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This invention relates to new and useful elec-
troplating compositions, and to a new and im-
proved method for the electrodeposition of copper.

One of the cbjects of the invention is to pre-
pare new and useful cyanide copper plating baths.

Another cbject of the invention is to prepare
new and useful cyanide copper plating baths con-
taining complex organic compounds which are
soluble in alkaline solutions and which produce
improved brightening effects.

An additional object of the invention is to pro-
vide & new and improved method for electro-
depositing copper plates, in the form of a very
fine grained, readily buffable deposit.

Other objects will appear hereinafter.

In accordance with the invention, new and use-
ful ‘eyanide copper plating baths are provided
containing sulfided organic amines soluble in al-
kaline agueous solutions.

The preferred mode of practicing the invention

_involves the use of sulfided triethanolamine

which is preferably prepared by mixing a minor
proportion of sulfur with triethanolamine, fol-
lowed by agitation and successive heating and
cooling of the reaction mixture over a period of
several hours. The resultant product is a réd-
dish-brown solution which can be diluted with
equal volumes of water and employed directly as
an addition agent to alkaline copper cyanide
plating baths. With a quantity of the sulfided
triethanolamine corresponding to from 5 mgs. to
10 mgs. of sulfur in the amine per gram of copper
dissolved in the plating bath, excellent results
have been obtained in electrodepositing copper at
current densities within the range of 15-45 am-
peres per square foot. The copper deposits or
plates thus produced are very fine grained, semi-
bright and readily buffable.

Although it is preferable to employ as the ad-
dition agent, for the purpose of the invention, a
condensation product of sulfur and triethanol-
amine, cther addition agents which are suitable
for the practice of the invention can also be pre-
pared by sulfiding an amine in any one of several
ways.

The final product should be soluble in water or
any alkalineg agueous solutions, or it should be
capable of being dissolved in such solutions by
mixing therewith a mutual solvent for the sul-
fided amine and water, e. g., diethylenegly~
colmonobutylether. As an illustration, toluidine
may be reacted with sulfur to form an organic
sulfide in which two molecules of toluidine are
linked together by a sulfur atom. This inter-
mediate product, which is insoluble in water, is
then reacted with triethanolamine to form a
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product which can be dissolved in diethylenegly-
colmonobutylether, and which, when so dissolved
and agitated with water, will form an emulsion.
This eémulsion can then be employed as an addi-
tion- agent for alkaline cyanide copper plating
baths in the manner previously described with
respect to the sulfided triethanolamine. How-
ever, since this product is more complex and
more difficult to prepare, the sulfided triethanol-
amine is preferred for the practice of the inven-

" tion.

The solubility of the amine employed as a
starting material in preparing the sulfided amine
can be increased by the presence of water-solu-
bilizing groups, e. g., hydroxyl, carboxyl, and
sulfonic groups. Thus, instead of using toluidine
as a starting material, anthranilic acid may be
employed. In g similar manner, other amino
carboxylic acids of the benzene and naphthalene
series may be employed in the practice of the
invention.

The sulfiding of the amine may be accom-
plished with sulfur compounds instead of elemen-
tal sulfur, for example, P2S3, P2Ss and KSH. Itis
also possible to introduce the sulfur into the or-
ganic amino compound by diazotizing the organic
primary amine and treating the resultant di-
azonium compound with a solution of potassium
sulfide or sodium sulfide, or with hydrogen sulfide
(under pressure). Another method involves dis-~
solving the amino compound in a solvent and
treating it with ammonium thiocyanate and an

~ oxidizing agent such as bromine.
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In carrying out the invention, it has been found
that good results are obtained with commerecial
triethanolamine which ordinarily contains about
85% triethanolamine, 10% diethanolamine and
5% monoethanolamine. Other examples of suit-
able primary, secondary and tertiary alkylol-
amines are aminoethylethanolamines, dimethyl-
ethanolamines, diethylethanolamines, mixed iso-~
propanolamines, monoisopropanolamine, diiso-
propanolamine, triisopropanolamine, methyldi-
ethanolamine, N-acetyl ethanolamine, phenyl-
ethanolamine, phenyldiethanoclamine, cyclochexyl-
ethanolamine, - trihexanolamine, benzylethanol-
amine, and octylethanolamine.

