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This invention relates to the production of cor-
‘rosion resistant zinc coatings on metals and more
particularly to the production of zinc coatings by
electropiating.

$  This application is a continuation in part of
my co-pending applications, Ser. Nos. 752,703
and 752,704,

Zinc coatings offer excellent corrosion resistant

protection for metallic articles, especially.for iron

10 or steel surfaces. Protective zinc coatings may
- be applied by hot dipping in molten zinc or by
electroplating methods. Heretofore, it has been
difficult to produce heavy zinc coatings of high
ductility, with the result. that when zinc coated
» articles are drawn-sr* bent during manufacturing
processes or when in use, the zinc coating tends
to.crack or chip, impa.iring the corrosion resist-
ance of the coating. - Thus, the “galvanizing”
process wherein zinc is coated by dipping metal

' 20 Into molten zinc produces a bright, attractive

surface but the coating is relatively brittle and
tends to crack or chip off when plated articles
are bent or hammered in manufacturing proc-
esses. A common methed of electroplating zinc
o5 comprises the use of an electrolyte containing
zinc cyanide, alkali metal cyanide and an sal-

kalining agent such as caustic soda. This elec-

troplating. method as utilized heretofore results
in zinc coatings of relatively low ductility and
90 furthermore, the coating is of a dull color and less
attractive in appearance than the galvanized
coating. Such dull electroplated coatings must

be brightened by burnishing or other mechanical .
treatment when a bright appearance is desired. -
' “ An object of the present invention is t{o- pro-

.vide a method for producing highly ductile elec-
troplated zinc coating on iron, steel or other elec-
trically conductive bases.. A further object is to

electrodeposit highly ductile zinc coatings which:

40 have a bright appearance. A further object is
to produce by an electroplating process a smooth,
-bright, mirror-like zinc coating on iron, steel, or
other electrically conductive bases.. Other objects

_ will be apparent from thé following descriptlon‘
45 of my invention.

In my above mentioned co-pend.ing applica-
tions, Ser. Nos. 752,703 and 752,704, I have dis-

closed and claimed a method for electroplating-
zinc whereby relatively bright, highly ductile-

so electrodeposits of zinc may be obtained. One
feature of this electroplating process comprises

purifying the electroplating solution by several

‘added hydrogen peroxide.

alternative means, one of which consists in the
addition of a reducing agent such as sodium bi-
sulfite to the electroplating bath. In accordance
with the process described and claimed in my
above mentioned co-pending applications, by op~ §
erating the purified electrolyte at cathode cur-
rent efficiencies close to 100%, bright deposits
are obtained which are of extremely high duc-
tility. - At somewhat lower cathode current effi-
ciencies, e. g., 90-95%, the coatings produced, 10 -
while still. highly ductile, are more or less dull

in color. These dull coatings in accordance with
my previously described inventions may be bright-
ened more or léss by a mild oxidation treatment,

e. g., by dipping: in a dilute nitric acid solution 15
or a sulfuric acid solution to which has been
These bright, ductile
deposits produced by my prior inventions, wheth-

er by operating close to 100% current efficiency
or by bright dipping, are, when compared with gg
bright dipped plate hereinafter described, more
accurately described as “semi-bright”; they do
not have a mirror-like appearance unless they
are buffed or burnished.

I have now discovered that in place of the g5
purification treatments described and claimed in
the above mentioned co-pending applications, I
can obtain excellent purification of the bath by
adding thereto certain sulfur compounds, herein-
after described, which appear to act to precipi-.gg
tate heavy metals from their solutions in the form
‘of insoluble salts. I have further discovered that
the use of such sulfur compounds to purify the
bath leads to improved results in the obtaining

" ‘of bright deposits by a bright dipping treatment 4,

after plating when the plating is done at cathode -
current efficiencies sufficiently low to produce
dull coatings. More specifically, I have found

* that when the purified bath is used to electroplate
- iron, steel or other articles under such conditions 40

that hydrogen is evolved from the c¢athode and
the electroplated article has a brownish or yel-

lowish thin coating on the electrodeposit, by sub-

sequently bright dipping in an acidic oxidizing
solution, the dull electroplate is transformed to 45
& bright, smooth, substantially mirror-like finish
without the necessity of burnishing, buffing or
similar mechanical freatment. This result I have
not been able ‘to obtain by adding bisulfite or
other reducing agent to the bath as described in 50
the aforesaid co-pending applications.

