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AND TTN PLATTING OF STEEL, SIRIP 

Edwin E. Wonada, Cleveland, Ohio, assignor to 
United States Steel Corporation, a corporation 
of New Jersey 

Application November 22, 1950, Serial No. 196,975 
4 Claims. (Cl. 204-28) 

This invention relates to the continuous elec 
trolytic pickling and tin plating of steel strip and 
is a COntinuation-in-part of my Copending ap • 
plication Serial No. 110,365, filed August 15, 1949, 
now abandoned. In the continuous method of 
electrolytic tin plating now in common use steel 
strip which has been hot rolled, pickled, cold 
rolled, cleaned, annealed in a reducing atmos 
phere and in most cases temper rolled is Supplied 
to the tin line. This strip has a thin coating 
of oxide thereon which must be removed prior to 
plating. The usual practice is to contiuously 
pass the strip from an uncoiler through a clean 
ing tank which removes oil therefron and then 
through a pickling bath which removes the thin 
oxide coating. The cleaned and pickled Strip 
then passes to the electrolytic tin coating talk. 

I have found that by simultaneously pickling 
and applying a flash coating to the strip instead 
of merely pickling the strip, a much better 
finished product is obtained. This is done by 
using a combination of tin anodes and Silicon 
containing ferrous anodes in a sulphuric acidi 
bath in somewhat the same manner as disclosed 
in the patent to Fink et al. No. 1,927,116, dated 
September 19, 1933. However, the method dis 
closed therein is not broadly applicable for ap 
plicant's purpose since certain conditions not 
disclosed therein must be adhered to before get 
ting the desired results. I have also found that 
the current density disclosed in the Fink et ai. 
patent will not give the tight inherent flash 
coating required for subsequent electrotinning. 
Instead, it is necessary to use several times the 
disclosed current density. 

It is therefore an object of my invention to 
provide a continuous method of pickling, flash 
coating and electrotinning steel strip. 
Another object is to provide a continuous 

method of simultaneously pickling and applying 
a flash tin coat to steel strip suitable for electro 
tinning. 
These and other objects will be more apparent 

after referring to the following specification and 
attached drawings, in which: - 
Figure 1 is a schematic longitudinal section 

through the electrolytic tank; 
Figure 2 is a horizontal sectional view taken 

on the line II-II of Figure l; and 
Figure 3 is a schematic layout of an electrolytic ; 

tinning line. - ... 
Referring more particularly to the drawings 

which show one type of apparatus in which my 
invention is used, the reference numeral 2 indi 
cates a rubber lined electrolytic tank having a 
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Chanber 4 in the lower part thereof. The chann 
ber is separated from the top part of the tank 
by means of insulation S and division plates 3. 
A rubber covered sink roll it is positioned in 
the chamber 4 which has an inlet 2 for the 
electrolyte. An insulating barrier 4 extends 
from the center division plate 8 to a deflector 
plate 6 at the top of the tank and divides the 
top of the tank into two chambers 8 and 28 
Which are insulated from each other. A con 
stricted passageway 22 in chamber 8 is insu 
lated from the rest of the tank by means of in 
sulation 24 at the bottom thereof. Fastened 
to the outside of passageway 22 and to the sides 
of tank 2 are deflector plates 26. Within the 
paSSageWay 22 are renovable electrode liners 23 
Which may be adjusted for movement toward 
and aWay from each other in any Suitable mai 
ne. Each of the electrode liners 28 is preferably 
Inade up of a silicon containing anode 23S at 
each end thereof near the edge of the strip S, a 
in anode 28 adjacent each anode 23S and the 
silicon containing anodes 28S alternating with 
tin anodes 28T. For best resultS the anode:S 28S 
should have half the Surface area, of anodes 2SS' 
and the anodes 23 should have One-tenth the 
Surface area of anodes 28S'. Instead of the 
above arrangement, the electrode liners 23 may 
be made up of silicon containing anodes and ti 
anodes arranged in a checkerboard fashion. The 
silicon containing anodes and tin anodes inay 
also be arranged alternately along the length of 
the strip. In any event in order for the nethod 
to operate satisfactorily it is necessary to have 
the tin and Silicon containing anodes arranged 
in an alternate pattern and for the surface area, 
of the tin anodes to be between 8% and 2% 
of the total anode area. Best results are ob 
tained when the Surface area, of the tin anodes 
is 9% of the total anode area, and With the a 
rangement described above. However, the re 
lationship between adjacent tin and silicon bear'. 
ing anodes can vary in the Sane proportion as 
their total areas; that is, the surface area, of a 
tin anode may be between 8% and 12% of the 
combined surface area of a tin and silicon bear 
ing anode. The width of anodes 23S” may be as 
great as five inches although it is preferred to not 
exceed a Width of four inches. InSuation 3 
separates the liners 28 from the passageway 22. 
A restricted passageway 32 in chamber 2 is 
insulated from the rest of the tank by insular. 
tion 34. Defector plates 3:are fasterned to te 
outside of passageway 32 and to the sides of 
tank 2. Renewable electrode liners 38 made up 
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in the same manner as liners 28 are adjustably 
mounted within the passageway 32 and are sep 
arated therefrom by insulation 40. An ently 
conductor roll 42 is mounted above chamber 
and a delivery conductor roll 44 is mounted 
above the chamber 20. A hood 46 surrounds 
the rolls 42 and 44 and the top of the tank 2 for 
collecting the fumes from the cleaning Opera 
tion. A conduit 48 leads from the hood 66 to 
an exhaust fan, not shown. The negative ter 
Iainal of a generator 50 is connected to the ently 
conductor roll 42 and its positive terminal is 
connected to the electrode liners 28. A Second 
generatol 52 has its positive terminal connected 
to the roll S4 and its negative terminal con 
nected to the electrode liners 38. 
The strip S passes from an uncoiler 55 to a 

