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ELECTRODEPOSITION OF TIN 

BACKGROUND OF THE INVENTION 

This invention relates to processes for the electrode 
position of tin onto steel plate and strip, and is more 
particularly related to such processes utilizing specific 

' brightening agents in the plating bath. 
The electrodeposition of tin can be effected in a vari 

ety of acid plating electrolytes. However, all such plat 
ing processes in commercial use require at least three 
components: (1) an acid source, (2) a soluble tin salt 
and (3) one or more organic addition agents for the 
production of smooth, adherent and lustrous deposits 
of tin. With respect to the latter, various polyalkylene 
oxides have been known to be effective. Examples of 
such brightening agents are shown in (1.8. Pat. No. 
2,457,152. Of particular benefit are the agents formed 
by reacting 1 mol of naphthol with from about 3 to 15 
mols of ethylene oxide, i.e. wherein n = 3 to 15 in the 
formula CwH7O-(-C2H4O-)-,l H. Although they repre 
sent a considerable advance, these latter agents suffer 
from a number of disadvantages, especially when em 
ployed in commercial high speed plating lines. The 
shorter chain varieties, i.e. those in which n varies from 
about 3 to 9 are only limitedly soluble in conventional 
acid electrolytes, such as H2SO4 or phenolsulfonic acid 
(PSA). As a result of such limited solubility, tarry prod 
ucts are formed in the plating bath, which deposit on 
the conductor rolls, the plating tanks and electrodepos 
ited coating. The longer chain adducts, on ‘the other 
hand, are substantially totally soluble. However, when 
employed in effective amounts, these longer chain ad 
ducts: (a) produce excessive amounts of foam; which 
decreases the conductivity of the electrolyte, is-dif?cult 
to control and therefore requires the addition of expen 
sive antifoaming agents, and (b) exhibit a more limited 
plating range; thus, requiring the use of higher current 
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It is yet another object of this invention to provide a 

completely soluble brightening agent with a desirably 
long shelf life, such that its high solubility is retained 
after long periods of storage. 

These and other objects and advantages of the instant 
invention will be more apparent from a reading of the 
following description taken together with the appended 
claims and the drawing in which: 
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The FIGURE is a graph illustrating the superior shelf ' 
life of the brightening agents of this invention. 
The ethoxylated-naphthol (EN) addition agents of 

U.S. Pat. No. 2,457,152 (examples 22 and 23) were ini 
15 tially studied to determine their effectiveness in high 

speed commercial tin-plating lines. It may be seen from 
Table I below, that these adducts can be made com 
pletely soluble in acid plating baths by increasing the 
ethylene oxide chain length, i.e. wherein n a 10. How 

20 ever, while the solubility is enhanced‘ by increasing the 
chain length, other difficulties arise. Thus, excessive 
amounts of foam are encountered. Small amounts of 
foam are generally desirable to control the misting as 
sociated with acid plating. However, larger amounts of 

25 foam will obviously create a containment problem. 
Moreover, as noted above, the conductivity of the elec 
trolyte is decreased by such excessive amounts of foam. 
Equally important, as the chain length is increased. the 
permissible plating range becomes narrower. That is, 

30 the minimum current density required for the produc 
tion of smooth, lustrous tin deposits increases so that 
larger current densities are thereby required for the 
production of acceptable product. As a result thereof, 

4 the higher minimum current densities associated with 
35 the longer chain length adducts would necessitate‘ex 

tensive modi?cation of existing commercial plating fa 
cilities to accommodate such higher currents. 

TABLE I 

Plating Tests 

Minimum Current Density (Amps/ft’) Solubility Test 
Sample at 130°F foam % Dissolved 

Identi?cation 4 gm/l 6 gmll characteristics H2804 PSA 

EN-S 50 50 negligible 63 78 
EN-6 75 75 light 81 87 
EN<1O 50 75 excessive 100 100 
EN-IS 125 I25 excessive 100 100 

densities to achieve a bright deposit, i.e. one which is 
not cloudy in appearance. 

It is therefore a principle object of this invention to 
provide an organic brightening agent which does not 
produce an excessive amount of foam; which exhibits 
a wide range of plating current densities and which is 
nevertheless completely soluble in the plating electro 
lyte. 

It is a further object of this invention to provide a 
method for the production of such a brightening agent 
which avoids the production of undesirable by 
products. 

