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57 ABSTRACT 

Non-cyanide, alkaline electroplating baths for bright 
zinc plating containing quarternized polymeric con 
densates of alkylene polyamines and 1,3-dihalo-2- 
propanol as grain refiners preferably in admixture with 
aldehyde type brighteners and mercapto substituted 
heterocyclic compounds capable of producing the 
bright, fine grained deposits over a broad current den 
sity range. 

30 Claims, No Drawings 
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ALKALINE BRIGHT ZNC PLATING 
This invention relates to Zinc electroplating and more 

particularly to alkaline bright zinc electroplating con 
ducted in an aqueous bath free from cyanides. 
Zinc electroplating has conventionally been con 

ducted in a plating bath employing alkali metal cyanide 
salts such as sodium cyanide as a complexing agent to 
achieve the desired plating operation and to produce 
bright, smooth grained zinc deposits. However, be 
cause of the toxicity of cyanides and more recently be 
cause of the environmental considerations adversely 
affecting the economic employment of these cyanides 
other plating methods have been sought which avoid 
and do not require the use of these cyanide salts. 
A wide variety of procedures and additives have been 

suggested for use in zinc plating for the purpose of 
avoiding cyanides. Most of these employ an alkaline 
plating bath system utilizing an alkali metal or sodium 
zincate combined with additives to achieve the desired 
bright zinc deposit with a smooth or fine grained, mir 
ror-like surface. Foremost of these various additives 
which have been suggested and employed in these 
highly alkaline bath systems are materials generally 
classified as polyamines, and especially the relatively 
simple polyamines such as alkylene diamines for exam 
ple ethylenediamine which reportedly serve as com 
plexing agent replacements for the cyanide salts. These 
polyamines are usually employed with a variety of 
other additives conventionally employed in zinc plat 
ing, for example, grain refiners, brighteners and throw 
ing agents. 
While these alkaline systems employing the poly 

amine type additives do avoid the use of substantial 
amounts of cyanides, they generally have not been 
overly successful, however, and the zinc plating depos 
its typically produced have a number of deficiencies 
such as a dull or granular finish which render them of 
little comercial value. Such systems, moreover, typi 
cally also lack the desired capability of producing a 
suitable smooth, mirror-like plating deposit over a 
broad current density range and generally are espe 
cially ineffective at the lower current density ranges 
conventionally used in commercial plating. In addition, 
a substantial number of these systems for effective op 
eration still require the presence of some cyanide, al 
though at a reduced concentration, which in effect only 
minimizes but does not eliminate the problems associ 
ated with the use of cyanide Salts. 
Various other alkaline bath systems have been sug 

gested which also utilize polyamines although generally 
of more complex nature, and usually in polymeric form 
and/or interracted with other compounds such as aide 
hydes and heterocyclic compounds, for example, a re 
action product or a polymerie condensate of an alkyl 
ene polyamine and a epihalohydrin. While certain of 
these have been somewhat successful they generally 
suffer from one or more deficiencies in that the depos 
its obtained do not have the degree of brightness or lus 
ter desired or a smooth, fine-grained surface necessary 
for most commercial application. Moreover, certain of 
these systems generally are not capable of producing 
fine-grained, mirror-like deposits over a broad current 
density range and more specifically at the low current 
density range of from 0 to 20 to 40 amperes per Square 
foot. This limitation or inability to achieve desirable 
plating over a broad current density range substantially 
restricts the usefulness of these systems and generally 
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2 
limits their application to plating objects which are rel 
atively uniform in shape and configuration thus pre 
cluding their use in plating objects which are irregular 
or in barrel plating where the plating must be con 
ducted over a broad current density range. 

