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This invention relates to brightening agents 
which are useful as additives for copper cya 
nide electroplating baths, and to a method of 
producing such brightening agents. ‘It further 
relates to new and useful electroplating baths 
for the electrodeposition of copper and to a 
new and improved method for electrodepositing 
a bright copper plate out of such baths. 
One of the objects of the invention is to pro 

duce a new and useful brightening agent adapted 
to be added to copper cyanide plating baths 
from which bright copper can be electrode 
posited. 
Another object of the invention is to pro 

duce a brightening agent of the type described 
from a by-product material derived from coke 
oven gases. I 

Still a further object of the invention is to 
provide new and improved copper cyanide 
electroplating baths. 
An additional object is to provide a new 

and improved method for electrodepositing a 
bright copper plate. Other objects will appear 
hereinafter. 
These objects are accomplished in accordance 

with this invention by preparing an addition 
agent for electroplating baths by subjecting a 
by-product aqueous alkaline cyanide solution 
derived by absorbing coke oven gases in alka 
line aqueous solutions and containing organic - 
contaminants and sulfur, some of which is or— 
ganically combined, to treatment with (1) a 
copper oxide, i. e., cuprous oxide or cupric oxide 
and (2) an alkaline polysul?de. 
The ‘by-product aqueous alkaline cyanide so 

lutions are obtained by absorbing coke oven gases 
in an aqueous solution of an alkali, as for ex 
ample, sodium, potassium and/or ammonium 
hydroxides. A typical ‘by-product cyanide 
composition derived by the absorption of coke 
oven gases in sodium hydroxide has the follow 
ing composition by weight: 

Percent 
Sodium cyanide (NaCN) ______________ __ 30 

Sodium hydroxide (NaOH) ____________ __ 2 

Sul?des and organic sulfur contaminants 
calculated as NazS, and the remainder 
water ______________________________ __ 0.015 

The sul?de and organic sulfur contaminants, 
although calculated as sodium sul?de in the 
foregoing typical composition, are primarily 
present with the sulfur combined in the form of 
an organic compound. 
When this by-product material is reacted with 
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cuprous oxide, the copper forms a complex wit 
the sodium cyanide in accordance with the fol 
lowing equation 

This reaction is exothermic and the amount of 
water present is preferably su?icient to permit 
the temperature to rise to about 200° F. The 
copper reacts with and precipitates any inor 
ganic sul?des present. 
In the practice of the invention it is prefer~ 

able to carry out the second step of the process 
by adding the alkaline polysul?de with agita 
tion while the reaction mixture from the ?rst 
step is still hot. The resultant composition is 
then preferably allowed to stand and is diluted 
with water, after which it is ?ltered. The ?l 
trate should be such that it does not show the 
characteristic sul?de test with lead acetate. 
Although the exact composition of the pre 

viously described product is unknown, it has 
been found that the addition of small amounts 
of this product to a copper cyanide electroplat 
ing bath results in a bath from which very 
bright copper plates are electrodeposited. Copper 
plates electrodeposited on polished steel out of 
such baths‘ can be overplated with chromium 
without bu?ing the copper. 
The invention will be further illustrated but 

is not limited by the following examples in which 
the quantities are stated in parts by weight, un 
less otherwise indicated: 

Erample I 

Approximately 2200 parts of a by-product al 
kaline aqueous cyanide containing about 30% 
sodium cyanide, 2% sodium hydroxide, 0.015% 
sul?des and organic sulfur contaminants, calcu 
lated as mas, and the remainder water was agi 
tated at an initial temperature of about 60° to ‘70° 
F. with 350 parts of cuprous oxide. The resultant 
reaction caused the temperature to rise to about 
200° F. While the reaction mixture was still hot, 
100 parts of sodium polysul?de Was added with 
agitation and the resultant composition was al 
lowed to stand for about 1/2 hour. It was then di 
luted to 3785 parts with water and thereafter 
allowed to cool. When cool the composition was 
?ltered. A portion of the ?ltrate was tested by 
adding lead acetate and the test indicated that 
no inorganic sul?de was present. 
The by-product alkaline aqueous cyanide used 

