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This invention relates to a method of making tin plate
and, in particular, to the manufacture of electrolytic tin
plate having improved corrosion resistance.

It is known that a controlled oxidation of cleaned,
pickled sheet steel, prior to electrolytic tinning, will en-
hance the quality of the product. It is one of the objects
of my invention to provide an improved method of per-
forming such oxidation. A further object is to provide a
method including such pre-oxidation of the steel fol-
lowed by a light electrotinning thereof from an alkaline
bath, then completion of the desired deposit of tin from an
acid bath. This latter procedure resulfs in a product hav-
ing markedly superior properties, particularly in respect
to corrosion resistance.

Generally speaking, my method comprises the forma-
tion of a film of hydrated iron oxide on cleaned pickled
steel sheet, immediately before electrotinning it, by sub-
jecting it to anodic electrolysis in a strong solution of an
alkali-metal hydroxide or carbonate. The film of oxide
(Fey03-H,0) should be from 100 to 500 A. thick so it
will not be completely removed by the acid electrolyte
used for electrotinning the steel base. The latter requires
no other treatment except water rinsing, before electro-
plating, but I have found that a surprisingly improved
product is obtained by tinning the base first lightly from
an alkaline bath and then depositing additional tin to the
desired total amount from an acid electrolyte,

In a preferred practice of my invention, I take black
plate, ie., low-carbon sheet steel, conveniently in the form
of strip which has been cleaned and lightly pickled, and
pass it through a water solution of sodium hydroxide con-
taining from 460 to 700 grams per liter of NaOH. Other
alkali-metal hydroxides or alkali-metal carbonates may
be used instead of NaOH. While the strip is in the solu-
tion, I make it anode in a circuit including a source of
direct current and cause a current to flow therein at a
density of from 100 to 300 amperes per square foot, The
anodic treatment should continue until at least 200 cou-
lombs per square foot have been delivered. For the de-
sired speed of travel of the strip, the solution should be
at a temperature of from 225 to 275° F. Within that
range, the desired thickness of film, 100 to 500 A., is
formed in from 1.5 to 4 seconds.

Further details of the invention
the following
tice thereof,

will be apparent from
description of typical examples of the prac-

Example 1

Black plate of tin-plate gage was cleaned of grease and
dirt in an electrolytic alkaline cleaner of known type.
The strip was water-rinsed and then electrolytically
pickled in a solution of 5% (weight) sulfuric acid at
ambient temperature, using cathodic-anodic polarity at a
current density of 100 as.f. for 1.5 seconds at each
polarity. The strip was then water-rinsed and ftreated
electrolytically as anode, as shown by the following data:

Aqueous solation__________________ g./1 NaOH__ 600
Temperature _ _°F__ 250
Current density_._____ ~asf._ 100
Time e seconds.. 4
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. plated with tin from an acid bath as set
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Following the above treatment, the strip was water-rinsed
and then tin plated in an aqueous solution consisting of

Snt+ (as Sn80,) oo g./1. 30
Phenosulfonic acid (calculated as sulfuric acid)

g/l 15
Dihydroxy diphenyl sulfone RN - 374 R
under the following plating conditions:
Temperature . __.___________________ °F.. 100
Current density a.sf__ 200

The resulting tin coating was 0.000060 inch thick. Fol-
lowing the plating, the strip was rinsed, dried and the
coating melted by resistance heating. The finished tin
plate was bright and smooth and exhibited the following
improvement in quality as compared with tin plate pro-
duced in an identical manner except that the oxidation
step was omitted:

Solder Prune
Iron solu- bond pack
tionvalue! | strengih? | life (wks:)
(b./in.)
Treated .. 27 48 26
Untreated_____.________ """ 52 43 23
! Lower values are better.
2 Higher values are better.
Example 2

The same procedure as described in Example 1 was
used except that oxidation-treatment current density was
increased to 184 as.f, The following results were ob-
tained:

Iron Solder Prune
solution bond pack
value strength | life (wks.)
(b./in.)
Treated._ ... ______...__..__. 21 51 27
Untreated._..___.___________ """ 52 43 23

In other trials the improvement in iron solution value
has averaged 50% and the improvement in solder bond
strength has averaged 15%. The available pack-life data
are not extensive but indicate that a 25 to 30% improve-
ment may be expected.

