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corrosion

electropolishing

coloration of titanium

< ) batteries, fuel cells

ETH - Ceramics http://ceramics.ethz.ch



Solid Oxide Fuel Cell (SOFC)
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O, reduction
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La, g5Sr, 1sMnO; (LSM)

real electrode

Electrochemistry and Materials

Overpotential n = E - E,

~ electrokinetic losses

n strongly dependant on the material

|

Aim:
find the appropriate material to get
high current and low overpotential
(reduction of electrokinetic losses)

|

What limits the performance
of my system ?
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Electrochemica
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EIS principle
Current (A)

Small amplitude (5-10 mV) input signal
— Linearization
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Admittance Transfer Function

Potential (V)

Z = impedance

complex ( j2 =-1)

frequency dependant (w = 21 f)
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EIS spectra and equivalent circuits

experimental EIS spectra
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How to interpret
the experimental equivalent circuit ?7?
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Alternative approch: modeling the impedance

new model reaction model

(922 gé%agﬁs%%z_

\ 4

state-space modeling

experimental impedance faradaic impedance

validation of the model
assessment of kinetics
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State-Space Model

electrochemical system

Kads Kb
E (input) Kges K |- (output)
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0 = state variable (O,4, concentration)
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(c?jl_? =/(0, E, K) — state equation
State-Space Model <
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State-Space Modeling

time domain frequency domain
A /\
~ N -~ N
state-space model* linearization Laplace transform varying w

Simulink®: easy implementation of the model.

Matlab®: state-space calculations and computing
steady-state analysis
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Reaction Models
Dissociative adsorption: Oy t28 5 20,4

Surface diffusion: O,4s — O,y (tpb)

Charge transfer at the tpb:  O_4 + 260 5 O

electrode

s = adsorption site

Electrolyte = 02 conductor (V; and O)
Typically YSZ (Y,05 - ZrO,) 0% (Q) electrolyte

Poz » [0,] and [V,] are constant @ triple phase boundary (fpb)

Model 1: surface diffusion negligible

Model 2: with surface diffusion
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Dissociative adsorption:

Kads

Opg * 25 5 20,
K

S

des

Charge transfer:

KA(E)
0, +2e 5 O
Ko(E)

— consecutive reaction steps

— state variable 6_,, = scalar

-

deads

— state-space model < i

\.
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= Kads pOZ(1 'eads) c= Kdeseads2 B

||: = Ki [_ Kf(E) 9ads i Kb(E) (1'9ads)]

Model 1 (without surf. diffusion)

electrode

electrolyte

0% (0,)

KAE) Bags + Kp(E) (1-8545)
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Model Implementation in Simulink®

ads ads ,002(1 eads ads W Kb(E) (1'eads)

K(E) ©
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integrator

function K; (E)

ki exp(-2BfE)

ko exp (2 (1-B) fE)

function K, (E)
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Kads

Oy t28 5 20,4
K

des

Kdif
ds - C)ads

O

a

K{(E)
s T2 5 0%
Ko(E)

O

a

Diffusion processes 00 o°0
2" Fick's law: ot 4 572

— Finite difference approach to
estimate time and space derivatives

— state variable 6 (8,, 6,, 65) = vector
0,<0,<6,

— Parallel reaction pathways
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Model 2 (with surf. diffusion)

diffusion
layer

02 ( O;() electrolyte
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Model Implementation in Simulink®
Subsystems: as many as compartments

20,
= KadgsPo, (1- 6)° -K

8% + K‘i’_‘f (2 -8, + T) ( + chg transfer kinetics)

des
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Model Implementation in Simulink®
Compartment n°2

00
5—122 = KadspO2 (1-9, )2 2 Kde3922 T (

out-port to
compartment (1) and (3)
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electrode

electrode

electrolyte

Modeling results

charge transfer
(model 1 = diffusion slow)

adsorption - charge transfer
(model 1 = diffusion slow)

diffusion - charge transfer
(model 2)

ads. — diff. - charge transfer
(model 2)
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~10-30 pm

~100 nm -1 um
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Electrode / electrolyte interfaces

\
, industrial application
J
control of the
electrode dimensions
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Experimental
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otentiostat| electrode

working

electrode

counter
electrode
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Re (Zror) / ©

Cp,. may mask Z- — Berthier's method in Corrosion 51 (1995) 105
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Comparison modeling - experiments

Lay g5Sry.1sMNO; @ 800°C
n=-270mV, | =150 mA.cm2

Kdif S Kads’ Kf

1
-
|

slow surface diffusion = Model 1

Im(Zexp) / Q
o
(@)}

Lag g5Sr, 1sMNO; @ 800°C
n=-270mV, 150 mA.cm

electrode

electrolyte

mixed control
adsorption - charge transfer
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Ongoing SOFC projects

Mixed ionic-electronic electrodes Modeling the whole SOFC

%0, + 2e- 5 02

electrode

electrolyte

H, + 02 5 H,0 + 2e

Additional reaction pathway through Oxygen reduction, fuel oxidation,
the electrode bulk. transport in the electrolyte.

Intermediate T° SOFC (600-800°C).

Typical material: La,Sr, ,Co,Fe O
(LSCF).
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Summary

e electrochemical reactions yield sophisticated impedance behavior
= necessity of a modeling approach (analytical or numerical).

e SSM (with modern computation tools) enables to simulate the faradaic
impedance of such reactions.
= “fingerprint” of reaction models.

e SSM approach applicable to any other field of electrochemistry.
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