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Abstract

Garnet LivLaszZr2012 (LLZO) solid electrolyte has become an important research object in the field of
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energy storage devices due to its wide electrochemical window and good thermal chemical stability.
Currently, this material still faces two key challenges: the low room-temperature ionic conductivity
restricts its industrialization, and the high electrode-electrolyte interface impedance affects the ionic
transport efficiency. Existing research mainly optimizes through strategies such as grain boundary
modification and construction of interface buffer layers. This study modifies LLZO based on the ele-
ment doping strategy, introducing Ga and Ta elements into the LLZO system to form Ga-doped LLZTO
garnet solid electrolyte, focusing on exploring the mechanism of its synergistic improvement of mate-
rial ionic transport efficiency and interface stability. In this study, Ga-doped Lis.5-3xGaxLasZr1.5Tao.5012
(x=0,0.05, 0.1, 0.15) garnet solid electrolytes were prepared by a Ga doping strategy, and the effects
of Ga doping content on LLZTO were systematically investigated. The results show that Ga doping pro-
motes the transformation of the garnet solid electrolyte from the tetragonal phase to the cubic phase.
When x = 0.1, the density of the Gao1LLZTO sample sintered at 1150°C for 6 hours reaches 94.2%, with
an ionic conductivity as high as 3.95 x 10-4 S-cm-! and a limiting current density of 1.2 mA-cm-2. The
lithium symmetric cells fabricated based on this material can be continuously cycled 2000 times at
0.15 mA-cm-2 without a short circuit at 50°C. The capacity retention rate of the LiFePO4 full cell after
50 cycles at a 0.1C rate is 80.5% (Coulombic efficiency 99.9%), confirming that Ga-doped LLZTO is
beneficial for improving the interface stability.
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Figure 1. (a) XRD pattern of GaxLLZTO precursor powder; (b) Magnified XRD portion of GaxLLZTO precursor powder
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Figure 2. (a) XRD pattern of GaxLLZTO ceramic sheet; (b) XRD part of GaxLLZTO ceramic sheet
[ 2. (a) GaxLLZTO Fg& F# XRD [E; (b) GaxLLZTO &I XRD S A E
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Figure 3. (a) Cross-section of Ga)LLZTO ceramic sheet at 100 magnification; (b) Section diagram of GaoLLZTO ceramic
sheet at 1000x magnification; (c) Section diagram of Gao1LLZTO ceramic sheet at 100x magnification; (d) Section diagram
of Gao1LLZTO ceramic sheet at 1000x magnification
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Figure 4. EDS element distribution of GaoniLLZTO ceramic sheet
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Figure 5. (a) Nyquist curve of GaoLLZTO ceramic sheet; (b) Nyquist curve of GaosLLZTO ceramic sheet; (c) Nyquist curve
of Gag1LLZTO ceramic sheet; (d) Nyquist curve of GaoisLLZTO ceramic sheet

5.(a) GaoLLZTO & F B Nyquist BiZ%; (b) GaoosLLZTO FAE B9 Nyquist BiZ%; (c) GaoLLZTO & F #J Nyquist
BhZk; (d) GaoisLLZTO P& F B Nyquist BiZk
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Table 1. Fitted impedance and ionic conductivity of Lies-3xGaxLasZr1.5Taos012 (x =0, 0.05, 0.1, 0.15)
%2 1. LissaxGaxLasZrisTaosO12 (x =0+ 0.05. 0.1, 0.15)ESHEMMEFBSR

Sample Ry/Ohm Rgt/Ohm Ritotat/Ohm ionic conductivity/(S cm™)
GaoLLZTO 67.32 815 882.32 1.87 x 1074
GaoosLLZTO 57.5 557 614.5 2.60 x 1074
GaoilLLZTO 46.8 417 463.8 3.95x 107
GaoisLLZTO 50.31 452 502.31 3.30x 1074
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Figure 6. (a) Nyquist curve of Ga)LLZTO ceramic sheet at 25°C~70°C; (b) Nyquist curve of GaoosLLZTO ceramic sheet at
25°C~70°C; (c) Nyquist curve of GaniLLZTO ceramic sheet at 25°C~70°C; (d) Nyquist curve of GaoisLLZTO ceramic sheet

at 25°C~70°C
6. (a) GaoLLZTO FEFRTE 25°C~70°CHY Nyquist BiZk; (b) GaoosLLZTO FAE R 7E 25°C~70°CHY Nyquist BiZk; (c)

