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Activated energy, perovskite type oxides, 224
Adsorption

gas adsorption/desorption isotherms, 63–66, 
71, 72

partial oxidation of methane, 277
surface fl ow, 106–107, 108–109, 111–113

Agglomerates, spinning suspension particles, 
32–34, 35

Air separation
design equations, 193–195
mixed conducting membranes, 190–206
performance analysis, 195–206

Alkoxides, sol–gel process, 27
Alumina membranes

composite TiO2/Al2O3, 48–49, 50, 51
effective porosity, 81
pore size distribution, 67, 68, 71, 72
porous, 43–48

Al2O3 content, 46–48
modifi cation, 114–115

silica multilayer membranes, 61–62
solute rejection measurement, 82
surface roughness, 63

Amorphous membranes, 101–102, 103, 249
Atomic force microscopy (AFM), 60, 62–63
Atomic layer chemical vapour deposition 

(ALCVD), 258
Axial dispersion, dissolved O2 elimination, 

270

Bending strength
porous Al2O3 membranes, 48
three point bend test, 90–91

Binary gas mixtures
gas transfer, 167–168
perfect mixing, 122–123

Binders, 29, 30, 35, 39–40, 44–45, 46–47, 48
Bubble point method, pore size distribution, 

72–74
Bulk density, 30
Bulk (lattice) diffusion, 181, 183, 229

Capillaries, gas transport mechanisms, 103–106, 
111, 167–168

Capillary condensation, 66–67, 107–109, 114
Carbon membranes, 103
Carman–Kozeny equation, 74, 75
Catalytic membrane reactors (CMRs), 17–18, 

256
dense ceramic membranes, 249–252, 

273–274
mixed conducting membranes, 173, 280
porous membranes, 246–249, 258–259, 260

Catalytic oxidative dehydrogenation, 256–257, 
258–259

Caustic soda, electrodialysis, 13, 14
Ceramic membranes

confi gurations, 3, 4, 5, 17–18
membrane processes, 5–18
preparation, 1, 3, 21–57
thickness, 206, 220, 221, 222, 223, 230–231, 

235–236
Characterization, 59–95

composite membranes, 59
dense ceramic membranes, 59, 83–91
porous membranes, 59, 63–83, 84
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Chemical reactions
mass transfer effects, 139, 156–158, 271–273
see also Membrane reactors

Chemical vapour deposition (CVD), 22, 27–28
chemical reactions, 28
microporous membranes, 257, 258

silica, 102, 103
Coatings

conversion coatings, 28
dip coating, 22, 27
gas transport resistance, 116, 120–122

Cocurrent fl ow
design equations, 126–127, 193, 194, 195
methane coupling reactors, 253
performance analysis, 198–199, 247
system design, 123, 124

Coking, dehydrogenation reactors, 248–249
Colloids

DLVO theory, 54
separation, 10–11
sol–gel process, 25, 26

Combustion and reforming reactions (CRR), 276
Composite membranes

characterization, 59, 61–62
composition, 1, 2, 3
gas transport resistance model, 117–122
preparation methods, 21, 22

TiO2/Al2O3 membranes, 48–49, 50, 51
Condensed gases, surface fl ow, 113
Confi gurational diffusion, 109–110, 115
Confi gurations

membrane reactors, 250, 251, 256, 273–275
membranes, 3, 4, 5, 17–18

Conservation equations, dissolved O2 
elimination, 262–264

Consolidation see Phase inversion
Contactors see Membrane contactors
Conversion coatings, 28
Coordination number, particle packing, 30, 32
Countercurrent fl ow

design equations, 128, 193, 194–195
performance analysis, 198, 247
system design, 123, 124

Cross fl ow
design equations, 125–126
fi ltration, 11
solute rejection measurement, 83, 84
system design, 123

Cross sections
hollow fi bre membranes, 44, 45–46
morphology, 60–63
pore size reduction, 257

Crowdions, oxygen transport, 183–184

Dead end fi ltration, 11
Dead end test cell, 83
Defl occulation, spinning suspensions, 29, 33
Degassing, spinning suspensions, 35
Dehydrogenation reactions

membrane reactors, 16, 18, 246–248, 251, 
275, 281, 283

partial oxidation, 256–257, 273
proton conducting membranes, 237–239, 251

Dense ceramic membranes
characterization, 59, 83–91
dehydrogenation, 275, 281, 283
methane coupling, 252–256, 275–276, 

