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This invention relates to electrolytic tin plat 
ing baths which embody improved addition 
agentS. 
In electrolytic processes for plating tin on 

steel strip, the strip is immersed in a plating 
bath from which a tin coating is electrolytically 
deposited. On its Surface. Such baths ordinarily 
Consist of an aqueous Solution of a tin Salt, var 
ious acids or alkalies and various addition agents. 
Those With which the present invention is con 
Cerned consist of an acid, such as phenolsul 
fonic acid, benzene meta-disulfonic acid or sul 
phuric acid, and the corresponding stannous 
Salt, besides the improved addition agent. 
Many Substances have been used or tried as ad 
dition agents, perhaps the most common being 
glue, beta, naphthol or sulfones, such as dihy 
droxy diphenyl sulfone. Their action is not 
fully understood, but satisfactory tin coatings 
cannot be produced in their absence. 
After a tin coating has been deposited on a 

Strip Surface, the usual practice is to melt the 
coating to improve its luster. Nevertheless 
baths are known which are capable of deposit 
ing lustrous tin coatings directly without the 
need for melting, but those with which I am 
familiar produce coatings which are not Suf 
ficiently ductile or coherent and the processes 
are difficult to control. Consequently their use 
has been extremely limited and manufacturers 
continue to melt the coating. 
An object of the present invention is to pro 

vide tin plating baths which embody improved 
addition agents and which are capable of de 
positing on strip ductile and coherent coatings 
that are lustrous even though not melted. 
The addition agents of the present invention 

consist of complex condensation products form 
ed by reacting aromatic amines With formalde 
hyde in an acid medium. The aromatic amines 
can be those having a primary amino group at 
tached either to an unsubstituted benzene ring 
(aniline) or to a benzene ring substituted by 
one or more alkyl or halo groups in any of the 
ortho, meta, or para positions with respect to 
the amino group (e. g. Ortho, meta, or para, 
toluidine or chloraniline or xylidine). My 
present preference is para, toluidine, which also 
contains the ortho and meta, isomers to Some 
extent. The amine is used in an amount of 2 
to 6 grams per liter of bath solution. The for 
maldehyde can be either an aqueous formalde 
hyde Solution or solid paraformaldehyde, and 
is used in an amount to form a ratio of 1 to 3 
mols of formaldehyde to each mol of amine. 
Larger concentrations of formaldehyde seem 
harmleSS but of no benefit, 
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First the amine is dissolved in an aqueous So 

lution of an acid, such as Sulphuric acid, phenol 
sulfonic acid or benzene meta-disulfonic acid. 
Next, with the solution maintained at a temper 
ature within the range 40° C. to 60° C., aqueous 
formaldehyde or solid paraformaldehyde is add 
ed gradually over a period of at least five hours 
until the mol ratio is at least one mol of formal 
dehyde to each mol of amine. The resulting 
solution can be introduced to a plating bath 
until the desired concentration of addition agent 
is attained (2 to 6 grams of amine per liter of 
bath). However for simplicity I prefer to util 
ize the bath itself as the acid solution in which 
I dissolve the amine and then add the formalde 
hyde. 
The usual Sulphate, benzene meta-disulfonic 

or phenolsulfonic tin plating bath has a total 
free acid content expressed as the H2SO4 equiv 
alent of 20 to 50 grams per liter. It contains 10 
to 80 grams per liter of tin in the form of the 
corresponding stannous salt. Optionally ben 
Zene meta-disulfonic acid baths and phenolsul 
fonic acid baths can contain Sulphate radicals 
from an effective amount to about 35 grams per 
liter and phenolsulfonic acid baths often con 
tain phenol as an impurity in amount up to 
about 5 grams per liter. 
When addition agents of the present inven 

tion are used in phenolsulfonic acid, benzene 
meta-disulfonic acid or Sulphuric acid baths, 
the baths are capable of depositing bright, duc 
tile and coherent coatings directly with a current 
density range of about 100 to 600 amperes per 
square foot, within a temperature range of about 
90° F. to 140° F. and at strip speeds of about 50 
to 600 feet per minute. The optimum current 
density, temperature, and strip speed must be 
determined individually for each plating line, as 
known in the art. Furthermore one must rec 
ognize that, while these variables normally are 
within the foregoing ranges, they cannot neces 
Sarily be varied at will within these ranges and 
still produce Satisfactory coatings. Instead any 
significant variation in one ordinarily must be 
compensated by variations in others, also as 
known in the art. In general at a given operat 
ing temperature, the current density range 
Widens as the strip speed increases, with the 
upper limit increasing more rapidly than the 
lower. In general the effect of raising the tem 
perature is to shift the current density range 
upWard, which effect becomes more pronounced 
at Strip Speeds greater than 300 feet per min 
ute. 