cleaning tank 56 and enters the tank 2 over the 
entry conductor roll 42 and passes downwardly 
between the electrode liners 28 which are SO air 
ranged that the clearance between the electrodes 
and the strip will give the most effective clean 
ing. The strip then passes under the sink roll 

upwardly between the electrode liners 38 and 
over the exit roll 44. Hold down rolls 58 are 
provided at each conductor roll to insure good 
contact between the rolls and the Strip. The 
hold down roll for the exit conductor roll also 
prevents electrolyte drag out. 
The electrolyte is circulated by means of a 

pump 64 which delivers it from a reservoir 66 
to the chamber 4 through the opening 2. in 
sulation 68 is provided to prevent grounds and 
current leakage from the reservoir 66. The elec 
trolyte passes upwardly through passageways 22 
and 32 and over the Surface of the Strip S at 
high velocity. The electrolyte soiution tien 
flows over the top of the paSSageways and cas 
cades downwardly over the plates 2 and 36 
which aid in Ireleasing the entrained g8 SeS in 
the electrolyte. Deflector plates 6 confine the 
electrolyte within the tank. The electrolyte 
leaves the tank through conduits 7) which lead 
to the reservoir 66. Means for cleaning and 
conditioning the electrolyte are preferably lo -- 
cated in the reservoir 66. The above described 
apparatus is more particularly described and 
claimed in my copending application, Serial No. 
725,056, filed January 29, 1947, now Patent No. 
2,556,017. From the exit roll 44 the strip S 
passes to the electrolytic tinning tank 58, 
through the melting tower 60 and then to the 
shear 62 where the strip is cut into sheets which 
are piled in the piler 64. It will be understood 
that much more equipment is provided in the 
tinning line Which is not illustrated or described 
since it has no bearing on the present invention. 

have found that by using a ferrous body 
containing between 13% and 18% silicon in the 
silicon containing anode, I obtain the desired 
corrosion resistance and physical properties as 
well as acceptable electric conductivity charac 
telistics. A ferious alloy found Suitable for 
Sulcin anodes contains Substantially .75% to .85% 
carbon; .30% to .70% manganese; and 14.25% 
to 14.50% silicon with the usual amounts of 
residual elements. Such anodes have a con 
parative insolubility under anodic corrosion, an 
adequate electric conductivity, favorable hydro 
gen overwoltage characteristics of corroded sur 
face in the cleaning bath, and freedom from 
chemical contamination of the bath by the prod 
lucts of anodic decomposition. In place of using 
Silicon iron alloys, a ferrous body having its sur 
face impregnated with a similar amount of sili 
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4. 
con may be used. Apparently these anodes op 
erate satisfactorily because of the formation of 
a film of hydrated silicon oxide on the Surface 
of the anodes under conditions of continuous 
electrolytic cleaning. This coating is electrical 
ly conducting and allows the current to pass, but 
prevents contact between the metal of the anode 
and the Solution. 
The silicon bearing anodes described above 

are used in conjunction with tin anodes to apply 
a flash coating of tin to the Strip S while Simul 
taneously cleaning it. The Overvoltage on the 
tin anodes is higher than on the iron anodes So 
that the current has less resistance to overconne 
in the case of the iron electrodes, with the re 
sult that the less expensive iron electrodes are 
dissolved in preference to the tin. The over 
voltage on the tin anodes is also higher than. On 
my silicon bearing anodes and the process of 
electrolytic cleaning and tin coating is especially 
satisfactory when using such silicon bearing 
anodes in conjunction with tin anodes in a 5% 
to 15% Sulphuric acid Solution. Under op 
erating conditions the sulphuric acid Will con 
tain some ferrous and ferric Sulphate. The 
bath temperature is preferably maintained be 
tween 100° and 150° F. and the current density 
must be between 150 and 250 amperes per square 
foot. 
In carrying out my process, tank 4 is prefei'. 

