
Index

a
acetaldehyde 20, 79
acid leaching 233
activated carbon 108f., 174
activation
– effect 126
– energy 113
active carbon 5
– impregnating 109
active species 57, 60, 66, 74, 78
– dispersion 57f.
– mass 59
adhesion 67, 88
– layer 61, 64f.
adiabatic
– bed 111
– conditions 151
– operation 156
– pre-reforming 39, 88
– quasi- 158
– temperature rise 26f., 48, 269, 275, 338
adsorbent 48, 108ff.
– bed 174
– lifetime 174
– material 200
adsorption 108ff.
– capacity 109
– carbon oxide 54
– chemical 103
– materials 108
– methanol 73
– permanent 60
– pressure swing (PSA) 174ff.
– reversible 60
– selective 108
– techniques 108
– temperature 109
afterburner (AFB) 193, 196, 199, 204

– catalytic 195, 204, 305, 311, 315, 324f.
– methanol steam reformer/catalytic 246
– off-gas 191, 193, 195
air
– bleed 29
– cooler 196
– excess 152
– ratio 31, 41f.
air/fuel mixture 36, 42
alcohol 3, 8, 16f., 81, 98
– fuels 20, 30
alkanes 5, 81, 89
alkylbenzenes 6
alumina 57, 60ff.
– amorphous hydrated 61
– layer 61f., 64, 360, 370
– micro-channel reactors 61
– sol 64
aluminium 61f., 361
– alloys 61f.
– microchannels 64
– plate heat-exchangers 61
– substrates 61
ammonia 5, 46, 107, 350, 359
– cracking 15
– decomposition 46, 107
– formation 43
– getter 352
– hydride generators 352
anode 12ff.
– fuel utilisation 182
– gas flow 13
– materials 15
– off-gas 16, 31, 46, 52, 143, 155, 181f., 191,

280
anodic
– etching 62f.
– oxidation 61f.
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– spark deposition 62
anodisation
– potential 62
– treatment 62
aqueous
– phase reforming 44
– solution 44f.
aromatic diesel compounds 94
aromatics 5, 94f., 98f.
Arrhenius plot 168
auto-ignition 40, 42, 81
automated catalyst coating 370f.
automotive applications 332
automotive drive train application 340, 356
automotive exhaust gas
– systems 68, 135
– treatment 217f., 370
automotive style control components 343
autothermal equilibrium effluent

composition 186
autothermal reformer (ATR) 194
Auxiliary Power Unit (APU) 2, 332, 345f.,

349
– commercial aircraft 346
– efficiency 197f.
– fuel cell 346
aviation fuel 108

b
balance-of-plant 13, 312, 324, 343
– components 2, 190, 205, 289, 318, 322
bench-scale tests 46
benzene 91
benzothiophene 97
binder 65f.
bio-diesel 4, 193
bio-ethanol 44
bio-fuel 44, 46, 350
– processor 44
blowers 290f.
– high pressure 290
– low power 290
boiling point 4
– distribution 5
boiling range 4, 6
borohydrites 3
Boudouart reaction 22, 54, 229, 239
burner
– external 140
– heterogeneous 52
– homogeneous 52, 228
– integrated 140, 142
– laboratory radiant 52f.
– light-off 124

– methanol 298f.
– microchannel 140
– off-gas 191, 249
– optimisation 187
– permeate 286
– start-up 155, 228
butane 3
– conversion 83
– partial oxidation 83
butylene 23, 95
by-products 8, 19ff.

c
calcination 57, 64, 66
carbon
– aero gels 108
– deposition 54f.
– deposition mechanism 54
– dioxide 3, 13f., 18, 21, 47f., 51
– filament growth 54
carbon formation 54, 129, 131
– rate 87
carbon monoxide 6f., 10, 13ff.
– clean-up devices 47, 155, 190, 199f., 275,

300
– content 279
– converting 47, 50f., 112f., 117
– desorption 51
– output 277f.
– partial pressure 167
– preferential adsorption 16
– preferential oxidation 49ff.
– removal 51
– selective methanation 123, 164
– selectivity 74ff.
carbonaceous species, see coke
carrier material 60ff.
catalyst 6, 12ff.
– accelerated aging 61
– acidic 44, 105
– activity 58, 69, 71ff.
– aging 115
– bed configurations 133
– bimetallic 13, 78, 85, 96f., 119
– blend 133
– carbon-based 155
– carrier 63ff.
– clean-up 109, 183
– coating techniques 59, 61ff.
– cobalt/alumina 78
– cobalt/molybdenum 108
– cobalt/silica 78
– cobalt/zinc oxide 78
– cold light-off 124
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– combustion 124f.
– copper-based 73
– copper/ceria 122f.
– copper/ceria/alumina 73, 122
– copper/chrome oxide 74
– copper/zinc oxide 68, 71ff.
– copper/zinc oxide/alumina 72, 74
– copper/zinc oxide/alumina/palladium-zinc

oxide 77
– copper/zinc oxide/titania 75
– copper/zirconia 74
– cracking 96
– deactivation reaction 20, 49, 58, 352
– degradation 80, 93
– dual beds 74
– durability 60f.
– effectiveness 68, 155
– fixed bed 69, 71, 82, 155
– formulations 68ff.
– geometries 143
– gold/a-alumina 161
– gold/ceria 121
– gold/iron 161f.
– honeycomb 70
– hydrogenation 108
– impregnated 57
– incorporated 66
– iron oxide/chromium oxide water-gas

