[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) Plasma-in-Liquid Synthesis of Sulfur-Doped Nano-Sized Carbon
Materials for Secondary Batteries and Electrocatalysts
aood(@no) KIMHanvin
Author(English) Hanvin Kim
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00120820,
O00000:20210 90 240,
ooooo:0o0o0a,
oo00:00 0,000,000 00,00 00,00 0,0iLunlLi
Citation(English) Degree:Doctor (Engineering),
Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1208201,
Conferred date:2021/9/24,
Degree Type:Course doctor,
Examiner:,,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(FHRR )

Doctoral Program

wm X EE

THESIS SUMMARY

Fea—A EXET PR HREhL o) « il ( T2 )
Department of, Graduate major in %/YT\%% a— A Academic Degree Requested Doctor of

Y . e Y ) .

Student” s Name Academic Supervisor(main)

fEHEA &) -

Academic Supervisor(sub)

S (P13 800 FEFRFE)
Thesis Summary (approx.800 English Words )

Chapter 1. Introduction

The relationship between the carbon cycle and the environment, and the importance of carbon
utilization as an energy material for eco—friendly technologies were introduced. Various
approaches focused on changing paradigms were used to prepare carbon materials; among them,
the synthesis of carbon using the plasma—in—liquid process was reported as an eco—friendly and
efficient route. The breakdown mechanism of the plasma—-in-liquid was introduced, and the
theoretical background of the SIBs and the ORR was examined with a focus on energy and
environmental applications. A more optimized strategy seems to be required for interdisciplinary
research linking plasma science, carbon—based materials, and industrial applications

Therefore, in this chapter, new strategies aimed at improving SIBs anodes and ORR catalysts
for advanced energy and environmental applications were examined

Chapter 2. Research trends and literature reviews

The literature on the mechanisms of carbon synthesis via the plasma—-in-liquid process was
reviewed. Furthermore, the literature reported to date on the applications of carbon—based
materials synthesized through the plasma—-in—liquid process, especially as secondary battery
anode materials and ORR catalysts, was carefully reviewed. Additionally, research trends were
summarized by compiling statistics on related scientific papers. Furthermore, to provide
perspectives regarding this field, we have tried to briefly summarize the synthesis
methodologies and electrochemical performances of these materials for each application, making
it easier to understand at a glance. I hope that this thesis will provide a steering wheel for
researchers working in this field to set directions for future research.

Chapter 3. Sulfur-Doped Carbon for SIBs Anode Material

SIBs have recently attracted considerable interest due to the plentiful supply of raw materials
for their production and their electrochemical behavior, which is similar to that of 1lithium—ion
batteries (LIBs). However, the relatively larger radius of sodium ions than that of lithium
ions is not suitable for storage in conventional graphite, which is widely used as the anode

To resolve this issue, in this study, we developed a new harmonized carbon material with a
three-dimensional (3D) grapevine—like structure and a sulfur component using an efficient
synthesis process. Based on these advantages, the harmonized sulfur-carbon material exhibited
a high reversible capacity of 146 mA h g-1 at an extremely high specific current of 100 A g-1
and long—term galvanostatic cycling stability at 10 and 100 A g—1 with superior electrochemical
performance. Our results are anticipated to provide new insights into SIBs anode materials that
would advance their production.

Chapter 4. Sulfur-Doped Carbon for Two-Electron-Transfer Dominant ORR

We propose a simple sulfur—-doped disordered carbon material which catalyzes the ORR
predominantly via a 2-electron—transfer process. All the prepared catalysts exhibited a superior
HO:~ selectivity of ~75%, and the most positive onset potential, highest current density, and
most improved electrocatalytic activation were demonstrated for the sample annealed at the
highest temperature. Our results are expected to provide a new perspective on the ORR via the
2-electron—transfer process on sulfur—doped disordered carbon materials




Chapter 5. Investigation of Carbon Nanoparticles Structure for ORR

Carbon—based materials have been widely studied as promising energy conversion materials that
can replace noble metal catalysts. In addition, the plasma—in—liquid process has recently been
used to synthesize heteroatom—doped carbon materials for oxygen reduction reactions, such as
nitrogen—, boron—, and halogen—doped carbon. However, there has been a lack of insight into
pristine carbon, which is the base material for such reactions. In this study, pristine carbon
materials (Cx—P) were synthesized using a plasma—in—1iquid process, and the material properties
and ORR performance were analyzed with respect to heat treatment. Cx—P was successfully
synthesized as a carbon nanoparticle and redesigned as partially crystallized carbon with
various pore—size distributions using heat treatment. The 2—electron—transfer ORR mechanism
was identified as the intrinsic reduction route. On the other hand, the electrochemical activity
increased with heat treatment, showing an unexpectedly superior kinetic current density of
718.30 mA em—2 (at 0.5 V vs. RHE). Our results are expected to provide an important reference
to the ORR performance of the relevant carbon materials, including insights into the basic
material properties of partially crystallized porous carbon synthesized wusing the
plasma—in—-liquid process.

Chapter 6. Optimized Preparation of Sulfur-Doped Carbon for SIBs and
Two—Electron—-Transfer—Dominant ORR

Multifunctional disordered sulfur—doped carbon catalyst is demonstrated for use in both
sodium—ion—exchange and the 2—-electron—transfer—dominant ORR for energy storage and conversion
applications. The disordered sulfur—doped carbon prepared via a simple plasma—in—liquid
approach showed distinct performance for each electrochemical application, and the underlying
fundamental mechanisms were experimentally demonstrated. Benefiting from the enhanced reaction
kinetics derived from C-S covalent bonds, superior sodium—ion—exchange performance with a high
reversible capacity of 150 mA h g—1 over 5000 cycles is achieved with a stable rate capability.
In addition, an efficient 2—electron—transfer—dominant ORR with a high current density of ~25. 66
mA cm—2 at a low overpotential of ~0.890 V (vs. RHE) is obtained. This work cautiously proposes
the importance of sulfur bonded to carbon to boost its electrochemical performance and is
expected to provide new perspectives for various interdisciplinary applications
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