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ABSTRACT OF THE DISCLOSURE 
An acidic zinc electroplating bath yielding bright, dense 

and non-embrittling zinc deposits rapidly within a broad 
range of current density comprises one or more zinc salts 
corresponding to 80 to 200 g./l. of zinc, other conduct 
ing salts, usual lustering agents and, in addition, the re 
action product of epichlorohydrin with one or more mem 
bers of the .group consisting of branched polyethylene 
imines and polypropylene imines and, if desired, linear 
or branched polyalkylene amines. Reaction products in 
which not more than 90%, preferably 20 to 60% of the 
amino groups of the polyethylene imines, polypropylene 
imines and polyalkylene amines respectively are reacted 
with epichlorohydrin are preferred. 

BACKGROUND OF THE INVENTION 

Generally used zinc electroplating baths for manu 
facturing galvanized strips, tubes‘ and wires normally con 
tain from 30 to 120 g./l. of zinc and other conducting 
salts. These baths are used at a temperature of from 40 to 
70° C. using a current density of from 20 to 60 amps/ 
drn?. Lowering‘ of electrolytic efficiency at such high cur 
rent vdensities is prevented by using elevated temperature, 
high metal concentrations and low pH in the electrolyte. 
By these measures the desired thickness of the zinc de 
posits and good current yields are obtained. However, the 
zinc layers deposited have a more or less rough crystalline 
structure. The use of elevated current densities should be 
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avoided since the columnar zinc crystals of the deposits i 
tend to grow with higher current densities thus affecting 
the surface structure of the electroplated article and cans 
ing inner tensions and lower adhesion of the zinc deposit. 

SUMMARY OF THE INVENTION 45 

It is an object of the invention to provide a high 
performance zinc electroplating bath which allows to 
deposit zinc crystals parallel to the surface of the electro 
plated article when using higher current densities. 
A further object of the invention is to provide compact 

grained bright, dense and tension-free electroplated zinc 
deposits which may be rapidly deposited on iron or iron 
alloys such as strips, tubes and wire. Further objects of 
the invention may be taken from the following description 
and claims. 

It has been found that bright, dense and non-embrit 
tling zinc deposits may be provided by an acidic zinc elec 
troplating bath comprising in aqueous solution one or 
more zinc salts corresponding to 30 to 200 g./l. of zinc, 
other conducting salts, usual lustering agents and, in addi 
tion, the reaction product of epichlorohydrin with one or 
more members of the group consisting of branched poly 
ethylene imines and branched polypropylene imines and, 
if desired, linear or branched polyalkylene amines. 

DESCRIPTION OF THE INVENTION 

For preparing the reaction products which are contained 
in the zinc electroplating bath of the invention prefer 
ably branched polyethylene imines, branched polypropyl 
ene imines and, if desired, alkylene polyamines (polyal— 
kylene amines), such as diethylene triamine, triethylene 
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tetramine, tetraethylene pentamine, hexamethylene tetra 
mine or dimethylaminopropylene amine are reacted with 
epichlorohydrin. - 1 . _ . 1 

Since these reaction products should be soluble in the 
zinc electroplating bath and should not form resins it is 
preferred to react not more than about 90% of the free 
amino groups with epichlorohydrin._ Thus the molar ratio 
between the branched polyethylene imines and/or poly 
propylene imines and, if present, the polyalkylene amines 
at one hand and epichlorohydrin at the other hand should 
be chosen in a way to ensure that not more than 90%, 
preferably 20 to 60% of the amino groups present are 
reacted with epichlorohydrin. 
The concentration of the reaction products of the 

branched polyethylene imines and polypropylene imines 
respectively with epichlorohydrin in the electroplating 
bath amount to 0.02 to 5.0 g./l., preferably 0.1 to 1.0 g./l. 
of the bath. The concentration of the reaction products of 
polyalkylene amines with epichlorohydrin which may be 
used in addition, if desired, amount to 0.01 to 2.0 g./l., 
preferably 0.1 to 0.5 g./l. of the bath. 
The current density used during electroplating with the 

bath of the invention may amount to from 10 to 100 
amps/dm.2 at a temperature of from 45 to 65° C. and a 
pH of from 2.9 to 3.8. _ 
The other components of the aqueous electroplating 

bath of the invention are known as such. Besides zinc 
salts, such as zinc sulfate and Zinc chloride, conducting 
salts, such as aluminum sulfate, and boric acid and lus 
tering agents, such as urea, aromatic sulfonamides and 
-imides, e.g. toluene sulfonamide or o-sulfobenzoic amide 
may be used. ‘ 

The invention is further illustrated by the followin 
examples. 

EXAMPLE I 

An aqueous zinc electroplating bath is prepared from 
the following ingredients: 
380 g./l. of zinc sulfate 
20 g./l. of boric acid 
20 g./l of aluminum sulfate 
4 g./l. of zinc chloride 
0.25 g./l. of urea 
0.25 g./l. of toluene sulfonamide 
0.5 g./l. of the reaction product of a branched polyethyl 

ene imine with epichlorohydrin and 
0.2 g./l. of the reaction product of tetraethylene pentamine 

with epichlorohydrin. 

