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Aim of the research project 

 

Classical strategies to design new materials are often trial-and-error based and require many experiments and 

simulations, rendering them time-consuming and costly. In recent years, new methods, namely machine learning, 

are combined with orthodox methods in materials science, such as quantum chemistry and first principles 

calculations to speed up and reduce cost of material discovery process, utilizing data from already discovered 

materials. In this project, we aim to use statistical data analysis and machine learning methods to predict mechanical 

and physical properties such as hardness and yield strength of high-entropy alloys as energy saving materials. The 

potential contributions of this research include the collection, enrichment and analysis of high-entropy alloys 

databases with the aforementioned properties, as well as the development of machine learning prediction models for 

the hardness and yield strength of high-entropy alloys. 
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Contents and results of the research 

 

In recent years, machine learning (ML) is increasingly integrated with traditional methods in materials science, such 

as quantum chemistry and first principles calculations, to predict  novel materials with desired properties. 

However, most of the ML methods typically offer point predictions, i.e. single continuous (e.g. yield strength) or 

discrete (e.g. phase) values. Prediction regions such as intervals of sets of discrete values are often unavailable. 

High-entropy alloys (HEAs) are alloys composed of five or more principal elements with near-equal 

concentrations. Recently, HEAs have garnered significant research attention due to their superior mechanical and 

physical properties, such as yield strength and hardness, in comparison to conventional alloys [1, 2]. ML is one of 

the main methods to predict properties of novel HEAs based on simulation and experimental data [3, 4]. ML 

methods like random forests [5] and deep learning [6] have demonstrated high accuracy in predicting such 

properties [7, 8]. However, the uncertainty of predictions, i.e. the prediction region, is often unavailable.  

In FY2023 project, using conformal prediction methods [9], we quantified relationship between prediction regions 

size and size of a HEA’s yield strength database along with strategies for training and validating ML models. The 

preliminary results revealed that on average, the size of prediction regions of leave-one-out is 49.83 MPa smaller 

than that of simple split training/validation strategy. Additionally, the size of prediction regions decreases by 3.18 

Mpa if the size of training dataset increases by 1 [10].  
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