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The present invention relates to the deposition of metal
from cyanide metal plating baths and has particular
reference .to novel products adapted for addition to cya-
nide metal plating baths whereby brighter and smoother
metal electrodeposits are obtainable.

Generally, in the electroplating industry, it is-desired
to produce plated articles in which the surface is highly
polished or bright. ~This may be obtained by a mechani-
cal operation such as by buffing with a conventional
buffing wheel. Although this. method produces satisfac-
tory results, it requires extra operations. and increases the
cost.of the final product.

Tn an effort-to obtain highly polished bright appearing
_metal deposits without the need for utilizing mechanical
hand buffing techniques, efforts have been made in the
art to find certzin additives which may be added to con-
ventional cyanide metal plating baths to provide finished
plated members with the desired smooth and bright finish.
The addition agents employed heretofore in cyanide plat-
ing baths have not proven satisfactory. over.a wide range
_of current densities.

~The object of the present invention is to provide com-
pounds comprising the reaction product. of ammonia. or
certain derivatives thereof or certain monocyclic unsub-
stituted -aromatic compounds and a compound having the
-nucleus
—C—N—C—
BT
0O H S
- which. compounds. are suitable - for addition -to. cyanide
_plating baths to promote brighter and smoother electro-
deposition.

‘Another object of this invention is to provide a process
for preparing a.teaction product of -ammonia- or certain
-derivatives thereof - or certain - monocyclic unsubstituted
_aromatic compounds and a compound having the nucleus

 —C—N—C—
ot
-0 H 'S
_which: compounds -are suitable_for addition- to -cyanide
_electrolyte . plating .baths to promoter _brighter and
smoother -electrodeposition.  ~ '

Still anether object of the. present invention is. to pro-
vide cyanide. electrolyte plating baths comprising. metal,
free cyanide and. containing a novel addition agent com-
. prising _the reaction of ammonia or certain -derivatives
"thereof .or. certain monocyclic ;unsubstituted .aromatic
- compounds.and a compound having the nucleus

—C—N-=C—

e

0 .H'S
said addition agent being present in an-amount sufficient
to promote brighter. and smoother copper electrodeposi-
tion.

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

For a more complete understanding of the present
invention, reference is made to the following description
-taken in conjunction with the accompanying drawing, in
which:

'FIGURE 1 is a-graph illustrating one type of periodic
reverse current electroplating; .and
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FIG. 2 is a sectional view in elevation of apparatus
suitable for use in electroplating. '

In the aitainment of the -foregoing objects and in
accordance with the present invention, there are previded
novel reaction products suitable for addition to cyanide
plating baths in specified amounts to promote brighter
and smoother copper electrodeposition. -These novel re-
action products are obtained-by reacting substantially
equimolar quantities of at least ome compound having
the nucleus

—~C—N—C—
T
0 H S
.with ammonia or.certain derivatives thereof or. certain
monocyclic unsubstituted aromatic compounds.

The inclusion of these reaction products in the electro-
lyte provides a bath with relatively high throwing power.
Furthermore, the bright range at both the high and low
current density ends is extended beyond the limits nor-
mally attained with presently available addition agents.
The relatively high throwing power and the extension of
the bright range make it possible to plate all surfaces of
members having recesses, which are low current demsity
areas, with uniformly bright and smooth deposits. The
‘high current :density extensions of .the bright range also

_permits higher than normal current densities to be used,
thus affording a savings in deposition time for any given
thickness of plate. )

Usually the metal, for example, copper deposited from
plating baths containing the addition agents of this inven-
tion is so bright that it requires no.buffing at all. How-
ever, should a full bright plate not be obtained for one
reason or another, the metal .deposit is of such high
quality and fine grain that only.a very light buffing opera-
tion is necessary to prepare it for subsequent bright de-
posits of nickel, chromium or the like.

