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3 
4 Ah/kg Ah/dm 3 Li Na Al Zn Fe Cd Pb H V g/cm 3
                                                    

5 LiCoO2 x Li + + Li1-xCoO C + x Li + C Lix
6 Table 1-1 (AFC) (PAFC) (MCFC) (SOFC) (PEFC) (KOH) (H 3 PO 4 ) (Li 2 CO 3 ) (ZrO 2 Y 2 O 3 ) (K 2 CO 3 ) OH - H + 2- CO 3 O 2- H + 1cm 1cm 1cm 1cm 20cm H 2 +2OH - 2H 2 O+2e - 1/2O 2+H 2 O+2e - 2OH - H 2 H 2 +CO 3 2H + +2e - H 2 O+CO 2 +2e - 1/2O 2 +2H + +2e - H 2 O (CO 2 (CO 2 ) ) 1/2O 2 +CO 2 +2e - CO 3 2- H 2 +O 2- H 2 O+2e - 1/2O 2 +2e - O 2- H 2 2H + +2e - 1/2O 2 +2H + +2e - H 2 O CO 2 )
7 SOFC e - Fuel Gas Fuel Gas H2O H2 e - O 2- e - O2 Oxide (Air) Oxide (Air) Fuel Electrode (Anode) Air Electrode (Cathode) Solid Electrolyte Electrolyte : 8YSZ (8mol%Y2O3 stabilized ZrO2) Anode : Ni-YSZ cermet Cathode : Ln1-xSrxMnO3 H 2 O 2 H 2 O O 2 e O 2 H 2 O H 2 O e
                                                    
                                                    
                                                    

8 etc
9 10 SANS WANS VEGA HIT r / Å 2 0
10 Feedback Problem
11 
                                                    
                                                    

12 : MO 6 (M=Ni, Co) Li : : Li M M Li Li(3a) (de-intercalation) O(6c) (intercalation) Ni, Co(3b) Li M M Li
13 
14 Ternary phase diagram of the LiMn 2 O 4 spinel LiMnO 2 (Mn3+) Li 7 Mn 5 O 12 Li 2MnO 3 (Mn 3+ ) Li 6.5Mn 5 O 12 Li 4Mn 5O 12 (Mn 3.5+ ) Li Li 1+δMn 2-δ'O 4 Li 1+xMn 2O 4 Insertion ( 3V) Tetragonal Li 1+x Mn 2-x O 4 Substituted Mn substitution LiMn 2O 4 (Mn 3.5+ ) Li 4Mn 5O 12 (Mn 4+ ) mono phase Li 2Mn 4O 9 (Mn4+) Li 1-xMn 2O 4 Extraction ( 4V) two phase LiMn 2 O 4 Li 1-δMn 2-2δ'O 4 λ-mno 2 (Mn 4+ ) Cation defect Decreases in Synthesis temperature Li 1-δ Mn 2 O 4-δ Oxygen Vacancy Region [Orthorhombic] Composition region where the phae transition around room temperature was observed Li 1-δMn 2-2δ 'O 4 Li 2Mn 4O 9 1) Oxygen vacancy - Sugiyama et al. J. Alloys and Compounds 235,163 (1996) (TG, NMR,MG) - Chida et al. IMLB 9 (Chemical Analysis) - Xia and Yoshio, J. Electrochem. Soc., 144, 4186 (1997) (Chemical=Analysis) - Kanno et al. IMLB 9, 10 (ND) 2) Excess cation - M. Hosoya et al. J. Electrochem. Soc., 144, L52 (1997) (Density measurements) 3) Other expressions - Rousse et al. Electrochem. Solid State Lett., 2, 6 (1999) (Chemical Analysis) 4) Single crystal study - Akimoto et al. Chem. Mater., 12, 3246 (2000) (XRD)
15 δ δ δ=0.148: δ=0.088: δ=0.00: δ δ δ δ δ δ δ δ
                                                    
                                                    
                                                    

16 Stoichiometric composition Bond distances(å), angles(þ ) and interlayer distances(å). Li 0.49 Ni 1.01 O 2 Li 0.45 Ni 1.05 O 2 Li 1.00 Ni 1.00 O 2 * Li(1)-O 2.143(3) (5) (2) (14)6 Interatomic distances average Ni(2)-O 1.919(3) (6) (2) (12 )6 average Bond angles O-Li(1)-O 82.98(14) (17) (13)6 O-Ni(2)-O 95.41(17) (2) (15)6 Interlayer distances O-Li(1)-O O-Ni(2)-O * Kanno et al., J. Solid State Chem. 110, 216 (1994). Two phase Two phase R() R()+M M R()+M R() y =0.0 y =0.5 y =1.0 Non-stoichiometric composition R Li 1-x -y Ni 1+x O 2 Charge R LiNiO 2 NiO 2 y =0.0 y =0.5 y =1.0
17 50mg CR2016 Charge LiNiO 2 Li 1-x NiO 2 NiO 2
18 Problem Capacity fade at high temperature Unknown Mn dissolution Surface or bulk structure changes Fig. 1 strategy of ex situ neutron powder diffraction for cathodes in Li-ion cells. Synthesis condition
19 10-100mg) Feedback Feedback Auto-sample changer (RT and LT) (ex or in-situ measurement)
20 
21 Lithium ion cell Intercalation LiCoO2/organic solvent/carbon Nano space (lithium cluster) Surface Cathode MnO2 Anode Carbon Cathode Anode CoO, NiO,
22 10 SANS WANS VEGA HIT r / Å 0
23 / e - δ+ δ+ δ- δ- δ+ δ- δ- M a M + M + d δ- δ- δ+ δ- δ+ δ- δ- δ+ δ+ δ+ δ+ M a d / / O 2 Li e - e - e - Li Li Li O ad e- s O 2 O tp d d O ad s - V O O 2 -
24 YSZLa 0.8 Sr 0.2 CoO 3 XRD YSZ(100)LSC nm LSC YSZ(100)
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