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A new type of lightly tin-coated steel, named “RIVERWELT”, was developed for welded
cans. In the manufacturing process, base steel with a thin Ni-diffusion layer which was pre-
pared by annealing Ni-plated steel on the continuous annealing line is lightly tin-coated, par-
tially flow-melted, and cathodically electrodeposited in a chromic acid solution.

The nickel diffusion layer plays an important role in improving corrosion resistance by
decreasing the corrosion potential difference between tin deposit and base metal, and by form-
ing a dense and homogeneous Fe(Ni)-Sn alloy layer.

RIVERWELT has a good weldability because of the sufficient amount of residual metallic
tin after baking. It also has excellent lacquer-adhesivity due to the special chromate  film con-

sisting of metallic and oxide chromium.

1 Introduction

In conventional practices, food and beverage cans
were manufactured from heavy-coated tinplates with no
lacquering. However, light-coated tinplates with lacquer
coating have gradually been adopted, and today they
constitute the majority of tinplate cans. Tinfree steel is
also used for food and beverage cans because of its excel-
lent lacquer adhesivity and corrosion resistance after
lacquering. Since the use of lacquered cans has
increased for such reasons, steel sheets for cans are now
required to provide excellent lacquer adhesion and cor-
rosion resistance.

Tinplate can body joining was performed by soldering
in the past. However, welding has been widely used in
place of soldering since the development by Soudronic
AG, of a scam welder with an intermediate electrode in
copper wire form. Can body joining by welding has the
following features:

(1) High can-manufacturing speed

In recent years, the welding speed has reached 50

m/min or more, making it possible to manufacture

welded cans at speeds equal to or higher than those of
can-making by soldering. Therefore, this joining
method is more economical

(2) Lead-free joining of can bodies

Unlike soldering, welding does not pose the problem
of the toxicity of lead; thus, solving the food sanitation
problem.

(3) Saving in material

The lap width of jointed can bodies (0.3 to 0.5 mm)

is smaller than those obtained by soldering (6.1

mm) and cementing (5 mm). Therefore, material

can be saved, making this joining method eco-

nomical.
(4) Improved appearance

In soldered cans, the area near the joint on the exter-

nal surface of the can is contaminated with solder.

In welded cans, the weld is of good appearance, and

excellent printing is possible on the body even near

the weld. It is possible to manufacture specially-
shaped cans because the weld has high strength and
good formability.

In the field of beverage containers, however, there is
keen competition between steel cans, glass bottles, paper
containers, and aluminum cans. It is, therefore, neces-
sary to improve the performance, quality, and cost com-
petitiveness of steel cans. Although No. 25 tinplate is
widely used as material for welded cans, its tin coating
can be reduced from the stand-point of weldabitity for
cost saving. Against this background, light-coated steel
sheets with good weldability and corrosion resistance
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have been desired as a replacement for No. 25 tinplate.
As aresult, many types of lightly tin-coated steels (here-
inafier called LTS)"™ and nickel-coated steels>'" were
developed, and some have been commercialized.

As a result of research and development efforts,
Kawasaki Steel came to manufacture surface treated
steel sheets with excellent weldability and corrosion
resistance which are suitable for food and beverage cans.
The company succeeded in developing a completely
new type of LTS “RIVERWELT” using Ni-diffusion
treatment. RIVERWELT entered commercial produc-
tion in April 1984.

This report describes the development policy of
RIVERWELT and results of an investigation into the
effect of the coating system on quality characteristics.

2 Development Aim

In developing the LTS for welded cans, it was feared
that corrosion resistance might decrease if the tin coat-
ing weight were simply reduced. Therefore, an attempt
was made to compensate for the possible loss in corro-
sion resistance by improving the electrochemical prop-
erty of the base steel and alloy layer by use of a method,
previously developed by the company, for forming an
Ni-diffusion layer on the steel sheet (hereafter called the
Ni-diffusion treatment method).'"” Furthermore,
because the LTS is used afier lacquering, it must have
excellent lacquer adhesion. Therefore, an attempt was
made to apply a special chromate treatment different
from the cathodic treatment in 2 sodium dichromate
solution (hereafter called CDC treatment) applied to
conventional tinplates.

