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Turbocharger steels were manufactured by the powder metallurgical and casting method. They consisted
primarily of a large amount of y-Fe, a small amount of a-Fe, and fine NbsCs precipitates. The casting
method was better than the powder metallurgical method, because a sound matrix with little oxides were
obtained. When turbocharger steels were oxidized at 900 C for 50 h, Mn,VO4 and (Mn,Si)-oxides were
formed along grain boundaries, while Mn,O; and CrMn,O4 were formed intragranularly. Fe, Nb, and Ni

were depleted in the oxide scale.
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HIGH-TEMPERATURE OXIDATION OF TURBOCHARGER STEELS MANUFACTURED BY POWDER METALLURGY AND CASTING

Fig. 1. SEM image. (a) commercially available starting powders,
(b) agglomerated starting powders.
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Fig. 2. Turbocharger manufactured by the powder metallurgical
method using agglomerated starting powders. (a) XRD pattern,
(b) etched SEM image, (c) EDS spectra of spot 1, 2, 3 and 4
shown in (b).
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Fig. 3. Turbocharger manufactured by casting metal lumps. (a)
XRD pattern, (b) etched SEM image, (c) enlarged image of (b),
(d) EDS spectra of spot 1, 2, 3 and 4 shown in (b)(c) EDS spectra
of spot 1, 2, 3 and 4 shown in (b).
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Fig. 4. Phase diagram of Fe-20Cr-10Mn-6Ni-1Nb-0.3C(wt.%) ob-
tained by Thermo-calc.
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Fig. 5. Oxidation curves of turbocharger manufactured by the pow-
der metallurgical method and the casting method.
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Fig. 6. SEM top view of turbocharger manufactured by the powder
metallurgical method. Oxidation condition; 900 C for (a) 1 min,
and (b) 5 min.
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Fig. 7. Turbocharger manufactured by the powder metallurgical
method. (a) XRD pattern, (b) SEM top view, and (c) elemental
maps. Oxidation condition; 900 C for 50 h.
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Fig. 8. Turbocharger manufactured by the powder metallurgical
method. (a) SEM cross-sectional image, and (b) elemental maps.
Oxidation condition; 900 C for 50 h.
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Relative Intensity

Fig. 9. Turbocharger manufactured by casting. (a) XRD pattern,
(b) SEM top view, and (c) elemental maps. Oxidation condition;
900 C for 50 h.
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Fig. 10. Turbocharger manufactured by casting. (a) SEM cross-sec-
tional image, and (b) elemental maps. Oxidation condition; 900 C
for 50 h.
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Table 1. Standard free energy change of the given reaction at 900 °C” and Pilling-Bedworth ratio™”

reaction A G°(kJ/mol of O,) P-B ratio (%)
2 Fe(s)+0,—2 FeO(s) -392.2 1.68Y
3/2 Fe(s)+0,—1/2 Fe;04(s) -370.2 2.10%
4/3 Fe(s)+0,—2/3 Fe,05(s) -345.2 2.149
4/3 Cr(s)+0,—2/3 CryOx(s) -555.2 2.07Y
2 Mn(s)+0,—2 MnO(s) -597.9 1.75%
4/3 Mn(s)+0,—2/3 Mn,0s(s) -438.2 2.10”
Mn(s)+0,—~MnOs(s) - 227"
2 Ni(s)+0,—2 NiO(s) -268.9 1.65”
Si(s)+0,—Si0x(s) -700.3 2.139
2 Nb(s)+0,—2 NbO(s) -627.2 1.38”
4/5 Nb(s)+0,—2/5 Nb,Os -556.0 2.68Y
2 V(s)+0,—2 VO(s) -659.9 1.37”
4/3 V(s)+0,—2/3 V,05(s) -613.6 1.81”
4/5 V(s)+0,—2/5 V,0s -427.9 3.199
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