It has now been discovered, however, that certain 
quarternized polymeric condensates of alkylene pola 
mines and 1,3-dihalo-2-propanol may be employed in 
a non-cyanide zinc electroplating bath, typically also 
with brighteners, to produce fine grained, bright depos 
its. It has been further found that when such polymeric 
condensates are employed with certain mercapto sub 
stituted heterocyclic compounds the desired bright, 
mirror-like deposit is achieved over a broad current 
density range including the critical low current densi 
ties. 
Accordingly, an objective of this invention is to pro 

vide an alkaline, bright zinc plating bath which does not 
require or utilize cyanide salts. Another object is to 
provide such a bath employing a quarternized poly 
meric condensate of an alkylene polyamine and a 1,3- 
dihalo-2-propanol capable of producing a smooth, fine 
grained deposit. A further object is to employ such 
polymeric condensate with brightening agents to 
achieve bright, mirror-like deposits. A still further ob 
ject is to provide such a bath with the addition of cer 
tain mercapto substituted herterocyclic compounds ca 
pable of producing the bright, fine-grained Zinc deposit 
over a broad current density range. Still another object 
is to provide a method of zinc electroplating employing 
such improved bath and capable of effectively operat 
ing in a commercially desirable manner completely free 
of any cyanides. These and objects of this invention will 
be apparent from the following further detailed de 
scription thereof. 
The electroplating of zinc in an aqueous alkaline bath 

is effected in accordance with this invention by adding 
a quarternized polymeric condensate of an alkylene 
polyamine and a 1,3-dihalo-2-propanol to such bath so 
as to obtain smooth, fine-grained deposits. In general, 
these polymeric condensates are produced by reacting 
the alkylene polyamine and dihalopropanol in a con 
densation reaction to produce a substantially uncross 
linked, aqueous soluble polymeric condensate. In ac 
cordance with this invention the polymeric condensate 
is employed as a quarternary salt which involves a fur 
ther reaction of the polymeric condensate with a suit 
able quarternizing agent. 
The dihalopropanols which may be interracted with 

the alkylene polyamines include 1,3-dibromo-2- 
propanol; 1,3-diiodo-2-propanol or 1,3-dichloro-2- 
propanol with the 1,3-dichloro-2-propanol being par 
ticularly preferred in most instances. 
The alkylene polyamines which may be reacted with 

the dihalopropanol have at least one tertiary amino 
group such as dimethylaminopropylamine (N,N- 
dimethylpropylenediamine), diethylaminopropylamine 
(N,N-diethylpropylenediamine), N-aminopropylmor 
pholine, dimethylaminoethylamine, diethylaminoe 
thylamine, N-aminopropyldiethanolamine, or N 
methyliminobispropylamine. 
Other alkylene polyamines containing at least one 

tertiary amino group and at least one secondary amino 
group may also be employed such as N,N-dimethyl-N'- 
methylpropylenediamine; N,N-dimethyl-N'methyl eth 
ylenediamine; O N,N-diethyl-N'- 
ethylethylenediamine. 
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Of the various alkylene polyamines which may be 
condensed with the dihalopropanol either alone or in 
admixture, the lower alkylene polyamines, where the 
alkylene bridge contains from 2 to 5 carbon atoms and 
where the tertiary amino group is substituted with alkyl 
groups of from 1 to about 5 carbon atoms, are pre 
ferred particularly when the dihalopropanol is 1,3- 
dichloro-2-propanol with a particularly preferred alkyl 
ene polyamine being dimethylaminopropylamine. 

In preparing the desired polymeric condensates for 
use in accordance with this invention, the alkylene 
polyamine should be condensed with the dihalo 
propanol in a mol ratio of from about 0.5 to 1.75 mols 
of the amine per one mol of the dihalopropanol. Usu 
ally a more limited range is preferred, however, and 
when employing the preferred 1,3-dichloro-2-propanol 
the mol ratio of the polyamine to 1,3-dichloro-2- 
propanol advantages ranges from about 0.8 to about 
a 5 mols of polyamine to one mol of dichloropropanol. 
Usually the condensation is effected according to con 
ventional procedures over a period of about to 3 
hours with the temperature being maintained between 
5° to 40°C. 
As indicated, the polymeric condensate employed in 

