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Fig. 1 Lithium-air liquid flow battery system(a) with active cathode and cross section view(b) of interdigital channel
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Table 1 Variable description

Variable Origin of coordinate Range of value
Non-dimensional, ¥ 0 0<<y<1 (End of cathode is set to 1)
Independent variable, x 0 0<x<<Jg +ep
Independent variable, X 0* 0*<<X<1 (End of cathode is set to 1)
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Table 2 Summary of boundary conditions
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Table 3 Parameters used in model

Parameter Meaning Value
i dine Activity dependence -1.03™

Dy, Diffusivity of oxygen in electrolyte 7% 107% cm?/s 29

D .. Diffusivity of Li" in electrolyte 2.11X107° cm¥/s 7]
E, Thermodynamic equilibrium voltage 2.96 V [Assumed]
Jo Exchange current density for anode 1 A/m? [Assumed]
Po Standard atmospheric pressure 101325 Pa

Reim Electrical resistivity across Li,O, film formation 50 Q-m? ¥
t, Transference number of Li" in electrolyte 0.43

ngf Reference concentration of O, 3.784 mol/m® [Assumed]

Cieli Reference concentration of lithium ion 1000 mol/m® [Assumed]
€ED Porosity of electrode 0.751%

EEL Porosity of separator 0.87

Gradual rate o Linear ratio along cathode thickness 0.1,0.2,0.3,0.4
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it

2.95
— Passive model: 0.2 mA/cm?
————— ExperimentB3!l: 0.2 mA/cm?
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Fig. 3 Comparisons between experimental discharge curves!®"

and passive model simulation curves of lithium-air batteries at
J=0.2 mA/cm?, J=0.5 mA/cm? and 6zp=800 pm
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Table 4 Variations of specific capacity with grid number

e " -
Sequence  Number of Spem' 1c Change rate o
number, n grid capacity/ specific
’ (mA'hg!)  capacity/%

1 437 488.7 _

2 529 481.3 151

3 770 474.9 133

4 2545 470.3 0.98
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Fig. 4 Comparison of cell voltage and specific capacity
curves between lithium-air batteries with active and passive

cathodes at J=0.1 mA/cm? and £=0.75
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Fig. 5 Cell voltage vs specific capacity curves(a) and

distribution of Li,O, volume fractions(b) of active lithium-air

batteries with gradual-change porosity and single porosity at

J=1.5 mA/cm?
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Fig. 6 Cell voltage vs specific capacity curves((a), (c)) and distribution((b), (d)) of cathode Li,O, with different a at J/=1.5 mA/cm™:
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Fig. 7 Cell voltage vs specific capacity curves(a) and distribution(b) of cathode Li,O, with different pressure differences at J=1.5

mA/cm? and egp=0.75+0.1X
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Fig. 8 Battery discharge capacity curves under different
oxygen concentrations(a) and different oxygen diffusion

coefficients(b) (J=1.5 mA/cm?, £=0.75+0.1X)
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Fig. 9 Cell voltage vs specific capacity curves(a) with
different cathode thickness (J =1.0 mA/ecm?®, exp=0.75) and
thickness vs relative capacity increase line chart(b) with

different cathode porosity (J=1.0 mA/cm?, dgp=750 pm)
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S E R LA AN IE AR S B R Damkohler (3%
Table 5 Comparison of Damkohler number at different

current densities and cathode thickness

D,
Thickness/
0.1 0.2 0.5 1.0 1.5

pm 2 2 2 2 2

mA/cm” mA/cm” mA/cm” mA/cm”® mA/cm
500 1.39 2.78 8.35 13.90 20.85
750 2.09 4.17 10.43 20.85 31.28
1000 2.78 5.56 13.90 27.80 41.70
1250 3.48 6.95 17.38 34.75 52.13
1500 4.17 8.34 20.85 41.70 62.56
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107" m’/(s'mol®). FRAAHEM 2.7 V #2EE 2.8 V I,
Eb HL 2 M 746.9 mA-h/g BN %] 1262.8 mA-h/g, 5
T 69.1%. P AR5 B2 4t —2, A
AT A T R A R R T e s R T
A8 FH T AL E MV 25 F B B8 IR 1 A 3K T SR
&, AR R R L0, 456, AR
RN AL E L0, Bt RJE AGIK KL, X EeghK
AR AN S I FEALIE, AT 5 L

2.95
— k=349 X107 m/(s-mol?)
..... k=3.49X 10717 m’/(s-mol?)
......... k,=3.49X 108 m’/(s-mol?)
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Fig. 10 Cell voltage vs specific capacity curves with different
cathodic reaction rate coefficients at J=1.0 mA/cm? and

e=0.75+0.1X
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properties between a lithium metal electrode and a poly

Investigation on electrochemical performance of active
gradual-change porosity cathode in interdigital flow channel of
lithium-air flow battery

SHU Qing, CHEN Wei, KANG Jia-lun

(School of Merchant Marine, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Lithium-air flow battery with active gradual-change porosity cathode was proposed in which more oxygen in
the electrolyte and electrochemical reaction occured due to the utilization of solution pump to drive electrolyte recycled
and gradual-change porosity to achieve better O, migration in cathode. Based on COMSOL Multiphysics 5.3, a
two-dimensional electrochemical model was established. The electrolyte flow, electrochemical reactions in the cathode
and anode as well as the Li* and O, concentrations in the gradual-change porosity cathode of £=0.55+aX etc, were
described by Darcy’s law, Butler-Volmer equation and component transport formulae, respectively. The permeability K
inside porous cathode changed with the electrochemical reaction as the occurrence of Li,O, deposition in the pore, which
was modified by Carman-Kozeny equation. The effects of discharge current density, porosity, pressure difference, oxygen
parameters, cathode thickness and kinetic rate coefficient were investigated. The results show that the 2.5 times
capacitance occurs in the active lithium-air battery at 0.1 mA/cm’ current density than that of a passive mode; more
electrochemical reaction happens in the gradual-change porosity cathode of €=0.55+0X in comparison with that of
£=0.85-0.1X; and better discharge performance can be obtained in the 500 um to 750 um thick cathode of active
lithium-air battery at 0.1 mA/cm’ current density.

Key words: lithium-air flow battery; active cathode structure; gradual-change porosity; numerical simulation
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