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Due to the widespread of battery application, the high-
capacity and stable secondary batteries are extensively
developed. Alloy/dealloying reaction and conversion
reaction-based active materials have a higher theoretical
capacity than that of conventional Li-intercalation
electrode materials, and it is expected the application to
high-capacity batteries. However, due to structural
changes such as volume expansion and phase separation
associated with the reactions, the cycle performances are
extremely low. To solve this problem, the confinement of
the active material in nanoporous carbon is effective to
improve the charge-discharge properties. We review herein
preparation and electrochemical properties of active
material-embedded porous carbon composites as well as
structural optimization for the electrodes of Li, Na-ion batteries and all-solid-state batteries.
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Figure 1. Schematic image of the synthesis of porous carbon.
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Figure 2. TEM image of SnO2/porous carbon
composite synthesized by a liquid-phase process
(a) and a gas-phase process (b). The inset of (b)
shows SnO: nanoparticles on the surface of

macropores.
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Figure 3. Charge-discharge curves during the
initial three cycles of Sn0O2/C120 with 74 wt% of
Sn02-loading and SnOz « AB. The curves at the n
cycle are assigned as n" C and n" D for the
charging and discharging processes, respectively.
Reproduced with permission from ref. 5.

Copyright 2016 American Chemical Society.
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Figure 4. Cycle performance of SnO2/CX and

SnO:2 - AB. The charge capacities are based on the

weight of composite (SnO2/C) materials (a) and

SnOz (b). -v and -l indicate the sample synthesized

by the gas phase method and the liquid phase

method, respectively. [
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Figure 5. STEM and EELS elemental mapping
images of P/C45 composite. (a) STEM image, (b)
and (c¢) EELS elemental mapping images of
carbon and phosphorous in the yellow area of (a).
Reprinted with permission from Ref. 8. Copyright
2021 American Chemical Society.
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Figure 6. Initial charge-discharge curves of P/C45
(composite) and P - C45 (mixture). The numeral in
the square brackets refers the wt% of phosphorous
for each sample. Reprinted with permission from
Ref. 8. Copyright 2021 American Chemical
Society.
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Figure 7. (a) SEM image of the interface
between SE and SnO2/C140 composite in the
disassembled ASS half-cell. The half-cell was

assembled by uniaxial pressing at 300 MPa. (b,
¢) EDS elementary mapping of sulfur (b) and tin
(c)in (a).l"
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Figure 8. (a) Initial charge-discharge and dQ/dV
curves of Sn02/C140 composite in ASS and OLE

systems. [l
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Figure 11 Charge-discharge curves of (a) S@n-
CNT and (b) S@w-CNT from first to 10" cycles.
The capacity was normalized the weight of
S@CNT on the working electrode. Reprinted with

permission from Ref. 17. Copyright 2018

American Chemical Society.
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Figure 12 STEM-EELS elemental mapping
images of S@w-CNT after the galvanostatic initial
lithiation process. The EELS elemental mapping
images were acquired from the green area of the
STEM image. Reprinted with permission from Ref.

17. Copyright 2018 American Chemical Society.
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