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Prevention of Sludge Generation in Sulfuric Acid Bath and
Electrolytic Tin Plating by Sulfuric Acid Bath

Hiromitsu DATE

Synopsis : As for the electrolytic tinning bath used in tinplate manufacturing lines, the phenolsulfonic acid bath has been the mainstream in the world

for many years. In recent years, some tinplate makers have applied the methanesulfonic acid bath. The author studied the sulfuric acid bath in

order to develop a better plating bath. Although the problem of the sulfuric acid bath was sludge quantity caused by easy oxidation of stan-

nous ion into stannic ion in the solution with the dissolved oxygen, it was found that only a small amount of sludge generated in the sulfuric

acid bath in which specific phenolic antioxidants such as hydroquinone was added. The behavior of hydroquinone was discussed to be a radi-

cal scavenger. The tinplate obtained with the sulfuric acid bath stood comparison with that with the phenolsulfonic acid bath over a wide cur-

rent density range.
Key words : tinplate; antioxidant; sludge; sulfuric acid.
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Fig. 1. Schematic diagram of tin dissolving apparatus.
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Fig. 2. Effect of various antioxidants on reduction of sludge
generation. Antioxidants are EDTA disodium salt
(a), sodium isoascorbate (b), isopropyl citrate (c),
L-cysteine hydrochloride (d), dl-o-tocopherol (e),
3-tert-butyl-4-hydroxyanisol (f), n-propyl gallate (g)
and concentrations used are 0.1 g//.
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Fig. 3. Substituent effects of phenols on reduction of sludge generation. Concentration of phenols are (a) 0.1 g// and (b) 0.01 g/l.
Substituents are ~OH (O), ~OCH, ({J), -NH, (A) and -COCH, (@®).
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Fig. 4. Sludge generation of tin plating bath. Plating baths

are sulfuric bath (@) and PSA bath (A).
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Fig. 5. Dependence of sludge generation on hydroquinone
concentration at oxygen gas bubbling.
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Fig. 6. Dependence of sludge generation on dissolved oxy-
gen concentration at various gas bubbling rates.
Hydroquinone concentrations are 0 (@), 0.001 (A)
and 0.01 g// (M).
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Fig. 7. Dependence of sludge generation on the ratio of
hydroquinone (HQ) concentration to dissolved
oxygen (DO) concentration at various gas bubbling
rates. Hydroquinone concentrations are 0.001 (O),
0.01 (@), 0.1 ([J) and 1 g// (M).
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Fig. 8. Dependence of current efficiency of tin plating on
current density. Plating baths are sulfuric bath (®)
and PSA bath (A).
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Fig. 9. Relation between current density and gloss (Gs
60°) of tinplate plated by sulfuric acid bath (@) and
PSA bath (A).
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Fig. 10. Relation between current density and IEV of tin-
plate plated by sulfuric acid bath (@) and PSA
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Fig. 11. Dependence of current efficiency of tin plating on
current density. Plating baths are sulfuric acid
bath (@) and PSA bath (A).
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Fig. 12. Relation between current density and gloss (Gs

60°) of melted tinplate plated by sulfuric acid bath
(@) and PSA bath (A).
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and PSA bath (A).

Table 1. Chemical oxygen demand (COD) of sulfuric acid
bath and PSA bath for electrolytic tinplating.

Solution Contents Free acid coD
e/ (mg/1)
Sulfuric acid bath Sulfuric acid  20g/| 18.8 10800
Stannous ion  20g/|
Hydroquinone  1g/|
Brightener 6g/1
Sulfuric acid solution Sulfuric acid  20g/| 0
PSA bath PSA 90g/! 212 75200
Stannous ion  20g/I
Brightener 6g/t
PSA solution PSA 90g/1 71100

ELTOREER:-T I LEHRENT, ATC, ISV 3R
W, PSABICKEREL, RERB»5IEMAEMHSD
AELE T X B AR 7z (Fig.13, 14).
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