
United States Patent Office 3,472,743 
Patented Oct. 14, 1969 

3,472,743 
ZNC PLATING BATHIS AND ADDITIVES 

THEREFOR 
John Derek Rushmere, Grand Island, N.Y., assignor to 

E. I. du Pont de Nemours and Company, Wilmington, 
Del, a corporation of Delaware 
No Drawing. Filed Dec. 19, 1966, Ser. No. 602,522 

Int, C. C23b5/46, 5/10 
U.S. C. 204-55 9 Claims 

ABSTRACT OF THE DISCLOSURE 
This invention relates to novel method of improving 

the brightness of zinc which is electrodeposited from aque 
ous zinc cyanide plating baths. More particularly, the 
invention comprises adding to the plating baths to im 
prove the brightness of zinc deposited therefrom, an azo 
methine of the general formula RCH-NX wherein R 
and X are selected from the group consisting of phenyl, 
naphthyl and pyridyl and at least one of the groups R 
and X has substituted therein at least one substitutent 
selected from the group consisting of -NH2, -COOH, 
-OH, -SOH and alkoxy. In addition, another part 
of the invention comprises adding to the plating baths 
organic polymers such as polyvinyl alcohol along with 
the defined azomethines to further improve the bright 
ness and luster of the deposited zinc. 

BACKGROUND OF THE INVENTION 
The use of brightening agents in the electrodeposition 

of zinc from alkaline cyanide plating baths is well known. 
Aromatic aldehydes, usually in the form of an aldehyde 
bisulfite addition compound, have been used extensively 
as brightening agents in commercial zinc plating. The use 
of the bisulfite addition compounds is necessary to effect 
sufficient solubility of the aromatic aldehyde in the plat 
ing bath to achieve beneficial plating results. Other 
brightening agents are also employed, with the type of 
brightening agent used generally depending on whether 
the plating bath is acid, containing zinc sulfate, chloride, 
or fluoroborate; or alkaline, containing zinc cyanide. This 
invention is concerned with alkaline zinc cyanide plating 
baths and improved brightening agents therefor. 
One of the principal brightening agents used in zinc 

cyanide plating baths has ben aromatic aldehydes. The 
problem with the use of these compounds is their in 
stability in the cyanide plating bath, causing rapid de 
composition during use and storage, and resulting in a 
high use cost. Consequently, efforts have been made to 
discover compositions which are more stable in the plat 
ing bath than aromatic aldehydes and which have equiva 
ent or better brightening activity. 

DESCRIPTION OF THE INVENTION 
It has been discovered that azomethines are effective 

brightening agents for use in an aqueous zinc cyanide 
plating bath and that they have a much higher stability, 
with lower use cost than the aromatic aldehydes presently 
used. It has also been discovered that the brightness of the 
deposited zinc can be further improved by adding an 
organic polymer such as polyvinyl alcohol to the plating 
bath. 
One way to prepare the azomethines used in this in 

vention is to condense an aldehyde with a primray amine: 

where both R and X may be either aryl or alkyl. The R 
and X can be substituted or unsubstituted with various 
substituents to be described more fully later herein. For 
the purpose of practicing this invention it is preferred 
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that R be aryl while X may be either aryl or alkyl. The 
condensation reaction may be effected by mixing the 
aldehyde and amine together in a suitable solvent such 
as methyl alcohol, the azomethine crystallizing out on 
standing. Of course, it may be more desirable from an 
economic viewpoint in practicing this invention to use a 
commercially available azomethine rather than prepar 
ing the azomethine as shown above. 
From a practical standpoint the particular azomethine 

which is chosen to practice the invention should be solu 
ble in the plating bath. (By the term "soluble' it is meant 
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having a solubility of at least about 0.1 gram per liter at 
a temperature of about 25 C. in an alkaline cyanide zinc 
plating bath.) Azomethines which do not have the re 
quired solubility but which might otherwise be anticipated 
as being effective zinc brighteners, such as benzylidene 
aniline. 

