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@ Method and apparatus for continuously forming color display layer on stainless steel strip.

@ In continuously forming color dispiay layer on the
surface of the stainless steel strip A, potential difference
between the strip A immersed in the oxidizing solution and a
reference electrode 5 is utilized for controlling the thickness,
or color tone, of the color display layer, namely, the
relationship between the thickness of the color display layer
and the potential difference mentioned above is measured
first, followed by continuously immersing a strip of the same
kind in the oxidizing solution for forming a color display layer
on the surface of the strip A. The difference in thickness
between the actually formed color displav layer and a
desired color display layer is converted into the difference in
potential difference based on the above-noted relationship
and the immersion time of the strip in the oxidizing solution
is controlled on the basis of said difference in potential
difference. The section for measuring the natural potential in
the process of forming the color display layer is electrically
separated from the power source used for hardening the
color display layer Further an electric circuit is not formed
and a potential difference is generated between the tank
housing the oxidizing solution and the stainless steel strip.
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Method and apparatus for continuously forming
color display layer on stainless steel strip

This invention relates to a method and apparatus
for continuously forming a color display layer on the
surface of stainless steel.

A color display layer (or oxide layer) formed on
the surface of stainless steel exhibits a metallic
luster of various color tones and, thus produces a
highly decorative effect. Techniques of forming such a
color display layer are disclosed in, for example,
British Patent Specifications 1,122,172 and 1,122,173.
In any of the prior arts exemplified above, stainless
steel, having the surface sufficiently polished in
advance, is immersed in a mixture of sulfuric acid and
chromic acid so as to form a color display layer on the
surface of the stainless steel, followed by subjecting
the color display layer to a hardening treatment by
electrolysis in a mixture of phosphoric acié and chromic
acid. It should be noted that the resultant color
display layer is markedly influenced by the com-
position and temperature of the oxidizing liguor, i.e.,
acid mixture, as well as by the surface conditions of
the stainless steel, rendering it absolutely necessary
to control accurately the oxidizing solution and
stainless steel for obtaining a color display layer of a
desired color tone.
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In order to control the color tone of the color
display layer, it is proposed tc monitor the potential
difference between the stainless steel immersed in the
oxidizing solution and a reference electrode, in view of
the fact that the potential difference mentioned,
changes with time in accordance with growth in the
thickness of the color display layer. This control
method is certainly effective where a color display
layer is formed on a stainless steel plate on a batch
system. But, where a stainless steel strip is con-
tinuously immersed in an oxidizing solution, it is
impossible to utilize changes which occur with time in
potential difference between the reference electrode and
the strip immersed in the oxidizing solution because the
potential difference mentioned is maintained substan-
tially constant. It shouid also be noted that the color
tone of the color display layer is remarkably influenced
by the material and surface condition of stainless steel
and the composition and temperature of the oxidizing
solution even if the potential difference in question is
maintained constant. It follows that the color tone
of the color display layer formed in one case 1is not
necessarily equal to that of the color displayv layer
formed in another case. Under the circumstarnces,
it was customary to control the immersion tims of a
stainless steel strip in an oxidizing solution based
mainly on experiences where a color display layer of a
desired color tone is continuously formed on the strip,
leading to nonuniformity in color tone of the color
display layers.

Further, it was customary to employ a batch system
in whic!i the color display layer formation and the har-
dening treatment of the color display layer are carried
out independently, with the result that it was difficult
to obtain stainless steel strips bearing color display
layers of uniform color tone. For overcoming the dif-

ficulty mentioned, it is thought effective to pass a
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long stainless steel strip continuously through an oxi-
dizing solution for forming a color display layer, i.e.,
oxide film, on the strip and through an electrolytic
solution for hardening the color display layer. 1In the
conventional continuous treatment, however, part of the
current for the electrolytic solution tends to flow into
the oxidizing solution through the stainless steel strip
under treatment, rendering it difficult to measure the
natural potential of the strip and, thus, to control the
thickness of the oxide film. 1In other words, it is
absolutely necessary to solve the above-noted problem
for bringing a continuous treatment into practical uses.