Highly ductile sinc deposits may be obtained in
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49 “Include soluble sulfides (including polysulfides),
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accordance with the present invention, by pre-
paring an electrolyte solution containing zine
cyanide, alkali metal cyanide and an alkalining
agent, e, g., sodium hydroxide, then purifying the
electrolyte by adding certain sulfur compounds
as hereinafter set forth and thereafter employing
the -purified solution as electrolyte for electro-
plating zine, while using a cathode current den-
sity sufficiently low to.obtain & cathode current
efficiency of at least 90%. The temperature of

the electrolyte during the electroplating opera-'

tion may be either at low temperature or at an

.elevated temperature, up to the boiling point of

the solution. In some cases, s hereinafter more

fully explained, it is preferable to operate at ele-

vated temperature, e. g. 60° C. or higher, since
this usually allows a higher cathode current den-

Sity to be employed. When the electroplating

process is operated in accordence with my inven-
tion at cathode current efficiencies of less than
about 98%, deposits are formed which are slight-
ly dull or have a thin yellow to brownish coating
thereon. Such dull deposits may be transformed
to bright, smooth, mirror-like plates by a mild
oxidizing freatment, as hereinatter explained.
By operating at sufficiently low cathode current
densities to attain a cathode current eficiency
sufficiently high (1. e. close to 100%) that sub-
stantially no hydrogen is evolved at the cathode,
bright, (but not mirror-like) crystalline electro-
deposits of extremely high ductility are directly
obtained without further treatment.

In accordance with the present invention, be-
fore using an alkaline electrolyte for zinc plating,
I add thereto & sulfur compound soluble in the
plating bath which is capable of precipitating
heavy metals, e. g., lead, ete., from their solu-
tions in the form of insoluble salts. The sulfur

compounds which I have found suitable for this.

burpose may be either organic or inorganic and

e. 2., sodium sulfide, potassium sulfide, barium
sulfide and hydrogen sulfide; zinc sulfide, soluble

" thiosulfates, e. g., sodium thiosulfate or potassium

45

thiosulfate; soluble hydrosulfites, e. g., sodium
hydrosulfite; soluble thiocyanates, e. g., sodium
thiocyanate; soluble thiocarbonstes, e. g potas-

- slum ethyl xanthate or other soluble zanthates;

50

66

the amides of thiocarbonates, e. g., thiourea; the
thiuram sulfides, e. g. tetramethyl thiuram mono-
sulfide ((CH3)3NC:8.8.C:8.N(CH3)3). In order
to purify the bath I merely add a small amount
of one of these sulfur compounds. The required
amount depends, upon the amount of impurities
to be precipiated. In general the amount of im-
purities present are very small and an amount
of sulfur compound equivalent to a fraction of
an ounce per gallon of solution ordinarily is
suffielent to purify the bath and leave a small

-excess of the sulfur compound therein. Generally.

I prefer to add from 0.1 to 5 ounces per gallon
of the sulfur compound. It is usually preferable,

_ when possible, to add sufficient of the sulfur com-
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pound so that after purification is- complete, a
small excess of the sulfur compound is left in the
bath. This is possible only when the sulfur com-
pound does not precipitate zing, e. g. by the use

of a thiocyanate. If compoundswhich precipitate

zinc are used, e.” g. sulfides, the excess of sulfur
compound soon appears to become completely re-
acted. When a considerable amount of impuri-
ties have been precipitated, it is preferable but
not essential to filter the bath before using it.
I have further found that it is often desirable to
age the purified bath by subjecting it to elec-

trolysis for a short time, e. g. from 156 minutes to
several hours, before putting it into regular use;
this appears to aid somewhat in obtaining more
complete precipitation of the impurities. During
extended periods of operation, it is advisable to
add further small amounts of the sulfur com-
pound from time to time (e. g. daily) or
as required, to compensate for impurities which
may enter the electrolyte. While I prefer to add

not more than 5 ounces per gallon of sulfur com-,

pound per bath, larger.amounts may be used if
desired, since such excess ordinarily is not
especially disadvantageous, except when the sul-
fur compound precipitates zinc in which case an
excessive amount would unduly lower the zinc
concentration. : .o

The above described bath purification method
will remove soluble impurities from the bath to
produce an electrolyte which will deposit highly
ductile zinc by my herein described method.
Under the conditions of plating in accordance
with the preferred embodiment of my invention,
further impurities which exist in the anode or in
electrolyte material thereafter added to the bath
may be precipitated during electrolysis, and hence
the electroplating operation may be conducted for
long periods of time without further bath puri-
fication, The bath when purified, may be allowed
to stand for considerable periods between plat-
ing operations without purification and ordinarily
no further purification is required when plating

s resumed. The impurities removed or rendered

insoluble by the bath purification appear to be
soluble compounds of heavy metals such as
cadmium, tin and/or lead. The presence of ex-
tremely small amounts of such impurities ap-
pears to be deleterious in my process and such
small amounts are effectively removed by the
above described purification method.

