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a
accordion 487
acetal copolymer 342
acetate fibers 10
Acetobacter xylinum 106
acid extraction 160, 161
acrylic based superabsorbent fiber

324, 326
activated UHMWPE yarn 304
active sweating method 868
acyclic N-halamine 931, 932
Adaptive Network Based Fuzzy

Inference System (ANFIS)
architecture 541, 542
back-propagation learning 541
hybrid learning 541, 544
parameters 543

adherent polydopamine film 349
advanced applications of textile

materials 22–23
advanced composites 207, 224
aerogels 27, 119, 372, 373, 940
aggregation 56, 159, 538
ahimsa silk 81
air cooling clothing (AFC) 874
air filtration technology 175
air-jet looms 480
air-jet weaving machines 480
airlaid nonwoven fabrics 328
airlaying 490
air pollution 118, 175
air vortex spun yarn

prominent features 447–448
structure 446–447

Alcantara® 297

alginate 29, 324, 503, 939–940
alginate fibers 5, 29, 324
aligned MWCNT/Si fiber synthesis

661
alkali extraction 160, 161
α-amino acids in naturalproteins 48
α-keratin 8, 48–50, 59, 69
American Society of Heating and

Ventilating Engineers (ASHVE)
860

amino acid composition
of fibroin 77
of sericin 77
of silk fibers 86

amplified spontaneous emission (ASE)
399

Anaphe silk 82
ANF modified polysulphone

membranes 224
animal fibers 2, 37, 78
anionic polymer brushes 732–733
Antheraea assamensis 82
Antheraea pernyi 82
Antheraea proylei J 81
anti-bacterial fibers 28, 362
antimicrobial agent 348–349, 503, 505,

518, 927–930, 933, 935, 937, 938,
941, 942

antimicrobial fibers
chitosans 927
definition 927
history of 927–928
metals and metal oxides modified

fabrics
oligodynamic effect 934
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antimicrobial fibers (contd.)
silver 934
titanium dioxide 934–935

natural polymers
alginate 939–940
chitosan 940–941
gelatin 939
hyaluronic acid (HA) 938

N-halamine
coating 932
cross-linking 931–932
electrospinning 933
grafting 932
principles of 931
reactive reagent treating 932

photoactive chemicals
LAAA 935–936
organic photoactive reagents

936–937
photo-induced biocidal effect

935–936
textile modification with TiO2

936
QACs

environmental impact 929–930
mechanism of 929

aperture angle, of glass and optical fibers
601

apparel manufacturing industries 21
Aquaform 329
Aquasorb 329
aqueous counter collision (ACC)

102–103, 112
aramid-boehmite 224
aramid fibers 5, 10, 895

advanced composites 224
aramid solutions 211
ballistics 225
chemical properties 219–220
communication 226–227
composites with soft materials

222–223
copolyaramids 211
direct polycondensation 210
dry-jet-wet spinning 215–216
dry spinning 214
electrical application 226

future trends 227
haemodialysis 224
heat treatment 216–217
historical developments of 207
industrial protective apparel 225
low temperature polycondensation

208
mechanical/tensile properties

220–221
nanofibers 216
permselective use 225–226
ropes and cables 224–225
structure 217–219
thermal properties 221–222
ultrafiltration 224
wet spinning 214

aramid nanofibers (ANFs) 216, 224
aromatic bi-carboxylic acid 340
aromatic polyamides 25, 28, 207–211
artificial neural network (ANN) 530

back-propagation algorithm
532–533

characteristics 530
functioning 531
learning rate and momentum

534–535
Levenberg–Marquardt algorithm

533–534
multilayered structure 530–531
number of hidden layers 534
number of nodes 534
prediction accuracy 532
yarn engineering 544

artificial turf 298–299
asbestos 225, 227, 437
atomic force microscopy (AFM) 101,

515
attenuation profiles 611, 620–627, 638

defined 609
of PPMA optical fiber 602, 603
of silica optical fiber 602

Australia wool, inspection and
evaluation 61

Australian Wool Testing authority
(AWTA) 61

autumn wool 45
auxetic effect 25, 956–959, 962
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auxetic geometries
chiral structures 956–957
foldable geometry 957–958
nodule and fibril-based structure

956
re-entrant hexagonal geometry 955
rotational rigid geometry 955–956

auxetic moisture sensitive yarn 967
auxetic monofilaments 959
auxetic polyamide fiber 965–966
auxetic polyester fibers 964–965
auxetic polyethylene 963–964
auxetic polymeric fibers and materials

auxetic monofilaments 959
auxetic polyamide fiber 965–966
auxetic polyester fibers 964–965
auxetic polyethylene 963–964
auxetic polypropylene (PP) fiber

960–963
liquid crystalline polymer 958–959
moisture sensitive auxetic fiber

966–967
properties and applications

967–968
auxetic polypropylene (PP) fiber

960–963

b
backing yarn 249
back-propagation algorithm 532–533,

535
bacterial cellulose 107

fibril dimensions 105
hierarchical structure 107
mechanical property 101
synthesis 106
TEMPO oxidation 106
Young’s modulus 107

ball wool 44
bandgap fibers 6
basic warp knitted structures 487
bast fibers 437, 820
bave/filament 78
bayberry tannin immobilized collagen

fiber (BTICF) membrane 168
bayberry tannins 168
Bekinox BK50 235

bendable conductive yarn structure
246

β-(1-4)-d-glucosamine units 503
bi-component cross-sections 823–824
bi-component elastic fiber 338,