In preparing the novel reaction products of this inven-
tion, any of the several compounds:having the nucleus

—C—-N—-C—
|
0--H -8

may be reacted with ammonia or certain derivatives there-
of as will be described more fully. hereinbelow. An ex-
ample of a particularly suitable, aliphatic compound. hav-
ing the nucleus ’ B
—C—N—C—
T
0O H S

s acetylthiourea. . Examples of other compounds having

55

the nucleus
~C—N—C—

ol
O.H S

are 2-thichydantoin and substitution derivatives of Z-thio-

._hydantoin- having at least one, organic substituent in ‘the

60

65

1,5 positions. The nucleus.of these 2-thiohydantoin sub-

stitution derivatives has the following structure:
|
& W
0=C( - @C=8
X
CH

Various organic radicals may. be substituted at one or
_both of the 1 or.5 positions, providing the resultant com-
_pound, obtained upon reaction. with ‘ammonia or deriva-
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tives thereof is soluble in the cyanide metal electrolyte.
Exampies of suitable compounds are:

2-thichydantoin
1-acetyl-2-thiohydantoin
5(2-hydroxybenzal )-2-thiohydantoin
S-furfural-2-thichydantoin
5-benzal-2-thiohydantoin
I-methyl-2-thichydantoin

Other examples of compounds having the nucleus
: ~C—N—C—

Eor

O H 8
which are suvitable for reaction with ammonia or deriva-
tives thereof to produce novel compounds of this inven-
tion include 2-thiobarbituric acid and substitution deriva-
tives of 2-thicbarbituric acid. The nucleus of these 2-

thiobarbituric acid derivatives has the following struc-
ture:

10

15

H 20
113 (1)
CH®  Bo=s
H—RL (5) ﬂ N—H 25
C@
(I[)

Various organic radicals may be substituted for hydrogen
at any one or more of the 1,5 or 6 positions, providing
the resultant compound obtained upon reaction with the
ammonia or derivatives thereof is soluble in the cyanide
metal electroplating bath. Examples of suitable com-
pounds of this nature include:

2-thiobarbituric acid
1-acetyl-2-thiobarbituric acid
" 1-benzoyl-2-thiobarbituric acid
1,5-diacetyl-2-thiobarbituric acid
2-thiopyrolidinone-4
4-thiohydantoin
5-thioi-1,2,4-triazolidinone-3
4-thiooxazolidinone-4
4-thiothiazolidinone-4
3-thio-1,2,4-oxadiazolidinone-5
3-thio-1,2,4-thiadiazolidincne-5
2-thioazolidinone-6
2-thio-1,3-diazolidinone-4
2-thio-1,4-diazolidinone-6
3-thio-1,2,4-triazolidinone-5
2-thio-1,3,5-triazolidinone-4
5-thio-1,2,4-triazolidinone-3
1-thio-2-benzazolone-3
3-thio-2-benzazolone-1

Compounds which may be reacted with compounds
having the nucleus
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—C—N—C—
Y

to form the addition agents of this invention comprise
compounds selected from the group consisting of (A)
monocyclic unsubstituted aromatic compounds containing
in the ring structure from 4 to 6 carbon atoms and from
1 to 2 nitrogen atoms per molecule and (B) compounds
having the formula

60

65
R

HN/

R

wherein R is a radical selected from the group .consisting
of hydrogen; monovalent and divalent saturated aliphatic
hydrocarbon radicals having from 1 to 4 carbon atoms
and in which the substituents are selected from the group
.- consisting of —NH, and —OH radicals; monovalent and
divalent alicyclic radicals containing from 5 to 6 carbon

70

75

4

atoms in the ring in which the substituents are selected
from the group consisting of —CHj, ~—NH,, and —OH
radicals; monovalent and divalent heterocyclic radicals
having from 5 to 6 carbon atoms in the ring and in which
hetero atoms occur onmly .in the ring structure and the
substituents occur only on the carbon atoms and are
selected from the group consisting of —NH, and —OH

" radicals; phenyl radicals; and aminophenyl radicals.

