
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

2017 3  

 

 
 

  



 

 

1  1  

1-1  2 

1-1-1  2 

1-1-2  7 

1-1-3  9 

1-2  11 

1-2-1  11 

1-2-2  12 

1-3  13 

1-4  15 

  

2 LLNbO  18 

2-1  19 

2-2 LLNbO  19 

2-3  22 

2-3-1 LLNbO  22 

2-3-2 LLNbO  27 

2-3-3 LLNbO  27 

2-3-4 LLNbO  28 

2-4  30 

2-4-1 LLNbO  30 

2-4-2 LLNbO  33 



2-4-3 LLNbO  37 

2-5  39 

2-6  41 

 

3 LLNbO  43 

3-1  44 

3-2  44 

3-2-1 LLNbO  44 

3-2-2 LLNbO  48 

3-3  52 

3-3-1 LLNbO  52 

3-3-1-1  52 

3-3-1-2  56 

3-3-1-3  59 

3-3-2 LLNbO  61 

3-4  65 

3-5  66 

 

4 LLNbO  68 

4-1  69 

4-2  70 

4-2-1 LLNbO  70 

4-2-2 LLNbO  70 

4-2-3 LLNbO  71 



4-2-4 LLNbO  73 

4-3  74 

4-3-1 LLNbO  74 

4-3-2 LLNbO  80 

4-3-3 LLNbO  84 

4-3-3-1  84 

4-3-3-2 EELS  89 

4-3-4 LLNbO  91 

4-4  100 

4-5  102  

 

5 LLNbO  104 

5-1  105 

5-2  107 

5-2-1 LLNbO  107 

5-2-2 LLNbO  107 

5-3  108 

5-3-1 LLNbO  108 

5-3-2 LLNbO  111 

5-4  122 

5-5  123 

 

6 LLNbO  125 

6-1  126 



6-2  127 

6-2-1 LLNbO  127 

6-2-2 LLNbO  128 

6-3  129 

6-3-1 LLNbO  129 

6-3-2 LLNbO  135 

6-3-3  137 

6-3-4  142 

6-4  145 

6-5  146 

 

7  147 

 

 154 

 

 157 

 

 



 
 
 
 
 
 

1  

 

  



1-1  

 

1-1-1  

 

PC 1980

 

1980 LiCoO2  

[1] 1985

LiCoO2

LIB [2]  

2V

Ni-Cd 1.2V Ni-MH 1.2V

3.2 3.8V

3

 



 
1-1  

 

1-1

2 1.5

2/3

 

1-2  



 
1-2  

 

 (LiPF6) 

 

LiMO2 M Co Ni

[3]  



 

LiMO2 xLi+ + xe- + Li1-xMO2 

xLi+ + xe- + C6  LixC6 

Li1-xMO2 + LixC6  LiMO2 + C6 

 

LiCoO2  120 Wh/kg

LiCoO2 Li 

 x  0.4 0.5

[4-6]   

1-1

2013

787

2016



 

CO2

-



 

 

1-1-2  

 

NEDO

 [7]

1-3

 

 

1-3  



[8-10] 1-2

1-3

Li

[11-13]  

 

 

 



1-1-3  

 

1-1  

 

1-1  

 

 



1-1

Li3xLa2/3−xTiO3

LLTO

 

 

 

 



1-2  

 

1-2-1  

 

LixLa(1-x)/3NbO3

LLNbO [17,21-23] LaNb3O9 La Li

LLNbO LaNb3O9 1400

[17,21-23]

LLNbO 2.2V

LLNbO

LLNbO

Li x=0.1

4.7 10-5 Scm-1[17]

LLNbO

LLNbO

 

LLNbO



LLNbO

 

 

1-2-2  

 

LLNbO

Li

LLNbO

 

1-4  

 



1-4  

 

1-3  

 

7  

1

 

2 LLNbO

LLNbO

LLNbO LLNbO



LLNbO

LLNbO  

3 LLNbO 2

LLNbO

LLNbO

LLNbO

 

4 LLNbO LLNbO

LLNbO

LLNbO LLNbO

LLNbO

LLNbO

LLNbO  

5 LLNbO Li

LLNbO

LLNbO

LLNbO (100) (010) (001)

LLNbO

 

6 LLNbO Li LLNbO

LLNbO



LLNbO Li

 

7  

 

1-4  

 

[1] K. Mizushima, P. C. Jones, P. J. Wiseman, J. B. Goodenough, LixCoO2 

(0<x<-1) : A new cathode material for batteries of high energy density, 

Materials Research Bulletin 15 (1980) 783-789. 

[2] , , ,  1989293 . 

[3] , ,  1  (2008). 

[4] M. Hu, X. Pang, Z. Zhou, Recent progress in high-voltage lithium ion 

batteries, J. Power Sources 237 (2013) 229–242. 

[5] S. S. Zhang, A review on electrolyte additives for lithium-ion batteries, 

J. Power Sources 162 (2006) 1379–1394. 

[6] B. Scrosati, J. Garche, Lithium batteries: Status, prospects and future, J. 

Power Sources 195 (2010) 2419–2430. 

[7] NEDO  2008, 2011, 2013. 

[8] K. Takada, N. Aotani, K. Iwamoto, S. Kondo, Solid state lithium battery 

with oxysulfide glass, Solid  State  Ionics  86 (1996) 877-882.  

[9] A. Hayashi, J. Ceram, Preparation and Characterization of Glassy 

Materials for All-Solid-State Lithium Secondary Batteries, Journal of the 

Ceramic Society of Japan 115 (2007) 110-117. 



[10]R. Hagiwara, K. Tamaki, K. Kubota, T. Goto, T. Nohira, Thermal 

properties of mixed alkali bis (trifluoromethylsulfonyl) amides, 

J. Chem. Eng. Data 53 (2008) 355–358. 

[11] K. Takada, N. Ohta, L. Zhang, K. Fukuda, I. Sakaguchi, R. Ma, 

M. Osada, T. Sasaki, Interfacial modification for high-power solid-state 

lithium batteries, Solid State Ionics 179 (2008) 1333-1337. 

[12] N. Ohta, K. Takada, I. Sakaguchi, L. Zhang, R. Ma, K. Fukuda, M. 

Osada, T. Sasaki, LiNbO3-coated LiCoO2 as cathode material for all 

solid-state lithium secondary batteries, Electrochemistry Communications 9 

(2007) 1486-1490. 

[13] N. Ohta, K. Takada, L. Zhang, R. Ma, M. Osada, T. Sasaki, 

Enhancement of the high-rate capability of solid-state lithium batteries by 

nanoscale interfacial modification, Adv. Mater. 18 (2006) 2226-2229. 