In order to prevent impurities in the anodes
from dissolving in the bath, I have found that the
plating conditions must be such that the current

efficlency at the anode must be substantially not.

lower than 100%. Under these.conditions, the

. .impurities appear to precipitate on the anode |
and/or fail to go into solution end finally drop

to the bottom of the plating tank. I prefer to
use zine anodes containing a small percentage
of mercury alloyed therewith, as the mercury,
probably by amalgamation, appears to aid in
settling out the impurities preeipitated on the
anode surface. Alternatively, instead of operat-
ing at 100% anode current efficiency, I may use
absolutely pure zinc anodes. However, anodes of
such high purity are difficult to obtain, and I
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prefer to operate at 100% anode current efi- °

clency. -
The conditions required to attain 1009 anode

‘current efficiency are well known to the electro-

platers; such conditions will vary with -various
plating bath formulae. In geneéral, it may be

60

stated that to obtain 100% efficiency, the current .

"denslty at the anode should not be too high for

& given plating solution; and if the anodic cur-
rent efficiency falls below 100%, this may be
corrected by lowering the anodic current density
and/or increasing the bath temperature. By way
of example, I have obtained 100% snodic current
efficiency by operating in the cold, at average
anode current-densities of 15 to 25 amperes per

70

square foot, baths containing 6 to 12 oz. per*\gal. .

of zinc cyanide, 3 to 8 oz. per gal. of sodium’
cyanide and 6 to-10 oz per gal. of sodium

hydroxide. If these baths are operated hot, i, e.
at 80° C. or higher, the average snodic current

|
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densities may vary from 25 to 40 amperes. per -

‘square foot to obtain 100% anodic current effi-

clency.
If the anodic current eﬂiclency should be al-
lowed to fall below substantially 100% for suffi-

cient time to foul the bath with impurities, the -~

bath may readily be repurified by the addition of
a sulfur compound as above described.

By way of illustration, one method of practic-
ing my invention to obtain a highly ductile zinc

electrodeposit will be described. A solution is .

made up which confains from 6-12 ounces per
gallon of zinc cyanide, 3-6 ounces per gallon of
sodium cyanide and 6-16 ounces per gallon of
sodium hydroxide. This solution then is purified
by adding a small amount of one of -the above
mentioned sulfiur compounds, whereupon the im-

‘purities are precipitated. Preferably the amount

of sulfur compound added is sufficient to leave an
excess, preferably an excess of at least 0,1 ounce
per gallon, of the sulfur compound in solution.
The solution then is employed as electrolyte for
electroplating zinc with soluble zinc anode at an
elevated temperature, e. g. above 60° C. and at

such cathode current density that a cathode cur-

rent efficiency of at least 90% is obtained. Pref-
erably, the bath is allowed to stand to settle out
the precipitate and/or filtered before using.

In order to obtain a highly ductile coating of
zinc plate in accordance with my invention, the
purified electrolyte, is operated at a cathode cur-
rent density sufficiently low to result in a cathode
current eficiency of at least about 90%. - The
maximum current density which may be used will
vary, depending upon the bath temperature and
the concentration of the ingredients. Under the
above stated conditions, the respective concentra-
tions of zinc cyanide, alkali metal cyanide and
alkalining agent may be varied greatly in practic-
ing my invention.. However, it is preferable to
‘have the sum of the concenirations of alkali metal
cyanide and alkalining agent, expressed in equiva-

- lents of sodium cyanide and caustic soda, respec-
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tively, equal to at least about 0.8 times the con-
centration of the zinc cyanide. Also the alkali
metal cyanide and alkalining agent each should

be present in appreciable amounts; I prefer to

use an amount of alkali metal cyanide equivalent
to a sodium cyanide concentration equal to at
least 0.25 times the zinc cyanide concentration
and an alkalining agent concentration equivalent
to & caustic soda concentration equal to at least
0.6 times the zin¢ cyanide concentration.

In general, as the total concentration of elec-
trolyte ingredients is increased, the maximum

current density at which the highly ductile de--

posits' may be:obtained-is likewise increased, for a
given operating temperature. However, I have
found that the increase in this maximum current
density depends on the relative proportions of the

_ ingredients, as well as the total concentration.