accordance with this invention to effect the grain re 
finement of the deposit is utilized as a quarternary salt. 
This quarternization may be effected according to con 
ventional procedures and suitable quarternized agents 
for the polymeric condensates are the lower alkyl ha 
lides such as methyl-chloride, -bromide, or -iodide, eth 
yl-chloride, -bromide or -iodide, or alpha chloro 
glycerol, diloweralkyl sulfates such as dimethyl-, dieth 
yl-, dipropyl- or dibutyl-sulfates; lower alkyl esters of 
aryl sulfonates such as methyl toluene sulfonate and 
methyl benzene sulfonate; alkyhalo esters such as eth 
y 1-chloroacetate; alkylene halohydrins such as 
ethylenechlorohydrin or alkylene oxides such as ethyl 
ene oxide and propylene oxide. 
While the polymeric condensates in accordance with 

this invention produce a grain refined or smooth de 
posit, such deposit is not usually of the brightness or 
luster desired in most instances and accordingly, a pre 
ferred embodiment of this invention is to employ 
brightening agents together with the polymeric conden 
sate so as to produce both smooth grained and bright 
deposits. These brighteners include those materials 
conventionally employed in zinc plating and typically 
contain a carbonyl group of aldehyde functionality 
which generally may be represented by the formula 

R. N 
C = O 

R/ 
wherein R and R are independently selected from the 
group consisting of hydrogen, alkyl of 1 to about 10 
carbon atoms, aryl and heterocyclic oxygen and sulfur 
containing radicals and include, for example, m 
hydroxy benzaldehyde, p-hydroxy benzaldehyde, pi 
peronal, o-hydroxy benzaldehyde (salicylaldehyde), 
vanillin, veratraldehyde, benzaldehyde, (3-methoxy 
propionaldehyde, furfural, glyceraldehyde and anisal 
dehyde, thiophene-2-aldehyde. 
Of the various aldehyde materials which may be em 

ployed, the aryl aldehydes and particularly the benzal 
dehydes such aS anisic aldehyde (p- 
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4 
methoxybenzaldehyde) or vanillin (p-hydroxy-m- 
methoxybenzaldehyde) or various combinations 
thereof are preferred. These aldehydes brighteners may 
be employed in the bath of this invention as addition 
products with such materials as sodium bisulfite to in 
crease their alkaline solubility if desired. 
Employment of these brightening agents in most in 

stances substantially improves the luster or brightness 
of the deposit. However, this frequently only occurs at 
the higher current density ranges generally above about 
40 or more usually above about 20 amperes per square 
foot up to about 100 to 200 amperes per square foot. 
In accordance with this invention, certain mercapto 
substituted heterocyclic compounds may be and are 
preferably employed in combination with the poly 
meric condensate and brightener so as to achieve the 
bright, fine-grained deposit over a broad current den 
sity range and particularly at the lower current density 
ranges conventionally employed in most commercial 
plating operations and generally below about 40 or 
more usually about 20 down to 0 amperes per square 
foot. 
These mercapto substituted heterocyclic compounds 

employable with the polymeric condensates and bright 
eners in accordance with this invention may generally 
be described as ortho mercapto substituted pyridines or 
pyrimidines, that is where the mercapto substituent is 
positioned on the 2 ring carbon atom. These mercapto 
substituted pyridines or pyrimidines may be repre 
sented by the following general formula: 

/NSF 

** 2 
R 

or the tautomers thereof wherein X is selected from the 
group consisting of N RC-4 wherein R is selected 
from the group consisting of hydrogen, hydroxy, mer 
capto and acyl and wherein R, R and R are each in 
dependently selected from the group consisting of hy 
drogen, hydroxy, mercapto, acyl, amino, alkyl, carboxy 
and carbamoyl. 
Examples of mercapto substituted heterocyclic com 

pounds which may be employed either individually or 
in admixture according to this invention includes pyri 
dines, that is where X of the formula is C-R and 
pyrimidines, that is, where the X is nitrogen. These 
compounds may be substituted as indicated in the for 
mula and where any of the various R substituents is 
alkyl or acyl such substituents can contain from 1 to 
about 5 and more preferably from 1 to 3 carbon atoms 
such as methyl, ethyl, or propyl or where acyl such 
groups as formyl, acetyl or propionyl. Typical examples 
of these compounds include pyridines such as 

