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This application is a continuation-in-part of our co 

pending application, Ser. No. 187,926 filed Apr. 16, 1962 
which is now U.S. Patent No. 3,267,010. 

This invention relates to the electrodeposition of copper 
from aqueous acidic baths, especially from copper sulfate 
and fluoborate baths. More particularly it relates to the 
combined use of certain organic compounds in such baths 
to make possible bright, highly ductile, low stress, good 
leveling copper deposits. 

While a rather large number of organic compounds 
have been previously proposed and used to decrease the 
grain size and increase the luster of copper deposits from 
acidic baths, nevertheless, much remains to be desired 
from the standpoint of obtaining lustrous leveling copper 
plate without striations and ribbing and without Substan 
tially decreasing the very high ductility of the copper 
plate. 

In our copending application Ser. No. 187,926, We 
have described certain organic sulfide compounds con 
taining at least one sulfonic group which when used in 
combination with certain bath soluble polyether com 
pounds produce bright, ductile copper electrodeposits. 
The baths described therein have excellent brightness and 
ductility and are operable over a fairly wide current 
density range. While these baths have been adequate 
to meet the requirements of most commercial applica 
tions, very complex parts require that a plating bath have 
an extremely wide current range. Thus, there have been 
instances wherein the current density of the above de 
scribed baths has not been sufficient to satisfactorily plate 
some extremely complicated articles and the plate has 
proved to be inadequate in the deeply recessed areas. 
Another limitation with the baths described in our co 

pending application is that the concentration of the Sul 
fide component therein should be kept below about 0.04 
gram per liter. At concentrations much above this level, 
there is a tendency to form harmful breakdown deposits 
on extended electrolysis which results in a reduced bright 
ness, especially in the low current density areas. 
An object of this invention is to provide copper plating 

baths from which are obtained bright, ductile copper 
deposits free of striations and ribbing. Another object 
is to provide plating baths from which such copper de 
posits are obtained over a wide current density range. 
We have discovered that certain specific baths of the 

general type described in our aforementioned pending 
application uniquely have several outstanding and unex 
pected properties. These baths, to be fully described be 
low, have a markedly wider current density plating range, 
i.e., produce a bright deposit in the extremely deeply 
recessed areas, as well as allowing the plating to be carried 
out at higher current densities. Thus not only are the most 
complicated articles fully plated, but since the plating 
can be carried out at higher current densities, the actual 
plating time is significantly reduced. Moreover, the sul 
fide compound used is of such a stable nature that up to 
1.0 gram per liter and above can be used without forma 
tion of harmful breakdown products. In other words, the 
concentration of the specific sulfide component of this 
invention is not critical as is the case with Sulfide Com 
pounds in general. 
The plating baths of this invention comprise aqueous 

acidic copper plating baths containing dissolved therein 
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2 
a bath-soluble polyether compound containing at least 6 
ether oxygen atoms and being free from alkyl chains 
having more than 6 carbon atoms together with from 
about 0.0005 to about 1.0 gram per liter of an organic 
polysulfide compound of the formula 

wherein R1 and R2 are the same or different and are al 
kylene groups containing 1-6 carbon atoms, X is hydro 
gen or -SO3H, and n is an integer of 2-5 inclusive. 
The sulfide compounds of the invention are aliphatic 

polysulfides wherein at least two divalent sulfur atoms 
are vicinal, and wherein the molecule has one or two 
terminal sulfonic acid groups. The alkylene portion of 
the molecule may be substituted with groups such as 
methyl, ethyl, chloro, bromo, ethoxy, hydroxy etc., but 
preferably R1 and R2 are unsubstituted polymethylene 
groups containing 3 carbon atoms. The various sulfonic 
compounds may be added to the plating baths as the free 
acid or the alkali metal salts or the organic amine salts 
etc. Generally, it is preferred to use the free acids. Ex 
amples of some of the preferred polysulfide compounds of 
the invention are shown in Table I. 
TABLE I.-ORGANIC POLYSULFIDE COMPOUNDS 

The sulfide compounds of the invention are known 
compounds and may be prepared by any of several Well 
known techniques. For example, compound 4 in the 
above table may be prepared by reaction of sodium Sulfide 
with propane sultone at about 150 F. to obtain mer 
captopropane sulfonic acid, which is then oxidized With 
HO to obtain the disulfide. 
The organic sulfide compounds illustrated in Table I 

when used alone in copper plating baths do not produce 
adequate brightness. However, when used in combina 
tion with from about 0.01 to 5 grams per liter of the 
hereinafter described bath soluble polyether compounds, 
full bright, ductile deposits are obtained over an extreme 
ly wide current density range. The bath can be operated 
at a higher current density than is possible using seeming 
ly similar sulfides which are not polysulfides of this in 
vention. Moreover, if the same amount of polyether were 
used by itself, a somewhat dull irregular deposit is ob 
tained. 
A second outstanding benefit of the baths of this in 

vention is that the aliphatic polysulfides can be used at 
concentrations of more than 1 gram per liter without the 
formation of harmful breakdown deposits which other 
wise tend to reduce brightness, especially in the low 
current density area. When using other sulfide compounds 
not of the invention, their concentration must be quite 
limited in order to avoid the formation of detrimental 
breakdown products. 

