
Table of Contents 

Acknowledgments 

Abstract 

Zusammenfassung 

} Introduction ee C ee E c 1 

1:1 Backstound 2.000 I WT cc AE 2 

k.L.1.Chemicalloopms combustioni...ai a 3 

1.1.2 Chemical looping with oxygen uncoupling............................................... 5 

1.1.3 Development of oxygen carriers for CLC and CLOU............... cece cece eee eee 5 

1.1.4 Chemical looping hydrogen production (СЁН)........ sese 7 

1.2 Objectives OF thiüsthesist eec ame nen siente oes a а В 10 

2 CuO Promoted Mn203-Based Materials for Solid Fuel Combustion with Inherent CO? 

Capture... "TP 12 

2 Introduction. u. A eu eI Iu 13 

2.2 A MCN A aint 15 

2.2.1 Synthesis of oxygen carriers..................................................... 15 

2:2:2 Characterization: eC Mi Ques Lui 16 

2.2.3 Thermo-gravimetric analysis...........................................,.................. 17 

2.2.4 Fluidized and packed bed experiments... 17 

2.3 Results and discussion... 18 

DA COMCIOSIONS ot 3] 

Yield of H2 in a Chemical Looping Process... 32 

Sel Introduction cu cee rere ese ee eee 33 

3-2 Experimental um m. ies ME ее ena 36 

3.2.1 Synthesis of Oxygen Carriers.s.. usse ees alada en i 36 

3.2.2 Material characterization......................................................... 37 

3.2 3 IPR measurements ее а à 38 

3.2.4 Conductivity measurements....................................................... 38 

3.2.5 SIMS analysıs u... Gann 39 

3.2.0 Redox CCE cc 39 

3.3 Results and discussion... 40 

ix 

3.3.1 Composition and structural characterization of the oxygen carriers..................... 40 

3.3.2 Effect of Mn:0; and ZrO» on the reducibility of Fe203 and carbon deposition......... 43 

3.3.3 H» production and redox performance in chemical looping.......... 0 cece eee 49 

3.3.4 Influence of Mn2O3 and ZrO on the oxygen carrier conversion........................ 54 

3.3.5 Relevance of electrical сопдисьуиУ..... ete eene eee nth rh herr ne teen 56 

3.36 Extent OF Carbon deposiHloN.;..... men. ee av ee ne ge 57 

3.4. COMCIUSIONS 2: zu... A an 60 

4 Reversible exsolution of dopant improves the performance of Ca2Fe2Os for chemical 

looping H2 production... 62 

4:1 OO UC m 63 

42 Вх u 0 ee ee ipii edd 65 

4.2.1 synthesis of oxygen carriers..................................................... 65 

4.2.2 Material characterization.................................................... nenn seen 65 

4.3 Results and discussion... iii 67 

4.3.1 Composition and structural characterization of the oxygen carriers..................... 67 

4.3.2 Effect of doping on the reducibility of Ca2Fe20s and carbon deposition................ 72 

4.3.3 Redox performance and H» production in chemical looping.............................- 73 

4.3.4 Structural changes of the oxygen carriers during reduction and oxidation.............. 80 

4.3.5 Effect of doping on the equilibrium H» to steam ration................................... 85 

4.4, Eonelusions se... nee ee ee een 87 

5 Bifunctional Core-Shell Architecture Allows Stable and High-Purity H» Production 

from Greenhouse Gases in a Chemical Looping Process.....................,...,............. 89 

Dl Imtroducton.. 0 ee ое 90 

3,2 EX perimental en een 93 

5.2.1. Materials synthesis... ее а ia 93 

5.2.2 Materials characterization... ...... das 94 

5.2.3 Dry reforming of methane coupled with chemical looping H» production............... 95 

5.2.4 In-situ XAS and synchrotron ХКО........... i 96 

5.3 Results and discussion... serere ete ste ics nennen ie 97 

5.3.1 Thermodynamic assessment..…........................................................... 97 

5.3.2 Materials characterization................................................. eteeneeeeeeeeeees 98 

5.3.3 DRM-CLH experiments... 102 

5.3.4 Structural changes during DRM-CLH......... sss 105 

5.3.5 DRM on CeO»-supported Pt nanoparticles............. nenn 111 

x



5.4 Conclusions... ce inno 120 

6 Conclusions and outlook... 121 

6.1 Conelüsionse 0... rn 122 

6.2 OO a à et our 124 

References ...... нение ини ини ини 125 

Curriculum vitae 

xi