Specific examples of compounds included within the
scope of the terms identified as (A) and (B) above in-
clude:

Ammonia, isopropylamine, monoethanolamine, ethyl-
enediamine, dibutylamine, methylethylolamine, diisopro-
panolamine, methylpropylenediamine, diethylenediamine,
propylolmethylenediamine, cyclopentylamine,  dicyclo-

-hexylamine, cyclopentylmethylamine, cyclohexylisopro-

pylolamine, cyclopentylethylenediamine, 3-methylcyclo-
hexylamine, 1,2-diaminocyclopentane, 4-hydroxylcyclo-
hexylamine, 2-aminothiazol, 3,5-diamino-1,2,4-triazole,
4-amino-2-pyridol, aniline, p-aminoaniline, methylaniline,
methyl-2-amino-thiazole, 2-ethylolaminoimidazoline, 3-
methylamino-5-amino-1,2,4-triazole, 2-methylamino-4-hy-
droxyimidazolidine, 2-cyclohexylaminothiazole, 3-methyl-
olamino-5-amino-1,2,4-triazole, ethyi-4-methylcyclohexyl-
amine, 4-cyclohexylamino-5-amino-2-pyridine, 4-methyl-
aminocyclochexylamine,. 1 - methylamino-2-hydroxycyclo-
pentane, p-aminomethylaniline, 3,3’-diisothiazolylamine,
cyclohexylaniline, 2-methylcyclohexylthiazol-2, diphenyl-
amine, 2-methylhexylethylolamine, 3-amino-5-phenyl-
amino-1,2,4-triazole thiazolyl-2-phenylamine, 4-hydroxy-
6-cyclopentylaminopyrimidine N-ethylolaniline, pyridine,
pyrimidine, pyrazine, . s-triazine, phenyl-4-aminoccyclo-
hexylamine, N-ethylol-p-aminoaniline, 4-methylcyclohex-
ylpropylenediamine, N-(2-thiozolyl)-p-aminoaniline, 2-
methylolamine-4-hydroxyimidazolidine, dimethylcyclo-
hexylamine,4,4’-di-2-pyridolylamine, phenylethylenedi-
amine, di-4-aminocyclohexylamine, N-cyclopentylamino-
aniline, 3-isopropylolaminocyclohexanol, 3-(2’-thiazolyl-
amino)-5-amino-1,2,4-triazole, ethylol-1,4-diaminocyclo-
hexane, phenylcyclohexanolamine, phenyl-p-aminoaniline,
2-thiazolylethylenediamine, 2 - imidazolinylcyclopentanol-
amine, 3-p-aminophenyl-5-amino-1,2,4-triazole, N-(2'-
aminoethylene)-1,4-diaminocyclohexane, N-(2’-aminoiso-
propylene)-4-aminocyclohexanol, N-(2-hydroxypyrimid-
yl-4)-aniline, N—cyclopentyl-l,4-diaminocyclohexane, cy-
clohexylmethylcyclohexylamine, N-(2’-thiazolyl)-1,2-di-
aminocyclopentane, 2-thiazolyl-4-pyrimidol-2-ylamine, di-
p-aminophenylamine, p-aminophenyl-4-methylcyclohexyl-
amine, 4-methylcyclohexylphenylamine, p-amino-phenyl-
ethylenediamine, p-aminophenyl-3 - aminocyclopentyla-
mine, N-(2-hydroxy-1,4-pyrany1)-p-aminoaniline, N-(3’-
hydroxycyclohexyl)-p-aminoaniline, N-(2’-aminoethyl-
ene)-3,5-diaminopyridine, N-(3’-aminoisobutyl)-3-amino-
pyridol-5, 4-cyclohexylaminocyclopentanol-3, 4-hydroxy-
isothiazolyl-4’-methylcyclohexylamine, N-(3-amino-1,4-

. thiapyranyl-5 )-4-methylcyclohexylamine, N-(3’-methyl-

cyclopentyl)-1 ~4-diaminocyclohexane, N-(3’-cyclohexan-
ol) - 3,5 - diamino-1,2,4-triazole, 4,4'-dicyclohexanolyla-
mine, N—(3’-methy1cyclohexyl)-4-aminocyclohexane, 4-
cyclopentanolyl-3-pyridolylamine, N-(2'-hydroxycyclo-
hexyl)-1,4-diaminocyclohexane, 3’-aminocyclohexyl-3-
aminopyridyl-5-amine, 3’-aminocyclohexylpyridol-3-yl-5-
amine, di-2-amino-1,4-pyranyl-4-amine, and N-(3’-hy-
droxy-1’,4’-thiapyranyl-5")-3,5 -diamino-1,2,4-triazole.