At a bath temperature of 55° C. using a current density 
of from 10 to 65 amps/dm.2 at a pH of 3.2 brilliant, well 
adhering and soft zinc deposits on iron are obtained. 
The reaction product of the branched polyethylene 

imine with epichlorohydrin was obtained by reacting one 
mole of a polyethylene imine having structural units of 
the formula 

\ HI /. 

with x being about 10.7 (molecular weight about 2000) 
with two moles of epichlorohydrin at a temperature of 
95 ° C. within a period of 30 minutes. 
The reaction product of tetraethylene pentamine with 

epichlorohydrin was obtained by reacting one mole of 
tetraethylene pentamine with one mole of epichlorohydrin 
at a temperature of 95° C. within a period of 30 minutes. 
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EXAMPLE n 

An aqueous zinc electroplating bath is prepared from 
the following ingredients: 
850 g./l. of zinc sulfate 
15 g./l. of boric acid 
25 g./l. of aluminum sulfate 
3 g./l. of zinc chloride 
0.25 g/l. of urea 
0.45 g./l. of o-sulfobenzoic amide 
0.7 g./l. of the reaction product of polypropylene imine 

with epichlorohydrin and 
0.25 g./l. of the reaction product of triethylene tetramine 

with epichlorohydrin. 
At a bath temperature of 55° C. using a current density 

of from 10 to 100 amps/dm.2 at a pH of 3.0 brilliant, 
soft, well-adhering and non-embrittling zinc deposits on 
iron are obtained. 
The reaction product of polypropylene imine with epi 

chlorohydrin was obtained by reacting one mole of a 
branched polypropylene imine having a molecular weight 
of about 2500 with four moles of epichlorohydrin at a 
temperature of 95° C. within a period of 45 minutes. 
The reaction product of triethylene tetramine with 

epichlorohydrin was obtained by reacting one mole of 
triethylene tetramine with one mole of epichlorohydrin. 

EXAMPLE III 

An aqueous Zinc electroplating bath is prepared from 
the following ingredients: 
850 g./l. of zinc sulfate 
15 g./1. of boric acid 
25 g./l. of aluminum sulfate 
3 g./l. of zinc chloride 
0.25 g/l. of urea 
0.45 g./l. of toluene sulfonamide 
0.30 g./l. of the reaction product of polyethylene imine 

with epichlorohydrin and 
0.20 g./l. of the reaction product of hexamethylene 

tetramine with epichlorohydrin. 
At a bath temperature of 55° C. using a current density 

of from 10 to 100 amps/dm.2 at a pH of 3.2 brilliant, 
well-adhering soft zinc deposits on iron which were free 
of tension are obtained. 
The reaction product of polyethylene imine with epi 

chlorohydrin was obtained by reacting one mole of a 
branched polyethylene imine having a molecular weight 
of about 2000 with six moles of epichlorohydrin at a 
temperature of 95° C. within a period of 30 minutes. The 
reaction product of hexamethylene tetramine with epi 
chlorohydrin was obtained by reacting one mole of 
hexamethylene tetramine with one mole of epichloro 
hydrin at a temperature of 95 ° C. within 30 minutes. 
What is claimed is: 
1. In an acid zinc electroplating bath comprising, in 

aqueous solution, at least one zinc salt in an amount 
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corresponding to between about 80 g./l. and about 200 
g./ l. of zinc, the improvement which consists in said bath 
additionally containing 0.5 g./l. of a water-soluble poly 
alkylene imine-epichlorohydrin reaction product pro 
duced by reacting one mole of a branched polyethylene 
imine of molecular weight 2000 with two moles of epi 
chlorohydrin at a temperature of 95° C. for a period of 
30 minutes. ' 

2. The acid zinc electroplating bath of Claim 1, further 
comprising 0.2 g./l. of a polyalkylene amine-epichloro 
hydrin reaction product obtained by reacting one mole of 
tetraethylene pentamine with one mole of epichlorohy 
drin at a temperature of 95° C. for a period of 30 
minutes. 

3. In an acid Zinc electroplating bath comprising, in 
aqueous solution, at least one zinc salt in an amount 
corresponding to between about 80 g./l. and about 200 
g./l. of zinc, the improvement which consists in said 
bath additionally containing 0.7 g./l. of a water-soluble 
polyalkylene imine-epichlorohydrin reaction product pro 
duced by reacting one mole of a branched polypropylene 
imine of molecular weight 2500 with four moles of 
epichlorohydrin at a temperature of 95 ° C. for a period 
of 45 minutes. 

4. The acid zinc electroplating bath of Claim 3, fur 
ther comprising 0.25 g./l. of a polyalkylene amine 
epichlorohydrin reaction product produced by reacting 
one mole of triethylene tetramine with one mole of 
epichlorohydrin at a temperature of 95 ° C. for a period 
of 30 minutes. 

5. In an acid zinc electroplating bath comprising in 
aqueous solution, at least one zinc salt in an amount 
corresponding to between about 80 g./l. and about 200 
g./l. of zinc, the improvement which consists in said bath 
additionally containing 0.30 g./l. of a water-soluble poly 
alkylene imine-epichlorohydrin reaction product pro 
duced by reacting one mole of a branched polyethylene 
imine of molecular weight 2000 with six moles of epi 
chlorohydrin at a temperature of 95 ° C. for a period 
of 30 minutes. 

6. The acid zinc electroplating bath of Claim 5, fur 
ther comprising 0.20 g./l. of a polyalkylene amine-epi~ 
chlorohydrin reaction product produced by reacting one 
'mole of hexamethylene tetramine with one mole of epi 
chlorohydrin at a temperature of 95° C. for a period 
of 30 minutes. ' 
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