[14] V. Thangadurai, H. Kaack, W. Weppner, Novel fast lithium ion 

conduction in garnet-type Li5La3M2O12 (M = Nb, Ta), J. Am. Cermics Soc. 

86 (2003) 437-440. 

[15] B. J. Neudecker, W. Weppner, Li9SiAlO8: A Lithium Ion Electrolyte 

for Voltages above 5.4 V, J. Electro. Chem. Soc. 143 (1996) 2198-2203. 

[16] V. Thangadurai, W. Weppner, J. Power Sources Investigations on 

electrical conductivity and chemical compatibility between fast lithium ion 

conducting garnet-like Li6BaLa2Ta2O12 and lithium battery cathodes, J. 

Power Sources 142 (2005) 339-344. 

[17] Y. Kawakami, H. Ikuta, M. Nakayama, Ionic conduction of lithium for 

Perovskite-type compounds LixLa(1-x)/3NbO3 and (Li0.25La0.25)1-xSr0.5xNbO3, 



J. Solid State Electrochem. 2 (1998) 206-210. 

[18] R. Murugan, V. Thangadurai, W. Weppner, Angew. Chem. Int. Ed. 

Fast lithium ion conduction in garnet-type Li7La3Zr2O12, Solid State Ionics 

46 (2007) 7778-7781. 

[19] B. Chowdari, G. Rao, and G. Lee, XPS and ionic conductivity studies 

on Li2O-Al2O3-(TiO2 or GeO2)-P2O5 glass–ceramics, Solid State Ionics 136 

(2000) 1067-1075. 

[20] Y. Inaguma, C. Liquan, M. Itoh, T. Nakamura, High ionic 

conductivity in lithium lanthanum titanate, Solid State Communications 86 

(1993) 689-693. 

[21] A. Belous, E. Pashkova, O. Gavrilenko, O. V’yunov, L. Kovalenko, 

Solid electrolytes based on lithium-containing lanthanum metaniobates and 

metatantalates with defect-perovskite structure, Ionics 9 (2003) 21-27.  

[22] S. Garcıa-Martın, J.M. Rojo, H. Tsukamoto, E. Moran, M.A. 

Alario-Franco, Lithium-ion conductivity in the novel La1/3−xLi3xNbO3 solid 

solution with perovskite-related structure, Solid State Ionics 116 (1999) 

11-18. 

[23] M, Nakayama, H. Ikuta, Y. Uchimoto, M. Wakihara, Relationship 

between the Li ionic conduction and the local structures in LiyLa(1-y)/3NbO3, 

M., Appl. Phys. Lett. 84 (2004) 4227-4229. 

 

 

 

 



 
 
 
 
 
 

2  

LLNbO   



2-1  

 

LLNbO[1-4]

LLNbO

LLNbO

LLNbO

LLNbO

LLNbO

LLNbO Li

Li Li

LLNbO  

LLNbO [1-4] LLNbO

LLNbO

 

 

2-2  LLNbO  

 

LLNbO LLNbO

Li La Nb



LLNbO

LLNbO

 

Li x=0.1 LLNbO Li2CO3

La2O3 Nb2O5 750 2

1400

0.55mm/h [5] LLNbO

X 2-1  

 

2-1 x=0.1  
 (a)  (b) XRD  

 



2-1(a)

X

2-1(a) A LLNbO B

LLNbO

LLNbO

A

LLNbO

LLNbO LLNbO

LLNbO

LLNbO

LLNbO Li

 

LLNbO

LLNbO

LLNbO

LLNbO



 

 

2-3  

 

2-3-1 LLNbO  

 

LLNbO

LLNbO    

LLNbO  

LLNbO [1-4]

2-2  

 

2-2 LLNbO [1-4] 

 

LLNbO Li La Nb

Li2CO3 La2O3 Nb2O5



LLNbO 1200 10

LLNbO LLNbO

X 2-3 LLNbO

LaNbO4

LLNbO  

 
2-3 LLNbO  

 

Li2CO3 La2O3 Nb2O5  

 

xLi2CO3 + (1-x)/3La2O3 + Nb2O5  →  2LixLa(1-x)/3NbO3 + x CO2↑  1  

 

Li2CO3 La2O3 Nb2O5

LLNbO Li x=0.1 LLNbO

98.8

101.8

Li 1200



750 800 2

Li

Li2CO3 1.05

1.10 Li

Li x=0.1 LLNbO

Li2CO3 1.07

2-2 XRD 2-4  

 

2-4  Li2CO3 1.07 2-2 
 LLNbO  

 

LLNbO Li

LLNbO 1

Li2CO3

LLNbO

Li Li2CO3

Li



Li2CO3 LLNbO

Li Li

 

 

xLiNbO3 +  (1-x)/3LaNb3O9  →  LixLa(1-x)/3NbO3 2  

 

LiNbO3 LaNb3O9

LLNbO  

2 LLNbO [6] 2-5  

 



 

2-5  LLNbO [6] 

 

Li2CO3 99.9%, Santoku Co., LTD La2O3

99.9%, Miike Smelting Co.,LTD Nb2O5 99.9%, Miike Smelting 

Co.,LTD 2-5 LiNbO3 LaNb3O9

LiNbO3 LaNb3O9

24

CIP 60 200MPa

LiNbO3 LaNb3O9 La2O3

La(OH)3

La2O3 1100 3



100

120 1  

2-5 LiNbO3 LaNb3O9

1μm

LiNbO3 LaNb3O9

Li LixLa(1-x)/3NbO3

CIP 60 200MPa 1200 12 20

Li x=0.05 0.08

0.10 0.13 0.15 0.20 6  

 

2-3-2 LLNbO  

 

2-3-1 LLNbO

X  

 SmartLab ICP

ICP  ICPS-8000

Li LLNbO  

 

2-3-3  LLNbO  

 

LLNbO



2-3-1 LLNbO

TG/DTA Thermogravimetry – Differential Thermal Analysis

 TG8120

X  

 SmartLab  

 

2-3-4 LLNbO  

 

LLNbO

DensitoCam Duo1300

LLNbO

2-6

 

 



 

2-6 LLNbO  

 

Pt-30%Rh

2-6 20 5mm Pt

Pt LLNbO

10 /min

LLNbO Pt

Pt-PtRh



Pt LLNbO

LLNbO

LLNbO LLNbO

 

 

2-4  

 

2-4-1 LLNbO  

 

2-3-1 2 LiNbO3 LaNb3O9

LLNbO 2-7 LLNbO

 

 

2-7 LLNbO x=0.10  



X

2-8 Li x 0.05 0.08 0.10 0.13

0.15 0.20 LLNbO X  

 

 

2-8 LLNbO  

 

