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&1 LLZO BERBHAAERXMNNEFEISIEMMNE
Table 1 Common doping elements of LLZO and their corresponding ion conductivity and prices

Material Doped elements Raw materials Price (RMB/100g) lonic conductivity x10%(S-cm™) Reference
LGLZNO Nb Nb,Os 162.90 92.8 [85]
Ga Gay03 899.90
LLZCWO w WO 126.90 5.74 [83]
Ca CaO 11.98
LALZTO Al Al,Os 61.90 151 [86]
Ti TiO, 15.58
LLZTO Ta Ta,0s 549.90 11 [79]
LLZNO Nb Nb,Os 162.90 7.00 [45]
LGLZO Ga Ga,03 899.90 20.6 [47]
Taking aladdin 99% as an example.
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Table 2 Layout of oxide route solid electrolyte companies

Corporation Main business

System Capacity layout

Qingtao (Kunshan) Energy Development Group
Co., LTD.
Ganfeng Lithium

Solid-State Batteries

Production capacity exceeds 1300 tons (LLZO
LATP/LLTO/LLZO
exceeds 3000 tons, LLTO exceeds 1000 tons).

LATP/LLZO/NASI Various types of oxide solid electrolytes with

Lithium products and processing batteries

Liyang Tianmu Pilot Battery Material Technology Solid electrolyte materials, silicon-based

Co., LTD. anode
LionGo New Energy Co., LTD.

Solid electrolyte materials

XTC New Energy Materials (Xiamen) Co.,

LTD. electrolytes
Ronggu New Materials Technology (Shaoxin

99 oy ( 9 Solid electrolyte materials
Co., LTD.

Yibin Nanmu Nano Technology Co., LTD.

Solid electrolyte materials

Shanghai EMPEROR of Cleaning Hi-Tech
Co., LTD.
Quantumscape

Water treatment

Solid-State Batteries

CON production capacity exceeding 100 tons.
Production capacity reaches 3000 tons (solid
LATP .
powder materials).

LATP/LLZO/NASI Solid electrolyte powder production capacity

Positive electrode materials, solid

CON reaches 7000 tons.

LATP/LLZO/NASI . .
LLZO production capacity 100 tons.

CON
LATP/LLZO/NASI

CON

Planned investment in a production line
LLZTO .
exceeding ten tons.
LLZO/LGPS
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Challenge and Solution of Garnet Oxide Solid Electrolyte for All-Solid-State Lithium Battery

MA Xiaojun, ZHAO Ning, GUO Xiangxin
(College of Physics, Qingdao University, Qingdao 266071, Shandong, China)

Extended Abstract

Garnet-type solid electrolytes are the most promising materials available, which attract much attention, due to their high ionic
conductivity, wide electrochemical window, and stability with lithium. However, some challenges such as surface stability, lithium
dendrite penetration, and cost remain critical for its industrialization. This review focuses on the crystal structure and ion conduction
mechanisms of garnet-type oxide solid electrolyte (LizLasZr2012, LLZO) to investigate the formation mechanisms and removal
strategies for surface passivation layers, including lithium carbonate and lithium hydroxide. For the lithium dendrite penetration of
LLZO, potential solutions are explored in view of the black and surface properties electrolyte.  For the industrialization, this review
analyzes the cost optimization strategies for garnet-type solid electrolytes, aiming to provide valuable insights for industrial
advancement.
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Summary and prospects Garnet-type oxide solid electrolytes hold a significant promise for solid-state batteries due to their high
ionic conductivity and wide electrochemical window. However, large-scale production faces several challenges, i.e., 1) poor stability
against air leading to the formation of lithium carbonate, 2) preventing the growth of lithium dendrites at the anode interface, and 3)
high costs. These issues hinder the application of garnet-type all-solid-state batteries. Future development in garnet oxide solid
electrolyte should focus on the following aspects. First, the surface alkalinity and the mechanism of lithium carbonate formation
should be characterized accurately. It is crucial to contrude the excessive addition of lithium raw materials. While excess lithium can
compensate for lithium losses during the heating and lead to lithium accumulation on the surface. Thus, a dynamic equilibrium must
be established between the lithium supplement during sintering and the residual lithium on the surface. Furthermore, the formation of
lithium carbonate is a dynamic process. Removing lithium carbonate is thus insufficient. Instead, it is indicated to convert lithium
carbonate into a protective barrier that is both conductive to lithium ions and stable in air. Second, previous work proposed to mitigate
the growth of lithium dendrites at LLZO/L.i interface via incorporating the artificial solid electrolyte interphases (SEI) or buffer layers,
which could facilitate a uniform electric field distribution and promote even lithium deposition at the interface. Moreover, the
fabrication of highly densified LLZO represents an idea approach to alleviate the lithium dendrite growth. Third, , rare-earth elements
are widely used for doping to improve the ionic conductivity, which increases the cost of raw materials. The existing low-cost element
doping, such as Si, Fe, Ca and W, are developed. In addition, developing a low-carbon sintering method is also an important way to
reduce the cost. All-solid-state lithium batteries show a great potential with the continuous research efforts.

Keywords garnet type solid electrolyte; solid-state batteries; ion transport mechanism; industrialization