ably filled with a 10% solution of sulphuric acid 
maintained at 125 F. and containing about 1% 
ferrous sulphate. Generators 5 and 52 to 
gether with pump 64 are placed in operation 
and the strip S is started through the apparatus. 
Operating conditions are then adjusted to pro 
vide for a strip travel Speed of between 480 and 
600 feet per minute with the current density 
Over the total eXposed area of electrode linings 
being adjusted to between 150 and 250 amperes 
per Square foot with the voltage maintained be-, 
low 12 volts. Strip passing through the ap 
paratus under these operating conditions is 
thoroughly pickled, but is not flash coated until 
the tin concentration in the electrolyte is built 
up. When it is desired to flash coat the strip 
from the beginning of the operation, a per 
centage of Stannous sulphate found desirable 
for the Specific cleaning conditions used is in 
troduced in the electrolyte. By way of example, 
it has been found that the addition of Substan 
tially 2% SnSO4 to a 10% solution of sulphuric 
acid produces an adequate flash tin coating. 
Under these conditions a fine layer of tin is 
coated on the Strip with a good bond between 
the tin and steel. The strip S with the flash 
coat of tin thereon then passes to the electrolytic 
coating tank 58 where the desired weight of tin 
coating is applied. 
While one embodiment of my invention has 

been shown and described it will be apparent 
that other adaptations and modifications may 
be made without departing from the scope of 
the following claims. 

i claim: ... " . 

1. The method of continuously and simuli. 
taneously pickling and applying a flash coating 
of tin to a steel strip having a thin cottaing of 
oxide thereon which comprises passing the strip 
through a 5% to 15% sulphuric acid sclution 
having a plurality of anodes therein, part of said 
anodes being made of tin and the remainder be. 
ing made of ferrous metal containing between 
13% and 18% silicon, said silicon containing an 
odes being arranged in spaced apart relation 
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5 
ship across the width of the strip with one ad 
jacent each edge of the strip and tin anodes be 
tween each pair of silicon containing anodes, the 
total surface area of the tin anodes being be 
tween 8% and 12% of the total anode area, and 
maintaining a current density between 150 and 
250 amperes per square foot of anode area. 

2. The method of continuously electrolytic 
pickling and tin plating Steel Strip having a thin 
cottaing of oxide thereon which comprises clean 
ing the strip and applying a flash coating of 
tin thereto by passing it through a 5% to 15% 
sulphuric acid solution having a plurality of an 
odes therein, part of Said anodes being made of 
tin and the remainder being made of ferrous 
metal containing between 13% and 18% silicon, 
said silicon containing anodes being arranged 
in spaced apart relationship across the width 
of the strip with one adjacent each edge of the 
strip and tin anodes between each pair of sili 
con containing anodes, the total Surface area 
of the tin anodes being between 8% and 12% of 
the total anode area, maintaining a current den 
sity between 150 and 250 amperes per square foot 
of anode area, and then passing the steel strip 
with the flash coating thereon through an elec 
trolytic tin coating tank. 

3. The method of continuously and simul 
taneously pickling and applying a flash coating 
of tin to a steel strip having a thin Coating of 
oxide thereon which comprises passing the strip 
through a 5% to 15% sulphuric acid solution 
having a plurality of anodes therein, part of said 
anodes being made of tin and the remainder be 
ing made of ferrous metal containing between 
13% and 18% silicon, said silicon containing an 
odes and said tin anodes being arranged in an 
alternate pattern, the total surface area of the 
tin anodes being between 8% and 12% of the 
total anode area, and maintaining a current 
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density between 150 and 250 amperes per square 
foot of anode area. 

4. The method of continuously electrolytic 
pickling and tin plating steel strip having a thin 
coating of oxide thereon which comprises clean 
ing the Strip and applying a flash coating of tin 
thereto by passing it through a 5% to 15% sul 
phuric acid solution having a plurality of an 
Odes therein, part of said anodes being made of 
tin and the remainder being made of ferrous 
metal containing between 13% and 18% silicon, 
Said Silicon containing anodes and said tin an 
odes being arranged in an alternate pattern, the 
total Surface area of the tin anodes being be 
tween 8% and 12% of the total anode area, 
maintaining a current density between 150 and 
250 amperes per square foot of anode area, and 
then passing the steel strip with the flash coat 
ing thereon through an electrolytic tin coating 
tank. 

EDWIN E. WONADA. 
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