
acetone  250, 252, 376, 391, 394, 
397, 398

additive  19–21, 23, 25, 28, 29, 31, 
32, 39, 46, 47, 52, 242, 271, 
297, 299, 309

	 inorganic  146
	 nanoscale  145
	 pore-forming  297
adhesion  148, 153, 411, 414, 419, 

424, 427, 431, 442, 444, 446
adsorbent  153, 175, 324
adsorption  2, 85, 92, 118, 145, 

146, 157, 177, 194, 195, 254, 
318, 377, 389

	 pollutant  78
AFM see atomic force microscopy
ageing  314, 342, 343, 354
agglomeration  125, 151, 155, 157, 

165, 166
AGMD see air gap membrane 

distillation
air gap  6, 19, 20, 23, 24, 33, 36, 37, 

42, 276, 326, 343
air gap membrane distillation 

(AGMD)  272, 276, 277, 279, 
280

air oxidation  154, 155
air separation  310, 313
albumin  376, 422
	 bovine serum  36, 230
alcohol  47, 51, 65, 115, 180, 244, 

250, 384, 385, 387, 389, 392
alginate  65, 441
	 sodium  384, 385
alloy  6, 111, 113, 435
ammonia  40, 277, 286
annealing  40, 41
anthocyanins  180, 181, 197–199
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antioxidant compound  180, 181, 
197, 198

application  
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	 industrial  4, 95, 110, 118, 121, 

147, 174, 200, 314, 315, 318, 
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	 oil refinery  319
	 petrochemical  319
	 pharmaceutical  69
	 tissue-engineered  424, 427
	 wastewater treatment  9, 122
asymmetric membrane  3, 73, 111, 

112, 114, 295, 310, 316, 328
atomic force microscopy (AFM)  

49, 50, 82, 84, 161, 165
azeotropic solvent  375, 377

beer  174, 189, 190
beer processing  173, 174, 186, 

187, 189, 191
benzene  155, 156, 376, 380, 396
biochemical oxygen demand (BOD)  

194, 195
biodegradable polymer  412, 429, 

441, 442
biofouling  91, 92, 288
biogas  314–316, 349
biopolymer  45–47, 385
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bioreactor  412, 413, 415–417, 
420–422, 430, 433

BOD see biochemical oxygen 
demand

bone tissue engineering (BTE)  
433–435, 437–439, 441, 443, 
445

bovine serum albumin (BSA)  36, 
230

BSA see bovine serum albumin
BTE see bone tissue engineering

calcination  77, 78, 135
carbon hollow fiber membrane 

(CHFM)  131, 132, 391, 395
carbon molecular sieve (CMS)  

338, 339, 343
carbon nanotube (CNT)  10, 76, 

110, 127, 132, 154, 240, 343
carbon quantum dot (CQD)  229, 

230
casein  193, 194
cell  4, 73, 187, 410–412, 417, 

419–423, 425, 426, 430, 435, 
439, 444

	 anchorage-dependent  414
	 compartmentalization of  410, 

414
	 compartmentalized liver  415
	 embryonic liver  422
	 epithelial liver mouse  424
	 functional liver  424
	 glial  430
	 human fetal liver  421
	 human osteoblast  439
	 neuronal  429, 430
	 osteoclast progenitor  443
	 osteogenic  439
	 somatic  192
	 stellate  417
cell adhesion  410–412, 414, 417, 

423, 432, 436, 444
cell differentiation  411, 420, 423, 

436

cell migration  410, 411, 426, 444
cellulose acetate  6, 26, 47, 162, 

163, 212, 315, 379, 381, 415
cellulose triacetate (CTA)  213, 

214, 223, 225, 226, 228, 229, 
232, 316, 421

ceramic hollow fiber  119, 120, 
136, 246, 249, 389, 399

ceramics  78, 112, 113, 436–438
CFV see cross-flow velocity
chemical modification  91, 158, 

335, 345
chemical oxygen demand (COD)  

194, 195, 199, 286
chemical potential gradient  3, 234
chemical resistance  45, 48, 136, 

223, 395, 396
CHFM see carbon hollow fiber 

membrane
chitosan  26, 47, 65, 183, 424, 425, 

429, 441
chloroform  277, 280, 396
clarification  175, 176, 181, 183, 

184, 186–190, 198, 199
clarified juice  176, 177, 179–183, 

199
clay  32, 135, 217, 299
CMS see carbon molecular sieve
CNT see carbon nanotube
coagulation  18, 32, 36, 37, 158, 

195, 211, 236, 237, 297
coagulation bath  6, 19–21, 23, 33, 

36–39, 222, 236, 241, 295
coating  92, 248, 249, 252–253, 

255, 288, 291, 292, 298, 300, 
302, 322, 330–333, 337, 339, 
341, 438, 439, 441

COD see chemical oxygen demand
collagen  65, 426, 427, 441, 442
colloid  174–176, 186, 187, 211
composite hollow fiber membrane  

