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This invention relates to the electrodeposition of cop-
per from aqueous alkaline cyanide solutions, More par-
tlcularly, this invention relates to the use of certain new
organic addition agents for cyanide copper plating baths,
and especially to the use of a new combination of addi-
tion agents to achieve bright, very fine-grained, ductile
copper electrodeposits over a very wide range of cathode
current densities.

It has been found that the addition of certain acety-
lenic ether nitriles (illustrated in Table 1) .to ‘aqueous
alkaline copper cyanide plating baths as the sole bright-
ening agent increases the luster of the copper electrode-
posits.  When these compounds of Table I are tsed in
conjunction with water soluble salts (e.g. Na or K salts)
of methylene bis-(naphthalene sulfonic acids) as exaem-
phﬁed by the formula

_""'—l
_____ CH; lNam P, etc,
J salts

S0:H 80:H,

where 7 is a whole number, and especially the methylene
bis-(alpha naphthalene sulfonic acids), in an . amount
of 0.1 to 10 grams/liter an enhanced brightness occurs
in the medium current density range plate down to the
very: low current density range plate.

TABLE I

Useful Concen’
tration Range;
gramsyliter. -

£

(1) HO~CHp-O=C-CH,0C;HsC=N (1-Hydroxy-4- | 0.02-1.0 (0.1-0.3_

(betq cyanoethoxy) butyne-2). average).
@) N=C-C,H;0CH,C=C-CH,0C,H,O=N (1,4- | 0:02-1.0 (0.2
Di-(beta cyanoethoxy) butyne-2). average).

Tt was further found that the above combination of
‘brighteners. give even further improvement when telluri-
um -is-also dissolved in the bath. The dissolution.:of
tellurium in the bath-is most readily accomphshed by
preliminarily dissolving -teflurium dioxide in .sodium -or
p‘otassil‘im hydroxide -solution. or by dissolving tellurium

- dioxide directly in the bath., When tellurium is present

in. .the: bath in- a' concentration of. about0.0002-0.006
grams/liter, preferably. about 2 -mg./liter in conjunction
with a.compound from Table I or 2-butyne-1,4-diol-at
@ concentration .of -about.0.1-0.3 grams/liter; and meth-
ylene. bis-(naphthalene . sulfonic - acids)- at a concentra-
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tion of about 3 grams/liter, with.the comuncllvn use. of -

{these three:types-of brighteners; the tendency. for forma-
tIOIl of- cloudy. plate .at. ‘the high current densuy areas
is - mxmmlzed and the: brightness of the plate is.greatly
enhanced ~uniformly - from. the - highest ‘current . density
ranges down to the lowest current density ranges. More-
over the presence of tellurium greatly decleases the
-tendency: of the-plate to stain, particularly from humldxty
and fingerprints. .
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The copper cyanide baths can be made up of copper
cyanide and an alkali metal cyanide with or without the
addition of an-alkali metal hydroxide or carbonate, and
with or without the addition of tartrates, ﬂlycolates or
gluconates, -citrates, -malates--or--other similar organic
acids or-their-salts such as-the sodinm, potassiim or
ammonium -salts.+ - In general, the- preferred baths con-
tain salts of ‘these ‘organic acids. Preferably the baths
should -contain Both sodium and potassium ions, through
the alkali metal ions may be exclusively sodium or potas-
Satxsfactory results are obtained when the copper
cyanide varies between about 3 -to about 12 ounces per
gallon, the alkali metal cyanide varies between about
4.5 to about 20 ounces per gallon, and the alkali metal
hydroxide varies between about 0.5 and about 4 ounces
"The copper cyanide bath§ are preferred to
be -operated warn, with optimum results - at tempera-
tures of 50° C.=95° C., though cooler or warmer baths
may be us:d with excellent results. It - is .preferred
to use the baths of composition similar to'the examples
given below, operated at the maximum current. densities
which can be used under the given conditions of tempera-
ture and agitation.  Under the usual conditions of com-
mercial operation, cathode™ current densities of 10-60
amperes per square foot are used with the normal cath-
ode rod type agitation; or solution agitation.- On articles
of simple shape, current densities of 100 amps./sq. ft.
can be used when vigorous agitation is tised. ~The fol-
lowing. three. examples are intended to illustrate -typical
copper baths which produce copper plate of good luster
and color but.not of the highest brightness.

