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Abstract : The rapid increase in energy consumption based on fossil fuels is accelerating global warming. In particular, the road
transportation sector has high carbon dioxide emissions, so transitioning towards electric vehicles is recommended. Thus, the
importance of secondary batteries is increasing. Secondary batteries are reversible batteries that use energy and can be reused
through a charging and discharging process. Currently, lithium-ion batteries are widely used. Secondary batteries place importance
on six major factors: energy, output, lifespan, environmental friendliness, cost, and stability. Research is actively being conducted
to satisfy all six factors by understanding the material characteristics of each component of the battery. As it is difficult to move
away from lithium as a cathode material, researchers are investigating higher performance materials that mix materials such as
cobalt, nickel, manganese, and aluminum with lithium and use graphite, silicon, and lithium metal to increase capacity. In the
case of electrolytes, liquid electrolytes are still mainly used. However, solid electrolytes are being studied due to their stability, but
additional research must be conducted to satisfy the energy and output factors. This review paper aims to provide an understanding
of secondary batteries through an overview of secondary batteries, the materials and characteristics of their components, their
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technological trends, and their associated companies.

Keywords : Secondary battery, Lithium-ion-battery, Anode material, ESS
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Figure 1. The principle and components of the lithium-ion-battery
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Table 1. Characteristics according to the types of cathode active materials

Cathode material Theoretical capacity Practical capacity (mAh/g) Working voltage (V) Safety
LCO 274 3.8 High
NCM 285 140 ~ 220 3.7 Somewhat high
NCA 279 3.7 Low
LFP 170 32 Very high
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3.1.1 LCO (Lithium Cobalt Oxide)
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Figure 2. Layered structure of LCO [3].
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3.1.2NCM (Lithium Nickel Cobalt Manganese
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Figure 3. Thermal stability and discharge capacity relationship
according to the composition of NCM cathode active
material [6].
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3.1.3 NCA (Lithium Nickel Cobalt Aluminum
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Table 2. Characteristics according to the types of anode active materials[12]

Anode material | Theoretical capacity [mAh/g] | Practical capacity [mAh/g] | Average voltage [V vs Li/Li+] | Density [gem’]
Graphite 372 ~360 ~0.1 22
Silicon 4,200 ~1,000 ~0.16 2.36

Lithium metal 3,800 - 0.0 0.534
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Figure 6. Structure of the TiO, photocatalyst[14].
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Figure 7. The Structure of the electrolyte salts[15].
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Table 3. The physical properties of organic solvents[16]
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Electrolyte solvents TUPAC/ trivial names
8 Dimethyl carbonate
CNS NN (DMC)
{\{ﬂ\, = Ethyl methyl carbonate
" (EMC)
I Diethyl carbonate
b P (DEC)

1,3-dioxolan-2-one/ Ethylene
carbonate (EC)

4-methyl-1,3-dioxolan-2-one/
Propylene carbonate (PC)

oxolan-2-one/ y-Butyrolactone
(GBL)

Figure 8. The structure and TUPAC of electrolyte solvents[17].
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Molecular weight Melting point Boiling point Viscosity Relative
Scope Solvent .
(g/mol) (degree C) (degree C) (cP) permittivity
. EC 88 36.4 248 1.90 89.8
Basic solvent

PC 102 —48.8 242 2.53 64.9
DMC 90 4.6 91 0.59 3.1
Co-solvent DEC 118 —74.3 126 0.75 2.8
EMC 104 =53 110 0.65 3.0
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Figure 9. The electrochemistry of an addition for the anode[17].

b. sulfide

Figure 10. The types of solid electrolyte[18].
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Table 4. Comparison of the characteristics, pros and cons of each solid electrolyte[19]
Tonic conductivity Voltage .
Type (s/cm) (V vs LilLi4) Advantages Disadvantages
L ioni ductivity at
Can be molded into thin films te(r):/ ;?:ttrson uetivity at room
Flexible for easy cell LovsI/) mechanical properties at high
Polymer 10°~ 107" 0~5 manufacturing prop £
. temperatures
Excellent adhesion to electrodes
. Large temperature dependence of
Low price . .
ionic conductivity
Perovskite 10° ~ 10°3 15~55 Excellent ionic conductivity in Incvreased grain boundar}{
single crystal state resistance in polycrystalline state
Excellent ionic conductivity Surface reaction and cell
Oxide Garnet 10 ~ 10°> 0~55 For handling in ai'r . dete'rioration ieffects when exposed
Excellent mechanical and chemical | to air and moisture for long
stability periods of time
Nasicon 10 ~ 107 25~55 E.xcellent ionic conductivity in Inc.reased grain boundary.
single crystal state resistance in polycrystalline state
Reactivity with anode/cathode
materials
Sulfide 104 ~107 0~55 Very good ionic conductivity Reactivity with polymers
Reactivity in air hygroscopic
High purity sulfide required
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18650 21700 4580
Dimeter (mm) 18 21 46
Height (mm) 65 70 80
Volume (mm?3) 16,540 24,245 132,952
Volume ratio 1.5 (vs 18650) 5.5 (vs 21700)
Weight (g) 45 70 320
Number of cells per vehicle 7,104 4,416 960
Energy density (Wh/kg) 240 260 300
Energy capacity (mAh) 3,000 5,000 9,000
Cost (USD/KWHh) 185 170 75
Electrode film area (mm*mm) 660*60 800%65 3850%72

Model S, X
Figure 12. (a) 18650, 21700, 4680 Battery size comparison (b) 18650, 21700, 4680 battery performance comparison[20].
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5.2 ESS (Energy storage system)
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Figure 13. Global lithium-ion battery ESS market size[25].
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