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This invention relates to electroforming copper ' 
deposits, and more particularly to a copper plate 
ing solution from which ?ne-grain deposits of 
copper may be plated. 
One of the aims of electroforming deposits of 

various metals is to obtain metal matrices the 
surfaces of which duplicate the surfaces on which 
electroforming takes place. The surface of an 
electroformed matrix is the negative of the orig 
inal surface, the impressions or depressions in the 
original surface becoming elevations in the elec 
troformed surface. 

Acid copper plating solutions have been used 
heretofore for electroforming copper deposits. 
Such solutions have the advantages, among oth 
ers, that (1) they have comparatively wide lim 
its of operation, (2) they can be easily controlled, 
(3) they provide smooth, heavy deposits of cop 
per, and (4) they have the ability to cover a thin, 
conductive ?lm on a non-conductive material. 
Hence, acid copper plating solutions are pre 
ferred to other types. However, copper deposits 
obtained from an acid copper plating solution 
are very soft and have a tendency to tree. Conse 
quently, addition agents are employed to pro 
duce harder and smoother deposits. 
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Electroformed copper deposits from an acid ‘ 
copper plating solution consists of columnar crys 
tals perpendicular to the starting surface, or sur 
face on which the copper is’ being plated, the 
crystals becoming larger, by lateral growth, as 
the deposits become heavier. If the surface be 
ing plated has an impression or depression there 
in, there results in the columnar, crystal struc 
ture a weakness perpendicular to the impression 
where the columnar crystals come together. 
Most commonly used addition agents retard the 
lateral growth of crystals, but due to the retained 
columnar structure, the weaknesses in irregular 
surfaces remain. Thus, many addition agents. 
result in a brittle electroformed structure which 
splits under the stresses to which matrices are 
subjected. 

It is apparent that a desirable structure for 
electroformed deposits is one in which the col 
umnar growth is retarded completely. I have 
found that if triethanolamine is added to a stand 
ard acid copper plating solution, the resulting 
solution will produce ?ne-grain deposits both 
laterally and perpendicularly to the surface which 
is plated, the columnar crystal growth being re 
tarded. Tensile tests made with specimens of 
such copper deposits show a tensile strength 
equal to a strong copper alloy. 
In accordance with my present invention, there 
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is added to a more or less standard, acid copper 
plating solution triethanolamine in the propor 
tions of approximately 0.7 ounce to 1 ounce per 
gallon of plating solution. The plating solution 

. may consist of approximately 25 ounces to 32 
ounces of copper sulfate and approximately 3 
ounces to 10 ounces of sulfuric acid per gallon of 
plating solution. The copper may be plated out 
in known manner at suitable current densities and 
suitable plating solution temperatures. I have 
found that a copper deposit plated out from a 
solution according to my present invention has 
an extremely ?ne and uniform grain structure 
which gives the copper considerable strength. 
Copper deposits resulting from my improved plat- ‘ 
ing solution have a tensile strength of from about 
60,000 pounds per square inch to about 73,000» 
pounds per square inch with an elongation of 
approximately 6 per cent to 9 per cent. This is 
about 80 per cent stronger than known samples 
of electroformed copper obtained from stand 
ard, conventional, plating‘ solutions employing 
various addition agents proposed heretofore. 

It will be apparent to those skilled in the art 
that the various proportions of the addition agent 
indicated above. are not necessarily limiting and 
that they may be varied more or less depending 
upon the particular application or the particular 
articles to be plated. It will also be obvious, no 
doubt, that my improved plating solution may 
be employed in providing electroformed copper 
deposits on a great many articles other than pho 
nograph record matrices, printing plates, and the 
like. 

I claim as my invention: 
1. An acid copper plating solution consisting 

essentially of approximately 25 ounces to 32 
ounces of copper sulfate, approximately 3 ounces 
to 10 ounces of sulfuric acid, and an addition 
agent comprising approximately 0.7 ounce to 1 
ounce of triethanolamine per gallon of plating 
solution. 

2. The method of producing on an article a 
fine-grain deposit of copper comprising immers 
ing said article in a solution consisting essentially 
of approximately 25 to 32 ounces of copper sul 
fate, approximately 3 to 10 ounces of sulfuric acid 
and approximately 0.7 to 1 ounce of triethanolad ' 
mine per gallon of plating solution and then elec 
trodepositing copper from said solution onto the 
surface of said article. 

ABRAHAM M. MAX. 
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