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[ 5 7] ABSTRACT 

Bright zinc electroplates can be deposited from elec 
trolytes containing zinc chloride, ammonium chloride, 
and an addition agent comprising a mixture of certain 
nonionic polyoxyethylene compounds, certain ketones 
and certain carboxylic acids. 
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ACID ZINC ELECTROPLATING ELECTROLYTE, 
PROCESS AND ADDITIVE 

BACKGROUND OF THE INVENTION 

This invention relates to the deposition of bright zinc 
electroplate, and more particularly to the electrodepo 
sition of such plate from acid electrolytes. 

It is presently recognized that there are certain ad 
vantages to being able to plate bright Zinc electrode 
posits from acid rather than conventional basic cyanide 
baths. These advantages include the ability to plate cast 
iron and carbonitrided steel as well as the avoidance of 
problems associated with the disposal of toxic cyanide 
wastes. Thus, a number of processes have been pro 
posed recently for electroplating bright zinc from acid 
baths which do not contain cyanides. 

In operating such acid zinc processes, certain addi 
tives are required to obtain bright plate over a commer 
cially operable range of current densities and improved 
processes, and additives are always desirable to extend 
this range of operating current densities thus permitting 
more flexibility in plating, especially in the plating of 
objects with complex surface con?gurations. 
Certain polyoxyethylene compounds and certain ke 

tone compounds have been proposed for. use in bright 
acid zinc electroplating, usually in combination with 
other additives. For example, US. Pat. No. 3,594,291 
— Todt et al. describes the use of certain ketones with 
N-polyvinyl pyrrolidone as brighteners in such baths, 
although the plate produced is not truly bright at high 
current densities. US. Pat. No. 3,694,330 — Korpiun 
et al. and generally corresponding British Pat. No. 
1,149,106 disclose the use, along with an aromatic car 
bonyl compound and ammonium chloride, of a non 
ionogenic, surface active polyoxyethylene compound. 
Suitable aromatic carbonyl compounds are said to in 
clude carboxylic acids, carboxylic acid esters, alde 
hydes and ketones. However, the disclosures do not 
teach the combined use of both carboxylic acids and 
ketones but rather the use of them individually as 
equivalents. The bright plating range is also limited to 
l0 to 50 a./ft.2, although the range below 10 a./ft.2 is 
particularly desirable for commercial barrel plating op 
erations. 
US. Pat. No. 3,669,854 — Harbulak teaches bright 

acid zinc electroplating using as additives polyethers 
and at least one nonaromatic a,B-unsaturated carbonyl 
compound. Harbulak also discloses the use of citric 
acid as a bath component in addition to the polyoxyeth 
ylene compound and a ketone. However, the function 
of the citric acid is that of a complexing agent rather 
than that of a brightener. The citric acid maintains the 
zinc in solution at pH‘s above 5.5, preventing the pre 
cipitation of insoluble zinc salts. 

SUMMARY OF THE lNVENTlON 

The present invention, in certain of its embodiments, 
provides compositions for acid zinc electrolytic plating 
baths and additives for such baths, as well as methods 
for using such baths. 
The plating bath compositions of the invention com 

prise an aqueous bath composition containing at least 
one zinc compound providing zinc ions for electroplat 
ing zinc, a source of chloride ion, at least one nonionic 
polyoxyethylene compound, at least one ketone, and at 
least one carboxylic acid, wherein 
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2 
said polyoxyethylene compound‘ is selected from 
compounds of the formula 

wherein n + m 2 10, x = l or 2, derived from a 
reaction of oxyethylene with a polyol selected 
from the group consisting of 

2,4,7,9-tetramethyl-5-decyne-4,7 diol, _ v 

polyoxypropylene glycol of molecular weight at least 
about 900, and I 

N,NZQIQN’-tetrakis(polyoxypropylene glycol) ethyl 
ene diamine of molecular weight at least about 
500, 

and wherein R is de?ned by the selected polyol; 
said ketone is selected from the group consisting of 

