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This invention relates to improvements in the electro 
deposition of metals and more particularly to the electro 
deposition of copper. * . . . 
Cyanide type copper plating baths are widely used in 

the plating industry. These baths generally comprise or 
are composed essentially of an aqueous solution of a 
free, alkali metal cyanide (usually sodium cyanide or 
potassium cyanide), copper cyanide and an alkali metal 
hydroxide (usually sodium hydroxide or potassium hy 
droxide). During operation these baths have sodium 
carbonate and/or potassium carbonate formed therein. 
We have now discovered that extremely smooth copper 

deposits having a greatly improved brightness may be 
electrodeposited from conventional cyanide type copper 
plating baths which contain as addition agents small 
amounts of selenium, lead and zinc. 
While copper electrodeposits having an improved 

brightness may be obtained according to the present in 
vention by employing an electrolyte composed essentially 
of a conventional cyanide type copper plating bath and 
small amounts of selenium, lead and zinc, very beneficial 
results are obtained if the bath contains, in addition, small 
amounts of di-potassium tartrate. . 

In a preferred embodiment, optimum results are ob 
tained if the cyanide copper bath contains a small amount 
of a wetting agent. The presently preferred wetting 
agents are those of the quaternary amine type. 
While such a bath, of course, may be operated satis 

factorily in various ways, we have found that most satis 
factory results are obtained if an electrolyte, as described 
above, is employed in a copper plating process which 
utilizes an interrupted plating current cycle wherein the 
plating current is applied and then interrupted periodically 
according to a predetermined time cycle and this cycle 
repeated until the desired thickness of copper has been 
electrodeposited. 
The following is illustrative of an aqueous cyanide type 

copper plating bath which may be employed in the prac 
tice of the present invention: 
Copper---------------. 5 to 8 ounces per gallon. 
KCN (free).----------- 0.75 to 1.5 ounces per gallon. 
KOH----------------- 5 to 6 ounces per gallon. 
Carbonates------------ Up to saturation. 

It will be understood, of course, that the above quan 
tities are illustrative of typically practicable amounts and 
that in certain cases it may be desirable to vary these 
amounts. As is well known, the potassium hydroxide 
in the above bath composition, may be replaced by sodium 
hydroxide and the potassium cyanide may be replaced 
by sodium cyanide. In the practice of the present in 
vention, selenium, lead and zinc are added to a cyanide 
type copper plating bath, Such as described above, in 
amounts about as follows: 

Ounces per gallon 
Selenium-------------------------- 0.0005 to 0.002 
Lead-----------------------------. 0.0005 to 0.002 
Zinc------------------------------ 0.05 to 0.15 
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2. 
: It is desirable to maintain the concentrations of the 

selenium, lead and zinc within the above mentioned 
ranges. These materials may be added to the cyanide 
bath either as metals or, if desired, in the form of com 
pounds of selenium, lead or zinc which are soluble in 
and compatible with the bath. If the materials are added 
to the bath in the form of compounds of selenium, lead 
or zinc it will be understood, of course, that the above 
mentioned concentrations may be supplied by using a 
sufficient amount of the metallic compounds to provide 
in solution the desired amount of metals. For example, 
zinc compounds which are compatible with the bath and 
soluble therein and may be added to provide the required 
amount of zinc are: Zinc oxide, zinc cyanide, zinc hy 
droxide and sodium zincate. r - . . m . 
The lead may be added in the form of various lead 

compounds illustrative of which are lead oxide, lead car 
bonate or lead cyanide. We have found that the proper 
amount of lead is maintained in the bath when the lead 
is added as a solution of basic lead carbonate in caustic 
soda and tartaric acid so that one ounce per gallon of 
basic lead carbonate is added for every 3000 ampere hours 
of bath operation. : 
The selenium may be added to the bath in the form 

of selenium compounds such as selenium dioxide, sodium 
selenite or potassium selenite. ... 'Very, satisfactory results 
have been obtained when the selenium is added to the 
bath, when needed, in amounts of about 0.0001 ounce 
per gallon. - ... - y 

The addition of up to about five ounces per gallon of di 
potassium tartrate or a sufficient amount of tartaric acid 
and potassium hydroxide which will react to provide up 
to about five ounces per gallon of di-potassium tartrate 
improves the anode: corrosion and provides an electrolyte 
which may be operated at 100% cathode efficiency to pre 
clude the possibility of obtaining roughened electrode 
posits due to gassing at lower cathode efficiencies. Most 
satisfactory results are obtained when the di-potassium 
tartrate is present in an amount within the range of 
about 0.1 to 3 ounces per gallon. 
Optimum results are obtained when a wetting agent is 

employed. The presently preferred wetting agent is a 
quaternary amine material. Particularly good results 
have been obtained using a quarternary amine wetting 
agent such as C-decyl betaine or a mixture of C-decyl 
betaine and trimethyl benzyl ammonium chloride. Most 
satisfactory results have been obtained when a quaternary 
amine wetting agent is used in an amount within the range 
of from 1 to 10 cubic centimeters per gallon of solu 
tion. - 

Baths having composition as described above may be 
operated satisfactorily with anode of copper, copper alloys 
or other conventional anode materials. If desired, the 
bath also may be operated using inert anodes if the 
concentration of copper in the bath is properly main 
tained. 