350–351
bicomponent electrospun fibers 136
bicomponent fibers 5

bicomponent melt-spinning 282
biocomponent spinning 288–295
biodegradable fibers 300–301
as bonding elements 296
cross-section geometry 284–285
electrically conducting fibers

301–302
with functional surface 299–300
high-performance core 298–299
liquid-core fibers 302–303
melt-spinning equipment 285–286
microfibers 297
PA66-random copolymer side-by-side

hosiery yarn 282
polymer optical fibers 301
post-treatment of 295–296
shape-memory fibers 304
with special cross-sections

297–298
special spin pack design 286–288
spin pack design 282–284
thermoplastic fiber-reinforced

composites 303
bicomponent melt-spinning 282, 286,

288–290, 293
bicomponent (conjugated) spinning

281
bicomponent thermoplastic core-sheath

fibers 287
bio-absorbable materials 503
bio-based polyamide-56 nanofiber/nets

(PA-56 NF/N) membranes 191
biocomponent spinning

coextrusion instabilities 291–292
encapsulation 292–293
interfacial adhesion 290–291
orientation and crystallization

288–290
simulation and modeling 293–295
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biocomponent spinning (contd.)
structure formation 288
volatiles 293

biodegradable fibers 300–301
bio-medical measurement 392, 397
biomimetic scaffolds 150
BiopolTM 71
biopolymers 71, 72, 127, 151, 169
1,1′-bis(4-vinylbenzyl)-4,4′-bipyridinium

dinitrate (VBVN) 731, 732
bivoltines 80
bleaching 20
blended polyester staple fiber (PES)

320
blow room section 16
Bombyx mori 75, 78, 86
botany wool 41
Bragg reflector 616
braiding

applications 495–496
processes and machines 493–494
structures and properties 494–495

braiding machines 493–496
Brillouin optical time domain

reflectometry (B-OTDR)
395–397

brin 76, 78
Brownian diffusion 116, 808–810
brush-protruding’ configuration 726,

728
bulk polymerization technique 608
bulk resistivity 234
1,4-butanediol 425, 767
1,2,3,4-butanetetracarboxylic acid

(BTCA) 932

c
calfskin 163, 167, 168
capacitance 381, 564, 572–575, 650,

666, 667, 699, 700, 739, 740
capacitive fiber-based sensors 700
capacitive humidity sensors 705
capacitive sensors 699, 700
Capillary Channel PolymerTM (CCPTM)

824
carbonaceous fiber materials 898

carbon black 30, 148, 242–243, 302,
347, 895, 898

carbon fibers 5, 10, 821
containing nanoparticles 654
continuous fiber network of

653–654
carbonization 46, 654, 655, 659, 660,

663
carbon nanotubes (CNTs) 135,

242–243, 347, 422, 564, 689–693,
723, 788, 790, 898

carboxymethylated chitosans 129, 130
carboxymethylation 105, 129, 130, 141
carded yarn 443, 444
carding 16, 490
catalytic moiety ink patterning

736–737
cationic polymer brushes 731–732
cellulose 95

degree of polymerization 96
Iα and Iβ, unit cells for 98
molecular formula 95
molecular structure 96

cellulose acetate butyrate (CAB) 346,
366

cellulose acetate nanofibers 110, 797
cellulose acetate propionate (CAP) 346
cellulose biosynthesis 96, 99
cellulose ester (CE) 346, 788
cellulose fibers 95, 119

applications of 118
in energy storage devices 118
macro-scaled continuous 114–117
nanocellulose fibers in biomedical

applications 118
nano-scaled 100–107
sub-micron-scaled 107–114
wood, hierarchical structure of 101

cellulose microfibrils 96, 97, 100–102,
106, 113

cellulose nanofibrils 105, 106
cellulose synthase enzyme (CeSA) 96
cellulosic fibers 3, 7, 10, 319, 437,

901–903, 912, 913, 915, 966
cellulosics 245, 811, 814
centrifugal electrospinning system 148
centrifugal spinning 657, 658, 662–667
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centriod method 538
ceramic fibers 5, 10, 821
ceramics 182, 411, 682
channeled surface 823
chemically bonded nonwovens 493
chemically heated clothing (CHC) 876
chemically modified flame resistant

fiber 833, 835–836
chemically stable chitosan membranes

148
chemical sensors 26, 705–709
China’s wool 38

average diameter of 54
quality 39–40
types 38

chiral-based auxetic geometries
956–957

chitin 29, 125, 127–129, 135, 150, 182,
503, 790, 940

chitin nanocrystals 135
chitosan 29, 127, 165, 182, 503, 504,

940, 941
apparent viscosities 128
centrifugal electrospinning system

148
characteristics of 127
chemically stable membranes 148
composite fibrous scaffold 136
deacetylation of 128
enzymatic method 129
extracted vs. commercial,

characteristics of 128–131
extraction/modification of 127
forms and applications 127
FTIR spectra of 127
market value 127
moisture sorption changes 141
N-carboxymetylation 144
primary applications of 127
production,sources used for 127
structure 127
three-dimensional electrospun mats

150
chitosan based heart valve scaffold 142
chitosan fibers

antioxidant activity 146
application of 140–145

blend fibers 135–139
carboxymethylation 141
cellulose/O-hydroxyethyl fibers vs.

