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Thickness Evaluation of Thin Multilayered Scale by Glow Discharge Spectroscopy
Associated with Raman Spectroscopy

Yasuko FURUNUSHI and Masazumi MASUDA

Synopsis : To make oxidation behavior of stainless steel clear. an in-depth scale structure characterization method for multilayered scale formed on

stainless steel using both Raman spectroscopy and Glow discharge optical emission spectroscopy (GDS) was developed. In this work, cold

rolled Type 304 stainless steels containing 1.0 mass% Mn and 1.5 mass% Mn annealed at the temperature range from 1050°C to 1150°C were

prepared to investigate glowth mechanism of thin oxide layers of which thicknesses are about 100 nm. Each thickness of spinel structure layer

and corundum structure was estimated by GDS on the basis of proposed thickness estimation model.

The main results obtained are as follows:

(1) The glowth rate of corundum structure layer was highly dependent on the annealing temperature than that of spinel, ( 2 ) the glowth

rate of spinel structre layer formed on 1.5 mass% Mn stainless steel was higher than that formed on 1.0 mass% Mn stainless steel, (3 ) the

growth rate of corundum structrue layer formed on 1.0mass% Mn stainless steel was higher than that formed on 1.5 mass% Mn stainless

steel, (4 ) the glowth rate of corundun structure layer formed on 1.5 mass% Mn was highly dependent on the annealing temperature than that

formed on 1.0 mass% Mn stainless steel.

Key words: Raman spectroscopy; glow discharge optical emmision spectroscopy; stainless steel; annealing; oxidation; scale.
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Fig. 1. Depth profile by glow discharge optical emission
spectroscopy of oxide layer formed on the Type
304 stainless steel annealed at 1000°C.
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Fig. 2. Raman spectra of standard oxides.
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Fig. 3. Raman spectra of oxide layer formed on the Type
304 stainless steel annealed at 1000°C.
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Table 1. Location (cm™') of Raman-active mode of standard oxides.

Species[reference] Peaks
a-Fe203 [11] 225 245 295 415 500 615
a-Fez203 228 295 415
FeaO4 [11] 540 665
FeaO4,FeO 530 668
Cr203 [12] 303 351 397 530 551 609
Cr203 [5] 302 352 529 554 616
Cr203 300 352 532 556 620
MnCr204 [5] 196 507 621 680
MnCr204 504 673
FeCr204 [5] 600 681
FeCr204 554 685
NiFe204 488 565 698
MnFez204 656

High intensity modes are underlined.
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Table 2. Chemical composition of steel used.
(mass%)
Steel C Si Mn Cr Ni
STEELA 0.054 0.60 1.04 18.25 8.39
STEELB 0.058 0.54 1.52 18.11 9.2
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Fig. 4. Scanning electron micrographs of specimens annealed at (a) 1050°C, 20 sec, (b) 1150°C, 40 sec, and (c) 1150°C, 80 sec.
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Fig. 5. Comparison of diffraction intensity of specimens oxidized for 20 sec and 40 sec respectively at temperatures from 1050°C

to 1150°C.
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Fig. 6. Thickness estimation model by GDS.
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Table 3. Calculated sputter rate based on thickness evalua-
tion method.

Crystal Structure Sputter rate(nm/sec)

Spinel(Fe,Cr,Mn)304 22
Corundum(Cr,Fe) 203 16
¥ —Fe(SUS304) 48
YrCorundum(Cr203) 10
YrCorundum(Fe203) 28
YrSpinel(Fe30a) 32

Yrreference data from another samples
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Fig. 7. Oxidation behaviors of STEEL A and STEEL B.
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Fig. 8. Arrhenius plot of parabolic rate constants for oxi-
dation of spinel and corundum formed on stainless
steel Type304.
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9. Comparison of parabolic rate constants with literature values of Cr oxidation.
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