shift 78
– layer 14, 138ff.
– magnetite ammonia synthesis 350
– mass 58f., 124
– methanation 123f.
– monometallic 79
– nickel-based 39f., 69, 77ff.
– nickel/ceria 78
– nickel/ceria/zirconia 92
– nickel/lanthana 79
– nickel/magnesia 78
– nickel/molybdenum 108
– nickel/molybdenum/alumina 108
– nickel/nickel oxide 80
– nickel/silica 124
– nickel steam reforming catalyst 68
– over-heating 101, 118
– oxidation 132
– palladium/palladium-zinc/palladium/zinc

oxide 75
– palladium-zinc alloy 75f.
– palladium-zinc oxide 75f.
– palladium-zirconia 77
– paper-like 75
– partial oxidation 147
– particle size 82

– performance 57ff.
– perovskite 81, 88f., 93
– platinum/alumina 74, 122, 161f.
– platinum/ceria 103
– platinum/palladium partial oxidation 80
– platinum/ruthenium 14f.
– porous structure 158, 162
– powder 75f.
– preferential oxidation 116f., 119
– pre-reformer 86
– Raschig-ring steam reforming 242
– reforming 69, 71
– regeneration 96, 98, 108, 116
– reliability 61
– rhodium 79f., 82, 85, 91
– rhodium/alumina 77, 91
– rhodium/ceria 77, 79
– rhodium/cobalt 77
– rhodium/ruthenium 77
– ruthenium 79, 82, 91f.
– ruthenium/alumina 121
– ruthenium/titania 123
– screeing 118
– selectivity 20, 84
– serial 133
– silver/ceria 121
– sintering 60, 92, 106
– stability 44, 60, 79, 82, 84, 114f.
– steam reforming 132
– surface 50, 52, 60, 98, 115f.
– technology 57
– utilisation 68, 111
– volume 58f.
– wash-coated 61, 73, 77, 138
– water-gas shift 110ff.
catalytic
– activity 49, 59, 78
– afterburner 10, 130
– burners 124f., 143, 285f.
– carbon monoxide fine clean-up 272ff.
– cracking 38f., 96, 154
– decomposition 46
– reaction 22
cathode 12, 15f.
– air 195
– electrolyte 209
– gas flow 13
– off-gas 191, 195, 209f.
cathodic sputtering 67
cells per square inch (cpsi) 242
ceramic
– fibres 75, 360
– foams 221
– honeycomb monolith 239

Index j411



– jell-roll monolithic catalyst 221
– membrane 259f.
– membrane supports 285
– monolithic structures 221, 236f.
– monoliths 62, 66, 74, 77, 79, 82, 91, 95,

133ff.
– oxide layers 62
– seals 237
– tubes 88
ceria 77, 103
– high surface 86
– sizes 138
channel 137f.
– combustion 139
– diameters 150
– half-height 137
– steam reforming 139
chemical properties 10f.
chemical vapour deposition 67
chemisorption 168
chip-like microreactor 367
– fabrication 367ff.
clean-up
– equipment 22, 338
– reactor 14
– steps 181
– systems 21
coating 61ff.
– dip- 64, 67, 371
– mechanical stability of 68
– precipitation 66f.
– profiles 63
– quality 65
– silica sol 65
– spin- 65, 67
– thickness 62ff.
– wash- 61, 63ff.
co-current
– flow arrangement 135f., 158, 170, 199
– heat-exchanger 223f.
– mode 139, 158, 170, 245
– operation 134, 159, 170f.
– plate heat-exchanger 138, 242
– pressurisation 174
coke 60, 64
– deposit 52, 54, 101
– filamentous 89
– formation 15, 21f., 26f., 29, 33f., 39f., 52, 60,

78, 81, 84ff.
– gasification 154
– molecules 54
– precursor 20
– stable 100f.
coking tendency 99

combinatorial chemistry 120
combined heat and power systems (CHP)

323f., 358f.
combustion 8
– anode off-gas 181f., 187, 240
– catalyst bed 133
– catalyst layer 136
– catalytic 10, 22, 27, 52, 90, 126, 131, 135,

182
– channel 136, 143
– controlled 12
– exothermic 132
– heterogeneous 52
– homogeneous 10, 52, 149, 182
– process 22
– reaction 132, 134, 286
– total 27
– zone 131, 169
compression 202f.
compressor 131, 190, 199, 202, 290ff.
– energy demand 201
– isothermal 291
– membrane 292
– micro-vane 292
– piston 292
– scroll 291
– twin-screw 292
compressor/expander module 291, 308
concentration 57f.
– gradient 52
– profiles 142
– species 58
– vectors 58
condenser 8, 192
conductivity
– effective 219
– heat 219f.
– proton 14
– wall 159
contact time 82ff.
control strategy
– feedback 215
– observer-based 214
control valve 131, 201, 213
conventional
– burner technology (CBT) 358
– electric power generators 215
– energy supply 215
– power production 359
conversion 6, 8, 57, 79
– chemical 6
– equilibrium 18f., 131, 145
– full 52, 71, 79, 83. 84f.
– incomplete 14
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– isooctane 141
– outlet 137
– rate of 112
– stable 58
cool flame 39ff.
– evaporator 155f.
– oxidation 41
– stability range of 41
– technology 39f., 42
– temperature 41
cooling 13, 158
– counter-flow 270
– cross-flow 335
– gas flow 158
– inter-stage 162
– loop 201
co-precipitation method 121
cordierite 61, 66, 74, 89, 359
– monoliths 274
corona discharge 43
corrugations 289
cost 355ff.
– breakdown 356f.
– catalyst 355f.
– estimation 357
– fabrication 355, 357
– fuel processor 355, 357
– future 355
– production quantity 355ff.
– type of fuel 355f.
cost-capacity factor 358
counter-current
– concept 133f.
– cooling 156
– depressurisation 174
– design 289
– flow 158, 169f., 200
– heat-exchanger 223f., 363
– mode 135, 170
– operation 158f., 170f.
– pressure equalisation 174
– purge 174
cracking
– cycle 193
– intervals 98
– process 155, 192
– reactions 22, 96, 155, 193
– step 154
cracking/regeneration sequences 98
crystallisation 45f., 66
cycloalkanes 106
cyclohexane 90f.
– cracking 97
cycloparaffins 6