2.1 Ni-diffusion Treatment Method

The Ni-diffusion treatment is a method'" developed
to imprave the corrosion resistance of tinplates to can
contents with low pH. As an example of experiment, a
nickel-plated cold-rolled steel sheet was annealed at
700°C for 30 s to diffuse nickel into the steel sheet. This
steel sheet was then electrotinplated, and flow melting
treatment was conducted. Figure 1 shows the effect of
the nickel coating weight of this test material on the
ATC value (alloy-tin couple current value),'” a value
which indicates the corrosion resistance to acidic fruits,
and the STC value (steel-tin couple current value),
which is the couple current value between steel sheet
and tin in the ATC test liquid. The ATC and STC values
decrease with increasing nickel coating weight, and the
electrochemical property of the alloy layer and base steel
improves. This decrease in the couple currents between
tin (anode) and the alloy coated base steel (cathode)
indicates improvement in corrosion resistance. Because
the tin coating layer is thin, LTS may cause corrosion
problems when lacquer film defects exist. However, a
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Fig. 1 Effect of nickel coating weight on STC value of
Ni-diffusion treated steel and ATC value of Ni-
diffusion treated lightly tin-coated steel

satisfactory solution to this problem was anticipated, as
it was possible to lower the ATC value and STC value by
Ni-diffusion treatment.

2.2 Special Chwomate Treatment

Although LTS is internally Jacquered before use, it
is desirable that the lacquer adhesion be high from the
standpoint of corrosion resistance because of the thin-
ness of the coating film. The film on tinfree steel sheet is
composed of metallic chromium and hydrated chro-
mium oxide. This steel is excellent in lacquer adhesion
and also provides excellent corrosion resistance, even
with very thin films. On the other hand, in the conven-
tional, CDC-treated tinplate, the surface film is a chro-
mate film comprising almost entirely hydrated chro-
mium oxide, and the lacquer adhesion is not necessarily
high. Therefore, lacquer adhesion was improved by
conducting special chromate treatment to form a sur-
face film composed of metallic chromium and hydrated
chromium oxide.

3 Experiment Method
3.1 Production of Test Materials

The manufacturing process for RIVERWELT is
shown in Fig. 2. After electrocleaning in the continuous
annealing line (CAL), a cold-rolled steel sheet was elec-
troplated with nickel and annealed at 700°C for 30 s in
an HN gas (7%H; + 93%N,) to form an Ni-diffusion
layer on the steel. After ordinary temper rolling, the
steel sheet was subjected to electrocleaning, sulfitric acid
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Fig. 2 Manufacturing process of Ni-diffusion treated lightly tin-coated steel “RIVERWELT”

pickling, and tin—platihg in a halogen bath in the electro-
tinning line (hereafter called ETL). Subsequently, also
in the ETL, tin was melted to obtain an alloy layer of0.2
to 0.3 g/m’. After that, a special chromate film was
formed by cathodic electrodeposition in a low-concen-
tration aqueous solution of chromic acid.

3.2 Methods of Measuring Coating Weights

The following methods of measuring coating weights
were used:
(1) Nickel coating weight: Fluorescent X-ray method
(2) Tin coating weight: ’
Total tin weight—Chemical analysis or fluorescent
X-ray method
Metallic tin weight—Coulometric method (2 mA/
cm? current is anodically applied in 1.0 M HC1)
Alloyed tin weight—Total tin weight minus metallic
tin weight
(3) Chromium coating weight:
Total chromium weight—Fluorescent X-ray method
Metallic chromiun weight—Coulometric method
(25 uA/cm?® current is anodically applied in a
pH 7.4 buffer solution of phosphate.)
Hydrated chromium oxide weight—Total chro-
mium weight minus metallic chromium weight

3.3 Contact Resistance

The test material was baked under conditions equai to
those of actual lacquering and print-baking, ie., at
210°C for 20 min. The contact resistance of the test
material was measured using an SQ meter'” (surface
quality meter).

