Index

a
accelerated stability testing (AST) 162
activated carbon nanofiber (AC-CNF)
243
activation losses 144, 145, 151-152
4,4'-((1r,3r)-adamantane-2,2-diyl)bis
(benzene-1,2diol) 78
Aemion PBI polymer 284
air separation membrane 89, 91, 93
alkaline electrolysis 262, 263
alkaline electrolyte membrane fuel cell
137
alkaline exchange membranes (AEMs)
liquid electrolytes 276-278
NHA-based polymers for 186
physical and electrochemical properties
280-283
alkaline exchange membrane water
electrolysis (AEMWE) 261,
274-276
anion exchange membranes 277-278
AEMs and AEIs 296-298
chemical stability of cationic groups
290-293
commercial membranes
durability 294-296
ionomers 293-294
AWE vs. AEMWE 276
alkaline fuel cell (AFC) 138, 140, 142
alkaline water electrolysis (AWE) 257
alkaline electrolysis 262, 263
history of 261-263
major issues 263-264

278-290

335

alkaline water electrolyzer (AWE) 261
amorphous fluoropolymers 64-66
amorphous perfluorinated polymers 65
anion exchange ionomers (AEIs) 180
critical properties of 294
fuel cell 199
anion exchange membrane (AEM) 13,
164, 180, 275, 277-278
AEMs and AEIs 296-298
ammonium groups stability 182-187
chemical stability of cationic groups
290-293
commercial membranes 278-290
293-294
stable polymer backbones
aryl ether polymers 187-188
Diels-Alder polymer-polyphenylene
189,191
poly(aryl piperidinium)s 191-195
polybenzimidazole and SEBS
188-189
poly(norbonene) 188-190
radiation grafted AEM  193-198
water management 198-199
anion exchange membrane fuel cells
(AEMFCs) 135, 140, 180-182
ammonium groups and their stability
182-187
BTMA-spirofluorene ionomers 191
and PEMFC 141
polarization and power density curves
190
power density of 194

ionomers

Membranes for Energy Applications, First Edition. Young Moo Lee.
© 2024 WILEY-VCH GmbH. Published 2024 by WILEY-VCH GmbH.



Index

anion exchange membrane fuel cells
(AEMFCs) (contd.)
stable polymer backbones
aryl ether polymers 187-188
Diels-Alder polymer-polyphenylene
189, 191
poly(aryl piperidinium)s 191-195
polybenzimidazole and SEBS
188-189
poly(norbonene) 188-190
radiation grafted AEM 193-198
water management 156, 198
anion exchange membrane water
electrolysis (AEMWE) 5, 6, 257,
261, 262, 265, 274, 275
and AWE 276
effect of AEMson 287
liquid electrolytes 276-277
296-298
pure water fed 285
area-specific resistance (ASR) 153, 155,
189, 196
aromatic polyimides 58, 81, 83
Arrhenius equation 4, 40, 44, 53
aryl ether polymers 187-188
asymmetric membranes 4,9, 11-13,
29-33, 55, 57,92, 229, 312
auxiliary power units (APU) 273
Avogadro’s number 147
6-azonia-spiro[5.5]undecanium (ASU)
184-187, 199, 290, 292, 293

outlook for

b

battery separator 6, 11, 12, 26, 218,
222-226, 230, 241-243

benzyltrimethyl ammonium (BTMA)
182, 184, 186-189, 191, 192, 195,
196, 199, 205, 289