Specific examples of baths compounded in ac 



2,598,486 
3 

cordance with the present invention are as 
follows: 

EacGimple I 
The bath was an aqueous Solution containing 

the following ingredientS: 
Grams/liter 

Phenolsulfonic acid ---------------------- 30 
Tin ------------------------------------- 35 
Total Sulphate radical ------------------- 35 
Toluidine -------------------------------- 3 
Formaldehyde sufficient to form a ratio of 3 nois 
per mol of toluidine. 
At operating temperatures of about 90 F. to 

110° F. and a strip speed of 100 feet per minute, 
this bath deposited coatings having satisfactory 
brightness or luster, ductility and coherence 
within a current density range of about 100 to 
175 amperes per square foot. At the same ten 
perature and a strip speed of 250 feet per ninute 
the current density range for similarly Satis 
factory coatings was about 150 to 500 araperes 
per Square foot. 

Eaccingle II 
ine bath was an af. Leous Solution containing 

tie following ingredients: 
Grams/liter 

Phenolsulfonic acid ---------------------- 50 
Stannous phenolsulfonate ---------------- 3. 
Total sulphate radical -------------------- O 
Toluidine -------------------------------- 3. 
Formaldehyde Sufficient to form a ratio of 1 isol 
per mol of toluidine. 

The bath deposited satisfactory coatings at about 
the same operating conditions as the bath in 
Example I. 

Egg igie III 
The bath was an aqueous solution containing 

s tie following ingredients: 
Grams/liter 

Pheinoisulfonic acid ---------------------- 53 
Stanlous phenolsulfoilate ---------------- 3. 
Toluidine -------------------------------- 5 
Formaldehyde sufficient to for a ratio of 2.5 

nhols per mol of toluidine. 
i he absence of Siphate iciis caused the lower 
limit of the current density range to be consider 
ably higher regardless of other factors (e. g. 250 
amperes per square foot at a strip Speed of 500 
fest per ininute). 

Eactingie IV 
The bath was an aqueous Solution containing 

the following ingredients: 
Grams/liter , 

Sulphuric acid ---------------------------- 3D 
Stannous Sulphate ------------------------ 64 
Toluidine -------------------------------- 6 
Formaldehyde sufficient to for in a ratio of 1 rol 
per no of toluidine. 

The bath does not have as wide a c!'i'eit (ie:isity 
range as those of the other examples, but at Cull 
rent densities greater than 400 angeres 23: 
square foot deposits very bright tin coatings. 

Eacingle W 
The bath was an aqueous Sciliticin containing 

the following ingredientS: 
Grams/liter 

iSeinzene neta-disulfonie &cid ------------- 50 : 
Stannous benzene meta-disulfonate ------- 5: 
Total sulphate radical -------------------- O 
Toluidine -------------------------------- 5 
Formaldehyde sufficient to form a ratio of inol 

per mol of toluidine. 
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4. 
The bath deposited bright tin coatings at about 
the same operating conditions as the bath in 
Example I. 

Eacample VI 
The bath was an aqueous solution containing 

the following ingredients: 
Grams/liter 

Phenolsulfonic acid ---------------------- 50 
Stannous phenolsulfonate ----------------- 137 
Total Sulphate radical -------------------- 10 
Aniline ---------------------------------- 4. 
Formaldehyde sufficient to form a ratio of 1 mol 

per no of aniline. 
This bath likewise deposited bright tin coatings 
at about the same operating conditions as the 
bath in Example I. 

Eaccimple VII 
The bath was an aqueous solution containing 

the following ingredients: 
Grams/liter 

Phenolsulfonic acid ---------------------- 50 
Stannous phenolsulfonate ---------------- 13 
Total sulphate radical -------------------- 0 
Xylidine -------------------------------- 4 
Foraaldehyde Sufficient to foirin a ratio of 1 mol 
per mol of Xylidine. 