70
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For example, for a given zinc cyanide concentra-
tion, in order to attain the highest possible cur-
rent density at which highly ductile zinc may be
plated at a given temperature, the alkali metal
cyanide concentration, expressed in sodilum cy-
anide equivalent, must lie'in the range 0.25 to 0.8
times the zinc cyanide concentration and the sum

of the concentration of alkali metal cyanide and -

alkalining agent, expressed in equivalents of sodi-
um cyanide and caustic soda, respectively, should
be at least equal to the zinc cyanide concentra-
tion. Preferably, the concentration of the alka-
lining agent, expressed as caustic soda equivalent,
should be equal to or greater than the zinc cy-

3
anide concentration. Examples of preferred
electrolyte compositions follow:

" Bath Zn(CN)s| NaON | NsoH
Oz.jgal. | Oz.gal. | Ozjpul.
A 4 3 4
B 8 4 8
c H

It is to be understood that baths having differ-
ent concentration ratios may be used but in such
cases correspondingly lower cathode current den-
sities usually must be employed, other conditions

" being unchanged. For example, if the sodium

cyanide concentration is either greatly increased

10
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or greatly decreased beyond that shown in the °

above {able in any one of the. baths illustrated,
the maximum allowable cathode current density
will be correspondingly less. Also if the propor-
tion of caustic soua is greatly decreased from that
shown, the maximum allowable cathode current
density for the production of ductile zinc will be
less; but, if desired higher concentrations of
caustic than those given above may be used with-
out decreasing the maximum cathode c'urrent

‘density figure. -

I have found that by carefully proportioning
the electrolyte ingredients in my purified bath, I
may produce ductile zinc deposits at cathode cur-

rent efficiencies of 90% or better while employing

unusually high cathode current densities, e. g. 40
to 100 amperes per square foot with a cold bath
and 100 to 500 amperes per square foot or even
higher if the bath is heated, e. g. to 60° C. or high-

_er. In order to obtain a highly ductile. deposit

and utilize such high cathode current densities,
the zinc cyanide content of electrolyte preferably
is not less than about 8 ounces per gallon, the
ratio of sodium cyanide concentration to zinc cy-
anide concentration must e between 0.25 and 0.6
and the concentration of alkalining agent must

be equivalent to at least 6 ounces per gallon of
-sodium hydroxide..

By operating at high bath
temperatures, e. g., 80° C. or higher, the same re-
sults may be obtained with & wider range of con-

centration of the electrolyte ingredients. How-

ever, even at these higher temperatures, in order
to utilize a cathode current density of 100 am-
peres per square foot or higher, the zinc cyanide
content ordinarily should not be less than 4

ounces per gallon, the alkalining agent should be -

‘equivalent to a caustic soda concentration at least
equal to that of the zinc cyanide and the ratio of
the alkali metal cyanide concentration to the zinc
cyanide concentration should be substantially as
specified above.

I have discovered that it the conditions of the
electrolysis are so conducted that the cathode
current density is sufficiently iow that there is
substantially no hydrogen evolution at the cath-
ode, the highly.ductile deposit which is formed
on the cathode has a bright and lustrous (al-
though not mirror-like) appearance. To attain
this result, it is necessary to operate with a
cathode curfent efficiency close to 100%, e. g. 87
to 1009 efficiency. This bright, lustrous, ductile

. deposit is unique in that it is highly resistant to
tarnish and does not readily finger. stain when.

handled. Further, these bright deposits in gen-

eral. are somewhat more ductile than the here- -
inbefore described slightly dqull but highly ductile -

deposits produced by operating at around 90 to
95% cathode efficiency. Practically any alkaline

zinc plating bath containing zinc cyanide, so- 75
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dium cyanide and caustic sode or its equivalent
may be used to produce such bright, lustrous,
ductile deposits provided that the conditions are
such that substantially no hydrogen is evolved at
the cathode. In order to produce the extremely
high current efiiclency necessary to produce the
bright deposit, the cathode current density must
be correéspondingly lower than is required to
electroplate at lower cathode current efficiencies.
Thus a solution containing four ounces per gallon
of zinc cyanide may have to be operated at cath-

ode current densities as low as 1 to 5 amperes .

per square foot in order to produce the bright
deposits. In order to utilize & reasonably high
current density and thereby decrease the time
required for plating a given deposit, I prefer to
operate at temperatures of 60 to 80° C. or higher,
preferably at the boiling point of the solution.
At such temperatures, & bath containing four
ounces per gallon of zinc cyanide and suitable
amounts of alkali metal cyanides and alkalining
agents may be operated at 10 to 50 amperes per
square foot current density to produce the bright,
ductile plate. At higher zinc cyanide concentra-
tions, e. g. 8 to 12 ounces per gallon, and with
suitable proportions of slkali metal cyanide and
alkalining agent and by operating at bath. tem-
peratures of around 20° C., I have been able ¢o
produce thease lustrous, highly ductile deposits at

cathode current densities as high as 80 amperes-

per square foot.

