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A G 3 1% T Development of lithium ion conductor, LiioGeP2Si2, and its application to
all-solid-state batteries| & B L, &E{KEMIZH D Y ?“‘7.&%;&312!&0)/\52 REXs - BV OV E LA
AT 2EEEMOREELZE LD bDTHY | FHEETHIBIN2H 6 LRI TN D,
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% —%= [General introduction] Ti¥, EEEBMOKRMAEMICHITHMAESIT 2B, FOERIZ
BTV FULEEROBEEMEIZONTIEITNWS, £/ ?Wb’gfﬁﬁiﬁ'ﬁ% BT Dk d s O H
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% —# [Novel super ionic conductor Li¢GeP,S;,] Ti, LK ARH L7V F U LA A L EHER
Li;¢GeP,S12(LGPS)IZ DWW T X TCT U5, thio-LISICON #% (LisPSs-LisGeS,) DAHBIR Z F%E L AT
Ww it 95 2 & T LGPS 47, F it & k7% W 7o R ORS S & fEHT 2170y LGPS
OGS 2 FE Lz, & 52 LGPSIXEE T 12mSem™ & @\ A AL MBERE RS Z L 2W LT L
7o

% =& ISolid solution system of Li; oMM’ _.P,S;» (M, M’ = Si, Ge, Sn) with the Li;(GeP,S ,-type crystal
structure] Ci%, LGPS %L BOTHEBEEREGK L, € OEEBERE( L FEMEEE LM L,

ZAUC LY LGPS HEICBITH Y F U LEERELBELE L, BRAFKT 52 HEOEESMNY F
T LADDARITEL, I OHITITEERICEET DL ké’ﬁﬁj L7z,

%I TElectrochemical stability of Lij(GeP,S;,) TiL, H _EHETRH LU F ¥ LEEK LGPS OFE
LALFE L EMIZ OV THA LT BRI O W TR TV 5, LGPS 1% 0.8V(vs Li/Li+t) CiE o045 Z &
EWHLMNC L, £ 0O0i#EfE%EZ XRD, TEM, XAFS B X OESILFEHFEICLVRE L, &
HIZERALFIINCZER LiPS4 I DWW T HFHAT 5 Z & T, LGPS & LisPSy DEZALFLEMEIZI T
DIENEELE LT,

AT T An all-solid-state battery employing Li;(GeP,S), as solid electrolyte] Ti, H—FECTRH LA
I HMER LGPS 2 EEAREMITIEH LRI W TR TS, F 7R UEBAHE K CEMRIKR
®)??A4ﬁ/ S AFR L, ZORMEZ I LT, £ ORER, RFEAREIZ-30C~100C DR

FHCHAEBM LD GENLRHEERL, BEEERIEOA AV EBERICBITAHA A VBEEA =X L
@Eib\#?'é’f\ﬂ:%}im IRESEET L EERH LT,

FNE= [General conclusan T, KN i%f"*% LTW5,

INEETHIT, Kim REREMOERICLE MBI THD Y 7"7-54’ 73‘/’%55{2& O ANEN
#HLWAE LGPS % B L/\ %@%kaﬁf IZOWTHIEZ TV, RFEREMIZISHT 2 2 & Tiek
DEMRREHNTZ) T U LA 4 BRI T HEMMEEZA SIS Lic, AREIXY F UL A4 EHE
BRI DO LTtz 5 2| /kﬂ“ﬁfﬁﬁﬁ& L COEBKREROAEEEZTRTHOTH D,
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In order to realize the high energy all-solid-state battery, high ionic conductivity comparable to liquid
electrolytes is required for solid electrolytes. Among the lithium solid electrolytes reported today, none of
them have conductivities comparable to those of organic liquid electrolytes. Therefore, searching new
solid electrolyte is very important. In this thesis, we focused on a solid electrolyte of thio-LISICON
(Li3PS4-LisGeSy system) which exhibits high ionic conductivity at of 10° S cm™ at room temperature. By
optimizing the synthesis procedure, we obtained a novel solid electrolyte Li;¢GeP,S;, (LGPS) in chapter 2.
LGPS exhibits extremely high ionic conductivity which is comparable to or higher than those of liquid
electrolytes. Its crystal structure was clarified by using synchrotron XRD and neutron diffraction
measurements. Furthermore, in chapter 3, some solid solutions were also synthesized and their ionic
conductivities and ionic conduction mechanisms were investigated. For battery applications, the
electrochemical property of LGPS was studied and its decomposition mechanism was investigated by using
the techniques of XRD, TEM, XAFS and electrochemistry in chapter 4. In chapter 5, we compared the
performance of all-solid-state batteries to liquid lithium ion batteries and clarified intrinsic properties of the
all-solid-state system based on similar battery configurations. Results showed that the all-solid-state
system possesses extremely high performance over a wide operating temperature range, and superior

battery characteristics over conventional liquid battery systems.
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