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Abstract : Recently lithium ion secondary batteries (LIB) have rapidly developed because of
their advantages such as high energy densities and capacities. Among them, an electrical vehicle
which is the one of the environmental-friendly transportation facilities has been received a great
attention, but, it is needed to overcome several obstacles of the LIB performances. LIB is practically
adapted to Hybrid Electric Vehicle (HEV), but the issues for high capacities, long life time
and safety should be solved. Moreover, LIBs still have some possibilities of explosion in the case
of overheating of the used organic electrolyte and overcharging of the cell. Hence, it is urgently
needed to replace the liquid electrolytes into the solid electrolytes due to the safety issues.
Therefore, in this review, we summarized and discussed the research trends of the solid elec-
trolyte to solve the concerns of safety and capacity of LIBs and published patents and articles.
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Fig. 1. Schematic diagram of Conventional LIB (a) and
All Solid Battery (b).
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Fig. 2. Comparison of ion point defects: (a) Schottky
dificiency, (b) Frenkel deficiency.
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Fig. 3. Ion transfer mechanism of the glass electrolyte: (a)

Interstitial cationic formation and (b) Migration from one
NBO to another.
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Fig. 4. lon transfer and the activation energy.
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2.2.1. NASICON-type Li ion conductors
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Fig. 5. A NASICON structure and M;, M;;; and M, of the
conduction network.
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2.2.2. Thio-LISICON-type Li ion conductors
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Fig. 6. Li-ion conduction pathway.

2.2.3. Garnet-type Li ion conductors
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2.2.4. Perovskite-type Li ion conductors
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Table 1. Properties of various thio-LISICON

Compound Material Ion conductivity
Li,S-P»Ss 80Lis,-20P,Ss 32x 107 S-em'’!
70Li,S-20P,S; 2.1 %107 S-em’!
Li,S-P,Ss-Lil 107 S-cm’™!
Li,S-P,Ss &3 2=A1 2y 32 %103 S-cm™!
Lil-Li,S-P,S5-P,0s 1x107 S-cm™
Li,S-SiS, LiS-SiS, 2x 103 S-cm™
0.6Li1,S-0.4SiS, 8 x 107 S-cm’!
(30% Lil doped)
Li,S-SiS,-Li;PO, 7.6 x 10* S-em’!
0.97[0.6Li,S-0.4SiS,]-0.03 Li,SiO, 1.5 103 S-cm™!
Li,S-SiS,-LiSiO,4 1.1 x10*S-cm™
Lip-SiS,-Li,Mo, 1.1 x 107 S-em™ (M = Si, p)
7% 107 S.em™ (M = Ge)
Li3.4Si0.4P0.6S4 6.4 x10*S-cm™
Li,S-SiS,-P,S; 0.6Li5S-0.4[(1,SiS.4P>Ss] 0.7 % 107 S-em’”
Li,S-SiS,P,Ss-Lil 2.1 x 103 S-cm™
50(0.67Li,5-0.338iS,)-50(0.75Li,S-0.25P,Ss) 1.2 % 103 S-cm’!
Li,S-GeS, Lir-GeS,-Lil 103 S-cm’!
Li,GeS, 10° S-em™
Li; 35Geo 3P0 6sSs 2.39 x 107 S-cm’!
95Li3PS4-5Li,GeSy 9.9 %107 S-cm’!
LisGe | <PsSs 10 S-cm’™!
LisPS, 1.5%x10* S-em
Li,SiPS, 6.4 % 10" S-cm™!
LisGePS, 22x 107
LLTO®2] A% =79} grain boundary2] o]2H %=
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/ 5o APPE A9E ol emwt PIuA) eru),
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22 SFRATAL o= Q13 AT Ujie] FhA
Fig. 7. Crystal structure of the garnet-type material ol HES 7 0A HoA ol THAETEY

(LisLa;M,04,, M = Nb, Ta).

2.2.5. LiPON-type Li ion conductors
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bulk2th A S7A Q] perovskite T3oA 2]F© ]L o] = 0.54eVelt}. LIPONS 98 A=/4s801d AW B4
AHEA ol sl YA Agte] 7] wiigelH, & zhe ARE whsirt 7hssle], uhepdA|of] ARgE AL
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Table 2. Summary of published patents

Cathode (LiCoO,)

- —

| Solid electrolyte e

>

F=3
- —s

o Anode (Li;TisOy,)

Fig. 12. A structure of the solid electrolyte between the
cathode and anode prepared by aerosol deposition method.
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Patents HITACHI IDEMITSU OHARA PANASONIC SANYO SONY TOSHIBA  TOYOTA
2003 4 3 3 1
2004 1 1 1 7 4 2 1 1
2005 3 4 3 6 1 1 1
2006 28 6 2 1 2
2007 2 3 5 7
total 4 35 13 24 9 8 3 11
Patents HITACHI IDEMITSU OHARA OSAKAPREFECTURE PANASONIC SANYO SONY TOSHIBA TOYOTA

2003 12 9 5 1

2004 4 1 2 13 12 3 3 1

2005 2 8 1 2 3

2006 16 4 4 4 2

2007 7 2 2 4

total 7 31 9 2 44 26 10 6 10
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Fig. 13. Information for Ohara LISICON samples.
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Fig. 15. The results of charge/discharge performance of
all solid battery (SAIT).
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