2-mercaptopyridine; 
2-mercapto-3-acetylpyridine; 
2-mercapto-3-hydroxypyridine; 
2,3-dimercaptopyridine; 
2,3-dimercapto-6-acetylpyridine; 
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2-mercapto-4-hydroxypyridine, 
2,4-dimercaptopyridine, 
2-mercapto-4,5-dihydroxypyridine, 
2-mercapto-4-aminopyridine; 
2,6-dimercapto-3-acetylpyridine; 
2-mercapto-5-methylpyridine; 
2-mercapto-5-aminopyridine; 
2-mercapto-5-hydroxypyridine; 
2-mercapto-6-hydroxypyridine; 
2-mercapto-6-carbamoylypyridine, 
2,6-dimercapto-3-carboxypyridine, or 
2-mercapto-5,6-diethylpyridine; and 
pyrimidines such as 2-mercaptopyrimidine, 
2,6-dimercaptopyrimidine; 
2-mercapto-4-aminopyrimidine, 
2-mercapto-4,6-dihydroxypyrimidine, 
2-mercapto-4-ethylpyrimidine; 
2-mercapto-4-hydroxy-6-methylpyrimidine, 
2-mercapto-6-acetylpyrimidine; 
2-mercapto-4-hydroxy-5,6-diethylpyrimidine, 
2,4-dimercaptopyrimidine; or 
2-mercapto-6-hydroxypyrimidine 
As indicated, the mercapto pyridines or pyrimidines 

represented by the above formula may also in many in 
stances exist in tautomeric or isomeric form. For exam 
ple, one of the preferred compounds according to this 
invention is 2-thiouracil and such compound can exist 
as 2-mercapto-4-hydroxypyrimidine or 2-thio-4- 
oxopyrimidine or as an intermediate tautomer as 
2-thioxo-4-hydroxypyrimidine and 2,4-dithiouracil can 
exist as 2,4-dimercaptopyrimidine or 2,4- 
dithiopyrimidine. All of these tautomeric compounds 
are accordingly embraced within the compounds which 
may be used in accordance with this invention as repre 
sented by the above formula. 
Of the various compounds which may be employed 

according to the invention the preferred compounds 
are pyridines or pyrimidines of the formula where the 
mercapto group is substituted in the 2 ring position and 
generally also with a hydroxy group in one of the 4 or 
6 position. Within this preferred class of compounds 
the pyrimidines are especially preferred and examples 
of compounds having particular utility in the bath of 
this invention are 2-thiouracil and 2-mercapto 4,6- 
dihydroxypyrimidines. 
The electroplating bath of this invention may be pre 

pared and operated in accordance with the general pro 
cedures conventionally employed for alkaline bright 
zinc plating. Typically the bath is prepared as an aque 
ous solution and rendered alkaline by the addition of a 
suitable alkaline material such as alkali metal hydrox 
ide or carbonate for example sodium or potassium hy 
droxide. The quantity of alkaline material added should 
be capable of dissolving the zinc compound employed 
as the source of the zinc ion in the bath and generally 
should be in excess of that required to create the de 
sired alkali metal zincate such as sodium zincate as well 
as to maintain the pH of the solution alkaline and gen 
erally above 7 and preferably above 14. 
The source of the zinc ion in the bath can be varied 

and generally any of the zinc compounds convention 
ally employed in alkaline bright zinc baths may be uti 
lized. Typically such compounds include zinc salts or 
oxides such as zinc sulfate, zinc acetate or zinc oxide 
with the zinc sulfate generally being preferred. The 
amount of zinc in the bath can be varied depending 
upon the desired results and operating condition but 
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6 
generally is maintained within the range of from about 
3 to about 15 grams per liter. 
The quantity of the quarternized polymeric conden 

sate utilized in the bath will in general be a function of 
the particular brightener and mercapto substituted 
compound employed as well as the particular poly 
meric condensate utilized. Typically, however, when 
employing polymeric condensates of such alkylene 
polyamines as dimethylaminopropylamine and 1,3- 
dichloro-2-propanol, the quantity of the condensate in 
the bath should range from about 0.25 to about 5 grams 
per liter with a more limited range of from about 0.3 to 
about 0.75 grams per liter being preferred especially 
when used in combination with the preferred mercapto 
compounds. 
The quantity of the mercapto substituted compound 

