Index

a

acid average concentrations 112
activated sludge 363

additives 30

adhesion 434
adsorption/adhesion 33

aeration 377, 380

aging permeability change 71
aging phenomenon 73

aging rate 71,73

air dehumidification 502, 505
air drying 173

amino acids 399

amorphous polymer 4, 23, 64, 68
amorphous silica membranes 208
anchorage-dependent cells 434
anion-exchange membranes 84
anisotropic membrane 21
anisotropic polymer 28

aroma recovery 253

aromatics 182

artificial liver 426

artificial organ 411, 426
asymmetric anisotropic membrane 21
asymmetric membranes 63
asymmetric skin layer 69

atomic radius 5

atomic weight 5

atomistic molecular modeling 13
atomistic packing models 8
average resistance 104

b

backbone polymers 38
backwashing 383

Baxter autopheresis C 421

Dbest available technology 367, 386

bioactive peptides recovery 254
bioartificial liver 429

bioartificial organ 411, 426
biocatalysts 397

biocatalytic membrane reactors 402
biocatalytic reactions 315
biochemical membrane reactors 309, 397
bioethanol 189

biofilms 128

biofouling 128, 130, 132, 236
biohybrid system 435

biological operating conditions 379
biological origin catalyst 285
biological treatment 379

biomass 379

biomaterials 441

biomedical materials 433
biomedical membrane 411
bioreactors 438

biotech applications 245

bipolar membrane 84, 107-109, 111
blending 32

block/graft copolymers 23

blood oxygenators 411

Bodenstein number 317
Boltzmann constant 7

boron content 458

boron problem 225

boundary conditions 316

bulk regime 69

bulk values 71

buoyancy 480

c

cake-enhanced osmotic pressure 135

cake enhanced concentration polarization
130

Membrane Operations. Innovative Separations and Transformations. Edited by Enrico Drioli and Lidietta Giorno
Copyright © 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

ISBN: 978-3-527-32038-7

543



544

Index

cake formation 125

calcination temperatures 51

capillary fiber membranes 170

capillary fiber modules 170

capillary fibers 170

capillary membrane 170, 173

capillary membrane shapes 21

capillary modules 171

capsule membrane shapes 21

carbon-capture technologies 155

carbon-dioxide separation 179

Carman-Kozeny equation 322

cassette-type membrane contactors

casting solution 29

catalyst 215

catalyst immobilization 285

catalytic membranes  XXIV, 285, 289, 301

catalytic membranes reactors 276, 285

catalytic reaction 278

catalytic shift reactors

cation-exchange 39

cation-exchange membrane 84

cell adhesion 435

cellulose acetate membranes

ceramic 209

ceramic capillaries 214

ceramic membrane materials for solvent
separation 49

ceramic membranes 51, 52, 56, 206

ceramic oxygen-ion conductors 210

ceramic pervaporation membranes 49

cermet 209

cermet membranes 210

chain-immobilization factor 68

chain-packing procedures 7

chain flexibility 22

charged ion-exchange membrane 26

chemical catalysts 285

chemical cleaning 378

chemical compatibility 215

chemical excess potential 9

chemical expansion 207

chemical expansion mismatch 215

chemical membrane reactors 287

chemical modification 32

chemical reactions 296

chemical stability 24, 25, 210

chemical structure 22

chemometrics modeling 54

cleaning 378

clearance 416, 417, 420

closed-shell mode 324

coions 84

CO, capture

501

188

181

154,195-197, 199, 206, 211, 212

CO, greenhouse 231

CO, permeance 211

CO, removal 203, 205
CO,-selective membranes 204
CO, selectivity 75, 157, 211
CO, separation 211