biogas, CO, 110-112

biological membrane 14

3,3'4,4'-biphenyltetracarboxylic
dianhydrides (BPDA) 87

2,3-bis(3,4-dicarboxy-phenyl)
hexafluoropropane
dianhydrides 87

bismaleimides (BMIs) 86

bis(o-hydroxyl)maleamic acid (BHMAA)
86

bis(phenazine)-based tetrahalide
monomer 78

1,2-bis( p,p-vinyl-phenyl)ethane (BVPE)
167,179

block copolymers 170

AFM 172

Brackish Water (BW) 270

Brunauer-Emmett-Tellet (BET) mode 42

BTMA-functionalized ethylene-
tetrafluoroethylene (BTMA-ETFE)
195, 196, 199

BTMA-functionalized low-density
polyethylene (BTMA-LDPE)
membrane 195, 196, 199

Buttler-Volmer equation 151

c

carbon capture and storage (CCS) 4,
102, 107

carbon dioxide-selective separation
101-102

post-combustion flue gas  102-108

110-112

109-110

carbon molecular sieve membranes 100

recovery from biogas
removal from natural gas

carbon molecular sieves (CMS) 48, 49,
99

catalyst coated membrane (CCM) 271

cation exchange membranes (CEMs) 13,
137,157,168-177, 278

cellulose acetate (CA) 4,5, 30, 40, 55-57,
94,109

cellulose triacetate (CTA) 56, 318, 323,
327

ceramic-based membranes 20

ceramic composite separators 231, 232

ceramic-incorporated separators 231

20-22

charge transfer coefficient 151

cohesive energy density (CED) 45, 64

ceramic membranes



composite membranes 21, 68, 227
separators 230-233
thin-film 4, 33-34, 270, 322
composite separators 231, 232, 238, 247
compound annual growth rates (CAGR)
4, 5,203, 221
concentration polarization (CP) 42, 313,
317,318, 324
copolymerization 59, 65, 78, 83, 84, 89,
142,158, 164
copolymers with intrinsic microporosity
(CoPIMs) 79
CO,-selective membranes 52
covalent organic frameworks (COFs) 48,
69-71, 73,101
crosslinked polymers 18
CTA membrane 56, 318

Cynara membrane plant 109, 110

d

D-A polyphenylenes (DAPPs) 191, 192

Darcy’s law 225

deionized water (DI) 276-278, 291, 323

density functional theory (DFT) 184,291

diamino benzoic acid (DABA) 89

1,4-diazabicyclo[2.2.2]octane (DABCO)
196, 288

Diels-Alder polymer-polyphenylene
189, 191, 192

diethyl carbonate (DEC) 218, 238

N,N-dimethlyformamide (DMF) 230,
234, 323, 325

dimethylacetamide (DMAc) 323

dimethyl piperidinium (DMP) 184-187,
199, 290, 292, 293

diphenyl isophthalate (DPIP) 66

direct methanol fuel cell (DMFC) 5,135,
182

advantages 181
membranes in 177-180

divinyl benzene (DVB) 167, 179

dope solution 22, 24-30

5,221, 227-228, 247

dual-mode sorption mode 42, 47

dry process

Index

e
electrical power 144, 316, 317
electrochemical reactions 139, 141,
143-145, 151, 160, 218, 222, 240,
277
electrolysis, hydrogen production 260
electrolyte membranes 137, 138, 140,
156, 166, 232, 242, 261, 264, 266,
267
electrolytic cells 266
electromotive force (EMF) 147-150
electronic conduction 143-145
energy crisis 1, 298
energy storage system (ESS)
gel polymer electrolytes 233-234
lithium ion batteries 217-221
next-generation li battery 239-247
polymer electrolytes
polyolefin 234
poly(vinylidene fluoride-hexafluoro
propylene) 238-239
PVDF 234-238
equivalent weight (EW) 143, 159, 290
ethanoanthracene (EA) 80, 81, 88
ethylene carbonate (EC) 218, 238, 239,
243
ethyl methyl carbonate (EMC) 218
exchange current density 151-153, 155
external concentration polarization (ECP)
313, 314, 317

f

FAA3 membrane 279

facilitated transport mechanism 99

facilitated transport membrane (FTM)
100, 104, 107

Fickian diffusion 41, 161

Fick’s first and second laws 43

Fick’s second law 4, 40, 43

13, 33-34, 61, 106

Flory-Huggins mode sorption 42

fluoropolymer 55, 64-66, 135, 142, 160,
163-168, 204, 205, 217, 230, 234,
235,247

