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This invention relates to the electroplating of
bright coatings composed of a plurality of metals
to provide uniform deposits having bright sur-
faces free from pitting and possessing other de-
sirable characteristics.

This application is a continuation-in-part of
our copending patent application Serial No.
513,178, entitled “Bright alloy plating” and filed
December 6, 1943, which hag become ghandoned.

Considerable dificulty is encountered in elec-
troplating deposits composed of the homogene-
Ous combination of two or more metals, The
conditions necessary to plate such deposits are
quite critical; and, if the conditions of plating
are varied to an extent that would be considered
only minor in plating g single metal, the elec-
trodeposit composed of two or more metals may
be subject to disproportionate changes So that it
is relatively unsatisfactory. In Pbarticular, it has
been found that binary and ternary metal de-
posits tend to plate out quite dull and often ex-
hibit considerable pitting ang non-uniformity in
the plate, Oftentimes, the plating becomes pro-
gressively duller and less satisfactory in other
respects as a new bath is operated. Therefore,
considerable difficulty is encountered in produc-
ing binary and ternary meta] electrodeposits of
a quality comparakle to most of the single metal
electroplated coatings.

This invention relates to improving the elec-
trodeposition of binary and ternary electrode-
posits composed of copper and tin, In the ter-

. hary alloy, zinc is the third component, In par-
ticular, we have found that these deposits, which
are composed of copper and tin, may be electro-
plated under - predetermined conditions from
electrolytes containing a particular. addition
agent. The presence of the addition agent as-
sures the production of a silvery white electro-
deposit at all times. The high quality of the
electrodeposit is maintained even when the elec-
trolyte accumulates large quantities of carbon-
ates and other impurities which would ordinarily
tend to deteriorate the quality of the electro-
deposit. ) o

The object of this invention is to provide for
producing a brilliant silvery electroplate of an
allcy containing copper and tin by applying to
the electrolyte certain quaternary ammonium
compounds, '
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A further object of this invention is to provide
an electrolyte ccntaining copper and tin, with or
without zine, suitable for electrodepOSiting an al-
loy therefor, and an addition agent composed of
2 quabternary ammonium compound to provide
for a bright and homogeneous electrodeposit.’

Other objects of the invention will, in part, be
obvious and will, in part, appear hereinafter,

According to the present invention, electro-
iytes suitable for producing deposits composed of
an alloy of copper and-tin, or copper, tin and zine,
are improved by adding thereto surface-active
water-soluble quaternary ammonitm compounds
having a minimum of 15 carbon atoms of which
at least 12 carbon atoms are in g long chain. The
addition of these compounds, more fully described
hereinafter, has been found to increase the luster
and brightness of the electrodeposited alloy of the
metals set forth. The agents have been found to
prohibit or prevent the formation of pitting in the
electrodeposits. The throwing power is increased
by the use of the addition agents. The deposited
alloy coating is of more uniform thickness and
has greater corrosion resistance when applied
from an electrolyte containing the addition
agents, - .

Particularly good results have been obtained
with the addition agents composed of quaternary
ammonium compounds of this invention, when
applied to electrelytes capable of electrodepositing
an alloy composed of from 50% to 75% by weight
of copper, 15% to 30%. by weight of tin and from
% to 209% by weight of zinc. In some cases,
these . proportions may be departed from to a
slight extent, The bresence of minor amounts
of other metals or impurities will affect the na-
ture of the electroplated product.

The electrolyte for producing the ternary alloy
of copper, tin an'q zine, consists of the following:

Ounces per gallon

Freecyanide_________________~ 0.5 to 5.0
Copper__.__________________ " 0.2 to 0.50
T T 0.05t0 0.20
Zine___________ T 0.1 to 05
Sodium carbonate_.__________ 0 t012.0

Sedium hydroxide-_sbout 0.25 to 0.8 bunces per
gallon to give a pH of from
about 12 to 13, .

When the cbmposition is maintained within the
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limits indicated, plating may be accomplished
with satisfactory results. To secure an electro-
plating bath of the above-composition, the fol-
lowing chemicals in the indicated quantities by
weight may be added per 1000 parts of water:

Parts
Copper eyanide.—-——m—memmmmmem-m==ms 2f0 5
Sodium cyanide.—e—omemmmmemmmmommmo 10 to 80
Zine cyanide._.-- e oo 1to 6
Sodium stannate i---—emm—ommmms---os 34 to 4
Sodium carbonate.-—e—meemm-nmmmmm=== 15 t0 90

and sufficient sodium hydroxide (roughly 3t06
parts) togivea pH of from 12 t0 13.5.