( )-CH-N-( ) 
benzylidene aniline 

can be rendered useful by incorporating an alkali solu 
bilizing group such as -OH, -COOH, or -SO3H into 
the molecule. One way of adding the alkali solubilizing 
group to the azomethine molecule is to start with the ap 
propriately substituted aldehyde or amine. 

Specifically the invention comprises an aqueous cya 
nide zinc electroplating bath containing a brightening 
agent therefor an azomethine, the azomethine being solu 
ble in the bath. There should be a sufficient amount of 
azomethine present in the bath to yield a zinc electro 
deposit of improved brightness. It is preferred that the 
azomethine used have at least one aromatic group as 
part of the molecule, and be present in the bath in an 
amount from about 0.1 to 10 grams per liter. 

In the azomethine molecule, having the general formula 
RCH=NX, it is preferred that R be aryl and X be either 
aryl or alkyl. Some of the aryl groups that are satisfac 
tory for use in the R and X positions are phenyl, pyridyl, 
napthyl, quinolyl, and isoquinolyl. It is usually preferred 
that the alkyl group contain from about 1 to 6 carbon 
atoms. It is also possible to use certain heterocyclic groups 
having a partial aromatic nature such as pyrrole and 
furan in one or both of the R and X positions. 

Organic polymers may be added to the plating bath 
along with aromatic azomethines to further improve 
brightness and luster of deposited zinc. Polyvinyl alcohols, 
natural polymers such as gelatin, peptone, gum traga 
canth and agar-agar, as well as other synthetic polymers 
such as polyethyleneimine and the glyceryl ethers of 
polyvinyl alcohols are satisfactory for this purpose. Poly 
vinyl alcohols having molecular weights from about 5,000 
to 20,000 work well as additives to improve brightness 
and in addition exhibit outstanding tolerance to sodium 
carbonate which builds up in the plating bath and which 
tends to salt out polyvinyl alcohols of higher molecular 
weight. A preferred polymer is polyvinyl alcohol which 
has a molecular weight of about 16,800 and which has 
been found to improve zinc brightness and exhibit excel 
lent resistance to carbonate. 
The optimum amount of the azomethine brightening 

agent will depend upon the specific compound used, the 
current density employed, and the type of plate desired. 
This optimum amount will generally range from about 
0.1 to 10 g/l. of bath. When the azomethine is used in 
combination with an organic polymer, the polymer con 
centration should be from about 0.01 to 10 grams per 
liter of bath, preferably about 0.05 to 0.5 gram per liter 
of bath. The azomethine and organic polymer may be 
added separately but are preferably added together in the 
form of a concentrated aqueous brightener additive solu 
tion. This solution may contain from 1:1 to 50:1 parts 
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by weight of azomethine to polymer. Polyvinyl alcohol, 
as the preferred organic polymer, improves brightness 
when added in concentrations from about 0.01 to 10 
grams/l. of bath. Other polymers suitable for use in the 
additive solution are gelatin, peptone, gum tragacanth, 
agar-agar, polyethyleneimine and the glyceryl ethers of 
polyvinyl alcohols. 
A better understanding of the invention will be gained 

from the following examples illustrating the use of azo 
methines as brightening agents for cyanide zinc plating 
for both barrel and still operations. All parts and per 
centages are by weight unless otherwise specified. 

Example I 
The zinc plating bath used in tests 1-5 was prepared 

in 4 liter batches having the following composition: 
Grams per liter 

Sodium cyanide ------------------------------- 40 
Sodium hydroxide ----------------------------- 90 
Zinc cyanide --------------------------------- 60 
Sodium carbonate ----------------------------- 80 
Sodium sulfide -------------------------------- 1. 

Plating operations were conducted at room temperature, 
i.e., 25-30°C. 
The brightening agent used was 3-(4-hydroxybenzyl 

idene)3-aminopyridine 

3-(4-hydroxybenzylidene) 3-aminopyridine 

which was prepared by the condensation of 3-amino 
pyridine and p-hydroxybenzaldehyde. 

