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Abstract

Multi-dimensional calculations and experiments in slot coating, which is necessarily
implemented in IT industries producing flat panel displays, Li-ion secondary batteries, and so on,
have been conducted for analyzing flow dynamics and operability coating windows. Based on the
previous theoretical considerations and experimental observations reporting the optimization of
the slot coating flows (Lee et al., 2011), we would like to further investigate the effect of die lip
configuration with different angles of upstream or downstream die lip on the operability windows
for Newtonian coating liquid via two-dimensional finite element method. Also, coating flow
fields predicted by three-dimensional calculations (using CFD software, Fluent) from internal die
to external coating bead regimes have been successfully compared with those by experiments and

simple 1-D viscocapillary model.

1Unpublished. ISCST shall not be responsible for statements or opinions contained in papers or
printed in its publications.



Effect of die lip configuration on the operability coating window

Pre-metered slot coating has been extensively applied in a variety of functional films in
displays, slurry coating in Li-ion secondary batteries, and so on. As in other coating cases, it is
important to optimally control the flow behavior in coating flow regime for uniform coating
operation. Many valuable aspects in this process have been explored via theoretical
considerations using noble numerical simulations and flow visualization techniques. There
remain unsolved issues for enhancing productivity and processability of slot coating systems.

As an indicator to determine uniform region free from leaking and bead break-up defects, 1-
D viscocapillary model developed in Lee et al. (2011) was further revamped for constructing the
various operability windows with the change of upstream or downstream die lip configuration
(Fig.1). Windows determined from this model were quantitatively compared with those by 2-D
Navier-Stokes model implemented with finite element technique, exhibiting good agreement
between 1-D and 2-D models (Fig.2). It is noted that the vortex region occurred as the angle of
upstream or downstream die lip changed under the uniform coating conditions, which may

disturb the uniform coating under particulate suspension coating operations.

Comparison of flow behavior in slot coating using 3-D simulations and experiments

3-D calculations were conducted using CFD solver Fluent to predict flow dynamics of a
Newtonian liquid flowing inside die to substrate surface and compared with experimental results
obtained from small-scale lab coater (Fig.3). Considerable agreement between 1-D model and
experiment can be shown in operability coating window. Dynamic results from 3-D calculations
at some (leaking, uniform, bead breakup) points also qualitatively coincided with experimental

observations (Fig.4).
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Fig.1. Geometry of slot coating bead region with slanting lip geometry.

10000 4 Upstream vortex region
9000 o 1D viscocapillary model
¢ 1D viscocapillary model: middle point
w 80001 —o—2D FEM
% 7000 « 2D FEM: middle point
— [ 1000pm 1000pm
é 6000 (_)W‘—)
@ 5000 W . ﬁ
= Leakfng - 200pm
o 4000 J—M 7
© ° OVINgG W el s—
3 3000 \ﬂ\g“ﬂ.,_e
2000¢ , /i gy
AoaGL 3 Sfﬂf? ea FmiBs ,Qﬂu%srrganimg;gg g—g-—g_g__g
o T Bead Bréakp)
10 8 -6 -4 2 0 2 4 6 8 10

Upstream angle (°)

Bead pressure (Pa)

10000 4 Upstream vortex region
9000 o 1D viscocapillary model
P = 1D viscocapillary model: middle point
8000 [ —0—2D FEM
7000F © « 2D FEM: middle point
6000 o
5000F . ° B -
P Leaking Lzmm o
Upstre Moving weh s
3000 wprtax  ©
\E"‘a—.
2000F , 4. ¢ Oy
\ﬁ‘-.
1000

a ]
a Ay PN t—-—a__n_g_g_g_-g
L 0 g, 23table 8
fooo ﬂ‘s‘“‘ﬁwmﬁjfé—aﬁﬁ
1 1 1 1 1

% =

-6

4 -2 0 2 4 6 8 10

Upstream angle (°)

Fig.2. Effect of upstream die lip angle on the operability window.
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Fig.3. Schematic diagram of slot coater for experiments.
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Fig.4. Comparison of window and flow behavior under bead breakup condition by 3-D
model and experiments.



