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ABSTRACT

Lithium-ion batteries (LIBs) are widely used as energy storage due to their high energy density compared
to lead-acid batteries and other heavy-metal batteries. However, current LIBs use flammable organic solvents and
conductive salts as electrolytes resulting in safety concerns. Replacement of liquid electrolytes with inorganic solid
electrolytes can address these safety issues. This technology is called an “all solid-state LIBs” and can be applied
over a wide range of temperatures and voltage. Although these batteries are very safe, the performance of a
particular battery depends on the type of solid inorganic electrolyte used. Each electrolyte has advantages and
disadvantages. Therefore, the choice of electrolytes for all solid-state lithium-ion batteries depends on the

environment in which they will operate and the specific battery requirements.
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TAS98$19UUU NASICON {3 ag011191n Sodium
superionic conductor ﬁﬁqmﬂmda%”]d%w% AM,(POy)5
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TAARIT ) LU LitgaSiysPrsCloosOrr0r WAY LitgasGeysPys
ClyosO110, (SONg et al,, 2015) AuansAnnisilossuifiady
uisegluszdiu 10°S-cm figaumgiivies
fSausiilaseadredazdinsfnwegrannung us

I3

Anstlessuigumgiviesidreglunaeiideudiwnie

Wisuiudianinsladuuuvesdasiindu



UnAInd

MIEATINYEERS 1Y, VN 47 Laud 3

383

Tassafrauuuinasendlnd (Perovskite) iigns
Tassasanlufie ABO, laefl dumis A Ao lessuvessn
fiUszq +2 shuwil B fe lesauvassnlansnsudduiil
Useq +4 (TiY) 1wy &9 LisLays, TiO5 (LLTO) Juianuia
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FrevfinAnisilessuusnaeunsuarAnsilessy
sildfs 1.2x10° S-cm Tigaungiivios

flausi3n LLTO azdlensiilossusiud daegly

o v '

WNEUINAN LeLBNANSNTNAIIAAwaINUIITAIN5EN leau

q

a v v oa

ga Snsdafianuudusauaziaiosdennuiou Yaniis
Tnssadrsuuuimasendlng LLTO d5adutandfany
taulalunsWauseiisdnysisnisdiuainisileseu
USIUOUNTUVDITAR I

lassadrauuunisiun (Garnet) dgnslaseaing
Wilufe LiLayXO,), Inedl X fie lessuvedlangnsuddy
Zr, Nb, Ta 19U Li;La;Zr,0,,, LisLasTa,0;, kae LisLa;Nb,0;,
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2012), LigoalasZrAly 2401105 (Rangasamy et al,, 2012),
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S1085M0g o1 (Xu et al., 2017), Li;P,oMng1S107105 (Xu et al,,
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95(0.8L1,5-0.2P,S5)-5Lil (Ujiie et al., 2013) tJusiu Fedaflen
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TAsea§19uuy LIPON §19 a8 ou191n lithium
phosphorus oxynitride $i1A53a3 194 UUDd MgIY LIPON
ﬁdmﬁzﬁimﬂsﬁﬂ?{ummﬁiwq (RF) magnetron sputtering
U LiPO, wae Li,0 Tuduussennie N, ‘U%?j‘ﬂé ddninslad
durewdaddanisinlossuusyana 2x10°Scm™ 9
25 °C (Bates et al, 1993) {uilduuna

Tasea¥1auuy LisN wisulalagujisenvesdiiey
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niinfigaumafl 750 °C Tluussernalulasiau (Boukamp
and Huggins, 1976) 3idninsladudewiia Li,N filduansen
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X AodLviuu (Zhao and Daemen, 2012) 13U Li;OCL wag
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q q
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LigPSsX (X = CL, Br, D wanaa1n1suilosoueoy Tuy 9
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NASICON LiGe,(POy); o nsileseuge ® T (GeO,) finAuny
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LISICON Li1sZn(GeOy), o anuatesmaaiivaiaiilniings o msihlessudnidlefioutu Bidnlnslamdu 4
% Perovskite Lig 350,55 TiO; o nsthleseuludanig o Liadusrolansaiioufinausedndsh
o auudausadanags o msilessuiiveunsum
Garnet Li;LasZr,01, o msileseug o Liafosdioduratunnuiy
o atusmelavedifio 39 CO, Tuona
5 Thio-LISICON Li;0GeP,S;, o nsileseug o lLiadesiledurafuanuiunazeondiou
% o muudwsadnafivazaunsodonguld o arwanansalunadiuldiutauelnash
wm
. LiPON Li;PO, Tuussenna N, e aduseelavediion o smunalivnzdmsunsndnssaugaannssy
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= T
LisN LisN o nsileseuge o Juaauatasmaaiilniiei
T Antiperovskite Li,OCL o adusrelavedifiey o lLiadosileduatuanuty
T Argyrodite LigPSsX o euudausadinativavanunsadaveguls  ® msthlesausn
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TAaa51awtin NASICON TAseasaviia LISICON Iassasravtiniwasonalng
waedan LiM,(PO,), Yae¥an Li,PS, 903740 Li, La