employed in the bath in similar fashion is also interre 
lated to the specific polymeric condensate and alde 
hyde brightener employed as well as the particular mer 
capto substituted compound or combination of com 
pounds utilized. Generally, however, the mercapto 
compound is maintained in the bath within the range of 
from about 0.01 to about 0.2 grams per liter with a 
more limited range being preferred of from about 
0.025 to about 0.075 grams per liter particularly when 
employing such preferred mercapto compounds such 
aS 2-thiouracil O 2-mercapto-4,6- 
dihydroxypyrimidine. 
The brighteners used in combination with the quart 

ernized polymeric condensate typically will be present 
in the bath within the ranges conventionally utilized for 
alkaline zinc plating baths. Typically this will range 
from about 0.1 to about 5 grams per liter with a more 
limited range from about 0.2 to about 0.5 grams per 
liter being more advantageously employed particularly 
when employing the preferred benzaldehyde-type 
brighteners. 
The electroplating of zinc conducted in accordance 

with the method of this invention is effected in conven 
tional fashion basically by passing a direct current from 
a zinc anode through the aqueous alkaline, non 
cyanide bath of this invention containing essentially the 
polymeric condensate, brightener and mercapto substi 
tuted compound to the desired cathode article which is 
to be electroplated with the zinc. This method may be 
conducted at temperatures from about 60 to about 
100F. The current densities employed may range from 
above 0 to about 200 amperes per square foot with a 
more limited range of from about 0.5 to about 90 am 
peres per square foot being satisfactory for most plating 
operations. 
The plating bath of this invention may contain fur 

ther additives of the type conventionally employed in 
alkaline zinc electroplating baths and includes such 
materials as polyvinyl alcohols, gelatine, polyether al 
cohols, polyesters, glue and peptone. Of these various 
materials polyvinyl alcohol or its various derivatives are 
especially preferred and appear to greatly enhance the 
mirror-like deposits of the platings produced in accor 
dance with this invention. When so employed, these 
polyvinyl alcohols should be utilized in the bath within 
a range of from about 0.02 to about 0.2 grams per liter. 
The following examples are offered to illustrate the 

plating bath and electroplating methods of this inven 
tion. 
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EXAMPLE I 

Quarternized polymeric condensates of the type em 
ployable in the electroplating bath of this invention 
may be prepared as follows: 

Into a 1 liter, 4-neck, round bottom flask (equipped 
with a mechanical stirrer, thermometer, condenser, 
and a pressure-equalized addition funnel) were placed 
87.7 grams (0.859 mol) of dimethylaminopropylamine 
and about 65 grams of di-ionized water. The mixture 
was stirred with cooling to about 20°-25°C. While 
maintaining this temperature, 100.0 grams (0.775 mol) 
of 1,3-dichloro-2-propanol were added dropwise over 
a one hour period with stirring. Then the mixture was 
stirred for an additional 0.5 hour below 30°C to form 
a prepolymer mixture which was slightly cloudy, but 
homogeneous, pale yellow liquid having a pH of 5-6. 
Exactly 383.7 grams of the pre-polymer mixture to 

gether with about 200 mi. of de-ionized water, and 38.8 
grams (0.969 mol) of sodium hydroxide pellets were 
mixed to form a basicified pre-alkylation mixture with 
a pH about 9 and added to a 2 liter stainless steel Paar 
pressure vessel. The vessel was sealed, and about 60 
grams of gaseous methyl chloride were metered into 
the vessel over a 4 hour period at about 50-70 p.s. i.g. 
while maintaining the temperature at between 
87-92°C. The pressure vessel was then cooled and dis 
charged revealing an effervescent, slightly clouded tan 
orange solution. Using about 75 ml. of de-ionized wa 
ter, this product material was quantitatively transferred 
from the vessel and filtered to yield 875.3 g of acqueous 
polymer with a pH of about 6 and 33.3 weight percent 
solid content. A material balance indicated that the 
pre-polymer had only taken up 45.2 grams (0.895 mol) 
of the methylchloride provided. The mol ratios of reac 
tants in this preparation therefore were dimethylamino 
propylamine 1.0 mol; 1,3-dichloro-2-propanol 0.90 
mol; sodium hydroxide 1.13 mol and methyl chloride 
2.04 mol. 

