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Abstract

To obtain highly conductive Li;_xLazZr,_xTax012 (LLZTO) electrolytes, the influence of Al and Ga on
them were investigated. The Al and Ga have been demonstrated to be supervalent dopants that
stabilize cubic garnetof Li;La3Zr,012 (LLZO) electrolytes. They are also sintering-aided compositions,
increasing the overall conductivity of LLZO electrolytes. The results show that all the obtained
electrolytes are cubic. The densification and conductivity of the LLZTO electrolyte were improved
by Al or Ga inclusion. In the Al-Li;_xLasZr,_xTax012 (Al-LLZTO) electrolytes, Al was found in the grains
and grain boundaries, but the Al content in the grain boundaries is about twice of that in the
grains. The overall conductivity was optimized to 0.54 mS/cm with an activation energy of 0.42 eV
for the Al-Li¢4LasZr14Tao.c012 sample. In theLi;_x-3yGayLazZr;_«Tax012 (Ga-LLZTO) electrolytes, the
Al in a low conent and Ga were found in grains and grain boundaries. The overall conductivities of
Ga-LLZTO electrolytes were higher than that of the AlI-LLZTO electrolytes with almost the same
nominal Li-content. Finally, the highest overall conductivity of 0.87 mS/cm with a low activation
energy of 0.33 eV was achieved for the Lis 4Gao.1LazZr17Tao3012 sample.
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Figure 1. (a) XRD pattern; (b) SEM images of the fractured surface; (c) Typical AC impedance spectra, fit-
ting curves and equivalent circuit; (d) Arrhenius plots of bulk and overall conductivities of the
Lig.4LasZry 4Tag 01, electrolyte without Al
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Table 1. Lattice parameter, relative density, total conductivity, electronic conductivity at 26°C, and activation energy of the
total conductivity of the electrolytes

= 1. BERERNSEESH. BNEE, 26 CHNEBSE, BFERSE. DHESRHIERE

Moy ruA% 2 £ (nm) FHT 5 (%) Grotal (MS/CM) E. (eV) 00 (x1078 S/cm)
Al-LigglazZry ¢Tag 4012 1.296 89.9 0.37 0.36 11
Al-LigsLazZr;sTagsO012 1.294 94.1 0.36 0.40 0.8
Al-Lig4LazZr; 4TagsO012 1.295 91.1 0.54 0.42 4.8
Al-Lig3LazZr; 3Tag 7012 1.294 92.9 0.28 0.43 2.7
Al-Lig,LazZr; ;TaggO12 1.294 82.8 0.12 0.45 6.7

Lis 25Ga0.02LasZr1 31 Tao 60012 1.295 95.6 0.40 0.42 45
Lis25Gag.05LasZr; 4 Tags012 1.294 92.6 0.45 0.41 14
Lis25Gag1LasZrs 45 Tao 45012 1.297 90.2 0.40 0.39 2.1
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Figure 2. (a) XRD patterns and; (b) Raman spectra of the Al-Li;.,LasZr,.,Ta,Oy, electrolytes
2. Al-Li;yLasZr, Ta,05, FBEEFRAI(a) XRD EiE; (b) Raman i

Figure 3. SEM image and EDX analyses of the fractured surface for the Al-Lig4LasZr;4TageO01,
electrolyte. Different colors represent the different elements distributions across the sample: red—O,
green—La, purple—Zr, blue—Ta and yellow—Al
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Figure 4. (a) Typical AC impedance spectra of the Al-Lig4LasZr; 4Tay¢O1, electrolyte and (b) Arr-
henius plots of overall conductivities of the Al-Li;_yLasZr,,Ta,O,,electrolytes
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Figure 5. (a) XRD patterns and (b) Raman spectra of the Li; 3 Ga,LasZr, ,Ta,0;, electrolytes
5. Li7_x-syGaylagZr, «Ta,O1, EBAE B A (a) XRD EliE, (b) Raman i

Figure 6. SEM image and EDX analyses of the fractured surface for the Lig5sGag 1LasZr; s5Tag 4501,
electrolyte. Different colors represent the different element distributions across the sample: red—O,
green—La, purple—Zr, blue—Ta, wine—Ga, and yellow—Al
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Figure 7. (a) Typical AC impedance spectra of the LigsGag gsLasZry 4Tag 01, €electrolyte and (b)
Arrhenius plots of overall conductivities of the Li; . 3,Ga,LasZr, ,Ta,O, electrolytes
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Figure 8. (a) XRD pattern and (b) SEM images of the fractured surface of the Lig,GagiLasZr; 7Tag301,

electrolyte
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