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Mechanism of Resistance Increment for Positive
Electrode of Li-lon Battery through Calendar
Life Test at High Temperature
— Local Structure Analysis of Positive Active Material
by Hard and Soft X-ray Absorption Spectroscopy —
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Abstract

Local structure of LiNii-«MexOz (Me = Co, Mn) positive active material has been analyzed by hard and soft X-ray
absorption spectroscopy in order to clarify the mechanism of resistance increment for positive electrode of a Li-
ion battery through a calendar life test at high temperature. In our previous research, we had found that the incre-
ment is attributed to increment of charge transfer resistance. In this report, we have investigated whether incre-
ment of this resistance is caused by reduction of electrochemical activity in bulk or on surface of LiNii-Me:Oz. As a
result, the Ni K-edge XANES spectra obtained using hard X-ray reveals that the reduction of the activity mainly
occurs on the surface. Furthermore, the Ni L-edge and O K-edge XANES spectra obtained using soft-X-ray indi-
cate the formation of cubic spinel phase on the surface. These results suggest that the reduction of the activity is

caused by the formation of cubic spinel phase on the surface.
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Fig. 1 Depth of discharge (DOD)—Quasi-open cir-
cuit potential (QOCP) curves of LiNii«xMexO: positive
electrodes collected from the cells after (O) the initial
capacity test, (@) the calendar life test, and (@) the
calendar life test with re-mixing of composite elec-
trode after test, new electron-conductive material
and new binder. Charge: 0.1 CmA to 4.3 V vs. Li/Li* for
30 min in total and rest for 30 min, 50 times repeat;
Discharge: 0.1 CmA to 3.2 V vs. Li/Li* for 30 min in
total and rest for 30 min, 50 times repeat; Tempera-
ture: 25°C.
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Fig. 2 Ni K-edge XANES spectra of (a) bulk and (b) surface of LiNiixMe.O: positive electrodes at ( ll, —) 3.74,
(A,—)381,(®,—) 395and (®,—) 4.19 V vs. Li/Li* at initial and after calendar life test.
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Fig. 3 Relationship between the energy at the half-step height of Ni K-edge XANES spectra of (O) bulk and (@)
surface and potential of LiNii-«xMe«O: positive electrodes (a) at initial and (b) after test.
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Fig.4 Fourier-transform of Ni K-edge EXAFS spectra
of surface of LiNi-xMexO: positive electrodes at (ll, —)
3.74, (A, —) 3.81, (@, —) 3.95 and (¥, —) 4.19 V vs.
Li/Li* at initial and after calendar life test.
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Fig.5 (a) Ni-O and (b) Ni-Me bond distance of surface of LiNii-Me.O. by Ni K-edge EXAFS analysis (O) at initial

and (@) after calendar life test.
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Fig. 6 Ni L-edge XANES spectra of surface of
LiNii-xMexO2 positive electrodes at (ll, —) 3.74, (A, —)
3.81, (@,—) 3.95 and (®, —) 419 V vs. Li/Li* at initial
and after calendar life test.
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Fig. 7 Relationship between ratio of the intensity at
856 eV (Ib) to intensity at 854 eV (l.) and potential of
LiNi-MexO: positive electrodes (O) at initial and (@)
after calendar life test.
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Fig. 8 O K-edge XANES spectra of surface of
LiNii-xMexO2 positive electrodes at (ll, —) 3.74, (A, —)
3.81, (@,—) 3.95and (®,—) 419 V vs. Li/Li* at initial
and after calendar life test; Reference materials are
(----) NiO and (- - - -) LiNi1;3Co13sMn1,302 (NCM),
respectively.
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Fig. 9 Cross-sectional HAADF-STEM images of
LiNi-xMexO2 at 4.19 V vs. Li/Li*; (a) active material
(AM)/electrolyte interface at initial, (b) AM/electrolyte
interface after calendar life test, (c) AM/electrolyte
interface of another particle after calendar life test,
and (d) AM/AM interface after calendar life test. Insets
in (b) and (c) are nano-diffraction patterns in red
circle, respectively.
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Fig. 10 Schematic representation of the mechanism
of resistance increment for positive active material
through calendar life test at high temperature.
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