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Room Temperature-Coloration of Stainless Steel by Alternating Potential Pulse Method

Kazuo Sakurar and Kotaro Ocura

Synopsis : A film exhibiting interference colors is formed on stainless steel when immersed in a hot solution containing chromic

and sulfuric acids, and the applied process is known as the “INCO” method. In this method, the driving force of the
coloring reaction is mainly caused by the thermal energy, and the reaction should be performed at elevated temperature
(about 80°C). The reproducibility of colors obtained is very poor since it is very difficult to terminate the coloring
reaction immediately, to maintain high temperature, and to treat such aggressive solution. Therefore, the coloration of
stainless steel is expected to take place at room temperature. In the present study, the coloring reaction was carried
out in a chromic and sulfuric acid solution by applying alternating potential pulses at room temperature, and a relatively
large-sized electrolytic cell was used to aim an industrialization. The uniformity of the colored film was sensitively
dependent on the distribution of current rush in the solution. The sort and brightness of the colors thus produced stood
well in comparison with those obtained by the conventional coloring at high temperature.

Key words : stainless steel ; electrochemical coloring ; alternating potential pulse method ; room temperature-coloring.
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Table 1. Chemical composition of steel used.
(mass%)

C Si Mn P S Cr Ni Fe

0.05 0.49 0.81 0.031  0.008 18.30 8.57 bal.
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Fig. 1. Schematic diagram of the experimental

apparatus.
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Fig. 2. Potentiodynamic polarization curves of

SUS304, Ni, Cr and carbon steel electrodes
in an aqueous solution containing 2.5kmol/
m® chromic and 5kmol/m®sulphuric acids at
30°C. Scan rate: 0.1V/min.
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Fig. 3. Response current of alternating potential
pulses with the amplitude of 0.28V(Ey=1.
20V,E.=0.92V) and width of 10s at Ty and
10s at T..
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Fig. 4. A color change (represented by CIE L*a*b*)
as a function of Ey.
The values in the flgure denote the potential
(V vs SCE).
(¥¢) denotes the color index of before treat-
ment.
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Fig. 5. A color change as a function of E,.
The values in the figure denote the potential
(V vs SCE).
(¥¢) denotes the color index of before treat-
ment.
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Fig. 6. A color change as a function of T,/T,. The
values in the figure denote the Ty(s)/T.(s),
which are the durations polarized at E,; and
E., respectively.

(¥%) denotes the color index of before treat-
ment.
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Fig. 7. The position of the specimen and counter electrode in the electrolytic cell, and a color change as a

function of the uniformity of the color.

The checked portion(3#i#) of the specimen denotes a desired color, and the other parts denote unclear

color.
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Table 2. The values of L*a*b*, and response cur-
rent as a function of the distance between
the specimen and counter electrode.

L(Jurrent Density*? Color Index Color
Distancef—

(m) Iy I L* a* b*

(A+dm2) (A-dm™?)

0.300 0.19 0.06 67.36 -2.80 10.32 |Greenish gold

0.225 0.26 0.06 72.57 3.32 17.12 |Gold

0.150 0.27 0.06 72.72 -3.35 16.67 |Gold

0.075 0.39 0.05 70.33 0.53 |16.83 [Not Clear

* 1) I, and I, are the response current densities to the pulses of Ey
and E,, respectively.
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Table 3. Change of color uniformity with power supply systems.

1 point-power supply system 3 point-power supply system
Location - S
L* a* b* AE* *D L* a* i b* AE* *D
1 60.47 -16.02 16.14 6.02 59.10 -15.87 20.87 1.22
2 60.17 -15.74 14.76 4.62 59.27 -15.76 21.07 0.99
3 60.88 -16.83 19.95 9.90 58.85 -15.75 22.08 1.04
4 53.81 ~12.56 5.34 5.89 59.84 16.03 20.93 0.91
5 58.54 -12.09 4.08 7.24 59.93 -15.96 21.92 0.14
6 60.20 -15.68 10.14 0.00 59.83 -16.02 21.84 0.00
7 59.00 -12.28 5.10 6.20 60.19 -16.27 21.91 0.44
8 58.05 -10.92 1.28 10.28 60.02 15.90 22.01 0.28
9 60.55 ~15.58 11.77 1.67 59.53 -15.94 21.21 0.70
10 60.32 ~14.93 12.48 2.46 59.42 -16.05 21.77 0.42
11 60.55 -14.94 12.26 227 59.13 -15.31 19.87 2.21
12 61.77 -16.79 19.44 9.50 58.57 -15.06 19.77 2.61
Average 59.94 -14.53 11.06 5.50 59.47 -15.83 21.27 0.91

%1) AE={(L*—L*,)*+(a*—a*n)?+ (b*— b*)?} V2
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Fig. 8. Photographs of colored specimens obtained
by power supply systems.
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