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Standard

Potential (V) Reduction Half-Reaction
2.87 Fig) + 2e- —— 2F (ag)
1.51 MnO, ~(ag) + BH"(ag) + 5e~ — Mn**{ag) + 4H,0O(])
1.36 Clyig) + 26~ — 2Cl~(ayg)
1.33 Cr,0. ~{aq) + 14H"(ag) + 6e~ — 2Cr*" (ag) + 7H,O(N)
1.23 O,(g) + 4H (ag) + 4~ — 2HO(I)
1.0& Br(f} + 2~ — 2Br~(aq}
0.56 NO, (ag) + 4H™{ag) + 3¢~ — NO{g) + H,O()
0.80 Agt{ng) + e- — Ag(s)
0.77 Fe?*(aq) + e~ — Fe'~(ag)
.68 O,(g) + 2H (ag) + 2e~ — H,0.{ag)
.59 MnQ, ~(ag} + 2HO(l} + 3e” —— MnO,(s) + 40H (aq}
(154 L{s) + Ze™ — 2~ {ag}
0.40 O,(g} + 2HLO{T} + 42~ —— 40H {ag)
(1.34 Cu*{ug) + 2 — Cu(s)

o

— 28
—0.44
=076
—0.83
— 1.66
- 271
— 305

2H' (ap) + 2¢” — Hy(g)

Ni**(agq) + 22~ — Ni(s)

Fe*"{ag) + 2e~ — Fe(s)

Zn*ag) -+ 26 — Zn(s)

2H, O} + 287 —— H, (g} + 20H(aq)
Al (ag) + 30 — Alls)

Na*(ag) + e » INals)

Lit{ag) + e —= Li(s)

Table 1.1 HE 4

& A2 9], Adapted from http://bouman.chem.Georgetown.edu
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Graphite, Diamond and fullerenes, Noyes Publications, Park Ridge NJ(1993)
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Material C Si Ce Sn
Bulk density [g cm™) 225 233 5.32 7.36
Lithiated phase LiCg LipSis LipGes  LipSns
Theoretical gravimetric capacity [mAh g'] 372 4198 1625 994
Theoretical volumetric capacity [Ah L] 837 9781 8645 7316
Voltage versus Li*/Li [V] 0.05 04 0.5 0.6
Volume expansion [%] 12 420 272 259

Table 1.2 EF3¥ Fa3hES st &
Chem. -Asian. J., 2013, 9, 2684

ZE9] 57, Adapted from X. L. Wu, et al.,
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1 100 100 300 ZPOO9 1:6 206-
nanocomposites o
B@C F. Yang et al,
I Chem. Eur. J.
100 100 290
microspheres 2016, 22, 2333-
2338
Bi@C core-shell i Dk sl
X 100 100 408 Nanoscale, 2014,
nanowires 6, 13236-13241
N-doped Y. Zhang et al,,
graphene/Bi 50 10 390 lonics, 2017, 23,
nanocomposite 10T AT
Bi2O3@N-
doped W. Fang et al., J.
200 200 417 Power Sources,
graphene 2016, 333, 30-36
hydrogel
J.L Lan et al.,
BI@N_C 200 450(at 535(nea rby ChemistrySelect,
nanocomposite 100) 400) 2017'712;311 e

Table 2. 1 H|&F2 A Y B4 Ao )3t ¥, Adapted from J. L. Lan et al.,
ChemistrySelect, 2017,2 7178
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Abstract

Synthesis and Characterization
of Bismuth-based Materials

for High Power & Energy Li/Na-ion Batteries

Min-Kun Kim
School of Chemical and Biological Engineering
The Graduate School

Seoul National University

In recent years, there has been an increasing demand for high performance
secondary batteries due to high performance electronic devices and
development of electric vehicles. Particularly, it is important to develop a
material having high capacity per unit area. It seems that the high energy
storage capacity in a limited space is important to develop energy storage
system(ESS) or high performance electric vehicles. In addition, materials for
high-speed charging and discharging have been demanded not only in electric
vehicles but also in all areas where Li-ion batteries are used.

Many researches have been made on materials having high charge/discharge

performance via morphology controls, minimize the particle size and
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integrating with other materials. However, no remarkable break through has
been found.

In this thesis, not only nano synthesis technology, but also the internal
characteristics of the materials were investigated to develop a high capacity
material. Morphological control method is limited way to pull up the battery
performance. Therefore, a new review of the material’s internal
characteristics is essential choice. Bismuth is one of the materials that have
not been studied relatively in the Li-ion battery and has no specificity in terms
of capacity per unit mass. However, in terms of unit volume, bismuth exhibits
a very high capacity. Moreover, it also has a high lithium ion diffusion
coefficient that allows lithium ions to move much faster than other materials.
In chapter 2, porous bismuth/carbon composite was synthesized from metal-
organic frameworks. In metal-organic frameworks, the metal and organic
materials regularly arranged at the atomic level. After carbonization, it
favoured to form a highly dispersed metal/carbon structure. The porous
structure bismuth/carbon composite exhibited excellent characteristics in
terms of capacity and lifetime stability even at a high charge/discharge rate.

In addition, bismuth is more attractive material in sodium ion battery.
Sodium-bismuth alloy(Na3Bi) is known to exhibit the properties of a 3D
Topological Dirac Semimetal (TDS), which is a three-dimensional structure
exhibiting graphene-like properties. And sodium-bismuth alloy(Na3Bi),

exists in the form of a layered structure in which bismuth and sodium layer
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are repeated (Bi-Na-Bi). These formation seems to be graphite layer. It has
been found that sodium is rapidly intercalated and alloyed through
intercalation through ex-situ XRD and ex-situ XANES analysis. In addition,
the bismuth is a material in which the capacity is hardly reduced even at a
very fast charge / discharge rate when sodium is charged and discharged. It is
possible to provide a sodium secondary battery anode material having high-
speed charge and discharge. By applying bismuth to lithium and sodium
secondary battery materials, high volumetric capacity and performance
improvement characteristics of secondary batteries are presented. From these
researches, a new direction is introduced in the area of high capacity and high

power energy materials in the future.

Keywords: Lithium ion batteries, Sodium ion batteries, High power, High energy
density, energy storage systems for EVs.

Student number: 2011-30276
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