GaoLLZTO P& H 7 25°C~70°C HJ Nyquist BH%%; (d) GaoisLLZTO Fg& R 7E 25°C~70°C B Nyquist Fi&k
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Figure 7. (a) Arrhenius curve of LLZTO ceramics doped with different Ga; (b) Activation energy and density of LLZTO
ceramic plates doped with different Ga

7.(a) IN[E) Ga #£2H) LLZTO B&E /R Arthenius #i%%; (b) N[E Ga #2244 LLZTO A& R B L REMEH B

Arrhenius 77 FEIL G678 | Ga 4% LLZTO & & 15 LR A . I 7() T WL, ANEE & Ga oo
FPB 400 LLZTO [ & AR M E i InoT 2505 1000/T HAE SR FE R AT MEM DS, @id i+ H 5304 B Lk
RERATUBRERES R, BV A RS 20K T P34 200 B IS FHIE. 1€ 7(b) KW Ga B¢
WRFEAAL BB M LLZTO WIS ALAEREE, 245248 x = 0.1 I, (RRIGILAEMBILE 0.466 eV Fr4: FFZE
AL 0.414 eV, X2 T Ga> AR Lit gl aa ki A2, RIS 1 B il i3 22 . [a]INy Sk H R R Ak il 1
Gag LLZTO HIEUKE 94.2%, #aLHgTHRER A, 5 SEM WSS R —B, &30 4k B T 1808 ik
5 LR T oS, I Re A 4 S I AT AT

3.5. Ga JTTEIB AR LissnGaslasZr,sTao 50 BIE F NGB REKEE 24T

1.0 1.0
(a) Ga,LLZTO ( b) GaysLLZTO
05 05}
s Current density=0.15 mA-cm s Current density=0.156 mA-cm™
®
$ oo )
s s
051
1.0 L L L 1.0 L . L
0 200 400 600 0 500 1000 1500
Time(h i
10 ime(h) 1.0 Time(h)
(C) —— Ga,,LLZTO (d ) e Gay,sLLZTO
05} 05}
s Current density=0.15 mA-cm™ s Current density=0.15 mA-cm™
@ [
g 0.0 g 0.0
° °
> >
05} 05}
1.0 L . L 1.0 L .
0 500 1000 1500 2000 0 500 1000 1500
Time(h) Time(h)

Figure 8. (a) Cycle curve of GaoLLZTO lithium symmetric battery at 50°C; (b) Cycle curve of GaoosLLZTO lithium symmetric
battery at 50°C; (c) Cycle curve of GaoiLLZTO lithium symmetric battery at 50°C; (d) Cycle curve of GaoisLLZTO lithium
symmetric battery at 50°C

8. (a) Ga)LLZTO $BXFREBMAE 50°C KM THEIFELZ; (b) GaoosLLZTO $EXIFREEMTE 50°C - T RIMEIA LK ;
(¢) GagILLZTO $EXFREBMTE 50°C FH THITEIREILE; (d) GaoisLLZTO SEXFREBTE 50°C £ TRIEIR L
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sheet
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Figure 10. (a) Charge and discharge curves of LFP|GaoiLLZTOI|Li at different ratios; (b) Performance of LFP|GaniLLZTO|Li
and LFP|GaoLLZTOILi under different magnification; (c) LFP|GanLLZTOILi charge-discharge curve at 0.1C ratio; (d)
LFP|GaoiLLZTO|Li Long cycle discharge specific capacity and Coulomb efficiency of a full battery
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