3.4 Welding Test

The test material was baked at 210°C for 20 min prior
to the welding test conducted under the following con-
ditions, using an electric resistance welder with an inter-
mediate electrode in copper wire form.

(1) Welder
FX400 (manufactured by Fuji Kogyosho Co., Ltd.)
(2) Welding conditions
Overlap : 0.3 to 0.5 mm
Welding speed : 40 m/min
Welding force : 40 kg

The weld strength was examined by the peel test, in
which a cut is made into an edge of the weld and the
weld is peeled from the can body. Weldability was
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evaluated in the available welding current range where
the weld strength is adequate and no splash is found.

3.5 Rust Resistance Test

Test specimens without lacquer were held for9% hin
a test vessel under the following alternating dry and wet
conditions:

Dry condition = Wet condition

Temperature: Alter- Temperature:
25°C | nated 50°C

Relative humidity:: every 30 | Relative humidity:
50% | min 8%

3.6 Lacquer Adhesion Test

A 50 mg/dm’ epoxy-phenolic coating was applied to
two specimens (5 x 100 mm?). The parts of the speci-
mens corresponding to a 90-mm length from the end
were cemented with nylon adhesive while being heated,
and the unbonded part was bent outward. The lacquer
adhesion was evaluated in the T-peel test by peeling off
the cemented part of the T-shaped specimen at a tension
speed of 200 mm/min and measuring the tensile
strength.

3.7 Tests of Corrosion Resistance after Lacquering

The following tests were conducted on specimens to
which a 50 mg/dm? epoxy-phenolic coating had been
applied:

(1) Undercutting corrosion (UCC) test'”

Cross cuts were made into the coating film of the spe-
cimen. It was then immersed in 1 : 1 mixture of an aque-
ous solution of 1.5% citric acid and a solution of 1.5%
salt. After holding at 25°C for 96 h, the width of the film
delaminating from the crosscut portions was measured.
(2) Blister resistance test

The lower half of a specimen (40 x 80 mm’) was
immersed in boiled commercial tomato juice and, after
being sealed, was held at 55°C for 18 days. Blistering of
immersed and nonimmersed protions was compared.

3.8 Sulfuric Stain Resistance Test

A specimen was bulged 5 mm using the Erichsen
testing machine. The specimen was then immersedina
test solution of 1% Na,$ with a pH adjusted to 7 by lactic
acid (pH 3.5) and, after heating, held at 110°C for
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60 min. Sulfide blackening of the bulged and nonbulged
portions was observed.

4 Results and Discussion

4.1 Film Structure

Results obtained with various analysis devices suggest
that the LTS coating film, as illustrated in Fig. 3 is com-
posed of an Ni-diffusion layer (Fe-Ni alloy) formed from
the base metal by continuous annealing, an Fe(Ni)-Sn
alloy layer formed by flow melting treatment, a metallic
tin layer, and a special chromate layer consisting of
metallic chromium and hydrated chromium oxide to
the exposed surface.

Nickel distribution in the depth direction before and
after the continuous annealing of a nickel-plated steel
sheet was measured by the glow discharge spectrometry
(GDS), with the results shown in Fig. 4. It can be seen
that nickel has alloyed with the steel sheet during
annealing.

An X-ray diffraction revealed that the Fe(Ni)-Sn alloy
layer formed by flow melting treatment after tinplating
has the same diffraction pattern as FeSn,. A sample of
this alloy layer, with a nickel coating weight of 0.07 g/m’,
was taken and subjected to chemical analysis. The
results are as follows:

Fe: 14.4 wit%

Ni: 3.5 wtl%

Sn: 82.1 wt%

Since the Fe : Sn ratio of FeSn, alloy of ordinary tinplate
is 18.8 wi%: 81.2 wt%, and with the Fe(Ni)-Sn alloy the
ratio is 17.9: 82.1, it is supposed that in the case of Ni-dif-
fusion, some Fe lattice points of FeSn, are replaced by
Ni. Thus the concentrations of these atoms show good
agreements within the limits of analytical errors.