1-3, 95, 102, 257-261

flat sheet membranes

fossil fuels

337



338

Index

Fourier’s law 44
fractional free volume (FFV) 44, 58, 59,
63, 65, 79, 83, 84, 87, 88, 100
free volume (V;) 19, 20, 44, 48, 55, 56,
58, 61, 63-66, 68, 69, 75, 76, 78, 79,
81, 83, 87, 97, 100, 201, 322
fuel cell 96
advantages of 140
anion exchange ionomers 199-202
anion exchange membrane 180-182
ammonium groups stability
182-187
water management 198-199
basic principles of 145-151
classification of 140-141
demonstration of 135
development history 141-143
direct methanol membranes 177-180
138-140
143-157

electrochemical engines
electrochemical principles
performance 144-145
proton exchange membrane 157-158
hydrocarbon-based cation exchange
membranes 168-177
Nafion characteristics 159-162
PEM composite 163
perfluorosulfonic acids  158-159
radiation grafted fluoropolymer
163-168
stacks-MEA 177
vehicle market 202-204
voltage losses 151
activation losses 151-152
fuel crossover and internal currents
153
mass transport and concentration
losses 154-155
ohmic losses 153-154
water management 156-157
fuel cell electric vehicle (FCEV) 203, 260
fuel crossover 153, 155, 167, 182, 204

9
garnet-type lithium electrolyte 244

garnet-type solid electrolytes 244, 245

gas diffusion electrodes (GDE) 190, 200

gas diffusion layer (GDL) 142,177, 178,
180, 201

gas-fired power plant 3

gas permeation unit (GPU) 56, 97

gel polymer electrolytes 233-234, 238

Gibbs free energy 14, 15, 22, 23, 27,
145-149

glass transition temperature 18, 19, 45,
46, 64, 158, 159

glassy polymers 20, 45-49, 51, 54, 55, 57,
61-64, 66, 68, 75, 79, 83,94, 112

global primary energy consumption 2

72,73

graphene-based membranes 70

graphene oxide (GO) membrane

green-house gas (GHG) 101

green hydrogen 94,95, 257, 258, 275, 298

green hydrogen energy system 258

grey hydrogen 94, 260

GO nanosheets

242

h

Henry’s law 41, 42, 48, 161

hexafluoroacetone (HFA) 65

hexamethylterphenyl-polydimethylben-
zimidazole (HMT-PDMBI) 279

hexyltrimethylammonium (HTMA) 192

higher heating value (HHV) 148, 260

hollow fiber membrane module 35, 312

hollow fiber membranes 14, 30, 31, 67,
89,99, 321

hollow fiber (HF) P membranes 59

homogeneous dense membranes 12-13

HTMA-DAPP 289-291

hydraulic pressure 311-313, 318-320,

324, 327
hydrocarbon-based cation exchange
membranes 168-176
hydrocarbon-based membranes 268,
270, 279
hydrocarbon/hydrocarbon separation
97-101
hydrocarbon polymer 26, 64, 165, 176,
204

hydrogen economy 95, 260



hydrogen fueling stations (HRS) 203,
204

hydrogen gas 78, 136, 150, 203, 258, 298

hydrogen oxidation reaction (HOR),
electrocatalysis of 182

hydrogen separation membranes 95

hydroxyl-containing polyimide 83

Hyflon® AD 65, 66

I
inorganic membranes 20, 21, 48, 66, 100
integrated gasification combined cycle
(IGCC) 101
internal concentration polarization (ICP)
313, 317-319, 321, 322
inverse ion exchange capacity 159
ion exchange capacity (IEC) 157, 159,
167-170, 172, 175, 180, 192, 194,
198, 269, 279, 288, 290, 296
ion exchange membranes 13
radiation grafting for 166
ionic conduction 141, 143, 144
ionomers
alkaline exchange membrane water
electrolysis 293-294
anion exchange 199-202
proton exchange membrane water

electrolysis 271-273

l

ladder-like polymers 81

landfill gas 40, 89, 110

Laplace equation 223

241-242
Li-based batteries, electrochemical

Li-air battery separator

reactions in 240

LiPON, advantages of 244

LiPON based thin-film ASSB 245

liquid electrolytes 156, 218, 219, 222,
223,225, 226, 232, 233, 240,
242-244, 246, 247, 263, 264,
276-277, 294, 295