2 LLNbO X

2-3-1 2

LiNbO3 + LaNb3O9

LLNbO Li LLNbO



0.01 2-8 X

ICP 2-1

 

 

2-1 ICP LLNbO  

 

 

ICP Li La Nb

O LLNbO LLNbO

Li

2-3-1 2

LLNbO

Li LLNbO

LLNbO

LiNbO3 LaNb3O9

Li2CO3 La2O3 Nb2O5 LLNbO 2-3-1 1



1200 Li

2-3-1

2 LLNbO Li

LiNbO3 LiNbO3 1254

LaNb3O9 1400

1200

Li

LLNbO  

 

2-4-2 LLNbO  

 

2-3-1 2 LLNbO

TG/DTA x=0.1

0.13 2-9  



 

2-9 LLNbO x=0.10 LLNbO x=0.13 TG/DTA  

 

 

TG/DTA LLNbO DTA

LLNbO

TG/DTA

Li 2-10  



 

2-10 LLNbO Li  

 

2-10 Li LLNbO

2-10

Li x 0 LaNb3O9 1395

LaNb3O9

La Li LLNbO Li

Li x=0.23

Li x=0.23 LLNbO

2-11 TG/DTA LLNbO

X LLNbO x

0.1  



 

2-11 LLNbO X  

 

X LLNbO

 

 

LLNbO → LLNbO + LaNbO4 + LiNbO3 3  

 

LaNbO4 LiNbO3 LLNbO

LLNbO LaNbO4

LiNbO3 2-9 TG/DTA

LLNbO



LaNbO4 LiNbO3 1620 1250

TG/DTA 1450

LaNbO4

LLNbO

 

LLNbO

3  

LLNbO LaNbO4 LiNbO3

 

 

2-4-3 LLNbO  

 

2-12 LLNbO x=0.1

LLNbO 2-13  



 

2-12 LLNbO  

 

 

2-13 LLNbO  



 

1352 LLNbO 1356

LLNbO 1362

1385

24

LLNbO

LLNbO

LLNbO

LLNbO

 

 

2-5  

 

2 LLNbO LLNbO

LLNbO

LLNbO

Li LLNbO

LLNbO

LLNbO



LLNbO  

 

xLi2CO3 + (1-x)/3La2O3 + Nb2O5  →  2LixLa(1-x)/3NbO3 + xCO2↑ 

Li Li2CO3

LLNbO

 

LLNbO 1200

LiNbO3  

x LiNbO3 + (1-x)/3LaNb3O9 =  LixLa(1-x)/3NbO3  

LLNbO LLNbO

Li

LLNbO  

LLNbO

LLNbO

 

LLNbO LLNbO  

LLNbO → LLNbO + LaNbO4 + LiNbO3 

LLNbO

 

LLNbO

 

LLNbO Li



LLNbO

LLNbO 3  

 

2-6  

 

[1] A. Belous, E. Pashkova, O. Gavrilenko, O. V’yunov, L. Kovalenko, 

Solid electrolytes based on lithium-containing lanthanum metaniobates and 

metatantalates with defect-perovskite structure, Ionics 9 (2003) 21-27. 

[2] S. García-Martín, J. M. Rojo, H. Tsukamoto, E. Morán, M. A. 

Alario-Franco, Lithium-ion conductivity in the novel La1/3-xLi3xNbO3 solid 

solution with perovskite-related structure, Solid State Ionics 116 (1999) 

11-18.    

[3] M. Nakayama, H. Ikuta, Y. Uchimoto, M. Wakihara,  Relationship 

between the Li ionic conduction and the local structures in LiyLa(1-y)/3NbO3, 

Appl. Phys. Lett. 84 (2004) 4227-4229.  

[4] Y. Kawakami, H. Ikuta, M. Nakayama, Ionic conduction of lithium for 

Perovskite-type compounds LixLa(1-x)/3NbO3 and (Li0.25La0.25)1-xSr0.5xNbO3, 

J. Solid State Electrochem. 2 (1998) 206-210. 

[5] K. Kudo, K. Kakiuchi, K. Mizutani, T. Fukami, K. Hoshikawa, 

Non-stoichiometry in potassium niobate crystals grown by directional 

solidification, J. Crystal Growth 267 (2004) 150-155. 

[6] Y. Fujiwara, K. Hoshikawa, K. Kohama, Growth of solid electrolyte 

LixLa(1−x)/3NbO3 single crystals by the directional solidification method, J. 



Crystal Growth 433 (2016) 48–53. 

  



 
 
 
 
 
 

3  

LLNbO  

  



3-1  

 

LLNbO[1-4]

2 LLNbO LLNbO

LLNbO 1300

1400 Li

LLNbO

LLNbO

LLNbO

LLNbO  

LLNbO [5]

LLNbO LLNbO

LLNbO

 

 

3-2  

 

3-2-1 LLNbO [6] 

 

LLNbO



3-1  

 
3-1  



2 3

MoSi2

LLNbO 1.0 1.5

/mm

Pt-PtRh  

2-3-1 2 LiNbO3

LaNb3O9 CIP

3-2 19 50

60mm LLNbO  

 



 
3-2 LLNbO x=0.10  

 

20mm 140 180mm

0.12 120 180 3-3 LLNbO

 

 

3-3  



0.5 0.12mm/h

0.12mm

 

 

3-2-2 LLNbO  

 

LLNbO LLNbO

4

LLNbO

LLNbO

LLNbO

LLNbO

LLNbO

LLNbO

 



3-4

LLNbO  

 

3-4  

 

3-4

50mm

+5.2 1400

3-4



0.5 /cm

3-4

3-5  

 

 



 

3-5 30mm  

 

15 45mm

LLNbO

 



3-3  

 

3-3-1 LLNbO  

 

LLNbO LLNbO

(3) LLNbO

LLNbO

LLNbO

 

LLNbO

 

 

3-3-1-1  

 

LLNbO

11.6

/min

12 24

0.1mm/h

3-6 x=0.1

 



 
3-6 12 LLNbO

 
 

4

LLNbO+LaNbO4

LLNbO LLNbO+LiNbO3 LLNbO

LLNbO

LaNbO4

LaNbO4 Li

LLNbO Li



LLNbO Li

La 12

24 Li

LLNbO

LLNbO

Li Li

LaNbO4

LLNbO LLNbO

LaNbO4 LaNbO4

La Nb LLNbO

LLNbO

LLNbO 1380 1390

37.5 /min 15

LLNbO 3-7(a) x=0.1



x 0.1 LLNbO

1378 1358

0.8mm/h  

 

3-7 LLNbO
 

 

LLNbO+LaNbO4 3-6



LLNbO

LLNbO

LLNbO

 

 