284–288
oxygen permeation, 86–88, 173–181
preparation, 3, 4
product separators, 249–256
reactant distributors, 257, 273–288

Dense perovskite
LSCF, 49–51, 84–85, 187–189, 195–197, 

200–203
X-ray diffraction, 51, 52, 90, 91, 286, 288

SCYb, 51, 53, 89–90, 234–236, 252–256
Densifi cation, sintering, 40, 42, 53
Derjaguin–Landau–Verwey–Overbeek theory see 

DLVO theory
Desalination, 12–13
Design equations

air separation, 193–195
gas absorption, 159–162
gas separation, 124–128

Desorption
gas adsorption/desorption isotherms, 63–66, 

71, 72
olefi n/paraffi n separation, 138–139

Dialysis, 11–12, 13
Differential scanning calorimetry (DSC), 

70–71
Dimensionless parameters, 263, 264
Dip coating, 22, 27
Direct partial oxidation (DPO), 276
Disc membranes

gas permeation, 206
mechanical strength, 90
membrane reactors, 273–274
pressing, 24

Dispersion
dispersants, 33–35
DLVO theory, 54
spinning suspension particles, 32–35

Dissolved oxygen (DO) elimination, 260–273
Distillation, 14–15, 29
DLVO theory, 54
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Doping, mixed conducting materials, 172, 
174–177, 181, 184, 218, 219, 224

Dual phase membranes
hydrogen permeation, 225–226, 237
oxygen separation, 182–183

Effective porosity, 80, 81
Electrical double layer model, 54
Electrochemical potential, 185
Electrochemical pumping, 251
Electrodialysis, 12–14
Electron (hole) conducting materials, 171–177, 

181, 228–230
nonperovskite type oxides, 224–225
perovskite type oxides, 217–224

Electron microscopy, 60
Electrostatic forces, 53–54, 55
Ethylene production, 251, 253–256, 276, 280
Extrusion, 22, 24–25, 35

Fast reactions, mass transfer enhancement, 
158

Feed fl ow rate, 199
Fick’s fi rst law, 106, 109
Field emission scanning electron microscopy 

(FESEM), 60, 61–62
Filtration processes, 9–11
Fischer–Tropsch process, 276
Fluidized bed membrane reactors (FLBMRs), 

259, 260
Fractal structure, porous membranes, 257, 258
Free proton transport, 227, 228
Fuel cell confi guration, membrane reactors, 250, 

251

Gas absorption
design equations, 159–162
hollow fi bre contactors, 136–139

chemical reactions, 156–158
operating modes, 139–143, 153–156, 193

Gas adsorption/desorption isotherms, porous 
membranes, 63–66, 71, 72

Gas permeability
capillary condensation, 107–108
porous Al2O3 membranes, 46, 47, 48
TiO2/Al2O3 membranes, 49, 51
zeolite membranes, 122

Gas permeation
dense ceramic membranes, 84–90
porous membranes, 74, 75, 76–81, 

117–122
with PSD consideration, 78–81
without PSD consideration, 76–78

Gas separation, 6–7
hollow fi bre contactors, 135–168
system design

design equations, 124–128
operating schemes, 122–124, 193–195

see also Air separation; Oxygen separation
Gas separation membranes

characterization, 59–95
dense, 97
materials, 99–103, 170–173
porous, 97–103

modifi cation, 114–117
performance indicators, 98–99

Gas stripping, 142, 271
Gas tightness, leakage test, 84–85
Gas transport

binary gas mixtures, 167–168
composite membrane resistance model, 

117–122
mechanisms, 103–113

simultaneous occurrences, 111–113
see also Oxygen transport

Gas/vapour treatment, hollow fi bre contactors, 
135–148

Graetz solution, mass transfer coeffi cients, 
144–146, 155

Grain boundaries, 41, 42
Grain growth, hollow fi bre membranes, 40, 41, 42

Hagen–Poiseuille equation, 74, 75, 105–106, 
138, 153, 154, 194

Halsey equation, 65
Hatta approach, gas transfer rate, 157
Height of transfer unit (HTU), 161
Henry’s law, 110, 113, 141, 142, 161
Hollow fi bre lumens, mass transfer, 138, 

144–146, 153–154, 159–162, 187, 190
Hollow fi bre membranes

characterization, 59
contactors for gas/vapour treatment, 15–16, 

135–168
gas tightness, 84–85
membrane reactors, 252–256, 274, 275, 

284–288
methane coupling, 284–288
oxygen production, 203–206
packing density, 3–4, 5, 151–152
preparation, 4–5, 21, 22, 29–53, 206–207

carbon, 103
composite TiO2/Al2O3, 48–49, 50, 51
dense perovskite, 49–53
polymeric, 29, 37–38
porous Al2O3, 43–48
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precursor spinning, 21, 22, 35–38
sintering, 21, 22, 39–46, 207