viscose rayon 136
chitosan based heart valve scaffold

142
Cu(II) removal efficiency 142
dissolved in acetic acid-methanol

mixture 132
electrospun 145–151
electro-wet-spinning 134
glyoxal crosslinking agent 133
hollow chitosan fiber preparation

139–140
hydroxyapatite/tricalcium phosphate

effect on 138
mechanical properties and fineness

131
microfluidic approach for 140
moisture absorption capacity changes

143
morphological analysis 144
osteoblast cell proliferation on 145
pH response 135
production 131–135
properties 132
regenerated 151
scaffolds 141, 144
wet spinning 134
wound dressings 141

chitosan/nylon 6 hybrid fibers 137
chitosan-poly (vinyl alcohol) blend

fibers 139
chitosan-poly(lactide-co-glycolide)

(PLGA) composite fibers 138
chitosan/PVA/PEDOT blend fibers

150, 151
chitosans 129, 131, 141, 927
chitosan solvent/solvent mixtures 127
chlorotriazine 901–903
Chord modulus 758
chromatographic analysis 512
chronic venous diseases 751
closed fleece hair 44
clothing comfort 860–861
clothing development

five-stage evaluation system 863
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clothing development (contd.)
full-scale clothing testing 866
human trials 870–871
material and fabric testing 864–865
thermal insulation 866–867
water vapour resistance 868–870

clothing system 844, 847, 860, 861,
864, 873–877

CNT/graphene based fiber actuators
691–693

CNT/PANI composite fiber-based
textiles 669

CNT/PANI composite textiles 667
CNT-PDDA artificial muscles 368
CNT/polydiacetylene fibres 578
coan silk 83
coarse wool 41, 43, 45, 51, 58
coated textile electrode 243
coextrusion instabilities 291–292
collagen 29, 503
collagen composite fiber 165
collagen fiber

bioapplication 167
fiber as enhancer 167
isolation of 160
metal adsorption application

167–168
metal nanoparticle support 169
perspectives 171
source and structure of 157–160
spinning 160–165
template for synthetic metal fiber

168
collagen fibril 29, 157–160, 162, 165
collagen triple helix 158
color-changed fibers 362, 376
color-changed textiles 372
colored poly(trimethylene

terephthalate) fibers 353
combed yarn 443–444
combined weaves 481–482
combing process 45, 47, 443
commercial cross-linked polyacrylic

acid based SAP 316
commercially available

poly-p-subsituted phenylene

terephthalamide based aramid
films 226

compact spinning 444
compact yarn 444, 873
composite electrospun fibers 149
compound weaves 482–483
compression bandages 753, 757–760,

765
compression molded thermoset

polymers 24
compression stockings 428–430, 753,

759
compression therapy

chronic venous disorders
750–752

external pressure 752–753
fibrous material and construction

758–762
innovations 762–765
pressure prediction 756–758
role of fibers

fibrous based compression
products 753–754

practical challenges 755–756
requirements 754–759

shape memory fibers for 765–768
conducting nanofibers 150
conducting polymers 239, 499, 565,

572, 686–688
conductive fibers 500

carbon based fibres 242–243
combined different concepts

243–244
conductivity 233–234
embroidery/sewing 248–249
fabric production 248
fibre material selection/yarn

production 245–248
flexible devices 253
future trends 253–254
as industrial materials 30
intrinsically conducting polymer and

coating 239–241
metal fibres, coating and deposition

234–239
printing techniques 249–250
textile electrodes 252–253
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washable sensors 251–252
wearable electronics 253

conductive inks 253, 500–501
conductive polymer based fiber

actuators 689, 690
conductive polymeric fibers 26
conductive textiles 233, 242, 722–723
conductive yarn 27, 235, 243,

246–248, 253, 500, 898
continuous fiber network, of carbon

fiber 653
continuous filament yarn 441, 442,

450, 486
convective heat transfer 847, 849, 850,

861
conventional ELD 724
conventional fiber structure 368
conventional spinning 271–272, 365,

437
copolyaramids 210–211
co-polymer ink patterning 738–739
copper-doped Li4Ti5O12/CNF

composite 654
core diameter, of glass and optical fibers

601
core-sheath yarn 759
core-shell polylactic acid/chitosan fibers

150
core-shell structured nano fibers 422
core-shell yarns 247, 248
cortical layer 51–52, 56
cotton 437
cotton fibers 7, 512, 739, 903, 929
coulombic efficiency 650
count wool 41, 60
crimp 53–55, 350, 438, 455, 458,

463–466, 473, 484, 613, 872
crimped fibers 350, 438
crimpness, of wool 55–56
crisp set 536
cross-linked acrylic copolymers 319,

331
cross linked polyethylene elastic fibers

352
crystal-coil-crosslink model 424
crystalline aliphatic polyester 340
crystalline silicon (c-Si) 364

crystal transformation mechanism 377
cultivated silk 78
cuticle layer 51
cyclic N-halamines 932
cyclic-olefin polymer (COP) 301
cyclic transparent optical polymer