3-3-1-2  

 

3-3-1-1

LLNbO

0.5 1.2mm/h

LLNbO

0.7 0.8mm/h

LLNbO 3-7(a)

3-7(b)  

3-7(a)

1 2mm

80mm



12mm

4 LLNbO

3-7(a) LLNbO

2/3 3/4

20mm 50 60mm

LLNbO [7] 3-8

 

 

3-8  

 



3-8-

3-8-

3-8-

3-8-

3-8-

25 30mm 3-8-

20mm 3-7(b)

3-8-

LLNbO 4

c

[001] 18



3-8

20

0.5 /mm

0.7 0.8mm/h LLNbO

 

LLNbO

0.70 0.80mm/h LLNbO

LLNbO

1.0 1.2 /mm  

 

3-3-1-3  

 

3-3-1-2 LLNbO



3-9(a)

50mm+LLNbO x=0.10

LLNbO

0.7mm/h

3-9(b)  

 

 
3-9 LLNbO

 
 



3-9(b) 2/3 20mm

5mm (LLNbO )

LLNbO

3-3-1-1

LLNbO

4 Li

LLNbO

5 3-9

 

 

3-3-2 LLNbO  

 

3-10

LLNbO  



 

 
3-10 LLNbO  

 

3-10(a)

3-10(b)

LLNbO



3-11

LLNbO

LLNbO

 

 

 
3-11 LLNbO   

(a) LLNbO
(b) LLNbO

LLNbO  
 

3-11(a)

LLNbO

3-11(a)

LLNbO 3-11(b)



3-12

 

 

 

3-12  
 

 

60mm 2

3-12

LLNbO x 0.1

20mm

2.4



LLNbO

12 13

LLNbO LLNbO

LLNbO

LLNbO

LLNbO  

 

3-4  

 

3 2 LLNbO

LLNbO

LLNbO LLNbO

LLNbO

LLNbO

LLNbO  

LLNbO

 - LLNbO+LaNbO4 - LLNbO - LLNbO+LiNbO3

 

LLNbO  - 



LLNbO+LaNbO4

LLNbO LLNbO

LLNbO

 – LLNbO+LaNbO4 LLNbO

 

LLNbO

0.70 0.80mm/h 20mm LLNbO

 

LLNbO

LLNbO LLNbO

LNbO4

 

LLNbO

LLNbO

LLNbO

 

 

LLNbO

LLNbO LLNbO

4  

 

3-5  

 

[1] A. Belous, E. Pashkova, O. Gavrilenko, O. V’yunov, L. Kovalenko, 



Solid electrolytes based on lithium-containing lanthanum metaniobates and 

metatantalates with defect-perovskite structure, Ionics. 9 (2003) 21-27. 

[2] S. García-Martín, J. M. Rojo, H. Tsukamoto, E. Morán, M. A. 

Alario-Franco, Lithium-ion conductivity in the novel La1/3-xLi3xNbO3 solid 

solution with perovskite-related structure, Solid State Ionics. 116 (1999) 

11-18.    

[3] M. Nakayama, H. Ikuta, Y. Uchimoto, M. Wakihara,  Relationship 

between the Li ionic conduction and the local structures in LiyLa(1-y)/3NbO3, 

Appl. Phys. Lett. 84 (2004) 4227-4229.  

[4] Y. Kawakami, H. Ikuta, M. Nakayama, Ionic conduction of lithium for 

Perovskite-type compounds LixLa(1-x)/3NbO3 and (Li0.25La0.25)1-xSr0.5xNbO3, 

J. Solid State Electrochem. 2 (1998) 206-210. 

[5] K. Kudo, K. Kakiuchi, K. Mizutani, T. Fukami, K. Hoshikawa, 

Non-stoichiometry in potassium niobate crystals grown by directional 

solidification, J. Crystal Growth 267 (2004) 150-155. 

[6] Y. Fujiwara, K. Hoshikawaa, K. Kohama, Growth of solid electrolyte 

LixLa(1−x)/3NbO3 single crystals by the directional solidification method, J. 

Crystal Growth 433 (2016) 48–53. 

[7] , ,  1 (1977). 

  



 

 

 

 
 
 

4  

LLNbO  



4-1  

 

2 LLNbO LLNbO

LLNbO

3 LLNbO

LLNbO

LLNbO

LLNbO

 

LLNbO

LLNbO

LLNbO

LLNbO 5

LLNbO

LLNbO

Transmission 

Electron Microscope; TEM LLNbO

LLNbO LLNbO

 

 

 

 

 

 



4-2  

 

4-2-1 LLNbO  

 

LLNbO

LLNbO

1.2mm X

LLNbO

1.0mm Li

x=0.05 0.08 0.10 0.13 0.15 0.20

LLNbO

LLNbO ICP

LLNbO  

 

4-2-2 LLNbO   

 

LLNbO X

 X  SmartLab

LLNbO 50

60mm

LLNbO 6mm

3mm



OF 90

6mm 1st OF 3mm 2nd OF

4-1

LLNbO X

(001)

LLNbO  

 
4-1 LLNbO  

 

4-2-3  LLNbO [1] 

 

LLNbO LaNb3O9 La Li

LaNb3O9 Li La Li



Li

Transmission Electron Microscope : TEM

LLNbO LaNb3O9

ICP Li0.04La0.32NbO3 La0.33NbO3

LLNbO LaNb3O9

LaNb3O9 LaNb3O9 1300 19 50mm

LLNbO LaNb3O9

Cu

LLNbO

(STEM)

STEM

high angle annular dark field: HAADF

annular bright field: ABF

25mrad ABF 9 25mrad

HAADF 75 240mrad

Li LLNO

EELS

Electron Energy Loss Spectroscopy EELS

EELS

Gatan



STEM, 

JEM-ARM200F microscope

120 V 0.1 eV/pixel EELS

FWHM

0.3eV  

 

4-2-4 LLNbO  

 

LLNbO

LLNbO

1

LLNbO

 

Zygokk

NewView7100 LLNbO

GD-OES

(rf-GD-OES) GD-Profiler2

GD-OES



9090

±5%

X  X 

 SmartLab X in-plain

 

 

4-3  

 

4-3-1 LLNbO [2] 

 

4-2 LLNbO x=0.13

 



 

4-2 LLNbO X  

 

 

LLNbO

4-2(a)

3 X

4-2(b)

1 2mm

LLNbO+ LaNbO4 80mm LLNbO



10mm LLNbO+ LiNbO3

2-3-3 LLNbO

LLNbO

LLNbO

LaNbO4 LiNbO3

LLNbO

4-2(a) LLNbO

Li x=0.05 0.08

Li x=0.13 0.20

 

LLNbO 4-2(a)

