 
Fe++ and make-up a new plating bath. This, of course, 
is costly, both from the standpoint of the cost of the 
treating materials, as well as in the processing time lost 
while the line is shutdown for the building-up of a new 
treating bath. Additionally, this frequent discarding of 
the bath adds greatly to waste disposal problems. 

It is, therefore, an object of the present invention to 
provide an improved coating solution from which bright 
adherent copper-tin coatings (bronze color) may be ob 
tained on a ferrous metal surface, without the use of elec 
tric current. 

-It is a further object of the present invention to provide 
an improved process for forming a bright, adherent 
copper-tin coating on a variety of ferrous metal surfaces 
without the use of an electric current. 
Another object of the present invention is to provide 

an improved composition and process for forming a 
bright, adherent copper-tin alloy coating on ferrous metal 
surfaces, which composition and process will tolerate 
the build-up of an appreciable quantity of ferrous ion in 
the coating solution without adversely effecting the quality 
of the copper-tin coating which is produced. 
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It is a further object of the present invention to provide 
an improved composition and process for forming a 
bright, adherent copper-tin alloy coating over a wide ratio 
of copper to tin in the alloy coating solution. 
A further object of the present invention is to provide 

an improved process wherein a more uniform gold color 
is obtained over a wide range of operating temperatures. 

SUMMARY OF THE INVENTION 

"Pursuant to the above objects, the present invention is 
directed to an aqueous acidic solution containing copper 
and tin 1011s and a long chain fatty aliphatic amine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It has been found that various types of ferrous metal 
surfaces may be treated with the composition of the pres 
ent invention without the use of electric current to form 
bright adherent copper-tin alloy coatings on ferrous metal 
surfaces. Moreover, these results were obtained even 
when ferrous ion content in the bath is at the saturation 
point. This method is found to be particularly suited for 
the treatment of steel wire, prior to subjecting the wire 
to a drawing operation as the copper-tin alloy coatings 
produced are found to retain their adhesion after the draw 
mg operation. 

_ More speci?cally in the practice of the present inven 
tion, the novel bath compositions are aqueous acidic solu 
tions containing copper ions in the range of about 0.01 
to 30% by weight calculated as CuSO4-5H2O which solu 
tion desirably has a pH within the range of about 0 to 4, 
preferably within the range of 0.2 to 2.0. The copper ions 
may be incorporated in the plating solution at any suit 
able form, such as copper metal and/or various copper 
salts. The only requirements are that whatever form 
copper is used, it will produce in the aqueous acidic plat 
mg solution the desired copper ion content, within the 
desired pH range, and that the ions incorporated within 
the copper salt will not have any detrimental e?iect on 
either the solution in its operation or in the quality of 
the copper-tin plate which is produced. 

'In many instances, it has been found to be convenient 
to utilize copper sulfate as the source of copper ions in 
forming the aqueous acidic plating solutions. Additionally 
with such baths, the bath pH may be maintained within 
the desired range by the addition of sulfuric acid. Where 
the aqueous acidic plating baths used contain such sulfate 
ions, they are typically present in amounts within the 
range of about 0.1 to 30% by weight of the solution. It 
is to be appreciated, of course, that other copper salts 
may also be used as the source of copper ions, such 
as copper metaborate, copper sulfamates, and the like, 
and that other acids may be used for the pH adjustment 
of the bath. It is to be appreciated, however, that in using 
such other salts or acids, care should be taken that the 
amounts of such latter ions introduced do not exceed 
the maximum amounts which can be present in the solu 
tion without detrimental effect. 
The plating solution in the present invention also con 

tains at least one long chain aliphatic amine having from 
8 to 22 carbon atoms per aliphatic chain, preferably the 
number of carbon atoms is from about 12 to 20 and even 
more preferably about 12 to 18 carbon atoms. In gen 
eral, the structure of the aliphatic amine is of the formula: 

N(R) (R1) (R2) 
wherein R may be hydrogen or lower alkyl; R1 is a long 
chain aliphatic ‘group containing 8 to 22 carbon atoms and 
R2 may be R or R1. 