d
deactivation 75f., 78f., 82, 86, 89f., 98,

101ff.
– reversible 103
decaline 101
n-decane 95f.
decomposition reaction 20
Deep Reactive Ion Etching (DRIE) 367
dehydrogenation 106f.
density 3f.
– energy 5
– gravimetric power 3, 5, 248
– volumetric power 3, 5, 248
deposition 65f.
depressurisation 174
desulfurisation 46f., 73, 88, 108f., 333, 348
– adsorbents 108
– catalysts 108
– feed 349
– step 348
dielectric barrier discharge 43
diesel 40f., 92ff.
– bio- 4
– compounds 94f.
– conversion 93
– feedstocks 95
– fuel processor 195
– fuel processor/fuel cell systems 195
– fuelled passenger cars 344
– heavy 108
– low sulfur 109
– partial oxidation 101
– reforming 42
– steam reformer/anode off-gas burner 253
– sulfur free synthetic 102
– surrogates 88, 92, 96
– synthetic 101ff.
– synthetic low sulfur 98
diesel-powered vehicles 13
diethyl sulfide 5
diffusion
– bonding 62, 363f.
– bulk phase 168
– coefficient 167
– effects 158
– intraparticle 68
– intrapellet 68
– limitations 160
– molecular 68
dimethyl ether 44, 105
– conversion 44
– formation 20
– partial oxidation 105
– reforming 45
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discharge tank 46
distillation step 190
dodecane 4, 93ff.
n-dodecane 89
downstream 8, 13, 22, 26, 47, 108f., 120f.,

149
– processes 19
dry-gas composition 95

e
efficiency 21, 29, 194f.
– autothermal reformer 196
– auxiliary power unit 197f.
– conversion 238
– factor 9
– fuel processor 197f.
– gross 203
– hydrogen separation 203
– losses 194
– maximum 29ff.
– overall 13, 21, 31, 43, 215
– processor 187f., 190
– reformer 197
– reforming 187f.
– system 196f., 203ff.
– target 340
– thermal 215
elastomer 169
electric vehicle 332
electrical
– efficiency 215
– energy 6, 43
– fuel cell stack power 9
– potential 12
– power equivalent 204, 229, 245, 335
– power generation 12f.
– power output 13, 215, 338
– pre-heating 124
electricity generator 215, 353
Electro Discharge Machining (EDM) 365
– die-sinking 365
– wire-cutting 365
electrochemical
– deposition 65
– reactions 9
electrode 12, 14
electroless plating 66
electrolyte 15f.
– materials 15
– solid 15
electron beam evaporation 67
electrophoretic
– deposition 65
– precipitation 65

electroplating, see electrochemical depositíon
emission 10, 285, 316, 320
– control regulations 10
endothermic 17
– cracking 38
– reactions 23, 39
energy
– diagram 184, 264
– efficiency 151
– losses 185
energy balance 8, 183f.
– overall 181
energy density
– gravimetric 3
– volumetric 3
energy requirements 129f.
– process 130
– start-up 186, 189
– steam reforming 129
energy supply 129, 131
– conventional 215
enthalpy 9f.
– reaction 10
equilibrium
– concentration 38
– constant 47
– conversion 143
– feed composition 168
– gas composition 19ff.
– reformate composition 151
– water-gas shift 151f.
equivalence ratio 178
etching 62f.
– photochemical 63
ethanol 4f., 20
– bio- 44
– conversion 78, 80
– decompositon 20
– partial oxidation 80
– steam reforming 20
ethylene 20, 23f., 79, 89, 95
European driving circle 10
evaporation 140, 180
– feed 187
– fuel 181f.
– processes 22
– system 42
– water 147, 190, 351
evaporator 155, 181, 187, 305
– diameter 42
exergetic efficiency 187
exergy
– analysis 187
– losses 187
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exhaust combustor 200
exothermic 18, 23, 26
– reactions 23, 39, 77
expander 291
explosion limits 176f.
extrusion 66
– techniques 218

f
fabrication
– costs 355ff.
– techniques 355
Fecralloy 360ff.
– metal foils 370
– plate coated 139
feed 12f., 15, 22
– alkane 148
– compostion 17, 23, 158, 163
– compression 202
– concentration 45f., 277, 352
– conditions 60
– flow path 136
– flow rate 59, 129, 147, 186, 213
– impurities 60
– injection 269, 292
– methanol/air/steam 232
– methanol/water 295
– pre-heating 352
– reformate 275
– species 57f.
– temperature 27f., 30, 34ff.
– volume flow 59
feedstock 6, 31, 39, 87f., 90, 230
– blends 39
– compositions 94
– pre-reformed 89
fixed bed 58f., 68f.
– overheating 161
– technology 147
flame
– arrester 42, 176, 242, 292
– guide 267
flammability 4
– limits 36, 124, 178
flow
– distribution 180, 223, 282
– equi-partition 237
– molar 7
– nitrogen 268
– radial 262
– rate 58, 186
– velocity 69
foam 25, 59, 65
– a-alumina 83