lithiated Nafion membrane 243

lithium ion battery (LIB) 217-219

Index

battery market, separator market 218,
220-221
fluoropolymer-based separators for
235-237
gel polymer electrolytes 233-234
next-generation 239-241
Li-air battery separator 241-242
Li-S battery separator 242-243
solid-state Li ion battery 243-247
polymer electrolytes
polyolefin 234
poly(vinylidene fluoride-hexafluoro
propylene) 238-239
PVDF 234-238
separator fabrication 227-233
composite membrane 230-233
dry process 227-228
modification 230
nonwoven membranes
wet process 228-229
separators 218, 220-226
separator types 226-227
typical parameters for 224
variety of properties 222-223
worldwide market from 1990 to 2015
220
lithium-ion gel polymer cells 238
lithium phosphorous oxynitride (LiPON)
244, 245
long-side-chain (LSC) 158, 159, 271,
288,293
low density polyethylene (LDPE) 164,
195-197, 199, 202, 234, 288
lower heating value (LHV) 148, 149, 265

230

m
MacMullin number 225
mass transport in membranes
membrane-based gas separations
applications
air separation  89-94
carbon dioxide-selective separation
101-103
hydrocarbon/hydrocarbon separation
97-101

14-16
5,39

339



340 | Index

membrane-based gas separations (contd.)

hydrogen separation 94-96
polymer membranes
amorphous fluoropolymers
cellulose acetate 55-57
diffusivity-selective polymer
membranes 48-50
glassy polymers 46-48
limitations of 52-55
membrane material selection 48-52
mixed matrix membranes 68-74
permeability and selectivity 41-44
polybenzimidazole 66-68
polyimides 58-59
polysulfone 57-58

64-66

pressure-dependence of gas transport
45-46
siloxane polymers 59, 61-62
solubility-selective membrane
49-52
substituted polyacetylenes 61-64
temperature-dependence of gas
transport 44-45
promising polymers
high-performance polyimides
86-89
intrinsic microporosity 75-82
Pebax 74-75
thermally rearranged polymer 81,
83-86
vapor/gas separation 112-113
membrane-based separation technology
97
membrane electrode assemblies (MEAS)
5, 36, 102, 107, 139, 162, 166, 167,
176, 178, 200, 264, 267, 268, 271,
272,287, 288, 291, 294, 297
membrane fabrication
asymmetric membranes 29-33
flat sheet membranes 33-34
thin film composite membranes
33-34
membrane gas separation systems 4
membrane module fabrication 34-37
membrane technology 3

current state-of-the-art 5-6
history of 3-6

mass transport 14-16
17-22

materials and structure 10-11

materials

homogeneous dense membranes
12-13
ion exchange membranes 13
membrane shapes 13-14
porous membranes 12
symmetric and asymmetric
11-12
membrane and function 9-10

membranes

membrane fabrication
asymmetric membranes 29-33
flat sheet membranes 33-34
thin film composite membranes 34
membrane module fabrication 34-37
membrane preparation
nonsolvent-induced phase separation
25-27
thermally induced phase separation
27-29
thermodynamics of phase separation
22-25
three-component phase diagram 23
polymer materials 18-20
inorganic membranes 20-22
physical state and properties
separation property 16-17
Mesh Adjustable Molecular Sieve
(MAMS-1) 73
mesoporous silica 163

19-20

metal-organic framework (MOF)/GO-
based battery separator 243

microporous membranes 34, 227-233

mixed matrix membrane (MMM) 68-74,

98, 100

molecular sieves 48, 49, 66, 73, 99, 100,
102

molten carbonate fuel cells (MCFC)
140-141

monolayer separator 234

multilayer separators 229, 234, 247



n
Nafion
characteristics of 159-162
chemical structure of 267
degradation of 162
ionomer 159, 160, 271, 272
membrane 5, 142, 159-163, 166, 179,
180, 204, 243, 267, 269, 270
nanofibrous membranes 319, 321-322
Nernst equation 149, 150
next-generation, Li-S battery separator
241
N-heterocyclic ammonium (NHA)
184-186, 291
N-methyl pyrrolidone (NMP) 30, 234
non-solvent-induced phase separation
(NIPS) 24-25
additives 26
casting temperature 26-27
polymer concentration 26
polymer types 26
non-woven membranes
231
nonwoven separators 234

