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ABSTRACT

An investigation of isothermal and cyclic oxidation of turbine blade material CMSX4 was
conducted in air. Isothermal tests were carried out at temperatures between 900 and 1100°C
for 100 hours. Cyclic oxidation was tested at 1100°C under the conditions of a thermal cycle
of 13 minutes at temperature and 2 minutes for air cooling by fan aided for 1200 cycles. The
effect of sulphur content on the cyclic test was also investigated. The results of isothermal
oxidation show that parabolic relation between oxidation rate and exposed time was revealed
and the oxidation rate increased with the increasing temperatures except at 900°C. A protec-
tive alumina (Al,O;) layer formed beneath the external transition oxide scale at temperatures
above 1000°C. However, at 900°C, NiO and NiCr,0, were the major oxides instead of a
continuzous alumina sub-layer and then showed higher oxidation rate. For the cyclic test,
spalling of oxide scale occurred due to the thermal stress produced during air cooling and the

* KL BEFTFERT

*Department of Materials Science and Metallurgy, University of Cambridge

-12-



BEESE CMSX4 ER K BRI SRETR

weight loss increased with the increasing thermal cycle numbers. The major oxides in the
spalled scale were NiO, NiAl,O, and some complex oxides. The low sulphur CMSX4 (S<1ppm)
showed less scale spallation in the cyclic test. Therefore reducing sulphur below 1ppm can
significantly improve the adherence of scale formed on CMSX4.
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Fig. 1 Schematic diagram of the thermal balance (TGA)
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Fig. 2 Schematic diagram of the cyclic oxidation test
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Fig. 3 Oxidation kinetics of CMSX4 oxidised at temperatures

between 900° and 1100°C, (a) 1000°-110°C, (b) 900°C
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Fig. 4 Scale cross-sections of CMSX4 oxidised isothermally in air, (a) 900°C for 100 hours + (b) 1000°C for 100 hours + (c)
1050°C for 100 hours + (d) 1100°C for 100 hours
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Fig. 5 Schematic diagram showing the scale formed isother-
mally on CMSX4
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Fig. 6 Results of weight change against thermal cycle
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low sulphur CMSX4
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