Since the reaction between the sulfur and the
amino compound normally results in a condensa-
tion between one atom of sulfur and two mols of
the amino compound, the resultant products may
be defined as sulfided polyamines. Any of these
reactions involving the use of an alkylolamine
may also result in the condensation or polymeri-
zation of the alkylolamine. Where the final
product still contains hydroxyl groups, as is the
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case with the water-soluble sulfided triethancl-
amines, this product may also be described ge-
nerically as a sulfided alkylolpolyamine. In some
cases, the polymerization or condensation of the
alkylolamine, either alone or with other alkylol-
amines, ‘will result in the partial elimination of
water with the formation of alkoxy groups in the
final product.

The invention will be further illustrated, but is '

not limited by the following examples, in' which i

the quantities are stated in parts by weight un-
less otherwise indicated.

Ezample I

To 48 gallons of commercial triethanolamine,
containing about 85% triethanolamine, 10% 'di-
ethanolamine and 5% monoethanolamine, there
was added 2 to 4.5 lbs. of sulfur. The.addition
of the sulfur to the triethanolamine was effect-

ed at relatively.low temperatures, around 606° F., .

and the mixture was agitated and heated to 160°
., where the temperature was held for one-half
hour. “While continuing the agitation, the mix-
ture was heated at 180° F., for one-half hour and
then at 200° F. for one-half hour.
perature was then dropped to 185° F., with agita~
tion for 30 to 40 minutes, and thereafter raised
to 200° F., with agitation for 20 to 25 minutes.
The temperature was then dropped again to 180°

., with agitation for 30 to 40 minutes and again -

raised to 200° F. with agitation for 20 to 25 min-
utes. These operations were conducted in a
jacketed vessel. The jacket of the vessel was
then filled with cold water and the temperature

allowed to drop to 140° F. with agitation. At this .5

point, an egual volume of water was added.

In preparing sulfided amines in accordance
with the invention, it will be understood that the
proportions of the reactants may be varied some-
what. “Where the reaction involves the use of
an aromatic amine, as in Example III, the quan~-
tities of sulfur and amine can readily be cal-
culated. On the other hand, where the reac-
tion  is between sulfur and - triethanolamine,
‘as in Example I, it has been determined that
the maximum quantity of sulfur which reacts
with the triethanolamine is approximately one
part by weight per 100 parts by weight of tri-
ethanolamine. Additional quantities of sulfur
apparently remain in the reaction mixture as
free sulfur.

“The resultant sulfided triethanolamine is then
ready for use as an addition agent to-electro-
plating baths.

‘Example I

This example illustrates the use of the sulfided
triethanolamine of Example I, in -an alkaline
cyanide -copper plating bath.. A suitable bath
may be prepared from the following ingredients:

‘Sodium cyanide 1 oz. to 134 oz.
Copper cyanide 2 0z. to 4 oz.
Sodium carbonate 234 oz. to 434 oz.
Water In sufficient amount
-to make up a gallon
of bath.

This bath. is preferably employed as a plating
bath at a temperature of 140-160° F. "The sul-
fided triethanolamine, prepared as described in
Example I, is then added to the bath, preferably
in proportions with .the range of 130-200 cc.
of sulfided triethanolamine per gallon of bath.
Since the sulfided triethanolamine, as prepared
.in. Example. I, has previously been diluted with
_an equal volume of water, only one-half of the
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addition agent is active material. Inasmuch as
the copper plating bath contains about 15-30
gms. per liter of copper, it can be calculated that
the preferred quantity of sulfided triethanol-
amine contains 5-10 mgs. of sulfur per gram of
copper dissolved in the bath.

Ii the quantity of the addition agent is less
than the preferred minimum, that is, less than
‘the equivalent of 5 mgs. of sulfur per gram of

. copper. dissolved in the bath, the full benefit of

the addition .agent.is not obtained. It is, of

.eourse, possible to employ 3 or 4 fimes as much

of the addition agent as the optimum or preferred

‘range; but -in that case the additional quan-

tities do not result in additional benefits and

- merely add-to the expense of the process.