EXAMPLE II 

A series of aqueous alkaline, non-cyanide zinc elec 
troplating baths were prepared to zinc plate Hull test 
panels. The plating was conducted in a standard Hull 
cell (267 ml) with the Hull cell panel in each test con 
nected as the cathode of the bath. The plating was con 
ducted at an operating current of lampere represet 
ning a current density range on the test panel varying 
from a high range of from about 40 to about 60 am 
peres per square foot (a.s.f.) and a low range of from 
about 0.2 to about 0.5 ( a.s.f.). The plating time was 
about 10 minutes with the bath being maintained at a 
temperature of about 70°F. The bath in each run had 
the components and concentrations as shown in Table 
with the results summarized in Table II. 

TABLE I 

CONCENTRATION IN 
COMPONENT GRAMS PER LITER 

TEST 
2 3 

inc metal 7.5 7.5 7.5 
(as Zinc sulfate) 
NaOH 93.75 93.75 93.75 
p-anisaldehyde bi- - (). 180 0.80 
sulfite adduct 
vanillin - 0.012 0.02 
polyvinyl alcohol -- 0.036 0.036 
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8 
TABLE I-Continued 

CONCENTRATION IN 
GRAMS PER LITER 

10.0 10.0 
COMPONENT 

polymeric condensate 
(l) 
heterocyclic compound (2) ().05 

(1) polymeric condensate as prepared in Fxample 1 diluted with water to make a 
solution of approximately 5, 8 weight percent solids. 
(2) 2-thiouraci in combination with 2 grams/liter of NaOH for sluhilization. 

TABLE II 

TEST RUN NO. PLATING RESULTS 

l The plating had a rough, thick, non-adherent black 
zinc deposit over the entire current density range. 

2 The plating had a smooth, grain refined surface and 
was semi-bright to mirror bright with the semi-bright 
deposits appearing at the lower current density 
range of from 0 to 10 a.s.f. and the mirror bright at 
the higher ranges. 

3 The plating was similar to test 2 except the mirror 
bright deposit now extended over the entire current 
density range. 

As may be observed from the results summarized in . 
Table II, the addition of the polymeric condensate of 
this invention produced a grain refinement of the zinc 
deposit and the further addition of the mercapto substi 
tuted compound extended the brightening effect of the 
brightener over the entire current density range. 
We claim: 
1. A bright zinc, cyanide-free electroplating bath 

comprising an aqueous alkaline solution containing a 
source of Zinc ions, and from about 0.25 to about 5 
grams per liter of a quarternized polymeric condensate 
of an alkylene polyamine having at least one tertiary 
amino group and a 1,3-dihalo-2-propanol where the 
mol ratio of the polyamine to the dihalo-propanol 
ranges from about 5.0:1 to 1.75:1, respectively. 

2. The electroplating bath of claim 1 wherein the 
bath contains from about 0.1 to about 5 grams per liter 
of an aldehyde brightener. 

3. The electroplating bath of claim 2 wherein the 
bath contains from about 0.01 to about 0.2 grams per 
liter of a heterocyclic compound of the formula: 

Re-R, 
C 

R 

or tautomers thereof wherein X is selected from the 
group consisting of N and C-R where R is selected 
from the group consisting of hydrogen, hydroxy, mer 
capto and acyl; R1, R, and Ra are each independently 
selected from the group consisting of hydrogen, hy 
droxy, mercapto, acyl, amino, alkyl, carboxy and car 
bamoyl. 

4. The electroplating bath of claim 3 wherein the het 
erocyclic compound is 2-thiouracil. 

5. The electroplating bath of claim 3 wherein the het 
erocyclic compound is 2-mercaptopyrimidine. 
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6. The electroplating bath of claim 3 wherein the het 
erocyclic compound is 2,4-dimercaptopyrimidine. 