The base metal was analyzed by IMMA after conting-
ous annealing. The highest concentration of Ni was

Hydrated chromium oxide

Metallic chromium

Metallic tin (Sn)

Fe (Ni)-5n Alloy layer

Ni-diffusion laver (Fe-Ni)

i

Fig. 3 Schematic cross section diagram of RIVER-
WELT

Base steel
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Fig. 4 Glow discharge spectrometric (GDS) depth
analysis of Ni-plated steel sheet before and after
the continuous annealing process

about 20 wt% and its location was at about 100 A depth
from the surface. This value agrees well with the ratio of
Ni content to the sum of Fe and Ni contents of the
Fe(Ni)-Sn alloy layer separated from the base metal
This suggests that the Fe and Ni atoms which constitute
the Fe{Ni)-Sn alloy layer during the flow melting treat-
ment nonselectively form an Fe{Ni)-Sn alloy layer of
CuAl, type.'” Incidentally, the amount of the base metal
that alloys with tin is 60 to 90 A in thickness. This is
because the amount of tin which alloys during the flow
melting treatment is controlled to 0.2 to 0.3 g/m> It
seems that the Ni content at about 100 A depths from
the surface affects the form of the alloy layer, which will
be described later.

After dissolution of metallic tin, the Fe(Ni)-Sn alloy
layer was removed with nital from the base metal and
observed from the base metal side by use of a scanning
electron microscope. Photo 1 shows scanning electron
micrographs. A conventional alloy layer does not cover
the entire steel sheet because it is composed of charac-
teristic prismatic crystals with numerous gaps. The alloy
layer formed on a steel sheet subjected to Ni-diffusion,
however, is composed of granular crystals, is homogene-
ous and very continuous, and has few gaps. Under the
annealing conditions used in the experiment, gaps exist
in areas of the alloy layer at a nickel coating weight of
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(a) Fe-Sn

(b) Fe{Ni) 5n
Ni=0.02 g/m?

(c)Fe(Ni)Sn
Ni=0.07 g/m’

Photo 1 Scanning electron microphotographs of Fe-Sn and Fe(Ni)-3n alley layer
(stripped side surface} at the interface of the alloy layer and the base steel

0.02 g/m?*. The alloy, however, is completely continu-
ous, with no gaps. when the nickel coating weight is
above 0.04 g/m’. Tt is thought that the nickel in the Ni-
diffusion layer on the steel sheet assists the nucleation of
the Fe(Ni)-Sn alloy layer and contributes to the forma-
tion of a dense alloy layer. The reason that gaps are
observed in the alloy layer at a nickel coating weight of
0.02 g/m’ seems to be that the coating of the steel sheet
by nickel-plating is nonuniform, and portions where the
nicke! concentration is insufficient exist on the surface
even after the diffusion treatment.

4.2 Weldability

The side seam of the can body must have high
strength and, at the same time, be free of splashes. The
weldability of steel sheets is evaluated by the available
welding current range within which these requisites can
be satisfied. Incidentally, it is well known that there is a
good correlation between weldability and the contact
resistance of a coating film and that weldability declines
as contact resistance increases.'® Therefore, test speci-
mens of different contact resistance were prepared by
varying the tin coating weight and the total chromium
coating weight. The available welding current range for
these specimens was then investigated. As shown in Fig.
5, it was found that a satisfactory welding current range
exists when the contact resistance measured by an SQ
meter is 2 Q or less.

It was expected that contact resistance would be
greatly affected by the amount of chromate film, since
chromate film has poor electric conductivity, and by the
weight of metallic tin, because metallic tin permits soft,
good contact with the steel sheet. Therefore, an investi-
gation was made into the effects on contact resistance of
the total chromium coating weight (the ratio of the
metallic chromium weight to the chromium oxide
weight being about 1 :1) and the metallic tin weight. In
this case, the steel sheets were baked at 210°C for 20 min
to simulate lacquer baking. The results are shown in Fig.
6. The effect of the metallic tin weight on contact resist-
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Fig. 5 Relationship between contact resistance and
available welding current range at the welding
speed of 40 m/min

