Contents

Nomenclature 1X
1 Introduction 1
1.1 Basics of direct ethanol fuetcells . .. ... ... ... . ... ... 1
1.2 Motivation and objectives . . . .. .. ... .. oL 2
1.3 Outlineofthethesis .. ... ... ... ... ... .. ........ 4

2 Fundamentals 7
2.1 Basic principles of electrocatalysis . . . . .. ...... ... .. ... 7
2.1.1 Reversible electrode potential . . . ... ... ......... 7

2.1.2 Electrodekinetics . . . . . ... ... ... o L. 9

2.1.3 Reactivityof catalysts . . ... ... .. ... . ... ... 12

2.2 Literature review: Ethanol oxidation reaction on Pt-based catalysts . 15

3 Methods 21
3.1 Electrochemical characterization of fuelcells . . . . .. ... ... .. 21
3.1.1 Polarizationcurves . . . .. .. ... ... .. .. 21

3.1.2 Half-cell measurements . . . . . ... .............. 22

3.1.3 Chronoamperometry . . . . . . o v v vt e e 23

3.2 X-ray absorption spectroscopy . . . . . . oo oo e 24
3.2.1 Extended X-ray absorption fine structure . . . . . ... . ... 25

3.2.2 X-ray absorption near edge structure . . . . ... ... .. .. 26

33 Xraydiffraction . ... ... . .. o e 28

4 Evaluation of losses in direct ethanol fuel cells 31
4.1 Catalyst loading and experimental conditions . . .. ... ... ... 31
4.2 Resistance measurements . . . . .. ... ... ... L, 34
4.3 Electrode potentials at open circuit conditions . . . . ... ... ... 35

Bibliografische Informationen digitalisiert durch E A 'ﬁHLE
http://d-nb.info/1011326647 BLI T?IE


http://d-nb.info/1011326647

VIII

Contents

4.4 Electrode potentials during fuel cell operation . . .. ... ...

5 Ethanol oxidation studied by operando X-ray absorption spectroscopy 41

5.1 Experiment and dataanalysis . . ... ..............
5.2 Ethanol oxidation reactionon Pt . . . ... .. ... .. ...,
5.3 Ethanol oxidation reaction on PtRuand PtSn . . ... .. ...
5.4 Comparison between thecatalysts . . . . . ... ... ......
5.5 Benefit of the in-situ XAS analysis . . ..............

6 Model studies of the ethanol electro oxidation

6.1 Experimental and Data processing. . . . . ... .. ... ....
6.1.1 Experimental procedure . ... ..............
6.1.2 Evaluation of surface coverages . . ... .........
62 Modeling. . . ....... . ... .. o
6.2.1 Chemicalreactions . ... ... ... ...........
6.22 Coupling terms . . . . . . . vt e
6.2.3 Activesurfacearea . ... ... ... ... .. .. ...,
6.2.4 Nomenclature and parameter list used for the simulation . . .
6.3 Discussion . . . ... ... e e
6.3.1 Quasisteady-state . ....................
6.32 Timedependence . .. ... ................
6.3.3 Explanation of dynamic behaviour . ...........
6.3.4 Analysis of parameter influence . . ............
6.4 Model validation/evaluation . . .. ................

7 Conclusions and Qutlook

Appendix - Variation of model parameters
Bibliography

Acknowledgement

Curriculum Vitae

List of Publications

RS

103

107

129

141

143

145