CO, separation membranes 211
CO,/H, separations 188
CO,/N, separations 186

coagulation bath 30

colloidal fouling 127, 131

commercial pervaporation membranes 48
commercially available MBR systems 386
COMPASS 8

composite membrane preparation 30
composite membranes 37, 63

composite skin layer 69

compression 202

computational fluid dynamics 486
computer-aided molecular design (CAMD) 4
concentrates 229

concentration distribution 318
concentration modulus 323

concentration polarization 97, 98, 294
concentration-polarization layer 213
condensability 66

conditioning 65

conductivity 89

confinement effects 70

constant of diffusion 5

continuous electrodeionization 113
continuous open-shell mode 324

controlled swelling 26
convection 55
convection-diffusion model
convective flow profile 323
convective velocity 318, 321
conventional activated sludge (CAS)
copolymerization 39

cost advantages 159

cost effective 191

cost of fouling 124

costs 155

counterflow 173, 174

counterflow module 175
counterflow/sweep membrane module
counterflow/sweep operation 173
counterions 84

creep 207

critical droplet diameter 484

critical flux 125, 127, 376

cross flow filtration 428

crossflow membrane emulsification 465,476
crossflow module 174, 175

322

364

174



crosslinked polymers 207
cross-section structure 21
crystallinity 68

crystallization 450

current 111

current density 94, 99, 103

current utilization 100
cytocompatibility of membranes 436

d
dehumidification process 505
dense 207

dense ceramic 199

dense ceramic membranes 210
dense inorganic membranes 209
dense membranes 55

dense metal membranes 209
densification 69

desalinated water quality 228
desalination 221, 230
desalination energy 231
desalination plant 226, 230
desalination process 229
dialysance 416

dialysate 428

dialysate diffusive resistance (Rp) 420
dialysis—photocatalysis 351
dialyzer 415

differential mass-balance equation for state-

state conditions 329
diffusion 55
diffusion based model 54
diffusion coefficient 65, 66
diffusion constants 9
diffusion dialysis 115
diffusion selectivity 66, 68
diffusive transfer 416
diffusivity 207, 211
dip-coating 31
direct membrane emulsification 465
disposable systems 261
distillation 450
Donnan dialysis 115
Donnan effect 352
downstream processing 245, 255
drag force 481
droplet-formation 479
droplet formation mechanism 485
droplets shape 486
dual-layer 160
dual-phase membrane 211
dual sorption model 65
dynamic lift 480
dynamic membrane emulsification 466

Index

e

ecofriendly technologies

electric current 89, 91

electrical potential 89

electrical resistance 85, 89, 104

electrochemical potential 91

electrodeionization 115

electrodialysis 83, 84, 94, 95, 102, 105, 107,
111, 222, 224, 250

electrodialysis equipment 100

electrodialysis reversal 101

electrodialysis stack 96

electrolysis 83

electrolyte solution 91

electromembrane 83

electromembrane process 89, 91

electron conductor membranes 210

electronics industry applications 490

ellipsometry 70

ellipsometry techniques 73

emerging membrane technology 216

emulsification processes 468

emulsion liquid membranes 517

emulsions 463

end-stage renal disease 411

end-stage renal failure 413

energy 106, 139, 230

energy balance 296

energy consumption 105, 140, 187, 231

energy cost 142, 144, 145, 152, 230

energy dissipation 106

energy-efficiency 145

energy-efficient 154

energy-efficient membrane 144

energy-intensive 141

energy savings 160

energy source 224

energy systems 199

energy use 141

environment 229

environmental sustainability 139

enzymatic membrane reactors 404

enzyme immobilization 285, 405

enzyme membrane reactor 311

enzymes 285

equations 332

equivalent conductivity 90

ethanol dehydration technology 189

ethanol/water 191

evaporation-induced phase separation
(EIPS) 27

external mass-transfer resistance 316

extracorporeal devices 427

extractive separations 516

XXIV

545



546

Index

f

fermentation 404

Fick’'s law 64

film-forming properties 24
film thickness 70

fixed ionic charges 85

fixed ionic moiety 85

flat-sheet MBR 388

flat-sheet membranes 63, 170
flat sheet membrane shapes 21
Flory-Huggins equation 65

flow-through applications 260
fluid management 124
fluorescence techniques 260

fluorite 206

fluorocarbon 39

flux 53, 124, 206-210, 212, 225

food industry applications 488

force fields 5, 6

forces 480

forward osmosis 238

fouling 34, 121, 122, 126, 130, 235, 247, 374,
376

fouling causes 123

fouling mechanisms

fouling theory 125

fractionation 411

free volume 12, 13, 25, 69

functionalization 344

functionalized membrane 438

125

g

gas diffusion 213

gas-permeability properties 74

gas-phase diffusion 212

gas-phase diffusion limitation 215

gas-separation XXIII, 167, 171, 208, 214

gas-separation membrane 63

gas-separation membrane modules

gases permeation 65

Gibbs free energy 108

glass-transition temperature (Ty)