T have found that the results obtained simply by oxida-
tion of the black plate before tinning, may be greatly
exceeded by effecting the tin coating in two stages, viz,,
first applying a light coating by the known alkaline electro-
tinning process and then plating the balance of the de-
sired total amount of tin by the known acid process.

In practicing this phase of my invention, black plate is
cleaned, rinsed, pickled and again rinsed in accordance
with conventional electrotinning practice, It is then sub-
jected to oxidation of the surface in any convenient man-
ner, e.g., that described above, viz., in a hot, concentrated
caustic solution wherein the steel strip is made the anodic
pole. This oxidation step, as aforesaid, results in the
formation of a hydrated iron oxide (Fey03-H;0) on the
surface of the strip having a thickness of from 100 to
500 A. Following oxidation, the strip is rinsed and then
plated with a flash coating of tin (0.05 1b./bb, or less)
from a soluticn consisting of an alkali-metal stannate,
cither sodium or potassium, and an alkali-metal hydroxide,
such as sodium or potassium. The strip is then rinsed and
forth in Example
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1, in conventional manner, to the desired final coating
weight, usually 1.0 1b./bb. tin.

The second stage of this phase of my invention, con-
sidered more explicitly, consists of depositing a thin coat-
ing of tin from an alkaline tin-plating solution over the
oxidized surface of the steel strip without prior removal
of the oxide film. For this purpose, I prefer to use a
conventional alkaline-tin electrolyte consisting of about
70 g./1. Suwt+++ and 11 g./1. NaOH, at a temperature of
170° F. and a current density of about 30 asf. The
plating solution is not limited to sodium stannate-sodium
hydroxide, since a bath of potassium stannate-potassium
hydroxide or combinations of sodium and potassium salts
could also be used.  For my purpose, the amount of tin
deposited from an alkaline bath need be no greater than
0.05 1b./bb. and can range from about 0.005 to 0.05
To./bb. I prefer that the coating be about 0.03 1b./bb.
alkaline tin.

Pollowing the alkaline plating step by conventional tin
plaing from an acid bath, the weight cf the coating is in-
creased to the desired final value.

Typical examples of the practice outlined above are as
follows:

Example 3

Black plate was cleaned of grease, dirt, oil, etc. i an
electrolytic alkaline cleaner. The strip was water rinsed
and then electrolytically pickled in a solution of 5%
(weight) sulfuric acid at ambient temperature using
cathodic-anodic polarity at a current density of 200 a.s.f.
for 1.5 seconds at each polarity. The strip was then
water rinsed and freated electrolytically as anode under
the following conditions:

Aqueous sOIUOR o oo ¢./1. NaCH.... 500
Temperature —--- °F.. 255
Current density - asf__ 200
Time —-—- _seconds_- 2.5

Following the above treatment the strip was water
rinsed and plated from an alkaline electrotinning bath to
a coating weight of 0.05 1b./bb. tin under the following
conditions:

FH+E
Aqueous soItoN - mmm oo { fﬁ SI]iIaOH“ Z(l)
Temperatire —— e —wmmem oo mmmm e m e °F__ 170
Current density.—— asf_. 30

The strip was then water rinsed and plated to a tfotal
4n coating weight of 1.0 1b./bb. tin in an acid aqueous
solution as follows:

S+t e J g/l 32
Phenolsulfonic acid (calculated as HpS0,)..—-g./1._- 18
Dihydroxy diphenyl sulfone - ceeeen g/l 5
Temperatire wcomeeemmemomomm e e °F-_ 100
Current density- - as.f.. 200

The strip was then rinsed, and the tin coating was re-
flowed by melting by conventional resistance heating,