– ceramic 81, 83, 85
– coated 88
– pore size 83
– precursor 361
formaldehyde 14
formic acid 14, 19f.
fossil fuels 3, 5, 46
– common 3
fuel cell 6ff.
– air-cooled medium temperature 209
– alkaline 15, 46, 296, 349f.
– ammonia cracker/alkaline 350
– Andromena 349
– autothermal propane reformer/low

temperature PEM 203f.
– bio-fuel processor 353
– ceramic membrane 202
– diesel steam reformer/PEM 202f.
– direct borohydride 46
– direct ethanol 14
– direct methanol 1, 14
– efficiency 8f., 202
– electric power output 319
– electric vehicle (FCEV) 306
– fuel processor system 322, 327
– heat-exchanger applications 289
– high temperature 7f., 14f., 43, 47, 147
– hydrocarbon fuelled 349
– low temperature 7, 13
– membrane 14
– mobile 108
– molten carbonate 16, 326, 345, 349
– optimisation 187
– performance 13f., 334
– phosphoric acid 15, 129, 349
– plasmatron 43
– power generation 13
– Proton Exchange Membrane (PEM)

1, 7ff.
– solid oxide 15f., 47, 155, 181, 325,

345f.
– stability 14
– stack 12ff.
– submarine 297
– system 8ff.
– technology 3, 332
– type 6, 12f.
– vehicles 305f., 341
– water-cooled 208
fuel feed rate 204
fuel processing
– applications 124
– chemistry 17ff.
– gasoline 212
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– reactions 8
– steps 188
fuel processor 7ff.
– alcohol 169
– autothermal diesel 193
– autothermal gasoline 182
– autothermal methane 183ff.
– basic engineering 192
– bio-diesel 193
– breadboard 280, 333f.
– configurations 182
– control strategies 213
– design concepts 129
– diesel 193f., 200f., 344f.
– diffusion layer 303
– dynamic simulations 205
– efficiency 7ff.
– ethanol 189f., 316
– fabrication 366
– feed 190
– future 337f.
– gasoline 204, 210, 251, 332ff.
– HotSpot 227, 300ff.
– integrated 302
– kerosine 344
– Liquified Petroleum Gas (LPG) 327ff.
– membrane 173, 202
– methane 317ff.
– methane steam reforming 182, 212
– methanol 10, 14, 169, 185, 189, 215,

295ff.
– methanol micro 213
– micro 310
– microstructured gasoline 252
– multi- 348ff.
– natural gas 317
– natural gas/liquified petroleum gas 331
– on-board 296, 341
– overall 181, 191
– product 347
– production techniques 355, 359
– reactor temperatures 339
– requirements 12
– second generation 343f.
– self-sustaining 314
– single plate 302f.
– steam reformer 196
– systems 295, 348
– thermal power output 319
– third generation 340, 342ff.
fuel processor/fuel cell plant 342
fuel processor/fuel cell system 207ff.
fullerene 5
furfurals 98

g
gas
– analysis 347
– composition 37, 71, 155
– consumption (GU) 358
– distribution layers 12
– dump 174
– exhaust 135, 188
– hot combustion 203
– inert 13, 42, 171
– mixture 6, 40, 98
– natural 3f., 6, 10, 16, 34, 39, 46f.
– phase 17, 47, 50
– production 39
– purification 8, 301
– purification process 174
– secondary process 174
– sweep 166, 169, 199, 202
– synthesis 6, 39
Gas Hourly Space Velocity (GHSV) 58f.
gas-liquid separator 351
gasification 44, 101
gasoline 4f., 36
– engine 215
– feed 27
– fuel processor/fuel cell system 333
– hydro processing 108
– low sulfur 109
– pre-reforming 87f.
– reforming 28
– station 332
– sulfur-free 340
– surrogate 88ff.
– system 342f.
gasoline-powered cars 13
gelation 64f.
glas micro-sphere 5
gliding arc
– plasmatron 265ff.
– technology 43
global warming potential 44
glow plugs 230, 347
glucose solution 44, 353
graphite 12