4-phenyl-3'buten-2-one (benzalacetone), 
4-( 4-methoxyphenyl )-3-buten-2-one ' (anisalace 

tone), 
4,( 3 ,4-dimethoxyphenyl )-3-buten-2-one (veratral 
acetone), 

4-(3,4-methylenedioxyphenyl)-3-buten-2-one 
(piperonalacetone), and 

4-(2¢furyl)-3-buten-2-one (furfuralacetone); and 
said carboxylic acid is selected from the group con 

sisting of 
benzoic acid, 
cinnamic acid, 
Z-furylacrylic acid, and 
nicotinic acid. _ 

The polyoxyethylene ~ 2,4,7,9-tetramethyl-5-decyne 
4,7 diol is sold under the name “Surfynol" by Air Prod 
ucts and Chemicals, lnc., of Wayne, Pa. The polyoxy 
ethylene - polyoxypropylene glycol is sold under the 
name “Pluronic” by BASF Wyandotte Corp. of Wyan 
dotte, Michigan. The polyoxyethylene-N,N,N',N' 
tetrakis(polyoxypropylene glycol) ethylene diamine is 
sold under the name “Tetronic” by BASF Wyandotte 
Corp. 
The bath is preferably operated at a pH between ‘3.5 

and 6.1. The preferred pH range for optimum bright 
ness and operability is 5 to 6. Zinc deposits of accept 
able commercial quality can be obtained over the tem 
perature range of 15° to 40°C., and the preferred oper 
ating temperature range is 20° to 35°C. The preferred 
range of zinc metal content in the bath is 30 to 60 g./l., 
preferably added as zinc chloride. For best results, the 
bath should have a total chloride ion content of 150 to 
190 g./l., with the major portion (over 50% by weight) 
of the chloride, other than that derived from zinc chlo 
ride, added in the form of ammonium chloride. 
The concentration ranges of the brightening addi 

tives in the bath are as follows: polyoxyethylene com 
pounds 0.05 to 20 g./l., preferably 2 to 10 g./l., ketone: 
0.05 to 2 g./l., preferably 0.1 to 0.5 g./l.; carboxylic 
acid: 0.05 to 20 g./l., preferably 1 to 6 g./l. In the addi 
tion agent of the invention used to prepare and main 
tain the baths, the concentration ranges of the bright 
ening additives are: polyoxyethylene compounds: 10 to 
400 g./l., preferably 20 to 50 g./l.; ketone: l0 to 200 
g./l., preferably 20 to 50 g./l.; carboxylic acid: ID to 
200 g./l., preferably 20 to-SO g./l. 



3 
‘DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

It has been found that by using both the polyoxyeth 
ylene compounds of the invention and the ketones of 
the invention in the presence of certain carboxylic 
acids, the bright plating current density range is consid 
erably extended over that obtained when either the car 
boxylic acid or ketone compounds are omitted, in ac 
cordance with certain of the teachings of the prior art. 
Preferably two or more different molecular weights of 
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the polyethylene compounds of the invention are used _ 
at the same time to obtain the most bene?cial results 
and widest bright plating range. 

The operating pH of the bath is established at about 
3.5 to 6.1 because at a pH much below 3.5 undesirable 
dissolution of zinc anodes occurs even without electrol 
ysis, and at a pH much above 6.1 precipitation of insol 
uble zinc salts commences. In operation, the bath tends 
to seek its own pH level of about 5.8 to 6.1, and lower 
pH levels can be maintained only by periodic additions 
of acid. The higher pH is also desirable in that it mini 
mizes corrosion effects on plated parts due to poor rins 
ing. 
While baths can be operated with the zinc metal con 

tent outside the preferred range of 30 to 60 g./I., such 
conditions are less preferred due to decreasing cathode 
efficiencies at lower zinc concentrations and increasing 
low current density dullness at higher concentrations. 

The preferred range for total chloride ion content of 
150 to I90 g./I. is arrived at from a recognition of the 
fact that baths containing lower concentrations of chlo 
ride, while operable, have the disadvantages of poorer 
low current density operation, poorer anode corrosion, 
and a tendency to precipitate insoluble zinc salts at 
pH's much above 5.5. 