Examples of R are methyl, ethyl, propyl, butyl, pentyl 
and hexyl; preferably, the R is methyl. 



3,736,157 
Examples of R1 that may be employed in the present 

invention are the saturated alkyl groups, such as, octyl, 
nonyl, decyl, undecyl, dodecyl, lauryl, myristyl, stearyl, 
and the like, or the ethylenically unsaturated hydrocar 
bons having 8 to 22 carbon atoms. 
Examples of aliphatic amines that may be employed in 

applicant’s invention are listed below. 

rim-cam, 
HN(CH3)C1oH21 
N (CH3 ) 2C12H25 
N (C2H5 ) 2c14H29 
H2N(C1sH3a) 

HN(C3H'1) (C18H3'7) 
N (641119) 2 (C2oH41) 

N (CH3 )2 (C11H2s) 
N(OHs ) 2 (C12H25) 

N (CH3 ) 2 (0141129) 
HgNcaHm 

HN (CH3) (C10H19) 
N (C2115) 2 (CmHar) 

N (0H3 ) 2(C11H21) 
The aliphatic amine may be present in the bath in 

amounts ranging from about 0.01 to about 10%, prefer 
ably 0.1 to about 1% and even more preferably about 
0.2%. 

Acceptable bronze color coatings are obtained when a 
copperztin ratio ranges from about 0.60—l.5 parts by 
weight to 1, preferably the ratio of copper to tin is in the 
range of 0.8 to 1.211 and even more preferably 1.1 parts 
by weight copper to 1 part of tin. 
The tin may be introduced into the bath in a variety of 

means such as tin metal itself or as various salts. The 
source of tin ions may be tin benzoate, tin metaborate, 
tin sulfamate, and the like. 
As has been indicated herein above, the aqueous acidic 

plating baths of the present invention are found to give 
excellent plating results even where the baths contain 
appreciable quantities of ferrous iron. As is recognized by 
those in the art, even though the baths are initially free 
of ferrous iron, where the baths are used to treat ferrous 
metal surfaces, the etching action of the bath results in 
the dissolution and continual build-up of ferrous iron in 
the plating solution. Thus, the plating of the present in 
vention may also contain ferrous ions in amounts up to 
the saturation point of the ferrous ion in the bath, with 
amounts of ferrous iron ions within the range of about 5 
to 80 grams per liter being typical. Where such typical 
amounts of ferrous ions are present in the bath and even 
where the ferrous ion content is greater than the satura 
tion point of the bath, it is still found that excellent quality 
copper-tin coatings can be produced. 

It is to be appreciated that although certain particular 
preferred ranges have been given for the concentrations 
of the components of the plating solutions of the present 
invention, these concentrations are merely exemplary of 
those which may be used. Thus, in some instances, con 
centrations of these components which are outside of the 
ranges indicated may also be used to give satisfactory 
results. Accordingly, it is believed that those in the art 
will readily be able to determine the concentration of each 
of these components which should be used in each in 
stance, depending upon the type of ferrous metal surface 
to be treated, the nature of the non-electrodeposited cop 
per-tin coating which is desired, as well as the particular 
type and concentration of the other components in the 
treating solution. 