Baths embodying the present invention may be oper 
ated over a wide range of temperatures, for example, at 
a temperature within the range of about 70 F. to 200 F. 
with a temperature in the range of 145 F. to 160° F. 
being preferred. 

Current densities up to 100 amperes per square foot are 
practicable in a well agitated solution with 15 amperes 
per square foot illustrative of an average current density. 
Most satisfactory results are obtained in plating copper 

having a greatly improved brightness employing baths as 
described above when the copper is electroplated from 
such a bath using an interrupted plating current cycle. 
In such a method the plating current is caused to pass 
through the plating solution to the article being plated 
as a cathode for a time ranging from about one-fourth 
of a second to as high as about 30 seconds. The flow of 
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current is then broken or interrupted from a time ranging 
from about one-tenth of a second to as high as around 
4 to 5 seconds. The cycle is repeated as many times as 
is needed to obtain the desired thickness of copper. Typi 
cal of a suitable interrupted current cycle is a cycle in 
which the plating current is on for 4 seconds and then 
off for one-half second, a cycle in which the current is 
on for 6 seconds and then off for one second or a cycle 
in which the current is on for 7 seconds and then off for 
2 seconds. 
The following is a specific and illustrative example of 

a suitable aqueous plating bath in which the quantities 
are in ounces per gallon of solution unless otherwise speci 
fied: 
Copper-------------------------------- 6 
KCN (free).---------------------------. 1.4 
Na2CO3------------------------------- At least 12 
KOH--------------------------------- 6 
PbCO3-------------------------------- 0.00 
SeO2---------------------------------- 0.001 
Zinc---------------------------------- 0. 
Dipotassium tartrate-------------------- 2.5 
Dupont if 1085--------------. cc./gallon-- 8 
The above bath provides a copper electrodeposit having 

a greatly improved brightness when operated at an average 
current density of about 15 amperes per square foot using 
copper anodes and an interrupted current cycle of, for 
example, 6 seconds on and 1 second off, repeating the 
cycle until a sufficient thickness of copper has been elec 
trodeposited. 
A plating bath embodying the present invention may 

be employed to produce improved electrodeposits of cop 
per when the base member is formed of any material 
which is conventionally electroplated such as iron, steel, 
nickel, zinc, lead, copper or alloys thereof, etc. 
As is conventional in commercial copper plating prac 

tice the base articles may have an initial flash coating of 
copper applied thereto before the article is electroplated 
using a bath embodying the present invention. 
The following is a specific and illustrative example of 

the presently preferred method of electrodepositing copper 
according to the present invention. A ferrous article such 
as a stamped metal part is first given a copper strike in 
a conventional copper strike solution. This article is then 4 
placed as a cathode in a cyanide type plating bath em 
bodying the invention and copper is electrodeposited on 
the article, using copper anodes, in the following manner. 
The plating current, at an average current density of about 
15 amperes per square foot, is passed through the bath 
from anode to cathode for 7 seconds and is then inter 
rupted for 2 seconds. This interrupted cycle is then re 
peated for a sufficient number of times until the desired 
thickness of copper has been electrodeposited. 
The specific apparatus used in carrying out the process 

forms no part of the present invention and any suitable 
equipment may be employed to provide the interrupted 
current cycle. For example, a suitable generator, battery 
or rectifier, together with a timer and means for inter 
rupting current may be used in large scale operation. A 
generator is employed to supply the plating current and 
the field of the generator is broken periodically for the 
desired time interval to thereby interrupt plating current 
for the desired time. Any conventional equipment such 
as conveyors commonly used in plating on a large scale 
may be used in the practice of the present invention. It 
is generally desirable to agitate the plating bath during the 
plating process to provide a more uniform electrodeposit 
and to permit the use of higher current densities. 

Various changes and modifications of the embodiments 
of the invention described herein may be made by those 
skilled in the art without departing from the spirit and 
principles of the invention. 
We claim: 
1. A copper plating electrolyte which consists essen 
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4. 
tially of an aqueous cyanide type copper plating solution 
to which is added zinc within the range of 0.05 to 0.15 
ounce per gallon of solution, lead within the range of 
0.0005 to 0.002 ounce per gallon of solution, selenium 
0.0005 to 0.002 ounce per gallon of solution, di-potassium 
tart rate within the range of from 0.1 to 5 ounces per 
gallon and a quaternary amine in an amount within the 
range of 1 to 10 ccs. per gallon of solution. 