It has been found that the organic polysulfide com 
pounds of Table I when used in concentrations of 0.0005 
to about 1.0 gram/liter, prevent the harmful striations 
and ribbing effects that polyethers such as polyethylene 
ethanols and glycols cause in the absence of at least 0.02 
to 0.1 gram/liter of chloride or bromide ion. By the use 
of the addition agents of the invention not only are the 
striations and ribbing effects eliminated without the need 
of chloride or bromide ions, but a very bright deposit is 
obtained. This is an unexpected result because with 
either material used alone in the bath, there is no indica 
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tion of the remarkable enhancement of brightness which 
occurs when the two materials are used together. It will 
be appreciated that the elimination of the ribbing or 
striations effects is, in itself, an unexpected and important 
result, and this result is obtained with all of the com 
pounds of Table I, though the matter of obtaining the 
highest brightness, not all of the compounds of Table I 
are equally effective. 
The polyethers which are useful for the purposes of this 

invention, include polyether compounds containing at 
least 6 ether oxygen atoms and which are free from 
alkyl chains having more than 6 carbon atoms. It has 
been found that compounds containing alkyl chains of 
more than 6 carbon atoms tend to overfoam with air 
agitation. 

In Table II are listed representative examples of the 
bath soluble polyether derivatives which can be used 
in combination with the compounds of Table I to give 
bright, ductile copper plate. The preferred compounds of 
Table II, from the standpoint of best cooperation with the 
compounds of Table I, to give smooth, striation-free, 
bright, ductile copper are the polypropylene propanols 
and glycols of average molecular weight of about 360 to 
about 1,000, i.e., polyethers which contain the group 
(CHO), where y is an integer of from 6 to about 20. 
Outstanding results are also obtained with polyethers 
containing the group (C2H4O) where x is an integer of 
at least 6. 

It was further found that if low concentrations (0.001 
to 0.05 gram/liter) of phenazine dye such as Janus Green 3 
B (see U.S. Patent 2,707,166) are used in conjunction 

O 

20 

with both of the above described additives of Table I 
and II, brightness and leveling is further improved and 
brilliant, high leveling, ductile copper plate is obtained 
over a still wider plating range. This type of brilliance 
and extremely wide bright plate range is not obtained 
when the Janus Green B is used just with the organic 
sulfide compounds carrying sulfonic groups (the com 
pounds of Table I), or when used just with the com 
pounds of Table II. Also, the brilliance and ductility 
far exceed that obtained with Janus Green B type dyes 
used together with thiourea or such thiourea derivatives 
or acetyl or propionyl thioureas. (U.S. Patent 2,738,318, 
Mar. 13, 1956.) 
The dyes of the phenazine class (the Safrainine type) 

and more especially the phenazine azo dyes (the Janus 
Green B type) which make possible the greatly improved 
leveling and extended bright plating range can be repre 
sented by the following formula. 

R AN/N-R 
R 
N NN D 

R / N. 
A. Y. 

where 

R is H, CH, O C2H5; 
A is H, CH, CH, CH5, CH3, CHg, C6H5CH2, 
CHCH4, HOCH, HSCH4, C6H5, CH3CH4, 
(CH3)2C6H3; 

Y is an anion from the group consisting of Cl, Br, 
SO4-, HSO , CHSO, CH5SO , CH5SOs, 
CHSO, OSCHSO , OSCHSO, 
HOCHSO , HSCHSO; and 

D is H, CH, C2H5, OH, NH2, N(CH3)2 N(C2H5)2. 
S 

s&ocii, SH, and N=N-Z 
where Z=a coupling group, such as dimethyl aniline, 
aniline, phenylene diamine, and substituted anilines and 
phenylene diamines, naphthols and substituted naphthols, 
phenols and substituted phenols, thiazoles, benzothiazoles 
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and aminobenzothiazoles, coupled to the azo linkage 

4 
The preferred phenazine dyes are the Janus Green B 

type (Diethyl Safrainine. Azo Dimethyl Aniline or Di 
methyl Safrainine Azo Dimethyl Aniline, C. I. Nos. 11045, 
11050), or the Janus Black R type, also C. I. 11975 
(Colour Index, second edition, vol. 3, 1956-57), as 
these compounds make possible the highest leveling and 
the widest bright plate range. 
The inorganic composition of the acid copper plating 

baths such as the acidic sulfate or acidic fluoborate may 
vary over rather wide limits. However, when very low 
acid contents are used, higher tank voltages are needed. 
In the examples listed below as illustrations of lustrous 
copper plating baths, the standard types of acidic copper 
sulfate and fluoborate baths are used for the inorganic 
composition. However, other acidic copper plating baths 
Such as copper sulfonate, copper methane sulfonates, 
copper ethane Sulfonates, copper propane sulfonates with 
excess acidity Supplied by the free sulfonic acids, can 
be used with the combinations of additives of this inven 
tion to give highly lustrous plate. 
Many inorganic cations which do not plate out from the 