Example 1
Ounces/ Qrams/liter
gal:
Copper cyanide. . 6.0t | 45.
Potassium eyanides . oo i . . _. 9.7 | 72.75.
Potassium hydroxide. . .. . . ... 2.0 15,
Rochelle salts. _ 6.0} 45,
1-hydroxy-4-(betd cvanoethoxy) butyne. 5 0.02-1.0- (average
(Compound I, Table. I). 0.1-0.3).
Example 11
0z./gal Grams/fliter
Copper cyanide. 4,0 | 30.
Sodium evanide. 5.0} 37.5.
Sodim hydroside 2.5 | 18,75,
Rochelle salts. .. 4.01 30,
1,4-Di-(beta cyanoethoxy) butyne-2 (Com- |_.________ 0.02-1.0 (average
. pound 2 of Table I). 0.2 g./1.).
Example 111
0Oz.[gal CGrams/liter
Copper eyanide.. 6 | 45
Sodiom cyanide. 7.5 | £6.2b,
Potassitm hydro; 2.5 18.75.
Rochelle s~lts.. ... 4 |30.
1-hydroxy-4-(beta ('y:mocthoxy) butyne B I 0.02-1.0" (average
(Compound 1 of Tabl le I). 0.1-0.3).

The addition of the above-described -acetylenic - de-
rivatives or combinations thereof'to cyanide copper -¢lec-
troplating baths also-containing soluble. salis of - meth-
ylene bis-(naphthalene: sulfonic acids) and telluriom as
explained above, greatly increases the ‘brightness and
uniformity of the copper electrodeposit, enables ‘the eléc-
trodeposition - of - bright: ‘very. fine-grained- copper - elec-
trodeposits over extended temperature ranges, and allows”
the. operation . of ‘the electroplating ‘baths over extended
current. density ranges.. The plating .of irregular ‘ob-

rjects ‘having -projections . and:recesses:s - consequently-
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greatly simplified. ~These improvements are obtained
by using the baths of Examples V-VII which illustrate
the brightest cyanide copper plating baths of this inven-
tion.

Example 1V

- Grams/liter
Copper cyanide 45
Sodium cyanide —_.._— 56.5
Potassium hydroxide __-_ —— 18.75
Rochelle salts .o 30

Na or K salts of methylene bis-(alpha naphthalene
sulfonic acid) e (average 3 g./1.) .- 0.1-10.0

1-hydroxy-4-(beta cyanoethoxy) butyne-2 (com-

pound 1 of Table I) 0.1-0.3
tDaxad No. 11 (Dewey and Almy Co.)
Example V
. Grams/liter
Copper cyanide —_._.._ — 45
Sodium cyanide .- 56.5
Potassium hydroxide e 18.75

Rochelle salts _.____--_ -— 30
Tellurium (dissolved as TeOp) oo — 0.0002-0.006
Na or K salt of methylene bis-(alpha naphthalene
sulfonic acid! _.__ 3
1,4-di-(betacyanoethoxy) butyne-2 (compound 2

of Table 1) —_______.___ 0.2
iDaxad No. 11 (Dewey and Almy Co.)
Example VI
‘ Grams/liter
Copper cyanide 45
Sodium cyanide .____- 5635
Potassium cyanide o oo 18.75
Rochelle salts —em 30
Tellurium - - 0.002-0.006
Na or K salt of methylene bis-(alpha naphthalene
sulfonic acids) o 3

1-hydroxy-4-(beta cyanoethoxy)butyne-2 _—___ 0.1-0.3

The baths of Examples IV-VI produce uniformly
bright very fine-grained ductile copper -deposits over cur-
rent densities extending from the highest to the lowest
normally encountered in commercially important electro-
plating operations.

In general, wetting agents are not needed -especially
with the less concentrated -metal baths. Nevertheless,
.wetting. agents may. be employed, 'if desired. When
cationic wetting agents are used, anionic wetting agents
such as sodium lauryl sulfate .or sodium. dcdecyl ether
sulfate should not be used umnless the cationic. wetting
agent is weakly cationic (short chain type). Non-ionic
wetting agents may also be used.

Periodic current reversals or current interruption can
be used with the above baths with some benefit. -How-
‘ever, because of the very wide bright plating range of
Examples V-VI, the need for the use of interrupted cur-
rent or periodic current reversals is minimized. Seques-
tering or chelating agents, such as ethylene d’amine tetra-
acetates or similar compounds may be used in the copper
baths of this invention-to sequester impurities such as
trivalent chromium, without affectmg the brightness of
_ the. deposits.