The tem- .;
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The copper is preferably plated from the fore-
going bath at current densities within the range
from about 15 amperes per square foot fo 45
amperes per square foot, and very fine grained,
readily buffable copper deposits are obtained.
For example, it is possikle to plate 6.6022-0.0006
of an inch of copper on any suitable ferrous metal
base material, and to thereafter plate over this
copper deposit a bright nickel deposit, followed
by a flash chromium deposit.

The invention can also be used in copper plat-
ing zinc die castings; for example, by buffing zinc
die casts, plating .0001~.0002 of an inch of copper
thereon in the manner herein described, and
then forming a bright nickel deposit thereon,
without biuffing of the copper.

.Example I1I

A composition - was prepared by reaecting to-
gether 2 mols of paratoluidine and 1 mol of sul-
fur with agitation at 180-200° C. for 4 to 5 hours.
The reaction mixture was then cooled to 150° C.
and 1 mol of triethanolamine was added. The
temperature was held at 150-170° C. for 2 to 3
hours,” and a water layer formed. The water
layer was separated and the residual product
was dissolved in diethyleneglycolmonobutylether

‘and agitated” with water to form  an emulsion.
- The reactions involved may be written as follows:

(IDHE ?Ha CH;y
9 4 S s
-
NH; NH; NH:

?Ha CHs
"HO.C3Hy
+ HO.C:Hi—N- ——
—8= ~EO.C:H,
NH, NH:
?Ha (|7Ha
- 8H:0
. g —
/N\ N—N
H,C CH: L
| | H,
H;C CH:
N- CH

The emulsified addition agent produced as above
described can be employed as an addition agent
,for,.a',lkaline cyanide . plating baths of .the type
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described in Example II in substantially the same
sulfur to copper ratio.

It will be recognized that if anthranilic acid
or other primary amine carboxy or sulfonic acids
are substituted for the toluidine in this exampie,
the sulfided amines will have enhanced water
solubility.

Instead of d1ethyleneglycolmonobutylether,
other water-miscible and oil-miscible solvents
may be used, such as isopropyl alcohol, di~-
ethyleneglycolmonomethylether, diethylenegly-
colmonoethylether and ethyleneglycolmonobutyl-
ether.

As previously mdlcated, the invention is espe-
cially. advantageous for use where it is desired
to produce a copper deposit that is fine grained,
relatively soft, and readily buffable. These de-
posits, produced in accordance with the practice
of the invention, are semi-bright, and for certain
purposes a bright nickel deposit can bhe applied
thereover without buffing.

The invention is especially valuable therefore
in copper-nickel-chromium plating. That is to
say, in plating operations where a copper deposit
is first applied to an article, followed by a nickel
deposit or plating, and subsequently a chromium
plating or deposit is applied over the nickel.

The invention is also very useful for plating
zing die casts with copper, in which case a bright
nickel deposit can be applied over the copper
plating without buffing. Many other applica-
tions of the invention will be apparent to those
skilled in the art.

The invention is hereby claimed as follows:

1. A plating bath comprising an alkaline cop-
per cyanide bath containing in solution a sulfided
polyamine resulting from the condensation be-
tween one atom of sulfur and two mols of an
amino compound.

2. A plating bath comprising an alkaline cop-
per cyanide bath containing in solution a sul-
fided alkylolamine.

3. A plating bath comprising an alkaline cop-
per cyanide bath containing in solution a sulfided
alkylolpolyamine.

4. A plating bath compusmg an alkaline cop-
per cyanide bath containing in solution a sulfided
triethanolamine.

5. A plating bath comprising an alkaline cop-
per cyanide bath containing in solution a sulfided
triethanolamine, the quantity of sulfided trieth-
anolamine corresponding to at least 5 mgs. of
sulfur per gram of copper, calculated on the basis
of the sulfur in the amine and the copper dis-
solved in the bath.

6. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution a sulfided polyamine resulting from the
condensation between one atom of sulfur and
two mols of an amino compound.

7. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution a sulfided alkylolamine.

8. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution a sulfided alkylolpolyamine.

9. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution a sulfided triethanolamine.

10. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
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6.
an alkaline copper cyanide bath containing in
solution a sulfided triethanolamine, the quantity
of sulfided triethanolamine corresponding to at
least 5 mgs. of sulfur per gram of copper, cal-
culated on the basis of the sulfur in the amine
and the copper dissolved in the bath.

