FERE: kF 2024 F£ 54 % F 12 Hi: 2429 ~ 2437

SCIENTIA SINICA Chimica
W i

ChERE ) Atk
SCIENCE CHINAPRESS

chemcn.scichina.com
CrossMark

& click for updates

A R T 2 FLR L Lay Zr, O, I i 57 3 F

AW, AN, BT, IS, RiTHE

PN K ELRL S HHER 2B, #M 215006

*WHSEH, E-mail: jeffni@suda.edu.cn

WA F39: 2024-04-12; 4352 H: 2024-05-07; W% % % H 1: 2024-08-15

EX ARFIAEE &5 52372213, 52172219) VLI KR AN UIZR-RI(G 5 5731510222) VT 75744 0 50 AL RIS S A 37 iR (4
51 SICX22_1501)% Bhui A

WE AR EASEMALLaZR0, (LLZO)AEE TSRS, BEAFHF DT, MMUTETF. HFRE
M EFE, EARERAN. BREFENESERMNALMFH LT SEERZHMT. AW, 5ERERLE
AR, LLZOMW® TS R8T UMK EH, T ELLZO® M f A 5 s 4% o9 B - B B2 e B 7= A2 9 510 v L 4 %
—ANBRRREER. K, ARENTZRITTLLZOWHMZHME, AMBET RHHHRE, ALESHEH#TE
% AXEREERLLZOSE BT AL EW & £, AH&F %, AEREMIIAFEFHFEETANE

4, N EARRW KR MBATT RE, AT AHLLZOHY 3£ I bz F 47 4 F K38

KT

1 5%

PRI E R R R 23, G0, TR
IR SR OB SR S, TR 2 kA B4
AR EI R B R R R . KAE A A AR
Bis i A, M99 1AE R JE 3 — R LT3t 5
AT Z 248, B AT, A Eib T2 R T FHL
ANl B3 TRAEES AT, JFCBWiE
T AR (E R s F BRI,
SRAFAERE — RAII ) BB, — 7 10, 40 e 7E B B B
T BRI R T B ZR R R . B ZE 0] s it ) i
B SR 300 Wh k!, {H B RTSN A 4E et ) g
B B M 150~200 Wh kg™, A2 LAHES) LB 2 1Y
SRR, 7T, A G e A ) A R A

o B, EABMMN, LijLa,Zrn0, B THEFE

Y. A L R VRS R 2 B R S IR A HL
Wi, FAAEAR R 2 4R, 48 b AR B S i
e, (HRESE NSRS A YL
Vedgez, i A A K. g 7 R bR F i i T
kg, 3% £ HA AR T R 22 4 XU 117 3] 45 L A
R B AR A VE R i, Rl 2 4R
F AR R RSB LR . SIS BRI AR, B E
figE 5 B0 40 A L Yt B0 B 70 (O L RE B (400 Wh kg ')
ST ()22 A RN SEAR S i A A e PE.
TERE G it b, LI [ A r AR R R R A
A WA, . SR EY. L,
A E S R T B AR R RA BR AN
BT FAR(NASICON) R fift Ji, L= 2O i 2 AbTE
TETHSEMSBAL107~107 S om™") K [H-[H 7

SSC-2024-0054

EliE Wang J, Zhu S, Li Z, Sun H, Ni J. Research progress in garnet type solid electrolytes of Li;La;Zr,0,. Sci Sin Chim, 2024, 54: 2429-2437, doi: 10.1360/

©2024 (HEMFE) FiEHt

www.scichina.com


https://doi.org/10.1360/SSC-2024-0054
https://doi.org/10.1360/SSC-2024-0054
www.scichina.com
chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSC-2024-0054&amp;domain=pdf&amp;date_stamp=2024-05-24