glassy gas-permeable membranes

glassy polymer membranes 64

glassy polymer specific volume (Vg) 65

glassy polymer(s) 23, 38, 64-66, 69, 71, 74,
175, 183, 207

glassy state 79

glassy state polymer 25

global balance models 479

global water market 385

good practice 226

gradient operation 6

green chemistry 335

168

23,70
183

greenhouse gas 195

greenhouse gas emission 216

Gusev—Suter transition-state method 9, 11,
12

h

Ha number 317, 320

heavy hydrocarbons 182
hemodiafiltration 417, 418
hemodialysis 411, 413, 418
hemodialysis principles 414
hemodialyzer 411, 413, 414, 416, 418

hemofiltration 417, 418

Henry’s law 64

hepatocyte cultures 435

heterogeneous catalysis 347

heterogeneous ion-exchange membranes 85,
86

heterogeneous photocatalysis

high charge density 26

high-performance tangential flow
filtration 256

336, 346

high-pressure processes 130
high selectivity 79
hollow fine fiber 169, 170, 214

hollow fine fiber membranes 169

hollow fine fiber membrane modules

hollow-fiber (HF) membrane bioreactor
439

hollow-fiber cartridge 418

hollow-fiber contactors 518, 525

hollow-fiber membrane shapes 21

homogeneous ion-exchange membranes 85,
86

homogenous anion 39

honeycomb elements 214

human hepatocyte bioreactor

human hepatocytes 436, 439

human lymphocyte membrane bioreactor
439

hybrid membranes 160

hybrid simulations 57

hybrid systems 354

hydrocarbon 39

hydrocarbon emission 186

hydrocarbon mixtures 191

hydrodynamic resistance 321

hydrogen-depleted layer 213

hydrogen diffusion 208

hydrogen flux 209

180

439

hydrogen membrane reformer (HMR) 203,
215
hydrogen-permeable membranes 189

hydrogen permeability 210



hydrogen production 204, 345

hydrogen purification 148
hydrogen-selective membranes 202, 213
hydrogen separation 175, 207, 208, 209
hydrogen-separation membranes 207
hydrophilic barriers 37

hydrophilic pervaporation membranes 47
hydrophilic polymers 37
hydrophilicity-hydrophobicity balance 24, 25
hydrophobic membranes 450
hydrothermal stability 208

i

ideal membrane selectivity 143
immersed membrane modules
immobilization 405

industrial system 503

inertial force 480

inorganic CO, selective membranes
inorganic membranes 208
inorganic nanoparticles 211
integrated membrane processes
integrated membrane system (IS)
integrated MF-NF-RO system 268
intensification 404

interface models 7

interfacial polymerization 31

interfacial tension 480, 481
intermolecular forces 142
interpenetration 33

intrinsic fluorescence probes 259
ion-exchange membrane 38, 39, 84, 85, 91
ions transport 88, 89

ion transport number 92

371

211

265, 276
268, 274

k

Kedem-Katchalsky model 54
Knudsen diffusion coefficient 453
Kozeny constant 322

I

Laminating 31
L-aminoacids 403
large toxin removal 414

lattice Boltzmann 487

layer thickness 322

leather industry 273
Lennard-Jones potential 66
lifetime productivity 75
limiting current density 97, 99
limiting flux 321
liquid-liquid extractors
liver-specific functions
L/L interfaces contactors