Hopping model, surface fl ow, 106
Hydrodynamic model, surface fl ow, 106, 107
Hydrogen fl ow rate, dissolved O2 elimination, 

262, 267–270
Hydrogen fl uxes

nonperovskite type oxides, 225–226
perovskite type oxides, 220–223, 233–236

Hydrogen permeation
mixed conducting membranes, 86, 88–90, 

217–243
proton conducting membrane, 6–7, 88

Hydrogen production, 219, 236–237
Hydrophilicity, 136, 138, 143, 154, 155
Hydroxyl defects, proton transport, 226–228

Instantaneous reactions, mass transfer 
enhancement, 156–158

Integrated gasifi cation combined cycle (IGCC), 
192

Interstitials, oxygen transport, 183–184
Ion exchange membranes, electrodialysis, 12–14
Ionic conduction, 169, 170, 171, 172–181

see also Mixed conducting membranes
Ionic repulsion, 33, 34
Ions, electrostatic forces, 53–54
Ion transport membrane (ITM), 192

Kelvin equation, 64–65, 66–67, 68, 107, 108
Kinetic theory of gases, 104
Knudsen fl ow, 104–105, 111, 114

hollow fi bre contactors, 146–147, 149–150
microporous membranes, 7
permeation measurement, 76, 77, 78
permporometry, 67

Laplace equation, 68–69, 72–73, 74, 154, 265
Lattice (bulk) diffusion, 183
LCFO perovskite membranes, 175–176, 178
Leakage test, dense ceramic membranes, 84–85
Leveque solution, mass transfer coeffi cients, 

144–146
LGO perovskite membranes, 177, 178–179, 180
Liquid absorption, polymeric membranes, 135
Liquid displacement techniques, porous 

membranes, 71–74, 75
Liquid mixtures, pervaporation, 7–8
Liquid permeation, pore size measurement, 

74–75, 76
Liquid phase transport, zeolite membrane 

synthesis, 100–101

Liquid–vapour equilibrium
membrane contactors, 14, 15, 136, 137–142
pervaporation, 7–8

LSCF perovskites
hollow fi bre membranes, 49–51, 84–85, 

187–189, 195–197, 200–203
X-ray diffraction, 51, 52, 90, 91, 286, 288

Lyophilic/lyophobic dispersions, 54

Macropore chacterization, 74
Mass transfer

chemical reaction effects, 139, 156–158
dissolved O2 elimination, 262–273
hollow fi bre contactors

across membranes, 146–151
coeffi cient determination, 142–143, 167–168
hollow fi bre lumens, 138, 144–146, 

153–154, 159–162, 187, 190
pore size distribution, 147–151
shell side of contactor, 144, 151–153, 

159–162, 187, 190, 191
wetting conditions, 136–138, 139–142, 146, 

153–156
membrane contactors, 14–15
mixed conducting membranes, 183–190, 191
resistance, 116–122, 136, 137–138, 144
sintering, 40, 41

Mechanical strength
dense ceramic membranes, 90–91
porous Al2O3 membranes, 46–48

Membrane area, 199–200, 201, 274
Membrane contactors, 14–16

design equations, 159–162
hollow fi bre membranes, 135–168
mass transfer, 146–162, 167–168, 187, 190, 

191
operating modes, 139–143, 153–156

Membrane processes, 5–18
Membrane reactors, 16–18, 245–298

confi gurations, 250, 251, 256, 273–275
functions, 17
product separators

dense ceramic reactors, 249–256
microporous reactors, 246–249

reactant distributors
dense ceramic reactors, 257, 273–288
porous reactors, 257–273

Membrane separation factor, 99
Mercury porosimetry, 67–69
Methane coupling, 237–239, 245

dense ceramic membranes, 252–256, 275–276, 
284–288
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mixed conducting membranes, 277, 280–281, 
282

proton conducting membranes, 249–252
Microfi ltration, 10–11
Microporous membranes

dehydrogenation reactors, 246–249, 257
gas permeation, 7
gas separation, 97, 99–103
micropore diffusion, 109–110, 115
see also Porous ceramic membranes