What is. claimed is: '

-1.. A bath for. elﬂctrodeposumg brwht ductile copper
comprising an agueous alkaline copper cyanide solution
.containing -dissolved therein an acetylenic. ether -nitrile
-selected from the group consisting of . 1-hydroxy-4-(beta
-cya“xoethoxy) butyne-2 .and 1,4-di-(beta - cyanoethoxy)
‘butyne-2 in-an amount of from about-0. 02 gram/hfer to
-about 1.0 gram per. liter.

2. A hath for electrodeposmng brlght ductﬂe c“pn“r

“rcomprising. an. aqueous alkaline icopper cyani ‘de solution

‘containing the compound 1: hydroxy 4-(beta cyanoethoxy)

‘butyne-2: dissolved:thérein in:an amount from about 0, 07
R to ‘about’ 1 0 gram per-liter.. : v
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3. A bath for electrodepositing bright ductile copper

comprising an aqueous alkaline copper cyanide solution
containing the compound 1,4-di-(beta cyanoethoxy)
butyne-2 dissolved therein in an amount from about 0.02
to about 1.0 gram per liter.

4. A bath for electrodepositing bright fine-grained duc-
tile copper comprising an aqueous alkaline copper cyanide
solution which contains about ¢.1 to 10.0 grams per liter
of a water soluble salt of methylene bis-(naphthalene sul-
fonic acids), and about 0.02 to about 1.0 gram per liter
of at least one comipound seletced from the group con-
sisting of 1-hydroxy-4-(beta cyanocethoxy) butyne-2, and
1,4-di-(beta cyanoethoxy) butyne-2.

5. A bath for electrodepomtm17 bright fine-grained duc-
tile copper comprising an aqueous alkaline copper cyanide
solution which contains about 0.1 to 10.0 grams per liter
of a water soluble salt of methylene bis-(naphthalene
sulfonic acids), and about 0.02 to about 1.0 gram per
liter-of 1-hydroxy-4-(beta cyanoethoxy) butyne-2.

6. A bath for electredepositing bright fine-grained duc-
tile copper comprising an aqueous alkaline copper cyanide
solution which contains about 0.1°to 10.0 grams per liter
of a water soluble salt of methylene bis-(naphthalene
sulfonic acids), and about 0.02 to about 1.0 gram per
liter of 1,4-di-(beta cynaoethoxy) butyne-2.

7. A bath for electrodepositing bright very ﬁne—gramed
ductile ‘copper comprising an aqueous alkaline .copper
cyanide -solution -containing an amount of tellurium dis-
solved therein in the range of about 0.0002 to about 0.006
gram per liter, about 0.1 to 10.0 grams/liter of a water
soluble salt of methylene bis-(naphthalene -sulfonic
acids), and in addition thereto about 0.02 to about 1.0
gram per liter of at least one compound selected from
the group comsisting of 1-hydroxy-4-(beta cyanoethoxy)
butyne-2, and 1,4-di-(beta cyanoethoxy) butyne-2.

8. A bath for -electrodepositing . bright fine-grained
duztile copper comprising an aqueous alkaline copper
cvanide solution containing about 0.1 to 10.0 grams per
liter of a water soluble salt of methylene bis-(alpha naph-
thalene sulfonic acids), about 0.02 to about 1.0 gram
per liter of at least one compound selected from the
group consisting ‘of 1-hydroxy-4-(bzsta cyanoethoxy)
butyne-2, and 1,4-di-(beta cyanoethoxy) butyne-2.

9. -A bath for electrodepositing bright very fine-grained
ductile copper comprising an aquecus alkaline copper
cyanide solution. containing an.amount of tellurium. dis-
solved therein'in the range of about 0.0002 to about 0.006
gram per liter, about 0.1 to 10.0 grams per liter of a water

soluble salt of methylene bis-(alpha naphthalene sulfonic

acids), and in addition thereto about 0.02 to 1.0 grams

per liter of at least one compound sslected from the group . .

comsisting of - 1-hydroxy-4-(bsta cyanoethoxy) butyne:2,
and '1,4-di-(beta cyanoethoxy) butyne-2. :

" 10. A method for electredepositing bright ductile cop-
per. which comprises electrodepositing ' copper from ‘an
aqueous alkaline copper cyanide solution centa’ning dis-
solved. therein an- acetylenic ether mnitrile selected from
the group ‘consisting of 1-hydroxy-4-(beta cyanoethoxy)
butyne-2 and 1,4-di-(beta cyanoethoxy) butyne-2. in an
amount of from about 0.02 gram/liter to about. 1.0 gram
per liter.