Since acid tin plate of improved corrosion resistance
is ordinarily needed only for citrus products, a special
fest has been developed to indicate, without actually pack-
ing the food in canms, the corrosion performance of tin
plate in contact with citrus products. This test is the
‘alloy tin couple (ATC) test, which involves removing
the free (unalloyed) tin from the specimen to an iron-
tin alloy (FeSnp) layer, coupling the specimen with a
piece of tin foil, immersing the specimen and foil in
grapefruit juice for 20 hours, and measuring the current
‘between the alloy and the tin in microamperes per square
centimeter of exposed alioy. The current so obtained
indicates the pack-life performance that could be ex-
pected if the in plate were fabricated into cans, packed
with citrus products, and stored until the cans failed. In
this particular test, the lower the current, the greater the
corrosion resistance of the tin plate.
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The results of ATC tests made on tin plate treated as
last described above and conventional tin plate (produced
without the steps comprising my invention) are shown
below:

Grapefruit-Juice
Pack Life Pre-
dicted from ATC
Current, weeks

ATC,
pa.fem.?

Untreated. o oo o cm o ca e memem e
T7eated. e e e eccccm e o meam

36
84

oo

on
g

These resulis indicate that my invention improves the
predicted grapefruit-juice pack life of conventional acid
tin plate by about 130%. The alkaline-tin undercoat
treatment alone improves the predicted grapefruit-juice
pack life by about 70%, but the preoxidation treatment
alone does not materially improve the predicted pack
life. It would thus be reasonable to expect about a 70%
improvement in predicted pack life for a combination of
the two treatments. Flowever, I have discovered that the
treatments cooperate synergistically in a manner not yet
understood, to improve the predicted pack life nearly
twice as much as expected.

Example 4

Black plate was cleaned and pickled as in Example 3,
except that the time for cleaning was reduced o 2 sec-
onds. The oxidation treatment was carried out in a solu-
tion containing 600 g./l. NaOH at 250° F. 3 seconds,
at a current density of 100 a.s.f. The alkaline tin coai~
ing was deposited under the conditions described in Ex-
ample 3 except that the amount of tin deposited was
only 0.005 Ib./bb. This was followed by overplating
in acid electrolyte (using a solution as in Example 3)
to a total coating weight of 1.0 Ib./bb. tin. The per-
formance of plate so produced as measured by the ATC
test is shown below:

Grapefruit-Juice
Pack Life Pre-
dicted from ATC
Current, weeks

ATC,
pa.jem.2

Untreatedo o oo oceoor o cmmeeceem e
Preated ..o

28
50

oo
e
8

Thus even with a reduction in the intensity of the
oxidation treatment and a reduction in weight of the
alkaline undercoating, the improvement in predicted pack
life was about 80%. This demonstrates that an improve-
ment greater than the 709 ordinarily to be expected from
using the combination of treatments can be achieved,
even under conditions less favorable than the optimum.
It will be evident from the foregoing that the inven-
tion provides a cheap yet effective method of forming an
oxide film of predetermined thickness and composition
which materially ‘improves the quality of the finished
product made by electrolytically tinning the oxide-filmed
black plate. An even higher quality product, from the
standpoint of corrosion resistance, is obtained when the
oxide-filmed black plate is subjected first to a light tin
coating from an alkaline bath and the balance of the
coating from an acid bath.

Although I have disclosed herein the preferred practice
of my invention, I intend tc cover as well any change or
modification therein which may be made without depart-
ing from the spirit and scope of the invention.

I claim:

A method of making tin plate which comprises treating
electrolytically as anode, sheet steel of tin-plate gage, in
a water solution at Trom 225 to 275° F. containing from
400 {o 700 grams per liter of an alkali-metal compound
selected from the group consisting of hydroxides and
carbonates, at a current density of from 100 to 300 amps.
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5
per sq. fi. for from 1.5 to 4 seconds, thereby forming
on the sieel a film of hydrated iron oxide from 100 to
500 A. thick, then electrodepositing over said film a first
tin coating from an alkaline bath and then depositing over

6
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