In addition to the effects of temperature and

electrolyte concentration, the maximum current
density which may be used in practicing my
invention may also depend more or less on the
size and shape of the electrodes and the spacing
between anode and cathode. For example, theo-
retical considerations indicate that & spherical
cathode, concentric with a hollow sphere anode
would allow higher cathode current densities to

be employed with a given solution operated at -

& given temperature, to attain a given cathode
current efficiency than any other cathode-anode
arrangement. In general, large cathodes require
smaller cathode current densities than small ones
and deeply recessed cathodes require smaller cur-
rent densities than fiat pieces. )

As has been mentioned above, if the current

efficlency of the plating bath during operation:

falls sufficiently low, hydrogen is evolved at the
cathode and the cathodic deposit is more or less
dull in appearance and usuelly is covered with
& yellowish or brownish film. This is especially
true when the current efficiency falls below 90%
at the cathode and the cathodic hydrogen evolu-
tion is more or-less.vigorous. If the electroplat-
ing bath is operated under such conditions after
having been purified by the addition of sulfur
compounds as above described, bright dipping of
the resulting electrodeposit in an oxidizing solu-
tion or other mild oxidation treatment results in a
smooth, bright, substantially mirror-like plate.
The characteristic yellowish brown coating which

- is formed in this process appears in the form of

an extremely thin film covering the zinc deposit.
Often, this film'is sufficiently thin that the bright
deposit underneath is fairly visible, thus produc-
ing a fairly bright, smooth plate which is satis-
factory in appearance for many uses. The exact
nature of this brownish fiim has not been deter-
mined and may possibly consist of insoluble im-

. purities deposited by cataphoresis or it may be'in

the nature of interference colors caused by &
slight film of oxide on a highly reactive surface
layer of the deposited metal.. In any event, if the

3,146,439 v

conditions are such that this characteristic brown
film is produced, subsequent bright dipping in an
acidic oxidizing solution will produce an extremely
bright, smooth, mirror-like finish which resem-
bles a buffed or burnished surface. These mirror-
like plates thus produced ordinarily are not highly
ductile, their ductility in general being dependent
upon cathode current efficiencies obtained while
the plate is being deposited. They are, however,
much more ductile than zinc coatings obtained by
the hot dip method and have a much hetter ap-
pearance than such coatings. In general, they
may ke sald to have substantially the same de-
gree of ductility as ordinary zinc¢ costings pro-
duced by electroplating from unpurified zinc
cyanide solutions,

In order to produce the mirror- like plate by
the above described method the plating condi-
tions preferably are such that visible cathodic
hydrogen evolution occurs. While I prefer to
operate under such conditions that the cathode
current efficiency is not greater than about 90%,
it is possible to produce the mirror-like coating
by plating at higher current cathode efficiencies,
especially if the bath is maintained at tempera-
tures not greater than about 40° C. Under some
conditions, especially at the lower temperatures,
there may be substantially no visible hydrogen
evolution and yet the electrodeposit will have
the characteristic yellowish film and on bright
dipping the mirror-like surface is obtained. For
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a given bath composition add concentration at .

8 given operating temperature there will be a

"maximum cathode current efficiency, in amount

not greater than about 989, which should not
be exceeded if it is desired to produce the mirror-
like coating. If such maximum efficiency is ex-
ceeded, the coating is the semi-bright highly
ductile deposit described above. It iz difficult to
predict with certainty’just what the maximum
current efficlency should be for a given solution
operated at a given temperature to produce the
mirror-like deposit by bright dipping. This is
easlly determined, however, by experimentation
and in practical operation, if the deposits do not
produce the desired results on bright dipping, the
operator should take steps to reduce the current
efficiency to a point where the desired result is
obtained. The current efficiency may thus be
decreased by (a) decreasing the temperature of
the bath, (b) increasing the cathode current

. density, (¢) diluting the bath to decrease the

concentration of the ingredients thereof and/or
(d) increasing the free cyanide content of the
bath. Thus by varying these conditions the cur-
rent efficlency of the bath may be adjusted as
‘desired to -produce either a semi-bright highly
ductile plate or s somewhat dull plate covered
with a yellowish film which on bright dipping
acquires & mirror-like surface.

