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This invention relates to electroplating copper 
from cyanide baths, more particularly to a meth 
od for directly electroplating bright copper elec 
trodeposits over a reiatively wide current density 
range. 
The copending patent application by C. J. 

Werniund et al., Serial. No. 206,002, filed May 4, 
1938 now Patent No. 2.287,654, describes and 
claims a process for electroplating bright copper 
depositS. In this process the electrolyte is a solu 
tion of sodium copper double cyanide and the 
Solution contains at least 1 oz. per gallon of sodi 
lm hydroxide, a limited amount of sodium cya 
nide beyond that required to form the double cy 
anide, and 1 to 8 oz.s. per gallon of sodium sul 
frcyanide. This Solution has been operated suc 
cessfuliy in a large number of commercial instal 
lations to produce excellent bright copper plate. 
Fiowever. to obtain uniform bright copper de 
posits by this method it has often been found 
necessaly to carefully control the Cathode cur 
rent density. 
rent density is permitted to become either too 
low or too high, dull deposits result. In some 
cases this has caused difficulty in electroplating 
articles when the electroplating conditions are 
Such that the current density varies at different 
parts of the cathode. For example, the current 
density is usually higher on the edges of the 
cathode than at other parts under the usual 
Commercial electroplating conditions. Also in 
electroplating recessed articles, the current den 
sity is usually lower in the recesses because these 
are at greater distance from the anodes. Such 
difficulties can of course be overcome by using 
anodes so shaped that all parts of the cathode 
Surface will be equidistant from anode surface, 
but such mode of operation is uneconomical and 
not suited for commercial production except in 
relatively few instances. 
An object of the present invention is to in 

prove the bright copper plating process which 
is described and claimed in the aforesaid patent 
application. A further object is to provide a 
means for electroplating bright copper over a 
relatively wide current density range. Other 
objects will be apparent from the following de 
scription of the invention. 

It has been discovered that if bright copper 
plating Solutions of the type described in the 
aforesaid patent application are made up so as 
to contain both sodium and potassium ions in 
certain definite proportions, the current density 
bright range of the solution is markedly in 

It has been found that if the cur 
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a certain proportion of one of the sodium com" 
'pounds in the aforesaid Solution is replaced by 
an equivalent amount of the corresponding po 
tassium compound, excellent bright copper de 
posits can be obtained over a distinctly wider 
current density range of current densities. The 
following example is illustrative of this effect: 

Eacample I 
Two electroplating baths were prepared as 

follows: 

Rat 2 Bath 1 

...oz.fgal. 18 s 
- - - oz.fgal. f 

- - ... cz.fgal . 2 
NaOH. . . . ... .oz.fgal . 4. None 
KOH. - - - - - ... . . . . ... Oz.lgal. None 
Molar ratio: Nair........... --------... - - - - - - - - - - - - - - - - 

To each bath was also added 4 cc. per gal. of a 
high molecular weight betaine as anti-pitting 
agent. Both births were operated at 82-83 C., 
while stirring to cause flow of electrolyte past 
the cathode. Each bath was operated over a 
wide range of current densities to determine the 
maximum and minimum current densities at 
which bright copper deposits could be obtainied. 
The following results were obtained: i. - 

Bright plating C. L. range 

From 15 to 45 amp.fsq. ft., or 30 annpfsc; ft. 
... 2 ... From 20 to 63 am.fs.ft., or 43 amnisc. ft. 

3. 

4) 

It has further been discovered that by the 
addition of potassium ions to the sulfocyanide 
type of copper cynide plating baths, the mini 
mum amount of sulfocyanide required to produce 
an excellent bright plate is markedly reduced. 
Thus, while it is usually necesary to maintain 
an alkali sulfocyanide concentration of at least 
1 oz. per gal. to obtain bright deposits, if part of 
the scdium ions are replaced by potassium ions 
as herein described, equally good results may be 
obtained with an alkali sulfocyanide concentra 
tion as low as 0.25 oz. per gallon. In fact, if the 
Sulfocyanide is omitted from the bath, it will be 
found that the preSnce of the potassium ions. 
still has a certin brightening effect, although 
the resulting deposit does not have the high de 
gree of brightness obtainable from the sulfocya 
nide baths. The following example illustrates 
the brightening effect of the potassion ions in 
a copper plating bath containing no sulfocya 

Creased. For example, it has been found that if 55 nide: 
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Eacample II 

Two copper plating baths were prepared as 
follows: 

Ingredients Bath Bath 2 

CuCN---------------------------------- oz.fgal. 16 16 
NaCN. ----02-fgal.-- 18 8 
NaOH.----------- -02.fgal.-- 4. None 
KOH...----------- loz?gal. None 6 
Molar ratio: NaIK------------ 311 

Each bath was operated at a temperature of 
about 80° C. to electroplate steel cathodes at 
various current densities. The following results 
were obtained: s 

Appearance of electrodeposits 
Current density 

Bath 1 Batre 

20 amp.fsq. ft.------------- Pull to semi-bright... Semi-bright. 
30 amp./sq. ft.------------- Bright and dull areas. Fairly bright, 

uniforn. 
45 amp.fsq. ft.------- D0. 
45-75 amp.fsq. ft.---- Do. 

