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Analysis of Colored Films on Ferritic and Austenitic Stainless
Steels

Yoshikazu NAKAMURA, Shigekazu HIRAYAMA and Yasutaka MAEGAMA

Synopsis:

The characteristics of colored films on Type 304, Type 430 and Type 329]1 stainless steel formed in a
solution containing chromic and sulphuric acid at 80°C were studied.

The composition and structure of each colored film were examined using Secondary Ion Mass Spectro-
metry (SIMS), Electron Spectroscopy for Chermical Analysis (ESCA) and Transmission Electron Microscope
(TEM).

An uniform and bright color film was formed on Type 304, however, a dark color was observed on Type
430 and Type 329]1. It was found that the nature of films depends upon the corrosion resistance of each
stainless steel against a treatment solution: A lot of pits were found in the grains on Type 430. On the
contrary little corrosion occurred in that on Type 304. Corrosion local cells brought about a preferential
growth of films near grain boundary. The uneven thickness of colored film on ferritic stainless steels is
thought to give rise to the optical dispersion and to decline reflectance. Therefore, a dark color is observed.
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Table 1. Chemical compositions of samples (wt%,).
C Si Mn P S Ni Cr Mo Cu N (ppm)
SUS 304 0.060 0.62 101 0.030 0.011 8,32 18.16 0.10 0.09 568
SUS 430 0.062 0.31 0.48 0.023 0. 007 0.15 16.13 - 0.02 293
SUS 329]1 0.011 0. 54 0.39 0.032 0. 008 442 24.68 1.82 0.12 1300
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Fig. 1. Experimental apparatus for the formation
of the colored stainless steel.
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Fig. 2. Block diagram of the experimental setup
to measure reflectance spectrum.
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Fig. 3. Potential variation of stainless steels
during the chemical treatment and coloring po-
tential for each steel.
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Fig. 4. Reflectance spectra from buffed and

colored stainless steels.
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Fig. 5. Effect of residual stress on reflectance
spectrum.

Table 2. The state of chemical bonding of the
colored films by ESCA (at%;).

| o & | Fe

‘ Main peak M-O QM-OH\ 43 ‘ 42 and+3
susso¢ | 7.2 (642 7.5 | 1652 | 2.62
sus430 | 7195 (683 |@6.n| 1882 | 525
sussp 1| 73.00 | (75.5) ! (9. | 17.89 | 2.86

M-O : Oxygen analyzed as oxide-constituent (wt%)
M-OH : Oxygen analyzed as hydrate-constituent (wt%)
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(A) SUS 304
Photo. 1.

Photo. 2. High magnification transmission electron
micrograph of colored film, showing lattice image.
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Transmission electron micrograph of colored film formed on various stainless steels.
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Fig. 6. Variation of atomic ratio (Cr/Fe) on the
surface of colored films during coloring process.
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Fig. 7. In-depth analysis of colored film by
SIMS.
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Fig. 8. Variation of secondary ion intensity 7
(OH-) of colored films in various treatment.
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Fig. 9. Thermally stimulated exoelectron emission
glow curves from the colored film with and
without hardening treatment.

I(OH-) % kot TSEE %JPETH L I DFERL
. FhEhOFERIOWT Fig. 8, 9 iRd. MEL
B HORBECHETABE L EREREO T/ 1
(OH-) % X0t TSEE #EL bEmWELXRLTED,
SIVERER L 5 EEBOBINT vb bRE BN
EhlesBgtBbhs.

(2) EDS o

HE LUK E o EDS Sk E% Table 3 iR
4. Fe, Cr, Ni ofptico\Tix SIMS ofR L3
ERUEY R LTV 5. SMECHEC R bR HRA
RIOE, FAD OFBKELR BRI BB
o EDS HbiEEs Fig. 10 ©Fid. FhEhrlt
15 L, T CRBRICEEIGELISN ORI < B
XBBEDO RN R OTS. Thiz, BESsPOER
ThbbEOGREOEECKETALOTHY, MAR
IOy rED OB/NMAR CRIBELSE LB X
h, OBHCHERCTECEAREIBR IhICED &
Bbhsd.

3-3-3 FHREKEEEO R & OBtk

£ L TOBEOKFBRERES X, £oXo R

Table 3. The proportion of Fe, Cr and Ni in
the colored films by EDS (wt2;).
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Fig. 10. EDS analysis of colored films around
grain boundary and on grain.
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Fig. 11. The model of film growth and the in-
fluence of colored film on optical nature.
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