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Fig.1 Experimental process of LLLZO synthesis

by spray evaporation method
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a—Schematic diagram ;b—Actual photo
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Fig. 3 Hot-press sintering device

a—Hot-press sintering mold ;b—Hot-press sintering furnace
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Fig.5 Morphology and element distribution of Ta doped spray evaporation powder at 1. 2 mol/L. and 700 “C
a—Morphology of Ta doped spray evaporation powder;b—Ta(Ma) ;c—La(Ma) ;d—Zr(Lal) ;e—0O(Kal)
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Fig. 7 Morphology, crystalline phase and electrochemical impedance spectroscopy of solid electrolyte pellets
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a—Morphology of electrolyte pellet Al doped ;b—Morphology of electrolyte pellet Ta doped ;c—Crystalline phase of Al doped and
Ta doped electrolyte pellets;d—Electrochemical impedance spectroscopy of Al doped and Ta doped electrolyte pellets
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Table 1 Conductivity of LLZO synthesized by different methods

Synthesis method Calcination condition Sintering condition Chemical formula Conductivity/(10~* Seem ™)
Solid-state reaction 17! 900 °C,6 h 1100°C,16 h Lis La,Zr, , Ta, 0, 2.90
Co-precipitation 1) 850 °C,10 h 1180°C,10h Li,La,Zr,0,, 2.00
Sol-gel 1% 900°C,5h 900 °C,4 h Li,La,Zr,0,, 0.03
Flame synthesis " — 800 °C,4 h Liggs AlyyLayZr,0,, 1.80
Spray evaporation %! — 1000°C,1h Ligss Al sLa,Zr,0,, 0.04
This work 1000°C,10h 1200°C,2h Lis; Aly;La Zr,0,, 2.00
This work 1000°C,10h 1200°C,2h Lis LagZr,  Tay 0y, 2.70
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Preparation of Al and Ta doped lithium lanthanum zirconate
solid electrolyte by spray evaporation

GAO Peng' SHEN Yufan' ZHANG Yang'?’ ZHANG Hai' LIU Qing'
(1. Department of Energy and Power Engineering , Key Laboratory for Thermal Science and Power
Engineering of Ministry of Education, Tsinghua University, 100084 Beijing, China; 2. Shanxi
Research Institute for Clean Energy, Tsinghua University,030000 Taiyuan, China)

ABSTRACT In this study, garnet-type solid-state electrolyte lithium lanthanum zirconate
(Li;LayZr,0,,, LLZO) was prepared using the spray evaporation method, and solid electrolyte pellets
were obtained through calcination and sintering. The synthesis of L1.ZO via spray evaporation offers
advantages such as achieving molecular-level mixing, generating minimal wastewater, and ease of
controlling synthesis conditions. Common dopants for high lithium-ion conductivity phases of LLZO
include Al-doped LLLZO (Lis LasZr,Al, ;0,,, AI-LLLZO) and Ta-doped L1.LZO (Lis,lLasZr, Ta, ;O,2,
Ta-LLZO). However, since the precursor used in the spray evaporation method is predominantly
solution, synthesizing Ta-1.1.ZO presents certain difficulties, and to date, there have been no reports
on the synthesis of Ta-LLLZO using this method. This paper proposes a method for synthesizing Ta-
LLZO by using a suspension containing solid Ta,O; particles as the precursor. Characterization tech-
niques such as scanning electron microscopy (SEM) , X-ray diffraction (XRD), and electrochemical
impedance spectroscopy (EIS) were employed to investigate the effects of Al and Ta doping on the
morphology of evaporation powders, the morphology and crystal structure of calcination powders, as
well as the morphology, crystal structure, and ionic conductivity of the final solid electrolyte pellets.
The results indicate that for Al doping, under conditions of high evaporation temperature and high pre-
cursor concentration, the evaporation powders tend to form a spherical shell structure, while con-
versely, a solid structure is more likely to form. For Ta doping, the presence of solid Ta,Os particles
leads to the formation of a solid structure in the evaporation powders. The calcination powders of Al
doped LLLLZO contain more L.aAlO; impurities, while the Ta doped calcination powders contain more
La,Zr,0; impurities. Ultimately, the lithium-ion conductivity of the Al doped electrolyte pellets is
found to be 2. 0X 10™* S/cm, and that of the Ta doped electrolyte pellets is 2. 7> 10* S/cm.

KEYWORDS AI-LLZO, Ta-LLZO, spray evaporation method, morphology, lithium-ion
conductivity

HIGHLIGHT

1. The preparation of Ta-LLILZO via the spray evaporation method has been achieved, utilizing a
suspension containing Ta,O; as the precursor.

2. It is observed that the suspension precursor tends to form solid structured spray evaporation

powder upon undergoing the spray evaporation process.
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