60 

When the EN adducts are sulfonated to produce ethox 
ylated-naphthol sulphonic acid (ENSA) 

a number of the above problems are overcome (see 
Table 11):.(1) the solubility is materially enhanced so 
that substantially complete solubility is achieved with 
ethylene oxide chain lengths equal to or greater than 
five, (2) desirable amounts of foam are achieved by 
employing ENSA adducts with chain lengths of from 5 
to 7, and (3) a wider plating range is acheived for the 
adducts in which n = 6 or 7. 
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TABLE II 

Plating Tests 
Minimum Current Density (Amps/ft’) Solubility Test 

' at 130°F % Dissolved 

Sample foaming 
Identification 4 gm/l 6 gmll characteristics H¢SO4 PSA 

ENSA-3 50 100 negligible 83 87 
ENSA-S 75 75 light 100 96 
ENSA-6 50 50 moderate lOO 99 

at 6 gm/l 
ENSA-7 50 50 excessive 99 99 

above 4 gm/l 
' ENSAJO 75 *‘ excessive foam 99 99 

at even 2 gm/l 
ENSA-l 5 ' * ‘ excessive foam I00 I00 

at even 2 gm/l 

' heavy-powdery deposits formed 

Nevertheless, while the ENSA agents (especially 
those with chain lengths of 5 to 7) were decidedly supe 
rior to the EN agents, additional problems were en 
countered. It was found that the solubility of the EN 
SA-5 product in phenolsulfonic acid (PSA) was very' 
sensitive to purity of the PSA. More importantly, re 
gardless of acid purity, it was found that the solubility 
deteriorated with age, thereby posing a shelf-life prob 
lem. The FIGURE shows the amounts of tar-residue en 
countered in both phenosulfonic and sulfuric acid 
baths with ENSA-S and ENSA-6 brightening agents It 
may be seen that, in using the ENSA-S product, the 
amount of tar-residue encountered increases markedly 
after a storage period of about 20 weeks, while no such 
increase is noted with the ENSA-6 product after a pe 
riod of more than one year in duration. 

Finally, even with the ENSA-6 and ENSA—7 prod 
ucts, it was noted that if sulfonation was not conducted 
within a limited range of temperature and H280.4 con 
centration, then undesirable by-products would form, 
which (a) had a deleterious effect on the appearance 
of the tin-plate and (b) led to increases in the amount 
of tarry residues encountered. It is therefore necessary 
that the ENSA-6 and ENSA-7 products of this inven 
tion be prepared in the following manner. The naphthol 
must initially be ethoxylated with ethylene oxide in the 
mole ratio of l to 6, or 1 to 7. With respect to their ef 
fect as brightening agents, the a and B varieties of 
naphthol may be employed interchageably. However, 
a naphthol should generally be employed, since the B 
variety is known to be toxic. The resulting adduct (i.e. 
EN-6 or EN—7) is then sulfonated at a temperature of 
50°—90°C, preferably about 80°—85°C, with sulfuric 
acid having a concentration of at least about 90%, pref 
erably 92-98%. Within the prescribed range, the tem 
perature employed should be approximately inverse to 
the concentration of the H2504. That is, temperature 
should be maintained in the upper end of its range 
when acid concentration approaches about 90%. How 
ever, as the concentration of the acid employed in 
creases. temperature should then be maintained at cor 
respondingly lower temperatures, so that the tempera 
ture should be about 50°C when an acid concentration 
of about 25% oleum is employed. 
The ENSA—6 and ENSA-7 brightening agents of this 
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invention may be employed in a variety of well known 
acid plating baths, such as; sulfuric, phenolsulfonic, 
cresolsulfonic, sulfamic and fluoboric electrolytes. The 
tin plating method of this invention is desirably per 
formed in the following manner. The ferrous substrate 
(e.g. steel sheet or strip) is passed through an electro 
plating bath containing (1) about 14 to 45 g/l, prefera 
bly 28 to 34 g/l of stannous ions, (2) about I to 12 g/l, 

' preferably 3 to 5 g/l, of ENSA—6 or ENSA—7 prepared 
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in the manner prescribed above and (3) about 6 to 30 
g/l, of free acid (calculated as H2504). The acid may be 
added either as H2804 or phenolsulfonic acid. The tem 
perature of the bath may vary from about 83° to 145°F, 
preferably about 100° to 120°F. An electrolyzing cur 
rent of at least about 50 amps/ft.2 is passed to the sub 
strate as cathode in sufficient stages to form an electro 
plated tin coating of desired thickness. 

I claim: \ 

1. In the electroplating of ferrous substrates with a 
coating of tin, wherein the substrate, immersed in an 
electroplating bath, is made a cathode by the applica 
tion of an electrolyzing current thereto, said plating 
bath being comprised of an acid electrolyte, a tin salt 
and at least one organic brightening agents dissolved 
therein, 

the improvement which comprises employing from 
about 1 to about 12 gms per liter of solution of an 
agent consisting essentially of, 

wherein n equals 6 or 7, said agent having been pre 
pared by the ethoxylation of a or ,8 naphthol with said 
n mols of ehtylene oxide and thereafter, at a tempera 
ture within the range 50°C — 90°C, sulfonating the re 
sultant product with sulfuric acid, the concentration of 
which is at least about 90 percent. 

2. The method of claim 1, wherein a naphthol is eth 
oxylated with 6 mols of ethylene oxide. 

3. The method of claim 2, wherein said sulfonic acid 
concentration is about 92 — 98 percent and said tem 
perature is about 80 °- 85°C. 

4. The method of claim 2, wherein about 3 to 5 gms 
per liter of said agent is employed in said plating bath. 