451
437
518

Index

low electrical resistance 26

low-pressure process 126
lymphocytes 439
m

macrosolute fouling 127

maintenance cleaning 378

mass balance 294

mass-balance equation 315

mass-transfer coefficient 453

mass-transfer rate 318

mass transport 91, 246, 292, 325

mass-transport resistances 452

mass transfers 416

Maxwell-Stefan pervaporation 56

mean droplet diameter 479

mechanical properties 24, 85

mechanical stress 215

medical applications XXIII, 411

membrane aeration 381

membrane area 104

membrane-assisted integrated catalytic
process 278

membrane-based solvent extraction (MBSE)
515, 519

membrane-based solvent stripping (MBSS)
519

membrane biocompatibility 414

membrane biohybrid system 436, 441

membrane bioreactor (MBR) XXIV, 224, 233,
234, 271, 285, 309, 310, 325, 363, 364, 366,
376, 385, 399, 402, 404, 438, 439

membrane-bioreactor basics 372
membrane bioreactor cleaning protocols 379
membrane-bioreactor configurations 368

membrane bioreactor hydraulics 373

membrane bioreactor plant(s) 371, 386

membrane chromatography 249, 260, 261

membrane cleaning 237, 378

membrane contactor(s) XXIV, 212, 350, 450,
452, 456, 499

membrane contactor applications 499

membrane contactor photoreactors 350

membrane counterion permselectivity 93

membrane crystallizers 459

membrane cutoff (A) 258

membrane distillation 238, 351, 450, 451

membrane distillation—photocatalysis 351

membrane emulsification XXIV, 463, 464,
488

membrane emulsification devices

membrane filtration 381

membrane fouling 314

membrane gas-separation 63, 186, 191

476

547



548

Index

membrane integration 206
membrane mass-transfer coefficient
membrane material 21, 251, 368
membrane microfiltration 412
membrane modification 32
membrane module 214
membrane permeability 203
membrane permselectivity 92
membrane photoreactor configurations
membrane photoreactors 348
membrane plasmapheresis 421
membrane preparation 26
membrane processes XXIII
membrane properties 207
membrane reactors (MRs)
285, 287, 294
membrane-replacement 383
membrane resistance 125, 141
membrane(s) 19, 48, 2006, 215, 222, 224, 289,
310, 311, 352, 411, 419, 434-436, 468
membrane selectivity 205
membranes energy 139
membrane-separation platform 158
membrane separation units 157
membrane sewage treatment (MST)
membrane shapes 21
membranes impacts 139
membranes issues 139
membrane solvent pervaporation 45
membrane solvent separation 45
membrane systems 195
membrane technology 365
membrane types 168
metal 209
metal membranes
methane 179
methane steam reforming (MSR) 202, 215
methane steam reforming reaction 215
microcapsules 474
microfiltration (MF)
microfiltration membranes
421
microporous carbon 208
microporous membrane 208, 428
microporous polymeric flat-sheet
membrane 500
microporous silica membranes 208
mixed-matrix membrane(s) 32, 37, 63
mixing residue gas 175
mobility selectivity 143, 144
modeling 314, 327
modelling XXIII
modified membranes
module 170

453

348

XXI1V, 199, 202,

365

209

141, 327, 350
223, 224, 365,

437

module configurations 168

molar conductivity 90

molar mass 22

molecular dynamic 6

molecular modeling 3, 5

molecular modeling tools 4
monolithic membranes 215
Monte Carlo simulation method 10
moving-bed biofilm membrane reactor
multichannel elements 214
multieffect distillation 238

312

n

nanofiltration (NF)

nanofiltration-coupled catalysis

nanofiltration flux models 53

nanofiltration membranes 223, 224

nanofiltration rejection 55

natural-gas treatment 178

Navier—Stokes approximation 332

Nernst-Planck flux equation 91

neuronal network 441

neuronal tissue-engineered constructs

neuronal tissue reconstruction
membranes 440

Newton’s equations of motion 6

nitrogen air 171

nonsolvent-induced phase separation (NIPS)
27

XXIII, 36,46, 52,253, 261
279

440

novel photocatalytic membranes 279
o

0,/N, selectivities 171

Ohm’s law 89

olefin/paraffin separation 150
olefin-paraffin separation membranes
operating conditions 452
operating costs 105, 111
operating mode 126

optical resolution 402

optimal packing density 420
optimizing membrane bioreactor
organic solvents 45, 48

organic vapor mixtures separation 191
organophilic barriers 37

organophilic pervaporation 251, 253
organophilic pervaporation membranes 38
organoselective barriers 37
organoselective membranes 38