(a) (b) (c) ICP

4-1  

  



4-1 ICP LLNbO  

 

 

LLNbO 4-1 ICP

x 0.13 Li

Li x 0.06  a LLNbO

Li LLNbO

x 0.11 LLNbO Li

Li LLNbO

La Nb LLNbO

LLNbO

Li LLNbO

LLNbO

Li  

LaNbO4 1620



1400

LLNbO LLNbO

4-1

Li

LLNbO Li LaNbO4

Li

LaNbO4

La LiNbO3

 

ICP LLNbO

LLNbO Li LLNbO

Li LLNbO

LLNbO

Li

 

3-3-5 LLNbO

LLNbO 3-10

X 4-3  



 
4-3 LLNbO X  

 
 

X

LiNb3O8

LLNbO LiNb3O8

LiNb3O8

LLNbO

LLNbO  

 

LLNbO  LLNbO + LaNbO4 + LiNbO3 + LiNb3O8 

 



LLNbO LaNbO4 + LiNbO3 + 

LiNb3O8

LLNbO

4-2 LLNbO

LLNbO + LaNbO4 LLNbO + LiNb3O8 LLNbO + LiNbO3

2-3-3

4-3-1 LLNbO 4-2 LiNb3O8

LiNb3O8

LLNbO LLNbO

LiNb3O8 LLNbO LiNb3O8

LiNb3O8 LLNbO

1230 LLNbO La

LiNb3O8

LLNbO LiNb3O8

LLNbO

LLNbO LiNb3O8

 

 

 

4-3-2 LLNbO [1] 

 

4-4 LLNbO x=0.1

LLNbO



(001)  

 

4-4 LLNbO (001)  

 

4-4 -2



4-5  

 
4-5 3-3 -2 (001)  

 
 

4-4 LLNbO

(001) 4-5 LLNbO

(001)



(001)

LLNbO

(001)

18°

LLNbO [001]

18

Li 18

21

LLNbO

 

LLNbO

[001] 18

 

 

 

 

 



4-3-3 LLNbO [2] 

 

LLNbO

EELS  

 

4-3-3-1 [2] 

 

4-6 LaNb3O9 LLNbO [1-10]

HAADF  

 
4-6  (a)LaNb3O9 (b)LLNbO [1-10] HAADF

(c) HAADF (a) (b) La1
 



 
HAADF

Nb La

Li O

4-6(a) 4-6(b) A2

La A1 La

(110)

( 4-6(c)) LLNbO (110)

7.5

7.3 (001)

A1 A2 La/

A1 La LaNb3O9

La

LLNbO LLNbO

SAED

 

4-6(a) 4-6(b) HAADF LaNb3O9 LLNbO

10nm2 30-60nm2

4-6(b) 3.6d (110)

1/2



La La

 

4-7(a)(b) LaNb3O9

HAADF ABF  

 

 

4-7 (a)(b)LaNb3O9 (c)(d)LLNbO [1-10]
HAADF ABF  (e)HAADF (a)(c)

La + + O Nb  
 



4-7 (c)(d) LLNbO [1-10]

HAADF ABF  

4-7(a)(c) HAADF La La1 La

4-7(b)(d)

LaNb3O9 LLNbO ABF

La Nb A1 Li La

A2 La

A2 La

Li

ABO A

B O LaNb3O9

LLNbO La Nb/O

NbO6 ABF

LaNb3O9 LLNbO

4-7(a)(c)

4-7(e) La1 La

La

Nb LLNbO d1' LaNb3O9 d1

La

La Nb LLNbO d2' LaNb3O9

d2 La La1

 

LaNb3O9 LLNbO [100]



4-8  

 

4-8 (a) (b)LaNb3O9 (c) (d)LLNbO [100]
HAADF ABF  

 

4-8(a)(b) LaNb3O9 HAADF ABF

4-8(c)(d) LLNbO HAADF ABF

LaNb3O9 Nb

LLNbO (1

10) Nb

ABF NbO LaNb3O9 LLNbO

LaNb3O9 Li NbO



A La1

 

 

4-3-3-2 EELS [2] 

 

LaNb3O9 Li LLNbO

EELS

ELNES Energy-Loss Near Edge Structure

4-9 LaNb3O9 LLNbO

O-K La-N4,5

Nb-M4,5  



 
4-9 LaNb3O9 LLNbO EELS TEM (a) O-K, 

(b) La-N4, 5 and (c) Nb-M4, 5  
 

 



LLNbO Li Li-K La Nb M 

530eV O-K 

LLNbO LaNb3O9

TM-3d

O-2p Nb O

LaNb3O9 LLNbO XRD

LaNb3O9 (a = 7.8129 Å b = 7.8437 Å c 

= 7.9364 Å)  LLNbO (a =7.7888 Å b = 7.8252 Å c = 7.9164 Å)

LLNbO LaNb3O9

LaNb3O9 La Li

Nb-O Nb-O

Li

x=0.04 LLNbO La Nb

 

 

4-3-4 LLNbO  

 

4-10 LLNbO CMP

LLNbO 14

 

 



 
4-10 LLNbO (a) CMP

(b) 300  
 

CMP LLNbO

300 14

LLNbO

Zygo

4-11 83

83μm  



 



 

4-11 LLNbO (a) CMP
(b) 300
(c) (b) (d) CMP

300  
 

4-11(a) LLNbO CMP

LLNbO Ra 0.146nm



CMP

300 4-11(b)

Ra 46.912nm CMP

CMP

4-11(c)

Ra 0.171nm

CMP

4-11(d) CMP 300

300

4-11(b) Ra

0.262nm

LLNbO  

GD-OES Li La Nb O

4-12 GD-OES  



 
4-12 GD-OES LLNbO

 
 

LLNbO Li

0. 5μm

LLNbO

Li La Nb

LLNbO

Li Li



Li

X in-plain

4-13  

 

 
4-13 X in-plain LLNbO

 
 

CMP X

LLNbO LLNbO

Li2CO3 

Li2CO3 4-13

X



 

LLNbO

LLNbO Li2CO3 0.5μm

Li LLNbO

Li LLNbO Li

Li

Li

Li2CO3

Li2CO3

4-11(b)

300 LLNbO

4-11(d)

Ra 0.294nm Li2CO3

CMP

Li2CO3

 

Li2CO3 Li+ LLNbO

Li+

H2 H+

 

LixLa(1-x)/3NbO3 + (x/2)H2O + (x/2)CO2 → (x/2)Li2CO3 + LixLa(1-x)/3NbO3 



GD-OES Li La Nb O

H C 4-14

 

 
4-14 GD-OES LLNbO CMP

 
 