125, 129, 252, 253, 386, 397
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composite membrane  152, 155, 
243, 245, 251, 252, 298, 299, 
328, 329, 332, 341, 381, 384, 
386, 396, 397

concentration polarization  42, 
155, 176, 177, 179, 187, 193, 
214, 224, 226, 232

copolymer  25, 230, 231, 412, 441
	 nondegradable acrylic  428
	 perfluorinated acrylic  324
	 synthesized  230
	 tri-block  29
CQD see carbon quantum dot
cross-flow velocity (CFV)  176, 

177, 179, 180, 184, 185,  
189–191, 194

crosslinking  242, 247, 250,  
252–254, 317, 335–337, 352, 
386, 387, 394

crosslinking agents  335, 337, 381, 
386, 393

CTA see cellulose triacetate

dairy industry  5, 173, 174, 192
DCMD see direct contact 

membrane distillation
differential scanning calorimetry 

(DSC)  49, 51, 161, 165
diffusion  3, 152, 154, 210, 215, 

335, 343, 377, 378, 411, 416, 
430, 431

dip coating  331–333, 397
direct contact membrane 

distillation (DCMD)  27, 271, 
272, 275, 276, 279, 282, 284, 
285, 288, 289, 291, 296, 298, 
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dispersion  65, 82, 84, 150, 154, 
158, 159, 165, 251, 252, 345, 
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	 mechanical  158
	 surfactant  154, 155
Donnan exclusion effect  157, 240, 
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dope extrusion rate  228
dope solution  6, 19, 25–29, 31–34, 

39, 158, 239, 241, 298, 328, 
381

DSC see differential scanning 
calorimetry

dye  22, 157, 240, 253, 275, 278, 
285, 287

dynamic coating method  333, 397

EC see endothelial cell
ECM see extracellular matrix
elastic modulus  249, 432, 434, 
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electrospinning  63, 64, 66, 68–70, 

72, 74, 76, 78–80, 82, 84, 86, 
92–94, 412, 430–432, 442, 443

electrospinning process  64–67, 
69, 70, 72, 74–77, 79, 80, 90, 
91, 93, 424, 430, 437, 445

electrospinning setup  65, 66, 68, 
72, 73

electrospinning technique  64, 65, 
71, 75, 426

electrospraying  66, 70, 73, 446
electrospun fiber  81, 413, 423, 

430
electrospun membrane  64, 66, 67, 

69, 72, 73, 75, 78–82, 84–86, 
88, 89, 91–95

electrospun nanofiber  64, 90, 94, 
411, 430

endothelial cell (EC)  416, 417, 
419, 432

ester  255, 385, 393, 437
ethanol  29, 34, 36, 38, 40, 152, 

153, 376, 379–382, 385, 388, 
389, 391, 393, 395–398

ethyl acetate  251, 385, 390–393
ethylene glycol  44, 285, 297, 300, 

323, 376, 388, 390
extracellular matrix (ECM)  411, 

414, 424–427, 430, 437
extrusion rate  6, 33, 34, 159
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fabrication  6, 110, 111, 121, 123, 
144, 148, 151, 235, 236, 253, 
298–300, 332, 342, 343, 348

fermentation  186, 187, 189
fiber membrane  109, 135, 137, 

385, 395, 396, 420, 432
	 carbon-based  395
	 carbon-based hollow  127
	 coated hollow  131
	 commercial  281
	 commercial hollow  291, 385
	 composite  386
	 crosslinked hollow  317
	 developing hollow  388
	 fabricated hollow  157
	 inorganic  109, 111, 112, 127, 

136
fibers spun  36, 37, 42, 354
flavonoid  179, 180, 198, 199
fluoropolymer  45, 88, 291, 292
FO see forward osmosis
forward osmosis (FO)  78, 81, 132, 

229, 285
fouling  6, 8, 28, 52, 54, 146, 176, 

177, 179, 190, 194, 196, 200, 
284

	 inorganic  146
fouling resistance  156–158, 196, 

235

gas separation  2, 3, 5, 47, 48, 109, 
110, 113, 118, 120, 122, 123, 
144, 145, 154, 309–312, 325, 
328, 329, 335, 336, 338, 339

gas separation membrane  311, 
335, 339

gelatin  65, 175, 425, 441
glassy polymer  315, 316, 318, 320, 

322, 340, 343, 350, 351, 353
glucose  192, 198, 274, 278, 280
glycerol  41, 47
graphene  127, 128, 130, 133

hepatocytes  414–417, 419, 425
	 fetal  420

	 functional  421, 425
	 mature  423
	 primary  424–426
HF configuration see hollow fiber 

configuration
HF membrane  174, 176, 186, 192, 

193, 196–198, 200, 311, 313, 
314, 315, 317–319, 321, 322, 
324, 326, 341, 413–416, 418, 
419, 421, 422, 429, 430

	 blend  320
	 composite  323, 325, 328, 330
	 hybrid  345
	 multilaminate  416
	 polyethylene  196
	 propyl acrylate  199
	 rubbery  340
	 thin-film composite  320
HF membrane module  174, 176, 