226, 227, 230,

nuclear fuels 259
nuclear power 2
nucleation-growth (NG) model 29

o

on-board inert gas system (OBIGS) 91,
92

open circuit voltage (OCV) 145,
147-150, 152, 153, 155, 162, 178,
241

Orion TM1 polymer 285

osmotic heat engine (OHE) 317,
327-328

osmotic power 311-314, 324

4,4'-oxidiphthalic anhydrides (ODPA)
87

oxygen reduction reactions (ORR) 162,
182, 205

Index

p

perfluorinated film-based membranes
167
perfluorosulfonic acid (PFSA) 135,
158-159, 201, 269, 270
drawbacks of 168
5,264
polymers 157
permeability of separators 225
PFTP polymer, structure of 286
12, 28, 30, 229,

membranes

phase inversion process
247

phase separation, thermodynamics of
22-25

phosphoric acid fuel cells (PAFC) 140

PiperION polymer 285

plastic lithium-ion cell (PLIOJN) 238

PNB ionomer 289,296, 297

Polaris® membranes 102

polyacetylene-based polymers 61

polyacrylonitrile (PAN) 26, 226, 234, 318

PolyActiveTM membranes 103

poly(amide-6-b-ethylene oxide) (PEBAX®)
74-76

polyamide-imide (PAI) 59

poly(arylene ether ketone)-gc-sulfonated
poly(arylene ether sulfone)
(PAEK-gc-SPAES) 173

polybenzimidazole (PBI) 66-68, 81, 163,
168, 179, 181, 188, 189, 200,
269-271, 278, 279, 284, 287, 288

poly(benzoxazole-co-imide) membranes
83

polycarbazole 278

polydimethylsiloxane (PDMS) 49, 51,
58, 59, 61, 62,93, 112

poly(ether ether ketone) (PEEK) 179,
187, 271, 278, 279

polyethersulfone (PES) 26, 319, 321

polyethylene (PE) 6, 36, 75,97, 112, 164,
166, 179, 181, 195, 202, 225-229,
231, 232, 234, 247, 278, 288

poly(ethylene oxide) (PEO) 26, 52, 59,
75, 200, 233, 234, 244

341



342

Index

poly(ethylene terephthalate) (PET) 33,
34,226
poly(fluorenyl aryl piperidinium) (PFAP)
193, 278
polyimides incorporating TB units
(PI-TBs) 88,89
polyimides (PI), polymer membrane
materials 58-59
polymer concentration 26, 27, 30
polymer electrolyte membrane (PEM)
135,137, 140, 142, 157, 160-168,
170, 176, 177, 199, 204, 264-268,
274, 290
polymer electrolyte membrane water
electrolysis (PEMWE) 261
polymer electrolytes 233
development of 233
polyolefin 234
poly(vinylidene fluoride-hexafluoro
propylene) 238-239
PVDF 234-238
polymer membranes
advantages of 39
amorphous fluoropolymers
cellulose acetate 55-57

membranes

64-66

diffusion mechanisms of gas 41
diffusivity-selective polymer
48-50
glassy polymers 46-48
limitations of 52-55
membrane material selection 48-52
mixed matrix membranes 68-74
permeability and selectivity 41-44
polybenzimidazole 66-68
polyimides 55, 58-60
polysulfone 57-58
pressure-dependence of gas transport
45-46
siloxane polymers 57, 59, 61
solubility-selective membrane 47,
49-52
substituted polyacetylenes 61-64
temperature-dependence of gas
transport 44-45
polymer membrane technology 18