7. The electroplating bath of claim 3 wherein the het 
erocyclic compound is 2-mercapto-4-amino-6- 
hydroxypyrimidine. 

8. The electroplating bath of claim 3 wherein the het 
erocyclic compound is 5-carboxy-2-mercaptopyridine. 

9. The electroplating bath of claim 3 wherein the het 
erocyclic compound is 3-hydroxy-2-mercaptopyridine. 

10. The electroplating bath of claim 3 wherein the 
heterocyclic is 2-mercapto-4,6-dihydroxypyrimidine. 

11. The electroplating bath of claim 3 wherein the 
heterocyclic compound is 2-thiouracil and the alde 
hyde is a mixture of anisic aldehyde and vanillin. 

12. The electroplating bath of claim 3 wherein the 
heterocyclic compound is 2-mercapto-4,6- 
dihydroxypyrimidine and the aldehyde is a mixture of 
anisic aldehyde and vanillin. 

13. The electroplating bath of claim 2 wherein the 
brightener is an aldehyde having the formula 

Sc - o 
Rs.1 

wherein R1 and R2 are independently selected from the 
group consisting of hydrogen, alkyl, aryl and heterocy 
clic oxygen and sulfur containing radicals. 

14. The electroplating bath of claim 13 wherein the 
aldehyde brightener is a benzaldehyde. 

15. The electroplating bath of claim 13 wherein the 
aldehyde is vanillin. 

16. The electroplating bath of claim 13 wherein the 
aldehyde is anisic aldehyde. 

17. The electroplating bath of claim 13 wherein the 
aldehyde is p-hydroxy-benzaldehyde. 

18. The electroplating bath of claim 1 wherein the 
bath contains from about 0.01 to about 0.2 grams per 
liter of a heterocyclic compound selected from the 
group consisting of a 2-mercapto substituted pyridine 
or pyrimidine. 

19. The electroplating bath of claim 18 wherein the 
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polymeric condensate and heterocyclic compound are 
present in the bath with the ranges of from about 0.3 
to about 0.75 and from about 0.025 to about 0.075 
grams per liter, respectively. 
20. The electroplating bath of claim 1 wherein the 

Source of the Zinc ions is a water soluble zinc salt. 
21. The electroplating bath of claim 20 wherein the 

zinc salt is zinc sulfate. 
22. The electroplating bath of claim 1 wherein in the 

polymeric condensate the dihalopropanol is 1,3- 
dichloro-2-propanol. 

23. The electroplating bath of claim 1 wherein in the 
polymeric condensate the alkylene polyamine has a ter 
tiary amino group substituted with alkyl groups of from 
1 to 5 carbon atoms and the alkylene bridge contains 
from about 2 to about 5 carbon atoms. 

24. The electroplating bath of claim 1 wherein in the 
polymeric condensate the alkylene polyamine is dime 
thylaminopropylamine. 

25. The electroplating bath of claim 1 wherein in the 
polymeric condensate the alkylene polyamine is dime 
thylaminopropylamine and the dihalopropanol is 1,3- 
dichloro-2-propanol and the mol ratio of the polyamine 
to the 1,3-dichloro-2-propanol ranges from about 0.8:1 
to about 1.5:1, respectively and the condensate is sub 
stantially uncrosslinked. 
26. The electroplating bath of claim 1 wherein the 

polymeric condensate is present in the bath within the 
range of from about 0.3 to about 0.75 grams per liter. 
27. The electroplating bath of claim 1 wherein the 

bath contains a polyvinyl alcohol within the range of 
from about 0.02 to about 0.2 grams per liter. 

28. The electroplating bath of claim 1 wherein the 
pH is above 14. 

29. In a process for the electroplating of zinc the im 
provement comprising effecting the electroplating with 
the alkaline bath of claim 1 free from any cyanide. 

30. The process of claim 29 wherein the plating is 
conducted at a temperature of from about 60° to about 
100F and at a current density of up to 200 amperes per 
square foot. 
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