Microstructure
sintering, 40, 41, 42
TiO2/Al2O3 membranes, 49, 50

Mixed conducting membranes
air separation, 190–206
area, 199–200, 201
characterization, 83
conduction properties

hydrogen permeation, 217–218, 219–220, 
224, 225

oxygen separation, 172–177, 178–179, 180, 
182–183

developments, 206–207
hydrogen permeation, 217–243

applications, 236–239
doping, 218, 219–220
dual phase membranes, 225–226, 237
hydrogen fl uxes, 220–223, 225–226, 

233–236
measurement, 86, 88–90
nonperovskite type oxides, 224–225
perovskite type oxides, 217–224
proton transport, 226–236

operating principle, 169, 170
oxidative coupling of methane, 277, 280–281, 

282
oxygen permeation measurement, 86–88
oxygen separation, 169–215

doping, 172, 174–177, 181, 184
dual phase membranes, 182–183
material properties, 170–173
nonperovskite type oxides, 179–181
oxygen transport, 183–190, 191, 280
perovskite type oxides, 170–177, 178–179, 

180, 181, 191, 280–281, 282
substitution effects, 174–177

performance, 170
proton conducting membranes, 6–7, 88, 

218–225, 228–230
syngas production, 277, 278–279

Mixing see Perfect mixing
Mixtures see Binary gas mixtures; Gas separation

Molecular sieving effects, 26, 100
Molecular weight cut off (MWCO), 81–82
Mole fl ux, gas separation, 98–99, 105–106
Morphology

dense perovskite, 50–51, 52, 53
electron microscopy, 60
membrane surfaces and cross sections, 60–63
mercury porosimetry, 69
optical microscopy, 60
porous Al2O3, 43–46

Multilayer membranes see Composite 
membranes

Nanofi ltration (NF), 9–10
Nernst–Einstein equation, 185
Nernst–Planck equation, 185, 228–229
Nitrogen

gas adsorption/desorption isotherms, 64–65
permeation measurement, 78, 84

NonFaradaic electrochemical modifi cation of 
catalytic activity (NEMCA), 251

Nonperovskite type oxides
hydrogen permeation, 224–225
oxygen permeable membranes, 179–181

Nonwetted mode, membrane contactors, 
136–137, 139–141, 146, 153–162

Nonzeolitic pores, gas transport resistance, 
116–117, 119–122

Number of transfer unit (NTU), 161

Ohm’s law, permeation rate, 117
Olefi n/paraffi n separation, 138–139
Operating schemes, gas separation, 122–124
Optical microscopy, 60
Oxidative coupling of methane (OCM), 

275–276, 277, 280–281, 282, 
284–288

Oxidative dehydrogenation, 256–257, 258–259, 
281, 283

Oxygen permeable membranes
current status, 173–181, 273
materials summary, 181
nonperovskite type oxides, 179–181
oxygen transport, 183–190, 191
perovskite type oxides, 173–177, 178–179, 

180, 191
Oxygen permeation

methane coupling, 285, 287
mixed conducting membranes, 86–88, 

173–177, 178–179, 180
permporometry, 67, 68

Oxygen production, 190, 191–193, 203–206
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Oxygen separation
dense ceramic membranes, 6–7
mixed conducting membranes, 169–215, 280

air separation, 190–206
Oxygen transport

dissolved O2 elimination, 265–267
mixed conducting membranes, 183–190, 191, 

280
analysis, 187–190, 191
equations, 185–187
mechanism, 183–185

Packed bed membrane reactors (PBMRs), 246, 
247, 256, 259, 260

Packing density
hollow fi bre membranes, 3–4, 6, 151–152
optimal, 32
spinning suspension particles, 30–32, 34

Parallel plug fl ow
design equations, 126–128, 194
system design, 123, 124

Partially wetted mode, membrane contactors, 
137, 138, 153–156

Partial oxidation of methane (POM), 276–277, 
278–279

Partial oxidative dehydrogenation, 256–257, 273
Partial pressure see Pressure effects
Particles

dispersion, 32–35
packing, 30–32, 34
spinning suspension preparation, 30–34
surface charge, 33

Particle size, porous Al2O3 membranes, 46, 48
Peclet number, dissolved O2 elimination, 

270–271
Perfect mixing

design equations, 124–125
system design, 122–123

Performance analysis
air separation, 195–206
dehydrogenation reactors, 247, 259
experimental data, 200–202, 233–236
feed fl ow rate, 199
fl ow patterns, 197–199
membrane area, 199–200, 201, 274
methane coupling reactors, 253–256
pressure/temperature effects, 195–197

