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Abstract : Lithium-ion battery (LiB) with high energy density and efficiency has been utilized
for the electric vehicle (EV) and energy storage system (ESS) as well as portable devices. How-
ever, as explosion accidents have frequently happened till lately, all-solid-state lithium secondary
battery (ALSB) began to get in a spotlight because it can secure a very high safety and energy
density by substituting flammable organic liquid electrolyte to nonflammable inorganic solid elec-
trolyte. In spite of ALSB’s certain merits, it has shown much poorer performance of cells than
one of LiB due to some challenges, which have been small or never dealt with in the LiB
system. Hence, although plenty of studies made progress to solve them, an approach about
design of all-solid-state electrode (ASSE) has been limited on account of difficulty of ALSB’s
experiments. That is why the virtual 3D structure of an all-solid-state electrode has to be built
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and used for the prediction of cell performance. In this study, we elucidate how to form the
3D ASSE structure and what to be needed for the simulation of characteristics on ALSB. Fur-
thermore, the ultimate orientation of 3D modeling and simulation for the study of ALSB are

briefly suggested.

Keywords : All-Solid-State Lithium Secondary Battery, All-Solid-State Electrode, 3D Structure, Per-

formance Parameter, Modeling And Simulation
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a)

7 Pore structure

Fig. 3. a) Sample SEM image after preparation for FIB-SEM tomography (Journal of Power Sources, 396 (2018) 363-
370), b) reconstructed 3D LiCoO, structure (Journal of Power Sources, 396 (2018) 363-370), c) 3D-reconstructed images
of the all-sold-state electrode showing the connectivity of each component (ACS Applied Materials & Interfaces, 10
(2018) 23740-23747)
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Fig. 4. a) Electronic clusters (Yellow) and unconnected particles (Red) on LiNiysCo0,Mng,0, 3D electrode structures
with different diameters of particle (5, 10, and 15 {im) (The Journal of Physical Chemistry C, 123 (2019) 1626-1634) b)
3D structure of all-solid-state electrodes with Li,O-SiO0,-TiO,-P,0540 and 10% together with their tomography images
(Energy Storage Materials, 19 (2019) 124-129)
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Nomenclature
Parameters Explanation Values

a, Specific contact area m’!

A Contact area m?
C Concentration mol m
D Diffusion coefficient m?s’!
F Faraday constant 96485 C mol”!
f Fugacity

J Current density on the electrode Am?
n Number of electrons

participating in the reaction

R Ideal gas constant 8.314 J mol!' K!
T Temperature K

14 Volume m’

t. Cation transference number

z Ionic charge

& Volume fraction

K Tonic conductivity Sm’
o Conductivity Sm!
Oy Effective conductivity Sm!
T Tortuosity

@ Potential A%
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