J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 37, No. 1, pp. 11-25 January 2024

doi: https://doi.org/10.4313/JKEM.2024.37.1.2
ISSN 1226-7945(Print), 2288-3258(Online)

Esto|E2|=E oL X ME HIHLIEE ¢

Academic Progress Report

I

rolI

Hybrid Energy Storage Mechanism Through Solid Solution Chemistry for

Advanced Secondary Batteries

Sion Ha and Kyeong-Ho Kim

Department of Materials Science and Engineering, Pukyong National University, Busan 48513, Korea

(Received October 25, 2023; Revised November 8, 2023; Accepted November 10, 2023)

Abstract: Lithium-ion batteries (LIBs) have attracted great attention as the common power source in energy storage fields of

large-scale applications such as electrical vehicles (EVs), industries, power plants, and grid-scale energy storage systems (ESSs).

Insertion, alloying, and conversion reactions are the main electrochemical energy storage mechanisms in LIBs, which determine

their electrochemical properties and performances. The electrochemical reaction mechanisms are determined by several factors

including crystal structure, components, and composition of electrode materials. This article reviews a new strategy to

compensate for the intrinsic shortcomings of each reaction mechanism by introducing the material systems to form a single

compound with different types of reaction mechanisms and to allow the simultaneous hybrid electrochemical reaction of two

different mechanisms in a single solid solution phase.
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Table 1. Three different types of anode materials based on the lithium storage mechanism and their advantages and common issues.

Reaction Material

. Advantages Common issues Example
mechanism system
Good working potential (Vwork)
Carbonaceous Excellent cycle stability Low capacity Graphite, hard carbon, etc.
Insertion Low cost

/Intercalation
Metal oxides

Excellent cycle stability
Low cost

Low capacity
High Vwork TiOz, LisTis012, VO, etc.
(Low energy density)

Alloy Unary system

High capacity
Low Vwork
(High energy density)

Poor cycle stability
(Large volume expansion  Si, P, Ge, Sn, etc.
& unstable SEI layer)

Metal oxides
/sulfides

High capacity

Hi gh Viwork

. M-X (M = Fe, Co, Ni, Mn,
Poor cycle stability

L etc, and X =0 and S)
Large polarization

Conversion
Metal nitrides
/phosphides

High capacity
Low Vyork
(High energy density)

M-X (M = Fe, Co, Ni, Mn,

Poor cycle stability etc. and X = N and P)
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Fig. 1. Specific capacities and working potentials (V vs. Na/Na") for
different classes of anode materials for SIBs.
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Fig. 2. (a) Crystal structure, ionic radius of transition metal (TM), and formation enthalpy of various 1st row transition metal
monophosphides (TM = Ti — Ni). Schematic illustration of three main energy storage mechanism as (b) insertion, (c) alloying, and (d)

conversion reactions.
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discharged state of MinP, FeP, and Mni.xFexP electrodes [11].
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Fig. 7. (a) HAADF STEM image, (b) corresponding FFT pattern, and (c) EDS mapping images of combination of Mn, V, and P K for
fully lithiated Mno.75Vo2sP electrode. (d) Crystal structure illustration and diffraction pattern of aligned along the [100] direction for Li-
inserted Mno.7sVo.2sP, LisMnP2, and hybrid alloying/insertion phases, respectively [12].
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schematic illustration for the cycling behavior of MnP/VP mixture and Mno.7sVo.2sP solid solution electrodes [12].
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Ist cycle dQ/dV plots of NiP2Sx (x =0, 0.5, 1.0, 1.5 and 2.0) at 50 mA g [14].
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