189, 192, 193, 200, 354
HF systems  192, 200, 318, 319
HF UF membrane  181, 183, 188, 

192
hollow fiber configuration (HF 

configuration)  173, 177, 180, 
189, 193, 196, 198, 310

hollow fiber modules  4, 214, 217, 
221, 224, 310

hollow fiber NF membrane  235, 
239, 240, 243–245

hollow fiber RO membrane  211, 
212, 214, 215, 217, 221, 223, 
228, 231, 232

hollow fiber substrate  127, 131, 
132, 243, 245, 247, 251–253, 
257

humidity  19, 24, 65, 66, 68, 69, 
223, 309, 312, 337, 352, 354

hydrophilicity  73, 79, 87, 88, 92, 
118, 153, 155–158, 165, 230, 
231, 243, 246

hydrophobicity  40, 45, 46, 79, 88, 
92, 153, 154, 271, 281, 396
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inorganic membrane  109–112, 
120, 133, 137, 144

interfacial polymerization  218, 
229, 230, 232, 233, 235, 236, 
244–247, 249, 256, 257, 384, 
385, 394

isobutanol  385, 389, 390
isopropanol  34, 242, 376, 379

juice  175, 179–181, 183, 186, 199
	 bergamot  199
	 centrifuged  186
	 depectinized  199
	 kiwifruit  177, 179
	 mandarin  181
	 natural  181, 182
	 orange  181
	 raw  199

Kimura–Sorirajan model  224

lactose  192, 193
Laplace equation  50
lumen  34, 35, 215, 244, 248, 249, 

271–273, 275, 282, 330, 333, 
340, 415, 416, 419, 421, 422

macrovoids  24, 26–29, 31, 35, 36, 
40, 238, 239, 297, 341, 350

magnetic resonance imaging (MRI)  
194, 318

mass transfer  10, 85, 225, 228, 
294, 377, 410, 411

mass transport  80, 87, 92, 329, 
332, 384, 397, 414, 417

material  2–4, 9, 10, 52, 53, 149, 
150, 154, 278–280, 301, 302, 
311, 312, 325, 329, 330, 336, 
337, 339, 340, 350, 352, 388, 
389, 392, 394, 395, 427, 428, 
435–438

	 bioactive  438, 441
	 bioceramic  438
	 biocompatible  48

	 biomimetic  81
	 bone-mimicking  437
	 bridging  435
	 carbon-based  109, 110, 112, 

113, 127, 149, 154
	 ceramic  109, 110, 438, 442, 444
	 colloidal  177
	 composite  212, 441
	 degradable  412, 428
	 electrospun  78, 84
	 honeycomb  443
	 membrane  176, 177, 179–181, 

183, 187, 291, 294, 310, 311, 
339, 341, 377, 380, 382, 383, 
390–392

	 metallic  438
	 nanoscale  442
	 organic  6, 111, 211, 215, 412
	 photothermal  93
	 polymer-based  350
	 scaffold  441
mechanical resistance  26, 28, 48, 

49, 86, 87, 92, 332, 341, 416
mechanical stability  78, 86, 127, 

128, 176, 297, 298, 350, 351, 
425, 434, 436, 437

mechanical strength  109, 110, 
112, 113, 116–120, 212, 215, 
239, 240, 296, 298, 299, 329, 
429, 432, 443, 445

membrane bioreactor  281, 412, 
417, 420, 422, 433

membrane contactor  3, 154, 282
membrane distillation  28, 78, 81, 

84, 94, 269–272, 281, 282, 
290, 294, 335

membrane fabrication  6, 27, 114
membrane formation  10, 27–29, 

31, 32, 37, 38, 148, 386
membrane fouling  8, 146, 176, 

177, 179, 183, 187, 188, 275
membrane modules  7, 93, 190, 

276, 277, 281, 289, 290, 296, 
333



466 Index

	 capillary  283
	 ceramic  190
	 plate-and-frame  176
membrane performance  7, 148, 

