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Abstract: The moisture content in electrode sheets significantly affects the performance and
safety of lithium-ion batteries, necessitating strict control through vacuum drying during
production. Currently, vacuum drying research mainly relies on time-consuming experiments
that utilize substantial energy, materials, and human resources. To address these issues, we
developed a two-dimensional rotating diffusion-flow-heat conduction coupling model using an
18650 battery as the research model, which accurately predicted the change in the moisture
content of the cell during the vacuum drying process. The results show that the temperature,
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water vapor partial pressure, and water content at different core positions are relatively
uniform, and the homogeneous zero-dimensional model can yield accurate results. The core
material's particle size, porosity, and initial moisture content significantly impact the water
evaporation rate, with drying time varying by several hours to reach the same dryness level.
The equilibrium moisture content depends on temperature and air humidity which are the
main factors affecting the final moisture content. Enhancing the cell's temperature or reducing
the oven's outlet pressure can improve vacuum drying efficiency and yield products with lower
water content. Heating the core more rapidly and transitioning to the vacuum stage earlier can
significantly improve early-stage drying efficiency; after entering the vacuum stage, periodic
air exchange in the oven can lower the core's water vapor partial pressure, thereby enhancing
the drying rate and reducing the final moisture content, saving both time and cost. The
proposed prediction model provides a fast and convenient method for studying the impact of
various process parameters and has application value in optimizing lithium-ion battery
vacuum drying process parameters.

Keywords: lithium-ion battery; manufacturing process; vacuum drying; numerical simulation
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Fig.1 Schematic diagram of 18650 battery model
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Table 1 Model structural parameters and cell
physical properties parameters

LB HE A
ROGHERE, R, 8.8 mm
RAOKE, L 61.8 mm
Rt 2, R, 9 mm
FIBSEEE, L, 65 mm
HEBRTERE, d 0.2 mm
R, p, 2050 kg/m®

HUSEIRELE, ¢, 1700 JI(kg-K)
WFE, A 30(kh /0. 2(F2 1)) W/(m-K)
L=, & 0.2~0.4 —

TR AR, d 10~30 pm
WIEFIKER, X 500~1000 mg/kg
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Cp. mix = Xair(cp,air + dscp. steam) (2)
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Cpar =7 X 10°T,? - 1.86 x 10°T, + 1005 [J/ (kg - K)] (5)
Cpsteam = 9 X 10°T* + 3.5 x 10°T * + 0.487T, +
1854 [J/ (kg - K)] (6)
Uy = (-4 x 10°T? + 4.81 x 10°T, + 17.2) x
10° [kg/(m - s)] (7
Hoeam = (-8 X 107T 2 + 4.01 x 10T, + 8.022) x
10° [kg/(m - s)] ®)
Ay = (3% 107T 2+ 7.7 x 107°T, + 2.44) x
102 [W/(m - K)] )
Ageam = (1 X 107°T* + 5.2 x 10°T, + 1.83) x

102 [W/(m - K)] (10)
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Fig. 5 Radial distribution of (a) temperature, (b) partial pressure of water vapor, (c) water content and
(d) extreme value change in the battery at different times
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Fig. 6 Comparison of (a) temperature and (b) water content with time calculated by two-dimensional
model and zero-dimensional model
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Fig. 7 Drying curves of cells with different (a) particle diameter, (b) porosity and (c) initial moisture
content. (d) Time required to dry to 150 mg/kg
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