The following specific examples are set forth to illus-
trate the preparation of the novel addition components
suitable for addition to cyanide plating baths in accord-
ance with the present invention.

EXAMPLE A

About 1 mol of I-acetyl-2-thiohydantoin and one mol
of ammonia (28% aqueous solution) are dissolved in
three liters of ethanol and placed within a suitable reac-
tion vessel. The resultant solution then is heated to bojl-
ing and refluxed for about 30 minutes. . The solution then
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is evaporated to about one liter in volume. The resultant
product is a viscous slurry. It is cooled, filtered, and the
separated .crystals are air dried. The reaction product is
a light brown, crystalline solid which darkens to a reddish
brown on exposure to air. This reaction product, when
added fo cyanide copper plating baths, brings about an
improved brightness in copper elecirodeposited there-
“from.

EXAMPLE B

One mol of acetylthiourea is-dissolved in 1:1 mols of n-
propyl amine by heating the components in a suitable re-
action vessel. Upon cooling, a solid reaction product
crystallizes from the solution. The product obtained upon
air drying is a white crystailine mass suitable for addi-
tion to a cyanide metal electrolyte for the purpose of
bringing about improved brightness of metal electrode-
posited therefrom. The product has a melting point ‘of
170°~173° C. The melting point of this product when
admixed with acetylthiourea, is 126° C.

EXAMPLEC

One mol of 1-acetyl-2-thiohydantoin and 1.1 mols of
diéthylamine are dissolved in 2 liters of ethanol, and the
mikture is heated to Teduce it in volume to about 500 ml.
Upon cooling, -a reddish-brown, tar-like product crystal-
lizes cut of the solution. The crystals-are washed with
alcohol to Temove viscous material leaving a yellow crys-
talline product suitable for addition to a cyanide metal
plating bath. This product melts at 229°-235° C.

EXAMPLED

0.2 mol of 2-thiohydantoin was sturried in 500 ml
of ethanol and 0.22 mol of n-propylamine were added
thereto in a-suitable reaction vessel. The mixture was re-
fluxed for one hour.at which time all of the solids were
in solition. The reaction mixture was cooled in an ice
bath and filtered. 8.9 gms of a white, plate-like crystal-
line product was recovered. The filtrate was evaporated
to 100 ml. and allowed to cool at which time brown

" plates of the reaction product crystallized. Upon filtra-
tion, 18.9 gms were recovered. The szcond crystalline
material was dissolved in boiling ethanol, 5 grams of car-
ben were added thereto, and the mixture maintained at a
temperature just under its boiling point for about 5 min-
‘utes. -The hot mixture was filtered and cooled in an ice
-bath whereupon a light pink colored product crystallized
-from the soluiion. The crystals were filtered and air
- dried.

When heated, a portion of the light. pink crystals
melted at 119°-120° C., and ‘the temainder did not melt
until a temperature of 139°-140° C. was reached. It is
believed that the crystalline product is a mixture of two
reaction products comprising the mono- and di-hydan-
toindted -amines, i..,

CH—NH

0=C C=8+CH;CH:CH:NH; —
S
N
H
- (|3H2—NH
0=C ESC=N-—-CH,CH:CH;s
N
N
H
and
Clﬁz-—NH
0=C T 0=8+CH:CH;CH:NHy ™ ——
“H
(F}Ia
i
CHT—I\lIH CH; ~NH—CH:
0=C HSC—N CSH C=0
A4 N4
N N
H H
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'EXAMPLE E

One mol of 2-thiobarbituric acid, three mols of dimeth-
ylamine and three mols of diethylamine are heated in a
suitable flask to the boiling point and refluxed for omne
Hour. The resultant mixture is cooled in an ice bath,
filtered, and air dried. The crystalline product obtained
is suitable for -addition to a cyanide metal plating bath.