156, 177, 187, 188, 218, 223, 
226, 228, 251, 322

membrane permeability  143, 144, 
148, 155, 429

membrane pores  21, 41, 50, 176, 
177, 183, 200, 228

membrane porosity  24, 28, 39, 
236, 291, 292, 294, 295

membrane process  10, 65, 86, 87, 
143, 145, 174, 193, 195, 199, 
234, 270

membrane structure  4, 24, 38, 49, 
55, 150, 151, 159, 161, 162, 
257, 394

mesenchymal stem cell (MSC)  
422, 434

mesoporosity  439, 444, 445
metal  7, 110–113, 116, 122, 345, 

346, 434, 436
metal organic framework (MOF)  

7, 110–112, 122–125, 133, 
144, 149, 150, 230, 321, 343, 
345–348

metal oxide  6, 109, 111–113, 118, 
144, 149, 157

methane  122, 131, 313, 351
methanol  29, 34, 242, 251, 336, 

376
method
	 bioelectrospinning  430
	 bubble point  50, 51
	 continuous UV irradiation  199
	 dip-coating  331
	 dry-/wet-spinning  152
	 grafting  136
	 gravimetric  84
	 helium purification  318
	 high-cell-density  422
	 hydrothermal  119

	 interfacial contra-diffusion 
polymerization  124

	 mercury intrusion porosimetry  
51

	 microfluidics  123, 124
	 microwave  119
	 oxygenation  410
	 reverse direction coating  248
	 sol-gel  115
	 solvothermal  124
	 spray-drying  123
	 vacuum-assisted  332
	 vacuum-assisted filtration  129
MF see microfiltration
MF membrane  174, 193, 196
microenvironment  149, 411, 417, 

419, 420, 423, 426, 427, 430, 
431, 443

	 cellular  410, 429
microfiltration (MF)  3, 5, 22, 24, 

173, 174, 185–187, 193, 196, 
197, 211, 249, 252

microorganism  90, 91, 175, 186, 
187, 193, 195, 213

micropores  21, 29, 212
microstructures  43, 132, 133, 223, 

250
milk  173, 174, 192
mixed matrix membrane (MMM)  

3, 7, 50, 143–149, 153, 154, 
158, 159, 162, 165, 166, 284, 
295, 296, 299

MMM see mixed matrix membrane
model
	 analytical  225
	 animal  428
	 hepatic culture  426
	 optimal cell  419
	 phenomenological  88
	 pore-flow  397
	 solution-diffusion  3, 212
	 toxicological  424
modified direct contact membrane 

distillation  282
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module  5, 9, 215, 218, 225, 232, 
235, 274–277, 281–285,  
289–291, 314, 318, 319

	 capillary  275
	 commercial  275
	 plate and frame  311
	 spiral-wound  4, 235
	 tubular  196, 281, 283, 284, 375
	 twisted  232
MOF see metal organic framework
molecular sieving  212, 234, 319
molecular weight cut-off (MWCO)  

30, 174, 176, 180, 181, 183, 
198, 199, 238–240, 242–245, 
249, 251, 252, 411, 415–417, 
420

monomer  79, 244, 247, 257, 354, 
384, 394

morphology  2, 4, 19, 21–25, 29, 
31, 33, 34, 37–40, 48–50, 80, 
82, 90, 245, 325, 423–425

	 anisotropic  3, 76
	 cellular  429
	 cross-sectional  20, 161
	 isotropic  3
	 non-ideal  148
	 sandwich  112
	 sieve-in-a-cage  148, 344
MRI see magnetic resonance 

imaging
MSC see mesenchymal stem cell
MWCNTs  127, 154–156
MWCO see molecular weight cut-

off

nanocomposite	 153, 442
nanofiber  63, 64, 69, 71, 76, 78, 

80, 82, 84, 93–95, 127, 128, 
409, 410, 423–426, 430, 431, 
442, 443, 445

nanofiltration (NF)  3, 5, 192, 193, 
209–212, 214, 216, 218, 220, 
222, 228–230, 234, 240,  
248–250, 252–254, 256

nanomaterial  10, 76, 82, 143, 144, 
165, 166, 257, 299

nanoparticle  76, 78, 92, 94, 125, 
133, 145, 146, 149, 151, 152, 
155, 157, 158, 165, 166, 299, 
300, 302, 442

nanosheet  155, 253
nanostructure  109, 442
natural gas  144, 310, 316, 318, 

347, 351
natural gas treatment  312,  

315–317
nerve conduits  429, 431, 432, 446
nerve guidance conduit (NGC)  

428, 429, 432
neuron  413, 429–431
neuronal growth  427, 428,  

430–432
neuronal growth factor  431
NF see nanofiltration
NF membrane  199, 234–236, 239, 