It should be recognized that bath formulations may 
also contain other metal salts such as, for example, po 
tassium sulfate or sodium sulfamate. However, there 
appears to be little practical advantage to using such 
materials. Bath formulations may also contain mixtures 
of zinc salts such as zinc sulfate along with the zinc 
chloride. Again, there appears to be little or no practi 
cal advantage to this, and the preferred range of chlo 
ride content of the bath should still be met. If no zinc 
chloride is used. this chloride should come primarily 
from ammonium chloride. Alternative sources of zinc 
include zinc oxide dissolved in common industrial acids 
such as hydrochloric, sulfuric, acetic, ?uoboric, and 
sulfamic acids. Alternatively, aqueous solutions of 
commercial zinc salts themselves may be employed, 
and, as mentioned above, zinc chloride is preferred. 

The pH of the bath is adjusted to the desired level by 
means of addition of ammonium hydroxide, sodium hy-' 
droxide or equivalent materials. 

The zinc electrode deposits obtained from such acid 
baths are typically coarse and dull in appearance and 
have little commercial value until other additives are 
used. The additive of the invention including certain 
nonionic polyoxyethylene compounds, certain ketones, 
and certain carboxylic acids, each component added to 
the bath in suitable amounts, permits the production of 
a bright, shiny zinc electrodeposit of a high decorative 
quality over a wide range of operating current densities 
and in a higher pH range than taught by the prior art. 
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4 
As discussed above, the higher pH range is desirable. 

Brightener chemicals are preferably added to the 
bath as two types of additives in order to obtain the cor 
rect balance of components for initial start up and sub 
sequent continued maintenance of the bath under opti 
mum conditions of performance. 
A starter additive is usually used only once at the 

start as a new bath is made up. It comprises an aqueous 
solution containing: polyoxyethylene compounds: I00 
to 500 g./l., preferably 200 to 350 g./l.; and carboxylic 
acid (added as sodium, potassium, ammonium or simi 
lar salts) 50 to 250 g./l., preferably 100 to 200 g./I. 
A maintenance additive is added initially to the bath 

and then on demand to maintain performance. It com 
prises an organoaqueous solution containing: polyoxy 
ethylene compounds 10-400 g./l. preferably 20 to 50 
g./l.; carboxylic acid (as sodium, potassium, ammo 
nium or similar salt) 10-200 g./l. preferably 20 to 50 
g./l.; and ketone 10 to 200 g./I., preferably 20 to 50 g./l. 
In the maintenance additive, methanol is used to solu 
bilize the sparingly soluble ketones of the invention. 
The amount of methanol required varies depending on 
the concentration of ketone used in the formulation, 
but typically may comprise 30 to 50 percent by weight 
of the formulation. In place of methanol other inexpen 
sive organic solvents such as ethanol, acetone and the 
like may be employed. 

In practicing the invention in the start up of a new 
bath, the desired amount of starter additive, typically 
l0 to 40 cc. per liter of bath, is added to the bath and 
well mixed. Next the desired amount of maintenance 
additive typically 10 to 40 cc. per liter of bath is added 
to the bath and well mixed. The bath is now ready for 
operation. 
To illustrate the operation of the invention and its su 

periority over the prior art, the experiments were per 
formed which are set forth in the following examples. 
In the examples, an aqueous bath containing 75 g./l. 
ZnCI2, and 185 g./l. NH4CI was used. The temperature 
of operation was about 20°C. The pH and other param 
eters, and the additives used and their concentrations 
are stated in the examples, and the resulting character 
istics of plates at various current densities are set forth. 
For the polyoxyethylene compounds, the approximate 
molar content of the polyoxyethylene is given. 

