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In-situ preparation of compound oxidation scales on HP40 alloy

YAN Lei, LIU Jing-lei, XU Hong, REN Yan-lun

(State Key Laboratory of Chemical Engineering, School of Mechanical and Power Engineering,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: Compound oxide scales were in-situ prepared on the surface of HP40 alloy in the H,/steam atmosphere with
low oxygen partial pressure at 900—1 200 C. Then, the oxide scales on HP40 alloy were characterized by SEM, EDS and
XRD. The results show that the quantity of MnCr,O4 spinel of the scale increases with the heat treating temperature
increasing, while the morphologies of the scale change from acicular to granulate. The size of spinel granules on the
surface is smaller than 1 pm. The total thickness of the formed oxide scales is about 7 pm, which can be characterized as
three layers, i.e., the outer MnCr,QOy spinel layer, the middle Cr,O; rich layer, and the most inner SiO, layer, respectively.
Key words: HP40 alloy; in-situ oxidation; low oxygen pressure
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Table 1 Chemical composition of HP40 alloy (mass fraction,
o)

Ni Cr C Si
34.0-37.0 24.0-27.0 0.34-0.37 <2
Mn Nb S P Fe

<0.50 <3.0 <0.03 <0.03 Bal.

Flow

meter  Valve 1 Effluent

Valve 2

Oxidizing furnace

| —)

()
DI water

H, 2

Water bath

B SR E

Fig. 1 Schematic diagram of oxidizing test apparatus
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Fig. 2 Metallurgical structure of HP40 alloy
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Table 2 Oxygen partial pressure at different temperatures
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Oxygen partial pressure/Pa

Oxide
900 °C 1 000 °C 1100 C 1200 C
FeO 3.393x 10718 2.668 X107 1.101X 107" 2.714X 10713
NiO 8.631 X107 " 3.777%x 1071 9.472x 1071 1.532%x10°°
H,/H,0 1.985x107%° 1.099xX 1078 3.414%107"7 6.693X107'°
Cr,0, 4.479X 1075 1.802X 1072 5.987X107% 2402X1071
MnO 2.352X1077 1.173X 107 1.436 X102 1.241 X107

B3 ARESGHE T HP40 4 4R IHFALIZ I SEM

Fig. 3 SEM images of oxide scale surface of HP40 alloy oxidized for 10 h at different temperatures: (a) 900 ‘C; (b) 1 000 C;

(¢) 1100 C; (d) 1200 C
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Fig. 4 XRD patterns of oxide scale on HP40 alloy oxidized at

different temperatures
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Fig. 5 EDS patterns of oxide scale on HP40 alloy oxidized at different temperatures: (a) 900 C; (b) 1 000 ‘C; (¢) 1 100 C;

(d) 1200 °C
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Fig. 6 EDS results on cross section of oxide scale on HP40
alloy oxidized at 1200 C: (a), (b) EDS line scanning; (c) SEM
image of elemental mapping; (d) O; (e) Cr; (f) Mn; (g) Si; (h) Fe;
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Fig. 7 Indentation figures of matrix (a) and oxidation layer
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