as a starting material in this process was a 
product produced by the absorption of coke oven 
gases in an aqueous sodium hydroxide solution. 
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Although this composition is stated to contain 
0.015% of sulfur, calculated as sodium sul?de, 
the sulfur is apparently combined principally in 
the form of organic compounds. The sodium 
polysul?de apparently‘ reacts in some manner 
with these organic compounds to produce a new 
compound which acts as the brightening agent 
when the resulting composition is added to a cop 
per cyanide electroplating bath. 
The sodium polysul?de solution employed in 

the second step of the process can be prepared by 
mixing 1200 pounds of sodium sul?de with e80 
pounds of powdered sulfur and making up to 480 
gallons with water. Although it is preferable to 
employ 100 cc. of this polysul?de solution per 
gallon of the solution obtained from the ?rst step 
of the process, it will be understood that‘ this 
quantity can be varied. The preferred range of 
proportions is 50 to 200 cc. of the sodium poly 
sul?de solution per gallon of the complex sodium 
copper cyanide solution derived from the ?rst 
step of the process. 

Instead of sodium polysul?de, potassium or 
ammonium polysul?des can be employed in 
chemically equivalent proportions. 

Example II 

This example illustrates the preparation of an 
alkaline cyanide copper plating bath using as an 
addition agent the product prepared in accord 
ance with Example I. 
A puri?ed a kaline sodium cyanide solution 

was prepared as described in, our co-pending ap 
plication, Serial No. 224,661, ?led of even date 
herewith, by treating the ‘by-product alkaline 
aqueous cyanide solution originally used as a 
starting material in Example I with 2 grams per 
gallon of litharge and then passing the resultant 
composition through activated carbon made into 
a ?lter cake with a non-siliceous ?lter aid. Ap 
proximately 2200 cc. of this puri?ed alkaline so 
dium cyanide solution was then mixed with 350 
grams of cuprous oxide and the resultant mix 
ture was diluted with water until the copper con 
tent was approximately 5 ounces per gallon. 

Copper was electrodeposited from this bath on 
to polished steel at a temperature of 130° F. and 
a current density of approximately 20 amperes 
per square foot. The resultant plate had a’ frosty 
or burned appearance. 
To the same electrolyte there was added 50 cc. 

per gallon of the addition agent produced as de 
scribed in Example I. The resultant composition 
when plated at 130° F. and a current density of 
20 amperes per square foot produced a copper 
plate which was so bright that chromium could 
be plated thereover without buffing the copper. 
The invention is subject to Some variation in 

the manner of its practical application. If de 
sired, a wetting agent can be added to the bright 
ening agent. The wetting agent functions in the 
electroplating bath to prevent pitting due to hy 
drogen bubbles that stick to the surface of the 
plate unless made more readily removable by agi 
tation and lower surface tension resulting from 
the use of the wetting agent. For example, ap 
proximately 4 cc. per gallon of a wetting agent 
can. be added to the product of Example I. Cat~ 
ionic wetting agents are preferably employed. 
The quantity of the brightening agent added to 

the copper plating bath maybe varied. However, 
an increase in the quantity over that given in EX 
ample II does not substantially increase the 
brightness of the resultant plate and-a decrease in 
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the quantity of the addition agent tends to reduce 
the brightness of the plate. 
The current densities employed in plating cop 

per from electroplating baths prepared in accord 
ancewith the invention and the temperatures used 
may be substantially the same as those now em 
ployed in the art for plating copper from alkaline 
cyanide solutions. Most copper plating baths are 
operated at the current densities of 15 to 20 am 
peres per square foot. In some instances the 
current density can be as low as 5 amperes per 
square foot and higher current densities above 
20 amperes per square foot can also be employed. 
The temperature used is preferably around 120“ 
to 130° F., but higher or lower temperatures can 
be employed. 

The. quantity of copper in the copper plating 
bath is preferably within the range of 3 to 8 
ounces of copper per gallon of bath where direct 
current is used. Where pulsating direct current 
is used the bath can contain higher concentra 
tions of copper, in many cases around 12 ounces 
of copper per gallon of bath. The addition agent 
prepared as described‘ in Example I contains ap 
proximately 10 ounces of copper per gallon. of so 
lution. Generally speaking, most cyanide copper 
plating baths are operated with a, concentration 
of copper around 5 ounces per gallon of solution. 
Any of the copper plating solutions disclosed 

in the 18th Annual Edition of “Metal Finishing” 
(1949), page 229', can be used as electrolytes in 
the practice of the present invention by substi 
tuting the addition agents herein described for 