244, 249, 254, 256
NGC see nerve guidance conduit
NIPS see nonsolvent induced phase 

separation
N-methyl pyrrolidone (NMP)  10, 

27, 28, 32, 35, 45, 246, 282, 
285, 286, 297, 381, 384

NMP see N-methyl pyrrolidone
nonsolvent induced phase 

separation (NIPS)  45, 298, 
334, 340

nutrient  410–412, 414, 416, 417, 
422, 429, 431, 435, 439, 445

olefins  324, 338
olive mill wastewater (OMW)  195, 

196
OMW see olive mill wastewater
operating conditions  64, 176, 177, 

179–181, 184, 185, 187,  
189–191, 195, 199, 282, 283, 
285

operating pressure  178, 180, 188, 
217, 218, 221, 226, 228, 231, 
240, 242–247, 256
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organic solvent  44, 73, 136, 144, 
249, 252, 340, 341, 384, 387

organic solvent nanofiltration 
(OSN)  249–253

osmotic pressure  210, 218
OSN see organic solvent 

nanofiltration
osteoblasts  437, 443, 444
osteoclasts  434
osteoconduction  435
osteointegration  436, 444
osteoporosis  434
oxygen consumption rate  422
oxygen flux  117, 118
oxygen permeation flux  115, 117

packing density  6, 7, 132, 189, 
235, 276, 283, 290, 311, 377, 
395, 397

PAN see polyacrylonitrile
PBI see polybenzimidazole
PDGF see platelet-derived growth 

factor
PDMS see polydimethylsiloxane
pectins  176, 195, 196, 199
PEG see polyethylene glycol
PEI see polyetherimide
perfusion  412, 420, 421
permeability  21, 23, 24, 224, 225, 

247, 250, 251, 311, 314, 320, 
331, 334, 336, 338, 340, 341, 
343, 351–353

permeance  37, 39, 121, 122, 125, 
127, 129, 131, 151, 152, 154, 
316–321, 333, 336–338,  
345–347, 353, 354

permeate flux  155, 156, 158,  
176–181, 183, 186–190, 196, 
197, 256, 274, 275, 288, 290, 
378, 381, 384, 386, 387, 389

permeate stream  176, 189, 198, 
377, 381, 388, 394

permeation  2, 3, 82, 135, 136, 145, 
157, 338, 344, 351, 352, 376, 
393, 411, 412

permeation flux  10, 87, 114, 119, 
190, 191, 193, 194, 381, 385, 
386, 389, 393, 395

perovskite  109, 112, 114–117, 135
perovskite oxide  110, 113–115, 

118, 133
pervaporation (PV)  3, 5, 10, 26, 

120, 123, 375–377, 379–382, 
390, 393, 398, 399

PES see polyethersulfone
phase inversion  45, 93, 228, 235, 

236, 238, 251, 283
phase-inversion method  131, 180, 

197, 236, 238, 256
phase-inversion process  10, 28, 

39, 88, 161, 179, 242
phase-inversion technique  4, 10, 

18, 235, 270, 424, 429
phase separation  34, 45, 326, 334, 

431
photografting  252, 255, 256
PI see polyimide
plasticization  144, 309, 316, 317, 

335, 336, 348, 351, 352
platelet-derived growth factor 

(PDGF)  434, 446
polyacrylonitrile (PAN)  28, 38–40, 

46, 48, 90–92, 176, 181,  
183–185, 329, 331, 379, 381, 
382, 384, 393, 395

polyamide  65, 92, 213, 217, 247, 
334, 389, 390, 394, 416

polybenzimidazole (PBI)  46, 151, 
238, 242, 243, 251, 319, 320, 
327, 340, 353, 387, 393

polydimethylsiloxane (PDMS)  46, 
313, 315, 318, 321, 330–332, 
337, 353, 391, 396, 397

polyetherimide (PEI)  6, 35, 43, 47, 
48, 83, 84, 244, 246, 249, 250, 
252–254, 340, 344

polyethersulfone (PES)  6, 9, 23, 
24, 28, 29, 31, 32, 46, 47, 153, 
155–158, 176, 229, 239, 240, 
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243, 244, 246, 247, 323, 324, 
340, 341, 386, 417

polyethylene glycol (PEG)  24, 28, 
29, 31, 32, 39, 40, 47, 223, 299, 
302, 323, 331

polyimide (PI)  6, 44, 48, 250, 251, 
254, 314–316, 320, 322, 323, 
336, 337, 340, 346, 349, 387, 
388, 392, 395

polymer  6, 7, 21–23, 25–27, 32, 
34–36, 38–40, 44–48, 64, 65, 
67, 69, 70, 73–76, 147, 148, 
150, 159, 309, 323–325, 327, 
328, 340–343, 347–352,  
394–396, 412, 436–438

	 bare  165
	 bio-based  45
	 bioresorbable  441
	 blended  385
	 branched  44
	 functional  243
	 functionalized  424
	 high-free volume  353
	 natural  64, 412, 441
	 nondegradable  412
	 organic  174
	 perfluorinated  46
	 permeable  314, 330
	 rubbery  315, 320, 321, 339
	 semicrystalline  79
polymer blends  309, 320,  

