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Abstract: The coating process is one of the key processes in the manufacturing of lithium
battery electrodes. The stability and consistency of the coating determine the structure of the
electrode, which in turn affects the performance and cycle life of the battery. As large-sized
power lithium battery products had higher requirements for coating width, one of the core
technical issues is how to ensure the flow uniformity of electrode slurry at the outlet of the
coating die. Therefore, rational design of the flow channel structure of the coating die is
crucial. This study aims to address the issue of inhomogeneous velocity distribution at the
outlet of the wide coating die, and constructs die head flow channel models with different
sizes and structures for flow field simulation. The flow characteristics of electrode slurry inside
the die head are analyzed, and the structural dimensions of the coat-hanger die are optimized
by using Box-Behnken design. The coat-hanger die with an inclined variable-diameter
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homogenizing cavity had a stronger drainage effect on the slurry, helping to improve the flow
uniformity in the width direction. Adjustments to the die structure dimensions significantly
impacted flow uniformity. The main structural parameters of the coat-hanger die were
optimized using Box-Behnken design, resulting in an increase in the uniformity of the slurry

to 0.99.

Keywords: lithium-ion batteries; slot-die coating;

dynamics; Box-Behnken design
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Fig. 1 Schematic diagram of slot die coating process
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Fig.2 Schematic diagrams of single cavity die, dual-
cavity die, and coat-hanger die
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Table 1 Structural parameters of model and
properties parameters of slurry
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Fig. 3 The simplified model structure of single cavity
die, dual-cavity die, and coat-hanger die, and the
model grid diagram
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Fig. 4 (a) The influence of different grid densities on
the uniformity of slurry outlet velocity distribution, (b)
Comparison between calculated results and
experiments

1.5 Box-Behnkeni&it

Box-Behnken ¥ i1 (Box-Behnken design, BBD)
A& 5 g st AR B, TR RSk
6 sBCR AR, W] DA Ul T — B (Bt ) F =
B8, 3E T B R AP RS I L. RS S 251
SHURALH, Box-Behnken #4247 — 1 R4t
IR TT VAL AN [F] B v S 3O S5 M B 520, AN T A
E A HIBL i . 51t/ BBDA]
FEJR A e /D B S8 BN, HERR A TR Sk B S 4
XFUR AT S R e s 5 b 4 A Wit (central
composite design, CCD)#HLt, BBD J& 7 #1T1%E
ZEE, FEARSAEHEIHEE, i s R
W, HAETZ .

T g S AR



4

MRS AR IR AT AR Sk i o0 M 5 5 A AL

1113

Uv = kO + klxl + kZXZ + k3x3 + k12X1X2 + kl3X1X3 + I(23)(2)(3
2 2 2
+k11X1 + k22x2 + k33x3 (3)

E5 Box-Behnkenigitiiiz
Fig.5 Box-Behnken design process
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Fig. 6 The velocity distribution of the slurry section
and pressure distribution inside the mold head
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Fig. 7 Theinfluence of different die widths on the
uniformity of slurry outlet velocity distribution
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Fig. 8 The velocity distribution of the slurry section
and pressure distribution inside the mold head
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Fig. 9 Theinfluence of the die structure on uniformity is as follows: (a) inclination angle, (b) height of the
relaxation zone, and (c) radius of the end of the cavity
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Table 2 Scheme parameter values of Box-Behnken
design

FFEx: W FEx: SR FEFEx: 2

N s mommern  mxes L
1 0 0 0 0.91
2 1 0 0.956
3 -1 0 -1 0.805
4 1 0 -1 0.932
5 -1 0 0.875
6 0 0 0 0.91
7 0 -1 -1 0.748
8 0 1 1 0.982
9 0 1 -1 0.978
10 0 -1 1 0.823
11 -1 1 0 0.921
12 0 0 0 0.91
13 1 -1 0 0.861
14 0 0 0 0.91
15 -1 -1 0 0.748
16 1 1 0 0.874
17 0 0 0 0.91
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Fig. 10 The uniformity of outlet distribution in the
optimal solution model
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