CMP

Li 

C 

X Li2CO3 

H 0.025μm 



H O 0.025μm

H O

O 0.025μm

LLNbO

Li+ H+

 

 

4-4  

 

4 3 LLNbO LLNbO

LLNbO

LLNbO

LLNbO

LLNbO ICP

LLNbO

TEM LLNbO

LLNbO LLNbO

 

LLNbO

 - LLNbO+LaNbO4 - LLNbO - LLNbO+LiNbO3

LLNbO 

LLNbO + LaNbO4 + LiNbO3  

LLNbO



Li LLNbO

Li LLNbO

 

LaNbO4 LLNbO

LLNbO

Li Li LaNbO4

 

LLNbO (001) 18

LLNbO

 

LLNbO

LLNbO LaNb3O9 Li

 

LLNbO (001) La (001)

La

Li

 

LLNbO

 - LLNbO+LaNbO4 - LLNbO - LLNbO+LiNbO3

 

LLNbO  - 

LLNbO+LaNbO4



LLNbO LLNbO

LLNbO

 - LLNbO+LaNbO4 LLNbO

 

LLNbO

0.70 0.80mm/h 20 LLNbO

 

LLNbO Li2CO3

LLNbO LLNbO

Li

 

LLNbO Li2CO3

 

 

LLNbO

LLNbO

5  

 

4-5  

 

[1] Y. Fujiwara, K. Hoshikawa, K. Kohama, Growth of solid electrolyte 

LixLa(1−x)/3NbO3 single crystals by the directional solidification method, J. 

Crystal Growth 433 (2016) 48–53. 



[2] X. Gao, Craig A. J. Fisher, T. Kimura, Y. Ikuhara, A. Kuwabara, H. 

Moriwake, H. Oki, T. Tojigamori, K. Kohama, Y. Ikuhara, Domain 

boundary structures in lanthanum lithium titanates, Mater. Chem. A, 2 

(2014) 843-852. 

 

 

 

  



 
 
 
 
 
 

5  

LLNbO  

  



5-1  

 

σ

σ

O Li

[1-4] 3 LLNbO

 

3

LLNbO



LLNbO

LLNbO

4 LLNbO LLNbO

LLNbO

(001) 18

LLNbO

[3]

LLNbO

LLNbO

LLNbO

Li

LLNbO

LLNbO (100) (010) (001)

LLNbO  

 

  



5-2  

 

5-2-1 LLNbO  

6 LLNbO 6

Li LLNbO

1.0 2.0mm

2000

20×1.0 2.0

5

Au

ICP

LLNbO

 

5-2-2 LLNbO  

 

4-2-2 LLNbO



4-1 LLNbO

1.0mm

X [100]

[010] [001]

LLNbO

(100) (010) (001)

LLNbO

1.0 1.2mm (100) (010)

(001)

Li x=0.08 0.10 0.13 LLNbO

LLNbO

(100) (010) (001)

5-2-1 LLNbO

Li [100] [010] [001]

Li x=0.08 (111) (112) (110)

[001]

[110]  

 

5-3  

 

5-3-1 LLNbO  

 

5-1 Li LLNbO (001)



18 [5]  

 

 

5-1 LLNbO Li  

 

LLNbO Li x=0.08

x=0.08 Li

LLNbO [3]

Li x 0.1 4.7×10-5Scm-1

LLNbO

5-1 Li x=0.08

1.9×10-4Scm-1

LLNbO LLNbO



LLNbO 10-4Scm-1

LLNbO

6

LLNbO

 

LLNbO

LLNbO LLTO[4]

LLTO A

A

Li

Li A

LLTO LLNbO

Li LLTO LLNbO

LLTO Li La1  La2

Li La2

[6] 4-3-3 LLNbO STEM

HAADF ABF Li

La A1 A2 Li La

LLNbO LLTO

A



Li La NbO6

LLNbO A2

LLTO

 

 

5-3-2 LLNbO  

 

LLNbO X

 

1) (001) c <001> 5-2  

2) (200) (020) (002) a <100> b <010>

 5-3  

3) 2) (400) (040) a

b 5-4  

LLNbO PDF#04-015-0745   

S.G. Pmmm   

 (a, b, c, α, β, γ ) = (3.9060, 3.9070, 7.8885, 90, 90, 90) 

5-2 5-4 Li x=0.10

LLNbO X  



 

5-2 (001)  

 

5-3 (200) (020) (002)  



 
5-4 ω/2θ  

 

(100) (010) (001)

Li LLNbO

a b (400) (040)

LLNbO

5-1  

 

 

 

  



5-1 LLNbO x 0.10  

 

(400) (040) 0.3°

 

5-5

(001) 5-5(a) LLNbO

LLNbO (001)

 [100] [010] [001] 5-4(b) 5-4(c)

(001)

LLNbO  



 

5-5  

 

5-5 LLNbO

LLNbO (100) (010) (001)

 [100]  [010] [001] 

5-6 [100] [010] [001]

Li  



 
5-6 LLNbO [100] [010] [001] Li  

 
 

(100) (010) (001)

ICP

 [100] [010] [001]

 [001] [100] [010]

8 10

Li x 0.08 [100] [010]

3.6×10-4Scm-1 [7, 8] [100] [010]



[100]  [010]

90°

LLNbO (001)

 [001] [100] [010] LLNbO

[100] [010]

Li

x=0.08 (111) (112) (110)

[001]

[110] 5-7 [8]  

 
5-7  [110] [001]  

5-7 [110] [001]



[111]

2.0×10-4Scm-1  [112] 1.5×10-4Scm-1

[001]

[001]

[110]

3.4×10-4Scm-1  [100]  [010]

 [001] (001)

[100]  [010] [110]

LLNbO (001)

[001]

 

5-8 LLNbO [100] [010] [001]

LLNbO

x=0.07 [010] TEM HAADF-STEM 5-9

 

 



 

5-8 LLNbO  

 

5-9 LLNbO HAADF-STEM  



[100] [010] [001] 5-8

TEM 5-9

HAADF-STEM [001]

[010] LLNbO

D  

D=Aexp(-E A /KT)  

A EA

D EA 

Li D

EA Li

EA

La Li LLNbO [001]

LaA1-LaA2  [010] LaA1-LaA1

[010] Li  

 (001) LaA1

LaA2 4.8(d)

NbO6 Li

[100] [010]

90 Li (001)

LLNbO  [100] [010] [001]

 



Li LaA1 LaA2

Li STEM

MD LLNbO

Li Li

A1 A1 A2 Li

Li

LLNbO Li

A1 2 5-6

 

STEM

4-7(c) LLNbO HADEF-STEM A1 La

A2 La 4-7(d)

LLNbO ABF A1 Li

La A2

La Li

Li A1

 

