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Research Progress on Lithium/Sodium-Rich Anti-Perovskite Solid-State
Electrolytes and Its Application
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Abstract: All-solid-state batteries are considered as one of the most promising next-generation energy storage technologies due to
their superiorities of high safety and high energy density. As the core component of all-solid-state batteries, solid-state electrolytes are
of great importance for the development of all-solid-state batteries. As a novel family of solid electrolytes, lithium/sodium-rich
anti-perovskites have attracted much attention due to their good comprehensive performances. In this review, the latest research

progress on lithium(sodium)-rich anti-perovskite solid electrolytes during recent years was represented.
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Table 1 Summary of synthetic methods and conductivities of Li/Na-rich antiperovskite solid-state electrolytes
. . Conductivitiy/
Composition Preparation method N References
(S.em ™)

Li;OCl1 LiOH and LiX (X=Cl, Br) annealed and dehydrated at 330-360 ‘C under vacuum for several days 0.85x107° [6]

Li;OClysBros LiOH+LiX—Li;0X+H,01 1.94x107°

Liz;OCl Li,0 and LiCl annealed at 423 K and 0.64 GPa [8]
Li,0+LiCl —%0 5 Li5(OH),Cl T SN Li;OCHH,01

Li;OCl Dehydrogenation of LiOH, LiX and Li metal or LiH via annealed at 480-600 ‘C [9]

Li;OBr LiOH+LiCl+Li—Li;0X+H,1 1x10°°
LiOH+LiClI+LiH—-Li;OX+H,1

LizOCl (film) Li;OCl target for pulsed laser deposition (PLD) 8.9x107° [10]
Composite target of Li,O and LiCl mixture for pulsed laser deposition (PLD) 2x107* [11]
Li,O+LiCl—Li;0Cl

Li,OHCI LiOH and LiCl annealed at 265 °C under vacuum for one day and then quenched to room temperature ~ 6.83x10™ [12]

(Orthogonal) LiOH+LiCl—-Li,OHCI

Li,OHCI (cubic) LiOH and LiX annealed at 360 ‘C for 2 h 8.9x10° [13]

Li,OHBr LiOH+LiX—Li,OHX 1.85x10°°

Lix(OH)9F,,Cl LiOH, LiCl and LiF annealed at 350 C 3.5x107° [14]

(cubic) LiOH+LiCI+LiF—Liy(OH),¢FCl

Na;0Cl Dehydrogenation of NaOH, NaX and Na metal via annealed at 350 C 6.3x107 (180 °C) [15]

Na;OBr NaOH+NaX+Na—Na;OX+H, 1 2.4x107° (180 C)

Na;OBro 6lo.4 2.26x107* (180 C)

Na 6S10.0s0Brolo 4 9.5x107 (180 C)

Na;OBH4 Na,O and NaBH, are mixed via ball milling at 350 rpm for 10 h and then annealed at 250 ‘C under 4.4x10°° [16]
vacuum for 10 h
Na,O+NaBH;—Na;OBH,

Na;ONO, Na,O and NaNO, annealed at 210 “C under vacuum for 12 h 3.7x107* (212 °C) [17]
Na,0+NaNO,—Na;ONO,

NazHSO, NaH and Na,SO, annealed at 328 “C under 20 bars of H; pressure for 48 h [18]
NaH+Na,SO4—Na;HSO,

M;HCh (M=Li or Na; MH and M,Ch annealed at 700 ‘C and 5 GPa [19]

Ch=S, Se or Te) MH+M,Ch—M;HCh

Nay oH (Segolo.1) MH, M,Ch and Nal annealed at 700 “C and 5 GPa 1x107* (100 C)
NaH+Na,Se+Nal—Nay oH (Segoly.1)

Na;FSO4 NaF and Na,SO, are mixed in aqueous solution and evaporated to dry 2.44x1078 (40 °C) [20]
NaF+Na,SO,—Na;FSO,

PR FLAAE BT A D, R R FRATERE AR TF K T AR A K EOE DR (PLD) AR il &

S — MR PR AR B, ffﬂi%&fi%ﬂi’fmf%ﬁ@ﬁ
Li;OX 5 N HI ) EAFRE ), HHE RN Em T
IMEH LiX-Li,O PiAHIRS Wo@%ﬁﬁﬁw

B LinO JE 52 2 2y )y A0, 451 i n sl s e
ZAF, Li;OX T WAERY, TA1hrescs i
B AR R R T AR Lis0X™ 1
4b, il Gao SRR Tl T —RINEHE
B ERH LisHCh (Ch=S, Se, Te), H H it
—r, AT NERFG, REGE Ch 47T ik

AT Rl VAR fﬁ%vlﬁ%@ﬁﬁ Li3HCh (Ch=S, Se)
TEH S T ARTEATREM, HtinHs /) 5 GPa It

bﬁl]ﬁ@ﬁﬁﬁkﬁnﬁ%jﬂ EH, ARFRGES. 1A,

B AT I A AR RS, ] Li;OC1 ik
FEAE 45 75 B0 LisOCT FEL 5 3 I L 5 AR,
7 8.9x10°° S/em! ™, i ] Li,0 5 LiCl & & 5044
FAFENN LisOCH HfA R i v 3 AR B i, A
2x10* S/em, - LiPON JHil i misy 2 e,
1.2 BRISEE

BBV RO, & AR NayOX 785 i 5
H BT 2R 1, RIS SERG e, IR E B R

PEERAT, R B SRS ERET S R e, LR 1. (Hih
TR T AT R AR K, R R B R

Fe O A, BN SRS R LA O A IR
FER BT R S TSGR . 140, NasOCl



+ 324 - CTERR ER 2540 J Chin Ceram Soc, 2022, 50(2): 321-330 2022 £

(b)

Li,ODBr o Observed

Calculated
R, =4.019
o 8.49 % — Difference
r=8. | Bragg position

Intensity

| | AL N | B A ' I R G
+ -

10 20 30 40 50 60 70 80 90 100
20/(°)
Bl 1 3T Li,ODBr H 7 ¥fis 4 MRS HIZE 9) Fourier 73 #7159 £f)(2) (001) &M% # B (b) (110)AATHIRL L () Sitl7n
BE; (@) hrdidirie
Fig. 1 Calculated contour plots of the difference nuclear density map of (a) the 001 plane at z=0.5 and (b) the 111 plane from the
neutron diffraction data; (c) Illustration of the crystal structure of Li,ODBr detailing the anisotropic thermal vibration
ellipsoid with 25% probability based on (d) the Rietveld refinement of the powder neutron diffraction data of Li,ODBr!"”
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