An electroiyte that has been satisfactory for
both barrel and still-tank 'plating has the fol-
lowing composition: -
Ounces per gallon

Copper cyanide m——commmmammmmmmmommmm oo 0.5
Zine cyanide—ocom—oommmmmoommmmom—mmsmoos 0.27
Sodium stannate (N22Sn03.3H20) cceeceem- 0.22
Sodium cyanide--cemcemmmmmmmmmmmommmmmms 3.75
Sodium carbonate. - --m-e-ommm--mm—-o-mos 4.0
Sodium hydroxide - -com-memmmmmmmmmmmm 0.6

The pH of this elecirolyte, when maintained in
the range of from about 12.6 to 13.5, produces
excellent electroplate. The anodes were com-
posed of from 52% to 65% copper, 256% to 35%
tin and 10% to 20% zinc. ‘Analysis of the ternary
alloy electroplate produced by this last clectroiyie
in combination with the: anodes Shows COPDEY
from 55% to 60%, tin 25% to 28% and zince 14%
to 18%. )

In all of the above compositicns zine may be
added as zine suliate. Other zing, tin and copper
salts, which are co.uble ina cyanide solution may
be empioyed in preparing the e.ectrolyte. It will
e undcrstood .hat potassium saits may be used
instiad of sodium salts, alowance keing made for
the difference in molecular weaight. The electro-
lyte is p-egarcd by dissclving the fincly pow-
dered calts in the prede:ermined quantity of
water. The solution may be filtered before in-
troducing it into the plating tank.

The ternary aiioy elcciroplating bath employs
anodes composed of the alloy. The tin content of
the ancdes may be somcwhat highcr by two or
three percent than the electrodeposit itself, since
a small proportion of the tin precipitates out of
the electrolyte
ple, the anodes may
from 59% to 15%
zine.

The electroplating tank may bs of slass, wood,
or rubber covered metal, or cven stainless steel.
Tt is desirable to provide a source of heat, such
as a s.eam coil, since plating has been found to
be more efficient when the operation is conducted
in a tempcrature range of frcm about 140° F.
to 160° F.

It i; poscible to obtain ternary alloy coatings
0.0001 to €.0005 inch thick in a shor; time, about
12 minu es at a curreng density of 15 ampsres pey
gquarc foot per 0.0001 inch thickness of deposit

contain from 15% to 35% tin,
copper, and from 5% to 20%

is re uired. For most purposcs, coatings of this-

thick=ess have adeguate cOvVerng power and cor-
rosion-resistance. In some ¢28e8 where it is de-
sirable to have & thicker coating, plates varying
from 0.001 to 0.002 inch thick and even heavier
and which are guite bright have been obtained
by electroplating for greater periods of time.
Since the anode efficiency is about 100% while
the cathode efficiency is about 35%, it is neces-
sary, under most conditions, to employ a number
of insoluble anodes of steel or carbon in com-

during eleciroplating. For exam- °
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4
bination with ternary aloy anodes. Satisfactory
results have been obtained if from 15% to 30%
of the total anode area consists of alloy anodes
and the remaining alloy area is provided by in-
soluble anodes. )

In electroplating an alloy composed of 55% to
65% copper, 20% to 309% tin, and 5% to 20%
zine, for example, as a pright silvery plate, the
voltage between the anode and cathode should
be maintained within the limits of 3 to 5 volts
where the anodes and cathodes are separated at
standard plating distances of from six to eight
inches. Maintaining still tanks at a voltage of
from 3% to 4% volts for the standard plating
distances has given excellent plating. A higher
voltage will be required if the anodes and cath-
odes are separated by more than the standard
distance.

In order to produce bright smooth deposits of
silvery white ternary alloy, it has been found that
the addition of from 0.01% to 59% of the weight of
the electrolyte, or 0.01 ounce to 5 ounces per gal-
lon of water-soluble surface-active quaternary
ammonium compounds having at least 15 carbon
atoms should be present. The quaternary am-
monium compounds which have been found to be
highly satisfaciory in the practice of the inven-
tion may have ei:her of the following chemical
formulas:

1. CH; ((FH2),.—-CHA
CH3;~N—CH—COONa
o X

L. (CH2)»—CHs

CH;—N-—CH—COONa

CH3 }‘c .
Tn Formmula I, X is a halide and n is 12 or
In Fermula II, X is a halide and m is 14
or greater. The halide, for example, may b2 b.o-
mine. Instead f s.dium compounds, petassium
and other alkali met.l quaternary ammonium
compocunds may be employed. The quaternary
ammonium CCMEOouUnds may occur as a byzroduct
constituent in ihe proparadon o: long caroon
chain betaines though they may be produced di-
rectly. Pariicularly good results have been ob-
tained when the quaternary amumonium com-
pounds contain 17 carbon aloms Or more.