ance is greater than that of the total chromium coating
weight. In the total chromium weight range of 20
me/m’ or below, the contact resistance is 2 Q or less if
0.1 g/m? or more metallic tin remains after baking.
It was found that the metallic tin weight has a great
effect on contact resistance, and therefore, on weldabil-
ity. As a result, alloying of tin during lacquer baking was
studied including the effect of nickel coating weight and
total chromium coating weight on after-baking metailic
tin weight. Figure 7 shows the effects of nickel coating
weight and flow melting treatment on alloying in the
case of No. 7 tinplate. When the flow melting treatment
is not conducted, the rate of alloying in the baking proc-
ess at nickel coating weights of 0.04 g/m? or more is
noticeable; it is impossible to leave 0.1 g/m’ or more
metallic tin. Also, even when the flow melting treatment
is performed, the rate of alloying is noticeable if the
nickel coating weight exceeds 0.1 g/m’. With respect to
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Fig. 7 Effects of Ni-coating weight and flow melting
on residual metallic tin weight after baking at
210°C for 20 min

the nickel coating weight, therefore, the lower limit
necessary for making a dense Fe(Ni)-Sn ailoy layer
without the gaps described above was determined to be
0.04 g/m’, and the upper fimit necessary for leaving
0.1 g/m’ or more metallic tin after lacquer baking, was
0.1 g/m’, Analysis of the Ni-diffunsion layer in the base
metal by IMMA indicated that the maximum nickel
concentration at about a 100 A depth from the surface is
5 to 30 wtt% for nickel coating weights of 0.04 to 0.1
g/m’, depending on the coating weight. It is necessary,
therefore, to control the nickel coating weight so that
the surface nickel concentration can be within this
range even when changes in continuous annealing con-
ditions are required.

When tin-plating is conducted without the diffusion
treatment after nickel-plating, Ni and Sn form an alloy at
room temperature, as shown in Fig. 8. The weight of the
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Fig. 8 Decrease in metallic tin weight by Ni-Sn alloy-
ing at room temperature on the lightly tin-
coated steel which was produced by initial Ni
coating and tin coating (0.78 g/m?) followed by
chemical treatment process

Ni-Sn alloy is proportional to the nickel coating weight.
However, this alloying at room temperature does not
take place in Ni-diffusion treated steel sheets.

Even with the Ni-diffusion treatment, lacquer baking
causes tin alloying unless flow melting treatment is car-
ried out after tin-plating. It is essential to conduct flow
melting because the dense alloy layer formed by this
treatment delays the alloying of tin during the subse-
quent lacquer baking process.

As mentioned above, 0.1 g/m’ or more metallic tin
remains in No. 7 tinplate after lacquer baking when the
nickel coating weight is properly controlled within the
0.04 to 0.10 g/m? range and flow melting is performed.
As a result, such No. 7 tinplate has low contact resist-
ance and excellent weldability.

Accordingly, further investigations were deemed
necessary only in the case of No. 7 tinplate, and its lac-
quer adhesive properties and corrosion resistance were
studied.

4.3 Rust Resistance

The construction of the coating film of LTS produced
by the Ni-diffusion method is effective in suppressing
the dissolution of tin because of the strong cathodic
polarization of the base steel and alloy layer in deaerated
acidic juice, as mentioned above. Itis said, however, that
tin usually acts as cathode and the base steel as anode in
an aerated neutral condition, such as in air. It was
unclear whether a similar effect would obtain if the elec-
trochemical property of the alloy were changed. To
investigate the electrochemical behavior of coating films
during atmospheric corrosion, the corrosion potentials
of tin, nickel, an ordinary steel sheet, and an Ni-diffusion
treated steel sheet were measured in an aerated 3% NaCl
solution. The results are shown in Fig. 9. The ordinary
steel sheet is about 130 mV less noble than tin and this
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relationship of corrosion potentials is opposite to that
observed in a deaerated acidic juice. Therefore, the steel
sheet acts as an anode when a corrosion cell is made
from the steel sheet and tin, promoted the dissolution of
the steel. The Ni-diffusion treatment causes the corro-
sion potential of the steel sheet to increase and approach
the potential of tin. The potential difference between the
steel sheet and tin decreases to about 10 mV. It follows
that galvanic corrosion in the air is unlikely. As the cor-
rosion potential of nickel is 140 mV noble than that of
tin, the diffusion of nickel into the steel sheet alters the
potential of the steel sheet favorably in terms of the
atmospheric corrosion.