(CYTOP) 606
CyphrexTM 297

d
decorative textile motifs 248
defuzzification 538
depth filtration 785, 786, 809, 816
desizing 20
deuterated polymer 607
deuterinated polymers 607
diacids 210
dielectric elastomer based fiber

actuators 691
dielectric electroactive polymers

(D-EAPs) 688–689
1,3-Dimethylol-5,5-dimethylhydantoin

(DMDMH) textiles 932
4,4′-diphenylmethane diisocyanate

425
directional frictional effect 56, 819
direct polycondensation 208, 210
direct/polymer laying 490
direct yarn count systems 17
disperse dyed PTT 343
disposable nonwovens 493
dithiolene metal complexes 898
domestic silkworm 75, 85
double-layer capacitor 651, 652
down wool hair 41
drawing machines 16
draw resonance 292
dry-jet-wet spinning of aramid fibers

215
dry SAP particles 329
dry spinning 117, 151, 214, 322,

335–337, 412, 415, 430
dry spinning of aramid fibers 214
dry spun cellulose nanofibrils 117
dry superabsorbent polymer 317
dual nozzle coaxial electrospinning

setup 655
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dyeing 20, 21, 52, 59, 62, 250, 346, 352,
353, 357, 734, 745, 902, 914

dyes 20
dye-sensitized solar cells (DSCs) 568,

667

e
EastOne 297
eccentric core-sheath bicomponent

fibers 284
effective temperature (ET) index 860
EGCG-CF nanocatalyst 169
elastane fibers 343
elastic core yarn 235
elastic fibers

bi-component 350–351
classification 335–338
definition 335
future trends 356–357
hard 353
polyester 353
polyether-ester 352–353
polyolefin 351–352
polyurethane 344–350
structure & principle in elasticity

338–343
structure & principle in other

performances 343–344
elastic stress 355, 424
elastomeric fibers 6
elastomeric yarns 759, 761
electreted PVDF/ PTFE nanofibrous

membranes 188
electrical conductive polymer based

fiber actuators 690
electrically conducting fibers 301, 515,

518
electrically conducting polymers

686–688
electrically heated clothing (EHC) 876
electroactive materials 560, 562, 568,

581
electrochemical properties of cable

battery 576
electrochromic fibres 577–580
electrode materials, for fibrous

electronic devices 562

carbon-based materials 564
conducting polymers 565
metals and metal oxides 562–564

electrohydrodynamic processing 145
electroless deposition technique 246
electroless metal deposition (ELD)

aqueous-and air-compatible process
724

catalytic moiety ink patterning 736
conventional 724
metal-deposited polymeric surface

724
non-conductive textile materials

724
polymer brushes

advantages of 733–734
anionic 732–733
cationic 731–732
fabricated metallic textiles

734–736
nonionic 733

electroluminescence 370, 371, 375,
376, 378

electroluminescent device, fibre-shaped
581

electromagnetic radiation 597, 599,
889–891, 909

electro-netting process 176–178,
180–181

electronic textiles 499
conductive fibres 500
conductive inks 500–501
fashion statements 515
medical 518–519
military 515
pragmatic applications 518
safety 518

electron spectroscopy for chemical
analysis (ESCA) 511

electro responsive MPU fibers 421
electro-spinning 108, 162, 176, 177,

272, 366, 657, 773
core-shell polylactic acid/chitosan

fibers 150
fundamental theory of 179

electro-spinning/netting (ESN) process
177
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electrospinning set-up 657
electrospun cellulosic acetate (CA)

fibers 273
electrospun chitosan fibers 145–151
electro spun composite phase change

polyethylene terephthalate (PET)
fibers 274

electro-spun fibers 422
electrospun fibers for filtration

electro-netting 177–178
electro-spinning 176–177
future trends 199
medium-high temperature filter

196–198
normal temperature filter 185
principles and theories 178–181
structures and properties 182

electrospun nanofiber scaffolds
mechanical properties 781–782
polymer materials 782
pore size 777–778
porosity 775–777
surface area 778–779

electrospun nanofibers/nets (NF/N)
membranes 178

electrospun nanofibrous composite
membranes

barrier layer
adsorption 785–788
size exclusion 783–785

challenges 799
support layer

nanofiltration and reverse Osmosis
795–797

ultrafiltration (UF) membranes
789–794

electrospun nanofibrous membranes
176, 784, 799

electrospun PAN nanofiber scaffold
784, 790, 793, 795, 797, 798

electrospun substituted Kevlar
nanofibers 216

electrospun trilayer non-woven mats
656

electrostatic attraction 63, 808–810
electrostatic spinning 176
elementary fibrils 100–102, 104–107

embroidered carbon fibers 244
embroidered textile current collector

252
embroidery/sewing 248–249
encapsulated PCM 270, 271
encapsulation 238, 292–293, 641, 745
end emitting optical fiber 595, 597,

612, 613, 623, 643
energy density 576, 650
energy dispersive X-ray analysis (EDX)

500, 513–514
energy harvesters

mechanical 570–572
thermal 566–568

energy harvesting devices 667–671,
700, 745

energy storage systems (ESS) 263, 653,
657, 665, 672

environmental pollution 175
enzyme 161
epigallocatechin-3-gallate (EGCG) 169
ericulture 81
eri silk 81, 84, 87
ethylene glycol diacrylate 319
ethylene maleic anhydride copolymer

319
1-ethyl-3-methylimidazolium acetate

108, 109
eutectic PCMs 267
evaporative cooling clothing (ECC)

