Contents

Acknowledgements i
Abstract (English/Italiano/Francais) v
List of figures XV
List of tables XXi
Acronyms xxiii
List of symbols XXV
1 Introduction 1
dol MOBIVAtION » v wi s & s el e iy 0 i e e i s 5 0 e oo, Sl s 0 1
1.2 Fuel cell basic principles . . . .. ... .. ... 2
1.3 MatERIANS i s % % s s s v s e B e R e o e e s e e 5
1.4 Interconnects . .. .. . . ... 7
15 COMOSION i v s s me v e a5 s s b e 8
1.6 Mechanical stresses . .. ... ... .. ... .. 15
1.7 Solutions to decrease IC degradation . . .. ................... 17
1.8 Metal interconnects operatedinstacks . . .. ........... ... ..., 20
1.9 Interconnect carbon footprint . . . ... ... .. o oo 24
1.10Concludingremarks . ... ... ... ... 24

2 Materials and Experiments 25
2.1 Materials. & . v o i d i whomse b e 3 00 w7 it ey s G S e 25
2.2 Coating deposition techniques . . .. ... ........... ... .. ... 27
2.2.1 Atmospheric plasmaspray (APS) . ... ... ... ... 28

2.2.2 Atomic layer deposition (ALD) . .. ... ... 28

2.2.3 Physical vapor deposition (PVD) . . ... ... ... 29

2.2.4 Reactivedipcoating . .. ... ... ... 29

2.2.5 Wet powderspray (WPS) . ... ... ... ... . . . ... 29

2.3 Plasmanitriding . . . . . ... 30
2.4 Testing . . . . . e e e 30
241 ASRand Crretention « cui i it wov wws diin i o snils e & o 31

2.4.2 Real interconnects (short-stacks) . .. ............ ... ... 32



Contents
2.54 Post-testichanactenization 2 i it o i i e 34
2:50 . Sampleipreparationi s s it e e e s 34
2:5:2 Microscopy/charactenizationos o @i Sea e 8L D e 36
253 Datatreatmentss . cini S T b i i e s 36
2.6 Density Functional Theory (DFT) calculation. . .. ............... 36
3 Experimental Benchmarking of SOFC metal interconnect solutions
(Results from the SCORED 2.0 project) 39
3l introdUGtiony Vi T e e G B e e . 39
3.2: Materials and EXpeRimentsy cr v o Ll s el L 40
3:3 . Resultsiandidiscissionis: = i nemiE Bin RS el el e e 42
3:311 Steelisubstrate s o nn sl i S s e e 46
3312 Goating . o s st s e e e e 47
333U Nitriding e tos sl o R e e 50
3.3.4 Samples coated with lanthanum iron perovskite. . . ... ... ... 56
3.3.5 Validation of small ASR test samples results on short stacks . . . . 57
3.4 Practicalapplication » o D Ee i L 66
3.5 ConclUsiontimdl Skl i, i e TR R s e 67
3.6 Acknowledgments: oo iirt ol B el a e 68
4 Degradation of Metals in SOFC stacks, Part | 69
41 Introductions . « s ir (e sl i e s S 69
4,2 Resllts,. o s e n i e s 70
4.2.1 Cathode side rib (Figure 4.2) ... . . St iias v o v s o 71
4.2.2 Cathode side valley(Figune:4.4) . ... v oo oo i b 75
4.2.3 Dual exposure region = anode side and cathode side (Figures 4.5
and4i6) s a et e i R R 75
4.2.4 Stack that underwent thermalcycles . .. ................ 77
4:2.5.SUMmMaKy. f. 0 e e e e s i
4:3 - Discussion: et B et il el e e e A e 81
4.3.1 Passivation layer failure at interconnect/perovskite interface (cath-
odesside bl oo SRl T LB B L e e 81
4312 Oxidelgrowtht . a s e s e B 85
433 Mechanical behaviour. - . 5. o0 Sslssieinm it o 0 s v ] 88
414 sGonGlusion: el e e S s T R R 89
4:5; Acknowledgment i v o o Bn D Gl T i e 90
5 Degradation of Metals in SOFC Stacks, Part II: Nanolevel Investiga-
tion 91
S5Antroduction: « . i s e L s R e e 91
5.2 ResllEs i e Sae el eie L i e ekl e s 92
5121 Pristine interconnection .\ e sl bl 92
5.2.2 -interconnect from.stack #4800 . ... . . .o o L s e 94
5.3 DisCUssiont v e s e N e e e e L 97
5:4 ConclUSIONS i o o e e L e G L A e 102

Xii

Contents

5.5 Acknowledgment . .. ... ... 103
Degradation in Balance Of Plant (BoP) Components 105
6.1 Introduction . ......... .. ... 105
6.2 ResUlts .5\ ot sl b e i e e e 108
6.2.1 hotbop #1 ... ... ... .. .. ... 108
6.2.2 Hotbop #2 . .. ... ... ... 117
6.3 Discussion .. ... 119
633.1 . 0xIdelayerns. v & im0 i e e e e e e, 119
6.3.2 Stress corrosion cracking (SCC) . . ... ................. 121
6.3.3 Fouling . ... ... ..., 122
6.4 ConcClusions. . . . ... ... . 123
6.5 Acknowledgment . .. ... ... 123
Design of Experiment Approach Applied to Interconnects’ Acceler-
ated Testing 125
7.1 Introduction . . ... 125
7.2 1St Setof Experiments . .. ............ ... 126
7.2.1 Experimental procedure .. ................. ... ..... 126
7.2.2 Design of experimentandresults . ... ................. 127
7.3 279 Set of Experiments . . . .. ... ... 136
7.3.1 Experimental procedure . . ........... ... ... ... .. ... 136
7.4 ConcClusions . . .. ... L 140
7.5 Acknowledgment . . ... ... .. 140
8 Conclusions and Future Work 141
A Appendix 145
A.0.1 Experimental Benchmarking of SOFC metal interconnect solutions
(Results from the SCORED 2.0 project) . . . .. ... .o v ... 145
A.0.2 Degradation of Metals in SOFC Stacks, Part Il: Nanolevel Investi-
gationl: aiis b R GGl Ll KR o SR 147
A.0.3 Degradation in the Balance Of Plant (BoP) Components . . . . . . . 150
Bibliography 175
List of publications 177
Curriculum Vitae 179
Xiii



