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[21] Götlind H, Liu F, Svensson J E, et al. The effect of water

vapor on the initial stages of oxidation of the FeCrAl alloy

Kanthal AF at 900 � [J]. Oxid. Met., 2007, 67: 251-266

[22] Opila E J, Myers D L. Alumina volatility in water vapor

at elevated temperatures [J]. J. Am. Ceram. Soc., 2004,

87: 1701-1705

[23] Opila E J, Jacobson N S, Myers D L, et al. Predicting

oxide stability in high-temperature water vapor [J]. JOM,

2006, 1: 22-28

[24] Bansal N P, Zhu D. Thermal conductivity of zirconia alu-

mina composites [J]. Ceram. Int., 2005, 31: 911-916

[25] Krikorian O H. Thermochemical hydrogen production

studies at LLNL: a status report[A]. International Energy

Agency Annex 1 Workshop on Thermochemical Hydro-

gen[C]. United States: High Temp High Press, 1982. 1-7

[26] John Y. High temperature oxidation and corrosion of met-

als, Chapter 10: Effects of water vapour on oxidation, Cor-

rosion Series [J], 2008, 1: 455-495

[27] Douglass D L, Kofstad P, Rahmel A, et al. International

workshop on high temperature oxidation-subject area 1:

the role of water vapour in the oxidation of metals and

alloys[J]. Oxid. Met., 1996, 45(5/6): 529-620

[28] Buscail H, Heinze S, Dufour Ph, et al. Water-vapor-effect

on the oxidation of Fe 21.5 wt.% Cr, 5.6 wt.% Al at 1000� [J]. Oxid. Met., 1997, 47(5-6): 445-64

[29] Pint B A, Haynes J A, Zhang Y, et al. The effect of water

vapor on the oxidation behavior of Ni-Pt-Al coatings and

alloys [J]. Surf. Coat. Technol., 2006, 201(7): 3852-3856

[30] Leyens C, Fritscher K, Gehrling R, et al. Oxide scale for-

mation on a MCrAlY coating in various H2-H2O atmo-

spheres[J]. Surf. Coat. Technol., 1996, 82: 133-144

[31] Gunnar H, Tveten B, Hörnlund E. Hydrogen in chromium:

influence on the high-temperature oxidation kinetics in

H2O, oxide-growth mechanisms, and scale adherence [J].

Oxid. Met., 2000, 54(1-2): 1-10

[32] Henry S, Mougin J, Wouters Y, et al. Characterization of

chromia scales grown on pure chromium in different oxidiz-

ing atmospheres [J]. Mater. High Temp., 2000, 17: 231-4

[33] Hudson L K, Misra C, Perrotta A J, et al. Aluminium Ox-

ide[A]. In Ullmann’s Encyclopedia of Industrial Chemistry

[C]. New York: Wiley-VCH Verlag, 2002

[34] Janakiraman R, Meier G H, Pettit F S. The effect of wa-

ter vapour on the oxidation of alloys that develop alumina

scales for protection[A]. Cyclic oxidation of high temper-

ature materials-mechanisms, testing methods, characteri-

zation and life time estimation [C]. European: European

federation of corrosion publications, 1999. 27: 38-62

[35] Maris-Sida M C, Meier G H, Pettit F S. Some water va-

por effects during the oxidation of alloys that are α-Al2O3

formers [J]. Metall. Mater. Trans., 2003, 34A: 2609-2619

[36] Brady M P, Yamamoto Y, Santella Ml, et al. Com-

position, microstructure, and water vapor effects on in-

ternal/external oxidation of alumina-forming austenitic

stainless steels[J]. Oxid. Met., 2009, 72(5-6): 311-333



6 C ^��U : �6IÆNx6�1i2RpiZ_/ 4136 C ^��U : �6IÆNx6�1i2RpiZ_/ 4136 C ^��U : �6IÆNx6�1i2RpiZ_/ 413

[37] Onal K, Maris-Sida M C, Meier G H, et al. Water va-

por effects on the cyclic oxidation resistance of alumina

forming alloys [J]. Mater. High Temp., 2003, 20: 81-91

[38] Janakiraman R, Meier G H, Pettit F S. The effect of wa-

ter vapor on the oxidation of alloys that develop alumina

scales for protection [J]. Metall. Mater. Trans., 1999, 30A:

2905-13

[39] Smialek J L, Morscher G N. Delayed alumina scale spalla-

tion on Rene’N5+Y: moisture elects and acoustic emission

[J]. Mater. Sci. Eng., 2002, 332A: 11-24

[40] Tallman R L, Gulbransen E A. Crystal morphology and

mechanisms of growth of α-Fe (III) oxide whiskers on iron

[J]. J. Electrochem. Soc., 1967, 114(12): 1227-1230

[41] Ru··Diger D. Solution and transport of water in oxides [J].

Mater. High Temp., 2005, 22: 93-103

[42] Raynaud G M, Rapp R A. In situ observation of whiskers,

pyramids and pits during the high-temperature oxidation

of metals [J]. Oxid. Met., 1984, 21: 89-102

[43] Huntz A M, Hou P Y, Molins R. Study by deflection of

the oxygen pressure influence on the phase transformation

in alumina thin films formed by oxidation of Fe3Al [J].

Mater. Sci. Eng., 2007, 467A (1-2): 59-70

[44] Engkvist J, Canovic S, Hellström K, et al. Alumina scale

formation on a powder metallurgical FeCrAl alloy (Kan-

thal APMT) at 900-1100 � in dry O2 and in O2+H2O [J].

Oxid. Met., 2010, 73: 233-253

PROGRESS OF WATER VAPOUR EFFECT ON GROWTH OF

ALUMINA FORMING ALLOYS

XING Linlin, ZHENG Yanjun, CUI Lishan, SUN Maohu, SHAO Mingzeng, LU Guiwu

Departments of Materials Science and Engineering, China University of Petroleum, Beijing 102249

Abstract: Alumina coating has excellent thermal stability at elevated temperatures, this can provide a good

diffusion barrier to withstand high temperature oxidation and therefore, increase their life time in aggressive

atmospheres. With the industrial development, water vapour is present in nearly all atmospheres where alumina

forming alloys are used at high temperatures for industrial process. The most important problem is that how

to maintain excellent performance of alloy in humid atmospheres. This paper summarizes the effect of water

or water vapour on the stability of alumina scales, growth kinetics, film adherence and alumina film surface

morphology.

Key words: alumina scale, water vapour, stability, oxidation rate