341–343
polymer chains  19, 22, 37, 41, 44, 

147, 148, 150, 153, 154, 328, 
335, 350–352

polymer concentration  25, 26, 
31, 32, 39, 47, 67, 68, 75, 271, 
294–297, 333, 396

polymeric membrane  54, 63, 110, 
144, 145, 310, 320, 338, 347, 
385, 388, 414

polymeric solution  65, 67, 76, 326, 
442

polymerization  222, 244, 249, 
255, 394

polymer membrane  136, 162, 310, 
314, 324, 338, 350–352

polymer solution  18, 19, 23, 33, 
36, 65, 66, 80, 147, 159, 222, 
326, 327, 331–333

polyphenol  175, 180, 181, 183, 
186, 188, 195–199, 279

polypropylene  21, 46, 74, 176, 
252, 270, 275–277, 281, 288, 
292, 324

polysaccharides  187, 197, 437, 
441

polysulfone (PSf)  6, 31, 46, 92, 
151, 161, 162, 214, 222, 241, 
248, 313, 323, 324, 380–382, 
385, 386, 415

polyvinylidene fluoride (PVDF)  6, 
26–28, 35, 36, 38–40, 44–46, 
93, 154, 155, 176, 185, 281, 
283–285, 288, 289, 296–301, 
321, 396, 397

porosity  3, 21, 24, 26–28, 31, 80, 
84, 85, 87, 90, 93, 94, 274–287, 
292–295, 297, 298, 301, 302, 
328, 423, 424, 429, 443

porous membrane  94, 146, 295, 
296, 421

porous structure  28, 37, 40, 41, 
86, 112, 120, 148, 149, 330, 
410–412, 444

porous substrate  222, 328, 332
proteins  155, 157, 174–176, 180, 

187, 192, 193, 195, 199, 411, 
426, 427, 433, 441, 444

PSf see polysulfone
pure water permeability (PWP)  

158, 221, 222, 224, 231, 239, 
242, 244, 246, 249, 252, 253

PV see pervaporation
PVDF see polyvinylidene fluoride
PVDF HF membrane  181, 182, 

197, 198, 324
PVDF membrane  39, 45, 46, 180, 

193, 282–285, 298, 299
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PWP see pure water permeability
pyrolysis  338, 339, 395

rejection  34, 36, 40, 41, 91–93, 
155–157, 181, 183, 212, 235, 
236, 239, 240, 242–244,  
249–253, 282–285, 289, 
296–300

	 dextran  34
	 dye  240, 250, 284
	 glyphosate  243
	 humic acid  158
	 salt  27, 87, 214, 217, 218, 222, 

224, 228, 230–232, 288, 299, 
300

	 urea  277
resistance  44, 80, 144, 177, 186, 

211, 231, 288, 294, 320, 336, 
354, 395

	 acid  120
	 chlorine  212
	 hydraulic  176
reverse osmosis (RO)  4, 5, 92, 153, 

209–212, 214, 216, 218–222, 
224, 226, 228, 230, 232, 234, 
236, 270

RO see reverse osmosis
RO membrane  193, 211–214, 222, 

223, 229, 230, 244
RO process  214, 224, 228, 233, 

270
RO system  4, 211, 212

scaffold  69, 70, 73, 75, 410–412, 
414, 423–427, 435–438, 
441–446

	 bioactive electrospun  427
	 biomaterial  435
	 bone  435–437
	 collagen-modified  426
	 electrospun  446
	 nanofiber  425, 427
	 osteoinductive  437
	 precoated  425

	 protein  427
	 smart  435
SDS see sodium dodecyl sulfate
seawater  225, 232, 269, 288, 

290–293, 297, 301
seawater desalination  5, 213, 214, 

217, 288, 290, 303
selective barrier  2, 3, 174, 253, 

410, 414
selective layer  239, 241–244, 249, 

253, 311, 318, 327, 329–333, 
338, 348, 354

selectivity  23, 28, 29, 33, 109–114, 
120, 121, 124, 125, 127, 
144–153, 155, 159, 226, 311, 
313–322, 331–336, 338, 339, 
343–345, 351–354, 394, 395

separation efficiency  110, 193, 
235, 249, 351, 384

separation factor  122, 152, 153, 
284, 297, 317, 347, 378, 379, 
381, 385–389, 393–398

separation layer  113, 212, 222, 
228, 229, 233

separation performance  127, 132, 
143–145, 226, 229, 319, 320, 
336, 337, 339, 340, 381,  
386–389, 392–394, 396, 399

separation process  69, 110, 175, 
309, 310, 312, 315, 319, 320, 
324, 325, 328, 334, 343

