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XRD studies on the electrode materials in the charge-discharge
process of a graphite/Li Niy;;Coy;3Mny; O, battery ™

Li Jia" Yang Chuan-Zheng Zhang Xi-Gui Zhang Jian Xia Bao-Jia
Shanghai Institute of Microsystem and Information Technology —Chinese Academy of Sciences Shanghai 200050  China
Received 12 June 2008 revised manuscript received 3 September 2008

Abstract

Structure transformation and microstructure of the electrode active materials in a graphite / Li  Nij;3 Cojs M3 O, lithium
ion battery during charge-discharge process have been studied by XRD. It is found that the lattice parameter of Li Nij;;3 Coyys
Mn;; O, a and ¢ decrease and increase respectively. lts micro-strain ¢ and diffraction intensity ratio o4/ I1q and Iy, /
Iy, increases and decrease respectively because Li atoms de-intercalate out of the crystal lattice of LiMO, . Meanwhile the
lattice parameter @ and ¢ micro-strain € and stacking disorder P of 2 H-graphite all increase becausing Li atoms to intercalate
into 2 H-graphite.

During charge process Li atoms occupying 000 sites may preferentially de-intercalate from LiMO, crystal lattice and
subsequently the Li atoms occupying 2/3 1/3 1/3 and 1/3 2/3 2/3 sites de-intercalate from LiMO,. When intercalating into
2 H-graphite Li atoms preferentially occupy interstitial sites between C atom hexagonal net planes. When the stacking disorder
degree reaches a given value 3 R-graphite phase may separate out gradually. When the battery has been fully charged or over
charged LiC;, and LiCgphases can be formed. During discharge process intercalation and de-intercalation behaviors of Li atoms
are reversed. Li atoms may de-intercalate preferentially from interstitial sites of 2 H-graphite and intercalate preferentially into

000 sites of LiMO, crystal lattice. But these processes are not fully reversible.

Keywords Li-ion battery microstructure X-ray diffraction physical mechanism of intercalation and de-intercalation of Li-ion
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