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ABSTRACT

“Advanced lithium-ion batteries (LIBs)” are a class of next-generation batteries, which combine the advantages of
conventional LIB with new cutting-edge technologies for high performance of battery cells. These batteries have a
wide range of applications as basic energy devices in our global society. To realize advanced LIBs with high
energy densities, improved battery material powders and their structural designs play a crucial role. This paper
aims to introduce the fundamental designs of battery powders for advanced LIBs, along with several powder

treatment techniques that contribute to the development of high-performance batteries.
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Fig. 1 Cross-sectional images of a LIB electrode (a)
optical microscope, (b) Raman map (red: cathode
active materials, green: carbon conductive
additives).
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Fig. 2 Porosity as function of small spheres fraction in
binary mixtures of spheres predicted by Furnas
principle.
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Table 1  Electrochemical and powder properties of LIB cathode active materials.
. Gravimetric Volumetric
Discharge Average  True Average  Electrode Electron E E
Nner; Nner;
Materials  Capacity Voltage Density Diameter Density Conductivity D g? D gz]
R €NSI’ €nsl1
(mAbg)  (V,Li'/Li) (gem’) (um,D50) (glem’)  (S/cm) (wé)(wg
LiCoO, 165(43V) 3.8 5.0 20/4 3.8 10° 627 2382
NCA 185(43V) 35 4.9 15 33 107 648 2136
Conventional
NCM 170 (43V) 3.5 4.9 10 33 107 595 1963
LiFePO, 160(4.3V) 34 3.7 0.5 22 10 544 1197
LiCoO, 190 (4.5V) 4.0 5.0 20/4 4.0 10° 760 3040
NCA 210(43V) 3.6 4.9 15/3 35 107 756 2646
Next-generation
NCM 195(43V) 3.6 4.9 10 33 10° 702 2317
LiMnPO, 160(4.3V) 4.0 3.6 0.3 2.0 10 640 1280
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Fig. 3 LiCoO, cathode active material with Mn-gradient shell. (a) SEM and EDX mapping, (b) TEM-EDX depth profile, (c)

a schematic of modelled particle.
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Fig. 4 LiCoO, cathode active materials with Mn-gradient
shell. (a) Cycle performance with high temperature
and high charging voltage, (b) TEM-FFT images
of cycled electrodes.
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Fig. 5 Electrochemical impedance spectroscopies of

LiCoO, cathode active materials with Mn-gradient
shell.
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Fig. 6 Chemical route for prelithiation using a chemical potential of a Li complex. (a) Prelithiation reaction with
naphthalene, (b) a schematic of a chemical prelithiation reactor, (c) XPS spectra of SiO, with and without
prelithiation, (d) initial charge/discharge curves of SiO, with and without prelithiation.
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Table 2 Li-ion conductivities and compressed sintering
temperatures of solid-state electrolytes.

Li-ion Conductivity Compressed sintering

materials (S/cm) temperature (°C)
LLTO 10° 1300
LLZO 10” 200
Li B-O 107 400
Li,OHCI 10° 300
Li;YCl, 10" 300
LisPS, 10" 100
Li;PSCl 10° 100

Cathode
Green sheet forming

Stacking

X7 2EFEBFETOEI0—F]

Fig. 7 An example of fabrication process flow of all solid-state batteries.
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