874
external quantum efficiency (EQE)

spectra 745
extrinsic sources of attenuation 603,

604

f
fabricated metallic textiles, PAMD 734
fabric making technologies

braiding 493–496
future trends 496
knitting 485–490
nonwovens 490–493
weaving 479–481

fabrics 872
apparent faults 61
definition 477
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fabrics (contd.)
embroidery techniques 248
and fiber based membranes

372–373
production 248
structures 477
thermal insulation performance 873
wettability 863

Fagara silk 83
far infrared bi-component elastic fiber

350
fashion statements 515
fiber based actuators 374, 683

carbon nanotubes 689–693
dielectric electroactive polymers

688–689
electrically conducting polymers

686–688
piezoelectric materials 684–686
shape memory materials 683
twisted/coiled fibers 694
types 694

fiber-based energy generators 557
fiber based functional fabrics 372
fiber-based piezoelectric materials 381
fiber-based sensors 694

scaling up of 710
strain and pressure sensors

696–705
working principle 695

fiber Bragg grating (FBG) 704
human vital signs 398
multi-vital sign measurement 404
sensing method 391, 395
smart textiles 405

fiber electrode wrapped fibre devices
(FEWFDs) 560–561

fiber material selection 245–248,
250–251

fiber-mat thermoplastics 24
fiber-optic biosensors (FOBS) 26
fiber-optic chemical sensors (FOCS)

26
fiber optic gyroscope 391, 683
fiber-optic sensors

advantages 394
bio-medical measurement 397

human vital signs 398
multi-vital sign measurement 404
oxygen concentration measurement

395
partial least squares regression

calibration for blood pressure
measurement 402

pulse rate measurement 400
pulse wave measurement 399
respiratory rate measurement 400
smart textiles 405
strain measurement 395
temperature measurement 395

fiber optics principle 595
fibers 435

consumption 436–438
defined 2
effects of time, temperature, and

moisture 440
elastic recovery 440
as electronic devices 26–27
for flame and thermal protection 28
health/stress/comfort management

27–28
historical evolution 2
for medical compression garments

27
parameters 438
for radiation protection 28–29
requirements 2
resilience 440
stiffer 436
stress–strain curve 438–440
for tissue engineering 29–30
in water treatment process 25–26
work of rupture 440

fiber sensors 682
fiber shaped actuators 362, 688
fiber shaped electronic devices

557–561
fibre electrode wrapped fibre devices

560–561
mechanical energy harvesters

570–572
parallel coil fibre devices 561–562
sheath-core single fibre devices 561
solar cells 568–570
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thermal energy harvesters 566–568
twisted fibre devices 559–560

fiber-shaped electronic devices
characterization techniques and key

parameters 583
electroluminescent device 581
lithium ion batteries 575–577
sensors 581–583
structures of 559
supercapacitors 572–575
transistors 580–581

fiber shaped OLED 371
fibrillar model 813, 814
fibrillogenesis of collagen 158
fibroin 78, 84

amino acid composition 78
amino acid residues 78
in Bombyx mori 78
molecular weight 78
molecule 8

fibrous based compression products
753

fibrous energy materials
centrifugal spinning 657, 658
characterization techniques

653–656
electrodes, fibrous structure of 653
electrospinning 657
fabrication approach 657–659
porous fiber structure 654
separators 656–657
tubular fiber structure 654

fibrous filter media 176
cross-section, role of 823–825
pore-size, role of 825–826

fibrous materials
advantages 30–31
antimicrobial 927
atomic force microscopy 515
biological properties 14
categories 2
characteristics 6–7
chemical properties 14–15
chromatographic analysis 512–513
classification of 2
desirable properties 15
electronic textiles 499, 500

energy dispersive X-ray analysis
513–514

fashion statements 515
Fourier transform infrared (FTIR)

spectroscopy 507–509
medical textiles 501–506, 518–519
military 515
morphological and structural

properties 7–10
performance tests 521
photocatalytic self-cleaning 499
physical properties 10–11
polymeric chains, phases of 5
pragmatic applications 518
safety 518
scanning electron microscope 515
self-cleaning textiles 506–507, 519
superhydrophobicity 499
thermal properties 14
X-ray diffraction 509–511
X-ray fluorescence 512
X-ray photoelectron spectroscopy

511–512
fibrous materials, origin of 2
filter media

characterization of f 826–827
clothing 807
definition of 808
fibrous 823
fibrous materials

classification of 811
fine and morphological structures

of 811–814
interception mechanism 809
mixed and bulk phase 808
nonwovens 807
requirements 810–811

filtration textiles
bulk and mixed phase 809
fibers in 817
forms of fibrous substrates

interloped fabrics 816–817
membrane 817
nonwovens 816
roving 815
woven/interlaced fabrics 815
yarn 814
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filtration textiles (contd.)
hot/cold 809
intimate and non-intimate mixing

808
market potential 827
non-spontaneous mixtures 808
pressure difference/pressure drop

809
solid-liquid mixture 808
theory of 809

fineness of wool 52, 53, 58
fine wool 52

from domestic and modified sheep
breeds 60

domestic fine wool tops 60
finishing process 21
fire-retardant fibers

chemically modified flame resistant
fiber 833, 835, 836

inherently flame resistant fiber 833,
836–839

first-generation Li-ion cell 650
fish wool 83
flame-resistant viscose fibers 28
flammability 836, 839–841
flax 1–3, 7, 25, 245, 811, 820
fleece wool 44, 58
flexible devices 253, 557
flexible double rapier looms 479
flexible electronics 681, 682, 709, 736
fluorescent silk thread 91
fluoroolefins 608
fluoropolymers 606, 608, 817
foldable geometry 957–959
forward osmosis (FO) 780, 789, 797
Fourier transform infrared (FTIR)

spectroscopy 500, 507–509
four-layer bandaging systems 757
free radical polymerization (FRP) 319,