* those described in said publication. 
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The chemical compositions which are employed 
as additives for copper cyanide electroplating 
baths in accordance with the present invention 
and the method of producing these compositions 
are disclosed and claimed in our co-pcnding ap 
plication, Serial No. 224,663, ?led of even date 
herewith. 
The invention is hereby claimed as follows: 
1. An alkaline cyanide plating bath compris 

ing copper in a soluble form dissolved in an 
alkaline cyanide aqueous liquid containing an 
addition agent made by subjecting a by-prcduct 
aqueous alkaline cyanide solution derived by ab 
sorbing coke oven gases in alkaline aqueous solu 
tions and containing organic contaminants and 
sulfur, some of which is organically combined, 
to treatment with cuprous oxide and an alkaline 
polysul?de followed by ?ltration, the quantity 
of said addition agent being suf?cient to enhance 
the brightness of copper elcctrodeposited from 
said bath. 

An alkaline cyanide plating bath compris~ 
ing copper in a soluble form dissolved in an 
alkaline cyanide aqueous liquid containing an 
addition agent made by subjecting a by-product 
aqueous alkaline cyanide solution derived by 
absorbing coke oven gases in alkaline aqueous 
solutions and containing organic contaminants 
and sulfur, some of which is organically com~ 
bined, to treatment with cuprous oxide and 
sodium polysul?de followed by ?ltration, the 
quantity of said addition agent being sufficient 
to enhance the brightness of copper electrode 
posited from said bath. 

3. An alkaline cyanide plating. bath compris 
ing copper in. a soluble form dissolved in an 
alkaline cyanide aqueous liquid containing an 
addition agent made by subjecting a lay-product 
aqueous alkaline cyanide solution derived by 
absorbing coke oven gases in alkaline aqueous 
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solutions and containing organic contaminants 
and sulfur, some of which is organically com 
bined, to treatment with a cop-per oxide and an 
alkaline polysul?de followed by ?ltration, the 
quantity of said addition agent being sufficient 
to enhance the brightness of copper electro 
deposited from said bath. - 

4. An alkaline cyanide plating bath comprising 
copper in a soluble form dissolved in an alkaline 
cyanide aqueous liquid containing an addition 
agent made by subjecting a by-produot aqueous 
alkaline cyanide solution derived by absorbing 
coke oven gases in alkaline aqueous solutions and 

10 

comprising essentially about 30% sodium cyan- , 
ide, about 2% sodium hydroxide, about 0.015% 
organically combined sulfur, calculated as Nazsi. 
and the remainder water to treatment with a 
copper oxide and an alkaline polysul?de followed 
by ?ltration, the quantity of said addition agent 
being suf?cient to enhance the brightness of 
copper electrodeposited from. said bath. 

5. An alkaline cyanide plating bath comprising 
copper in a soluble form dissolved in an alkaline 
cyanide aqueous liquid containing an addition 
agent made by subjecting a by-product aqueous 
alkaline cyanide solution derived by absorbing 
coke oven gases in alkaline aqueous solutions and 
comprising essentially about 30% sodium cyanide, 
about 2% sodium hydroxide, about 0.015% or 
ganically combined sulfur, calculated as NazS, " 
and the remainder water to treatment with 
cuprous oxide and sodium polysul?de followed by 
?ltration, the quantity of said addition agent 

20 

being sufhcient to enhance the brightness of cop- _ 
per electrodeposited from said bath. 

6. A method of electrodepositing copper which 
comprises electrodepositing copper from an alka 
line cyanide plating bath comprising copper in 
a soluble form dissolved in an alkaline cyanide , 
aqueous liquid containing an addition agent made 
by subjecting a by-product aqueous alkaline cya 
nide solution derived by absorbing coke oven gases 
in alkaline aqueous solutions and containing or 
ganic contaminants and sulfur, some of which is 
organically combined, to treatment with cuprous 
oxide and an alkaline polysul?de followed by ?l 
tration, the quantity of said addition agent being 
su?icient to enhance the brightness of copper 
electrodeposited from said bath. ’ 

'7. A method of electrodepositing copper which 
comprises electrodepositing copper from an alka 
line cyanide plating bath comprising copper in a 
soluble form dissolved in an alkaline cyanide 
aqueous liquid containing an addition agent made 
by subjecting a by-product aqueous alkaline cya 
ni-de solution derived by absorbing coke oven 
gases in alkaline aqueous solutions and contain 
ing organic contaminants and sulfur, some of 
which is organically combined, to treatment with 
cuprous oxide and sodium polysul?de followed by 
?ltration, the quantity of said addition agent be 
ing suf?cient to enhance the brightness of copper 
electrodeposited from said bath. 