Test I.-This test demonstrates that an improvement 
in brightness can be obtained over a wide range of current 
densities. A steel Hull cell panel was plated at 2 amps 
for 5 minutes in a bath as prepared above containing 
0.8 g/l. of 3 - (4-hydroxybenzylidene)3-aminopyridine. 
After washing in water and dipping in 0.5 wt. percent 
HNO3 to remove stains, the panel had the following ap 
pearance: 

Amp/sq. ft. 
Bright plate with slight haze ----------------- 1-10 
Bright plate ------------------------------ 10-50 
Semi-bright plate -------------------------- 50-120 

In a control experiment conducted in the absence of any 
brightening agent, a uniformly dull plate was obtained 
over the entire face of the panel where densities varied 
from 1-120 amp/sq. ft. This dull plate was considerably 
inferior to even the semibright plate obtained in the pres 
ence of the brightening agent. 

Test 2.- This test demonstrates the utility of 3-(4-hy 
droxybenzylidene)3-aminopyridine as a brightening agent 
in practical still plating. A steel automobile crank hole 
cover (the crank hole cover which was used in the elec 
troplating tests has an outer surface comprises of a series 
of convex surfaces and an inner surface comprised of a 
series of concave surfaces) was plated at 3.5 amps for 
15 minutes in a cyanide plating bath, as prepared above, 
containing 1.5 g./l. of 3-(4-hydroxybenzylidene)3-amino 
pyridine. After washing and dipping in 0.5 wt. percent 
HNO3, a very bright and shining plate was obtained on 
all Surfaces except those of very low current density, 
which were somewhat duller. However, the plate on all 
Surfaces was considerably improved over that obtained 
in the absence of any brightening agent. 

Test 3.- This test demonstrates the co-use of polyvinyl 
alcohol with 3-(4-hydroxybenzylidene)3-aminopyridine 
in practical still plating. A steel crank hole cover was 
plated for 3.5 amps for 15 minutes in a cyanide plating 
bath, as prepared above, to which has been added 3.0 g/l. 
of 3-(4-hydroxybenzylidene)3-aminopyridine and 0.09 
g/l. of "Elvanol" polyvinyl alcohol 51-03 (trademark 
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4 
for Du Pont's water-soluble polyvinyl alcohol having an 
average molecular weight of about 16,800). After wash 
ing and dipping in 0.5 wt. percent HNO3, a very bright 
plate was obtained on all surfaces, including those of low 
current density. The product was judged to be equal or 
Superior to that obtained with the best commercial 
cyanide zinc brighteners. 

Test 4.-This test demonstrates the co-use of polyvinyl 
alcohol with 3-(4-hydroxybenzylidene)3-aminopyridine in 
practical barrel plating. One hundredgms. of steel screws 
were barrel plated at 5 amps for 18 minutes in the bath 
from test 3. The screws produced were bright, but were 
somewhat stained. The stains were readily removed by 
dipping the screws in 0.5 wt. percent HNO3. The result 
ing product had an overall quality equivalent to similar 
products available commercially. 

Test 5-This test demonstrates the excellent stability 
of the 3 - (4 - hydroxybenzylidene)3 - aminopyridine 
"Elvanol' 51-03 system in the cyanide plating bath. The 
bath from test 4 was stored for two weeks and then 
used to plate an automobile crank hole cover at 3.5 amps 
for 15 minutes. The cover was then washed and dipped 
in 0.5 wt. percent HNO3. The result was a uniformly 
bright plate only slightly inferior to that produced from 
test 3. The stability of the system used here is even more 
striking when compared with those using aromatic alde 
hydes, which lose their activity in a twenty-four hour 
idle period. 

Example II 
The plating bath used in tests 1 and 2 was the same 

as that in Example I, i.e., it was prepared in 4 liter batches 
and had the following composition: 

Grams per liter 
Sodium cyanide ------------------------------- 40 
Sodium hydroxide ----------------------------- 90 
Zinc cyanide --------------------------------- 60 
Sodium carbonate ----------------------------- 80 
Sodium sulfide ------------------------------- 1. 
Plating operations were conducted at room temperature, 
25-30 C. The brightening agent used was 1-(4-hydroxy 
benzylidene) analine prepared by the condensation of p 
hydroxybenzaldehyde with aniline. 

