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Background - Fundamental ORR Mechanisms
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Fundamental ORR Mechanisms - Catalysis
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Fundamental ORR Mechanisms - Catalysis
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Fundamental ORR Mechanisms - Catalysis
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Fundamental ORR Mechanisms - Catalysis
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Fundamental ORR Mechanisms - Oz Dissociation
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Fundamental ORR Mechanisms - Oz Dissociation

Increase in [160180] with
temperature until
achieves 50%(maximum
statistical conversion)

UNIVERSITY OF
& MARYLAND
Energy Research Center

375°C

Oo 3 6 9 1l2 1‘5 i
Time (minutes)
h107 '
o 400°C
ol
v ‘-.;:'-"’n' e S
B 210" psssseiss : 60y 180
s mu,,V,z——.— 180180
0 St ‘ ‘ ‘
R BT
Time (minutes)
™10 ' ' | '
425°C |

180180

1802

9 12

15 18
Time (minutes)
450°C
16 16018
0, Q180
18
0 3 6 9 12 15 18

Time (minutes)

GDCh
~

Surface Interfaces

Direct Observation of Oxygen Dissociation on Non-Stoichiometric
Metal Oxide Catalysts

Yi-Lin Huang, Chistopher Pellegrinelli, and Eric D. Wachsman*

An@dw
Chemie

International Edition: DOI: 10.1002/anie.201607700
German Edition: DOI: 10.1002/ange.201607700

Communications

Inlet Gases Outlet Gases

21602+21802+8*2;“&4160*+4180*
Reassoc. 1602+2l60180+1802+8*

Developed 1:1 Isothermal
Isotope Exchange (lIE) to give
specific Oz-dissociation rates



Fundamental ORR Mechanisms - Oz Dissociation
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ORR Reaction Mechanisms in Presence of HoO and CO»
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ORR Reaction Mechanisms in Presence of HoO and CO»
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ISTPX of LSCF in 25000ppm O with 6000ppm D20

Oz exchange with lattice 80
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ISTPX of LSCF in 25000ppm O with 6000ppm D20

Oz exchange with lattice 80
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ISTPX of LSCF in 25000ppm O with 6000ppm D20

D20 and O2 exchange with
lattice 180
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ISTPX of LSCF in 25000ppm O with 6000ppm D20

Accumulated Isotopic Fraction exchanged from 80 LSCF
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Temperature and POz Dependence of LSCF in D20

Repeating exchange
experiments as function of
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Temperature and PO2 Dependence of LSCF in D20
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Water Exchange on LSCF vs LSCF-GDC Composite Cathodes
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Water Exchange on LSCF vs LSCF-GDC Composite Cathodes
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Water Exchange on LSCF vs LSCF-GDC Composite Cathodes
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Water Exchange on LSM vs LSM-YSZ Composite Cathodes
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Water Exchange on LSM vs LSM-YSZ Composite Cathodes
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Water Exchange on LSM vs LSM-YSZ Composite Cathodes
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Water Exchange on LSM vs LSM-YSZ Composite Cathodes
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Water & CO2 Exchange on LSM vs LSM-YSZ Cathodes
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Water & CO2 Exchange on LSM vs LSM-YSZ Cathodes
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Comparison of ISTPX with EIS for LSCF-GDC in H20
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Comparison of ISTPX with EIS for LSCF-GDC in H20
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Comparison of ISTPX with EIS for LSCF-GDC in COz2
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Comparison of ISTPX with EIS for LSCF-GDC in COz2
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Comparison of ISTPX with EIS for LSCF-GDC in COz2
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Phase 1 In-Operando Isotope Exchange System

e Develop in-operando apparatus for the study of SOFC cathode oxygen surface exchange
properties, under operating conditions of applied voltage / current.

* Determine surface exchange mechanisms and coefficients using in-operando 80-isotope
exchange of LSM and LSCF powders, and their composites with YSZ and GDC.
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Phase 1 In-Operando Isotope Exchange System

e Develop in-operando apparatus for the study of SOFC cathode oxygen surface exchange
properties, under operating conditions of applied voltage / current.

* Determine surface exchange mechanisms and coefficients using in-operando 80-isotope
exchange of LSM and LSCF powders, and their composites with YSZ and GDC.
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Phase 1 In-Operando Isotope Exchange System
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Phase 1 In-Operando Isotope Exchange System
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Phase 1 In-Operando Isotope Exchange System
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Phase 1 In-Operando Isotope Exchange System
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In-Operando Determination of LSCF k. as Function of Potential
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In-Operando Determination of LSCF k. as Function of Potential

* In-operando determination of LSCF surface
exchange as a function of cathodic bias
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In-Operando Determination of LSCF k. as Function of Potential

* In-operando determination of LSCF surface
exchange as a function of cathodic bias

* Follows Tafel relationship (1 vs Ln(I))
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In-Operando Determination of LSCF k. as Function of Potential

* In-operando determination of LSCF surface
exchange as a function of cathodic bias

 Follows Tafel relationship (n vs Ln(I))
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* In-operando determination of LSCF surface
exchange as a function of cathodic bias
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* In-operando determination of LSCF surface
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Tentative Model
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Tentative Model
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* First ever direct in-operando measured
relationship between surface exchange
coefficient and electrochemical overpotential
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* First ever direct in-operando measured
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Consistent with Electrochemical Principles:

At high overpotential best fit is by 2|

logarithmic Tafel relation
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Phase 1 Summary/Conclusions

* Developed an in-operando apparatus for the study of SOFC cathode
oxygen surface exchange properties under operating conditions of
applied voltage / current

» For the first time determined the oxygen surface exchange coefficient
(kex) in-operando as a function of applied electric potential with in-situ
180-1sotope exchange

e Developed direct relationship between electrochemical (I-V)
performance and k.. as well as unifying theory to relate isotope
exchange obtained k.. to other electroanalytic (e.g., ECR) techniques

e This technique now enables the direct determination of fundamental
ORR mechanisms (such as Kdissociation and Kexchange) and the affect of
H,O, CO,, and Cr and other contaminants on ORR kinetics and
degradation mechanisms as a function of applied polarization
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