728, 932
freeze-drying assisted self-assembly

114
freshly spun GO fiber hydrogel 362
frictional spun yarns 448
friction spinning 15, 17, 247, 448
fringed micelle model 7
full-scale clothing testing 866

functional textiles 22
properties 22
water repellent 22–23
water vapor permeability 23–24

fuzzification 537
fuzzy inference system (FIS) 538–539
fuzzy linguistic rules 551
fuzzy logic 535

fuzzy sets 536
membership function 536–538

fuzzy modeling 538, 539
fuzzy sets 536–538, 541–543, 548

g
gas sensors 518, 705
Gaussian membership function 537,

548
gelatin 160, 939
genetic algorithm (GA) 529,

539–541
genetically engineered silks 91
genetic inheritance operators 540
Georgia Tech Wearable Motherboard

(GTWM) 722
glass fibres 26, 222, 437, 478, 594, 601,

622, 820
glass optical fibers (GOFs) 392, 394,

406, 594, 704
glutaraldehyde vapors 147, 150
glycine 76, 85, 132, 158, 895
gold nanoparticles (AuNPs) 169, 241
GORE-TEX 821, 833, 869
Grace-flexi fibers 610
graded-index (GI) POFs 301
graded index profile optical fiber 598,

599
grade wool 60
grafting-to’ strategy 726, 727
GranuGel 329
graphene 242, 564

fibers 365
nanoplates 903
woven fabrics 242

graphite nanoplatelets (GNP) 242
gravimetric specific

capacity/capacitance 650
grease of wool 59
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“green” fiber 167
guard hairs 39

h
Hagen–Poiseuille equation 776
hair fibers 3, 5, 7, 8, 37, 44, 45
hand protecting device 916
hard computing 529
hard elastic fibers 338, 341, 342, 356
Havenith model 877
heating textiles 248
Heating Ventilation and

Air-Conditioning system
(HVAC) 194, 827, 876

heat management 891, 910–912
heat transfer performance (HTP) 843,

844
heat transfers 858
heat transfer through textiles 861
helical auxetic yarns 967
helical (non-α spiral) polypeptide chains

157
heterogeneous hair 44
heterotypical wool fiber 43
hierarchically arranged helical fibrous

actuators 362
highly absorbing polyelectrolyte

polymer-based materials 315
highly designed ZnO nanowire arrays

364
highly sensitive textile-based pressure

sensor 238
high performance fibers 1, 5, 7, 221,

821, 823, 826
high performance fibrous materials 24

for automobile composite 24
auxetic applications 25
as building materials 25
environmental protection 25–26
optical applications 26

high purity medical grade chitosan
125, 127

high temperature ceramic fibers 5
hollow core Bragg fiber 616
Hollow cross sections 823
hollow fibers 5, 27, 139, 226, 285, 421,

872

homogeneous wool 44, 60
horizontal wicking 863
Huggies® 329
human civilization, evolution of 2–3
human thermal balance 859
human thermoregulation 857–858
humidity and temperature sensing fibers

705, 707
hyaluronic acid (HA) 938–939
hybrid cooling clothing 874
hybrid cooling strategy 875
hybridization 26, 39, 541
hybrid PVDF/ZnO dual components

device 572
hybrid soft computing systems 541
hydrogen-bond networks in cellulose Iα

99, 100
hydrogen bonds 50, 67, 99, 104, 105,

159, 217, 218, 224, 338, 340
hydrolyzed

starch-graft-polyacrylonitrile
product 316

hydrophilic fibers 25, 818, 819
hydrophilic sodium polyacrylate powder

317
hydrophobic bonds 159
hydrostatic pressure 752
hydroxyalkyl methacrylate based

hydrogels 316
hydroxyapatite (HAP) 137–138, 149,

150, 165
hydroxylysine 158
hydroxyproline 158, 159
hygroscopic fibers 25

i
immobilized avidin 241
immobilized bayberry tannins 168
impurities of wool 59
incident photon-to-current conversion

efficiency (IPCE) 670
indirect yarn counting system 18
individual microfibrils 101, 158
individual TC monomers 158
industrial grade chitosan 125, 127
industrial protective apparel 225
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inherently flame resistant fiber 833,
836–839

ink-jet printing 238, 243, 249, 250,
736–739

inorganic fibres 1, 6, 207, 437
inorganic nonmetallic materials 364
inorganic PCMs 266–267
in-plane wicking 863
intelligentization method 356
interface modification layer (IML) 744
interface pressure 749, 756–763, 765
interfacial adhesion 167, 290–291
interlaced fabrics 815–816
intermittent pneumatic compression

(IPC) 754, 756
intertwining among branching jets 180
inter-yarn friction 455
intrasite 329
intrinsically conducting polymers (ICPs)

239, 500, 723
intrinsic sources of attenuation 603
ionic bonds 159
IREQ model 877
irregular woven structure 457
IR shielding 910–912
islands-in-the-sea fibers 285, 297
islands-in-the-sea filaments 283, 284,