EXAMPLE F

Equimolar quantities of 2-thichydantoin and 2-amino-
thiazol were slurried in ethanol and heated to boiling.
The reaction mixture was refluxed for one-half hour,
.cooled, and filtered. The red crystalline, needle, reaction
product melted at 235°-237° C. This reaction product
when added to cyanide copper plating baths, brings about
an improved brightness in.copper electrodeposited there-
from.

EXAMPLE G

Two mols of 2:thichydantoin and one mol of methane-
diamine were -heated to boiling in ethanol. The reaction
mixture was boiled down to 40% of its original volume,
cooled, and filtered. A brown-colored crystalline reaction
product was recovered which melted at 227°-229° C.

EXAMPLE H

An equimolar mixture of pyridine and 2-thichydantoin
was refluxed in -ethanol for one-half hour. The reaction
mixture was boiled uatil its volume had ‘been reduced
509%. 1t then was cooled, filiered, and wir dried. A
yellow-brown crystalline reaction product was recovered
which melted at 231°-232° C.

Electrodeposits of improved brightness are obtained
when the novel addition agents of this invention are em-
ployed in cyanide metal plating baths in comcentrations
within the range of from about 0.005 to 0.50 ounces:per
-gallon. Particularly satisfactory results are obtained
when the addition components are incorporated in
amounts within the range of from about 0.02 to about 0.03
ounce per -gallon.

‘A metal such as copper may be plated from a cyanide
electrolyte containing the addition agent of this inven-
tion by means-of a periodically reversed electrical current.
The current flow through the member being plated is com-
posed of cycles, each of which first passes the electrical
-current through the member for a period of time of from
about 0.01 second to 100 seconds to plate copper- on the
base member and then reverses the direction of flow of
the current to deplate a portion of the previously plated
copper. The time and the magnitude of the deplating
curTent is such that it applies from about 8% to 90%. of
the coulombs applied during the previous plating period.
Assuming 100% efficiency during the deplating . period,
this means that from 8% to 90% of the copper deposited
during the previous plating period in each cycle is de-
plated. The increment of copper remaining on the base
after the- cycle consists. .of smooth, sound  copper upon
which a second layer of copper is plated-by the plating
portion of the next cycle of periodic reversed current. A
portion of this second increment then is deplated by the
-passage of deplating current leaving a second increment
of still smoother copper than the first increment, and so
on.with additional cycles.

Referring to FIG. 1 of the drawing, a graph is shown
illustrating one type of periodic reverse current as: it is
.applisd to the plating of a given base -member. ~Such
periodic cycles may-be produced-by periodically-reversing
1t is -assumed: that
the base member -when-first -immessed in the electrolyte
. is at a zero potential so that no current flows. When the
first cycle of periodically reversed current is applied, a
cathodic or plating current of a density of the value A is
applied and -metal is plated for a period of time X'to a
point B. Then the direction of flow of the current is re-
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versed so that the current density in the member drops
. from the value B to zero and then becomes anodic and
will deplate copper, reaching a deplating current density
of C. Metal is deplated for a period of time Y, which is
about at least %o of the length of period X, at the cur-
rent density of C to D until sufficient conlombs of deplat-
ing current have been applied to equal from about 8% to
90% of the coulombs applied during the plating period X.
The cycle A—B—C—D deposits an increment of sound,
_ smooth copper on the base. The direction of current flow
is again feversed from D through zero and thén plating
current of a density value of F is applied to begin another
cycle which will plate a second increment of copper.