In order to obtain bright copper plate in ac 
cordance with the present invention it has been 
found necessary (1) to maintain a relatively high 
concentration of the copper double cyanide, i.e., 
that equivalent to at least 8 oz. per gallon of 
copper cyanide (CuCN), (2) to make the bath 
alkaline by the addition of at least 1 oz. per gallon 
of alkali metal hydroxide and (3) to avoid any 
large excess of free cyanide. Preferably, the 
copper cyanide concentration should lie between 
8 and 22 oz. per gallon. The total aikali metal 
cyanide should not exceed that which is equiv 
alent to a weight ratio of sodium cyanide to 
copper cyanide equal to 1.25 to 1; preferably this 
ratio should be about 1.1 to 1. The total alkali 
metal hydroxide concentration preferably should 
be about 3-8 oz. per gallon. The concentration 
of alkali metal sulfocyanide should lie between 
0.25 and 8 oz. per gallon. Finally in order to 
obtain the improvements in brightness and in 
the current density bright range, it is essential 
that the electrolyte contains sodium and potas 
sium compounds in such proportions that there 
is from 1 to 6 moles of sodium ions for each mole 
of potassium ions in the bath. 

Preferably the potassium compound is added 
as potassium hydroxide, and usually it will not 
be necessary to add any other potassium com 
pound in Order to obtain the desired concentra 
tion of potassium in the bath. For example, 
excellent bright copper deposits may be obtained 
from electroplating baths having the following 
composition: 
Copper cyanide (CuCN).------------------ oz. per gal-- 8 to 22 
Sodium cyanide---------------------------- oz. per gal-- 8 to 27.5 
Sodium sulfocyanide- loz. per gal-- 0.25 to 8 
Potassium hydroxide------------ loz. per gal-- 3 to 8 
Ratio: moles Na ions/noles Kions.------------------- 1/1 to 6/1 

In baths made according to the above formulae, 
the sodium cyanide concentration must be from 
1.0 to 1.25 times the concentration of the copper 
cyanide, 

. The various addition agents which are suitable 
for use in bright copper cyanide plating solutions 
may be utilized with equal effectiveness in the 
bath of the present invention. For example, 
carbohydrates, such as starch, gum arabic or 
various sugars may be added. Likewise, the high 
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2,847,448 
described in Holt, U. S. patent application, Serial 
No. 297,433, filed October 2, 1937, now Patent No. 
2,255,057, may be used effectively in the present 
plating bath. 
To obtain the best results it is preferable to 

operate the plating bath hot, e. g., from 60° C. 
up to the boiling point. In most cases the op 
timum operating temperature will be about 75 to 
85 C. It is also preferable to keep the cathode 
in motion, or alternatively to keep the bath in 
motion past the cathode. Known methods for 
moving the cathode or stirring the bath may be 
used for this purpose, for example, as described 
in the above mentioned patent application by 
C. J. Wernlund, et al. The effect of the partial 
replacement of sodium by potassium in the cop 
per plating bath is to brighten the deposit, to 
Widen the current density range at which the 
bright copper deposit can be obtained and to de 
crease the minimum amount of sulfocyanide. It 
has been found that this effect is not appreciable 
until sufficient potassium has been added to the 
bath so that the molar ratio of sodium ions to 
potassium ions in the bath is equal to 6 to 1. In 
general, as the proportion of potassium is in 
creased in the bath within these limits, the bright 
current density range is widened correspond 
ingly. However, if the amount of potassium is 
increased so that it is in excess of that repre 
Sented by a molar ratio of sodium to potassium 
ions of 1 to 1, the resulting plate tends to be dull 
at the lower current densities. Such high pro 
portions of potassium ions in the plating bath 
therefore are not desirable because they do not 
permit the deposition of sufficiently bright and 
uniform plate. Therefore, in Operating the 
present invention, the concentration of potassium 
Compounds is limited so that the molar ratio of 
Sodium ions to potassium ions is kept between 
the limits of 1:1 to 6:1 and preferably at about 
12:1 to 4:1. 

claim: 
1. A process for the electrodeposition of bright 

copper which comprises electrolyzing a solution 
containing 8 to 22 oz. per gallon of Copper cy 
anide, 3 to 8 O2, per gallon of alkali metal hydrox 
ide, 0.25 to 8 oz. per gallon of alkali metal sulfo 
cyanide and an amount of alkali metal cyanide 
equivalent to a sodium cyanide to copper Cyanide 
Weight ratio of from 1:1 to 1.25:1, the alkali met 
alconstituents of said solution being sodium and 
potassium present in the proportion of 1 to 6 
Igles of Sodium ions for each mole of potassium 
OS. 