In carrying out the method of the present invention, the 
ferrous metal surface to be treated, such as a length of 
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steel wire, is ?rst cleaned, using any suitable cleaning 
techniques. Where desired this cleaning may include acid 
pickling, such as with muriatic acid, alkaline cleaning, 
such as with alkali metal hydroxide and/ or alkali metal 
permanganate containing cleaners and may include a com 
bination of several of these cleaning or pre-treating steps. 
Following the cleaning or pre-treating of the steel surface, 
it is brought into contact with the copper-tin plating bath 
of the present invention. Depending upon the particular 
con?guration of the ferrous surface to be treated, vari 
ous contacting techniques may be utilized such as im 
mersion, spraying, flooding, and the like. Where the fer 
rous surface treated is steel wire, it has generally been 
found to be preferable if the wire is immersed in the 
copper plating bath. During the immersion of the wire 
in the bath, the copper plating bath of the present inven 
tion is desirably maintained at a temperature within the 
range of about 15 to 85° C. and preferably 24—66° C. 
and under these preferred conditions, immersion times 
of from about 10 seconds to 10 minutes are typical. After 
removal from the copper-tin plating solution, the ferrous 
metal surface may then be rinsed with water and dried. 
When the ferrous surface treated in accordance with 

this process is steel wire, if desired following the applica 
tion of the electroless copper-tin plate, a suitable lubricant 
may be applied to the coated wire to facilitate a sub~ 
sequent drawing operation. Various lubricant materials as 
are known to those in the art, such as numerous soap 
containing compositions may be applied to the copper-tin 
plated wire and this lubricant coating then dried thereon. 
The wire may then be subjected to the desired drawing 
operation and it is found that following the drawing, the 
copper-tin ?nish on the wire is very bright and uniform 
and shown good adhesion. Additionally, it is found that 
the solutions of the present invention may also be used to 
form a copper-tin coating which is useful as a lubricant 
material for warm forming operations, as well as a decora 
tive copper-tin coating. 

In order that those skilled in the art may better under 
stand the present invention and the manner in which it 
may be practiced, the following speci?c examples are 
given. In these examples, unless otherwise indicated, parts 
and percent are by weight and temperatures are in degrees 
centigrade. 

Example I 

Three 4 1. baths were made up to contain 10 g./l. of 
SnSO4, 15 g./1. CuSO4-5H2O, and 3.3. ml. of 1H2SO4/l. To 
one of the baths was added 2 g./l. N,N (dimethyl) lauryl 
amine, to another 2 g./l. N,N (dimethyl) myristyl amine, 
and to the third % g./l. gelatin. Gelatin was used as a con 
trol (see US. 3,346,404). Two grades of cleaned mild 
steel wire were processed through each bath for one min 
ute at 120° F. Both baths containing the aliphatic amines 
of this invention ga've desirable bright gold colored coat 
ings on both grades of wire. The gelatin bath had a ‘good 
coating on only one of the grades of wire. 

Example ‘II 

A test was conducted to- compare N,N (dimethyl) 
myristyl amine with gelatin as to their effect on the 
coating color stability with changes in the Cu-Tin ratio. 
Two 4 1. baths were made up containing 13 mls. of 
H280, and 15 g./l. of CuSO4-5'H20. To one bath was 
added g./l. of gelatin and to the other 2 g./l. N,N (di 
methyl) myristyl amine. Stannous sulfate was added to 
each bath and cleaned mild steel wire was processed in 
each at SnS‘O4 concentrations of l,3,5,7,10, and 15 g./l. 
The coatings were then checked for color. The coatings 
obtained from the bath containing gelatin got progressive 
ly lighter in color up to a SnSO, concentration of 10‘ g./l. 
Then the color change flattened out. However, the color 
of the coatings obtained from the bath containing N,N 
(dimethyl) myristyl amine has a ?atter color response 
at SnSOr concentrations ‘’between 5 and 10 g./1. than 
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gelatin; thus allowing for lower operating concentrations 
and a more economical bath. 