normal acidic copper plating baths, may be present in 
concentrations as high as at least 25 grams/liter without : 
detrimental effects, for example, ferrous nickel, cobalt, 
Zinc and cadium cations. Chloride and/or bromide anions 
should in general be kept below about 0.1 gram/liter, and 
preferably at about 0.02 gram/liter. Air agitation or cath 
ode-rod agitation, or solution agitation and cathode-rod 
agitation is desirable for highest speed plating and opti 
mum results. The best bath temperatures are 25-30 C., 
though lower or higher (even up to 50° C. in some cases). 
temperatures can be used. 
With the use of the combination of additives from 

Tables I and II and the combinations with the phenazine 
dyes, especially the Janus Green B types, it is preferred 
not to use Surface-active agents, even though such anionic 
types as sodium octyl sulfate, sulfonated non-ionic types 
such as Triton 720 (U.S. Patent 2,489,538, Nov. 29, 
1949), and similar materials, or polyoxy non-ionic wetting 
agents, have often been previously used in acidic copper 
plating baths with good results, they are not needed in 
the present type baths. 

Below are some examples of a number of acid copper 
plating baths producing highly ductile, lustrous copper 
deposits over a wide current density range. 

Example A 
Concentration 

grams/liter 
CuSO4.5HO -------------------------- 150-250 
H2SO4 -------------------------------- 30-75 
1,3-dioxolane polymer av. mol. wt. 5,000 --- 0.05-0.15 
(CH3)-(CH2)2-S-S-(CH2)3-SO3H -- 0.001-0.01 
Temp. 20-50° C. 
AV. cathode current density 15 amps./sq. dim. 

Example B 
CuBF4-------------------------------- 150-225 
HBF4--------------------------------- 10-30 
H3BO3 -------------------------------- 0-30 
1,3-dioxolane polymer av, mol. wt. 5,000 -- 0.1-0.3 
HOS-(CH2)4-S-S-S-(CH2)4 

-SO3H ---------------------------- 0.001-0.02 
Janus Green B ------------------------- 0.001-0.02 . 
Temp. 20-50° C. 
AV. cathode current density, 15 amps./sq.dm. 

Example C 
CuSO4.5H2O.--------------------------- 150-250 
H2SO4 -------------------------------- 30-75 
Polypropylene glycol, av. mol. wt. 350-750 - 0.05-0.2 
HOS-(CH2)3-S-S-(CH2)3-SOH --- 0.001-0.02 . 
Dimethyl Safranine azo dimethyl aniline ---- 0.001-0.01 
Temp. 20-50° C. 
AV. cathode current density, 20 amps./sq. dm. 
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What is claimed is: 
1. A bath for electrodepositing ductile, lustrous copper 

comprising an aqueous acidic copper plating bath con 
taining dissolved therein from about 0.01 to 5 grams per 
liter of a bath-soluble polyether compound containing at 
least 6 ether oxygen atoms and being free from alkyl 
chains having more than 6 carbon atoms together with 
from about 0.0005 to about 1.0 gram per liter of an or 
ganic sulfide compound of the formula: 

wherein R1 and R2 are the same or different and are 
alkylene groups containing 1-6 carbon atoms, X is hydro 
gen or -SO3H, and n is an integer of 2-5 inclusive. 

2. A bath as in claim 1 wherein R1 and R2 are poly 
methylene groups and X is -SO3H. 

3. A bath as in claim 2 wherein said polyether contains 
the group (CHO) whereiny is an integer equal to from 
about 6 to 20. 

4. A bath as in claim 1 wherein said organic sulfide is 
HOS (CH2)3-S-S-(CH2)-SOH. 

5. A bath as in claim 4 additionally containing a bath 
soluble phenazine dye. 

6. A method for electrodepositing ductile, lustrous cop 
per comprising the step of electrodepositing copper from 
an aqueous acid copper plating bath containing dissolved 
therein from about 0.01 to 5 grams per liter of a bath 
soluble polyether compound containing at least 6 ether 
oxygen atoms and being free from alkyl chains having 
more than 6 carbon atoms together with from about 
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8 
0.0005 to about 1.0 gram per liter of an organic sulfide 
compound of the formula: 

wherein R and R2 are the same or different and are 
alkylene groups containing 1-6 carbon atoms, X is, hy 
drogen or -SO3H and n is an integer of 2-5 inclusive. 

7. A method as claimed in claim 6, wherein R1 and 
R2 are polymethylene groups and X is -SO3H. 

8. A method as claimed in claim 7 wherein said poly 
ether contains the group (CHO) wherein y is an inte 
ger equal to about 6 to 20. 

9. A method as claimed in claim 6 wherein said or 
ganic sulfide is HOS-(CH2)3-S-S-(CH2)3-SOH. 

10. A method as claimed in claim 9 wherein said bath 
additionally contains a soluble phenazine dye. 
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