297

j
jet looms 479, 480

k
Kemp’s racetrack model 465
keratin 8

extraction, from wool 70–71
protein 70

Kevlar 208, 821
Kevlar 29 217, 220, 225
Kevlar 49 217–219
Kevlar 117 217
Kevlar 147 217, 220
Kevlar aramid yarn 220
Kevlar reinforced 80/20 PBA/PU

composite panel 225
Knee Sleeve 518, 519
knitted construction 759

knitted fabric structures 428, 486–488,
546

knitting
applications 489–490
knitted fabric structures 486–488
knitting machines 485–486
properties 488–489

knitting machines 19, 485–489, 546,
816

knitting process 19, 248, 435, 477, 759

l
lanolin 46, 53, 57, 58
Laplace’s Law 756, 757
latent heat storage (LHS) 263, 264
LED lifetime 639, 640
left-handed helical (non-α spiral)

polypeptide chains 159
“leveling effect,” 778
Levenberg–Marquardt algorithm

533–534, 548
Lewis Ratio 865
LiFePO4/CNF freestanding cathodes

663
LiF/Fe/CNF cathodes 663
Li-ion batteries

carbon coated Si/CNF composite
nanofibers 660

carbonized SnCl2/PAN nanofibers
662

electrodeposited SnO2 662
electrospun PAN-based CNFs 659
graphite 659
hematite iron oxide 662
Li2MnSiO4 cathode 663
Si/CNF composites 660
Sn/Cu/CNF core-shell structures

662
twisted aligned MWCNT fiber 661
twisted aligned MWCNT/Si

composite fiber 661
limiting oxygen index (LOI) 221, 821,

833, 839, 840
linear density of fiber 438
linearity (LT) 464, 465, 634
linear programming problem, for yarn

544, 545
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line illumination hybrid system (LIHS)
595, 637

active illumination 638
advantages 642
for clothing and accessories 642
for fashion 642
portable powering structure 640
structure 637

lipid content, of wool fiber 59–60
liquid cooling clothing (LCC) 874
liquid-core fibers (LCF) 302–303
liquid crystalline polymer (LCP) 293,

958–959
liquid sorption mechanism 318
liquid water transfers 862
Li-S batteries 663, 665
lithium chloride/dimethylacetamide

(LiCl/DMAc) solvent system
108

lithium-ion battery (LIB) 640
fibre-shaped 575–577
principles of 650–651
silica/PAN membrane separator 656

lithium phosphorus oxynitride
electrolyte (LiPON) 642

long wool 41, 54
loose wool 44
low density cross-linked SAP 316
low self-discharge nickel–metal hydride

(NiMH) rechargeable batteries
641

low temperature polycondensation
208–210

lumen fluid 285
luminescence fibers 375–376
lyotropic solution 212, 213, 215, 217

m
Mach–Zehnder interferometry 398
macrobend sensors 704
macro-scaled continuous cellulose fibers

114
maleic anhydride polypropylene

(MAPP) 321
Mamdani FIS 538, 539
m-aminophenylhydantoin (m-APH)

932

man-made fibers 2, 4, 6, 163, 245, 293,
328, 415–416, 811–812, 823

manufactured fibers 4, 15, 207, 438
m-aramid fibers 207, 227
m-aramid nanofibers 216
m-aramid nanofibrous membrane 225
materials-based actuation technologies

682
matrix-assisted catalytic printing

(MACP) 736
Maxwell stress 688
Maypole braiding machines 493, 494
mechanical energy harvesters

570–572
mechanical humidity sensors 705
mechanically derived microfibrillated

cellulose 104
medical compression 773

fibers for 27
stockings 753

medical textiles 492, 499, 501–506,
518–522

medium wool 41
medullary layer 52
medullated wool 44
meltblowing process 491
meltblown fabrics 492
melted/semi-melted PCM 268
melt-spinning 281
melt-spinning equipment 285–286
melt spinning method 343, 365, 425,

960
melt-spun bicomponent fiber 293
membrane bioreactor (MBR)

application 798
membrane distillation (MD) 789, 798,

799
memory fibrous materials 30
memory polymers (MPs) 765, 766

characterization of 428
components 424–425
electro-spun fibers 422
evaluation of shape-memory

properties 413–414
future trends 430
mechanism of stress memory

423–424
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memory polymers (MPs) (contd.)
morphology and molecular

mechanism 412–413
post spinning operations 417
potential application of 428–429
recent advances 430
smart hollow fibers 421
stress-memory 422–423
stress-memory behaviour 425–427
wer or melt spun fibers 415–417

memory polyurethanes 28, 412, 422,
423

memory stress 422–429, 765
meso-tetra(4-carboxyphenyl) porphyrin

(TCPP) 507
Messphysik ME46 video extensometer

962
meta-aramid 28, 821, 833, 837–839
metabolic heat production 859, 860
metal-deposited textile 724
metal fibers 168, 234–239, 246, 247,

437, 907
metallic fiber sensors 705
metal related smart fibers 363
metals and metal oxides modified

fabrics
oligodynamic effect 934
titanium dioxide 934–935

metal staple fibres 437
meta-oriented phenylene rings 219
micellar model 813, 814
microbend sensors 704
Microdictyon tenuous cellulose 98
microfibers 165, 285, 297, 658, 662,