TR A AR Y S AR 5 i Lay Ze, 0, FOWF FE 3E Fi

TR PR ANEED ), A4k [ 25 FEL A5 Lis, La, 5_, TiO;
(LLTO) BARTE R I FEAE107° S em ™ 1B T H G2,
B ANE BN AR S i . X2 B FLLTOH
P 7 54 4 S A 25 5 i T, T L & A
A LA, SRR, BT RER
fik. NASICONZY [iH] 25 Hi R Jii Nay Zr,Si, PO, BRA B 5,
FEHAE SR 5 ER A PERBE R 0T RE H 4 i
LA R IR SR R . AR A B LisLasZn,0y, (LLZO)
1E B MR B B T 5% (>107 S em ™) [,
R T BRI H 2 T2 fae bR, w
RIFAL S (35 V) Bl R e A v e ™)
Ik, E20074 Thangadurai 2 5@ ot [ A1 45 V: K45 T
SRR BILLZO AR, W73 SN LLZO ™ A4
TR, Rt L i+ 2449, LLZOCARA T
—RANEEF IR, Fa %X H T IR
g BTk, ASCHE B IR LLZOZE R R AE AR5 H AL
PRAOSERE L, MHI& VA oot R BRI Se I F B & T
AT AN S, FR0 AR SR K R 7 it AT e 2
(1),

2 BRI

LLZO) #1215 LA R4 R 2 AR e 1k,
A [ 2 B A Y U R T M B B N R . A
LLZOFAEPI AN AR 4k, S5 i) 72 e i
BT R S R ZE R I, RATE Xt
LLZOM P 1 2 G AR S5 Ml AT Tl ZE A i, IFRSANIA
LR T B S AR AL BEAT IR AR

21 iREH

LLZOA W FPAS [F] (1) s R a5 i (12): — il ==
W8 NIa-3d (No.230))c-LLZO (SLJ5HH); —Hje
2% [A) B NI41/acd (No.142)FIt-LLZO (VY5 H0). 7E5iH
BRREET, AT RLAA DY 5 A RS2 7 AHAEAS. +-LLZO
Fle-LLZOE A R FIMESL S5 1), #R2 i+ —H{ALa-
(1)Og+ La(2)Og 1 J\THARZIOZH B 1. FEIX HI7EFLiJs
FAEH A AR E AN,

AwakaZs ' B R T -LLZO, FEF 8 X
SHERATH T R BLLAJE 7 88 T = Rl S 1 &b A for
B L) H4E 7R 8afs B, Li(2)FLi(3)J5
For 5 HE T AR \TH AR 16/ fI32g M B . I,

2430

@ ﬁz’%

° 2 3 =
fci#?k/,'

Bl 1 LLZOZEMIRFIL il 2 7 i A s S (19 2 iRz )

Figure 1 Structural characteristics, synthesis methods, and modifica-
tion strategies of LLZO (color online).
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Figure 2 Crystal structures of LLZO: (a) tetragonal phase LLZO;
(b) distorted tetragonal phase LLZO; (c) cubic phase LLZO. Lithium
arrangements in (d) tetragonal phase LLZO and (e) cubic phase LLZO.
(f) Ring-like structures of lithium arrangements in both tetragonal and
cubic phases of LLZO [10] (color online).
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Figure 3 LLZO electrolytes. (a) Powder preparation using solid-phase
and liquid-phase methods; (b) further sintering of the powder into
ceramic discs (color online).
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Figure 4 Three different doping sites in LLZO. Green represents doping at Li sites, red indicates doping at La sites, and blue denotes doping at Zr

sites [25] (color online).
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Figure 5 The role of sintering aids. (a) Without sintering aid; (b) with
Al,O5 as a sintering aid (color online).
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Figure 6 Mechanisms of dendrite suppression via surface coating.
(a) An intermediate layer that is ion-conductive but electronically
insulating inhibits lithium dendrite growth; (b) an intermediate layer
that is ion-insulating but electronically conductive promotes lithium
dendrite growth (color online).
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Research progress in garnet type solid electrolytes of Li;La;Zr,0,,
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Abstract: The garnet-type solid electrolyte Li,La;Zr,0,, (LLZO) exhibits high ionic conductivity, a broad
electrochemical window, excellent thermal stability, and robust chemical stability. These characteristics render it pivotal
in the development and commercialization of high-safety and high-energy-density solid-state lithium batteries.
However, compared with traditional liquid electrolytes, the ionic conductivity of LLZO is several orders of magnitude
lower, and the interfacial resistance arising from solid-solid contacts between LLZO electrolyte layers and electrodes
poses a significant challenge. In recent years, extensive scientific research on LLZO has been conducted, yielding
substantial progress, which necessitates a comprehensive review. This article summarizes the structural features and
conduction mechanisms of LLZO, along with its synthesis methods, modification strategies, and practical approaches.
Additionally, it provides an outlook on future directions to underpin the practical applications of LLZO with a scientific
foundation.
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