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LAPPAWAT NGAMWONGWAN : COMPUTATIONTATIONAL SCREENING OF MBENES
AS ANODE MATERIALS OF METAL-ION BATTERIES.
THESIS ADVISOR : ASSOC. PROF. SUWIT SUTHIRAKUN, Ph.D. 126 PP.

Keyword: Metal-ion batteries, 2D materials, Transition metal borides (MBenes),

Density functional theory (DFT), Transition metal

Two-dimensional transition metal borides (MBenes) have emerged as promising
anode materials for metal-ion batteries due to their intrinsic conductivity and structural
tunability. However, most existing studies focus on a limited set of compositions,
phases, and charge carriers, lacking a systematic and comparable assessment across
the full transition metal series. To address this gap, this thesis presents a
comprehensive computational screening of M;B, monolayers, where M spans 26
transition metals across four crystal phases, using density functional theory. A
consistent computational framework, combined with interpretable machine learning,
was employed to evaluate structural, electronic, and electrochemical properties. Pre-
screening based on cohesive energy, phonon stability, electronic conductivity, and ion
diffusion narrowed the candidate pool by half. Further electrochemical analysis
identified two promising groups: (1) Sc-, Ti-, and Y-based phases with high gravimetric
capacity and low open-circuit voltage (OCV); and (2) V-, Cr-, Mn-, and Fe-based phases
with low diffusion barriers and moderate OCVs. Interpretable ML models were used to
better understand the structure—property relationships governing cohesive energy and
OCV, revealing key performance descriptors. These findings demonstrate the potential
of M,B, MBenes for next-generation battery anodes and provide data-driven guidelines

for their rational design.
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