2. A process for the electrodeposition of bright 
copper which comprises electrolyzing a solution 
containing 8 to 22 oz. per gallon of copper cy. 
anide, an amount of alkali metal cyanide sufi 
cient to dissolve said copper cyanide and equiva 

80 lent to a concentration of sodium cyanide which 

O 

is 1 to 1.25 times the concentration of said Copper 
cyanide, 3 to 8 oz. per gallon of alkali metal hy 
droxide and 0.25 to 8 oz. per gallon of alkali met 
al Sulfocyanide, the alkali metal constituents of 
said solution being sodium and potassium present 
in the proportion of 1 to 6 moles of sodium ions 
for each mole of potassium ions. 

3. A process for the electrodeposition of bright 
copper which comprises electrolyzing a solution 
containing 8 to 22 oz. per gallon of copper cy 
anide, 1 to 1.25 parts by weight of sodium cy. 
anide for each part by weight of copper cyanide, 
0.25 to 8 oz. per gallon of sodium sulfocyanide 
and an amount of potassium hydroxide, within 3 

molecular betaines, such as those claimed and 7 to 802. per gallon, such that the molar ratio of 
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sodium ions to potassium ions in said bath is 
from 1:1 to 6:1. - 

4. A process for the electrodeposition of bright 
copper which comprises electrolyzing a solution 
containing 8 to 22 oz. per gallon of copper cy 
anide, an amount of alkali metal cyanide which 
is equivalent to a concentration of Sodium cy 
anide equal to 1 to 1.25 times the concentration 
of said copper cyanide, and 3 to 8 oz. per gallon 
of alkali metal hydroxide, the alkali metal Con 
stituents of said bath being sodium and potassi 
um present in the proportion of 1 to 6 moles of 
Sodium ions for each mole of potassium ions. 

5. A process for the electrodeposition of bright 
copper which comprises electrolyzing a solution 
containing 8 to 22 oz. per gallon of copper cy 
anide, an amount of sodium cyanide equal to 1 
to 1.25 times the concentration of said copper 
cyanide and an amount of potassium hydroxide, 
within 3 to 8 oz. per gallon, such that the molar 20 
ratio of Sodium ions to potassium ions in said 
bath is from 1:1 to 6:1. 

6. A plating bath for the electrodeposition of 
bright copper comprising a solution containing 8 
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to 22 OZ. per gallon of copper cyanide, an amount 25 
of alkali metal cyanide which is equivalent to a 
concentration of Sodium cyanide equal to 1 to 
1.25 times the concentration of said copper cy 
anide, and 3 to 8 oz. per gallon of alkali metal 
hydroxide, the alkali metal constituents of said 30 
bath being sodium and potassium present in the 
proportion of 1 to 6 moles of sodium ions for each 
mole fo potassium ions. 

3. 
7. A plating bath for the electrodeposition of 

bright copper comprising a solution containing 8 
to 22 oz. per gallon of copper cyanide, an amount 
of SOdium cyanide equal to 1 to 1.25 times the 
concentration of Said Copper cyanide and an 
amount of potassium hydroxide, within 3 to 8 oz. 
per gallon, such that the molar ratio of sodium 
ions to potassium ions in said bath is from 1:1 
to 6:1. 

8. A plating bath for the electrodeposition of 
bright copper comprising a solution containing 8 
to 22 OZ. per gallon of copper cyanide, 3 to 8 oz. 
per gallon of alkali metal hydroxide, 0.25 to 8 oz. 
per gallon of alkali metal sulfocyanide and an 
amount of alkali metal cyanide equivalent to a 
Sodium cyanide to copper cyanide weight ratio of 
from 1:1 to 1.25:1, the alkali metal constituents 
of said Solution being sodium and potassium pres 
ent in the proportion of 1 to 6 moles of sodium 
ions for each mole of potassium ions. w 

9. A plating bath for the electrodeposition of 
bright copper comprising a solution containing 8 
to 22 OZ. per gallon of copper cyanide, 1 to 1.25 
parts by Weight of sodium cyanide for each part 
by Weight of copper cyanide, 0.25 to 8 oz. per gal 
lon of Sodium sulfocyanide and an amount of 
potassium hydroxide, within 3 to 8 oz. per gallon, 
Such that the molar ratio of sodium ions to po 
tassium ions in said bath is from 1:1 to 6:1. 

CHRISTIAN J. WERNLUND. 

  


