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High entropy alloys (HEAs) represent a novel category of materials known for
their outstanding mechanical strength, thermal stability, and corrosion resistance,
making them highly suitable for diverse industrial applications. However, their complex
and variable compositions pose significant challenges in accurately predicting phase
structures, which is essential for tailoring their properties to specific applications. This
study presents a machine learning (ML) approach for phase structure prediction in
HEAs, utilizing experimentally validated datasets with features derived from chemical
compositions. A Boolean vector encoding technique was employed to effectively
represent multi-phase classifications, “enhancing the model’s ability to capture
complex phase relationships. Four ML algorithms including support vector machine
(SVM), k-nearest neighbors (KNN), random forest (RF), and neural network (NN) were
implemented and evaluated through rigorous cross-validation (CV) and testing on
unseen data. The findings indicate that NN and KNN outperform other models,
achieving a maximum test accuracy of 84.85%. Feature importance analysis highlights
valence electron concentration (VEC) and melting temperature (Tm) as the most
influential factors in phase formation. This research demonstrates the growing potential
of ML-driven approaches in computational materials science and suggest promising

pathways for integrating artificial intelligence to enhance HEA design and development.
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