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LiC6  372 mAh g-1 

Li4.4Sn Li4.4Si 994 4200 3861 mAh g-1

LiCoO2 LiMn2O4 LiFePO4

 130 mAh g-1 120 mAh g-1 160 mAh g-1
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100 °C 3 h
1 %

2 mol dm-3 
G4Et-LiTFSA
G4-LiTFSA

( 2)

 

0.0  4.8 V vs. Li/Li+ 
G4Et-LiTFSA
4 V  Li|[Li(G4Et)1][TFSA]|LiCoO2 

3 30 °C 30 120 mA h g-1 
4 V 4 V 
vs. Li/Li+ -

 
(Styrene-MMA-Styrene) 

[Li(G4)1][TFSA] 
0.5 mS cm-1  

KIT-5  CNC 
CNC 1000 mA h g-1  

SBA-15 ( 7.3 
nm 0.96 mL g-1 BET 807 cm2 g-1) Mn-Ni

Li1.15Mn0.6Ni0.25Ox 300 mA h g-1  
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4 V 1 16
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2 mS cm-1 0.0  4.6 V vs. 

Li/Li+ 4 V
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PF6- BF4- [(FSO2)2N]- 
 

 3 30 °C  

Li|[Li(G4Et)1][TFSA]|LiCoO2 

1/10 C  
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ELD  Si  Ni Si  Na  0.1 mol/L 

(M)  H2SO4  NaBH4 Ni3Sn  

SnSO4 Ni3P 

NaH2PO2 H2O  NaC6H5O7 2H2O  Si 

Ni  Si 10 wt.%  Ni Ni3Sn  Ni3P 

Ni:Sn=7:1 wt.% Ni:P=0.18:0.02 wt.%  

 Si Ar  6×105 Pa  0.8 mm

 10 mm Cu  

1~5 m 

 1 M LiClO4/PC 

0.05 mA, 0.005 3.400 V  

 

 
 Si  GD Li

 Si  GD Ni  Si  Si 

1000  

70%  580 mA h g-1 
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SiC(0) Si/C(10) Si/C(90) 3c
Si

Si
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Si 47 37 22 wt% Si
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885 mAh/g 2 69
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-Fe2O3 STEM 3
FIB 20 50 nm
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Li 1000 mAh g-1  Li 600 mAh g-1
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TiPBx 1 mol kg-1 LiCF3SO3 EC:EMC 1:1 v/v

LiMn2O4

5V H20

H21 Li

TiPBx  

TiPBx LiMn2O4

TiPBx

1/100 TiPBx

TiPBx LiMn2O4

SIMS

LiMn2O4 TiPBx

 

Li TiPBx

LiMn2O4

Li 3.5-4.6V LiPF6

 

 

H20 H21

O
B

B O

OR

ORO B OR

TiPBx R = -CH(CH3)2

O
B

B O

OR

ORO B OR

TiPBx R = -CH(CH3)2

TiPBx  

- 23 -



 

CN Li

H20

CN ME ET IP 1:1 LiPF6

Pt

Pt 5.5V

NMR CN ME

PF6
-

 

 

CF

CF

1x10-3 S cm-1 Li+ 0.5

 

Li

 
 

BRO
OR
OR

p

B
X Z

Y

A
Li   A Li

R = -CH2CH2CN (CN)
R = -CH3 (ME)
R = -CH2CH3 (ET)

R = -CH2CF3 (CF) Li
R = -CH(CH3)2 (IP)

B(OR)3:

B(OR)3

p  

Pt  

- 24 -



 

 
 
 

 
 

 

 
 

 

- 25 -



 

 
1 3G 1 M 

LiTFSA/BMPTFSA
Ri  

 

0 5 10 15 20 25 30

PVdF; EC / DMC

PAANa; BMP-TFSA

 
2 (PAANa)

PVdF -
 

- 26 -



 
 

 
 

 

 

 

 

Na/Li

 

 

1,000 Wh/kg

3 V

 

 

 

(CaFe2O4) LiMn2O4 LiMn2O4

CaFe2O4 LiMn2O4

CaFe2O4 NaMn2O4

Na/Li

 

Li2O Mn2O3 MnO2

Li0.7Mn2O3.9

4 5

1100~1200 1  

- 27 -



103 mAh/g

331 mAh/g

In
te

ns
ity

 [a
rb

.u
ni

ts
]

8070605040302010
2 [degree]

NaMn2O4

LiMn2O4

LiMn2O4

Na2O2:Mn2O3=0.5:1 4 5

1000 1050 1 ( (c))

NaMn2O4 360 10

Na/Li LiMn2O4 ( ( )) ICP Li Mn
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K9[PV14O42]
 

K9[PV14O42]
51V-NMR IR

1:2 PTFE
1 M LiPF6 EC:DEC(7:3)

4.2-1.5 V 100 A
3.5-2.5 V 180 mAh/g
230 mAh/g 2

K3[PMo12O40] 2.0 V

200 mAh/g
4.2-1.0 V

340 mAh/g
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370 mAh/g 10 270mAh/g
ex-situ
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500 Wh/kg

4 V 350 mAh/g 2 V 700mAh/g
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RuO2 MoO2 2V

7800-10800 Wh/l 6900 Wh/l
1600-1700Wh/kg 3300Wh/kg
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Ru/Mo = 31/40 mol/mol  
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500Wh/kg
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V (vs. Li/Li+) 0.5 A/cm2

