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Abstract: Electrode coating is one of the key processes in the manufacturing of lithium-ion
battery electrodes. The coating quality determines the uniformity of the electrode structure,
which in turn affects the performance and lifespan of the battery. In response to the quality
control problem of electrode slurry slot die coating, this study selects a local area composed
of the slot die and the fluid collector as the research object and establishes a multiphysics
field model coupled with phase field and flow field. Based on this model, the slurry flow during
the slit coating process was analyzed through numerical simulation, providing a reference for
optimizing the coating process parameters of lithium battery electrode slurry. Similarly, a stable
coating window was determined based on the coating quality. The reliability of the simulation
model was verified by comparing it with experimental results. We optimized the main dimensions
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of the coating die with the goal of expanding the coating window and achieving high-speed
and stable coating. The results indicated that excessive or insufficient slurry flow rate will
cause bubbles to mix in or overflow upstream, making the coating process unstable. The main
geometric dimensions of the slot die had a specific impact on the stable coating window;
however, simply increasing or decreasing the geometric dimensions cannot broaden the
coating window. Asymmetric adjustment of the upstream and downstream die heads could
increase the upper limit of slurry flow by 40% by changing the relative magnitude of upstream and

downstream flow resistance.

Keywords: lithium ion battery; manufacturing process; electrode slurry; slot die coating;

numerical simulation
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Fig.1 (a) Schematic diagram of the slit coating of
lithium battery electrode slurry; (b) Schematic
diagram of a two-dimensional model composed
of the coating die outlet and the current collector
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Table 1 Structural parameters of model and physical

properties parameters of electrode slurry and air

S8 HfH
B8 56 B Wimm 0.3, 0.5, 0.7
T 55 5 L/mm 0.8, 1.0, 1.5
3k 5 B HImm 0.15, 0.2, 0.3
LS AT A BI(°) 45
FRVEE pl(kgim?) 1320
HRLK MK 77 ol (N/m) 0.066
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SEBYIHEy Js 1
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TN 0.6322
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HR- IR TR A 0,1(°) 55.6
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B pf(mPa-s) 0.02
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Fig. 2 The computational domain and boundaries of
two-dimensional models
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Fig. 3 Comparison of stable coating windows determined
through simulation and experiments in literature
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Fig. 4 The distribution of (a) volume fraction and (b) flow rate of electrode slurry, with (c) slurry flow rate and
(d) velocity gradient in the y-direction
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Fig.5 Structure of electrode coatings at different feed rates
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Fig. 6 Stable coating window range

PRI T RBHOREEE . RITK I ASIRATIESE, AR
PRI 7 BERBERE . SREETEIE . IREIEEESHL XY
TR AR AN R AT 3R AT B AT E L
ToEEEE T ECRRHAE  V I S HONRR L S5
SR, SR E D EA R aEtt. BHEH
IR/NIFIRAT T VORI AR08 AR 45 IR AT 25 5 S5
Bl BEEBMELIER, BIIRAMAEERS, gk
A E DR, AR R RERRE TN ek
BHARERREHRES N . R SRR MR
A, T ERRATRCR AT RS, DA SR &
2.3 RAFERTHIZM

XPECLRH PRI S, REZER RS
A3k 55 AR IR 1) ) e (R Sk v B2 ) L Sk ke 4 11 5
JE. BUSHIEE . 2 mixt LA E S Hudk AT O kAT
Wagipmial, SHFEENSHNE2, BT7RER
T eh R ZE AU A B 1 TR AT T S R Ak
be, ST E R RESEIR IR W NI H 1. B8R
KREPRAEEL T, Bk m SRR T RAFEAH
M, B RS e B | s S R AT I B R
—ERR . MG OE £ 0.3 mm i, iR
ARG TERIE TR, iR AmE LIS F] 0.3 m/s I F4HT
EREREHR RN TE LIRS ETRAT . T REH R
AR RORHEAR Sk H 1 A 5 BRI A A i s i 7K~ 7
)R EERR IR, TahAe e TR, BRI,
AR B8 2 I TS R e ARk B H TR R
BB R, m iR I U BRI

*x2 BHEPENETEILASH

Table 2 Main geometric parameters adjusted for

each group
Foxil P EE AR SK R Hfy
H1-1 H5 3k 15 FE Himm 0.3
H1-2 M3k 5 B Himm 0.15
Wi1-1 HesE v 5 Wimm 0.7
W1-2 Hesk v % Wimm 0.3
L1-1 T %6 1% L/mm 15
L1-2 55 %6 L/imm 0.8
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Fig. 7 Theinfluence of changing the main size of the coating die on the stable coating window
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Table 3 Main geometric parameters for adjusting

each group of asymmetric die heads
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Fig. 9 The influence of asymmetric die heads on stable coating windows
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