It may be understcod that the showing in FIG. 1 is
merely schematic and that the current density is not neces-
sarily uniform from A to B or C to D, as shown, but
will usually vary and be relatively non-uniform. Also,
in reversing from B to C and from D to F the time re-
quired is finite and these lines will not be vertical, as
shown, but will take an appreciable period of time, de-
pending upon the various factors involved in the plating
installation. The deplating or anodic current density
C—D may be equal to the plating current density A—B,
or exceed it or may be as low as 8% of the plating cur-
rent density. Reference should be had to Patents 2,451,-
341, 2,678,909 and 2,470,775 for additional information
as to periodic reverse current cycles.

Referring to FIG. 1 of the drawing, there is illustrated
an apparatus 19 suitable for practicing the present in-
vention, This apparatus comprises a tank 12 carrying
an electrolyte 16 composed of, for example, dissolved
copper, free alkali cyanide, alkali and the addition agent
as described herein. Disposed within the electrolyte is an
anode 18 composed of copper. The anode i8 is sus-

pended by a support 19 from a conductor bar 20. A base”

member 22 to be plated with copper is suspended by a sup-
port 24 from a second conductor bar 26. The conductor
bars 20 and 26 are provided with electrical current from
a suitable source 28 which may be a generator capable
of delivering periodic reversed current, or a direct current
supply source such as a rectifier, storage batteries or the
like equipped with suitable current reversing devices.
Periodically reversed electrical current passing from the
source 28 to the conductor bars 20 and 26 passes through
the anode 18, electrolyte 16 and the member 22 causes
a net deposit of copper to be deposited from the electro-
lyte upon the base.

The addition agents of this invention will cause bright
copper to be deposited over an extremely wide range
of current densities. Unlike other organic brighteners,
the use of the addition agents of the present invention
does not result in the formation of pits or discolorations
in the deposited copper.

In order to indicate even more fully the advantages
and capabilities of the present invention, the following
specific examples are set forth to illustrate the utilization
of the novel addition agents of this invention in cyanide
metal plating baths.

Example I

An aqueous electroplating electrolyte of the following
composition was prepared:

Oz./gal

Copper 8.0

KOH 4.3

Free KCN. 1.2
Reaction product of 1-acetyl-2-thiohydantoin and

diethylamine (Example C) - 0.05

This bath was operated at temperatures of from 175°
F. to 185° F. with excellent results. Bath temperatures
of about 180° F. appeared to give optimum plating
results.

Copper was plated on rectangular steel panels from the

L2}

10

15

20

25

30

35

40

45

50

55

60

65

70

75

8

bath using a periodic reverse current having the following
successive cycles:

Reverse
Plating Deplating | amperes
tims, time, (percent of
seconds seconds Plating
amperes)
(Dooee 2 18 100
[(:) I— 5 1 100
(c) 20 7 50
(d) 28 38 50
(e) 60 45 70
) 60 55 50
@- 60 55 75

The current density during each plating portion of the
cycles varied from 30 to 200 amperes per square foot.
The periodic reverse current cycles in each case produced
excellent smooth deposits of bright copper which were
better than anything secured under the same conditions
using certain of the best known addition agents in the art.

Example 1

Example I was repeated using as the brightener 0.02
ounce per gallon of the reaction product of 1-acetyl-2-thio-
hydantoin and ammonia (Example A) instead of the re-
action product of Example C, The plating solution pro-
duced copper deposits over a much wider bright range
than is possible in the absence of the brightener. Equally
satisfactory brass plating may be achieved using a brass
plating bath and this particular brightener.

Example 111

Example I was repeated using as the brightener 0.1
ounce per gallon of the reaction product of acetylthiourea
and n-propylamine (Example B) instead of the reaction
product of Example C. The plating solution produced
extremely bright copper deposits on base members and
required no additional color buff.

Equally satisfactory silver plating is obtainable using a
silver plating bath and the brightener of this Example III.

