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Abstract

Among a variety of inorganic solid-state electrolytes, garnet-type LizLaszZr2012 (LLZO) is recognized
as one of the most promising candidates for industrial application owing to its wide electrochemical
stability window, superior chemical stability and thermal stability. Although LLZO0 has many advantages,
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it possesses obvious deficiencies. Its low room-temperature ionic conductivity hinders its practical
industrialization, which can be ameliorated via targeted modification approaches such as grain bound-
ary regulation. In this study, dual-doped garnet solid-state electrolytes Lis.sCexLazZri.6-xTao.4012
(CexLLZTO, x = 0.08, 0.1, 0.2, 0.3, 0.4) were synthesized by cerium doping into LLZTO, and the influ-
ence of cerium doping content on the performance of CexLLZTO was systematically investigated. A
15% excess of lithium combined with pre-sintering at 850°C can enhance the ionic conductivity and
reduce the bulkimpedance and grain boundary impedance of the garnet electrolytes. With the increase
in Ce doping amount, the crystalline phase of CexLLZTO gradually transforms from tetragonal to cubic.
The optimal ionic conductivity of 4.2 x 10-#4 S-cm-1 is achieved at x = 0.3.
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Figure 1. (a) XRD patterns of Ce-LLZTO at different pre-sintering temperatures; (b) Partial enlarged XRD patterns of Ce-LLZTO
at different pre-sintering temperatures; (c) Nyquist plot of Ce-LLZTO pre-sintered at 850°C; (d) Nyquist plot of Ce-LLZTO
pre-sintered at 950°C
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FkesE Ce-LLZTO B9 Nyquist BiZ%; (d) 950°CFiikesE Ce-LLZTO B Nyquist Fhzk
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Figure 2. (a) XRD patterns of CexLLZTO (x = 0.08, 0.1, 0.2, 0.3, 0.4) ceramic pellets; (b) Partial enlarged XRD patterns of
CexLLZTO (x =0.08, 0.1, 0.2, 0.3, 0.4) ceramic pellets
2. (a) CexLLZTO (x = 0.08, 0.1, 0.2, 0.3, 0.4)Bg&EH # XRD [&l; (b) CexLLZTO (x = 0.08, 0.1, 0.2, 0.3, 0.4)fg&H#Y
XRD #BSAKE

3.3. Ce TTEB LM LissCeLasZrsTa0401. AR BT E SRR N

Figure 3. (a) Cross-sectional SEM images of CeoLLZTO ceramic pellets at 500x magnification; (b) Cross-sectional SEM images
of CeoLLZTO ceramic pellets at 1000x magnification; (c) Cross-sectional SEM images of CeosLLZTO ceramic pellets at S00x
magnification; (d) Cross-sectional SEM images of Ceo3sLLZTO ceramic pellets at 1000x magnification
& 3. (a) CelLLZTO BHER 500 EHMABH THEEE; (b) CeolLZTO &R 1000 FRABH THEEE; (o
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Figure 4. EDS elemental distribution diagram of Ceo3LLZTO ceramic pellets
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Figure 5. Nyquist plots of Cex-LLZTO ceramic pellets with different doping contents: (a) Ceo.0s-LLZTO; (b) Ceo.1-LLZTO;
(c) Ceo2-LLZTO; (d) Ceo.s-LLZTO; (e) Ceos-LLZTO; (f) Ceo-LLZTO

5. RNEIBLREE Cex-LLZTO FEEFH B Nyquist B : (a) Ceoos-LLZTO; (b) Ceo.1-LLZTO; (c) Ceo2-LLZTO; (d) Ceos-
LLZTO; (e) Ceos-LLZTO; (f) Ceo-LLZTO
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Table 1. Fitted impedance and ionic conductivity of Lis.cCexLasZr1.6-xTao4O12 (x = 0.08, 0.1,0.2, 0.3, 0.4)
2 1. LissCexLasZri.6-xTa04O12 (x = 0.08, 0.1, 0.2, 0.3, 0.4 IS RIFIE TR SR

Sample Ro/Ohm Rgy/Ohm Ruou/Ohm Tonic conductivity/

(S-em™)
Ceo.0sLLZTO 58.03 536.67 594.7 226 %107
Ceo.lLLZTO 51.7 376.3 428 32x10™
Ceo2LLZTO 45 335.8 380.8 3.6x107
CeosLLZTO 40.08 249.92 290 42 %10
Ceo4LLZTO 50.73 539.47 590.2 225%x 107
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Figure 6. Arrhenius curves of LLZTO ceramic pellets with different Ce doping contents

& 6. I[E] Ce #3289 LLZTO @& H Arrhenius HiZk
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Figure 7. (a) Cycling curve of Li symmetric cell with CeoLLZTO at 50°C; (b) Cycling curve of Li symmetric cell with Ceo3sLLZTO

at 50°C
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Figure 8. (a) Maximum current density of CeoLLZTO ceramic pellets; (b) Maximum current density of CeosLLZTO ceramic pellets
8. (a) CelLLZTO BER R RBIREE; (b) CeosLLZTO ERRXBREE
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PELI 78 FE R SRR BRI W2 45 2% 5 [ A B AR X)L (O B s e M, SR 7R 1E FEL IR T 78 B A BRI
] 7(a)« ¥ 7(b)/& LiLLZTO|Li A1 Li|Ce-LLZTOI|Li X§ FK FIBTE AL E A 0.1 mA-em 2 N 78 B 1 ]
%, KB 2% Ce JLEM LLZTO XHFRHIBAE 0.1 mA-cm™ HLFEE B NG 700 h B RIAR AL B R 308 % 0.5
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Figure 9. (a) Charge-discharge curves of the LFP||CeosLLZTO||Li cell at different rates; (b) Electrochemical performance of
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