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Effects of Coloring Conditions on the Properties of the Film

for Colored Stainless Steels

Yuji SONE, Keiichi YOSHIOKA, Misao TOCHIHARA and Osamu HASHIMOTO

Synopsis :

Colored films on the stainless steel, formed by the alternating current electrolyzing (ACE) method and
the conventional one (INCO method), have been studied to clarify the differences in the structure, rub
resistance and polarization resistance of them. In the ACE method, the effects of electrolyzing patterns
on the color tone and polarization resistance of the film have been investigated.

The results obtained are as follows;

(1) The film formed by the ACE method has the higher Cr content, the more uniform Cr dispersion and
the better rub resistance than that of the conventional one.

(2) The polarization resistance of the film measured by AC impedance method is proportional to its
thickness, and is higher in the ACE method than that in the conventional one.

(3) The growth behaviour of the film by the ACE method depends on the electrolyzing condition
for coloring; increasing type of electrolysis current leads to thinner thickness and higher polarization
resistance of the film in comparison with those obtained by the decreasing pattern.

Key words : stainless steel; surface analysis; coloring; colored film; color tone; AC impedance method;
electrolyzing pattern.
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Fig. 1. Alternating current electrolyzing method.
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The arrows in the figure show Cr/Fe of the surface rubbed with
each npmber of rubbing in alternating electrolyzing method.

Fig. 2. An example of Cr/Fe profile in the gold-
colored film by GDS.
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Fig. 3. Device for AC impedance measurement.
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Fig. 4. An example of bode diagram measured for
the black-colored film formed by alternating
current electrolyzing method.
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Fig. 5. Depth profiles of Cr/Fe and O/Fe ratio
in the gold-colored film measured by p-AES.
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(A) Alternating current electrolyzing method
(B) Conventional method with hardening
(C) No coloring
Photo. 1. Surface of the colored films observed by SEM. 10 um
Table 1. Worn thickness of colored film after the rubbing test.
Color Blue Gold
Number of rubbing 20 times 100 times 20 times 100 times
Alternating current electrolyzing method 36 50 32 86
Conventional method 44 70 87 110
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Fig. 6. The relation between the polarization
resistance and film thickness.
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Table 2. The effect of electrolyzing pattern on
the color tone of colored film.

No. | ( /Qz) (A;l 2) (A;Z 2) Type* L a b Color
c/m m m

1 15 9 D 57.3 =593 +16.0

2 | 8175 9 15 I 603 —6.22 +13.1( Gold

3 20 9 D 53.8 —2.57 +40.2

4 | 9925 9 20 I  59.9 —5.60 +33.1|Bronze

™

I : Increasing type of electrolysis current
D : Decreasing type of electrolysis current
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Fig. 7. The relation between the polarization
resistance and the film thickness formed by
different electrolyzing patterns of coloring.
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Photo. 2. Scanning electron micrographs
on surface of the colored films formed
by different electrolyzing patterns of
coloring.
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