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Schematic diagram of Li-ion battery
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- High Power

. Hi : Li—-ion batteries consist of
Fligh C’?\paCIty Cathode, Anode,
- Long Life Electrolyte, Separator,
Charge Collector, etc.
- Low Cost

- Safety Cathode material is one of
the key components that
decide such performances
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LiNig §C00.15Al0.0502

as a substitute for LiCoO,

- High Power
- High Capacity
- Low Cost

Structural stabilization by
substituting Co and Al for Ni sites

No phase transition during
charge/discharge (R3m) Structure of Liy_,Ni sC015Aly,050;
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Capacity fade

Impedance rise
during charge/discharge cycles
storage at high temperatures

4

What is the main source of the deterioration of batteries?
Cathode material (Y. Itou et al., J. Power Sources, 146, 39 (2005))

|

Extensive characterizations of cathode materials are required.
SEM, TEM, XPS, XRD, ICP, ---, «--, ---, XAFS
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- The deterioration at the near—surface region of
cathode particles is considered to be a main
source of the capacity fade and impedance rise.

: ]

- The electronic and structural changes
accompanied by battery deterioration have been
investigated using Ni and Co K-edge X-ray
absorption spectroscopy in the surface-sensitive
cohversion electron yield mode and the bulk-
sensitive transmission mode.
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XAFS&E ?

XANES

(X-ray Absorption Near Edge Structure)
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EXAFS

(Extended X-ray Absorption Fine Structure)
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| (X-ray Absorption Fine Structure)
Ni KIRURBEXAFSAA ML

XER RN il i 45515

7L TOYOTA CRDL, INC.



QM DXAFSHIEE % °

— E:B% (Trans.) [— SEIMETUNE % (CEY) |
Polyimide [ ‘
film = 1KV

X;ray |
X-ray IS

detector || detector

Sample
Carbonif“’“
electrode
TIWVORBCENER) T RERB(SHERE~90nm)

L
7 TOYOTA CRDL, INC.



ol

10

Cathode sheets extracted from 18650-type cells which
exhibit various levels of capacity fading

FIB-SIM image of
a cathode particle.

Capacity’
Cell condition (mAh/g)
Fresh: One charge/discharge cycle 160.0
Cycle test : 1226
1000 charge/discharge cycles at 60 °C* i
Aging test: 195.0
Stored at 60 °C for a year**

*Constant current mode, 2 mA cm2between 4.1V and 3.0 V
**Storage in air with the voltage held at 4.1 V (charged state)

TDischarge capacity obtained at 0.20 mA cm=2, (3.2V cut—off)

FIB-SIM image of a cathode sheet.
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Normalized Absorbance (a.u.)
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Representative normalized XANES spectra for Li; ,Ni, C0q 15Al; 50, obtained in transmission
XAFS (Trans.) and conversion electron yield XAFS (CEY).

Data qualities of two different modes are identical.
=> Quantitative comparison is possible.
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Edge Energy®ELEs:

. ® 77214
| NiKeede . | Cokedge
5 | & 7720-
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% 8341 - % o . o o
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xin L1, Niy,Co, Al O,

The edge energy measured at the half-step height of XANES spectra for Ni and Co in Li; ,Niy sC0, 15AlG 050,. ¥

Ni---oxidizes upon charging, and exhibits different behaviors depending

on the cell condition and the probing mode.
Co--- hardly changes upon charging. Slight reductions after the tests.
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Quadratic relationship between formal Ni valence and
the edge shift of XANES spectra.

(A.N. Mansour et al., J. Electrochem. Soc., 146, 2799 (1999))
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4 O—: —e—Fresh (Trans)  —0—(CEY)
A Cycle test (Trans.) (CEY)
1 —=— Aging test (Trans.) —=—(CEY)
8 38—
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X In LI 1—XNiO.8C00.15AI0.0502

Approximate lines obtained by least-squares fits
to average Ni valences.

Fresh cell---Ni oxidizes from
3+ to 4+ upon charging.

No difference between
bulk (Trans.) and surface
(CEY).

Tested Cells---Ni valences
are lower than that for the
fresh cell prominently at
the surface. The slopes of
the lines for the surface
are more gradual, implying
the presence of the Ni
atoms that do not oxidize
upon charging.
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Variations of structural parameters obtained by the fitting to
the first two peaks of the Ni and Co K-edge FTs.

=t

The bond distances

for the tested
cells are longer
than those for the
fresh cell.

=> The presence
of Ni atoms with
lower valences.
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Fresh cell Deteriorated cell

Surface
Surface Oxygen Charge

=
©-0
©-©

Charg

©=0 =)

Ni valence Cycle test
Aging test

Cathode particle

Growth of surface layer including inactive Ni atoms
=> may reduce electronic and ionic conductivities.

=> g possible main cause of capacity fading and
impedance rise.

7L TOYOTA CRDL, INC.



KR B e

*REOLRRETFiEEeL)S<NDIRBORIB(Y17
WERE. SOCOICEHALEZIERRICOVTOERER
3

HUERT /NI A—2( Wi R, RIGEH)EXAFS

IcEWBS5Nh B35 xA—-4ORICE RN G HBIBERD
ELWHANRETS

L
7 TOYOTA CRDL, INC.



Nifii &4

K

IR T RIVE—(eV)

FBEXAFSC/ IV IIEHOMBRRE

e =i SOC 100%

0.2 0.4 0.6
LiBiBE & (x in Li, os_, (Ni.Co.Al) 0,)
= R

=imit A

RS> ZELEL
=E{LETEIINI

NiffiZ{E T
=SLIRIEMDIEMEILT
AiEMELENIOER

80°CHI I EICIE
Ni2t & BEEICEE R

FEH(Li-NiffiZqBa %)

[ﬂ?ﬂsmﬁ%ﬁﬁﬂd) J
0.8

L
7 TOYOTA CRDL, INC.



NIV 3B B ML AR #

D2NIEZ1ELEZDRTFHELENZ DR

8343.0 — T T | RENL Qnian = AEsocow / AEnianian)

i+ : ;'SE@%Q Ni2* &Nist ( AEnignnigny =1.24[eV])
-~ g ® 60°CTitAA -
C o 80°CTit A
| ABsocwon || | @FFIELNIckBEdge EnergydiE T
%K- 8342.01- o | AEnian = AEsoc1o0% — AENianNiav) X Qnian)
H i i = 9.
5 83415 | (AEnigyniov) = 3.70[eV])
S

83410} | QARFEELNDE

Ni3+-AESOC;0/: | g REENT: --- Qniany = AEniay / AEnigmnigv)

8340_5' - | - I - I - (AEnNiamnigv) = 2.46[eV])

0.0 0.2 0.4 0.6 0.8

LiRiBE=(x in Li, o5_, (Ni,Co,Al) O,)
QDEARFHENE
Qtotal = Qnigny + Qnici

L
7 TOYOTA CRDL, INC.



EEFERORER

Cycling Estimated Measured
temperature | Quian (%0) | Qi (%0) | Quotal (%0) | capacity fade | capacity fade
(‘C) (MAh/g) (MAh/g)

60 1.61 2.57 4.18 9.33 10.6
80 11.8 9.16 20.9 46.7 47.8

(FEMNBCELERETOMICREN |
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