8. A method of electrodepositing copper which 
comprises electrodepositing copper from an alka 
line cyanide plating bath comprising copper in 
a soluble form dissolved in an alkaline cyanide 
aqueous liquid containing an addition agent made 
by subjecting a by-product aqueous alkaline cya 
nide solution derived by absorbing coke oven 
gases in alkaline aqueous solutions and contain 
ing organic contaminants and sulfur, some of 
which is organically combined, to treatment with 
a copper oxide and an alkaline polysul?de fol 
lowed by ?ltration, the quantity of said addition 
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agent being su?‘icient to enhance the brightness‘ 
of copper electrodeposited from said bath. 

9. A method of electrodeposit-ing copper which 
comprises electrodepositing copper from an alka 
line cyanide plating bath comprising copper in a 
soluble form dissolved in an alkaline cyanide 
aqueous liquid containing an addition agent made 
by subjecting a by-product aqueous alkaline cya 
nide solution derived by absorbing coke oven gases 
in alkaline aqueous solutions and comprising es 
sentially about 30% sodium cyanide, about 2% 
sodium hydroxide, about 0.015% organically com 
bined sulfur, calculated as NazS, and the re 
mainder water to treatment with a copper oxide 
and an alkaline polysul?de followed by ?ltra 
tion, the quantity of said addition agent being 
sufficient to enhance the brightness of copper 
electrodeposited from said bath. 

10. A method of electrodepositing copper which 
comprises electrodepositing copper from an al 
kaline cyanide plating bath comprising copper 
in a soluble form dissolved in an alkaline cyanide 
aqueous liquid containing an addition agent 
made by subjecting a by-product aqueous alka 
line cyanide solution derived by absorbing coke 
oven‘ gases in alkaline aqueous solutions and 
comprising essentially about 30% sodium cy 
anide, about 2% sodium hydroxide, about 0.015% 
organically combined sulfur, calculated as Nags, 
and the remainder water to treatment with 
cuprous oxide and sodium polysul?de followed 
by ?ltration, the quantity of said addition agent 
being su?lcient to enhance the brightness of 
copper electrodeposited from said bath. I 

11. A composition obtained by sujecting a by 
product aqueous alkaline cyanide solution de 
rived by absorbing coke oven gases in alkaline 
aqueous solutions and containing organic con 
taminants and sulfur, some of which is organ 
ically combined, successively to treatment with 
a copper oxide and an alkaline polysul?de. 

12,; A composition obtained by subjecting a by— 
product aqueous alkaline cyanide solution de— 
rived by absorbing coke oven gases in alkaline 
aqueous solutions and containing organic con; 
taminants and sulfur, some of which, is organ 
ically combined, successively to treatment with 
cuprous oxide and an alkaline polysulfide. 

13. A composition obtained by subjecting a 
by-product aqueous alkaline cyanide solution de 
rived by absorbing coke oven gases in alkaline 
aqueous solutions and containing organic con 
taminants and sulfur, some of which is organ 
ically combined, successively to treatment with 
cuprous oxide and sodium polysul?de, said com~ 
position being a liquid from which the insoluble 
solids have been separated. 

14. A chemical composition obtained by sub 
jecting a by-product aqueous alkaline cyanide 
solution derived by absorbing coke oven gases in 
alkaline aqueous solutions and containing or 
ganic contaminants and sulfur, some of which 
is organically combined, successively to treat 
ment with a copper oxide and an alkaline poly 
sul?de, the quantity of copper oxide being suffi 
cient to form a complex alkaline copper cyanide 
and the quantity of alkaline polysul?de being 
sui?cient to react with said organically combined 
sulfur. 