h
H/C ratio 191
– liquids 5
heat
– capacity 4, 9f., 133, 186
– conductivity 149, 152, 158
– exchange capabilities 194
– generation 40f., 134f.
– losses 8f., 40f., 152, 185ff.
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– management 164
– of vaporization 4
– recovery 281
– removal problem 13
– requirement 134
– supply 17
– transfer efficiency 212
– transfer limitations 136, 199
– transport limitations 51
heat exchangers 9, 43, 118, 131, 133ff.
heating
– cartridges 244
– system 10
– value 147
n-heptane 21, 89
hexadecane 4, 95f.
hexane 90
– cracking 97
n-hexane 91
hexene 90
homogeneous gas phase chemistry 26
hopcalite 119
– carrier 119
hot-gas blowers 181
hot spot 69f., 86, 149
– formation 199, 233, 247
– temperatures 84, 88
humidification 15, 166, 195
hydrites 3
– MBH4 5
hydrocarbon 3, 17, 38
– activation 80
– cracking 38, 98
– fossil 3
– higher 3, 8, 21, 32, 39, 43
– ignation 81
– light 26, 33, 39
– liquid 3, 5, 14, 44f.
– mixtures 127
– non-volatile 6
– oxidation 125
– pre-reforming 86f.
– reforming 80ff.
– saturated, see alkanes
– unconverted 10
– unsaturated, see olefins
hydrodesulfurisation 108
hydrogen 3ff.
– back-diffusion 300
– carriers 3
– diffusion 168
– dilution 13, 103, 147
– dissociation 12
– efficiency 129

– filling station 332
– flow rate 129
– flux 167, 285
– generation 105
– liquified 5
– mass flow 129
– oxidation 67
– partial pressure 166, 169f.
– permeator 208
– peroxide conversion 264
– production 155
– ratio (HR) 8
– recovery 171, 285
– selectivity 44, 75, 82, 85
– separation 66, 168, 170
– source 3
– sulfide 3, 14, 47
– unconverted 13
– utilisation 13, 182, 188, 191
– yield 32, 37f., 72, 94f., 102, 106, 149, 151,

189
hydrolysis 107
hydrotalcite 84
hydrotreater 345

i
ignition 178
– auto 36
– butane 179f.
– ethane 179f.
– homogeneous 178ff.
– methane 179f.
– propane 179f.
– surface 179
– temperature 36, 41f., 179f.
impregnation 66, 73, 76
– post 76
– pre 76
impurities 174
industrial processes 68f., 80f., 110, 169
inhibiting effect 126
injection
– nozzle 292, 338
– systems 42, 267
insulating materials 180, 293
insulation 185
– inner thermal 267
– material 280f., 286
integrated
– heat-exchangers 158
– reformer/combustor 246
– water-gas shift reactor/heat-exchanger 271
internal combustion engine 10, 45, 52, 148
– technology 215
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ion exchange resin 107
isothermal conditions 156, 201

j
jet diesel fuel 347f.
– A 6
– A1 6
– hydro processing 108
– Jet-A 347
– JP-8 6, 102, 347, 350

k
kerosene 81, 94, 97f., 108
– compound cracking 97
– hydrodesulfurised 93
ketones 98
kinetics 136, 149
– firts order 136
Knudsen diffusion 168, 172

l
laser ablation 366
legislation 10
lifetime analysis 108
light-off 124, 126f.
– partial oxidation 152
liquid
– phase 44
– pump 290, 308
Liquified PetroleumGas (LPG) 4f., 10, 44, 47,

52, 84, 86, 327ff.
– cracking 97
– low sulfur 109
– storage equipment 44
– surrogate 97
lithium aluminium hydride 352
lithium ion battery 332
load changes 153, 248
– transient changes 248
Low Temperature Co-fired Ceramic tapes

(LTCC) 366
Lower Heating Value (LHV) 4, 6f., 9, 29, 38,

44

m
mass
– flow rate 130, 197f.
– fraction 53
– production 355, 365f.
– ratio 42
– transfer coefficients 221
– transfer limitations 51, 133, 136, 138, 140,

155, 163, 199, 229, 234
membrane 12, 164ff.

– alloying 165
– dense 172
– dry-out 8f.
– fabrication 369f.
– imperfections 166
– lifetime 165
– material 12, 15
– metal 166, 209
– microporous ceramic 172f.
– Nafion 12, 15
– palladium 18, 165ff.
– polybenzimidazole 15
– polymeric 164
– porous 172f.
– porous glas 254
– purification unit 202
– quality 168
– separation 18f., 164ff.
– separation devices 283f.
– separation modules 284
– surface area 168, 202
– thickness 166ff.
– tubular 172
– types 172
– vanadium 165f.
Membrame Electrode Assembly (MEA) 12
mercaptanes 5
– ethyl 5
– tertiary butyl 5
metal 12f., 54, 60
– clusters 57
– foams 65, 88, 274
– noble 78, 82, 84, 88, 93
– non-precious 68
– passivating 62
– porous 279
– precious 68, 75, 77, 117
– promoter 71
– salt 57
– surface 52, 54
metallic
– gauze technology 220
– ions 14
– membranes 66
methanation 21, 49, 51, 101, 112, 120, 123f.
– activity 116, 121
– catalysts 51
– reaction 18, 51, 106
– selective 109, 123, 164
– thermodynamic equilibrium of 78, 85
methane 3, 5, 7ff.
– combustion 133ff.
– conversion 25f., 82f., 137, 155
– cracker 192f.
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– cracking 96f.
– decomposition 154
– fuel processing 8
– partial oxidation 27, 83, 100
– reformer/combustor 247
– selectivity 85, 122
– steam reforming 47, 133ff.
methanol 4f.
– combustion 299
– conversion 72f., 75, 77, 256ff.
– dehydration 20
– fuel processor/fuel cell system 312
– patial oxidation 77, 80
– reformer/evaporator/burner 263f.
– steam reformer/PEM fuel cell system 299
– steam reforming 68f., 73, 75f., 313f.
methane-fuelled bus 305
methane-fuelled portable fuel cell 308
methyl formate 19
methylcyclohexane 45, 89, 106f.
– dehydrogenation reaction 45
methylnaphthalene 94f.
microchannel 50f., 81f., 84, 114f., 119, 149
– coupled reformer/afterburner 209
– fabrication 365f.
– heat-exchanger 158, 211
– plates 82
– wash-coated 85
microelectromechanical system (MEMS)