The operation for the transformation of the

_plate covered with the yellowish fllm to the

bright mirror-like condition may comprise con-
tacting the surface of the plated article for a

. short time with a dilute solution of-an oxidizing

agent, preferably at about room temperature,
until the desired brightening effect is obtained.
-Other mild oxidation treatments, as hereinafter
described, likewise may be used to remove the
brown film. In general, I prefer to use an acidic
oxidizing solution for this purpose. Also, it is

. preferable to thoroughly wash the plate to-re-

move the alkaline plating solution therefrom be-
fore contacting it with the acid bright dip solu-
tion and if desired, the plate may be treated with
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mersed for a few seconds in a 0.5% aqueous solu-

& non-oxidizing acld solution, e. g. dilute H:80¢
or HCI to remove all traces of alkalli prior to

". bright dipping. Ordinarily, the brightening ef-
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‘solution.

fect is obtained by immersion of less than one
minute, e. g., 5 to 20 seconds, in the bright dip
After the brightening treatment, it
is preferable to wash the plated article before
allowing it to dry. Examples of preferred oxi-
dizing agents suitable for making these brighten-
ing solutions are nitric acid, hydrogen peroxide

‘and chromic oxide. Examples of specific bright-

ening solutions which I have found suitable

follow:— .
" Solution A

Aqueous solution containing. % to 1% by/
_weight of nitric acid.

‘J

Soluﬁon B
Aqueous solution containing:
Per oent by welght -
Sulphuric acid 2to5-
Hydrogen peroxide (100 volume)_._...--_..__ 2tob
Solution C
Aqueous solution containing:
QOunces per gallon
Chromic acid B i 16 to32
‘Sulphuric acid (conc.) .- — 0.16to 032

: .Solution D
Another solution which may be used for

brightening the dull plate consists of an alkali .
metal cyanide solution containing a small amount .

of hydrogen peroxide, for example a solution con-
taining 2 to 4 ounces per gallon of sodium cya-
nide, to which is added 2 to 5% by weight of 100
volume hydrogen peroxide solution.

Another mildly oxidizing operation whlch is
effective in removing the brown fllm comprises
an anodic electrolytic treatment wherein the
plated article is made in the anode in an alka-
line electrolyte, preferably an alkaline electrolyte
containing sodium cyanide, for a short time, e. g.,
5 to 10 seconds.

The {following examples .illustrate specific
methods of practldng the herein described in-

vention:
Erample 1

A zinc cyanide plating bath was made contain-~
ing five ounces per gallon each of zinc cyanide,
sodium cyanide and caustic soda, to which was
added one ounce per gallon of sodium bisulfite.
This solution was divided into two portions; to
one portion was added one-half ounce per gallon

; 'of hydrated sodium sulfide (NaaS-+9H20) and to
the other portion 0.8 gram per gallon of the hy-

drated sodium sulfide. The addition of the sul-
fide caused the formation of a precipitdate; in

‘the portion to which was added the larger amount

of sulfide, the precipitate was voluminous and

_gray in color, indicating that some zinc sulfide

" had been precipitated. A brownish color wais

65

- from the cathodes during the electrolysis.

.

imparted to the bath to which 0.8 gram per gal-

lon of sulfidé had been added. Each portion of

the solution was separately electrolyzed with zinc
anodes and sheet, steel cathodes for a period of
about ten minutes. The baths were operated at

.room. temperature with cathode densities of 20
In each. case .

to 50 amperes per square foot. :
there was a voluminous evolution of hydrogen
The
résulting cathodic deposits were covered with a
thin, brownish colored film. The cathodes were
thoroughly washed in water and then were im-

S

tion of nitric acid and following this, washed and
dried. The nitric acid treatment completely
removed the bronze fillm and the resulting plate
in each case was smooth, bright and mirror-like.

Example 2

The procedure of Example 1 was repeated ex-
cept that the solution used contained ten ounces
per gallon each of zinc cyanide, sodium cyanide
and caustic soda. Instead .of the addition of
sodium sulfide to one portion of the solution,
ten grams per gallon of barium suifide was added

. and another portion, fifteen grams per gallon of

zinc sulfide. ‘The electrodeposits secured from
these solutions after treatment in omne-half per
cent nitric acid solution, had the same charac-
teristics as the plates produced by the procedure
of Example 1.

