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Outline

¢ Charge Transport in MIECs-Literature Review

“* MATHEMATICAL MODELS

= Nernst-Planck Theory.
Focus: Application in MIEC electrode/electrolyte (governing
equations and boundary conditions).
= Modified Fick’s diffusion equation.
Focus: Derivation procedures.
Relationship with Nernst-Planck Theory.
Application in MIEC electrode.

s SUMMARY AND FUTURE WORK



Charge Transport in MIEC
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Literature Review-Experimental
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Fig. 3. Cell geometry considered in the model, and as explained R chem
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Literature Review-Modeling of MIEC
Modified Fick’s

diffusion equation Carl Wagner
Mixed conduction Li;Sb system N, =-DW—2 o,
Weppner and Huggms 1977 ax
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Literature Review-Modeling of MIEC
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Nernst-Planck N, =-D,Vc, - Vo

Charge transport of MIEC thin-film electrode
Liu,2007-2010

Questioned Fermi Level assumption in Adler’s model
Liu and Winnick, 1997

Voltage-current relationship for MIEC electrolyte wachsman and
Duncan, 2009

Impedance model for MIEC electrolyte Haile and Goodwin, 2005-2011



Research Goals

Modified Fick’s law VS Nernst-Planck

Fermi Level Assumption?

Thermodynamic factor?

Constant A assumption?

Applicability and Accuracy of both theories?

MIEC electrode vs MIEC electrolyte?




Application in MIEC electrode
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MIEC electrode: Nernst-Planck

3 variables governed by 3 equations
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MIEC electrode: Nernst Planck
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MIEC electrode: Modified Fick’s law

1 variables governed by 1 equation
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How to relate N-P with Fick’s

Uniform Fermi Level Vi, = V(RQT Inc, f, +2, F¢) -0

assumption

Electrochemical potential of oxygen vacancies
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i = Vu. .
R,T Flux of oxygen vacancies
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Thermodynamic factor D, =D;A

Gas Phase
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Avs W

Method Weppner and Huggins 1977 [8] Adler 1996 [18]
Modified
Fick’s N; =-DWVc, N; =-D,AVc,
equation
. oinf. .z
Definition of W=t dlna, 1z, dlna, Aol ih Z;0Ing,
W and A olnc, z, dinc, dlnc;  z, dlnc;
Assumption szNj =0orVt, =0 Uniform Fermi level Vy, =0
]
2
Relationship W =t, {1+[ZVJ S ]—t A with fi=constant, i=v and h.
Ch

Zy

» W derived when ). z

\/

J]]

equivalent to constant t,.

= 0 or t,=constant;
** For MIEC electrode, W=A. Uniform Fermi level is

Journal of the Electrochemical Society, 1977. 124(10): p. 1569-1578.
Journal of the Electrochemical Society, 1996. 143(11): p. 3554-3564.




Transient solution: Nernst-Planck

A z Time=50s
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Impedance solutions: N-P vs Fick’s
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Distribution Profiles: N-P
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Impedance solutions: N-P vs Fick’s
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Distribution

Fermi Level

Profiles: N-P
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Conclusion: MIEC electrode

¢ For MIEC electrode with high electronic
conductivity, Fermi level is uniform and Ais a
constant.

** Both N-P_a odified Fick’s law are applicable.

¢ For{modified Fick’s [aw)A is a function of T and
Po,.




Application in MIEC electrolyte

L. W A W
Pt electrode M 2
I'4 IS

=) 12

MIEC Electrolyte

15 mol%-samaria doped ceria (SDC)

|
|
|
|
|
|
|
I L2
|
|
|
|
|
|
|
|

Physical Chemistry Chemical Physics, 2009. 11(47): p. 11243-11257. 2



Impedance: Nernst Planck
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Distribution Profiles: N-P
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Conclusions: MIEC electrolyte

¢ For MIEC electrolyte with high ionic
conductivity, Fermi level is not uniform and A is
not a constant.

. Onlis applicable.

* Modified Fick’s law could not be used to simplify
the model.
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Discussions: N-P vs modified Fick’s

N-P VS Modified Fick’s
Pros: Pros:
v’ 3 variables governed by 3 v’ 1 variable governed by 1
equations equation
v’ applicable under all v’ easy and simple to implement

circumstances

Cons:

v' Complicated and takes
more time

v'Not practical for
interpreting experimental
data

Cons:

v only applicable for MIEC
electrode with a high electronic
conductivity

v" Must be very careful to set
boundary conditions
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Future work-Wagner’s Work

Link Liquid solution theory to solid solution theory

Vu, =R, TVInc, +z,FV¢

J. Electrochem. Soc., 145(1),1998,143



Thanks for your attention!



