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Development of ‘In-situ” Observation System for Oxide Films Formed
during Thermal Oxidation Using Raman Spectroscopy

Tukayuki Narusuiva, Naoki Kikucm, Makoto Maruvama, Haruo Awrasmi, Yuichivo Nisaina and Yasutaka Icucni

Synopsis :

In-situ observation system for oxidation films using laser Raman spectroscopy was constructed and the growth process

of oxide films during thermal oxidation of Fe-6.5mass%Si alloy at 1073K in O, CO, and CO-CO; (Pco/Pco,=1)
atmospheres was investigated. In-situ Raman spectra of the oxide films formed in these atmospheres could be obtained
using the system with an SN-filter and a chopper unit to reduce the effect of Rayleigh scattering and thermal radiation.
In a CO, atmosphere strong Raman peaks of Fe;O, and a-Fe,0; were observed even in the early stage of oxidation
of the alloy, which suggested that the oxidation rate in the CO, atmosphere was higher than that in the O, or CO-CO,
atmosphere. Since the difference of oxidation behavior in these atmospheres was not detected by thermogravimetry,
the usefulness of the system at high temperatures was confirmed.
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Fig. 1. Schematic diagram of (a) optical arrange-
ment and (b) heating stage for measurement
of Raman spectrum.
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Fig. 2. Effect of sampling time on Raman spectra of
Si wafer at 1273K.
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Fig. 3. Raman spectra of cristobalite at 298K and

573K.
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Fig. 4. Raman spectrum of fayalite (Fe,SiO,).
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Table 1. Raman shift (cm™) of oxides.

Oxides Fe;O, Fe,0, Fe,0, Fe,Os Fe,SiO, Fe,SiO, SiO, SiO;
(theoretical) |(single crystal)|(single crystal)| (polycrystal) (glass) (crystal) (amorphous) | (amorphous)
Raman shift 676 672 612 613 900 906 1200 1152+1202
(cm™) 550 542 500 500 632 850 1065 1059
420 410 413 412 825 800 980
320 318 298 299 373 600 890
298 293 247 298 490 794+ 836
245 225 250 410 605
226 60 495
440
Ref. 18 19 20 21 22 22 23 24
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Fig. 5. Raman spectra of Fe-6.5Si before oxidation
test at 298K and at 1073K.
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Fig. 6. In-situ Raman spectra of (a) Fe-6.5Si and (b)
Fe at 1073K in O, atmosphere.
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Fig. 7. Mass change due to the oxidation of Fe-
6.551 and Fe at 1073K in O, atmosphere.
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Fig. 8. Si 2p XPS spectra of Fe-6.5Si oxidized at
1073K in O, atmosphere for 43.2ks.
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Fig. 9. In-situ Raman spectra of Fe-6.5Si at 1073K
in CO, atmosphere.

S ANk B SRR RO 2 OB BEEEOWR 61 M

T T T i T I
21.6ks
=
£
=
£
S 10.8ks
2
b 1.8ks
-3
Oks
| L { 1 | 1 1 1

200 400 600 800 1000
RAMAN SHIFT / cm™'

Fig. 10. In-situ Raman spectra of Fe-6.55i at 1073K
in CO-CO, atmosphere (Pco/Pco.=1).
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