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The invention relates to coating surfaces with copper 
and more particularly relates to a composition and proc 
ess of spray metallizing conductors and non-conductors 
with chemically reduced copper. - 
An object of this invention is to provide a simple and 

inexpensive process of providing a smooth, uniform coat 
ing of copper. 
Another object is to provide copper solutions and re 

ducer solutions particularly suitable for spray metalliz 
ltg. 
A further object is to provide copper solutions par 

ticularly suitable for making printed circuits. 
These and other objects and advantages are accom 

plished by spraying an aqueous solution of copper cya 
nide containing at least 2 grams per liter of solution 
of ethylenediamine tetracetic acid (EDTA) or its sodium 
or potassium salts, or where no EDTA is used, the solu 
tion should contain an alkaline metal cyanide, such as 
sodium or potassium cyanide in a molar ratio of alkali 
metal cyanide to copper cyanide of between approximate 
ly .2 and 2.89. The copper solution is used in conjunc 
tion with a reducer solution in such manner that the 
solutions converge on the article to be coated. 
We have found in order to reduce copper from a 

copper cyanide complex and obtain a suitable coating 
on the article that the molar ratio of alkali metal cyanide 
to Cu(CN) must be below approximately 2.89. The 
lower limit is the lowest ratio in which the Cu(CN)2 
will dissolve and is approximately .2. At above the molar 
ratio of 2.89, any excess of free NaCN will prevent the 
reduction of copper. In order to have high speed of 
reduction with maximum thickness of copper coating, the 
preferred ratio is approximately 2.5. 
We have obtained satisfactory results with concen 

trations of copper cyanide ranging from approximately 
2 to 12 grams per liter of solution, and alkali metal 
cyanide from about 2.0 to 10 grams per liter, but the 
latter may be omitted when EDTA is present. 
The range of EDTA, or its alkali metal salts, is about 

2 to 12 grams per liter, but it may be omitted entirely 
when the alkali metal cyanide is present. 
We prefer to use a minor proportion, such as .25 to 

1.2 grams per liter of an anionic surface active agent 
in the copper solution. A suitable surface active agent 
is sodium lauryl sulphate. However, any of the anionic 
agents are suitable, particularly the fatty alcohol sul 
phates. 
The reducing solution which we have found gives high 

ly satisfactory results with the copper cyanide solution 
is an alkaline solution of an alkali metal hydrosulphite, 
such as sodium or potassium hydrosulphite. 
The hydrosulphite can be present in between approxi 

mately 10 to 50 grams per liter of solution with be 
tween approximately 2 to 15 grams per liter of an 
alkali metal hydroxide. 

Preferably, an alkali metal nitrite is also present as a 
stabilizer for the hydrosulphite, particularly when the 
copper solution and reducer solution are air atomized 
by spraying with air through nozzles. A suitable con 
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centration of nitrite is 5 to 10 grams per liter. The 
molar ratio of Na2SO4 to NaNO can range from .3 
to 2.0 for good operation. 
The temperatures of the Solutions can vary widely. 

Satisfactory results have been obtained with metal solu 
tions at 68 F. to 180°. F., and reducer solutions at 68 
F. to 140 F. 
For cold spraying of plastics, that is, temperatures of 

60 F. to 100 F., we obtain preferred results by sensi 
tizing the plastic surface with 2 to 10 grams of SnCl2 
per liter of aqueous solution, preferably containing .5 
to 2 grams per liter of sodium lauryl sulphate, or other 
fatty alcohol sulphate. The plastic is then rinsed with 
water and then sprayed with 2 to 10 grams of silver nitrate 
per liter of aqueous solution, also preferably containing 
.5 to 2 grams per liter of sodium lauryl Sulphate or 
other fatty alcohol sulphates; then without rinsing, the 
plastic is sprayed with the copper salt solution. 

For metals or hot spraying of plastics, the results are 
about the same without the sensitizer. 

In general, the higher the temperature is, the faster 
is the rate of deposition and the thicker and more opaque 
the coating. 
The spray application can be done by air atomization 

of solutions, air pressure feed of spray nozzles, or hy 
draulic pressure in spray nozzles. 
The following examples are given to illustrate the 

invention: 
EXAMPLE I 

Solution make-up 
Metal solution: 
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Sodium cyanide (NaCN) ------------ 1 lb., 8 oz. 
Copper cyanide (Cu3(CN)2) -------- 2 lbs. 
Sodium lauryl Sulphate ------------ 2.75 oz. 
Water to make 1 gal. 