osmotic distillation 275

overall clearance 418

oxy-fuel 196, 206

oxy-fuel process 197

oxygen separation 206

149

383



oxygen-separation membranes 207, 210
oxygen transfer rate 380

p

packing density 206

parallel-plate hemodialyzers 419
partial oxidation 199

partial oxidation reactions 290

partial photocatalytic oxidations 354

particle-deletion algorithm, DPD 9
particulate fouling 126, 130
partition coefficient 143
partitioning 142

partitioning selectivity 143, 144

Pd-based composite membranes 209

Pd-based membranes 204, 209, 210,
213, 290

Pd metal 204

Peclet (Pe) number 317, 319
penetrant size 66, 79
penetrant solubility 79
perfluorocarbon polymers 87
peritoneal dialysis 413
permeability 5,13,14,55,68,69,74,172,211,
292
permeability coefficient (P) 64, 65
permeability-thickness relation 204
permeable membranes 214
permeance 188, 208, 209, 214, 290, 294
permeation 73, 294
permeation driving force 299
permselectivity 66, 76, 77, 85
perovskite 206, 207
pertraction 516, 528
pervaporation 37, 46, 52, 56, 189, 251,
278
pervaporation membranes 48
pervaporation—photocatalysis 351
PH of the aqueous solutions 340
pharmaceutical industry applications
phase inversion 27
phase separation 27
photocatalysis 335
photocatalysis applications
photocatalysts 336, 338
photocatalytic 335
photocatalytic membrane reactors
353
photocatalytic oxidation of benzene 357
photocatalytic parameters 340
photocatalytic processes 341, 347
photocatalytic technologies 346
photodegradation 353
photodegradation efficiency 349