367f.
Microlith 220, 231f., 347
– gauzes 232
– packed metal gauze technology 237, 270,

275
micro-membrane pump 290
micro-organisms 44
micro reaction technology 226
microreactor 225, 243, 262
– chip-like 260
– technology 298
microstructure fabrication 365f.
microstructured
– evaporators 249
– heat-exchanger 187, 249, 305
– plates 81
– reformers 249, 151
microwaves 43
mobile applications 345
model
– CAD (Computer-Aided Design) 346, 349
– chemical reaction network 149
– homogeneous (HOM) 160
– kinetic 139, 158, 199
– one-dimensional dynamic 152

– one-dimensional isobaric 139
– transient 138
– two-dimensional 149, 158, 281
modulation range 42
molar
– flow rate 17
– oxygen flow rate 17
– steam flow rate 17
monolith 59
– ceramic 61, 82, 218ff
– cylindrical 219f., 231
– fabrication 359
– Fecralloy 234, 360ff.
– first 95
– metallic 61, 82, 138, 152, 218ff.
– porous 66
– production technique 360f.
– second 94
– silicon carbide 221f.
– stability 361
– structure 361
– third 94
– void fraction 59, 220
multi-fuel conversion capability 348

n
nanoparticle 65, 75
– dispersion 65
– gold 120
nanotubes 5
naphthalenes 6, 96, 99
nickel
– steam reforming catalyst 68
nickel-based alloys 361
nitrogen 3
nitrous oxides (NOx) 10
– emissions 52, 124

o
O/CO ratio 194, 197, 213
octane
– isomers 23
– number 5
iso-octane 6, 25f., 28, 34, 36f., 81, 89ff.
n-octane 5, 24f., 89ff.
odorants 44, 47
– sulfur-free 47
off-heat 318
olefins 5, 86, 99
– light 95
on-board power
– demand 332
– plant 349
organic
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– compounds 10, 108
– materials 65f.
– volatile 10
osmotic drag 15
oxidation
– flameless 320
– partial 7, 22ff.
– preferential 60, 161, 274ff.
– reactions 133
– total 22f., 34ff.
oxidative steam reforming 69
oxygen 12
– conversion 118
– deficient atmosphere 22
– mole fraction 150
– stoichiometry 191
– storage capability 80
– treatment 101
– unconverted 12
oxygen/carbon ratio (O/C) 17, 23f., 26ff.

p
palladium 75f.
palladium-zinc alloy 75
paraffinic diesel compounds 94
paraffins 99
– partial oxidation of light paraffins 84
iso-paraffins 6
n-paraffins 6
parallel-flow 169f.
parasitic power losses 190, 199, 202
partial
– oxidation mode 148
– recirculation 345
– system load 9
peak burner (PB) 358
peptisation, see gelation
performance
– experimental 50
– losses 13ff.
permeability 167f., 100, 283f.
– coefficient 168
– hydrogen 172
– specific 172
permeate 166f., 169ff.
– hydrogen/steam mixture 202
– partial pressure 170
– pressure 170
permeation 283
– hydrogen 199, 254f.
– rate 166, 285
– reduction 166f.
perovskite structures 70, 81, 89
phase diagram

– C-H-O 54f.
phase transition 10, 60, 64
phenanthrenes 6
physical vapour deposition 67
plasma generation 267
plate heat-exchanger 136, 180, 195, 217
– catalytic afterburner 147
– design 156
– fabrication 361ff.
– microchannel 158
– technology 139, 207
platinum 12ff.
platinum/ruthenium 13f.
poisoning
– chlorine 73
– effect 13f.
– partial 104
– reversible 104
– sulfur 73, 88, 91, 101ff.
polymer 362
– corrugated 289
– cross-flow 289
– fluorocarbon 12
polymerisation 40, 98f.
pore
– blockage 80
– sizes 25f.
– volume distribution 65
power
– density 348
– output 340, 345
precipitation 66f.
preferential oxidation
– two-stage 162
– water-cooled 193
pre-heated 181
– air stream 40, 155
– catalytic combustion 206
– reformer 152, 200
pre-heating 227
– electrical 206
– feed 192, 206, 212
– fuel/air/steam mixture 200, 232
– temperature 27, 147
pressure swing adsorption (PSA) 15, 19, 45
Printed CircuitHeat-Exchangers (PCHE) 133
product mass flow rate 197f.
promoter 80
propane 3ff.
– conversion 185
– cracking 38
– partial oxidation 84f.
– undiluted 97
propulsion of naval systems 348
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propylene 20, 23f., 95
prototype 344f.
purification
– hydrogen 174
– process 19
pulse
– duration 270
– frequency 270
pulsed laser deposition 67
pyrenes 6
Pyrex glas 368
– cover 315
– layer 311
– plate 281
pyrolysis 39, 99
pyrophoric 72, 80, 111