2/ BfXTi O 3

Tassasnavtinnisiunves Tassasravtindalia lassadauila LIPON 289
e LiLlaZr

2O12 %aﬁﬁﬂ Lii GeBS: gLl LEz,MPOz,EoNo,al

[Li,N] layer

Li layer

lasearauiia LiN ves 1A39a519U1n Anti-perovskite TAseainewte Argyrodite
Jan o-Li3N Y2433 Li,OBr Y720 Li PS X

gﬂﬁ 3 uansdnwarlaseasenanvesdldninsladadanie q (Awaka et al, 2011; Gregory, 2008; Kim and Siegel,
2019; Kraft et al., 2017; Lacivita et al,, 2018; Muy et al., 2018; Ren et al., 2015; Shoji et al., 2019)
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@ NASICON A LISICON
-1 7 @ Perovskite Garnet
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£ {
(9] i
n \.
~ ho . __,_—”‘ K
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g °
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-6 4 A
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S A
_8 T T T T T T T T 1

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year
U 4 anmsilessuvesdidninsladuuuveswdwiiamg q daudanin (Zheng et al, 2018)

1n3U7 4 wansliiudsannisidilesouves 4. arud1udrvesuuanes vindifisulasauuuy

SianInsladudefilasunisssaunn asiulddn 5i8nlns-
lasuszuandallddanisilessugeiian udliiafiosie
Fudatuanutunazesndiaulueiniea daiusidnlnslad
Usznnoanledfisaudazininisiilessusini Aneds
Iesuanuaulalunisiaunnldnulusunmesaiadifion
Toosunuuvesudsianun ewniauaiosdosinis
wnndidninsladussindalng wazainisilessuas
A71 10* Scm’? ﬁ'qquﬁﬁm Sntadadanssinas

USLNDULUALABS bAane

vasudaimualusziugnsmnsay
walulagnisiaidundssuareufaseinig
il eg1suunnes Tu IddnsiTouasimun
UsgAvBamueauuaimedinegisseies 91ngUfl 5 ezt
famswautvesuuanei viade 9 lutlagunumned
Atenlossuinisldnumniign uavinlusuianuumines
dusulesauazgnunuiinie Lusnes aifioudamos
(lithium-sulfur battery) LURLABS LUUYBILT WA (all-
solid-state battery) wazuunme3awfianenia (ithium-air
battery) Faduuummeiiineulandgnisldaudiviuguey
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JUN 5 wansAdunuIBdundsIuvaskuames vllnnng q Adnisldnuludagdunasfieg neldnisidouasimun

finlUasann (Birke, 2018; Chung and Manthiram, 2019)

WURLADS LU Ave T 9 avualas uiinag

o

W lusgavanamnssulaguIeveng 9 (Sun et al., 2017)
Wy U3 Fuji film sianndiéninsladededals uenani
Fafl@an10u3 8 Samsune Yokohama LA ndauunLne3
vewdatmualnonislddidninsladuiindalus Usznousae
Ni-Co-Mn/Li-P-S/unslns diaanuq i 2,000 mAh wag
AMURUILUUNSNIUES 175 Wh-kg? (newenergy-leander,
2016)

Tud wa. 2558 HeruUszyuuuanes lulszima
GUu afedl 56 uTEM Sony lFuansuumADI AifiBuLUY
suadLL%dﬁ'jmmﬁﬁmmﬁw&qum&JEL%'SLﬁﬂIwﬂaﬁﬁjﬁm LiPON
wazflauuis LiMPO, 1 ud ualna (Yomogida, 2015)
wuameianunsavidusunssiitavuazinnuigamgiive
e

Tul w.a. 2559 nguAde Kanno fian1tumelulad
TaLAga 521U Toyota Motor Corporation WazeIANTIdY

High Energy Accelerator (Kato et al., 2016) 1o Waiun

Ww3iiAddnInslad 2 ¥AAB LiysiSiy 1Py aeS1s Clos WA
Lis P55y, TIN5t le0au 2.5x102 S-cm™ wag 1.0x10°
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