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Abstract

In recent years, while lithium-ion batteries used in electric vehicles have been advancing in terms of high
capacity and high power output, issues such as degradation and reduced safety during abnormal conditions
have become problematic. To achieve both high energy density and safety durability, it is necessary to design
components that suppress the degradation of the cathode, anode, electrolyte, and their interfaces, which
contribute to electrochemical reactions. In this initiative, we report on analytical cases focusing on the interior of
active materials and the interfaces with the electrolyte, utilizing X-ray absorption spectroscopy and hard X-ray
photoelectron spectroscopy with synchrotron radiation. This approach has enabled the analysis of the
relationship between the proportion of high-valence components of Ni, a constituent element of the cathode,
and the progression of degradation at the interface with the solid electrolyte interphase, which could not be

clarified with laboratory-level equipment.
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Fig. 1T Overview of Battery Materials in Battery Electric
Vehicle
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Fig. 2 Schematic Representation of XAFS Measurement
(Fluorescence Yield Method)
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Fig. 3 Overview of Battery Cell for In-situ XAFS
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Fig. 4 In-situ XAFS Spectrum under Different Cell
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Fig. 5 Mapping Position by In-situ XAFS
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(b) Imaging Result of Cathode Cross Section under
Different Charge/Discharge Rate
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Fig. 7 HAXPES Overview (SPring-8 BL24XU)
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Fig. 8 Overview of Analysis for Cathode Surface by XPS
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Fig. 9 XPS and HAXPES Spectrum of Ni2p;,, for
Cathode
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Fig. 10 Fitting Example and Fitting Parameter

SENY T 5Ty RIIBICIE Shirley 5%, T1 v
T VIR L TR Voigt BB ERL, 70 v T
VINRSA—R— 0L Table 2 #RT, —MRHAHRE—2
DEEF AL L TEDN S IR RN _FETIIEAEE
T4 vTa I BRORE_RNNBRNERB/INTA—
2—0%EHTZY,

Table 2 Fitting Parameter

Ala.u.] peak amplitude

u[eVv] peak center position

o[eV] | full width at half maximum
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Fig. 13 HAXPES Spectrum of Ni2p;,, for NMC811

A, B, CIZRLT, DIFE—IHEHETRILT—1
ICOT7RLTWB AR IR, CThIFRKREICK
D NiDEFRHETZHT, KAREUEBRETIFLEAL
BEEEIRILE—DILEREEL 223, B1hICLD
LZBATIRVRELADBREIR/ILET—DLER
RELTEETZCHEZS5ND.

FZEHBD AR MLIZDWT, @ 2 fh 5 3+affi
(@=1) O NitEMEBEL, 3.2(1)BETRLIBEITE
TE—IREET o2l YO TILAIZDODVWTOE—DU S
BEAER%Z Fig. 14 1SR, i > FILICDWTHRERIC
E—o08ETWL, 2fMh 5 3+afl (@=1) D40D
NiftE¥MZTRIEE— U DEREIS % Fig. 15 127,

EEEFFEAEH)

: Ni2+
: Ni2+a
: Ni3+
: Nj3+a

S~ WO -

8700 8675 8650 8625 8600 85735 8350 85235 8300
Binding Energy (eV]

Fig. 14 Fitting Example for HAXPES Spectrum of

Ni2p3/2
100%
o High
80%
70%
60%
< Ni valence
40%
30% B : Nij3+a
20% . i3+
% H:Ni
1% 14%
%
C D

Ni componentratio [%]
3

Low M : Nij2+a
+Niz=
A B
Fig. 15 Result of Peak Separation Analysis for HAXPES
Spectrum of Ni2ps,,

NS DORERN S, EMEYERETIFERRE DE
AR CREICEBEN R > THED, BICHHRELHDIE

I & > TEME Ni OLERIZEINT 3 Z DD o F
Li e TSR VS N (b S EYERE ICR S
NI-FTREMEETRE T B,

4. 5HDHIC

BHA F U LA T EMMEO MBRICKERRF -
PBFLARILTOLIEXNDZ X LRBERVZDREDES
HEHED 7=, MEHEIER L DBz 85 L
7=

5%, MHOBKEE LT ED 2 -0ICId L D BT,
H3WNIEMBHEERBA NI LEHHT Z2HELDH
%0 ZDT=®HICIE, AT THESD TV S KSR Z 14
EOERREZIERE LICENEZEHET TOR (ZDHDH)
ICHEAZESDHD L EBIC, B5NET—2 D SHIEEF
ZRET O OFHERTRMIZEELL TV,

AFRICIF, EERIKFRG S/ To€>%2—1#Ll
Malt>ra—K, HARGHE, [RVEEASEELR
PRt > 2 — OBEILE—FR, KBk DHEFERR
BEHRZEAFT,

RISHEEASEEARFMRE L > 2 — - KBRS
% SPring-8 TOXERIFFREHS 2014B3231, 2021A3231,
2021B3231, 2022A3054, 2022A3231, 2022B3231,
2023A3231, 2023B3231 THHEL E Lo TIICZEL
fAsLE L EFE T,

BE3H

(1) ZIREED © i # VEMEEMETED X R 12
OE—LAICK B3 RMEFESEN, EERE—LST
DERR - FURE, Vol.4, pp.18-20 (2015) &h—
ERE L CERdEk

(2) S.Suzuki et al: Effects of sample-aperture cone
distance on the environmental charge compensation
in near-ambient pressure hard X-ray photoemission
spectroscopy, Journal of Electron Spectroscopy and
Related Phenomena, Volume 257, 147192 (2022)

(3) BERMEEZ I XBAEFHNE, #BHAL, pp.345
(2018)

(4) S. Tokuda et al: Simultaneous Estimation of Noise
Variance and Number of Peaks in Bayesian Spectral
Deconvolution, Journal of the Physical Society of
Japan, 86, 024001 (2017)

(5) Y. Yokoyama et al: Bayesian Integration for
Hamiltonian Parameters of X-ray Photoemission and
Absorption Spectroscopy, Journal of the Physical
Society of Japan, 90, 034703 (2021)

(6) KRBXREN: UF I LAFEMERME
Li (Niy 5C04/,3Mn, 5) O, DEHLEMT, Electrochemistry,
89 %, 45, pp.363-369 (2021)

(7) Satoshi HASHIGAMI et al: Hard X-ray Photoelectron



No.41 (2025) IV AR

Spectroscopy Analysis of Surface Chemistry of Spray
Pyrolyzed LiNiy5C0,,Mn, 30, Positive Electrode
Coated with Lithium Boron Oxide, Electrochemistry,
Volume 87, Issue 6, pp.357-364 (2019)

— | G W %) 40

L=t ZIREE Ll Fn4e

/A

XM 5hth