membranes

inorganic membranes 20-22
physical state and properties 19-20
polymer-solvent interaction 28-29
polymers with intrinsic microporosity
(PIMs) 75-82
physical and permeation properties 82
poly(4-methyl-1-pentene) 89
poly(4-methyl-2-pentyne) (PMP) 63, 68,
69, 112, 187
poly(norbonene) (PNB) 188-189, 198,
289, 292
chemical structure of 190
ionomer 289
membranes 188-190
polyolefin 5,112,217, 226-228, 230-232,
234, 235, 238, 242
polyphenylene, AEMs 278
poly(phenylene oxide) (PPO) 63, 74,
181, 186, 187, 278, 288
polypropylene (PP), battery separators
226
poly(aryl piperidinium)s 186, 191-195
polystyrene 100, 166, 179, 278, 279, 289
poly(styrene sulfonic acid) (PSSA) 142,
167, 168
polysulfone 4, 5, 26, 30, 33, 34, 49, 51,
55, 57-58, 61, 63, 88, 94, 96, 179,
196, 278, 288, 319
poly(terphenyl piperidinium) (PTP)
membranes 191, 192, 287
polytetrafluoroethylene (PTFE) 26, 64,
157,162,163, 167, 189, 197-199,
201, 272, 279, 287, 297
poly(1-trimethylsilyl-1-propyne) (PTMSP)
61-66, 68, 69, 83, 90, 93, 112
polyvinylamine (PVAm) 104, 106, 107
poly(4-vinylbenzyl chloride-co-styrene)
279
poly(vinylidene fluoride) (PVDF) 26, 29,
64, 100, 164, 166, 167, 182, 193,
194, 200, 204, 218, 226, 227, 230,
234-239, 247, 321
poly(vinylidene fluoride-hexafluoro
propylene) (PVDF-HFP) 26, 100,
232,234, 238-239, 242



poly(vinyltrimethoxysilane) (PVTMS)
168
pore dimension 223
pore size distribution 18, 27, 84, 86, 223,
229
porosimetry techniques 223
porosity 26, 27, 29, 57-59, 73, 138, 223,
225, 226, 228-230, 234, 313, 318,
319
porous membranes 5, 10, 12, 14-16, 23,
26, 29, 34, 36, 58, 226, 232, 318
positron annihilation life time
spectroscopy (PALS) 76, 78
power generation membranes
energy obtained from PRO  314-317
hybrid systems with membrane
distillation 324-328
311-314
pressure retarded osmosis membranes
317-318
cellulose triacetate membrane 318

osmotic power

nanofibrous support membrane
321-322
selective layer 321-324
sponge-like porous structure
320-321
support membrane 319-320
thin film composite membrane
318-319
water energy nexus and membranes
309-310
pressure-retarded osmosis (PRO)
310-312, 317
cellulose triacetate membrane 318

membranes

nanofibrous support membrane
321-322
selective layer 321-324
sponge-like porous structure 320-321
support membrane 319-320
thin film composite membrane
318-319
pressure swing adsorption (PSA) systems
89, 93,95
PRO-MD hybrid system 324-325

Index

proton exchange membrane fuel cell
(PEMFC) 5,135,140
advantages 181-182
cathode catalyst layer of 159
proton exchange membranes (PEMs)
137,157
composite 163
hydrocarbon-based cation exchange
168-176
159-162
158-159
radiation grafted fluoropolymer
163-168
stacks-MEA 176,177
proton exchange membrane water
electrolysis (PEMWE) 1,5, 257,
264
advantages of 266
disadvantages of 266-267
271-273
267-271
technical achievements and
273-274
proton exchange membrane water
electrolyzer (PEMWE) 261
pulverized coal 3

membranes
Nafion characteristics
perfluorosulfonic acids

ionomers
membranes

applications

q

quantum mechanics (QM) 162

r

radiation grafted AEM 193-198, 202

radiation grafted fluoropolymer
163-168, 204

radiation-grafted ion exchange
fluoropolymers 164

radiation-grafting methodology,
advantages 166

reactive ionic liquids (RILs) 100

reverse electrodialysis (RED) 261, 316,
317

reverse osmosis (RO) 4, 11, 29, 30, 33,
34, 36, 40, 55, 270, 311, 312, 314,
315, 317, 318, 322, 324, 327

343



344

Index

RO-MD-PRO hybrid system 327
rubbery polymers 20, 45, 46, 51, 52, 54,
59, 61, 68,112