One object of this invention is to provide a method
of continuously forming a color display laver on the
surface of a stainless steel strip by immersing the
strip in an oxidizing solution, in which the potential
difference between the strip immersed in the oxidixing
solution and a reference electrode is utilized for
controlling the immersion time of the strip in the solu-
tion.

According to this invention, there is provided a
method of continuously forming a color display layer on
the surface of a stainless steel strip by immersing the
strip in an oxidizing solution, comprising:

tentatively immersing a stainless steel strip con-
tinuously in an oxidizinc solution for forming a color
display layer on the surface of the strip, thereby
measuring first the relationship between the thickness
or color tone of the color display layer and the poten-
tial difference between the strip immersed in the oxi-
dizing solution and reference electrode; and

continuously immersing the same kind of stainless
steel strip in said oxidizing solution for forming a
color display lalyer on the surface of said strip, the
difference in thickness between the actually formed
color display layer and a desired color display layer

being converted to the difference in potential
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difference on the basis of the relationship measured
first, and the immersion time of the strip in the oxi-
dizing solution being controlled on the basis of said
difference in potential difference.

According to this invention, there is -also provided
an apparatus for continuously forming a color display
layer on the surface of stainless steel strip, which
comprises;

a tank containing an oxidizing solution for forming
a color display layer on the surface of the strip,

a means for measuring potential difference between
the strip and a reference electrode immersed in the oxi-
dizing solution,

a means for measuring the relationship between the
thickness of the color display layer and said potential
difference,

a means for controlling the immersion time on the
basis of said relationship,

a means for rinsing the color display layer,

a tank containing a hardening solution, and

a means for conducting electric current between the
strip and an electrode immersed in the hardening solu-
tion,

wherein the stainless steel strip included in
the circuit for measuring the potential difference is
separated from the current conducting means and an
electric circuit is not formed between the strip and
the reference electrode immersed in the oxidizing solu-
tion so as to generate a potential difference therebet-
ween,

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a schematic cross sectional view showing
an apparatus used for continuously forming a color
display layer on the surface of a stainless steel strip

according to the method of this invention;
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Fig. 2 is a graph showing the relationship between
the thickness (or color tone) of a color display layer
and the potential difference between the stainless steel
band immersed in an oxidizing solution and a reference
electrode.

Fig. 3 is a schematic cross sectional view showing
an apparatus according to another embodiment of this
invention, and

Fig. 4 to 6 are schematic cross sectional views
each showing a conventional apparatus for comparison
with this invention.

Before forming a color display layer, the surface
of a stainless steel strip is polished by, for example,
buffing or chemical polishing. 1In this step, the sur-
face of the strip may be patterned by etching or
embossing. The surface polishing should be carried out
thoroughly because uneven polishing causes unevenness in
the color tone of the formed color display layer. After
the surface polish, the stainless steel strip should be
cleaned and water-washed so as to remove completely the
0il and fat as well as dust from the strip. For the
cleaning, it is possible to employ ordinary methods such
as immersion in an alkaline solution and electrolysis.

After completion of the pretreatment, a stainless
steel strip A is passed successively through an
oxidizing solution tank 1, a water tank 2, a hardening
solution tank 3 and a water tank 4 as shown in Fig. 1.
An oxide film, i.e., color display layer, is formed on
the surface of the strip A within the tank 1 and, after
water-washed within the tank 2, hardened within the tank
3 by means of electrolysis. Finally, the strip A bearing
the hardened color display layer is washed with water
within the tank 4 and rolled up. 1In this fashion, a
color display layer is formed continuously on the sur-
face of the strip A.

