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High-performance secondary batteries, also called rechargeable or storage batteries, are a
key component of electric automobiles, power storage for renewable energies, load levellers
of electric power lines, base stations for mobile phones, and emergency power supply in
hospitals, in addition to having application in energy security and realization of a low-carbon
and resilient society. A detailed understanding of the physics and chemistry that occur in
secondary batteries is required for developing next-generation secondary batteries with
improved performance.

Among various types of secondary batteries, lithium-ion batteries are most widely used
because of their high energy density, small memory effect, and low self-discharge rate. This
book introduces lithium-ion batteries, with an emphasis on their overview, roadmaps, and
simulations. It also provides extensive descriptions of ion beam analysis and prospects for
in situ diagnostics of lithium-ion batteries. The chapters are written by specialists in cutting-
edge research on lithium-ion batteries and related subjects. The book will be a great reference
for advanced undergraduate- and graduate-level students, researchers, and engineers in
electrochemistry, nanotechnology, and diagnostic methods and instruments.

Yoshiaki Kato is professor emeritus at Osaka University, Japan. Previously,
he was president of the Graduate School for the Creation of New Photonics
Industries, Japan, and president of the Laser Society of Japan. Prof. Kato has
led many domestic and international programs on lasers and particle beams,
including the JST-MINECO Strategic Japanese-Spanish Cooperative Program
on Characterization of Advanced Electrode Materials by Means of lon Beam
Analysis Technique for Next Generation Li-lon Batteries with Prof. M. Perlado
(a coeditor of this book).

Zenpachi Ogumi was professor of electrochemistry at the Graduate School
of Engineering, Kyoto University, Japan. He was also president of the
Electrochemical Society of Japan, the Solid State lonics Society of Japan, and
the International Battery Association. In addition, he led the R&D Initiative for
Scientific Innovation of New Generation Battery (RISING) project.

' José Manuel Perlado Martin is full professor and chair of nuclear physics at
the Universidad Politecnica Madrid (UPM), Spain, and director of the Instituto
; Fusion Nuclear, UPM. He is the Spanish representative in the EURATOM
Program Committee for Fission and Fusion, member of the ESS Technical
Advisory Committee, and Spanish principal investigator in the ESFRI HiPER
Project for Inertial Fusion Energy. He was an invited scientist at the Institute of
Laser Engineering, Osaka University, Japan; the Lawrence Livermore National
Laboratory (LLNL), USA; the Lebedev Physical Institute, Russian Academy
of Sciences, Russia; and CERN, Switzerland. Prof. M. Perlado is the author of
4 books on energy, editor of several other books, and author of about 300
Journal Citation Reports (JCR) publications.

V688
SBN 978-981-4800-40-2

800402

I
9 H789814

—— PAN STANFORD PUBLISHING
“T www.panstanford.com



	Front Cover
	Contents
	Chap-01
	Overview of Lithium-Ion Batteries
	1.1 Introduction
	1.1.1 Batteries
	1.1.2 Lithium-Ion Batteries
	1.1.3 History
	1.1.4 Principle and Structure

	1.2 Positive Electrodes
	1.2.1 Layered Rock-Salt-Type Oxide Electrodes
	1.2.2 Spinel-Type Positive Electrodes
	1.2.3 Olivine-Type Positive Electrodes
	1.2.4 Lithium-Rich Positive Electrode Materials

	1.3 Negative Electrodes
	1.3.1 Graphite Negative Electrodes
	1.3.2 Negative Electrodes That Use a Conversion Reaction
	1.3.3 Ti System Electrodes
	1.3.4 Lithium Alloy Negative Electrodes
	1.3.5 Metallic Lithium Negative Electrodes

	1.4 Electrolytes
	1.4.1 Organic Solvent Electrolytes
	1.4.2 Polymer Electrolytes
	1.4.3 Ionic Liquids
	1.4.4 Inorganic Solid Electrolytes

	1.5 Reactions of Lithium-Ion Batteries
	1.6 Outlook
	References


	Chap-02
	Advanced Lithium and Lithium-Ion Batteries
	2.1 Introduction
	2.1.1 Li-Air Batteries
	2.1.1.1 Aqueous Li-air batteries
	2.1.1.2 Nonaqueous Li-air batteries

	2.1.2 Li-S Batteries

	2.2 All-Solid-State Batteries
	2.2.1 Phosphates
	2.2.2 Sulfides
	2.2.3 Oxides
	2.2.4 Challenges in Fabrication and Design
	2.2.4.1 Thin-film all-solid-state cells
	2.2.4.2 Bulk all-solid-state cells
	2.2.4.3  Application of solid-state Li-ion conductors and other cell types


	2.3 Outlook
	References


	Chap-03
	Advanced Diagnostics of Lithium-Ion Batteries
	3.1 Introduction
	3.2 Analysis of the Reaction Mechanism at the Electrode/Electrolyte Interface
	3.3 Nonequilibrium Phase Transition Behaviors of the Electrode-Active Material
	3.4 Designing a Composite Electrode on the Basis of a Reaction Distribution Analysis
	3.5 Conclusion
	References


	Chap-04
	Introduction to Ion Beam Analysis
	4.1 Ion Beam Analysis 
	4.1.1 Introduction
	4.1.2 Analyses Based on Sputtering and Elastic Ion Scattering
	4.1.3 Analyses Based on Ionization Interaction
	4.1.4 Analyses Based on Nuclear Excitation and Nuclear Reaction