This bath also deposited bright tin coatings at 
about the same operating conditions as the bath 
in Example I. 

EacGimple VIII 
The bath was an aqueous solution containing 

the following ingredients: 
GrainS/liter 

Phenolsulfonic acid----------------------- 50 
Stannous phenolsulfonate----------------- 137 
Total Sulphate radical--------------------- O 
Chloraniline ----------------------------- 4. 
Forraldehyde Sufficient to for a ratio of 1. 
ino per noi of chloraniline. 

This bath again deposited bright tin coatings 
at about the same operating conditions as the 
bath of Example. 
From the foregoing description and examples 

it is seen that the present invention affords an 
easily prepared tin plating bath and one which 
depositS coatings that are ductile and coherent 
and bright although not melted. While I have 
described Specific compositions by way of ex 
ample, it is apparent modifications may arise. 
Therefore i do not Wish to be inited to the dis 
closure set forth but only by the scope of the 
appended claims. 

Claira: 
1. An electrolytic tin plating bath consisting 

of an aqueous acid solution of 10 to 80 grams per 
liter of tin in the forin of a stannous Salt of an 
acid. Of the group consisting of phenolsulfonic 
acid, benzene meta-disulfonic acid and Sulphuric 
acid, and the reaction product formed by dis 
Solving an annine in said solution and gradually 
adding formaldehyde thereto at a temperature 
of 40 to 60° C., the amine being present in a 
concentration of 2 to 6 grams per liter and be 
ing of the group consisting of aniline, toluidine, 
Xylidine and chloraniline, the formaldehyde be 
ing present in an amount of 1 to 3 mols of formal 
dehyde-per. nol of annine, said Solution having 
a total free acid content expressed as the H2SO4 
equivalent of 20 to 50 grams per liter. 

2. An electrolytic tin plating bath consisting of 
an aqueous acid Solution of 10 to 80 grams per 
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liter of tin in the form of stannous phenol 
Sulfonate and the reaction product formed by 
dissolving an amine in said solution and gradu 
ally adding formaldehyde thereto at a tempera 
ture of 40° to 60° C., the amine being present 
in a concentration of 2 to 6 grams per liter and 
being of the group consisting of aniline, toluidine, 
Xylidine and chloraniline, the formaldehyde be 
ing present in an amount of 1 to 3 mols of form 
aldehyde per mol of amine, said Solution having 
a total free acid content expressed as the H2SO4 
equivalent of 20 to 50 grams per liter. 

3. An electrolytic tin plating bath as defined in 
claim 2 containing in addition Sulphuric acid 
Sufficient to furnish Sulphate radicals in an 
amount up to about 35 grams per liter. 

4. An electrolytic tin plating bath consisting of 
an aqueous acid solution of 10 to 80 grams per 
liter of tin in the form of a stannous salt of 
an acid of the group consisting of phenolsulfonic 
acid, benzene meta-disulfonic acid and Sul 
phuric acid, and the reaction product formed by 
dissolving in Said solution 2 to 6 grams per liter 
of toluidine and gradually adding formaldehyde 
at a temperature of 40 to 60° C. in an amount 
of 1 to 3 mols of formaldehyde per mol of 
toluidine, said solution having a total free acid 
content expressed as the H2SO4 equivalent of 20 
to 50 grams per liter. 

5. An electrolytic tin plating bath consisting of 
an aqueous acid Solution of 10 to 80 grams per 
liter of tin in the form of a stannous phenol 
sulfonate, and the reaction product formed by 
dissolving in said solution 2 to 6 grams per liter 
of toluidine and gradually adding formaldehyde 
at a temperature of 40 to 60° C. in an amount 
of 1 to 3 mols of formaldehyde per mol of 
toluidine, said Solution having a total free acid 
content expressed as the H2SO4 equivalent of 20 
to 50 grams per liter. 