Example IV

An agqueous bath of the following composition was
operated at 180° C. to plate steel panels as described in
Example L

Oz./gal
Copper, 6.7
NaOH 52
Free NaCN — 1.48
Zinc oxide
Sodium cyanide 04

Sodium thiocyanate.._

Lithium hydroxide

Reaction product of 2-thiohydantoin and n-propyl-
amine (Example D). _—

This plating bath produced copper deposits as bright as
Example I and the deposits were leveled.

The addition agents of this invention are compatible
with and suitable for use in conjunction with certain aryl
sulfonates conventionally used in the plating industry.
These agents may be-used in alkali cyanide baths em-
ployed for plating gold, silver, copper, bronze, brass, zinc
and cadmium. These baths will contain at least 0.5 ounce
per gallon of alkali hydroxide and free cyanide.

While the present invention has been described with
particular reference to preferred embodiments thereof, it
will be understood, of course, that certain changes, sub-
stitutions, modifications and the like may be made therein
without departing from its true scope.

We claim as our invention:

1. A process for preparing a metal electrodeposition
solution which comprises mixing together in an aqueous
medium a soluble ccmpound of a metal selected from the
group consisting of gold, silver, copper, bronze, brass,
zinc and cadmium, an alkali cyanide in an amount suf-
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ficient to provide at least about 0.5 ounce per galion of
alkali hydroxide and free cyanide, and from 0.005 to 0.5
ounce per gallon of the product obtained by reacting sub-
stantially equimolar quantities of at least one compound
having the nucleus
—C—N—C—

i L1

0O H §
with at least one compound selected from the group con-
sisting of (A) monocyclic unsubstituted aromatic com-
pounds containing in the ring structure from 4 to 6 carbon
atoms and from 1 to 2 nitrogen atoms per molecule and
(B) amines having the formula

R

HN/

g

wherein R is a radical selected from the group consisting
of hydrogen, not more than one R being hydrogen; mono-
valent and divalent saturated aliphatic hydrocarbon radi-
cals having from 1 to 4 carbon atoms and in which the
substituents are selected from the group consisting of
—NH, and —OH radicals; monovalent and divalent
alicyclic radicals containing from 5 to 6 carbon atoms in
the ring in which the substituents are selected from the
group consisting of —CH,, —NH; and —OH radicals;
monovalent and divalent heterocyclic radicals having
from 5 to 6 carbon atoms in the ring and in which hetero
atoms occur only in the ring structure and the substituents
occur only on the carbon atoms and are selected from the
group consisting of —NH, and —OH radicals; phenyl
radicals; and aminopheny! radicals.

2. A process for preparing a metal electrodeposition
solution which comprises mixing together in an aqueous
medium a soluble compound of a metal selected from the
group consisting of gold, silver, copper, bronze, brass,
zinc and cadmium, an alkali cyanide in an amount suf-
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ficient to provide at least about 0.5 ounce per gallon of
alkali hydroxide and free cyanide, and from 0.005 to 0.5
ounce per gallon of the product obtained by reacting sub-
stantially equimolar amounts of 1-acetyl-2-thiohydantoin
in an alcoholic medium with at least one compound se-
lected from the group consisting of (A) momnocyclic un-
substituted aromatic compounds containing in the ring
structure from 4 to 6 carbon atoms and from 1 to 2
nitrogen atoms per molecule and (B) amines having
the formula

R

/
HN

R

wherein R is a radical selected from the group consisting
of hydrogen, not more than one R being hydrogen; mono-
valent and divalent saturated aliphatic hydrocarbon radi-
cals having from 1 to 4 carbon atoms and in which the
substituents are selected from the group consisting of
—NH, and —OH radicals; monovalent and divalent
alicyclic radicals containing from 5 to 6 carbon atoms in
the ring in which the substituents are selected from the
group consisting of —CH;, —NH,, and —OH radicals;
monovalent and divalent heterocyclic radicals having
from 5 to 6 carbon atoms in the ring and in which hetero
atoms occur only in the ring structure and the substituents
occur only on the carbon atoms and are selected from
the group consisting of —NH, and —OH radicals; phenyl
radicals; and aminophenyl radicals.
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