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Abstract

Li-rich type high capacity Li(Li;Me,_)O, (Me = Co, Ni, Mn) positive active materials have been investigated with

a focus on crystal structure and local structure. The synthesized Li(Liy;5Coy;;Nig1;Mngs5)O, active material shows

over 300 mAh/g rechargeable capacity at ambient temperature. As the results of synchrotron X-ray diffraction

(XRD) analysis of this active material, superstructural layered crystal model gives reasonable fit for all diffraction

lines by Rietveld analysis. However, superlattice diffraction lines almost completely disappear in the first charge

and discharge process. In addition, from the results of in-situ X-ray absorption fine structure (XAFS) analysis,

although Co and Ni behave as redox species during charge and discharge process, the valence state of Mn ions

does not change from tetravalent in its initial state.
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Fig. 1 Synchrotron XRD patterns of (a) Li(Liy;3C0q11
Nig17Mng50)0, and (b) Li(Co,,sNiy,sMny,5)0,. Miller
indices are given in a space group symmetry of
R-3m. Asterisk shows that diffraction lines can not
be indexed based on the 7-3m symmetry.
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Fig. 2 Schematic illustration on crystal structural models of Li(Lig13C0g.11Nig17MNgs9)0, in @ a-NaFeO,-type
structure.
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Fig. 3 Rietveld analysis on the synchrotron XRD pattern of Li(Lig3C0q11Nig17MnNg59)0, assuming space group
symmetry of P3,72. Difference in intensity between the observed (dots) and calculated (solid) curves is also

given at the bottom of each figure.
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Table 1
space group symmetry of P3,72.
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Crystallographic parameters of Li(Liy;3C0q.11Nig17MNg50)0, refined by Rietveld analysis assuming

Lattice parameters: a = 4.90751(14)A, c= 14.29320(40) A, Reliability indices: R,.,= 8.33%, S= 2.1982

Atom Wyckoff symbol x y z Occupancy B(A?)
1(1) 3a 0.44534(22) 0.2227 0 0.5814(24) 0.5 (fix)
M2(1) 3a 0.4453 0.2227 0 0.4186 0.5
M2(2) 3a 0.78763(14) 0.8938 0 0.5814 0.521(13)
(2) 3a 0.7876 0.8938 0 0.4186 0.521
M2(3) 3a 0.12260(11) 0.5613 0 1.0 0.191(20)
Li*(1) 3b 0.43619(21) 0.2181 0.5 1.0 0.75 (fix)
Li"(2) 3b 0.75568(12) 0.8778 0.5 1.0 0.75 (fix)
Li*(3) 3b 0.24356(66) 0.6218 0.5 1.0 0.75 (fix)
0% (1) 6¢c 0.46797(37) 0.2357(35) 0.26151(12) 1.0 1.2 (fix)
0%(2) 6¢c 0.73142(19) 0.8632(42) 0.26055(14) 1.0 1.2 (fix)
0% (3) 6¢c 0.11665(34) 0.5397(37) 0.26077(64) 1.0 1.2 (fix)
M1 = Li,Co,Ni,Mn, M2 = Co,Ni,Mn
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Fig. 4 Initial charge and discharge curves of Li / Li

(Lig13C0q.11Nig17Mny56)0, cell operated at a rate of
0.1 C between 2.0 and 4.8 V at 25 C.
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Fig. 5 Synchrotron XRD patterns of Li(Liy;5C0q41Nig7Mngs9)O, taken at (a) 0 mAh/g, (b) 120 mAh/g, (c) 300
mAh/g on 1st charge, and (d) discharged at 2.0 V after 300 mAh/g charge in the range of 5-40 (left) and

9-15 (right) degree in 26.
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tial charge process.

8360

8380

(b)

S
©
)
o)
<
©
(0]
N
g

5 —333V

z ——3.98V

——439V

447V

——— 458V

| | |
6520 6540 6560 6580 6600
Energy / eV

In-situ XANES spectra observed at (a) Ni and (b) Mn K-edge for Li(Lig 15C0q 11Nig17Mngs)0, during ini-
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Fig. 7 Fourier transforms of EXAFS spectra observed at (a) Ni and (b) Mn K-edge for Li(Lig ;3C0q.11Nig.1zMng o)
O, during initial charge process.

Table 2 Bond lengths, coordination numbers (CN) for first coordination shell, Debye-Waller factors (DW), and
reliability indices (/) obtained by analyzing EXAFS spectra of Li(Liy15C0q 11Nig.17Mngs6)O5.

Potential Bond length CN DW/10°A A/%
/s L/ oo g /A Ni-0 / A Mn-0 / A

1.97 - - 6 4.6 0.63
3.33 - 2.02 - 6 9.3 1.37

- - 1.92 6 7.4 4.08

1.92 - - 6 5.1 0.10
3.98 - 1.92 - 6 71 1.81

- - 1.92 6 45 3.39

1.90 - - 6 3.8 0.12
4.39 - 1.92 - 6 6.4 1.64

- - 1.92 6 7.7 1.36

1.90 - - 6 4.0 0.37
4.47 - 1.92 - 6 6.5 1.20

- - 1.92 6 8.2 2.71

1.91 - - 6 5.6 0.73
4.58 - 1.92 - 6 4.8 0.49

- - 1.92 6 4.7 2.23
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