EXAMPLE I 

Demonstrating Advantages of Three-Component Addi 
tion. Carboxylic Acid Omitted in First Test 
Test 1: To l liter of zinc chloride/ammonium chlo 

ride bath, at pH 5.0, were added: 

(poclyoxyethyleneho ",0, tetramethyl 
ecyn diol (“Surfynol 465") 

(polyoxyethyleneh "m, tetramethyl 
decyn diol (“Surfynol 485") 

benzalacetone 

.0!” .N NO 0 mac (n 

267 ml. of this solution were transferred to a Hull cell 
and a steel cathode panel plated at 2 amps for 10 min 
utes. The panel showed the followingplate characteris 
tics: 

0-l0 a./ft.2 dull, gray black 
l0-l4 a/ft.2 bri 1 
14-20 a./ft.2 dul , gray 
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-Continued 
bright 
bright but very rough plate. 

20-55 a./f’t.2 
above 55 ajft.2 

Test 2: To the same solution were next added 2 g. 

benzoic acid (as sodium salt). A repeat 2 a./l0 min. 
Hull cell panel test new showed: 

0-80 a./ft.2 very bri t 
Above 80 aJft.2 gh very bright but some roughness. 

EXAMPLE 2 

Demonstrating Advantages of Three-Component Sys 
tem Carbonyl Compound Omitted in First Test 
Test 1: To 1 liter of zinc chloride/ammonium chlo 

ride bath, at pH 5.5, were added: 

(polyoxyethylenem mo; tetramethyl 
decyn diol 2.0 g. 

(polyoxyethylene )m M tetramethyl 
decyn diol 2.0 g. 

benzoic acid (as sodium salt) 2.0 g. 

A steel cathode panel plated at 2 amps for 10 minutes 
in a 267 ml. Hull cell showed the following plate char 
acteristics: 

0-1 a./ft.2 dull, gray 
l-35 a./ft.2 semibright 
above 35.a./ft.2 dull. black. 

Test 2: To the same solution were added 0.2 g. ben 
zalacetone. A repeat, 2 a./l0 min., Hull cell panel now 
showed: 

0-80 a./ft.2 very bright 
above 80 a./t‘t.'-’ semibright. rough. 

EXAMPLE 3 

Operation at pH 6 
To 1 liter zinc chloride/ammonium chloride bath at 

pH 6.0 were added; 

(polyoxyethylene)w ,,.,,, tetramethyl 
decyn diol 

(polyoxyethylenehn m0, tetramethyl 
decyn diol 

benzoic acid (as sodium salt) 
benzalacetone 

A steel panel plated at 2 amps for 10 minutes in a 267 
ml. Hull cell gave: 

bright 
semibright. rough. 

The brightness here was not quite that obtained in 
Examples 1 and 2. However, increasing the benzalace 
tone concentration to 0.3 g./l. fully restored the bright 
ness level. 

EXAMPLE 4 

To 1 liter zinc chloride/ammonium chloride bath at 
pH 5.3 were added: 

6 
(polyoxyethyleneh ,m, tetramethyl 

decyn diol 8.0 g. 
Z-furanacrylic acid 5.0 g. 
furfuralacetone 0.4 g. 

5 
A steel cathode plated at 2 amps for 10 minutes in a 

267 ml. Hull cell gave: ' 

0-60 a./l’t.2 very bright 
10 60-100 a./ft.2 semibright. rough 

above l00 a./ft.2 dull, black. 

EXAMPLE 5 
15 To 1 liter zinc chloride/ammonium chloride bath at 

pH 5.4 were added: 

(polyoxyethylenehm mo, (polyoxypropylene ' 
2O glycol)” m1 (“Pluronic F 88") 2.0 g. 

benzalacetone ' 0.3 g. 
nicotonic acid 4.0 g. 

A 267 ml. steel Hull cell cathode plated at 2 amps for 
10 minutes showed: - 

25 

(L50 alft.2 bright 
50-60 aJft.2 dull 
60-100 aJft.2 bright 
above 100 a./i’t.2 dull. 

30 

EXAMPLE 6 

To 1 liter zinc chloride/ammonium chloride bath at 
35 pH 5.1 were added: 

(polyoxyethylene )22 mg, ([xilyoxy?propylene 
glycol)"; ,m, (“Pluronic L 3. ") 8.0 g 

(polyoxyethylene)l0 ,m, tetramethyl 
40 decyn diol 0.75 g 

(polyoxyethylene 73., ,m, tetramethyl 
decyn diol 0.75 g. 

furfural acetone l.5 g. 
nicotinic acid I 0 g. 