A mixture of sulfuric acid and chromic acid, or

bichromate is used as the oxidizing solution. In order
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to form a uniform oxide film on the surface of the strip
A in a short time, the mixture should geﬁerally consist
of 450 to 800 g/% of sulfuric acid and 50 to 350 g/% of
chromic acid. Desirably, the mixture should be kept at
70 to 120°C. The thickness of the oxide film is con-
trolled on the basis of the natural potential of the
stainless steel strip A. Specifically, a reference elec-
trode 5 formed of, for example, platinum is immersed in
the oxidizing solution in a manner to face the strip A.
Further, the reference electrode 5 and the strip A are
connected to a potentiometer 7 via lead wires 6 so as to
form a circuit 8 for measuring the potential difference
between the electrode 5 and the strip A. Naturally, the
oxide film thickness is controlled on the basis of the
indication of the potentiometer 7. 1In general, the
strip A is immersed in the oxidizing solution for about
10 minutes, though the immersion time depends on the de-
sired color of the color display layer as well as on the
temperature and composition of the oxidizing solution
containing chomic acid or potassium bichromate. It
should be noted that the oxidizing solution tank 1 is
disposed on a substrate 10 with an insulating member 9
such as rubber interposed therebetween so as to electri-
cally insulate the strip A from the tank 1. Otherwise,
an electric circuit is formed between the strip A and
the tank 1, with the result that the strip A and the
tank 1 are allowed to bear the same potential. 1In this
case, it is of course impossible to form an oxide film
on the surface of the strip A. The material of the tank
1 is not particularly restricted, though a metal nobler
than the stainless steel strip A may be used for forming
the tank 1. 7

The immersion time of strip A in the liquor is
controlled on the basis of the potential difference bet-
ween strip A and a reference electrode 5 formed of, for
example, platinum and immersed in solution. To be more
specific, the relétionship between the potential
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difference mentioned above and the thickness or color
tone of the color display layer formed on the stainless
steel strip is measured first by continuously immersing
the strip in the solution. Lines a, b, ¢ shown in Fig.
represent the relationship mentioned above. It should
be noted that the same potential difference does not
necessarily bring about the same thickness of the color
display layer as seen from Fig. 2. This is because '
subtle influences are given to the process of forming
the color display layer by the material and surface con-
dition of the stainless steel strip as well as by the
composition of the oxidizing solution. It should also
be noted, however, that the graphs of the color display
layer thickness relative to the potential difference are
inclined at almost the same angle. 1In other words, the
difference in potential difference between two optional
color tones of the color display layer is constant. For
example, the difference between blue and green is 3.2 mV
and the difference between blue and grey is 0.5 mV. The
reason for this phenomenon is unclear.

After preparation of a graph as shown in Fig. 2,
the stainless steel strip A is continuously immersed in
the oxidizing solution contained in the tank 1 so as to
form a color display layer on the surface of the strip
A. In this step, the immersion time of the strip in the
solution is set optionally. Potentiall difference bet-
ween the reference electrode 5 and strip A during the
operation is measured together with the thickness or
color tone of the formed color display layer. Then,
difference in potential difference between the color
tone of the color display layer and a desired color tone
is determined based on the graph of Fig. 2 so as to
control the immersion time of strip A in a mdnner to
form a color display layer of the desired color tone.
Suppose the color display layer actually formed is grey
and it is desired to form a blue color display layer.

In this case, the difference in potential difference is
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0.5 mV as seen from Fig. 2. Thus, the immersion time is
shortened such that the potential difference between the
reference electrode 3 and strip A is made 0.5 mV smaller
than the initially measured value. Where it is intended
to form a golden color display layer, the immersion time
is prolonged such that the potential difference men-
tioned is made larger than the initially measured value
by 0.6 mV (difference between gold and grey is 0.6 mV).
After the desired color tone has been obtained, the
stainless steel strip is continuously passed through the
oxidizing solution at a constant potential.

It is possible to control manually, the immersion
time, or running speed, of the stainless steel strip.
Alternatively, the immersion time can be controlled
automatically. In this case, the difference in poten-
tial difference is automatically detected and the
detected signal is supplied to the driving means of the
stainless steel strip so as to control the immersion
time of the strip in the oxidizing solution.