1 mS/cm  

4.7 V
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FEC D2 1:1

(LiCoO2)

(LiNi1/3Mn1/3Co1/3O2, NMC)
(EC+DMC )

NMC 2.5-4.7 V
30

87%
(81%)
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EC+EMC FEC+D2 6 V
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4.3 mS/cm (FEC:D2=60:40) DMC 3
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0 0 4 1
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21 Fe
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6.26~4.85Ah

4 1
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IPM
269 mm 156 mm 50 kW

( 85-95%)
 

   
 3   
  

10kW 269mm
156mm 50kW 92%  

1
50 kW 92%  

1 1 2 r/min 50 kW
 
 

 
 

 

95%

DCDC
 

 
 3

2 3

10 3
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3D-FEM

1 1
1

1
50 kW 92%

 
 

 10,000 r/min 50 kW
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4  
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magnet
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: PMASynRM

 

(1) Nd, Dy, Tb
 

 2.5 kW    5 kW 
 2,400 min-1   10,000 min-1 

 0.010 W/mm3  94 %  
145mm 30mm 

(2) 
 

 

(1)  

20 60%

0.3mm 10A 9.88 N m 20A 21.0 
N m 0.3mm

PMASynRM 10A
8.93N m 2400min-1 2.22kW 92.2%

 
(2)  

20
0.3mm 0.21mm

0.3mm 2
2

0.21mm 60Hz

- 45 -



2
2

 
(3) 

 
(1), (2)

PMASynRM  
(4)  

20
PWM

PWM 2.5kW
 

(5)  
3

 
(6)  
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(4)
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CF3OCF2CF2BF3 CF3CF2CF2CF2BF3

CF3OCF2CF2BF3 120-180  

2-3-4-5 90 150º
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EMI[TFSA] 50%
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2500W/kg

 
 

 

 Li/LiCoO2

T = 25 1 C = 0.2 mAcm-2 

4 LiFePO4

; T=25 , 1C=0.2 mAcm-2

:FTA 
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P-HEV EV

18650
240Wh/kg 3000W/kg

 
 

 

Type-A Core
Mn

Type-B Core

Type  
 

Li
Li ( BET )

 
 

18650 18650 18650
 
 

Li1+w(NiaCobMnc)1-wO2

Type-A Type-B
Type-A

 
. . Type-A LMNC

230mAh/g
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1. LMNC 2. LMNC  

  
Li

Li ( BET )
.

.
 

  
. Li Tap .  

  

Li(NiCoAl)O2

0.1C 2.2Ah 183Wh/kg
 

 

Type-A Core
Mn

 
(1-x)Li2Me4+O3 xLiM3+O2 composite material Tap

Tap 2.0g/cc
2.4g/cc  
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/
Li Li
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H21  

[ ] Li 250 Wh/kg 5 
kw/kg 500 Wh/kg 2.5 kW/kg 200 Wh/kg 4 kw/kg
400 Wh/kg 2 kW/kg  

[ ] 1.5 2 A/g 300 400 
mAh/g  

 

1  
400

10 LiFePO4

 LiMnPO4

LiMn2O4

 
2  

LiMn2O4 Li V
250 mAh/g 

LiMn2O4

15 nm LiMn2O4 10C 170 mAh/g
1 LiMn2O4

560 Wh/kg 5.6 kW/kg H21
15 nm 100 150 mAh/g
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Mn Fe Ti

1 1000 Wh/kg Li
1/20 1 80%

H23
kg 250 Wh/kg

3125 W/kg
200 Wh/kg 2500 W/kg  

 
Li2MO3 Li0.44+xMO2 2

1000 Wh/kg 1/10 1 80%

5 -20 50%

5 50 80%  
 

 2 1000 Wh/kg

/

80%  

 

 

 
Li2MO3 Li0.44+xMO2

Li2MO3 Li2MnO3 Ni-FM

Li1+x(FeyNizMn1-y-z)1-xO2 Li1+x(Fe0.2Ni0.2Mn0.6)1-xO2 2.0-5.0V

300 mAh/g 3.5 V 255 mAh/g
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884 mWh/g Li1+x(Fe0.2Ni0.4Mn0.4)1-xO2 300 mAh/g

3.7 V 186 mAh/g

Li0.44+xMO2

Mn/Ti Li0.44+xMnO2

4.8-2.5 V 50 82

(80%) Li0.44+xMn0.77Ti0.23O2 1/10 141 

mAh/g 4.8-1.5 

V 899 mWh/g  

3 

kg/

2  

Li2MO3 2 kg/  

Li0.44+xMO2 1 kg/  

1000 Wh/kg 2 800 Wh/kg  
 

Li2MnO3

 

Li2MO3 Li0.44+xMO2  
   

 
2  1000 mWh/g 884 mWh/g 
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15 0 9 3  
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Li2MnO3-LiMO2 (M: Ni, Mn, Co)

285mAh/g

1/2C
1/12C

100 85.9%  

Si
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Si
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Li LiTFSI
VC

Si

2000mAh/g 100 85 96%  
Si

 

Li+
2p

 
Effective Screening Medium; ESM OpenMX

OpenMX+ESM
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250Wh/kg  
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