489

341

348, 352,

Index

photografting 33

photoreactors 347

physical aging 64, 69, 71, 75

physical cleaning 378

plasma collection 412

plasma exchange 423

plasma polymerization 31

plasma separation 411, 412, 421, 422

plasticization 65, 68, 122, 191

polluted water 232

polymer-based membranes 207

polymeric membrane 19, 21, 22, 35, 48, 52,
53,191, 211

polymerization reactor 184

polymer membranes 34

polymer packing models 6

polymers 22, 23, 25-27

polymers intrinsic microporosity (PIMs) 38

pore plugging 125

pores closure 122, 125

porous 207

porous membrane 212

positron annihilation lifetime spectroscopy
(PALS) methodology 13

postcombustion 211

postcombustion capture

postcombustion processes

power generation 154

precombustion 203, 211

precombustion CO, capture 199

precombustion decarbonization 196, 202,
206, 207

precombustion processes 204

premix membrane emulsification 465

pressure exchangers 230

pressurized membrane photoreactors

pretreatment 123, 128, 236

prevention 236

process configurations

process design 113

process intensification XXIV, 265, 287,
456

product quality 225, 234

production process 404

productivity 63, 73

propylene/propane separation 152

protein mass ratio 258

proteins 255

proto-membrane 27, 30

proton exchange membrane 208

196, 205, 211
196

349

371

quadrapole interaction 75
quiescent condition 465, 485

549



550

Index

r

reactor design 215

recovery level 236

red water 228

redox potentials 337

reduction reactions 344

reflection coefficient 55

reflection curve 55

refractive index 70

refractive index change 73

refrigerated storage cells 507

regenerative medicine 433

rejection 55, 352

relaxation 383

removal of volatiles/gases

repulsive interactions 352

required membrane area 111

resistance 103, 215

resistance-in-series model 53, 322

respiratory quotient (RQ) 78

reverse osmosis 36, 222, 365, 385

reverse osmosis biofouling 132

reverse osmosis desalination 224, 266

reverse-osmosis desalination costs 224, 226

reverse-osmosis desalination process 226

reverse-osmosis membranes 222

reverse osmosis particulate fouling 130

reversible electrodialysis 224

Robeson plot 172, 181, 191

rotating membrane emulsification 476

rubbery membranes 182

rubbery polymers 13, 23, 25, 64-66, 75, 79,
182, 183, 207

rubbery polymers size selectivity 75

rubbery polymers vapor sorption isotherm 65

rubbery vapor-permeable membranes 184

451

s

salt rejection 225

sanitation 385

scale formation 130, 133

selective barrier structure 19

selective layer 74, 212

selective membranes 187

selective oxidations 343

selective plasma purification by cascade
filtration 423

selective therapeutic plasmapheresis 428

selectivity 63, 68, 73, 79, 172, 188, 208, 211,
249, 292

self-assembly 36

semiconductor 336

semicrystalline polymer 23, 68

semipermeable membrane 428, 434

separation 45, 206, 208, 209, 210
separation energy efficiency 139
separation factor 141
separation mechanism 207
sewage water 232
side-stream configuration 371
side-stream membrane modules
sieving mechanism 19
silica-based zeolite 208
silica membranes 208
size exclusion 208
skins 69
small bioactive molecules
solar energy 353
solubility 5,9, 207, 211
solubility coefficient 9, 66
solubility selectivity 66, 75, 76
solute transport 54, 55
solution-diffusion mechanism 53, 64, 66
solution-diffusion model 54, 55
solution-diffusion pervaporation 56
solvation intermolecular forces 143
solvent/nonsolvent system 29
solvent-resistant nanofiltration 47
solvent stability 52
solvent transport 54
sorption-diffusion-desorption process 56
sorption-diffusion models 56
sorption of gases 65
specific aeration demand 381
specific conductivity 89
specific desalination energy 105
specific volume 64
specimen size 69
Spiegler—-Kedem model 54
spiral-wound modules 170
spiral wound membrane modules
stability 207, 208, 209, 210
stack design 108
static membrane emulsification 466
stationary permeate flux 322
steam reforming 202
stimulus-responsive membranes 248
stirred membrane emulsification 465
stirred-tank reactor 327
stirred vessel 476
stripper/scrubber 451
submerged membrane photocatalysis
reactor 350
submerged membrane photoreactors
suction of permeate 324
sulfur resistance 210
supported liquid membranes
surface kinetics 212

371

249, 250

180

349

450



surface layer/cake 123

surface modification 32, 33
suspensions 463

sustainable flux 125, 377
sustainable growth 265
sustainable technical solutions 265
swelling 56, 85

synthetic membranes 19

t

therapeutic 422

therapeutic plasmapheresis 423
thermal expansion 207

thermal expansion coefficient 209
thermal expansion mismatch 215
thermally driven processes 149

thermally induced phase separation (TIPS)

27
thermal stability 24
thermodynamic inefficiency 145
thermodynamic potential gradients
thickness 70, 212
Thiele modulus 317
thin dense layer 64
thin dense skin 64
thin-film composite (TFC) 21
thin-film composite membranes 36
thin films 69, 70
thin Pd layers 209
thin selective membrane layers 212
tissue engineering 433
titanium dioxide 338
torque balance 483
tortuosity 68
total current 103
total energy 105, 111
total energy consumption 112
total membrane area 104
total oxidations 341
track-etching 26
transformation 285
transition temperature (Ty) 64
transmittance 418
transport 19, 213
transport mechanism 56
transport models 54

Index

transport number 92

transport simulation/prediction 8

tubular membrane shapes 21

tubular/hollow-fiber membrane
bioreactor 388

tunnel mechanism 93

turbochargers 230

u

ultrafiltration 34, 141, 223, 256, 261, 327, 350
ultrafiltration membranes 365

uniform transmembrane pressure 247
unmodified membranes 437

unused energy 144

v

vapor/gas separations 183

vapor-induced phase separation (VIPS) 27
voltage drop 104

volume fraction 68

volume relaxation 69

w

wafer-like 215

waste water treatment 365

waste water treatment by whole-cell membrane
reactor 313

waste water-treatment process 233

waste water treatment membrane 364

water treatment membrane techniques 221

water desalination XXIII, 221, 456

water dissociation equilibrium 107

water gas shift (WGS) 202, 215

water gas shift reactor 154

water quality 222

wavelength/light intensity 341

whole-cell membrane bioreactor 312

Widom method 9

work exchangers 230

Y
yearly growth 385

Young-Laplace 480

z
zeolite 208

551






