
論文内容の要旨 

 

The aim of present study is to investigate the relationship between synthesis 

condition, phase and physical properties of lithium containing manganese oxide based 

on phase diagram of Li-Mn-O system. Lithium-manganese-oxide materials were 

synthesized by mechanochemical alloying (MA) followed by heat treatment/annealing, 

and by conventional mixing method as comparison. A strategy of composition control 

was applied by varying MA time, annealing temperature, annealing atmosphere and 

cooling rate. The physical properties were discussed based on the result of 

electrochemical measurement of Li ion battery cells using the synthesized spinel 

LiMn2O4 as cathode material. 

The results from SEM show the dependence of particle size and morphology 

of the material to the synthesis condition. Thermal behavior during heating of the simple 

mixture studied by DTA/TGA and X-ray Diffraction is different when compared to the 

materials synthesized by MA method, related to phase transformation of raw material to 

the formation of spinel LiMn2O4. The mixture prepared by MA method is found to form 

spinel LiMn2O4 after subsequent annealing at lower temperature compare to the mixture 

prepared by conventional method. Structural studies of the materials by neutron powder 

diffraction using BL20 (iMATERIA) of J-PARC confirmed the formation of spinel 

LiMn2O4, having cubic structure (S.G. Fd-3m), with different purity depend on 

synthesis condition. Refinement of the neutron diffraction data by Rietveld analysis 

shows the relationship between synthesis condition and lattice parameter, cation/oxygen 

occupancies and composition of the spinel LiMn2O4. It is also found that synthesis of 

the spinel LiMn2O4 by MA using stainless steel (SS) and zirconia jars and balls resulted 

in spinel with different composition, particularly related to oxygen content. Synthesis 



using SS jar caused significant loss of oxygen, while the use of zirconia jar is able to 

maintain oxygen content.  

The phase transition from cubic to orthorhombic (S.G. Fddd) with a super 

structure 3a × 3a × a was studied by neutron powder diffraction using BL-08 

(SuperHRPD) of J-PARC. The phase transition is attributed to the Jahn–Teller distortion 

of Mn3+O6 octahedra and related to oxygen vacancy. It is also related to partial charge 

ordering of Mn3+δ and Mn4-δ. Spinel LiMn2O4 with stoichiometric composition was 

successfully synthesized and does not show phase transition at low temperature. 

It is concluded initial charge-discharge capacity and capacity retention of the 

Li ion battery cell with the LiMn2O4 as cathode material can be varied by MA 

conditions, and their relations to the crystal structures and cation/oxygen occupancies 

were clarified.  

 