11. A copper plating bath comprising an al-
kaline copper cyanide bath, containing in solu-
tion the reaction product of triethanolamine and
a-sulfiding compound.

- 12. A copper plating bath comprising an al-
kaline copper cyanide bath, containing in solu-
tion the reaction product of triethanolamine and
sulfur,

13. ‘A copper plating bath comprising an al-
kaline copper cyanide bath, containing in solu-
tion the reaction product of triethanolamine and
a sulfiding compound, said reaction product be-
ing characterized by the condensation of one
atom of sulfur and two mols of triethanolamine.

i4. A copper plating bath comprising an al-
kaline copper cyanide bath, containing in solu-
tion the reaction product of triethanolamine and
sulfur, the maximum quantity of sulfur which
reacts being approximately one part by weight
per 100 parts by weight of triethanolamine.

15. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution the reaction product of triethanolamine
and a sulfiding compound.

16. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution the reaction product of triethanolamine
and sulfur.

17. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution the reaction product of triethanoclamine
and a sulfiding compound, said reaction product
being characterized by the condensation of one
atom of sulfur and two mols of triethanolamine.

18. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution the reaction product of triethanolamine
and sulfur, the maximum quantity of sulfur
which reacts being approximately one part by
weight per 100 parts by weight of triethanola-
mine.

19. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing in
solution the reaction product of triethanolamine
and a sulfiding compound, the quantity of reac-
tion product corresponding to at least 5 mgs. of
sulfur per gram of copper, calculated on the basis
of the sulfur in the product and the copper dis-
solved in the bath.

20. In the electrodeposition of copper, the step
which comprises electrodepositing copper from
an alkaline copper cyanide bath containing %%
to 134 ounces of sodium cyanide, 2 to 4 ounces
of copper cyanide, 234 to 434 ounces of sodium
carbonate, sufficient water to make up a gallon
of bath, and in solution a quantity of the reac-
tion product of triethanolamine and sulfur cor-
responding to at least 5 mgs. of sulfur per gram
of copper, calculated on the basis of the sulfur
in the product and the copper dissolved in the
bath.

21. A copper plating bath comprising an
acqueous alkaline copper cyanide bath contain-
ing 12 to 134 ounces of sodium cyanide, 2 to 4
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ounces of copper cyanide, 23 to 43%; ounces of

sodium. carbonate, sufficient water to make up

a gallon of bath, and in solution a quantity of
the reaction preduct of triethanolamine and sul-
fur corresponding to at least 5 mgs. of sulfur
per gram of copper, calculated on the basis of
the sulfur in the product and the copper dis-
solved in the bath.

22. A plating bath comprising an alkaline cop-
per cyanide bath containing in solution a bath
soluble reaction produci of an amine and a sul-
fiding compound.

23. In the electrodeposition of copper the step
which comprises electrodepositing copper irom
an- alkaline copper cyanide bath containing in
solution a bath soluble reaction product of an
amine and a sulfiding compound. )

24, A plating bath comprising an alkaline:cop~
per cyanide bath containing in solution a bath
soluble reaction product resulting from the reac-
tion of two mols of paratoiuidine with one mo! of
sulfur and the subsequent reaction of the result-
ant product with one mol of triethanolamine.

25. In the electrodeposition of copper the step
which comprises electrodepositing copper from
an alkaline copper cyanide hath containing in
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solution a bath soluble reaction product resulting
from the reaction of two mols of paratoluidine
with one mol of sulfur and the subsequent reac-
tion of the resultant product with one mol of
triethanolamine.
ALLAN E. CHESTER.
FREDERICK F. REISINGER.

REFERENCES CITED

_The following references are of record in the
file of this patent: )

UNITED STATES PATENTS

Number Name Date
2,195,454 Greenspan .___....__._ Apr. 2, 1940
2,355,070 Hanford « .o Aug. 8, 1944
2,424,887 - Hendricks —o__.___ July 29, 1947

OTHER REFERENCES

Bandes, “Metal Finishing,” March 1946, page
113. '

Ser. No. 351,241, Weiner (A. P. C.), published
May 18, 1943.

e - Bt