6. An electrolytic tin plating bath consisting of 
an aqueous acid solution of 10 to 80 grams per 
liter of tin in the form of Stannous Sulphate 
and the reaction product formed by dissolving in 
said Solution 2 to 6 grams per liter of an amine 
of the group consisting of aniline, toluidine, 
Xylidine, and chloraniline and gradually adding 
formaldehyde at a temperature of 40° to 60° C. 
in an amount of 1 to 3 mols of formaldehyde 
per mol of amine, said Solution having a total 
free acid content of 20 to 50 grams per liter 
H2SO4. 

7. An electrolytic tin plating bath consisting 
of an aqueous acid solution of 10 to 80 grams 
per liter of tin in the form of stannous Sulphate 
and the reaction product formed by dissolving in 
Said Solution 2 to 6 grams per liter of toluidine 

- and gradually adding formaldehyde at a tem 
perature of 40° to 60° C. in an amount of 1 to 
3 mols of formaldehyde per mol of toluidine, 
said Solution having a total free acid content 
of 20 to 50 grams per liter H2SO4. 

8. An electrolytic tin plating bath consisting 
of an aqueous acid solution of 10 to 80 grams 
per liter of tin in the form of a stannous salt 
of an acid of the group consisting of phenol 
Sulfonic acid, benzene meta-disulfonic acid and 
Sulphuric acid, and the reaction product formed 
by dissolving in said solution 2 to 6 grams per 
liter of aniline and gradually adding formalde 
hyde at a temperature of 40° to 60° C. in an 
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6 
amount of 1 to 3 mols of formaldehyde per mol 
of aniline, said Solution having a total free acid 
content expressed as the H2SO4 equivalent of 
20 to 50 grams per liter. 

9. An electrolytic tin plating bath consisting 
of an aqueous acid solution of 10 to 80 grams 
per liter of tin in the form of a stannous salt of 
an acid of the group consisting of phenolsulfonic 
acid, benzene meta-disulfonic acid and sul 
phuric acid, and the reaction product of 2 to 6 
grams per liter formed by dissolving in said 
Solution Xylidine and gradually adding formal 
dehyde at a temperature of 40° to 60° C. in an 
amount of 1 to 3 mols of formaldehyde per mol 
of xylidine, Said Solution having a total free acid 
content expressed as the H2SO4 equivalent of 
20 to 50 grams per liter. 

10. An electrolytic tin plating bath consisting 
of an aqueous acid solution of 10 to 80 grams 
per liter of tin in the form of a stannous salt 
of an acid of the group consisting of phenol 
Sulfonic acid, benzene meta-disulfonic acid and 
Sulphuric acid, and the reaction product formed 
by dissolving in said solution 2 to 6 grams per 
liter of chloraniline and gradually adding 
formaldehyde at a temperature of 40° to 60° C. 
in an amount of 1 to 3 mols of formaldehyde per 
mol of chloraniline, said solution having a total 
free acid content expressed as the H2SO4 equiva 
lent of 20 to 50 grams per liter. 

li. An electrolytic tin plating bath consisting 
of an aqueous acid solution of 10 to 80 grams 
per liter of tin in the form of a stannous salt 
of an acid of the group consisting of phenol 
Sulfonic acid, benzene meta-disulfonic acid and 
Sulphuric acid, and the reaction product formed 
by dissolving an amine in said solution and 
gradually adding formaldehyde thereto at a 
temperature of 40° to 60° C., the amine being 
present in a concentration of 2 to 6 grams per 
liter and being a primary aromatic amine hav 
ing an amino group attached to one position on 
a. benzene ring and groups of the class consist 
ing of hydrogen, halogens, and alkyls attached 
to the other positions, the formaldehyde being 
present in an amount of 1 to 3 mols per mol of 
amine, said solution having a total free acid 
content expressed as the H2SO4 equivalent of 
20 to 50 grams per liter. 

12. An electrolytic tin plating bath consisting 
of an aqueous acid solution of 10 to 80 gramS 
per liter of tin in the form of a stannous salt 
of an acid of the group consisting of phenolsul 
fonic acid, benzene meta-disulfonic acid and 
Sulphuric acid, and the reaction product formed 
by dissolving in said solution 2 to 6 grams per 
liter of para toluidine and gradually adding 
formalledyhyde at a temperature of 400 to 606 
C. in an amount of 1 to 3 mols of formaldehyde 
per mol of para toluidine, said solution having 
a total free acid content expressed as the H2SO4 
equivalent of 20 to 50 grams per liter. 
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