SGMD see sweep gas membrane 
distillation

shear stress  19, 33, 177, 411
sodium dodecyl sulfate (SDS)  158, 

300, 302
solute  93, 146, 174–176, 186, 210, 

211, 223, 224, 234, 235, 411
spinneret  18–24, 33, 34, 36, 42, 

69, 72, 73, 222, 228, 236, 240, 
242, 326–328, 334

spinning  6, 20, 21, 23, 31, 33, 159, 
236, 239–241, 328, 329, 334, 
340, 342



471Index

spinning process  6, 18–20, 64, 
159, 239, 251, 322, 327–329, 
336, 381

spinning technique  17, 18, 21–23, 
54, 198, 199, 412

SS see suspended solids
steam-assisted gravity drainage  

289
stem cell  420, 423
	 embryonic  420, 421
	 human induced pluripotent  421
	 induced pluripotent  422
	 mesenchymal  434
	 neural  430
	 pluripotent  419
substrate  123, 127, 137, 214, 229, 

257, 329, 424, 435
	 ceramic tubular  152
	 nonwoven  92
	 organic  123
surface hydrophilicity  29, 135, 

146, 233, 296
surface modification  80, 81, 117, 

118, 136, 148, 230, 295, 296, 
299, 386

surface roughness  21, 88, 146, 
156, 157, 165

surface tension  45, 50–52, 65, 67, 
300

suspended solids (SS)  175, 178, 
181, 194–199, 211, 235

sweep gas membrane distillation 
(SGMD)  272, 273, 277

TAA see total antioxidant activity
TDS see total dissolved solids
technology  10, 119, 192, 195, 198, 

209, 218, 232, 294, 313, 345, 
376, 413, 446

TFC see thin-film composite
TFN see thin-film nanocomposite
TFN membrane  125, 230
theoretical draw ratio  22
thermal annealing  253, 387, 388

thermal crosslinking  317, 335, 
336

thermal stability  9, 44, 45, 47, 110, 
114, 120, 132, 150, 151, 154, 
315, 320

thermal treatment  52, 316, 336, 
337, 351, 394

thin-film composite (TFC)  92, 213, 
244, 245, 249, 250, 256, 257, 
311, 328–330, 332, 340, 341, 
348, 384, 391, 394

thin-film nanocomposite (TFN)  
124, 229, 230, 246

tissue  73–75, 410, 412, 419, 421, 
423, 427, 428, 435, 437, 443, 
446

	 cartilaginous  434
	 host  438
	 innovative  425
	 microvascular  432
	 native  420
	 retinal  430
TMP see trimethyl phosphate
TOC see total organic carbon
toluene  155, 249, 316, 337, 352, 

396
topography  49, 50, 82, 109, 111
total antioxidant activity (TAA)  

181, 183, 196, 198, 199
total dissolved solids (TDS)  180, 

217, 218, 284, 287
total organic carbon (TOC)  196, 

280, 281, 284, 287
total soluble sugars (TSS)  180, 

181, 188, 198
transmembrane flux  274, 275, 

277, 281, 282, 284, 289, 296
treatment  40, 174, 180, 194, 269, 

277–279, 284, 285, 287, 289, 
293, 299, 300, 335–337

	 chemical  217
	 enzymatic  175, 183, 196
	 gas bubbling  193
	 heat-press  78



472 Index

	 hot-air  22
	 hydrothermal  118, 133
	 isothermal  339
	 post-methanol  394
	 post-thermal  395
trimethyl phosphate (TMP)  27, 

176–181, 184, 185, 187–189, 
191, 194, 197

TSS see total soluble sugars
tubular membrane  5, 235, 275, 

290, 377

UF see ultrafiltration
UF HF membrane  179, 183, 186, 

198
UF membrane  173–175, 177, 180, 

188, 189
UF process  5, 175, 178, 187, 189, 

195, 197, 199
ultrafiltration (UF)  3, 5, 173, 174, 

185, 187, 192, 193, 196, 211, 
234, 243, 255

vacuum membrane distillation 
(VMD)  272–275, 277, 279, 
281–283, 296–299, 301, 303

van der Waals interaction  180
vascular endothelial growth factor 

(VEGF)  434, 439, 445, 446
vascularization  416, 435, 436, 

444, 445
VEGF see vascular endothelial 

growth factor
viscosity  6, 19, 20, 25, 27, 29, 31, 

32, 67, 159, 176, 183, 190, 191
	 dope  31, 32, 239
VMD see vacuum membrane 

distillation
void  28, 37, 148, 150, 151, 155, 

159, 327, 344
volume reduction factor (VRF)  

176, 181
VRF see volume reduction factor

wastewater  18, 174, 195, 269, 
271, 274, 277, 280, 282, 286, 
287, 300

	 agrofood  173, 174, 194
	 coking  281
	 potato starch  199
	 radioactive  285
	 simulated radioactive  281, 285
water contact angle (WCA)  52, 88, 

