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Abstract: The electrodes of commercialized lithium secondary batteries are manufactured
through a wet coating process, and the drying process (DC) is a very important factor as to
electrode production speed and process cost. In this study, silicon anodes were manufactured
under high-temperature (180 °C) and low-temperature (50 °C) DC to investigate the quality and
the electrochemical performance of Si-electrodes according to DC. High-temperature DC can
quickly evaporate the solvent in the Si-electrode slurry, improving the electrode production rate.
However, this also causes the electrode composite to peel off from the current collector. As
a result, the Si-electrode’s adhesion weakened, and the electrode coating’s quality deteriorated.
In addition, the Si-electrode manufactured under high-temperature was found to have a thicker
composite material than the Si-electrode manufactured under low-temperature. Si-electrodes
manufactured under high-temperature had higher sheet resistance and lower electrical conduc-
tivity than those manufactured under low-temperature. Consequently, the Si-electrode manufac-
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tured under low-temperature showed 152.5% superior cycle performance compared to the Si-
electrode manufactured under high-temperature. (Discharge capacities of Si-electrodes manufac-
tured under high-temperature and low-temperature DC were 844 and 1287 mAh g™', respec-
tively, after 300 cycles). Establishing the DC of Si-electrodes can easily provide new
perspectives to improve the quality and stability of Si-electrodes.

Keywords : Silicon electrode, Polyacrylic acid, Thickness, Drying condition, Temperature, Lithium-

ion batteries
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Table 1. Physical properties of electrodes manufactured under different drying conditions (electrode diameter = 12 mm)

Sample A= 2A Z ok

FHATA  GHF A EEEE:

°° A=A AL FAA A9 (areal capacity)
50°C A= 0.0107 g 0.53 mg cm™ 7 um 5 um 2.2 mAh cm™
180°C A= 0.0107 g 0.53 mg cm™ 17 pm 14 um 2.2 mAh cm™
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Fig. 1. (a) Cross-sectional schematic diagram of the silicon electrode slurry coated on the surface of the Cu current
collector before drying. Cross-sectional schematic diagram of electrodes at (b) 50 °C and (c) 180 °C after drying.
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Fig. 2. Digital camera images of (a) silicon anode surface and (b) tape surface of 50 °C electrode after 90° peel test. Digital
camera images of (a) silicon anode surface and (b) tape surface of 180 °C electrode after 90 ° peel test.

Surface

50°C

180°C

Cross - Section

Cross - Section Mapping

Fig. 3. SEM and EDS images of the surface and cross section of (a—c) 50 °C electrode and (d—f) 180 °C electrode before

working.
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Fig. 5. (a) Voltage curve of the formation process of a half-cell containing the 50 °C electrode and the 180 °C electrode. (b)
Impedance results after the formation process, and (c) room temperature lifecycle characteristics (charge and discharge
current density = 1.2 A g}, voltage range = 0.05-2.0 V vs. Li/Li").
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