While other iong carbon chain compounds have
exhibited some benefits in electrolytes capable of
producing ailoy electrodeposits, the quaternary
ammonium compounds have been found to-be
markedly mcre stable inn an alkaline cyanide solu-
ticn than any o.her adadition agent tried. TFur-
thermore, the optimum brightiness has been se-
cured by the use of the guatcrnary ammonium
compounds set forth above.

Good results have been obtained when 4 cubic
centimeters of the quaternary ammonium com-
pound have heen added to each gallon of the
electrolyte. The quaternary ammonium com-
pound should be replenished from time to time
in order to replace drag-out losses, lost due to
decomposition or for other reasons.

Tilustrative of the benefits of the quaternary
ammonium compounds of this invention, a ter-
nary alioy electrolyte was found to produce dull
and pitted electrodeposits without the presence
of the addition agent. On adding 4 cubic centi-
meters of the quaternary ammonium compounds

. to the bath, the electrodeposits immediately be-

75

came 3 brilliant silvery white color. The quality
of the deposited metal was noticeably improved
in that pitting was entirely eliminated. The ad-
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dition agent has been found to compensate for
slight changes in the proportions of the constit-
uents from those given above. Thus, if the con-
centration of some one of the metals is Just above
_ the desirable proportions, the plating will be dull
and of poor quality. By adding the quaternary
ammonium compound, the plating will immedi-
ately improve and become bright and sparkling.
The water-soluble surface-active quaternary
ammonium compound has been found to mark-
edly improve the deposition of g copper-tin alloy.
An electrolyte for depositing an alloy of copper
and tin may have the following constituents;

Grams per liter
Copper cyanide 5.to 35
Sodium stannate .__.________________ 5 to 35
Sodium cyanide 10 to 40
Sodium hydroxide 5 to 30

Without the addition agent, the electrolyte pro-
duces a relatively dull deposit, even under the
best of conditions.
ammonium compound in an amount of 5 cubic
centimeters per gallon of electrolyte, the copper-
tin alloy is plated out as a brilliant silvery white
deposit at plating current densities of from 10 to
80 amperes per square foot, or even higher in
some cases. A silvery white electrodeposit com-
posed of 80% copper and 20% tin has been pro-
duced by plating at a current density of 20 am-
peres per square foot from an electrolyte con-
taining 15 grams per liter of copper cyanide, 15
grams per liter of sodium stannate and one gram
per liter of quaternary ammonium compound.

The addition agents of this invention appear
to enhance the luster and brilliancy of the cop-
per-tin binary and ternary alloy deposits. The
electroplates appear to have a blue tinge when
plated from an electrolyte containing the quater-
nary ammonium compound. This blue tinge is a
desirable feature,

Since certain changes in carrying out the above
processes and certain modifications in the com-
positions which embody the invention may be
made without departing from its scope, it is in-
tended that all the matter contained in the above
description shall be interpreted as illustrative
and not in g limiting sense.

We claim as our invention:

1. An alloy electroplating process which com-
prises electrolyzing an aqueous alkaline cyanide
electrolyte containing from 0.01 to 5 ounces per
gallon of at least one water soluble, surface active
quaternary ammonium compound selected from
the group consisting of compounds having the
formulae:

: (CH;)»—CH,

(CB:):—N—J!H—C OOR

and
(CHy)u~—CHj
CHy=N-~CH=~CQOR
050/

By adding the quaternary .

where X represents a halogen atom, R represents

an alkali metal, n is & number greater than 11

and m is a number greater than 13, the balance

of the electrolyte composed of from 0.5 to 5 ounces
& per gallon of free cyanide, from 0.2 to 0.5 ounce
per gallon of copper, from 0.05 to 0.2 ounce per
gallon of tin, from 0.1 to 0.5 ounce .per gallon of
zine, anions associated with the copper, tin and
zine, from 2 to 12 ounces per gallon of alkali
metal carbonate and from 0.25 to 0.8 ounce per
gallon of alkali metal hydroxide, and the re-
mainder being water.

2. An alloy electroplating process which com-
prises electrolyzing an aqueous alkaline cyanide

10

18 electrolyte containing from 0.01 to 5 ounces per
gallon of at least one water-soluble, surface ac-
tive quaternary ammonium compound selected
from the group of compounds having the
formulae:

20 (CHy)s—CH;

(CH;):—N——(IJH-—COOR
|
X
and
o5 {CHjy)w—CHj
(CHy)~N—CH;—COOR
CH: X

where X represents s halogen atom, R represents
an alkall metal, 7 is a number greater than 11
and m is a number greater than 13, the balance
of the electrolyte composed of from 5 to 35 grams
per liter of copper cyanide, from 5 to 35 grams
per liter of sodium stannate, from 10 to 40 grams
per liter of sodium cyanide and from 5 to 30
grams per liter of sodium hydroxide, the balance
being water.
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