STEM A1

Li Li

LaNb3O9 Li

Li x=0.08-0.09

 



LLNbO (001)

Li

Li  

 

5-4  

 

5 3 LLNbO

Li

LLNbO

LLNbO

LLNbO (100) (010) (001)

LLNbO [100] [010] [001]

 

LLNbO (001) 18

Li

LLNbO Li x=0.08

1.9×10-4Scm-1  

LLNbO LLNbO

LLNbO (100) (010) (001)

 

LLNbO  [100] [010] [001]

 [001] [100] [010]

8 10 Li

x 0.08 [100] [010] 3.6×10-4Scm-1



[111] [112] [110]

 [110] [100] [010] c

 [001]

 

LLNbO

A2 Li La Li A1

A1

Li

Li  

 

LLNbO

6  

 

5-5  

 

[1] A. Belous, E. Pashkova, O. Gavrilenko, O. V’yunov, L. Kovalenko, 

Solid electrolytes based on lithium-containing lanthanum metaniobates and 

metatantalates with defect-perovskite structure, Ionics. 9 (2003) 21-27. 

[2] S. García-Martín, J. M. Rojo, H. Tsukamoto, E. Morán, M. A. 

Alario-Franco, Lithium-ion conductivity in the novel La1/3-xLi3xNbO3 solid 

solution with perovskite-related structure, Solid State Ionics. 116 (1999) 

11-18.    

[3] Y. Kawakami, H. Ikuta, M. Nakayama, Ionic conduction of lithium for 



Perovskite-type compounds LixLa(1-x)/3NbO3 and (Li0.25La0.25)1-xSr0.5xNbO3, 

J. Solid State Electrochem. 2 (1998) 206-210. 

[4] Y. Inaguma, C. Liquan, M. Itoh, T. Nakamura, High ionic conductivity 

in lithium lanthanum titanate, solid state Commun. 86 (1993) 689-693. 

[5] Y. Fujiwara, K. Hoshikawa, K. Kohama, Growth of solid electrolyte 

LixLa(1−x)/3NbO3 single crystals by the directional solidification method, J. 

Crystal Growth 433 (2016) 48–53. 

[6] X. Gao, Craig A. J. Fisher, T. Kimura, Y. Ikuhara, A. Kuwabara, H. 

Moriwake, H. Oki, T. Tojigamori, K. Kohama, Y. Ikuhara, Domain 

boundary structures in lanthanum lithium titanates, Mater. Chem. A, 2 

(2014) 843-852. 

[7] Y. Fujiwara, K. Hoshikawa, K. Kohama, Single-Crystal Growth of 

Solid Electrolyte LixLa(1-x)/3NbO3 by Unidirectional Solidification Method, 

39th International Conference and Expo on Advanced Ceramics and 

Composites (ICACC-39). 

[8] Y. Fujiwara, T. Taishi, K. Hoshikawa, K. Kohama, H.Iba, Anisotropy of 

ionic conduction in single-crystal LixLa(1-x)/3NbO3 solid electrolyte grown 

by directional solidification, Japanese Journal of Applied Physics 55 (2016) 

090306-1-4. 

 

 

 

 

 



 
 
 
 
 
 

6  

LLNbO  
  



6-1  

 

 

LLNbO [1-4]

2

LLNbO

3

LLNbO

LLNbO 5  



LLNbO Li

LLNbO

 

 

6-2  

 

6-2-1 LLNbO  

 

LLNbO LLNbO

Li x=0.08 0.10 0.13

LLNbO 3-10

50 60mm

2mm

LLNbO

5-2-1 ICP

LLNbO

LLNbO 2-3-1 2

LLNbO

ID20mm

LLNbO

15 2mm

X 5-2-1



ICP LLNbO

Scanning Electron 

Microscope (SEM) ( ) JSM-7000F  

LLNbO LLNbO

Electron 

BackScatter Diffraction EBSD TSL  OIM

SEM

LLNbO

(CP) ( ) SM-09010

5

LLNbO

5-2-2

Li x=0.07 (111)

 

 

6-2-2 LLNbO  

 

6-2-1 LLNbO

5-2-1

Li

-30 50 5



LLNbO

LLNbO

1.2 mm 0.4mm

 

 

6-3  

 

6-3-1 LLNbO  

 

6-1 LLNbO

LLNbO ICP

LLNbO

2-3-1 2

LLNbO ICP

 

 

  



6-1 LLNbO  
 

 

 
 

ICP Li x=0.04 0.07

0.15 LLNbO Li

LLNbO Li LLNbO

6-1

ICP LLNbO ICP

2-3-1 2 LLNbO

LLNbO  

6-1 LLNbO x

0.07 X  



 

6-1 X  

 

LLNbO X

6-2 x 0.07

 

 
6-2 LLNbO x=0.07 (a)1,000  

(b)10,000  
 

LLNbO



5μm 6-2

10

10

 

6-3 Li x=0.07 EBSD

[5, 6]  



 
6-3 LLNbO x=0.07 EBSD

 
 

6-3 EBSD

LLNbO

 

6-4 Li x=0.07



 

 
6-4 LLNbO  

 

 



6-4(a)

6-4(b)

6-4

6-1 6-4(a)

Li x=0.04 0.07 0.15

4.5 4.8μm Li

LLNbO

LLNbO

10

4.5 4.8μm

 

 

6-3-2 LLNbO  

 

6-2-1 LLNbO

Li

6-5  



 

6-5 LLNbO Li  
 

 

Li

3

x 0.07

1.2

10-4Scm-1 4.0 10-5 Scm-1

Li x=0.04 0.15

x=0.07 Li



5-3-1

Li

x=0.07

x=0.04 0.15 x=0.07

Li

LLNbO Li

x=0.15 x 0.04

Li

Li Li

x=0.10

Li

 

 

6-3-3  

 

Li LLNbO

LLNbO



[7]

  

6-6 x=0.07 t 0.8mm LLNbO

Cole-Cole plot 25°C

[5, 6]  

 
6-6 LLNbO x=0.07 Cole-Cole plot 

 

6-6 Cole-Cole plot



x y

  

6-7  

 

6-7  

 

6-7

Rb

Rgb

Rgb 6-6

Li LLNbO



Rgb

→ →

Li

 

Li x=0.07 (111)

6-8 [5, 6]  

 

 
6-8 LLNbO x=0.07 [111]

 



6-8

3.5

LLNbO x 0.07

Rb LLNbO

LLNbO Rgb

70 Rgb

LLNbO

LLNbO 6-8

0

y

50Ω

380Ω 7

5-2-1 EBSD

 

4.5μm



1/3  

 

6-3-4  

 

LLNbO

5 [100] [010]

6-9

[001]

 



 

6-9  

 

Li

 

LLNbO

LLNbO

LLNbO 70

10-5Scm-1

[5]

LLTO LLTO

LLNbO 10-5Scm-1

LLNbO LLTO 20



 

  



6-4  

 

6

LLNbO Li LLNbO

LLNbO Li

 

LLNbO

4.5μm  

LLNbO 3

 

LLNbO

70

 

LLNbO

LLNbO

 

LLNbO  

 

LLNbO

7 LLNbO

 



6-5  

 

[1] A. Belous, E. Pashkova, O. Gavrilenko, O. V’yunov, L. Kovalenko, 

Solid electrolytes based on lithium-containing lanthanum metaniobates and 

metatantalates with defect-perovskite structure, Ionics. 9 (2003) 21-27. 