2. The process of electroplating copper which con 
prises passing a plating current from an anode to the 
article to be plated as a cathode through an aqueous 
copper plating electrolyte of the cyanide type to which 
has been added zinc within the range of about 0.5 to 0.15 
ounce per gallon of solution, selenium within the range 
of about 0.0005 to 0.002 ounce per gallon of solution, 
lead within the range of about 0.0005 to 0.002 ounce per 
gallon of solution, di-potassium tartrate within the range 
of about 0.1 to 5 ounces per gallon of solution and about 
1 to 10 cubic centimeters per gallon of solution of a 
quaternary amine wetting agent. 

3. The method of electrodepositing copper which com 
prises passing an electric current from an anode to the 
work being plated as cathode through a cyanide copper 
plating bath consisting essentially of an aqueous solution 
of alkali metal cyanide, copper cyanide and an alkali 
metal hydroxide to which has been added zinc within the 
range of 0.05 to 0.15 ounce per gallon of Solution, lead 
within the range of 0.0005 to 0.002 ounce per gallon of 
solution, selenium within the range of 0.0005 to 0.002 
ounce per gallon of solution, di-potassium tartrate in an 
amount within the range of 0.1 to 5 ounces per gallon 
of solution and a quaternary amine wetting agent within 
the range of 1 to 10 ccs. per gallon of solution, for a time 
ranging from about 4 of a second to as high as about 
30 seconds then interrupting the flow of current for a 
time ranging from about A0 of a second to about 5 seconds 
and then repeating a number of times the cycle con 
sisting of current flow and interruption thereof until the 
desired thickness of copper has been electrodeposited. 

4. An electrolyte which consists essentially of an aque 
ous bath containing the following ingredients: 5 to 8 
ounces per gallon of copper, 0.75 to 1.5 ounces per gallon 
of free KCN, 5 to 6 ounces per gallon of KOH, 12 ounces 
per gallon to saturation of Na2CO3, 0.001 ounce per gal 
lon of lead carbonate, 0.001 ounce per gallon of SeO2, 
0.1 ounce per gallon of zinc, 2 to 5 ounces per gallon of 
di-potassium tart rate and 3 to 8 cc. per gallon of C-decyl 
betaine. 

5. The process of electrodepositing copper which com 
prises passing an electric current through the bath of claim 
1 for a period of about 7 seconds, then interrupting the 
flow of current for about 2 seconds, and then repeating a 
number of times the cycle consisting of current flow and 
interruption thereof until the desired thickness of copper 
has been deposited. 

6. A copper plating electrolyte which consists essen 
tially of an aqueous cyanide copper plating bath to which 
has been added the following per gallon of solution: Small 
but effective amounts of each of selenium and lead, said 
small but effective amounts being not less than about 
0.0005 oz., 0.05 to 0.15 oz. zinc and 1 to 10 cc. of a 
quaternary amine wetting agent. 

7. A copper plating electrolyte which consists essen 
tially of an aqueous cyanide copper plating bath to which 
has been added the following per gallon of Solution: 
small but effective amounts of each of selenium and lead, 
said small but effective amounts being not less than about 
0.0005 oz., 0.05 to 0.15 oz. zinc, 0.1 to 5 oz. di-potassium 
tartrate and 1 to 10 cc. of a quaternary amine Wetting 
agent. 

8. The method of electrodepositing copper which com 
prises passing an electric current from an anode to the 
work being plated as a cathode through the electrolyte of 
claim 6, for a time ranging from about 4 of a second 
up to about 30 seconds, then interrupting the flow of 
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current for a time ranging from about A of a second to 5 
seconds and then repeating a number of times the cycle 
consisting of current flow aid interruption thereof until 
the desired thickness of copper has been deposited. 

9. A method as in claim 8 in which the electrolyte con 
tains about 0.1 to 5 oz. per gallon of di-potassium tartrate. 

10. The process of electrodepositing copper which com 
prises passing an electric current from an anode to the 
work to be plated as a cathode through the electrolyte of 
claim 6. 

11. The electrolyte of claim 6 which contains C-decyl 
betaine. 

12. A copper plating electrolyte which consists essen 
tially of a cyanide copper plating bath to which has been 
added the following per gallon of solution: small but 
effective amounts of selenium dioxide and basic lead car 
bonate, said small but effective amounts being not less 
than 0.0005 oz, 0.05 to 0.15 oz. zinc and 1 to 10 cc. of 
a quaternary amine wetting agent. 
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