The stainless steel strip A having an oxide f£ilm
formed thereon is washed with water within the water
tank 2 and, then, immersed in the hardening solution
contained in the tank 3. The oxide film is hardened
within the hardening solution by means of electrolysis.
Specifically, a mixture of phosphoric acid and chromic
acid, which is used as the hardening solution, is
electrolyzed so as to allow the metal chromium atoms or
chromium hydroxide liberated by the electrolysis to bill
the pores of the oxide film and, thus, to harden the
oxide film. As shown in Fig. 1 a current conducting
means 14 utilized in the electrolysis comprises an anode
11 formed of, for example, lead, which is immersed in
the hardening solution, the strip A acting as a cathode,
and a DC power source 13 connected between the anode and
cathode via lead wires 12. 1In general, the electrolysis
is performed for about 10 minutes under a current den-
sity of 0.2 to 0.3 A/dmz.

. A
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It is important to note that the stainless steel
strip A included in the circuit 8 for measuring the
natural potential of the strip A is separated from the
current conducting means 14. In other words, the cir-
cuit 8 and the current conducting means 14 are separate
from each other. It follows that the current flowing
through the electrolytic system scarcely flows into the
circuit 8, with the result that the indication of the
potentiometer 7 is stabilized and, thus, the thickness
of the oxide film formed on the strip A can be
controlled without difficulty. Inéidentally, the strip
A is guided by guide rollers 15. Further, both the
strip A and the substrate 10 are connected to the ground
via lead wires 16 and 17.

Fig. 3 shows an apparatus according to another
embodiment of this invention. The embodiment of Fig. 3
differs from the embodiment of Fig. 1 in the connection
points of the stainless steel strip A to the circuit 8
and to the current conducting means 14, though the strip
A included in the circuit 8 is electrically separated
from the current conducting means 14 in Fig. 3 as in
Fig. 1. To be brief, it is possible to modify the embo-
diment of Fig. 1 as far as the circuit 8 for measuring
the natural potential of the strip A is separate from
the electrolytic system.

The stainless steel which can be treated by the
method of this invention includes, for example,
austenite series stainless steel such as SUS 301, 302,

304, 316, 321 and ferrite series stainless steel such as
SUS 405, 430, 434.

Example 1

A stainless steel stirp was actually treated by the
method of this invention. Specifically, a stainless
steel strip of SUS 304 with a polished surface, was
degreased and then passed through an oxidizing liquor
maintained at 89°C and consisting of 540 g/% of sulfuric

acid and 240 g/ % of chromic acid at a speed of
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70 cm/min. Since the effective length of the tank con-
taining the solution was 3,500 mm, the immersion time of
the strip in the solution was 5.0minutes. A grey color
display layer was formed on the surface of the strip.
Further, the potential difference between the reference
electrode and the stainless steel strip was found to be
-191.6 mV. Then, the potential difference mentioned was
set at 192,3 mV, which is lower by 0.7 mV than the
initial value, by increasing the strip running speed to
82 cm/min so as to form a desired blue color display
layer. Incidentally, difference in potential difference
between grey and blue 0.7 mV. Thereafter, the strip
running speed was controlled so as to maintain the
potential difference at -~192.3 mV. The resultant
stainless steel strip had a color display layer of uni-
form color tone.

Example 2

Stainless steel strips were continuously treated by
using an apparatus as shown in Fig. 1. A mixture of
295 g/ % of chromic acid and 502 g/& of sulfuric acid,
which was maintained at 85°C, was used as the oxidizing
solution. Also, a mixture of 250 g/% chromic acid and
2.5 g/% of phosphoric acid was used as the hardening
solution and electrolysis was carried out under a
current density of 0.3 A/dmz. Further, the immersion
time of the étrip in the hardening solution was
10 minutes.

