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Improved Drying Process for Electrodes in Production of Lithium-Ion
Batteries for Electric Vehicles
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Abstract An electric vehicle is an environmentally friendly vehicle because there is no exhaust gas, unlike gasoline
automobiles. On the other hand, because the electric vehicle is driven by electric power charged in batteries, the
distance to go through a single charge depends on the energy density of the batteries. Therefore, a lithium-ion battery
with a high energy density is a good candidate for batteries in electric vehicles. Because the electrode is an essential
component that governs the efficiency of a lithium-ion battery, the electrode manufacturing process plays a vital role
in the entire production process of lithium-ion batteries. In particular, the drying process during the electrode
manufacturing process is a critical process that has a significant influence on the performance. This paper proposes
an innovative process for improving the efficiency and productivity of the drying process in electrode manufacturing
and describe the equipment design method and development results. In particular, the design procedure and
development method for enhancing the electrode adhesion power, atmospheric pressure superheated steam drying
technology, and drying furnace slimming technologies are presented. As a result, high-speed drying technology was
developed for battery electrodes through the world's first turbo dryer technology for mass production using
open/integrated atmospheric pressure superheated steam. Compared to the conventional drying process, the drying
furnace improved the productivity (Dry Lead Time 0.7 min — 0.5 min).
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Fig. 2. Polar plate process anode / cathode coating
manufacturing system
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Table 1. characteristics of Superheated Steam vs. Hot Air

Specifi Heat R Explosi
Density pectiic Enthalpy Heat Transfer ea Fecovery Xproston .
Item (kg/m) Heat (/ke) Method (Exchange) Proof Disadvantage
(kJ/kgC) Method Alternative
. . C trati Much
Hot Air 150 C 0.8 1.018 632 Convection Heat Exchange onc'en' on u}c
Dilution Commitment
Phase
Atmospheric . Condensation
Transformat; & R al of T tus
Pressure Superheated 0.52 1.98 2776 Tans Orma. ton Latent Heat emovar o erppera e
B Convection & Oxygen Maintenance
Steam 150 C - Exchange
Radiation
Heat R High-level
Feature Of . Specific Due to the Rapid ca @(wery Flammable 18 eve'
Density | Enthalpy 1 Efficiency . Heat Insulation
Superheated Steam Heat 1 Phase Change Material Can
Dry spread | Thermal | Thermal T Heat Transfor of the Dry Structure
Phase-change 1 Required
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Heat Transfer

Fig. 6. Superheated Steam Principle

Table 2. Properties of Superheated Steam vs Hot Air,

150C
Characteristic Superheated Hot Air
Steam
Specific Heat[Cp, kl/kg - K] 1.980 1.018
Viscosity[n,10-6 kg/m * s] 14.18 24.07
Molecular Weight[g/mol] 18 28.95

Cp : The higher the heat transfer rate, the faster and more effective
the heat transfer.

n : The lower the better the diffusion effect

The lower the molecular weight, the lower the gas density in the same
volume
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Table 3. Constant Input.

General Gas Constant(J/mol * K) 8.31441
Air Molecular Weight(kg/ kmol) 28.97
NMP Molecular Weight(kg/ kmol) 99
Water Molecular Weight(kg/ kmol) 18

PV=nRT o137)AwA4
V= ”};T o A7) A 4
m
- T2
n M = 1

Table 4. Anode 10m/min Gas Emissions in the Turbo
Dryer & Displacement Theory

N M P Gas Superheated
volume Steam Volume
Temperature 423.15k
Pressure 0.10M Pa
Gas Constant 8.31
NMP Mass 0.48kg/min 0.50kg/min
NMP Mole 0.005 0.028
NMP Gas Volume 0.17m’/min 0.98m’/min

Table 49| HloJe] 24 A¥} 0.17+0.98=1.15m/min
V1€ €A% o715% 120m/min]7|E FEF1x U

H| Turbo Dryer 7]#] #AJ#Fo] At}i= A& Table. 3,
Table. 4 °f|A g<ld 4 itk

wj#ol] Zirconia Probe® 2% Audste] =4 3k
t}(NOVATECH 1231/1232)

34 AxE F &]3) 7=

Az Z SHste] 718 AdS 948 1 dx B
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Fig. 10. Turbo Dryer 1' Chamber Assembly.
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Fig. 13. Integrated Heater Nozzle Plate Design.
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Fig. 14. Integrated Slim Nozzle Heater Module Assembly
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