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ABSTRACT

Next-generation turbine jet engines will require new advanced high-melting temperature alloys and
coatings to reach high operating temperatures (>1300°C). Refractory metals provide this foundation
with melting temperatures over 2000°C. Additively manufactured turbine blades from a two-phase
Mo-Si-B-Ti alloy have been coated using a Si-B pack cementation coating method. The samples are
produced using laser powder bed fusion and a novel reaction synthesis technique using Mo, SisN4,
BN, and Ti powders. The Moss provides room temperature ductility, and the MosSiB2 (T2) phase
provides creep resistance and improved oxidation performance. The addition of Ti into the alloy
reduces the density of the alloy to around 9 g/cm?. The application of the pack cementation coating
provides a robust, self-healing, oxidation-resistant coating capable of 345 thermal cycles at 1300°C.

INTRODUCTION

The need for more efficient gas turbine jet engines to reduce fuel consumption and greenhouse gas
emissions hinges on developing higher operating temperature materials systems within the extreme
environment inside the combustion chamber. Current jet engines use nickel-based superalloys,
operating within 90% of their melting point. Through precision engineering, optimizing these Ni-
based alloys and turbine designs allows for blade temperatures of around 1150°C, but further
development of these alloys results in a reduced trend in efficiency gain (Figure 1). Therefore, new
high-temperature materials systems are needed.!



