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Abstract: The pore structure of air electrode has an important effect on the performance of lithium air battery.
Therefore, based on the Comsol software platform, this paper developed a one—dimensional nonaqueous lithium
air battery electrochemical model, and found that the simulation results by the present model are closer to the
experimental results than those by the previously published model. What is more, the present model is widely
used to investigate the effect of the air electrode porosity and its distribution, the particle size of porous carbon
used to make the solid skeleton of air electrode, solid skeleton and pore phase tortuosity on the performance of
lithium air batteries. The simulation results show that the air electrode porosity increasing, the discharge voltage

platform and the capacity of nonaqueous lithium air battery increase. If the average porosity of the air electrode
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with the randomly porosity along the thickness direction is the same as the air electrode with the constant poros-

ity, the discharge voltage platform and the capacity of the nonaqueous lithium air battery prepared by the air

electrode with the randomly porosity are higher than the air electrode with the constant porosity. The results also

show that the particle size of porous carbon decreasing, the discharge voltage platform of the nonaqueous lithium

air battery increase, but the discharge capacity decrease. The solid skeleton and pore phase tortuosity increasing,

the discharge platform and the capacity of nonaqueous lithium air battery decrease.
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Fig.1 Schematic of a nonaqueous lithium-air battery
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Tab.1 Governing equations and boundary conditions of the nonaqueous lithium-air battery during discharge
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Tab.2 Parameters used in the simulations

Parameter Value Parameter Value
Initial porosity of air electrode!"?,g, 0.73 Mean radius of porous carbon particles in air electrode!™,ro/m  2.5x107®
The length of the diaphragm™, L /m 5%x107 | Volume fraction of solid skeleton of air electrode , &, 0.27
Diaphragm porosity!, &, 0.87 || Anodic reaction rate coefficient, k. /(mol/(m*-s)) 1.11x107
Length of air electrode!™, L,/m 6x10* | Reaction rate coefficient of lithium metal anodem],ku/(m/s) 1x107
Dissolved oxygen coefficient™, ® 0.4 Reaction rate coefficient of air electrode™, k_/(m/s) 1x107
Li,0,'s resistor on the diaphragm, Ry, /Q) 50 Reaction rate coefficient of air electrode!, k, . /(mol/(m’+s))  3.4x107"
Diffusion coefficient of Li'™, D, /(m?s) 2.11x10° | The molar mass of Li,0", M|, , /(g/mol) 45.88
Diffusion coefficient of 0,",D,, /(ms) 7x107 | Conductivity of Li™ k/(S/m) 1.085
Reference concentration of Li*“zl,c:'./ (mol/m*) 1000 | Dissolution limit of Li,04%,¢,_ ., /(mol/m) 0.09

Number of transferred electron!,n 2 Initial oxygen concentration of air electrode™, @ ¢, /(mol/m®)  3.784
Density of Li,0",p/(g/cm?) 2 140 | Oxygen concentration of latm extraneous air'”, ¢, /(mol/m?) 9.46
Anode transfer coefficient™ , a, 0.5 Air electrode solid skeleton conductivity™, o, /(S/m) 10
Faraday's constant™, F/(C/mol) 96 487 | Equilibrium potential for oxygen reduction, E/V 2.96
Cathode transfer coefficient™,a, 0.5 Activity dependence™,d In f./0 In ¢, -1.03
Porous carbon density!”,p./(g/cm?®) 2.26 Air electrode pore phase Bruggemann coefficient™ 3, 1.725
Temperature!™, T/K 300 Air electrode solid phase Bruggemann coefficient™ 3, 1.5
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