Test I.- This test demonstrates the utility of using 
1-(4-hydroxybenzlidene)aniline as a brightening agent in 
practical still plating. A series of crank hole covers were 
plated in a bath to which successive additions of 1-(4- 
hydroxybenzylidene)aniline had been added. Plating was 
conducted at 3.5 amps for 15 minutes and the covers 
were then washed and dipped in 0.5 wt. percent HNO. 
The following observations were made: 
1.5 g/l. of brightener added-The coating was some 
what brighter than that on a blank. 

3.0 g./l. brightener added-Significant improvement in 
brightness on all surfaces, equal to that obtained using 
many commercial brighteners. 

6.0 g/l. brightener added-No further improvement 
noted, 

Test 2-In this test, demonstrating the co-use of 1 
(4-hydroxybenzylidene)aniline and polyvinyl alcohol in 
practical still plating, 0.18 g. of "Elvanol" polyvinyl 
alcohol 51-03 was added to the plating bath of test 1 
after the last addition of 1-(4-hydroxybenzylidene)aniline. 
A crank hole cover plated in this bath showed a signifi 
cant improvement on all surfaces over the best sample 
in test 1, giving a shining bright zinc plated product. 

Example III 
In Examples 1-22 in the table which follows are 

listed a variety of azomethines which were prepared by 
the condensation of selected anldehydes and amines and 
tested for activity as cyanide zinc plating agents. The 
principal test used was the still plating of automobile 
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crank hole covers; the various brightening agents being The primary advantage of the brightening agents of 
added to the plating bath of Example I in amounts vary- this invention is the excellent quality of bright zinc plate 
ing between about 0.1 and 10 g/l. All azomethines obtained. Also, the compositions of this invention are 
listed in the Table gave an improved electroplate which stable both in storage and in the plating bath during 
was brighter and smoother than that obtained without a use and periods of non-use. Their rate of consumption 
brightening agent. The performance of the various is low, thus, making them economically attractive. Of 
azomethine brightening agents was rated as follows: particular importance is the fact that a brightener com 

position containing an azomethine is usually equally 
Fair-A significant improvement over the blank. effective both in still plating and in barrel plating opera Good-Equal to the performance of many commercial brighteners 10 tions. Other advantages of the brightener compositions 

O of this invention Include their effectiveness over a wide 
File:Ea. the performance of the best com- range of current densities and also the fact that bright 

zinc deposits obtained from their use are responsive to 
Examples 23-42 in the table are other azomethines treatment with protective agents such as chromate con 

which are active brighteners for cyanide Zinc plating 15 version coating preparations. 
baths. Since many different embodiments of this invention 

TABLE.-AZOMETHINES AS ZINC BRIGHTENERS 
Examples 1-22 

Source 
Example -m-m-m-m-m- 
No. Aldehyde - Amine Resulting Azomethine Performance 

wa- as w - - - - - p-Hydroxybenzaldehyde------------ Aniline.------------------------------1-(4-hydroxybenzylidene)aniline----------- Good. 
do------------------------------- p-Aminophenol------------------ --- 4-(4-hydroxybenzylidene)4-aminophenol. Fair. 

3------------ p-Hydroxybenzaldehyde (2 mols)... m-Phenylene diamine.---------------- 13thilyoxybenzylidene)-18 phenyl- Fair to good. 
ele Cale. 

4------------ p-Hydroxybenzaldehyde.----------. o-Aminobenzoic acid------------------ 2-hydroxybenzylidene)2-aminobenzoic Do. 
3CO 

5-----------------do------------------------------- m-Aminobenzoic acid----------------. 3-hydroxybenzylidane)3-aminobenzoic Fair. 
aC. 

6----------------- do------------------------------- 3-aminopyridine----------------------- 3-(4-hydroxybenzylidene)3-aminopyridine. Excellent. 
7----- ---do------------------------------- 4-aminopyridine- - --- 4-(4-hydroxybenzylidene)4-aminopyridine. Fair to Good. 
8------------ p-Hydroxybenzaldehyde (2 mols)--. Ethylene diamine--------------------- 1. (4-hydroxybenzylidene)-ethylene Good. 