‘Example 3

10
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7o a zinc cyanide plating solution containing

ten ounces each of zinc cyanide, sodlum cyanide

' and caustic soda was added ten grams per gal-

lon of potassium ethyl xanthate, Zinec deposits
electro-plated from this solution and treated with
nitric acid according to the procedure of Example
1 produced smooth, bright, mirror-like plates.

Example 4

The procedure of Example 3 was repeated, ex-
cept that 180 grams per gallon of sodium thio-
cyanate was added to the solution in place of the
xanthate. The results obtained were identical

with the results of Example 3.

Example §

The procedure of Example 3, employing 35
ounce per gallon of thiourea in place of the
xanthate, produced smooth, bright, mirror-like
plates. N
’ Example 6

A zinc cyanide plating bath was made up con-
taining 12 ounces per galion of zinc cyanide, 8
otinces of sodium cyanide and 12 ounces per gal-
lon of caustic soda. ‘To this was added one ounce
per gallon of sodium bisulfité and one-half ounce
per gallon of sodium thiosulfate. This solution
was used to electrodeposit zinc at various tem-
peratures and at various cathode current densi-
ties, the cathode current efficiencies being deter-
mined for each run. By operating the bath at
cathode current densities of 20 to 50 amperes per
square foot at a temperature -of about 25° C,,
plates having & bronze-like film similar to"those
produced inh-the above examples were obtained,

which were transformed to smooth, bright, mir-

ror-like plates by dipping in one-half per cent

" nitric acid.

The cathode current efficiencies obtained at
the different current densities are shown in the
following table:

Current

‘ Current density efficiency

Per cent
20 amperes per square foot - 9.3
30 amperes per square foot ’ 90.4
40 amperes per square foot 8.5
50 amperes per square foot. - 65.0

When the above solution was operated at a
bath temperature of 45° C., deposits made at
cathode current efficiencies in excess of 98% were
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highly ductile but did not form mirror-like de-
posits on bright dipping in nitric acid. The de-
posits produced at current efficiencies below 98%

produced the deposits having the characteristic
bronze-like film which were transformed to the

mirror-like appearance on bright dipping in di--

lute nitric acid. The following table shows the
cathode current densities, cathode current effi-

ciencies and the resulis obtained in a number of -

rumns.

Current
efficfency

Description of

» Current density electrodeposit

20 amperes per square foot .
30 amperes per square foot .
40 amperes per square foot -
50 amperes per square foot__.__...

Highly ductile. .
Do.

Do.
Mirror-like  after
. bright dipping.
60 amperes per square foot. ... Do.

My herein described invention is not restricted

to any particular alkaline zinc cyanide electrolyte

nor to any particular range of concentrations or
proportions of electrolyte ingredients, excepting
the particular ranges of concentration and pro-
portions required to obtain certain particular re-

- sults as described hereinbefore, e. g., the produc-

30

38

46

60
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60

65

70
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tion of highly ductile deposits at unusually high
cathode current densities. Practically any cya-
nide electrolyte suitable for electroplating zine
meay be adapted in practicing the present inven-
tion to produce the bright, mirror-like deposits.
I prefer, however, to use solutions which contain
approximately the same concentrations of zinc
cyanide and sodium hydroxide or equivalent al-
kaline material, together with a concentration
of alkali metal cyanide not substantially greater
then that of the zinc cyanide. These preferred

-proportions may be varied within very wide limits

to obtain very satisfactory results. For reasons
of efficiency and economy I also prefer to operate
electrolytes contalning not less than about 4
ocunces per gallon and not more than about 12
ounces per gallon of zinc cyanide.

If desired, various reducing agents, e. g. bisul-
fites and/or various addition agents such as or-
ganic colloids may be added to the plating bath
in practicing the herein described invention,
Moreover, the herein deseribed method of bath
purification may be used to supplement bath
purification accomplished by the method de-
scribed in my copending applications héreinbe-
fore mentioned.

‘While, for the purpose of illustration, I have
described electrolytes containing sodium cyanide,
other alkalli metal cyanides, e. g., potassium cya-
nide, may be used equally well. Likewise, I have
found that other strong alkslies, €. g., potassium
hydroxide, may be used in place of caustic soda
&s alkalining agent.