Performance indicators, gas separation 
membranes, 98–99

Permeability see Gas permeability; Solvent 
permeability

Permeation see Gas permeation; Liquid 
permeation

Permporometry, porous membranes, 66–67, 68
Perovskite type oxides

hollow fi bre membrane preparation, 49–53
mixed conducting ceramics

hydrogen permeation, 217–224
hydrogen fl uxes, 220–223, 233–236

oxygen permeable membranes, 173–177, 
178–179, 180, 181, 191

LCFO, 175–176, 178, 180
LGO, 177, 178–179, 180
SCFO, 174–175, 178, 180

structure, 170–172, 288
Pervaporation, 7–8
Phase inversion, spinning suspensions, 29, 30, 

37–38, 46, 207
Physisorption isotherms, 64
Plastic deformation, 41, 42
Plasticizers, 29, 30, 35
Poiseuille fl ow, 76, 77
Polar molecules, electrostatic forces, 53–54, 55
Polyethylene glycol (PEG), solute rejection 

measurement, 82
Polymeric membranes

hollow fi bre, 29, 37–38, 135, 206
ion selective, 14
phase inversion, 37–38

Polymers, sol–gel process, 26
Pore changes, sintering, 42–43
Pore radius

mass transfer coeffi cients, 147–150, 167–168
measurement, 65–81

Pore size
Al2O3 membranes, 81
classifi cation, 103
measurement, 65–81
membrane categories, 2
reduction, 257–259
sol–gel control, 25, 26

Pore size distribution (PSD)
composite membranes, 1, 2, 65, 66
gas permeation method, 76–81
liquid displacement techniques, 71–74, 75
mass transfer coeffi cients, 147–151, 168
mercury porosimetry, 67–69
permporometry, 66–67, 68
surface fl ow, 113
thermoporometry, 69–71, 72

Porous ceramic membranes
Al2O3 hollow fi bre membranes, 43–48
characterization, 59, 63–83, 84
gas transport and separation, 97–134

modifi cations, 114–117
pore size reduction, 257–259
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reactors, 257–273
applications, 259–261
dissolved O2 elimination, 261–273
microporous, 246–249, 257

see also Microporous membranes
Powders, spinning suspension preparation, 29, 

30–34
Preparation methods, 1, 3, 21–57

composite membranes, 21, 22
hollow fi bre membranes, 4–5, 21, 22, 29–53

composite TiO2/Al2O3, 48–49, 50, 51
dense perovskite, 49–53
porous Al2O3, 43–48

Presintering, hollow fi bre membranes, 39
Pressing, 22, 24
Pressure effects

air separation membranes, 195–197, 199–200
capillary condensation, 66–67, 107–109, 114
dissolved O2 elimination, 267–270
gas transfer rate, 140–141, 159, 167–168, 

184–187
hydrogen fl uxes, 220–223, 232–233, 234, 235
hydrogen production, 236
membrane contactor wetting, 138, 140–142, 

153–155
Product separators

dense membrane reactors, 249–256
microporous membrane reactors, 246–249

Proton conducting membranes, 218–225, 
228–230

dehydrogenation reactions, 237–239, 251
hydrogen permeation, 6–7, 88
hydrogen production, 236–237
methane coupling, 249–252

Proton formation, 226–227
Proton transport, 218–239

analysis, 230–236
applications, 236–239
equations, 228–230
mechanism, 226–228

Random walk model, surface fl ow, 106
Reactant distributors

dense membrane reactors, 257, 273–288
porous membrane reactors, 257–273

Reactors see Membrane reactors
Resistance model

composite membrane gas transport, 117–122
see also Mass transfer

Reverse osmosis (RO), 9
Reynolds number, mass transfer coeffi cients, 

152–153
Rheology, spinning suspensions, 35, 36–37

Scanning electron microscopy (SEM), 60, 61–63
SCFO perovskite membranes, 174–175, 178
SCYb perovskites

hollow fi bre membranes, 51, 53, 89–90, 
234–236

methane coupling, 238, 252–256
mixed conducting membranes, 217–218, 230, 

233–236
Selectivity

gas separation, 99, 107, 114–117, 118–120, 
121

membrane reactors, 245, 246, 247, 255–256, 
257, 259, 273

mixed conducting membranes, 169, 280
Separation see Gas separation
Separation factor, 99, 114
Separation index (SI), 99
Separators see Product separators
Shell side of membrane contactor, mass transfer, 