S

sea water reverse osmosis (SWRO) 317,
326, 327

short-side-chain (SSC) 158, 159, 268,
271,273

siloxane-based elastomers 59

57,59, 61-62

single walled carbon nanotubes
(S-SWCNT) 163

sodium dodecyl sulfate (SDS) 323

solid electrolyte interphase (SEI) 243

140, 233, 241, 244-247,

siloxane polymers

solid electrolytes
264
solid oxide fuel cell (SOFC) 5, 141, 150,
153
solid-polymer electrolyte (SPE) 244
solid-state electrolytes 244, 246
solid-state Li ion battery 243-247
solubility-selective membrane 49-52
spiral wound module 35, 56, 106
spirobisindane (SBI) 78-81, 84, 83
spriobifluorene (SBF) 79, 81, 84, 83
styrene-ethylene-butylene-styrene
polymer (SEBS) 187, 188, 289
styrene sulfonic acid (SSA) 142, 168
sulfide-based solid electrolytes 246
sulfonated poly(phenylene sulfone)s
(sPPSs) 269
sulfonated PPO (SPPO) 170,173
supported liquid membrane 99
sustainion membrane 279, 284
Suzuki-Miyaura coupling reaction 191
SWRO-PRO-MD trihybrid system 327
SWRO-PRO system 325-327
11-12
synthetic membranes 4,9, 10, 14, 15

symmetric membranes

t
Tafel equation 151
Tafel plots 151

tetrafluoroethylene (TFE) 65, 142, 158,
159
tetrafluoroterephthalonitrile (TFTPN)
79
5,5,6,6’-tetrahydroxy-3,3,3,’3'-
tetramethylspirobisindane (TTSBI)
79
tetramethyl ammonium (TMA) 182,
184, 187, 196, 202, 288, 291
thermally-induced phase separation
(TIPS) 24,31-33
additives effect 29
basic procedure for 27-28
cooling rate effect 29
polymer-solvent interaction 28-29
thermally rearranged polybenzoxazole
(TR-PBO) 83, 84
thermally rearranged (TR) polymer
membranes 72, 74, 81, 83-86,
319, 321, 322
thermal rearrangement 83, 84, 86
thermal shrinkage 223, 225
thermodynamic efficiency 148
thin film composite (TFC) 34, 73
membrane 4, 33, 34, 270, 318-319,
322
thiourea-crosslinked GO (TU-GO)
membranes 72
three phase boundary (TPB) 138, 200,
271
tortuosity factor 225
triallyl cyanurate (TAC) 167
2,2,4-trifluoro-5-trifluorometoxy-1,3-
dioxole (TTD) 65
trimethylamine (TMA) 182, 184, 187,
193, 194, 196, 202, 288, 291
triptycene-containing PIMs (TPIMs) 79
Troger’s Base (TB) 88
turbine-based system (TBS) 325-327

u
ultrahigh molecular weight polyethylene
(UHMWPE) 228-229,234

UOP Separex membrane systems 109



v

van’t Hoff equation 45

vinylbenzyl chloride (VBC) 193, 194,
196, 202, 279, 288

volatile organic compound (VOC) 5,112

w
water electrolysis 261
alkaline exchange membrane 274-276
anion exchange membranes
277-293
AWE vs. AEMWE 276
liquid electrolytes 276-278
alkaline water electrolysis 261
alkaline electrolysis 263
history of 261-263
major issues  263-264
hydrogen production, global wind
power capacity 260
proton exchange membrane water
electrolysis 264-265
advantages of 266
disadvantages of 266-267
ionomers 271-273

Index

membranes 267-271
technical achievements and
applications 273-274
technology 259, 262, 276
water electrolyzer technology 261
water energy nexus and membranes
309-310
water-gas-shift (WGS) reaction 96, 101
water, in PEMFC and AEMFC 156
water management 138, 143, 156-157,
159, 182, 309
anion exchange membrane 198-199
wet process 5, 221, 227-229, 232, 247
wettability 200, 226, 230-232, 243
world energy consumption 1

y
Y,0,-stabilized ZrO, (YSZ) 141

z

zeolitic imidazole framework (ZIF)
membranes 73,97, 98, 101

ZIF-8 membranes 98

345






