3.18. 
9----------------- do------------------------------- Diethylene triamine.------------------ 1 bicydroxybenzylidene)-diethylene Fair to Good. 

1818. 
10----------------do------------------------------- Tetraethylene pentamine.------------ 1,13-bis-(4-hydroxybenzylidene) tetraeth- Do. 

ylpentamine. 
ill----------------do---------- an app - - - - - - on as a r n - - - - - 1:2 propane diamine------------------ listsbygroxybenzylidene)propane TDO. 

iamine-1,2. 
12-------- an a w w a do------------------------------- Hexamethylene diamine---------...--- 1,8-bis-(4-hydroxybenzylidene)hexemeth- Do. 

ylene diamine. 13----------- p-Hydroxybenzaldehyde.----------- 9yclohexylamine.--------------------- 1-(4-hydroxybenzylidene)cyclohexylamine. Fair. 
14----------- m-Hydroxybenzaldehyde (2 mols). Ethylene diamine--------------------- 1 bilydroxybenzylident)ethylene Do. 

late. 
15.----------- m-Hydroxybenzaldehyde...-------- Aniline-------------------------------- 1-(3-hydroxybenzylidene)aniline.----------- Fair to Good, 
16------ - Benzaldehyde.--------- - m-Aminophenol- ---, 3-benzylidene 3-aminophenol----- Fair. 

- - - - - - do------------------ ... p-Aminophenol--- --- 3-benzylidene 3-aminophenol-------------- Do. 

- 0-Aminobenzoic acid------------------ 2-lethoxybenzylidene)2-aminobenzoic Do. 
aClO. 

- m-Aminophenol. - 3-furfurylidene 3-aminophenol- - Do. 
- 0-Aminobenzoic a 2-furfurylidene 2-aminobenzoic a Do. 
- Cyclohexylamine. - furfurylidene cyclohexylamine..... Do. 
... p-Aminobenzoic aci 4-3-pyridylidene)4-aminobenzoic ac Do. 

Examples 23-42 
Source 

Example - - - - - 
No. Aldehyde Amine Resulting Azomethine 

23----------- p-Hydroxybenzaldehyde.----------- Methylamine.------------------------- 1-(4-hydroxybenzylidene)methylamine. 
24. d --- Ethylemaine------ --- 1-(4-hydroxybenzylidene)ethylamine. 
25-. --- Propylamine.------ --- 1-(4-hydroxybenzylidene)propylamine. 
26. --- Butylamine------- ---, 1-(4-hydroxybenzylidene) butylamine. 
27- ... Pentylamine.-- ... 1-(4-hydroxybenzylidene)pentylamine. 
28- --- Hexylamine------- --- 1-(4-hydroxybenzylidiene) hexylamine). 
29- --- 4-methoxypentylamine ---, 1-(4-hydroxybenzylidene)4-methoxypentylamine. 
30-- --- 0-Aminobenzoic acid.----------------- 2-(1-hexylidene)2-aminobenzoic acid. 
31- --- Benzaldehyde------- - 5-amino-1-naphthelene sulfonic acid--- 5-benzylidene 5-amino-1-naphthalene sulfonic acid. 
32. ... 2-naphthaldehyde----- --- 2-amino benzoic acid.----------------- 2-(2-naphthylidene)2-aminobenzoic acid. 
33. - East ... 3-aminoquinoline---- ... 3-(4-hydroxybenzylidene)3-amino quinoline. 34-- - Benzaldehyde 2-sulfonic acid- --- 5-aminoisoquinoline- --- 5-(benzylidene 2-sulfonic acid)5-aminoisoquinoline. 
35. --- 3-formyl benzoic acid.------- --- Aniline------------- --- 1-(3-carboxybenzylidene)aniline. 
36-- --. Benzaldehyde------------ --- Amino acetic acid--- Benzylidene aminoacetic acid. 
37. ---, m-Hydroxybenzaldehyde-- Ethylene diamine.---- 3-hydroxybenzylidene ethylene diamine. 
38. ... Glycolic acid.------------ m-Phenylene diamine.-- - 1-glycolidine 3-phenylene diamine. 
39. --- 3-formylbenzoic acid.----- - 4-amide aniline---------- - 4-(3-carboxybenzylidene)4-amidoaniline. 
40. 4-hydroxybenzaldehyde. - p-Toluidine----------- - 4-(4-hydroxybenzylidene)4-toluidine. 