45 A steel Hull cell panel plated at 2 amps for 10 min 
utes gave a deposit which was brilliant over the current 
density range 0-120 a./ft.2 except for some roughness 
and a few dull vertical streaks in the range 70-90 a./ft.2 

50 
EXAMPLE 7 

To 1 liter zinc chloride/ammonium chloride bath at 
pH 5.1 were added: 

55 

(polyoxyethylene )m m,” N,N.N'.N'-tetrakis(poly 
propylene glycol)“ "m, ethylene diamine 
(“Tetronic 707") 4 g. 

benzoic acid 4 g 
benzalacetone 0.2 g. 

60 

A steel Hull cell panel plated at 2 amps for 10 min 
utes gave a bright zinc deposit over the range O-60 
a./ft.2 ' 

65 EXAMPLE 8 

A 105 liter zinc chloride/ammonium chloride bath at 
pH 5.9 was prepared. To it as brightener were added: 
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(polyoxyethylene ) m ",0, tetramethyl 
decyn diol 2.0 g./l. 

(polyoxyethylene )30 ",0; tetramethyl 
decyn diol 2.0 g./l. 

benzoic acid (as sodium salt) 2.0 g./l, 
benzalacetone 0.2 g./l. 

A variety of parts including nuts, bolts, washers, 
safety harness clamps were barrel plated in a horizontal 
barrel for 20-30 minutes. Loading varied from 
900-1,800 grams and plating current from 20-45 
amps. Bright, shiny, well-adherent zinc with good cov 
erage in recesses was obtained on all parts. 
Various other parts — radio speakers, radio chassis, 

chain, wheel rims were rack plated in the same bath 
using average current densities of 20-60 a./ft.2 and air 
agitation. Again, bright, shiny, well-adherent zinc with 
good coverage in recesses was obtained on all parts. 

I claim: 
1. A composition for providing bright zinc electrode 

deposits which comprises an aqueous acidic electrolyte 
composition containing at least one zinc compound 
providing zinc ions for electroplating zinc, a source of 
chloride ion, 0.05 to 20 g./l. of at least one nonionic 
polyoxyethylene compound, 0.05 to 2 g./l. of at least 
one ketone, and 0.05 to 20 g./l. of at least one carbox 
ylic acid, 

said polyoxyethylene compound being selected 
from compounds of the formula: 

wherein n + m I 10, x = l or 2, derived from a 

reaction of oxyethylene with a polyol selected 
from the group consisting of 

2,4,7,9-tetramethyl-5-decyne-4,7 diol, 
polyoxypropylene glycol of molecular weight at least 
about 900, and 

N',N,N',N’-tetrakis(polyoxypropylene glycol) ethyl 
ene diamine of molecular weight at least about 
500, . 

and wherein R is de?ned by the selected polyol; 
said ketone being selected from the group consist 

ing of 
4-phenyl-3-buten-2-one, 
4-(4-methoxyphenyl)-3-buten-2-one, 
4-(3,4-dimethoxyphenyl)-3-buten-2-one, 
4-(3,4-methylenedioxyphenyl)-3-buten-2-one, and 
4-(2-furyl)-3-buten-2-one; and 

said carboxylic acid being selected from the group 
consisting of 

benzoic acid, 
cinnamic acid, 
2-furylacrylic acid, and 
nicotinic acid. 
2. A composition according to claim 1 having a zinc 

metal content within the range of about 30 to 60 g./l. 
with the zinc added as zinc chloride, a total chloride ion 
content of about 150 to I90 g./l. with the chloride 
other than zinc chloride being added in the form of am 
monium chloride, a pH in the range of about 3.5 to 6.1, 
the polyoxyethylene compounds being present in the 
range of about 0.05 to 20 g./l., the ketone being present 
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8 
in the range of about 0.05 to 2 g./l., and the carboxylic 
acid being present in the range of about 0.05 to 20 g./l. 