The resulits of the dry and wet cycle test on the Ni-dif-
fusion treated LTS are shown in Fig. 10. It was found
that rust resistance is significantly improved by Ni-diffu-
sion and that Ni-diffusion treated No. 7 tinplate has suffi-
cient rust resistance at chromium coating weights of
$ mg/m? of more, at least equal to that of No. 25 tinplate.

4.4 Lacquer Adhesion

Table 1 gives the T-peel strength of No. 25 tinplate,
Ni-diffusion treated LTS subjected o the cathodic
dichromate treatment, RIVERWELT, and tinfree steel.
The lacquer adhesion of No.25 tinplate is lower than
those of other steel sheets. Ohyama et al.'"” have report-
ed that the lacquer peeling of tinplate occurs at the inter-
face between tin and tin oxide or in the tin oxide film,
and that the weak adhesion is due to low strength of
these regions. The lacquer adhesion of CDC-treated
LTS is slightly stronger than that of No. 25 tinplate.
Kuroda et al.” have reported that fragile tin oxides do
not readily form on the Fe-Sn alloy layer which explains
the excellent lacquer adhesion of Fe-Sn alloy. Since the
LTS surface has a thin coating film, the alloy layer is
sometimes partially exposed; this seems to account for
its somewhat high lacquer adhesion force. RIVER-
WELT shows very strong lacquer adhesion due to the
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Fig. 10 Effects of Ni-diffusion treatment and total
chromium coating weight on dry and wet
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Table 1 T-peel strength of the various coated steels

for cans

T-peel strength
(kg/5 mm)

0.05

Sample

§ 25 Tinplate

Ni-diffusion treated LTS* with

conventional chromate film 0.63

RIVERWELT 3.05

Tin free steel 6.75

* LTS; Lightly tin coated steel

effect of the special chromate treatment. Takano et al'®
applied cathodic treatment to a tinplate in a CrO,/ SO/
F- solution to form metallic chromium plus hydrated
chromium oxide. According to their report on this tin-
plate, peeling occurs at the interface between the
chromium and chromium oxide, and the lacquer adhe-
sion force is very high. The surface of tinplate on which
metallic chromium is deposited has a lamellar structure
of tin/chromium/chromium oxide and metallic chro-
mium is bonded directly to metallic tin without the
forming of an intermediate fragile tin oxide layer. This
seems to account for its strong lacquer adhesion.

4.5 Corrosion Resistance after Lacquering

The UCC test and blister resistance test were con-
ducted as tests for corrosion resistance after lacquering
to investigate the corrosion resistance to can contents.

Figure 11 shows the effect of the metallic coating
weight of the special chromate film on the delamination

91



width of lacquer film in the UCC test. In this figure, the
coating fitms with a metallic chromium coating weight
of zero are composed only of hydrated chromium
oxides, which are produced by the CDC treatment
method. It is apparent from this figure that Ni-diffusion
treatment is effective in reducing the delamination
width of lacquer film. This effect seems to be explained
by the same mechanism as that by which Ni-diffusion
promotes a decrease in the ATC value. That is to say, the
tin in cross cut portions acts as an anode to the alloy
layer or base metal because the test solution has a low
pH of 2.1 and is deaerated. However, the dissolution of
tin decreases because the cathodic polarization of the
base metal and alloy layer is pormoted by Ni-diffusion.

An increase in the metallic chromium coating weight
also results in a marked decrease in the delamination
width. This should be explained by improvement of lac-
quer adhesion as mentioned above.