89, 132, 136, 154–158, 230
water desalination  4, 217, 232, 

379, 398, 399
water flux  156, 157, 212, 213, 228, 

230, 235, 238, 240, 244–246, 
253, 275, 277, 398

water permeability  10, 23, 24, 29, 
30, 33, 34, 36, 37, 43, 91, 158, 
221, 230, 233

water treatment  4, 5, 47, 54, 78, 
92, 111, 118, 137, 145, 154, 
199

WCA see water contact angle
wetting  93, 94, 154, 288, 294
whey protein  192–194
whey protein concentrate (WPC)  

192, 193
wine  173, 174, 186, 187
WPC see whey protein concentrate

X-ray diffraction (XRD)  132–135, 
161, 165

XRD see X-ray diffraction

yeast  186, 187
Young’s equation  88
Young’s modulus  30, 34, 54, 86, 

354, 435

zeolite  7, 10, 109, 111–114,  
118–121, 123, 133, 144, 149, 
153, 154, 343–345

	 aluminosilicate  121
	 crystalline  110, 118



473Index

	 nano-sized  348
	 silane-modified  153
zeolite membrane  119–120, 136, 

144, 389

zeolitic imidazolate frameworks 
(ZIFs)  125, 150, 345, 346

ZIF see zeolitic imidazolate 
framework



Hollow Fibers and Nanofibers 
in Membrane Science
Preparation, Characterization, and Applications

edited by

Alberto Figoli | Mir Saeed Seyed Dorraji 
Francesco Galiano

Figoli  | Dorraji  | Galiano
Hollow

 Fibers and Nanofibers in 
M

em
brane Science

“The existence of all living species would be rather impossible without the membrane formed around each 
cell that enables its functioning by the selective transport. Mankind has already made some progress 
to mimic nature, and we can hear today that the membranes are widely used in water purification and 
desalination, blood oxygenation, and dialysis, saving many lives every day. This book gives a broad 
and professional overview of the most compact type of membranes—the hollow fibers—from their 
preparation to applications. The last chapter is particularly thrilling as it discusses how hollow fiber 
membranes and nanofibers can be used in bioartificial organs and tissue engineering.”

Dr Alexey Volkov
A. V. Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences

European Membrane Society

“This book offers a comprehensive and fascinating in-depth view of hollow fiber and nanofiber  
membrane science. It is inspiring not only for those involved in hollow fiber research but also for 
practitioners in the industrial sector because it uniquely covers a wide range of topics beginning 
with the fundamentals of polymeric and inorganic membranes and continues with their application 
in gas separation, membrane distillation, and pervaporation as well as in agrofood production and 
bioartificial organs.”

Prof. Jan Hoinkis
Karlsruhe University of Applied Sciences, Germany

Since the development of the first modules, hollow fibers have totally revolutionized the world of 
membranes—thanks to the new technological breakthroughs and innovative materials discovered. 
The importance of a book putting hollow fibers in the spotlight owes to this type of configuration 
being more and more appreciated, particularly in large-scale applications. Moreover, the advent of 
nanofibers has injected new vitality in biomedical research, air and water separation and filtration 
processes, and emerging areas of nanotechnology. This book singles out and highlights the unique 
properties that hollow fibers and nanofibers display in the fields where they already represent 
the dominant configuration and where their full exploitation is still hindered by economic and 
technological constraints.

Alberto Figoli is director of the Institute on Membrane Technology - National Research 
Council of Italy (ITM-CNR) since 2019, which he joined in 2001 as a researcher. He holds a 
graduate degree in Food Science and Technology from the University of Milan, Italy, and a 
PhD in membrane science from the University of Twente, the Netherlands. He is an expert 
of membrane technology, particularly membrane preparation (in flat, hollow fiber, and 
capsule configuration) and characterization and its application in environmental field. 

Mir Saeed Seyed Dorraji is an associate professor at the Research Laboratory of Applied 
Chemistry, University of Zanjan, Iran. He earned his PhD in the field of applied chemistry 
(polymer technology) from the University of Tabriz, Iran. His research focuses on the 
synthesis, characterization, and application of nanostructured materials for membrane 
technologies, photocatalytic processes, and coatings.

Francesco Galiano is a researcher at the Institute on Membrane Technology - National 
Research Council of Italy (ITM-CNR) since 2019. He completed his graduation in pharmacy 
(2009) and PhD in membrane science (2013) from the University of Calabria, Italy. His main 
research activities are oriented toward the preparation, characterization, and application 
of polymeric membranes (in flat and hollow fiber configuration) for water treatment and 
purification processes.

ISBN 978-981-4968-03-4
V861

9 789814 968034


