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Abstract : Due to tightening global regulations on carbon emissions, the existing internal combustion
engine vehicle market is rapidly converting to the battery vehicle market. Since lithium, cobalt, manganese,
etc., which are the core raw materials of EV batteries, are not mined in South Korea and the amount of
mining is limited, the international trade tensions to secure materials are increasing. Therefore, the interest
in recycling waste electric vehicle (EV) batteries is increasing. This study proposed a closed-loop heat
pump hybrid hot air drying process that can drastically reduce energy consumption and carbon emissions
in the EV waste battery recycling process, including wet smelting using the heat sources from industrial
boilers. The optimal refrigerant and optimal operating conditions were selected by analyzing the system
performance with three different HFO (Hydro Fluoro-Olefin) and low-GWP (Low-Gobal Warming Potential)
refrigerants. When the R1233zd (E) refrigerant was applied in the proposed system and the evaporator and
condenser temperatures were set to 38°C and 82°C, respectively, the maximum value of COP (Coefficient
Of Performance) and SMER (Specific Moisture Extraction Rate) were 5.42 and 1.51, respectively.
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Table 1 Critical points of HFOs refrigerant

Refrigerant Critical point
(HFO) Temperature (C)| Pressure (kPa)
R1233zd(E) 109.36 3,635
R1234ze(Z) 150.12 3,531
R1336mzz(Z) 171.35 2,903
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Table 2 Operating conditions
Parameter Value
Total amount of moisture removal (kg) 8.5
Target removal time (hr) 2
Absolute humidity difference between inlet 432
and outlet of drying chamber (g/kgg.) ’
Air temperautre of outlet of drying 70
chamber (C)
Outlet air temperature of evaporator (C) 40
Outlet air temperature of condenser (C) 80
Dry air mass flow rate (kg/s) 0.27
Degree of superheating (C) 10
Degree of subcooling (C) 3
Isentropic efficiency (-) 0.75
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