15. A composition obtained by subjecting a 
by-product aqueous alkaline cyanide solution de 
rived by absorbing coke oven gases in alkaline 
aqueous solutions and comprising essentially 
about 30% sodium cyanide, about 2% sodium hy 
droxide, about 0.015% organically combined sul 
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fun calculated as NazS, and the remainder 
water successively to treatment with a ‘copper 
oxide and alkaline polysul?de. 

16. An aqueous composition obtained by sub 
jecting a ,by-product aqueous alkaline cyanide 
solution derived by absorbing coke oven gases in 
alkaline aqueous solutions and comprising essen 
tially about 30% sodium cyanide, about 2-% si 
dium hydroxide, about 0.015% vorganically com 
bined sulfur, calculated as NazS, and the re— 
mainder water successively to treatment with 
cuprous oxide and sodium polysul?de followed 
by ?ltration, the quantity of cuprous oxide being 
suf?cient to form sodium copper cyanide and :the 
quantity of sodium polysul?de being su?icient to 
react with said organically combined sulfur. 

1'7. A method of preparing a chemical compo 
sition which comprises subjecting a by-product 
aqueous alkaline cyanide solution'de'r-ived :by ab 
sorbing coke oven gases in alkaline aqueous solu 
tions and containing organic contaminants and 
sulfur, some of which is organically combined, 
successively to treatment with a copper oxide 
and an alkaline polysul?de. 

18. A method of preparing a chemical compo 
sition which comprises subjecting a lay-product 
aqueous alkaline cyanide solution derived :by ab 
sorbing coke-oven gases in alkaline aqueous solu' 
tions and containing organic contaminants and 
sulfur, some of which is organically combined, 
successively to treatment with a copper oxide 
and an alkaline polysul?de, ?ltering, and re 
covering the ?ltrate. 

19. A method of preparing a chemical compo 
sition which comprises subjecting a by-product 
aqueous alkaline cyanide solution derived by ab» 
sorbing coke oven gases in alkaline aqueous solu 
tions and containing organic contaminants and 
sulfur, some of which is organically combined, 
to treatment with a copper oxide in sui?cicnt 
quantity to form a complex alkaline copper 
cyanide, the concentration of the reactants being 
su?icient to produce an elevated temperature, 
adding an alkaline polysul?de to the hot reac 
tion mixture in sufficient quantity to react with 
the organically combined sulfur, diluting with 
water, cooling, and recovering the resultant aque 
ous liquid free of insoluble materials. 

20. A method of preparing a chemical compo 
sition in liquid form which comprises subjecting : 
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a by-product aqueous alkaline cyanide solution 
derived by absorbing coke oven gases in alkaline 
aqueous solutions and containing organic con 
taminants and sulfur, some of which is organi 
cally combined, successively to treatment with 
cuprous oxide and sodium polysul?de and ?lter 
ing, the quantity of said cuprous oxide being 
su?icient to form sodium copper cyanide and the 
quantity of said sodium polysul?de being su?l 
cient to react with said organically combined sul 
fur, the resultant ?ltrate showing no inorganic 
sul?de when tested with lead acetate. 

'21. A method of preparing a chemical compo 
sition which comprises subjecting a by-product 
aqueous alkaline cyanide solution derived by ab 
sorbing coke oven gases in alkaline aqueous solu 
tions and comprising essentially about 30% so 
dium cyanide, about 2% sodium hydroxide, about 
0.015% organically combined sulfur, calculated 
as NazS, and the remainder water successively 
to treatment with a copper oxide and an alkaline 
polysul?de. 

‘22. A method of preparing a chemical compo 
sition which ‘comprises subjecting a by-product 
aqueous alkaline cyanide solution derived by ab 
scrbing coke oven gases in alkaline aqueous solu 
tions and comprising essentially about 30% so 
dium cyanide, about v2% sodium hydroxide, about 
0.015% organically combined sulfur, calculated 
as NazS, and the remainder water to treatment 
with cuprous oxide, the ‘quantity of cuprous oxide 
being sufficient to form NazCu(CN)3 and the con 
centration of the reaction mixture being suf?' 
cient to develop a temperature of about 200° F. 
due to the heat of reaction, adding a small quan 
tity of sodium polysul?de to the hot reaction 
mixture sui?cient to combine with the organically 
combined sulfur and insui?cient to produce a 
product which contains inorganic sul?des as 
shown by the lead acetate test, diluting with 
water, cooling, ?ltering, and recovering the ?l 
trate. 
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