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Neutron Diffraction Study of Cathode Materials

for Lithium Ion Batteries
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Tsukuba Research Laboratory

Toshinao SHIOYA

The neutron diffraction method is a powerful tool for analysis of inorganic crystals. This method enables us to
discuss details of transition metals as well as light elements, for example lithium and oxygen, in crystals. Moreover,
it is possible to analyze crystals consisting of two or more different transition metals using this method. In this
paper, a brief overview of the neutron diffraction method is provided and some applications of the method to

analysis of cathode materials for lithium ion batteries are shown.
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1IN Cryctallographic parameters for (a) the pristine and (b) the discharged cathode active materials via the
hydrothermal reaction obtained by the Rietveld analysis. The fractional coordinates, X, y, z are shown in the
fourth, fifth, sixth column, respectively. Isotropic displacement parameters, B, are shown in the last column.

before charge

number of atoms

. 2
Atom Site occupancy per unit fomula X y z B [0.01nm?]
Li 0.450(2) 0.225
Ni 0.294(2) 0.147
2 4.
Co b 0.256(2) 0.128 0 172 0 0®)
Mn 0.000(2) 0.000
Li 2c 1 0.5 0 0 1/2 1.0(3)
Li 4h 1 1 0 0.656(1) 1/2 1.4(2)
Li 0.000(2) 0.000
Ni 0.362(2) 0.362
Co 4g 0.000(2) 0,000 0 0.162(1) 0 0.19(2)
Mn 0.638(2) 0.638
(6] 4i 1 1 0.2274(7) 0 0.2265(9) 0.63(7)
[0} 8j 1 2 0.2503(5) 0.3256(2) 0.2236(4) 0.55(4)
after discharge
. number of atoms 2
Atom Site occupancy per unit fomula X y Z B [0.01nm?]
Li - -
Ni 0.422(5) 0.211
2 .1
Co b 0.24(5) 0.120 0 172 0 0136)
Mn 0.080 0.040
Li 2c 0.08 0.04 0 0 1/2 0.13(5)
Li 4h 1.00 1.00 0 0.668(9) 1/2 0.13(5)
Li - -
Ni 0.289(5) 0.289
X .1
Co i 0.018(5) 0.018 0 0.1636(9) 0 0136)
Mn 0.573 0.573
[0} 4i 1 1 0.263(3) 0 0.210(3) 0.16(3)
(0] 8j 1 2 0.231(2) 0.328(2) 0.245(1) 0.16(3)

BN Schematic of transition metal layers for
(a) the pristine and (b) the discharged
cathode active materials via the hydro-
thermal reaction.
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