	4.2 Accelerator Technologies for Ion Beam Analysis
	4.2.1 Introduction
	4.2.2 Accelerators for Ion Beam Analyses
	4.2.3 Ion Microbeam Technology

	4.3 Ion Microbeam Analysis Technique
	4.3.1 Micro-PIXE/Micro-PIGE Analysis
	4.3.2 Microbeam Analyses at the Ion Beam Irradiation Facility of QST

	4.4 Summary
	References


	Chap-05
	Ion Beam Analysis of Lithium-Ion Batteries
	5.1 Application of Micro-PIGE and Micro-PIXE in Lithium-Ion Battery Diagnostics
	5.1.1 Introduction to PIGE and PIXE for Lithium-Ion Battery Diagnostics
	5.1.2 Micro-PIGE and Micro-PIXE Diagnostics by an External Proton Beam
	5.1.3 Experimental Methods for Micro-PIGE and Micro-PIXE Diagnostics of Li-Ion Batteries in Vacuum
	5.1.3.1 Introduction
	5.1.3.2  Diagnostics of Li concentration and micrometer-scale imaging of Li-ion battery electrodes

	5.1.4 Thickness and Charge Rate Dependencies of Lithium Distributions in Charged Electrodes
	5.1.4.1 Introduction
	5.1.4.2 Thickness dependence of lithium distribution
	5.1.4.3 Charge rate dependence of lithium distribution
	5.1.4.4  Summary for applicability of PIGE/PIXE to lithium-ion battery diagnostics

	5.1.5 Relaxation of Li-Ion Distribution in Active Materials of Li-Ion Batteries
	5.1.6 Application of Micro-PIGE and Micro-PIXE in Diagnostics of All-Solid-State Lithium-Ion Batteri

	5.2 Application of Nuclear Reaction Analysis to Lithium-Ion Battery Diagnostics 
	5.2.1 Introduction
	5.2.2 Lithium Depth Profiling in a Lithium-Ion Battery Electrode by a 7Li(p,a)4He Reaction
	5.2.3 Resonant Nuclear Reaction Analysis for Lithium Depth Profiling by 7Li(p,g)8Be
	5.2.4 Experimental Instruments for Nuclear Reaction Measurements 
	5.2.5 Simulation for Nuclear Reaction Analysis 
	5.2.6 Examples of Simulations for Nuclear Reaction Analysis
	5.2.6.1  Example A: Reproducing the Rutherford backscattering spectrum
	5.2.6.2  Example B: Estimation of lithium depth distribution in a lithium-ion battery


	5.3 Summary
	References


	Chap-06
	Simulation of a Lithium-Ion Battery
	6.1 Introduction
	6.2 Basic Equations
	6.2.1 Transport of Lithium Ions in Electrolytes
	6.2.2 Electron Transport in Active Particles and Conductive Additives
	6.2.3 Electrochemical Reaction on the Surface of an Active Particle

	6.3 Macroscopic Simulation Method: The Continuum Model
	6.3.1 Derivation of Continuous Model Equations
	6.3.2 Discretization of 1D Governing Equations

	6.4 Analysis of Experimental Results of Ion Beams by 1D Simulations
	6.4.1 Charging Simulation
	6.4.2 Electrode Thickness Dependence of the Lithium-Ion Distribution
	6.4.3 Simulation for an LFO Positive Electrode

	6.5 Summary
	References


	Chap-07
	Future Prospects of Intense  Laser-Driven Ion Beams for Diagnostics of Lithium-Ion Batteries
	7.1 Introduction
	7.2 Generation of Ion Beams by High-Intensity Lasers
	7.2.1 Intense Ultrashort Lasers
	7.2.2 Generation and Transport of Fast Electrons on Interaction of an Intense Ultrashort Laser Pulse
	7.2.3 Target Normal Sheath Acceleration

	7.3 Energy Increase in Proton Beam Acceleration for Ion Beam Analysis
	7.3.1 Introduction
	7.3.2 Experimental
	7.3.3 Results and Discussions
	7.3.4 Summary

	7.4 Application of Laser Accelerated Proton Beams for Ion Beam Analysis
	7.4.1 Introduction
	7.4.2 Experimental
	7.4.3 Results and Discussions
	7.4.4 Summary

	References


	Chap-08
	Prospect of in situ Diagnostics of Lithium-Ion Batteries
	8.1 Introduction
	8.2 Overview of Methods for in situ Diagnostics of Lithium-Ion Batteries 
	8.2.1 X-Ray Diagnostics
	8.2.2 Neutron Diagnostics

	8.3 In situ Analysis by Raman Spectroscopy
	8.4 In situ Measurement by Ion Beam Analysis 
	8.4.1 Introduction
	8.4.2 PIXE and PIGE Experiments for In situ Diagnostics 
	8.4.2.1 Sample fabrication
	8.4.2.2 Experimental procedure
	8.4.2.3 Results and discussion

	8.4.3 Application in All-Solid-State LIBs

	8.5 Capabilities of Rutherford Backscattering Spectroscopy and Nuclear Reaction Analysis 
	8.5.1 Introduction
	8.5.2 Present Status for Applying Nuclear Reaction Analysis to Li Depth Profiling

	8.6 Summary and Critical Issues
	References


	Index
	Back Cover