Reducer solution: 
Sodium hydroxide (NaOH) ------. 1 lb., 5.5 oz. 
Sodium hydrosulphite (Na2SO4) -- 5 lbs., 0.5 oz. 
Sodium nitrite (NaNO2) --------- 1 lb., 11 oz. 
Water to make 1 gal. 

The above compositions are for a one gallon concen 
trated Solution of each, which in turn is diluted to make 
20 gallons of solution for spraying. The metal and 
reducer solutions are used in equal volumes in spraying 
or a batch reduction process. 

In the make-up of the metal solution, we use the 
following procedure: 

(1) Dissolve the required amount of NaCN in water; 
(2) Heat the NaCN solution to about 180° to 200° F.; 
(3) Slowly add the Cu (CN) to the above. 
The resultant solution is clear and has a residue of 

undissolved Cu3(CN)2 in it. Upon standing and aging, 
the Solution turns a clear blue color and still has the 
residue. Evidently we are forming a copper cyanide com 
plex in which the Cu (CN)2 is found on both sides of 
the equation. However, it is well to note that, when any 
excess of NaCN above the molar ratio of 2.89 is added, 
copper will not reduce. 

Moreover, we have found that the Cu(CN)2 undis 
solved in the metal solution can be dissolved by the 
addition of 1 to 2 grams per liter of Tetrine acid (ethyl 
enediamine tetracetic acid), Di-sodium Tetrine, and 
Tetra-sodium Tetrine. The Cu(CN)2 is dissolved and 
the solution turns a clear blue without losing its ability 
to reduce copper. 

EXAMPLE II 

The solution and procedures are the same as for Ex 
ample I, except that 2.75 oz. of EDTA is added to 
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the metal solution. We may omit the sodium cyanide 
when EDTA is added, but prefer to use both. 

As a specific example of copper coating, the solutions of 
Example (or Example II) are sprayed separately at 
140° F. at 12 p.s. i. for approximately 5 minutes on an 
electrical grade phenolic or other plastic laminate, and 
masked in such a way as to give an electrical circuit by 
means well known to the art. 
We have obtained satisfactory results on aluminum, 

stainless steel, steel, brass, and plastics. So far as we 
know, all types of articles can be copper coated with 
our solutions. 

instead of using a spray process, the article can be 
coated by dipping into a solution formed by mixing the 
copper solution and reducer solutions, agitating the Solu 
tions, and then removing the coated article. This pro 
cedure is not as fast and does not give a coating which 
is quite as uniform as the spray process. 

While we have disclosed certain preferred embodi 
ments of our invention, many modifications thereto may 
be made without departing from the spirit of the inven 
tion; and we do not wish to be limited to the detailed 
examples, formulas, and proportions of ingredients set 
forth, but desire to avail ourselves of all changes within 
the scope of the appended claims. 
We claim: 
1. The process of coating a surface with copper which 

comprises mixing together a solution consisting essentially 
of copper cyanide and a substance selected from the 
group consisting of 2.0 to 12.0 grams per liter of ethylene 
diamine tetracetic acid, 2.0 to 12.0 grams per liter of 
the alkali metal salts thereof, and from 2.0 to 10.0 grams 
per liter of an alkali metal cyanide, the alkali metal 
cyanide being present in a molar ratio of alkali metal 
cyanide to copper cyanide of below approximately 2.89, 
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4. 
and a reducer solution composition, consisting essentially 
of a solution of an alkali metal hydrosulphite, and con 
tacting said Surface with the mixed solution. 

2. The process of claim 1, wherein the solutions are 
sprayed onto the Surface. 

3. The process of claim 1, wherein the copper solu 
tion contains sodium nitrite in a molar ratio of sodium 
hydrosulphite to sodium nitrite of from .3 to 2.0. 

4. The process of claim 3, wherein the copper Solu 
tion and the reducer solution are separately sprayed and 
directed toward the surface, so that they converge on 
the surface to be coated. 

5. The process of claim 8, wherein the surface is a 
plastic and the temperature of the solutions is between 
60° F. to 100° F. 

6. The process of claim 9, wherein the plastic surface 
is sensitized with tin chloride. 
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