3. A composition according to claim 2 having a pH 
in the range of about 5 to 6, a content of polyoxyethyl 
ene compounds in the range of about 2 to 10 g./l., a ke 
tone content of about 0.1 to 0.5 g./l., and a carboxylic 
acid content of about 1 to 6 g./l. wherein said polyoxy 
ethylene compounds are polyoxyethylene 2,4,7,9 
tetramethyl-5-decyne-4,7 diol and said ketone is 
4-phenyl-3-buten-2-one. 

4. A composition according to claim 1 wherein the 
polyol is 2,4,7,9-tetramethyl-5-decyne-4,7 diol. 

5. A composition according to claim 1 wherein the 
polyol is polyoxypropylene glycol of molecular weight 
of at least 900. ‘ 

6. A composition according to claim 1 wherein the 
polyol is N,N,N’,N'-tetrakis(polyoxypropylene glycol) 
ethylene diamine of molecular weight at least about 
500. 

7. A composition according to claim 1 wherein said > 
ketone is 4-phenyl-3-buten-2-one. 

8. A composition according to claim 1 wherein said 
ketone is 4-(4-methoxyphenyl)-3-buten-2-one. 

9. A composition according to claim 1 wherein said 
ketone is 4-(3,4-dimethoxyphenyl)-3-buten-2-one. 

10. A composition according to claim 1 wherein said 
ketone is 4-(3,4-methylenedioxyphenyl)-3-buten 
2-one. 

11. A composition according to claim I wherein said 
ketone is 4-(2-furyl)-3-buten-2-one. 

12. A composition according to claim 1 wherein said 
carboxylic acid is benzoic acid. 

13. A composition according to claim 1 in which the 
pH is in the range of about 3.5 to 6.1. 

14. A composition according to claim 1 wherein the 
zinc concentration measured as metal is in the range of 
about 30 to 60 g./I., and the zinc is provided as zinc 
chloride. I 

15. A composition according to claim 1 wherein the 
bath has a total chloride ion concentration of about 
150 to l90 g./l., with the major portion of the chloride 
being provided as zinc chloride and ammonium chlo 
ride. 

16. A composition according to claim 1 wherein the 
polyoxyethylene compounds are present in a concen 
tration range of about 2 to 10 g./l. 

17. A composition according to claim 1 wherein the 
ketone is present in concentration range of about 0.1 
to 0.5 g./l. 

18. A composition according to claim 1 wherein the 
carboxylic acid is present in a concentration range of 
about 1 to 6 g./l. 

19. A method of producing bright zinc electrodepos 
its which comprises passing current from an anode to 
a cathode at a temperature about in the range of 15° to 
40°C. through an aqueous acidic electrolyte composi 
tion containing at least one zinc compound providing 
zinc ions for electroplating zinc, a source of chloride 
ion, 0.05 to 20 g./l. of at least one nonionic polyoxyeth 
ylene compound, 0.05 to 2 g./l. of at least one ketone, 
and 0.05 to 20 g./l. of at least one carboxylic acid, 

said polyoxyethylene compound being selected 
from compounds of the formula 
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reaction of oxyethylene with a polyol selected 
from the group consisting of 

2,4,7,9-tetramethyl-5-decyne-4,7 diol, 
polyoxypropylene glycol of molecular weight at least 
about 900, and 

N ,N ,N ' ,N ’-tetrakis( polyoxypropylene glycol) ethyl 
ene diamine of molecular weight at least about 
500, 

and wherein R is de?ned by the selected polyol; 
said ketone being selected from the group consist 

ing of 
4-phenyl-3-buten~2-one, 
4-(4-methoxyphenyl)-3-buten-2-one, 
4-( 3 ,4-dimethoxyphenyl )-3-buten-2-one, 
4-(3,4-methylenedioxyphenyl)-3-buten-2-one, and 
4-(2éfuryl)-3-buten-2-one; and 