I claim:

1. A process for electroplating zine from a zinc
cyanide solution containing alkali metal cyanide
and alkali metal hydroxide comprising’ adding to
sald solution.a soluble sulfide in an amount sufM-
cient to substantially completely precipitate dis-
solved heavy metal impurities and thereafter
electroplating zinc from said solution.

. 2. A process for electroplating zinc from s zinc
cyanide solution containing alkali metal cyanide
and alkali metal hydroxide comprising adding to

said solution a soluble sulfide in an amount suffi~

‘clent. to substantially completely precipitate dis-
solved heavy metal impurities and thereafter
electroplatinz zine from said solutlon at a cathode

7
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current density sufficiently low to obtain a cath-
ode current-efficiency of not less than about 90%.

3. A process for electroplating zine comprising
preparing s solution containing zinc cyanide, al-
kall metal cyanide and an alkalli metal hydroxide,
adding to said solution a soluble sulfide in an
amount sufficient to substantially completely pre-
cipitate dissolved heavy metal impurities in said
solution and thereafter electroplating zinc from
sald solution at a cathode current density suffi-
ciently low to obtain a cathode current efficiency
of not less than about 90%.

4, A process for electroplating zinc comprising
preparing a solution containing zinc cyanide, al-
kali metal cyanide and an alkali metal hydroxide,
adding to said solution a soluble sulfide in an
amount sufficient to substantially completely pre-
cipitate dissolved heavy metal impurities in sald
solution and thereafter electroplating zinc from
said solution at a cathode current density suffi-
ciently low to obtain & cathode current efficiency
of 80-100% and at an anode.current density
sufficiently low to obtain an anode current effi-
ciency of not less than 100%.

5. A process for electroplating zinc comprising

preparing s solution containing zine cyanide, al-"

kali metal cyanide and an alkall metal hydrox-
ide, adding to said solution sodium sulfide in an
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amount sufficient to substantially completely pre- -

cipitate dissolved heavy metal impurities in said
solution and thereafter electroplating zinc from
said solution at a cathode current density suffi-
ciently low to obtain a cathode current efficiency
of 90-100% and at an anode current density
sufficiently low to obtain an anode current effi-
ciency of not less than 100%. -

30
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6. A process for producing & zinc electrodeposit
comprising purifying a zinc cyanide solution con- -

taining alkali metal cyanide and an alkali metal
hydroxide by adding thereto a sulfur compound,
capable of precipitating heavy metals in the form
of insoluble salts, selected from the group con-~
sisting of thlocyanates, thiosulfates, zanthates
and sulfldes, soluble in said solution, in an amount
sufficient to substantially completely precipitate
heavy metal impurities in sald solution, electro-
plating zinc from the so purified solution at a cur-
rent density sufficiently high that hydrogen is
evolved from the cathode, and thereafter dip-
ping the resulting electrodeposit in a dilute solu-
tion of an oxidizing agent.

7. A process for producing a zinc electrode-

posit comprising purifying a zine cyanide solution
containing alkall metal cyanide and an alkali
metal hydroxide by adding thereto a sulfur com-
pound, capable of precipitating heavy metals in
the form of insoluble salts, selected from the

group consisting of thiocyanates, thiosulfates, -

xanthates and sulfides, soluble in said solution,
in an amount sufficient to substantially complete~
ly precipitate impurities in said solution,-electro-
plating - zinc from the so purifled solution at a

&5

current density sufficiently high that hydrogen .

1s evolved from the cathode, and thereafter dip-
ping the resulting electrodeposit in a dllute nitric
acid solution.

8. A process for producing a zinc electrode-

posit comprising purifying ‘a zinc cyanide solu- -

tion containing alkali metal cyanide and an alkali
metal hydroxide by adding thereto a sulfide, sol-
uble in said solution, in an amount sufficient to
substantially completely precipitate heavy metal
impurities in said solution, electroplating zinc
from the so purified solution at a-current density
sufficiently high that hydrogen is evolved from

70
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the cgtliode and thereé.fter dipm the res\imnz
electrodeposit in a dilute nitric acid solution.

9. A process for electroplating zinc comprising -

purifying a zinc cyanide solution containing al-
kali metal cyanide and alkali metal hydroxide by
adding to said solution a sulfur compound, capa-
‘ble of precipitating heavy metals in the form of

insoluble salts, selected from the group consist-
ing of thiocyanates, thiosulfates, xanthates and
sulfides, soluble in said solution, in an amount -
sufficient to substantially completely precipitate
dissolved heavy metal impurities and thereafter s
electroplating zinc from said solution.

FLOYD F. OPLINGER.




