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Characterization of Oxide Layers on SUS410Ti Stainless Steel
Grown in Low Oxygen Pressures by Raman Spectroscopy
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Raman spectroscopy was applied to the study on the transient oxidation of the Fe-14Cr-0.4Mn-0.6T1i ferritic stainless
steel in Ar gases at 1123K. It was found that in the thermal oxidation under low oxygen pressure, the minor alloying
constitution of manganese and titanium resulted in the formation of thin oxide layers. During the early stage of
oxidation, the double layer structure, which the outer and the inner were identified as MnCr,O, and silicon oxide
respectively, was formed on the grain of the substrate and Ti,Os at the grain boundary. As a result of outer diffusion
of titanium with reduction of Cr, Mn and Si oxides, the oxide layer produced for more than 600s showed mainly T1,Os.
In addition, the frequency shifts of Raman spectra showed that the compressive and tensile stresses existed in the oxide
layers, MnCr,0, and Ti,Os, respectively. These residual stresses in the oxide layers were released by the increase of
porosity with oxidation time. It is shown that the frequency shifts of Raman spectra induced by residual stresses in the
oxide layers reflect the low porosity of the oxide layers which results in the decrease of the metal dissolution in high
temperature deaerated pure water at 488K.

Raman spectroscopy ; secondary ion mass spectrometry ; ferritic stainless steel; MnCr,O, ; Ti,Os; silicon oxide;
oxidation.
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Table 1. Chemical compositions of the ferritic
-stainless steel(mass%).

Fe C Si Mn P S Ni C Ti N
SUS410Ti balance 0.006 0.46 0.41 0.026 0.001 0.17 13.08 0.56 0.0095
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Fig. 1. Raman spectra of oxide layers formed on
the ferritic stainless steel in Ar gases at
1123K.



B 210 sk & $8Vol. 82(1996)No. 3

60sec.

120sec.

1800sec.

MnCr,0, (Blue) Ti,0, (Red)
E =1
0 e W o 80 B0 0

600 400
RAMAN SHIFT (ca') RAMAN SHIFT (cw ')

'Fig. 2. Photographs and Micro Raman spectra of
oxide layers formed on the ferritic stainless
steels in Ar gases at 1123K.
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Fig. 3. TEM image of oxide layer formed_on the
ferritic stainless steel. [1123K X 120s]

Table 2. Concentrations of oxide layer on the fer-
ritic stainless steel by AEM (mol%).
[1123K % 120s]

Element A B
Si 1.1 3.6
Ti 27.5 83.3
Cr 38.7 9.8
Mn 22.0 3.2
Fe 0.7 0.0

Fig. 4. TEM images of oxide layer formed on the
ferritic stainless steel. [1123K X 60, 1800s]

Table 3. Concentrations of oxide layers on the
ferritic stainless steel by AEM {(mol%).
[1123K %60, 1800s]

Element 60s 1800s
Si 12.2 2.0
Ti 47.6 86.5
Cr 24.8 6.3
Mn 14.7 4.4
Fe 0.4 0.5

Crd 6 It (L, 2D TFRBIITiLSiOELE» BEEI 1
12. SPATESAI & B #5E (Table2) L AT 5 &, AW
EJBMn, Cr, FRESi» 6 7 2B TR S v, lEKD
BRI TIOBLTH 5 £ v L 5 ML TERRT1800sT
W, BEICTiVEILL 2 DRB M, Cris & ('Sid¥ 3
T2 HS, Tivzxt 3 5 AExT RS IR B LHERT60s D 35 A (- LE 3
LS oT 5, 2 ORFIE, BILI1800sT AR L
72 3 b S TIOB LM TR S L, W&, Mn, Cr,
SIOMALHFHRAEL T b Z EERL TV 5, 272, B



100 3.0

| 1) 60s -

B = =
@ 3
R 208
5 = Ti x
% s0- —Cr | -
foe -1
- Lk
g Fe 1.0 %
(]

Sputtering time (sec.)

2) 1800s

N
o
Oxygen ( X 10° counts)

Concentration (at¥)
3

it = 0
Y . 600 1800

1200
Sputtering time (sec.)

Fig. 5. Depth profiles by SIMS of oxide layer for-
med on the ferritic stainless steel at 1123K
for 60s and 1800s.
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oxide layer formed on the ferritic stainless
steels. [1123K X 60s]
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Table 5. Frequencies of Raman-active phonons in
Ti,O; (cm™?).
Symmetry | Standard | Oxidation | Oxidation
(Ref. 11) 120sec. 1800sec.
E, 228 207 209
A, 269 252 262
E, 302 - 300
E, 341 335 340
E, 452 - 452
A, 530 - 510
E, 564 - 563
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. 8. Comparison of oxidation time dependency
of (a) frequency shift of Eg Raman mode in
Ti,O; and (b) corrosion resistance in high
temperature deaerated pure water at 438K
for 1800ks of the oxide layers formed on the
ferritic stainless steel in Ar gas at 1123K.
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