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PANUPOL UNTARABUT : UNRAVELING THE ROLE OF HYDROGEN INSERTION IN
ENHANCING ELECTROCHEMICAL PERFORMANCE OF VANADIUM PENTOXIDE
CATHODE FOR MAGNESIUM-ION BATTERIES: A FIRST-PRINCIPLES STUDY.
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In this thesis, we conducted first-principles computations to study the effects
of hydrogen (H) insertion on electronic conductivity, magnesium (Mg) diffusion kinetics,
and structural stability upon Mg intercalation. Our findings demonstrate that the
insertion of H at high concentrations leads to a remarkable reduction in the band gap
and a substantial increase in the electronic conductivity of the vanadium pentoxide
(V,05) material. This inserted H can act as a charge carrier, effectively enhancing the
cathode's capacity. Moreover, we observed that the transport kinetics of H are
significantly faster compared to Mg. During discharge, it is expected that the cathode
will contain a high concentration of H before Mg intercalation. The pre-inserted H
structure accelerates the Mg diffusion by lowering the diffusion barrier from 0.93 to

0.23 eV. Additionally, a fully protonated V,0s cathode effectively suppresses the

irreversible alpha to delta phase transition, which is considered the main cause of
capacity fading in these batteries. The improved ion transport kinetics and the
suppression of phase transformation arise from the weakened electrostatic interaction
between the Mg-ion and the lattice oxygen upon H insertion. These significant findings
provide valuable insights for the rational design of strategies to enhance the
electrochemical performance of V,0s cathodes in Mg-ion batteries. By leveraging this
knowledge, we can move closer to unlocking the full potential of Mg-ion batteries as

a promising energy storage solution.

School of Physics Student’s Signature  MMuJ .
Q’ rd
Academic Year 2023 Advisor’s Signature  haNQy  § S'Y\ n?

[N { T
Co-Advisor’s Signature ‘\o\'\M )




