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Abstract

The electronic states and local structures of cathode materials (LiNiggC0.,0,) for lithium ion batteries are studied by
means of in situ XAFS (X-ray absorption fine structure) method. Ni and Co K-edge XAFS spectra of LiNiy gC0oo .0, have been
obtained using newly developed in situ coin cells. To investigate the electronic and structural changes that accompany
capacity fading due to electrochemical cycling and keeping the batteries at high temperatures, cells with different cycling
states and operating conditions (temperature, time) were prepared. A good correlation between the range of chemical shifts
of Ni K-edge upon charging and the capacity of the cell was observed. From analysis of EXAFS data, capacity fading was
found to be closely related to Jahn-Teller distortion of the NiOg octahedron.

We have also attempted to investigate whether the Ni valences change homogeneously in a grain of LiNip gCo¢ 0, during
charging/discharging. In situ XAFS measurements using X-ray microbeam with the size of about 1-2 um were applied to
measure position dependencies of Ni (Co) valences in a grain. No apparent differences depending on positions were ob-

served for all types of the cells.
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Table 1 The conditions of cells
The condition of cells
cr:‘zfl Condition ( ralga\?:cvi;{l e)
1 |Initial state (no treatment) Not available
2 |After one charge/discharge cycle* _
3 | After 515 charge/discharge cycles* ' 9.5
4 | After keeping at 80°C for 3 days** _
5 |After keeping at 60°C for 25 days** _ 14.7

*The charge/discharge cycling have been done at rate of 1mAfcm? in the range of
voltage from 3.0V to 4.1V,
**Kept at charged state which corresponds to a voltage of 4.1V,
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Figure 3. Graphical comparisons of the edge peak energies (E,) as
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around Ni atoms.

16

ol4 | -\./.l———.

=]

gl12 ¢

S10 |

= g5l

g ® |, Initial state
6e —a&— 2. After one cycle
4 _| —&— 3. After 515 cycle

3.5 4.5
Voltage (V)

Figure 7. A comparison of the heights of Ni—O peaks in FT spectra
as a function of the voltages.

B DEEIEMEBRBICANIER Y s VT v T4 VT
HITONETCHLNIITEHI YV 2IVTT 4 v T 0 VT
LTWwW3), HIEL TV A EMTIIAEICH D #5E5HERED
BABRONHOITK L, HEBEOEM TR RO %

Jan. 2004 Vol.17 No. 1@ ]9



® 1. Initial state
1.91 A 2. After one cycle
| 3. After 515 cycles

kN

Voltage (V) 4.5

Ni-O distance (A)
> o
-] =]

|-

—
o0
i

Figure 8. A comparison of the averages of Ni—-O distances as a
function of the voltages.
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