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Abstract. Phase diagram calculations combined with machine learning modelling were used to investigate how multiple
alloying elements influence the castability and service performance of Ti,AINb-based alloys. The thermophysical parameters
associated with melt fluidity were calculated via phase diagram software, and machine learning models were developed to
assess the effects of alloying elements on the oxidation resistance and mechanical properties. On the basis of the integrated
analysis, alloy compositions that improve both castability and service performance were identified and further validated
through fluidity experiments, and the mechanisms underlying the increase in melt fluidity were also investigated. The
results indicate that the stopping-flow behavior of Ti,AINb-based alloy is typical of alloys exhibiting a wide solidification
temperature range. The improved fluidity mainly results from a reduced solidification temperature, which increases melt
superheating and promotes melt flow. In addition, microalloying elements serve as effective grain refiners, resulting in
significant reductions in the grain size. The refined grains suppress the development of an extensive dendritic network
during solidification, thereby reducing the flow resistance in the semisolid region. Overall, the combined effects of
thermodynamic optimization and microalloying offer a viable strategy for enhancing the castability and service performance
of Ti,AlNb-based alloys.
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