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KRESLIE [Si 2 BEITHE L T 2MLYERERE OWMHARK ] LEL, WLYERERE OWHEERICE W
TSR AR L, #i-MRAE2d720 L.

#10E [yam <k, BERREENE, RCERSEHRE 2z X HAREe L RS2 2E8R L 4 4~
B~FERT 2 L COFETH 3 BENLNEZERLE S, Si 28HItE L T 25 Li (B YIL, FE
DEEIRIE~DIRIRIMEDRZ L WG OBERSHEA THI T L BB L 72, AIFZE T SiSy JBUR o KAk
hCoEMmE, RURISHEZHL 22 Lz BT, Si %5 itHE L 3 2 Li mEWERCY A& R o M EE
iR &, AT OREABLA L AR I RIE TR EOFHEX AN E Lz L 250 L 7.

82 B TEBRFE] ok, WYEREREOWRMEER, BEHEROFIE 2L, Bohzidorxis
B, PrMEREM, M OB SAL AR O Tk i o v iR R s,

H3E [Si 20 —AROE & £EEE) | ©l13, AHEEET~D SIS, DRt L, BN —FR
BIER T 2E2 =y MiZDoW TR L7, T THEBRIEA~DBREES RO o Toiid o 72 SiSe 25,
LizS: SiS2=1:2 ® mol kit T, 7 F=F VL (ACN) FTERWVWEMREETT LR AB LA Boniz—
R (Li-Si-S ¥—VaH) 13, WP CriRAahEkch 27 XA~ v 2 VB SiuSiot2= v F 2T 5 2 & 23,
S NMR #ll7E, Raman #lI7E, KU Li-Si-S ¥ —KMWA & 2% I0HED mol b (Li: Si: S=1:1.04:2.56) 7 HRE X
N7z, 2 LT, Li-Si-S H—AmREZRHEARICIGH T2 EcoEEAME L LT, L4 VLA ERALTY
FLOREGEIERT 2 2 L3 nE—AROZELESE W Z &2 Raman JIE» HTRB I N, 7hF7etu7 7
v, BT F L Td ACN & [FIBRIC SiS, A L 23— sfaon, JE7a b viEmERIEo F i, AR
PRI T 2 IR~ DK FE D L 2 & B TERR L 7.

% 4% [Si 2&TE IR % 72 Li-Si-P-S—Cl % LGPS B A EBMEARK] T, Si 2 BHICEL T2
LY ERERE T COMBIIER ., WHEERROMEAESCAREICRIETHEICOW R LZ., ©
NI CHEOHEIGHEA TWIRD o7 Si ZBHICHE L T55 Li EEOHIY & LT, B4+ vizEikT
» % LiwGeP2S12 (LGPS) HUAH % /R 9~ Li-Si-P-S—Cl % LGPS BUFE(ABARE (LSiPSCl) DA #3472, Li-
Si-S ¥R & A\ 7RG 2 AR &, 8% S B o FA%REIC C LSiPSCI % HH C©f5 % 7o I B R & SiF %
B L, AR % LioSiiaP1seS11.7Clos &3 2 & T, 298K TDA F VIREED 6.6 mS cm! & =W\l %
N RAH AR (L-LSiPSCl) DA RIS KN L 7.

ek DHEMGR G % e L 72 A (S-LSiPSC) DA A+ V{GEE (8.8mScm™) EEMNH LN, 20
JE T L-LSiPSCl O RIfHEHTAY S-LSiPSCl & D 24 5K E WA R T Z LichkT 52 L%, 190K TD A v &
— XV ZMEH LIS 5T L7z, L-LSiPSCl 28 WHRIRHEST 2 /R U 7231l ik, SEM #1%¢, X U Raman HlIliE & B2
FRPPENDIR KIC X W 2N ZNAL 2T L7z, SEOK T RESPHILATFET 2R TIEE, RURILY)
DFTED, N7 RS ORI O Li A A VIREOREEL b 7- 0 LK L /=, —J7 T, L-LSiPSCl % 2[E{kE
o FEARBEREICHEIG L2 25, S-LSiPSCl ZHAW7254 & L ~IEME bk 0 BT i b3 2 a2 R
b, TG B O R 2 b TR 2, BB % IEE CHV 2 ROF ML R 055 2 LSRR S Lz,

FSE TRIG] i, AFRCERIGL 2. AEEEF CSiSBAARLRT X~ v 2 vIlGEL = v + 2B T
BZEBRBEIN, Bon Si et —BREHV3 2 8T, Si 2 BRICE L T LB ERE £ Ol
HEROMREH SR E N7z, 2 LT, WHERER TR TR 2 b TR R O RAL ) O TFE 12 R 3 5,
BAHZE DR & (2R 2 BLRAL AR RS 20T L7z, REFFECREEE L - &N, SitHE2 T4 i
LY ERBARE OB A BRI ERATRETH v, FAELNAZRBRHAKS LS CliolivizE 25 LT
DEE iR
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Simple liquid-phase synthesis can realize large-scale production, which is key to practical application of
sulfide solid electrolytes in all-solid-state Li-ion batteries. However, high Li-conducting sulfides
composed of Si as a framework element have not been applied to the liquid-phase method due to the low
solubility of raw materials in organic solvents. In this study, the solubility and reactivity of SiS, raw
material in organic solvents was examined, and the chemical compositional space of liquid-phase
synthesis was extended to high Li-conducting sulfides composed of Si as a framework element.
Consequently, the characteristics of the liquid-phase synthesized sample were revealed and their effects

on electrochemical properties were investigated.

SiS, was found to be highly soluble in acetonitrile at a specific SiS»: Li>S molar ratio of 2: 1. The
analysis of chemical bonding suggested that a soluble intermediate, namely the adamantane-type SisSio*
unit, formed in the homogeneous solution. Liquid-phase synthesis was attempted for the LijoGeP2S1»-
type phase in the Li—Si—P—-S—ClI system (LSiPSCl), which is a high Li-conducting sulfide composed of
Si as a framework element. Synthetic conditions to obtain LSiPSCl in a single phase were found by the
precise composition control using homogeneous solutions and adjustment in the excess S amount. A
liquid-phase sample (L-LSiPSCI), which was obtained at the nominal composition of
Li10.02Si147P1.56S11.7Clo 3 in the sample preparation, showed a high ionic conductivity of 6.6 mS cm™! at
298 K. In the L-LSiPSCI sample powder, numerous particle interfaces, pores, and carbides were
observed more clearly than in the solid-phase sample. Electrochemical tests suggested that while these
morphological features act as an obstacle for Li-ion conduction at the boundaries between the bulk

crystalline particles, they can be advantageous for the use as the solid electrolyte in the cathode layer.

The synthesis techniques developed in this study are applicable to the liquid-phase synthesis of various
sulfide solid electrolytes containing Si element, and the obtained results provide a guideline for the

unique usage of liquid-phase synthesized samples.
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