The running speed of one of the stainless steel
strips through the oxidizing solution was controlled in
a manner of form a blue color display layer on the sur-
face of said strip. Specifically, the running speed
mentioned was controlled in a manner to allow the poten-
tiometer 8 to indicate =-185.0 to =-185.3 mV. The treat-
ment was continued for about 4 hours, with the result
that the entire surface of the strip was covered with a
blue color diaplsy layer.

In order to form a golden color display layer on
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the surface of the strip, the running speed in question
was controlled in another treatment in a manner to allow
the potentiometer to indicate -~184.4 to -184.7 mV. The
treatment was continued for about 4 hours, with the
result that the entire surface of the strip was covered
with a golden color display layer.

In still another treatment, it was intended to form
a green color display layer. To this end, the running
speed of the strip through the oxidizing solution was
controlled in a manner to allow the potentiometer to
indicate -182.4 to -182.7 mV. The treatment was con-
tinued for about 4 hours, with the result that the
entire surface of the strip was covered with a green
color display layer.

Further, the color tone of the golden color display
layer formed on the stainless steel strip was measured
at an interval of 2.5 m over a strip length of 350 m,
and Hunter's formula was applied to the color tones thus
measured for determining a color difference AE, with the
result that the standard deviation o of AE was 1.01.

Control 1

Stainless steel strips were continuously treated as
in Example 2 except that the potentiometer 8 was removed
from the treating apparatus.

In one of the operations, the running speed of the
strip through the oxidizing solution was set in advance
in a manner to form a blue color display layer on the
surface of the strip. The treatment was continued for
4 hours, maintaining constant the strip running speed
mentioned above. The color display layer formed in the
late stage of the treatment was found to be somewhat
reddish. The change in composition of the oxidizing
solution caused by evaportion, etc. is thought to have
brought about the color change of the color display
layer. )

In another operation, the strip running speed was

set in a manner to form a golden color display layer on
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the strip and the treatment was continued for 4 hours,
maintaining constant the strip running speed. As in
Example 2, a color difference AE of the resultant color
display layer was determined by Hunter's formula. The
standard deviation § was found to be as large as 1.83 in
contrast to 1.01 for Example 2. This substantiates that
the control of the potential difference between the
stainless steel strip and the reference electrode
immersed in the oxidizing solution is very important for
forming a color display layer of uniform color tone.
Control 2

Stainless steel strips were treated as in Example 2
except that the oxidizing solution tank 1 was directly
connected electrically to the ground. Naturally, an
electric circuit was formed between the tank 1 and the
strip. 1In this case, a color display layer was not
formed at all on the surface of the treated strip.

An additional treatment was conducted as in
Example 2 except that an apparatus as shown in Fig. 3
was used in place of the apparatus shown in Fig. 1. 1In
this case, however, the oxidizing solution tank 1 was
directly disposed on the substrate 10; namely, the insu-
lating member 9 disposed between the tank 1 and the
substrate 10 was removed in this experiment. A color
display layer was not formed at all on the surface of
the treated stainless steel strip.

Control 3 '

An apparatus as shown in Fig. 4 was used for con-
tinuously treating a stainless steel strip. It is
important to note that, in the apparatus of Fig. 4, the
strip included in the potential difference-measuring
circuit 8 is also included in the current conducting
means 1l4.

During the treatment, the indication of the poten-
tiometer 7 was greatly vibrated over a range of several
milli-volts because of the influence given by the

current flowing in the electrolytie system, making it
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difficult to control the electric potential, with the
result that the color display layer formed on the sur-
face of the stf?p was quite non-uniform in color tone.

Likewise, an apparatus as shown in Fig. 5 was used
for continuously treating a stainless steel strip. In
this case, it was impossible to recognize the indication
of the potentiometer 7 because of the influence given by
the current flowing in the electrolytic system. Of
course, it was substantially impossible to control the
color tone of the color display layer formed on the
strip.

