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Abstract Side Reaction Correction
@C

A physics-based electrochemical model has been developed to investigate
overall performance and sensitivity analysis of Silicon anode based Lithium-
lon batteries. Lithiation-Delithiation cycling has been done on the porous Si
anode coin cell. Then side reaction has been corrected on the exchange
current density, 1,_SR of the cell. I, SR as a function of cycle numbers have
been plotted Iin the graph. It has been noticed, side reaction exchange
current density in the initial cycles just because of SEI layer formation at the
iInterphase of anode and separator of the battery. In the later cycles, it
reduces to small values. Then, a single particle half-cell model has been
developed and simulated to validate the experimental result. In the model,
different equations (logarithmic, linear, average) to evaluate side-reaction
exchange current density. It has been observed logarithmic 10 SR as a
function of the state of charge(SOC) has been fitted the best with the
experimental results.

Introduction/Motivation

* |t has been suggested that the performance of the Lithium-ion Batteries
can be improved if the graphite in anode could be replaced with silicon
because of its high capacity.

» Silicon experiences a large volume change during battery cycling, which
can cause cracks at the surface of the electrodes, failure at the separator-
electrodes interface and large volumetric changes to the cell.

* To optimize the Si-anode-battery design, side reaction must be corrected
on the exchange current density of the cell.
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Experimental Results
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Value Descrlptlon
o 500 :nm] Particle Radius
D, 2E-15|[m?/S] Diffusivity
0, 1.46E-3|[A/m?] Exchange Current Density-1
i0, 8.46E-6|[A/m?] Exchange Current Density-2

Mathematical Model

Mass diffusion equations can be written as,

ac D dc
E—Daﬂﬂza
Boundary Condition-1:
p%_ i ¢ R
— = — or r =
a,r ]TL

Boundary Condtion-2:
DE =0 for r=0
or

BC1 BC2

Jn
j. isnet flux, mol/m?/s
n

gy, IS hydrostatic stress at the surface layer of electrode, N/m?
Use a = 0.5 Then, Butler Volmer (BV) equation becomes|3],
- F(V—=U) — 0,9

io( [F(V=U)=0,0

exp

o = 1P 2RT

F 2RT

iy for Side Reaction (logarithmic), linear and average express
ip = 10"(logoi0, —log10i04 * SOC) 1]
ip =104 *x50C +i0, 2]
ip = (101 +103)/2 3]
Here, SOC = State of charge = c¢/c_max

Hydrostatic Equation was generated for Cheng and Verbrugge’'s

solution[1]. At the surface, the stress becomes then,

on(R) = [S1¢ap(R) = c(R)] + 5,

9(1 —v)
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Simulated Validation
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Battery cycling was done in the silicon anode coin cell.

Side-reaction in the exchange current density was corrected.
A physics-based model has been developed and simulated in

COMSOL Multiphysics 5.5.

Conclusions

It was observed the exchange current as a function of SOC fitted

best with the experimental result as showed in the graph.

Experiment and simulation were conducted for ten different cycles

and best of the three cycles’ results have been exhibited here.
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