r
radiation
– external 53
– internal 53
– losses 293
– reflection property 293
– shield 293
radical 180
– reactions 41
reaction
– chemical 57
– endothermic 134f., 222f., 350
– exothermic 134f., 222f.
– gas phase 225
– heterogeneous 57, 177
– homogeneous 177f., 180, 200
– light-off 88
– network 50
– patial oxidation 152
– preferential oxidation 161, 189
– pressure 131, 170ff.
– rate 41, 50f., 58, 156, 158, 271
– reforming 186
– steam reforming 131, 133, 169
– temperature 18ff.
– trimolecular 177
– water-gas shift 155, 159, 162f.
reactor
– adiabatic 24, 70, 100, 133, 158, 160, 247
– alumina micro-channel 61
– aluminium 107
– autothermal membrane reformer 201
– carbon monoxide purification 327
– catalyst coated reformer/burner heat-

exchanger 144
– Catalytic Plate (CPR) 223
– catalytic wall 134, 223

– clean-up 188, 213
– coaxial cylindrical 132
– concentric spherical 131f.
– concentric tubular 131
– configurations 131
– copper 244
– counter-flow 132
– cracking 193, 350
– decomposition 46
– dimensions 177
– dual fixed bed 131f.
– dual stage preferential oxidation

tubular 274
– electrical heated 244
– exit 57f.
– fixed bed 48, 51, 69, 146, 211, 217, 227
– furnace temperature 86
– heat-exchanger 159
–high temperaturewater-gas shift (HTWGS)

194, 207
– housing 23
– inlet 58, 69, 88, 118, 149, 156, 232
– integrated heat-exchangers 131
– length 137f., 142, 149, 152
– lithium aluminium hydride 352
– load 163
– low temperature water-gas shift (LTWGS)

194, 203
– medium temperature 269
– membrane 168ff.
– metal surface 85
– methanation 164, 199
– methane steam/burner 229
– methanol reformer/burner 145
– methanol steam reforming

membrane 170ff.
– microchannel 22, 91, 143, 159, 209
– microchannel honeycomb 233
– Microlith 231
– microstructured 288
– microstructured heat-exchanger 187, 225,

244
– microstructured testing 280
– monolithic 48, 69, 116, 209, 217, 230, 269,

360
– non-steady state 193
– outlet composition 196
– partial oxidation 26f., 70, 81, 147
– performance 158, 169, 237
– plasmatron 268
– plate heat-exchanger 221ff.
– porous 162
– preferential oxidation (CO PROX) 120f.,

162, 187, 190, 194, 201, 203, 211
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– quasi-monolithic 232
– reformer/burner heat-exchanger 146
– silicon 281f.
– single heat-exchangers 133
– specific chemical 57
– spray-pulse type catalytic 269
– stainless steel 244f.
– suspended tube 286ff.
– temperature 26, 118
– ten-fold screening 73
– tubular fixed bed 136, 350
– tubular membrane 170
– tubular steam reforming 23, 131, 169, 229
– volume 186, 244
– wall 134f., 223
– water-cooled 207f.
– water-gas shift 121, 155, 160, 187ff.
– water-gas shift membrane 172
reformate 6f., 10, 13f., 170ff.
– composition 129, 148
– hydrocarbon 15
– flow constant 13
– flow rate 170, 251, 279
– pressure 170
– purification 181
– surrogate 270f., 274, 285
– synthetic 277f.
reformation 44
reformer 7f., 16
– adiabatic temperature 28
– alcohol steam 285
– autothermal diesel 238
– autothermal gasoline 206f.
– autothermal methanol 77
– catalytic 266
– chip-like methanol steam 261f.
– diesel autothermal (ATR) 193, 196, 347
– diesel steam (STR) 196
– efficiency 31, 130, 238, 299
– electrical heated 244
– ethanol 49
– feed evaporation system 299
– fixed bed plate 136
– FLOX 320f.
– gasoline 238
– Glid/Arc plasma 268
– HotSpot 300f.
– methanol 14, 298, 304ff.
– methanol steam 310f.
– microchannel oxidative steam 209
– microchannel steam 142
– microstructured methanol 249
– modular autothermal 300
– monolithic autothermal methanol 230

– monolithic autothermal propane 235f.
– monolithic propane 70
– octane 158
– outlet 109
– partial oxidation 148
– plasma 43
– plasmatron 43, 264f.
– plate 136
– plate-fin (PFR) 139f., 240f.
– pre- 16, 181, 325, 331
– propane autothermal (ATR) 347
– tubular fixed bed steam 136, 331
– tubular natural gas steam 326
– volume 202
reformer/heater/evaporator system 321
reforming
– aqueous 44
– autothermal 7, 16, 21, 26, 29f., 32ff.
– butane steam 84f.
– catalyst layer 136
– catalytic steam 149
– channel 136f.
– diesel 70, 92ff.
– dimethyl ether steam 105
– ethanol steam 77ff.
– gasoline 88, 94
– homogeneous plasma 43
– hydrocarbon 80, 91
– internal 15f.
– isooctane 32
– kerosene 92f.
– layer 135
– liquified petroleum gas 84
– methane steam 18f., 68f., 80f., 100, 129ff.
–methanol steam 71, 73, 75f., 80, 105, 131f.,

