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. principles underlying ion transport in SSEs and identify strategies for improving
IntrOd uctlon their performance in practical battery applications.

Solid-state electrolytes have emerged as promising alternatives to In this review article, we provide an overview of recent research efforts
liquid electrolytes in advanced battery technologies due to their potential ~ focused on understanding the mechanisms of ion transport in SSEs for
for enhancing safety, energy density, and cycle life. Understanding the advaqced battery technologles. We dlscyss expenrpen_tal gnd computatlonal
mechanisms of ion transport in SSES is crucial for the development of efficient  techniques used to study ion transport in SSEs, highlighting their strengths
and reliable solid-state batteries. In this review article, we provide an overview fi"d |'m}t3t|0n3- Fgrthermore, we examine kgy c.hallenges anq.opportumngs
of recent research efforts aimed at elucidating the ion transport mechanisms in the field of solid-state electrolytes, including interface stability, interfacial
in SSEs, including crystal structure, diffusion pathways, defect chemistry, and .resist.ar_me, and scalability isslues.. By syn}hesizjng recent advancgments and
interface interactions. We discuss experimental and computational techniques ~ identifying future research directions, this review aims to contribute to the
used to study ion transport in SSEs, such as impedance spectroscopy, nuclear  Ongoing efforts to develop efficient and reliable solid-state electrolytes for next-
magnetic resonance (NMR) spectroscopy, and first-principles calculations. ~ &eneration battery technologies [3].

Furthermore, we highlight key challenges, opportunities, and future directions
in the field of solid-state electrolytes for advanced battery technologies [1]. DGSCI’IptIOﬂ

The growing demand for high-performance, safe, and sustainable energy
storage solutions has spurred considerable interest in solid-state batteries as lon transport in solid-state electrolytes occurs through various
alternatives to traditional lithium-ion batteries. Solid-state electrolytes (SSEs) ~ mechanisms, depending on the material composition, structure, and operating
play a critical role in enabling solid-state batteries by providing pathways for conditions. One of the primary mechanisms is lattice diffusion, wherein mobile
jon transport between electrodes while preventing dendrite formation and  ions migrate through the crystal lattice of the electrolyte material by hopping
electrolyte leakage. Understanding the mechanisms governing ion transport ~ between vacant sites or via interstitial pathways. The diffusion coefficient
in SSEs is essential for optimizing their conductivity, stability, and interface ~ and activation energy for lattice diffusion are influenced by factors such as
compatibility. Key factors influencing ion transport in SSEs include crystal  Crystal symmetry, ionic radius, and defect concentration. In addition to lattice
structure, defect chemistry, interfacial interactions, and processing conditions.  diffusion, grain boundary and surface diffusion play significant roles in ion
By elucidating these mechanisms, researchers aim to develop SSEs with transport, particularly in polycrystalline SSEs, where grain boundaries and

improved performance, reliability, and safety for next-generation battery syrfapes act as preferential pathwgys for ion migration. Un.dergtan.ding the
technologies. kinetics and thermodynamics of grain boundary and surface diffusion is crucial

for optimizing the performance and stability of SSE-based batteries.

Solid-state batteries represent a promising avenue for addressing the
limitations of conventional liquid electrolyte-based lithium-ion batteries,
including safety concerns associated with flammable electrolytes and the
need for higher energy densities and longer cycle lives. Solid-state electrolytes
offer. §everal advantages _over quuid.electrolytes, including improv.e(.i.thermal diffusion pathways. Moreover, defect engineering strategies, such as doping,
stability, reduced dendrite formation, and enhanced compatibility with — o5vine and compositional tuning, offer opportunities for enhancing the ionic
high-voltage cathode materials. These advantages have spurred intense  onqctivity and electrochemical stability of SSEs. Interface interactions
research efforts aimed at developing SSEs with high ionic conductivity, wide  petyeen SSEs and electrode materials also influence ion transport and battery
electrochemical stability windows, and excellent mechanical properties [2]. performance. Interfacial reactions, interfacial resistance, and electrode-
electrolyte compatibility are important considerations for achieving stable and
efficient ion transport at the electrode-electrolyte interface [4].

Defect chemistry also plays a critical role in ion transport in solid-state
electrolytes. Point defects, such as vacancies, interstitials, and dopants,
can significantly affect the conductivity and diffusion kinetics of SSEs by
altering the concentration of mobile charge carriers and creating preferential

The performance of solid-state batteries critically depends on the efficiency
of ion transport within the SSEs, which serves as the pathway for lithium or
other ipns .between the pattery elgctrodes. .Understan(.iing. the mec'hanisrlns Experimental and computational techniques play complementary roles
governing ion transport in SSEs is essential for designing materials with  in elucidating the mechanisms of ion transport in solid-state electrolytes.
optimized conductivity and stability. Various factors influence ion transport Experimental techniques, such as impedance spectroscopy, NMR
in SSEs, including the crystal structure, defect chemistry, grain boundaries, spectroscopy, and electrochemical characterization, provide valuable insights
interface interactions, and processing conditions. By comprehensively into the conductivity, diffusion kinetics, and electrochemical behavior of
investigating these factors, researchers aim to elucidate the fundamental SSEs under different conditions. Computational methods, including first-
principles calculations, molecular dynamics simulations, and density functional
*Address for Correspondence: Lila Morgan, Department of Material Science, ~ theory calculations, offer atomistic-level insights into the structure-property
University of Madrid, Madrid, Spain; E-mail: lila.morgan587@gmail.com relatlonshlps and defect energetics of SSEs. Integratmg expenmental gnd
Copyright: © 2024 Morgan L. This is an open-access article distributed under the computational approaches enables a cc_J_mprehenswe l_Jnderstandm_g of lon
terms of the Creative Commons Attribution License, which permits unrestricted ~ transport mechanisms in SSEs and facilitates the design of materials with
use, distribution, and reproduction in any medium, provided the original author tailored properties for specific battery applications [5].
and source are credited.
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is essential for advancing the development of high-performance and reliable
solid-state batteries. Recent research efforts have made significant progress
in elucidating the crystal structure, diffusion pathways, defect chemistry,
and interface interactions governing ion transport in SSEs. Experimental
and computational techniques have played crucial roles in unraveling these
mechanisms and guiding the design of SSEs with optimized conductivity,
stability, and compatibility for advanced battery technologies. Moving forward,
addressing key challenges such as interface stability, interfacial resistance,
and scalability will be critical for realizing the full potential of solid-state
electrolytes in next-generation battery applications. Continued interdisciplinary
research and collaboration are essential for overcoming these challenges and
accelerating the development of practical solid-state battery technologies.
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