11. A method for e]ectrodeposmng bright ductlle cop--
per which comprises electrodepositing copper from an’

aqueous alkaline copper cyanide solution containing the
compound 1 hydroxy 4-(beta cyanoethoxy) butyne-2 dis-

‘solved therein in an amount from about 0.02 to. about 1.0
‘gram per liter.

12.” A method for- electrodep051tmg bnght ductile-cop-

‘per “which ~comprises electrodepositing copper’ from an
‘aqueous. alkaline copper cyanide solution: containing the

compound 1,4-di(beta cyanoethoxy) -butyne-2 dissolved

jtherem ‘in an amount from about 0.02 to about 1.0° gram
per. liter.

13.- A method for e'ectrodepositing bright ductﬂe fine-

'gramed copper which comprises electrodepositing copper

e

-
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from an aqueous atkaline copper cyanide solution con-
taining about 0.1 to 10.0 grams per liter of a water
soluble salt of methylene bis-naphthalene sulfonic acids),
and about 0.02 to about 1.0 gram per liter of at least
one compound selected from the group consisting of 1-
hydroxy-4-(beta cyanoethoxy) butyne-2, and 1,4-di-(beta
cyanoethoxy) butyne-2.

14, A method for electrodepositing bright ductile fine-
grained copper which comprises electrodepositing copper
from an aqueous alkaline copper cyanide solution con-
taining about 0.1 to 10.0 grams per liter of a water sol-
uble salt of methylene bis-(naphthalene sulfonic acids),
and about 0.02 to about 1.0 gram/liter of 1-hydroxy-4-
(beta cyanoethoxy) butyne-2.

15. A method for electrodepositing bright ductile fine-
grained copper which comprises electrodepositing copper
from an aqueous alkaline copper cyanide solution con-
taining about 0.1 to 10.0 grams per liter of a water soluble
salt of methylene bis-(naphthalene sulfonic acids), and
about 0.02 to about 1.0 gram per liter of 1,4-di-(beta
cyanoethoxy) butyne-2.

16. A method for electrodepositing bright ductile very
fine-grained copper which comprises electrodepositing
copper from an aqueous alkaline copper cyanide solution
containing an amount of tellurium dissolved therein in
the range of about 0.0002 to about 0.006 gram/liter,
about 0.1 to 10.0 grams/liter of a water soluble salt of
methylene bis-(naphthalene sulfonic acids), and in ad-
dition - thereto about 0.02 to about 1.0 gram per liter
of at least one compound selected from the group con-

2
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sisting of 1-hydroxy-4-(beta cyanoethoxy) butyne-2, and
1,4-di-(beta cyanoethoxy) butyne-2.

17. A method for electrodepositing bright ductile fine-
grained copper which comprises electrodepositing copper
from an agqueous alkaline copper cyanide solution con-
taining about 0.1 to 10.0 grams per liter of a water sol-
uble salt of methylene bis(alpha naphthalene sulfonic
acids), and in addition -thereto about 0.02 to about 1.0
gram per liter of at least one compound selected from
the group comsisting of 1-hydroxy-4-(beta cyanoethoxy)
butyne-2, and 1,4-di-(beta cyanoethoxy) butyne-2.

18. A method for electrodepositing bright ductile very
fine-grained copper which comprises electrodepositing
copper from an aqueous alkaline copper cyanide solution

; containing an amount of tellurium dissolved therein in

the range of about 0.0002 to about 0.006 gram/liter,
about 0.1 to 10.0 grams per liter of a water soluble salt
of methylene bis-(alpha naphthalene sulfonic acids),
and in addition thereto about .02 to 1.0 gram per liter of

“at least one compound selected from the group con-

sisting of 1-hydroxy-4-(beta cyanoethoxy) butyne-2, and
1,4-di-(beta cyanoethoxy) butyne-2.
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It is hHereby certified that error appears in the above numbered pat-
ent requiring correction and that the said Letters Patent should read as
corrected below.

Column 1, extreme right-hand portion of the formula, for

"Na or P, etc., salts"” read ~- Na or K, etc., salts ~-; column
2, line 9, for “through" read -- though --; column 4, line 5,
for "10" read -- 1.0 —--; column 5, line 3, for "bis-naphthalene
sulfonic acids)" read -- bis-(naphthalene sulfonic acids) --.
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