232f.
– natural gas/methane 81
– non-thermal plasma 43
– oxidative steam 29, 69, 82, 149
– partial oxidation 81
– platinum/rhodium steam 80
– pre- 39f., 86, 147, 155, 269
– process design 129, 181
– propane steam 84
– quasi-autothermal 132
– reactions 101
– reactors 227
– spray-pulse 270
– steam 7, 15ff.
– temperature 44
re-hydrogenation 45
residence time 50, 79, 84, 86, 105, 248
– modified 59, 157
retenate 166, 171
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– partial pressure 170
ReverseWaterGas-Shift Reaction (RWGS) 49

s
sealing techniques 362f.
Selective Adsorption for Removing Sulfur

(SARS) 108
selectivity 25f., 51, 57f.
– product 25
self-hydrolysis 45
side reaction 20, 22, 51
Sievert�s law 168
Sievert�s solubility constant 167
silica 57, 60, 77f., 96
– membrane 283
– mesoporous 247
– sol 64f.
silicon 67
– black 107
– chip 367
– microchannels 67
– microreactors 67
– reaction zone 287f.
silicon nitride 286
simulation 70, 133, 152
– CFD 281f., 287
– dynamic 205ff.
– numerical 50, 136, 170, 281
– reformate surrogate 276
– static 193
– three-step 152
sintering process 98
slurry
– catalyst 81f.
– viscosity 64f.
sodium borohydride 45f., 107
– concentration 352
– hydrogen generation system 351
sol-gel
– coating 64f.
– method 64f., 82
solid plate material 293
soot formation 40, 340
specific surface area 57f.
spray-pulse techniques 43
stage
– dual 277
– second 339
– small series 289
– three 280
– water-gas shift 339
stainless steel 54f., 61, 65
– heat-exchanger 242
– metal foils 237

– radicals 180
– surface 54
– tube 178
– vessel 217, 267
standard enthalpy of formation 6
start-up
– behaviour 206f.
– burner 228, 338
– energy 339
– gas supply 205
– gasoline fuel processor 337
– power 339f.
– procedure 205f., 339, 343
– rapid 217
– strategy 81, 205, 213
– time 205ff.
start-up/shut-down procedures 61, 111
stationary conditions 244
steam
– condensation 9
– cracking 39
– gas turbines (SGT) 358f.
– generation 181f., 199f.
– generators 338
– jackets 292
– partial pressure 47
– reformer/catalytic combustor 82, 249
– reformer/heat exchanger 250
– reforming 68f., 241f.
– superheated 227
– supported partial oxidation 26f.
– unconverted 17
steam/carbon ratio (S/C) 17ff.
stoichiometric
– factor 58
– ratio (SR) 8, 12f.
storage density
– gravimetric 5, 45
– volumetric 5, 45
submarine applications 348
sulfur 3, 5f., 46f., 102f.
– compounds 3, 14, 88, 91, 101
– free- 47
– polycyclic 47
– species 103
– tolerance 101, 104
sulfur dioxide 102f., 125
Super Ultra Low Emissions vehicle

regulation 10
suprastoichiometric values 125
surface area 60, 62, 65f., 88, 103
– specific 98
surfactant 64
syngas 26
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system
– load 343
– pressure 18, 41

t
tank to wheel 340
temperature
– adiabatic 157
– coolant 159
– cycling 60
– distribution 351f.
– feed 110
– flame 149
– fluctuations 73f., 92, 133
– gradient 52, 68, 134, 136f., 351
– isothermal 157
– light-off 81
– mal-distribution 139, 338
– operating 109, 155, 167, 190
– optimum 156ff.
– pre-heating 100
– profile 70, 139f., 142, 152, 156, 271
– reaction 73, 76ff.
– reduction 75f.
– resistance 81, 111
– shift stage 111
– wall 137, 161
tetra-decane 101
tetralin 93
thermal
– conductivity 158, 233
– expansion coefficients 285
– explosion 177
– oil cycle 305
– output 343
– partial oxidation 148
– plasmas 43
– power output 323, 340
– resistance 66
– shock resistance 218
– stress 134
thermo neutral conditions 30, 191
thermocouples 268, 278, 280f.
thermodynamic equilibrium 18, 22f., 27, 156
– calculations 27, 32f., 147
– gas composition 28, 38, 71, 239
thermophoresis 65
thiophenes 88
toxic 44
toluene 45, 89ff.
– conversion 89
– unconverted 338
transition test 340
transport limitations 68, 310

– mass 83
tube-bundle cooler 285
turbine expander 204f.
turn-down ratios 72, 343
Turn-Over Frequency (TOF) 59, 84

u
upstream 8, 108f., 120f.

v
vaporisation 43
vaporizer 187
velocity
– flow 137
– gas hourly space 69, 71, 87, 137f., 143, 160,

228ff.
– inlet 137
– weight hourly space 69ff.
viscosity 64f.

w
wafer substrates 65
water
– balance 8, 183, 190f., 195ff.
– condensation 289
– cooling 13, 210
– excess 8
– feed flow rate 194
– grey 346
– injection 148, 158, 213
– migration 15
– recovery 8, 191, 199
– separation 195
– service 346
– supercritical 44
water-gas shift reaction (WGS) 8, 14, 17f., 22,

30, 32, 44, 48f., 60, 114ff.
Weight-Hourly Space Velocity (WHSV) 58ff.
welding procedure 244
wet chemical etching 365

x
XPS (X-ray Photon Spectroscopy) 73

y
yield 57f.

z
zeolite 57, 88, 96, 105
– membranes 282
zinc oxide 73, 77
– matrix 76
zinc sulfide 73
zirconia 105
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