- - - - - -do----------------- - p-Aminoethylbenzoate-- 4-(4-hydroxybenzylidene)4-aminoethylbenzoate. 
--- Anisaldehyde--------- - 4-ethoxy 2-aminobenzoic acid--- - 2-(4-methoxybenzylidene)2-amino-4-ethoxybenzoic aeid. 

In addition to the azomethine compounds previously may be made without departing from the spirit and 
cited as having utility in the present invention, similar 6 scope thereof, it is to be understood that the invention 
compounds containing additional substituent groups on is not limited to the specific illustrations except to the 
the R and X groups in the molecule having a general extent defined in the following claims. 
formula RCH=NX, such as -NH2, -COOH, -COO What is claimed is: 
alkyl, alkyl, alkoxy, OH, and -SO3H may be used. The 1. An aqueous cyanide zinc electroplating bath con 
plating baths exemplified may, of course, be modified 70 taining as a brightening agent an aromatic azomethine 
to substitute for the sodium salts, other salts, e.g., potas- of the general formula RCH=NX wherein R and X are 
sium and lithium compounds, which behave similarly selected from the group consisting of phenyl, naphthyl 
in the bath. Also zinc oxide rather than zinc cyanide may and pyridyl and at least one of the groups R and X has 
be used. Details for preparing and using the baths are, substituted therein at least one substituent selected from 
of course, well known to those skilled in the art. the group consisting of -NH2 -COOH, -OH, -SO3H 
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and alkoxy, said azomethine being soluble in said bath 
and being present in said bath in an amount sufficient to 
yield a zinc electrodeposit of improved brightness. 

2. The bath of claim 1 wherein said azomethine is pres 
ent in said bath in an amount from about 0.1 to 10 grams 
per liter of bath. 

3. The bath of claim 2 wherein a bath-soluble organic 
polymer selected from the group consisting of polyvinyl 
alcohol, polyethyleneimine, gelatin and peptone is pres 
ent in an amount from about 0.01 to 10 grams per liter 
of bath. 

4. The bath of claim 3 wherein said organic polymer 
is a polyvinyl alcohol having a molecular weight from 
about 5,000 to 20,000. 

5. The bath of claim 1 wherein said brightening agent 
comprises 3-(4-hydroxybenzylidene)3-aminopyridine. 

6. The bath of claim 1 wherein said brightening agent 
comprises 1-(4-hydroxybenzylidene)aniline. 

7. The bath of claim 3 wherein said azomethine con 
prises 3-(4-hydroxybenzylidene)3-aminopyridine or 1-(4- 
hydroxybenzylidene)aniline and said organic polymer 
comprises polyvinyl alcohol having a molecular weight 
from about 5,000 to 20,000, said polyvinyl alcohol being 
present in an amount from about 0.05 to 0.5 gram per 
liter of bath. 

8. An additive for an aqueous cyanide zinc electroplat 
ing bath consisting essentially of from about 1:1 to 50:1 
parts by weight of an aromatic azomethine of the gen 

O 

15 

20 

25 

8 
eral formula RCH=NX wherein R and X are selected 
from the group consisting of phenyl, naphthyl and pyridyl 
and at least one of the groups R and X has substituted 
therein at least one substituent selected from the group 
consisting of -NH2, -COOH, -OH, -SO3H and al 
koxy and a bath-Soluble organic polymer selected from 
the group consisting of polyvinyl alcohol, polyethylene 
imine, gelatin, and peptone, said additive being soluble 
in said bath. 

9. The composition of claim 8 wherein said azometh 
ine is 3-(4-hydroxybenzylidene)3-aminopyridine or 1-(4- 
hydroxybenzylidene)aniline and said organic polymer is 
polyvinyl alcohol having a molecular weight of about 
16,800. 
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