said carboxylic acid being selected from the group 
consisting of 

benzoic acid, 
cinnamic acid, 
Z-furylacrylic acid, and 
nicotinic acid. 
20. A method of claim 19 operated at temperatures 

in the range of 15° to 40°C. with a zinc metal content 
within the range of about 30 to 60 g./l., the zinc being 
added as zinc chloride, a total chloride ion content of 
about 150 to 190 g./l. with the chloride other than zinc 
chloride being added in the form of ammonium chlo 
ride, a pH in the range of about 3.5 to 6.1, the polyoxy? 
ethylene compounds being present in the range of 
about 0.05 to 20 g./l., the ketone being present in the 
range of about 0.05 to 2 g./l., and the carboxylic acid 
being present in the range of about 0.05 to 20 g./l. 

21. A method of claim 20 having a pH in the range 
of about 5 to 6, a content of polyoxyethylene com 
pounds in the range of about 2 to 10 g./l., a ketone con 
tent of about 0.1 to 0.5 g./l., and a carboxylic acid con 
tent of about 1 to 6 g./l. wherein said polyoxyethylene 
compounds are polyoxyethylene 2,4,7,9~tetramethyl-5 
decyne-4,7 diol and said ketone is 4-phenyl-3-buten 
2-one. 

22. A method of claim 19 wherein'the pH is in the 
range of about 3.5 to 6.1. 

23. A method of claim 19 wherein the zinc concen 
tration measured as metal is in the range of about 30 
to 60 g./l., and the zinc isprovided as zinc chloride. 

24. A method of claim 19 wherein the bath has a total 
chloride ion concentration of about ISO to I90 g./l., 
with the major portion of the chloride being provided 
as zinc chloride and ammonium chloride. 

10 

25 

30 

35 

40 

45 

50 

55 

60 

6.5 

10 
25. A method of claim 19 wherein the polyoxyethyl 

ene compounds are present in a concentration range of 
about 2 to 10 g./l. - 

26. A method of claim 19 wherein the ketone is pres 
ent in a concentration range of about 0.1 to 0.5 g./l. 

27. A method of claim 19 wherein the carboxylic 
acid is present in a concentration range of about 1 to 
6 g./l. . , , 

28. An organoaqueous-addition agent for use in pre 
paring an acid zinc electroplating bath composition, 
said addition agent comprising: 

10 to 400 g./l. of at least one nonionic polyoxyeth 
ylene compound selected from the group consist- , 

' ing of 

R 

wherein n + m , 10, x _= 1 or 2, derived from a 

reaction ‘of oxyethylene with a-polyol selected 
from the group consisting of.. ' 

2,4,7,9-tetramethyl-5-decyne-4,7 diol, 
polyoxypropylene glycol of molecular weight at least 
about 900, and ' 

N,N,N',N’-tetrakis(polyoxypropylene glycol) ethyl- ' 
ene diamine of molecular weight at least about 
500, 

and wherein R is de?ned by the selected polyol; 
. 10 to 200 g./l. of a ketone selected from the group 

consisting of ' 

4-phenyl-3-buten-2-one, 
4-(4-methoxyphenyl)-3-buten-2-one,~ 
4-( 3 ,4-dimethoxyphenyl )-3-buten-2-one , 
4-( 3,4-methylenedioxyphenyl)-3-buten-2-one, and 
4-(2-furyl)-3-buten-2-one; and ‘ 

10 to 200 g./l. of a carboxylic acid selected from 
the group consisting of 

benzoic acid, 
cinnamic acid, 
2-furylacrylic acid, and 
nicotinic acid. 
29. An addition agent according to claim 28 wherein 

the polyoxyethylene compounds are polyoxyethylene 
2,4,7,9-tetramethyl-5-decyne-4,7 diols, the ketone is 
4-phenyl-3-buten-2-one, and the carboxylic acid is ben 
zoic acid. 
30. An addition agent according to claim-29 contain- I 

ing 20 to 50 g./l. of the polyoxyethylene compounds, 20 
to 50 g./l. of the ketone, and 20 to 50|g./l. of the car 
boxylic acid. 

* * * * * 
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