144, 151–153, 159–162, 187, 190, 
191

Sherwood number, mass transfer coeffi cients, 
152–153

Shrinkage, 41, 42, 43–44, 53
Silica–alumina multilayer membranes, 61–62
Silica membranes

dehydrogenation reactors, 246–247, 248
gas separation, 101–102, 103, 115

Sintering
fi nal stage, 40–42
hollow fi bre membranes, 21, 22, 39–43, 207

morphology, 43–46, 50–51, 52, 53
pore change, 42–43
presintering, 39
temperature, 39, 40, 46, 47, 48
thermolysis, 39–40

Size exclusion, solute rejection measurement, 81
Size ratio, spinning suspension particles, 31, 32
Slip casting, 22–23
Slip fl ow, 78, 104–105, 111
Sol–gel process, 22, 25–27, 34

microporous silica membranes, 101–102
ultrafi ltration membranes, 65

Solid–liquid phase transition, thermoporometry, 
69–71

Solute rejection measurement, porous 
membranes, 81–83, 84

Solvent permeability, 9–14
Specifi c volume, 32, 171, 181
Spinning

extrusion comparison, 24–25
hollow fi bre precursors, 21, 22, 35–38

spinnability, 36–37
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Spinning suspension preparation, 21, 22, 29–35
defl occulation, 29, 33
degassing, 35
general procedure, 34–35
particles, 29, 30–34

Steric hindrance, 33, 34, 54–55
Stern layer, 53
Strength see Mechanical strength
Structure

perovskite type materials, 170–172, 288
see also Microstructure

Support layers, gas transport resistance, 
116–117, 118–119

Surface charge
electrostatic forces, 53–54
particles, 33

Surface diffusion, 41, 42, 109–110, 114–115, 
181, 190

Surface fl ow, 106–107, 109–113
capillary condensation, 107–109

Surface forces, 53–55
Surface porosity, 76–77, 79–80
Surface roughness

Al2O3 membranes, 63
hollow fi bre membranes, 48–49

Surfaces, morphology, 60–63
Sweep gas, membrane reactors, 246–247, 251
Syngas production, 276–277, 278–279
System design, 122–128, 193–195

Tape casting, 22, 23–24
Temperature effects

air separation membranes, 195, 197, 201, 202, 
203–206

hydrogen fl uxes, 220, 223, 226, 233, 234–235
hydrogen production, 236, 237
methane coupling, 249, 253–256, 284–287
nonperovskite type oxides, 224
permeation measurement, 86, 87, 88–89, 

187–190, 191, 231–232
perovskite mixed conduction, 176, 184, 217, 

218
polymeric membranes, 135–136
protonic conduction, 218
sintering, 39, 40, 46, 47, 48
thermoporometry, 69–71, 72

Thermolysis, hollow fi bre membranes, 39–40
Thermoporometry, porous membranes, 69–71, 

72
Thickness effects, 206, 220, 221, 222, 223, 

230–231, 235–236

Titania–alumina membranes, 48–49, 50, 51
Tolerance factor, lattice deformation, 171, 181, 

265
Transmission electron microscopy (TEM), 60, 

61–62
Transport see Gas transport
Tubular membranes, 206

Ultrafi ltration, 10–11, 25, 26, 60, 65, 74

Vacancies
oxygen transport, 171, 172, 181, 183, 184, 

186, 232
proton conduction, 217, 218, 232

Van der Waals forces, 54, 55
Vapour absorption

hollow fi bre contactors, 136–139
operating modes, 139–143, 153–156

Vapour separation
hollow fi bre contactors, 135–168
liquid–vapour equilibrium, 7–8
see also Gas separation

Vehicle proton transport, 227
Viscosity

dip coating, 27
spinning suspensions, 33, 35, 37

Viscous fl ow
gas separation, 78, 104, 105–106, 111, 112
sintering, 39, 41, 42

Voids
packing density, 30–32
sintering, 44–45, 48

Volatile organic compounds (VOCs), 139

Wagner theory, 182
Wetted mode, membrane contactors, 137, 

141–142, 153–156
Wetting

hollow fi bre contactors, 136–138, 139–142, 
146, 153–156

spinning suspension particles, 34
Wilson plots, 143

X-ray diffraction (XRD)
dense ceramic membranes, 90, 91
LSCF membranes, 51, 52, 90, 91, 286, 288
TiO2/Al2O3 membranes, 49, 51

Zeolite membranes
dehydrogenation reactors, 247, 249
gas separation, 8, 100–101, 115–117, 119–122