Example III 
As a liquor coating bath is used in production, it tends 

to build-up iron in solution. This is iron that is removed 
from the work in the coating process and goes into solu~ 
tion as Fe'I'2. Usual liquor baths tend to start giving 
yellow looking coatings when the iron builds-up to about 
41/2%. An evaluation of N,N (dimethyl) myristyl amine 
was carried out in a high iron bath, comparing it with 
a gelatin control. A 4 liter bath was made-up to contain 
13 mls. of H2804, 15 g./l. of CuSO4-5H2O, l0 g./l. 
SnSO4 and 2 g./l. of N,N (dimethyl) myristyl amine. 
A second 4 liter bath was made-up with similar amounts 
of copper, tin, and sulfate ions and 2 g./l. gelatin. The 
two baths were arti?cially aged with FeSO47H2O and 
steel wire was processed through each bath at increments 
of 1% Fe+2. At 4% Fe+2, the gelatin bath started to 
give coatings of a yellower, less uniform color, while 
the bath containing N,N (dimethyl) myristyl amine 
showed no changes in coating color, even at 6% Fe“. 
A particularly useful composition that may be em 

ployed in replenishing the active compounds of the 
present invention is a concentrate composition containing 
the following ingredients: 

Concentrations 
by weight, percent 

Copper ions (calculated as CuSO‘4-5H2O) ..___ 40-90 
Tin ions (calculated as SnSO4) ____________ __ 5-30 
Long chain aliphatic amine ________________ __ 0.5-10 

What is claimed is: 
1. An aqueous acidic composition of improved color 

stability useful for forming a copper-tin coating on a 
ferrous metal surface without the application of electric 
current which comprises copper ions in the range of 
from about 0.01 to 30% by weight calculated as 
CuSO4-5H2O, tin ions within the range of about 0.01 to 
30% by weight calculated as SnSO4 and a long chain 
aliphatic amine of the formula: 

(R) (R1) (R2) 
wherein R is independently selected from the group con~ 
sisting of hydrogen and lower alkyl having 1 to 6 carbon 
atoms; R1 is a long chain aliphatic group containing 
from 8 to 22 carbon atoms and R2 is independently 
selected from the group consisting of R and R1, in the 
range of about 0.01 to 10% by weight. 

2. The composition of claim 1 wherein the ratio of 
copper to tin ranges from about 0.60 to 1.521 on a parts 
by weight basis. 

3. The composition of claim 1 wherein R1 ranges from 
12 to 18 carbon atoms. 

10 

15 

20 

25 

30 

35 

40 

45 

6 
4. The composition of claim 3 wherein R and R2 are 

both lower alkyl having 1 to 6 carbon atoms. 
5. The composition of claim 1 wherein R and R2 are 

both hydrogen. 
6. The composition of claim 2 wherein the ratio of 

copper to tin is about 1.1:1. 
7. A process for forming a copper-tin coating on 

ferrous metal surface which comprises treating the 
ferrous metal surface to be coated with a coating composi 
tion as claimed in claim 1 and maintaining this composi 
tion in contact with the ferrous metal surface for a 
period suf?cient to effect the formation of the copper 
tin coating. 

8. A process for forming a copper-tin coating on 
ferrous metal surface which comprises treating the ferrous 
metal surface to be coated with a coating composition 
as claimed in claim 2 and maintaining this composition 
in contact with the ferrous metal surface for a period 
suf?cient to effect the formation of the copper-tin coat 
mg. 

9. A replenishing composition useful for forming an 
aqueous acidic copper-tin coating composition which 
coating composition is useful for forming a copper-tin 
coating on ferrous metal surfaces without the application 
of electric current comprising copper ions (calculated 
as CuSOlL-SHZO) present in an amount ranging from 40 
to 90% by weight, tin ions (calculated as SnSO4) present 
in an amount ranging from 5 to 30% by weight and a 
long chain aliphatic amine of the formula: 

N(R) (R1) (R2) 
wherein R is independently selected from the group con 
sisting of hydrogen and lower alkyl having 1 to 6 car 
bon atoms; R1 is a long chain aliphatic group containing 
from 8 to 22 carbon atoms and R2 is independently 
selected from the group consisting of R and R1, present in 
an amount ranging from 0.5 to 10% by weight. 

10. The composition of claim 1 containing greater than 
about 4% by weight Fe+2 ions. 
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