Underfilm corrosion may take place, with a stain-like
discolored area forming inside the can at the head space,
if deaeration is insufficient and the partial pressure of
oxygen gas is high when cans are actually filled. There-
fore, a blister resistance test was devised to investigate
resistance to this type of corrosion. Test specimens with
different metallic chromium coating weights and total
chromium coating weights were made by altering the
conditions of the special as well as the conventional
chromate treatment for Ni-diffusion treated No. 7 tin-
plate. Results of the test on these specimens are shown
in Fig. 12. It can be seen from these results that blister-
ing depends on the metallic chromium coating weight,
and not on the total chromium coating weight and that
no biisters are produced when the metallic chromium
coating weight is 3 mg/m? or more. Therefore, to pre-
vent blistering, the metallic chromium coating weight
must be 3 mg/m? or more.

In this study blistering occurred mainly on the gas
phase side near the gas-liquid interface, as it does in
actual cans. The pH of the aqueous solution contained
in blisters was 10 or more, which means that this portion
acts as a cathode in the corrosion reaction. Two possible
explanations of the corrosion mechanism have been
advanced. On the on¢ hand, an H,O film may form in a
portion of poor lacquer adhesion, and osmotic pressure
increase due to the dissolution of soluble substances in
this H,0, with the resulting entry of H,O from outside
causing the coating film to peel off.’ Alternatively, it
may be said that the oxygen reduction reaction resulis in
the formation of alkalis, which in turn raises pH, resuit-
ing in deterioration of the coating film and the loss of
bonding strength between the coating film and the steel
sheet, causing the coating film to peel off *® This delami-
nation, in any case, allows corrosion to begin and spread.

The effectiveness of the special chromate treatment in
preventing corrosion is attributable to the fact that, as
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mentioned above, H,Q films do not readily form due to
good lacquer adhesion, and to the fact that the existence
of both metallic chromium and hydrated chromium
oxide inhibits the cathodic reaction on the surface. As
pointed out by Okada et al.,*"” metallic chromium is very
effective in inhibiting the hydrogen evolution reaction,
while the hydrated chromium oxide in the top layer
inhibites the oxygen reduction reaction.
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4.6 Sulfide Stain Resistance

When tinplates are used for fish cans, sulfur-contain-
ing amino acids in the food may thermally decompose
in the high-temperature pasteurization process, forming
SnS, and resulting in sulfide staining. However, the
sulfide staining resistance of RIVERWELT in both
bulged and nonbulged parts is by far superior to that of
No. 25 tinplate and equivalent to that of tinfree steel.
Sulfide staining can be reduced by the CDC treatment
or special lacquerting.”” Rocquet et al” have reported
that metallic chromium deposited by the chromate
treatment is especially effective for this purpose. The
excellent sulfide stain resistance of RIVERWELT seems
to resnlt from the metallic chromium content of its
special chromate film.

5 Conclusions

Kawasaki Steel has developed “RIVERWELT,” anew,
lightly tin-coated steel sheet for welded cans, using the
Ni-diffusion method. In the production process, a
nickel-plated steel sheet is continuously annealed to
form an Ni-diffusion layer. This base metal is plated with
tin and partially flow-melted to cause partial alloying of
the tin. Finally, a special chromate film is formed on the
sheet.

RIVERWELT has the following features:

(1) The Fe(Ni)-Sn alloy layer formed by flow melting
delays the alloying of tin with the base metal during
lacquer baking, allowing metallic tin to remain in
amounts of 0.1 g/m’ or more. Therefore, excellent
welds can be obtained even by high-speed welding at
welding speeds of 40 m/min or more.

(2) Couple currents of the Ni-diffusion treated steel
sheet and tin in a deaerated acidic fruit juice are
small, and the difference in corrosion potential
between the Ni-diffusion treated steel sheet and tin
in a neutral aqueous solution, a simujated atmos-
pheric condition, is also small Therefore, the
RIVERWELT surface is resistant to corrosion.

(3) The Fe(Ni)-Sn alloy layer formed on Ni-diffusion
treated steel is dense and highly continuous and pro-
vides good coverage for the base metal. Therefore,
this layer improves corrosion resistance.

(4) The special chromate film composed of metallic
chromium and hydrated chromium oxide improves
lacquer adhesion and is very effective in inhibiting
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under film corrosion.

{5) RIVERWELT matches No. 25 tinplates in corrosion
resistance when lacquered or in the atmosphere
without lacquer.
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