Further, an apparatus as shown in Fig. 6 was used
for continuously treating a stainless steel strip. As
apparent from the drawing, the take-up roll as well as
the feed roll was electrically connected to the ground
in the apparatus used. In this case, the indication of
the potentiometer 7 was vibrated over a range of several
milli-volts because of the influence of the current
flowing in the electrolytic system, with the result that
the color display layer formed on the surface of the
strip was quite non-uniform.

It is important to note that, in the present inven-
tion, the stainless steel strip included in the circuit
for measuring the natural potential is electrically
separated from the current conducting means. Thus, the
natural potential-measuring circuit is not influenced by
the currnt conducting means, with the result that the
thickness of the oxide film formed on the surface of the
strip can be controlled stably. It follows that the
method and apparatus of this invention permit con-
tinuously treating a long stainless steel strip so as to
form a color display layer of a uniform color tone on
the entire surface of the strip.

As described above in detail, this invention is
based on the finding that the thickness (or color tone)
of a color display layer 1is strongly related to the

potential difference between the stainless steel strip
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immersed in the oxidizing solution and the reference
electrode in the process of continuously forming a color
display layer on the surface of a stainless steel strip.
Specifically, the particular relationship between the
thickness and the potential difference mentioned above
is utilized for controlling the immersion time of the
stainless steel strip in the oxidizing solution. This
renders it possible to control the immersion time
accurately and to form a color display layer of uniform
color tone. In addition, the immersion time can be
controlled automatically.

In the process described above, a mixture of
sulfuric acid and chromic acid is used as the oxidizing
solution. However, it is possible to use a different

oxidizing solution in the method of this invention.

T W 1 S i R4 PO |
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Claims:

1. A method of continuously forming a color
display layer on the surface of a stainless steel strip
(A) by immersing the strip in an oxidizing solution
comprising:

tentatively immersing a stainlessrsteel strip (A)
continuously in an oxidizing solution for forming a
color display layer on the surface of strip (A), thereby
measuring first the relationship between the thickness
or color tone of the color display layer and the poten-
tial difference between strip (A) immersed in the oxi-
dizing solution and a reference electrode (5); and

continuously immersing the same kind of stainless
steel strip (A) in said oxidizing solution for forming a
color display layer on the surface of said strip (A), the
difference in thickness between the actually formed
color diaplay layer and a desired color display layer
being coverted to the difference in potential difference
on the basis on the relationship measured first, and the
immersion time of strip in the oxidizing solution being
controlled on the basis of said difference in potential
difference.

2. The method according to claim 1, wherein the
oxidizing solution consists of 450 ~ 800 g/% of sulfuric
acid and 50 ~ 350 g/% of chromic acid or bichromate.

3. The method according to claim 2, wherein the
oxidizing solution is maintained at 70 to 120°C.

4. The method according to any one of claims 1 to
3, wherein either one of the stainless steel strip (A)
and a vessel (1) containing the oxidizing solution is
insulated from the ground.

5. Method of continuously forming color display
layer on stainless steel strip (A), as substantially
described herein with reference to the accompanying

drawings.

6. An apparatus for continuously forming a color
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display layer on the surface of a stainless steel strip
(A), comprising; '

a tank containing an oxidizing solution for forming
a color display layer on the surface of the strip (a),

a means for measuring the potential difference bet-
ween the strip (A) and a reference electrode (5)
immersed in the oxidizing solution,

a means for measuring the relationship between the
thickness of the color display layer and said potential
difference,

a means for controlling the immersion time on the
basis of said relationship, '

a means for rinsing the color display layer,

a tank containing a hardening solution, and

a means for conducting an electric current between
the strip and an electrode (1l1l) immersed in the har-
dening solution,

wherein the stainless steel strip (A) included in
the circuit for measuring the potential difference is
separated frdﬁ the current conducting means and an
electric circuit is not formed between the strip (A) and
the reference electrode (5) immersed in the oxidizing
solution so as to generate a potential difference there-

between.
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