[2] S. García-Martín, J. M. Rojo, H. Tsukamoto, E. Morán, M. A. 

Alario-Franco, Lithium-ion conductivity in the novel La1/3-xLi3xNbO3 solid 

solution with perovskite-related structure, Solid State Ionics. 116 (1999) 

11-18.    

[3] M. Nakayama, H. Ikuta, Y. Uchimoto, M. Wakihara,  Relationship 

between the Li ionic conduction and the local structures in LiyLa(1-y)/3NbO3, 

Appl. Phys. Lett., 84 (2004) 4227-4229.  

[4] Y. Kawakami, H. Ikuta, M. Nakayama, Ionic conduction of lithium for 

Perovskite-type compounds LixLa(1-x)/3NbO3 and (Li0.25La0.25)1-xSr0.5xNbO3, 

J. Solid State Electrochem. 2 (1998) 206-210. 

[5] 

LixLa(1-x)/3NbO3  2014

1C25 2014. 

[6] 

LixLa(1-x)/3NbO3 45

21aB01, 2015. 

[7] Y. Inaguma, C. Liquan, M. Itoh, T. Nakamura, High ionic conductivity 

in lithium lanthanum titanate, Solid State Commun. 86 (1993) 689-693. 

 



 
 
 
 
 
 

7  

  



CO2

PC



 

LLNbO

20mm 100mm

LLNbO

Li

LLNbO

LLNbO

 

 

 

 

1

 

 

2 LLNbO LLNbO

LLNbO

xLiNbO3 + (1-x)/3LaNb3O9 → LixLa(1-x)/3NbO3

Li LLNbO



LLNbO

LLNbO

 

LLNbO → LLNbO + LaNbO4 + LiNbO3

 

 

3 3 2 LLNbO

LLNbO

LLNbO 0.70

0.80mm/h 20mm LLNbO

LLNbO

LLNbO LLNbO

LLNbO  

 

4 4 3 LLNbO LLNbO

LLNbO

LLNbO

LLNbO 2

 - 

LLNbO+LaNbO4 LLNbO+LiNb3O8  

LLNbO+LiNbO3

LLNbO

LLNbO



TEM LLNbO

LLNbO

LLNbO LNbO

 

 

5 5 LLNbO

Li

LLNbO

LLNbO LLNbO

(100) (010) (001)

LLNbO [100] [010] [001]

LLNbO

[100] [010] [001]

Li x 0.08 [100] [010] [001]

10 3.6×10-4Scm-1  

 

6 6

LLNbO Li LLNbO

LLNbO Li

LLNbO 3

70

 



 

7 7  

 

LLNbO

Li

LLNbO

LLNbO

LLNbO

(100) (010) (001)

[100] [010] [001]

[001] [100] [010]

10 LLNbO [100] [010]

[001]

LLNbO

 

LLNbO



 

 

  



 
 

 

1. Yasuyuki Fujiwara, Keigo Hoshikawa, Keiichi Kohama, Growth of solid 

electrolyte LixLa(1-x)/3NbO3 single crystals by the directional 

solidification method, J. Crystal Growth 433 (2016) 48–53. 

 

2. Yasuyuki Fujiwara, Toshinori Taishi, Keigo Hoshikawa, Keiichi Kohama, 

Hideki Iba, Anisotropy of ionic conduction in single-crystal 

LixLa(1−x)/3NbO3 solid electrolyte grown by directional solidification, 

Japanese Journal of Applied Physics 55 (2016) 090306-1-4. 

 

 

1. Xiang Gao, Craig A. J. Fisher, Yumi H. Ikuhara, Yasuyuki Fujiwara, 

Shunsuke Kobayashi, Hiroki Moriwake, Akihide Kuwabara, Keigo 

Hoshikawa, Keiichi Kohama, Hideki Iba, Yuichi Ikuhara, Cation 

ordering in A-site-deficient Li-ion conducting perovskites 

LixLa(1-x)/3NbO3, J. Mater. Chem. A, 3 (2015) 3351-3359. 

 

2. Xiaobing Hu,  Shunsuke Kobayashi,  Yumi H. Ikuhara, Craig A. J. 

Fisher, Yasuyuki Fujiwara, Keigo Hoshikawa, Hiroki Moriwake, Keiichi 

Kohama, Hideki Iba,Yuichi Ikuhara, Atomic Scale Imaging of the 

Microstructural Variation of Solid Electrolyte La(1-x)/3LixNbO3 

(0≤x≤0.13), Acta Materialia 123 (2017) 167-176. 



 

 

 

1. Yasuyuki Fujiwara, Keigo Hoshikawa, Keiichi Kohama, Single-Crystal 

Growth of Solid Electrolyte LixLa(1-x)/3NbO3 by Unidirectional 

Solidification Method, 39th International Conference and Expo on 

Advanced Ceramics and Composites (ICACC-39), Invited. 

 

 

 

1.  

VB LixLa(1-x)/3NbO3 42

10AB03, 2012. 

2. LixLa(1-x)/3NbO3

2013

2E23, 2013. . 

3. LixLa(1-x)/3NbO3

43 07AA04 

2013. 

4. LixLa(1-x)/3NbO3

 2014 1C24 2014. 

5. 

LixLa(1-x)/3NbO3  2014

1C25 2014. 



6. LixLa(1-x)/3NbO3

 44 06aC09 2014. 

7. LiMnPO4

45 21aB01, 2015. 

8. 

LixLa(1-x)/3NbO3 45

21aB01, 2015. 

9.      

    LixLa(1-x)/3NbO3 

56

2F23, 2015. 

 

 

 

1.  

 PCT/JP2013/073184 , 2013 8 29

CN104583469A, EP2891731A1, EP2891731A4, 

US20150244021. 

:  

2.  

2017-039286 , 2017 3 2  

: 

 

  



 
 

 

 

 

CPE

SSE

M6P

 



 

 

 

 

 

 