789
microfibrillated cellulose (MFC) 102,

104
microfibrils 7, 96, 97, 100–103,

106–108, 113, 158–160, 219,
338

microfiltration 783, 784, 786, 788, 789,
798

microfluidic approach for chitosan fiber
preparation 140

microfluidic spinning 164–165
microfluidizer 103, 104

micronaire 544
microporous auxetic fibers 968
microstructured optical fibers 604
microwave irradiation 129, 216
microwave shielding 906–910
Mildew resistant 927
milk filtration 820
mineral fibers 1, 4, 437
miniaturized sensors 233
moisture bed sensor 251–252
moisture sensitive auxetic fiber

966–967
moisture transfer through textiles

861–863
moisture vapour diffusion 862
monochlorotriazine 903
montmorillonite (MMT) clay 324
Morphotex® 298, 299
molting 80
MPU filaments (MPFs) 415
MPU–MWNT fiber 422
muga silk 76, 82, 87
mulberry silks 85

defined 78
non-mulberry 80–81
types of 79–80
worms and cocoons 78

multifilament yarn 441
multilayer compression bandaging

system 759, 764
multi-layer multicomponent bandaging

system 758
multimode optical fibers 593, 599,

600
multivoltines 79, 80
mussel silk 83

n
nanocellulose assembly 110, 111, 119
nanocellulose fibers

biomedical applications 118
freze drying 112

nanocellulose self-assembly 110
nanofiber filters

functional properties 189–191
with high-efficiency and low pressure

drop 185–189
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nanofiber membranes
structure and species of 183–185
types and structure of 181–183

nanofibers 285
aramid 216
systems 773

nanofiltration 788, 795–797
NanofrontTM 297
nanogenerators 667, 671
nanoscale aramid fibers 216
nano-scaled cellulose fibers 100, 118
nano-scaled silk fibroin 347
nanosized sensors 233
NaOH/urea solvent systems 109, 114
native cellulose I crystalline structure

97, 114, 115, 119
natural collagen fiber 157, 160, 167,

171
natural fibers 2, 7

advantages 30–31
as building materials 25
drawbacks 2
feature 7
historical evolution 2

natural fibrous materials 3
natural length 53, 54
natural materials 92, 167, 863
natural microfibrils 7
natural polymers

alginate 939–940
chitosan 940–941
gelatin 939
hyaluronic acid (HA) 938–939

natural protein fibers 37, 38, 50
natural silk fibroin 347
NatureWorksTM 71
near field electrospinning (NFES) 686
needled nonwoven materials 329
needlepunched nonwoven fabrics 552
needle punching technique 491
net raw wool rate 59
Newton-type sweating thermal manikin

866
N-halamine

coating 932
cross-linking 931–634
electrospinning 933

grafting 932
principles of 931

N-halamine textile 928
nickel-titanium (NiTi) alloy 683
Ni core-shell NPs 169, 170
Nitinol 683
nitrogen-doped carbon nanofibers

(N-CNFs) 653
N,N’-methylene bisacrylamide 319
nodule and fibril-based structure 956
Nomex 5, 207, 208, 214, 219, 226, 821
non-circular cross-sections of fibres

823
non conductive standard textile fibres

248
non-covalent crosslinkers 150
nonionic polymer brushes 733
non-miscible polymers 291
non-mulberry silks 80

Anaphe silk 82
coan silk 83
eri silk 81–82
Fagara silk 83
muga silk 82
mussel silk 83
oak tasar 81
spider silk 83
tasar silk 80–81

non-mulberry silks 80, 83–88
non mulberry silkworms 75, 78
non-polar solvent 323
non-structural composites 24
non-textile fibers 2, 3, 10
nonwoven fabrics 19, 25, 437, 551
nonwoven fabric technology 478
nonwoven fibrous membranes 175, 785
non-woven meta aramids 28
non-woven nanofiber scaffolds

electrospinning 778
morphology of 776
polyester 779
pore size 777–778
porosity 775–777, 781

nonwovens 759, 816
applications 493
manufacture of 490–492
properties 492
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normal temperature filtration media
185

N6–PAN NNB composite membranes
193

N-substituted Kevlar 216
Nu-Gel 329
numerical aperture 598, 605, 606, 614,

619
nylon-6 182
nylon fibres 25, 759
nylon 6–polyacrylonitrile

nanofiber-nets binary (N6–PAN
NNB) structured membrane
192

o
oak tasar 81
Oasis 100 329
OASIS Super Absorbent Fibre (SAF)

316, 328
Oasis superabsorbent yarn 319
oil super-absorbent polymer (oil-SAP)

318
olefin-based stretch fiber 337, 338
oncotic pressure 752
open fleece hair 44
optical fibers 6, 26, 593

advantages 593
cladding, refractive index 596
classification 392
fiber-optic sensors 394
future trends 406
general characteristics 394
inorganic 593
internal reflection 597
manufacturing process 392
multimode 599, 600
properties and functionality 596
single-mode 599

optical fiber sensors 394–404, 406,
704–706, 709

optical material 391
optical total internal reflection 704
organic electrochemical transistors

(OECTs) 241, 580–581
organic field effect transistors (OFETs)

241, 580–581

organic PCMs 265–267
oriented carbon nanotube fibers 365
oxidation method 57
4,4′-oxydianiline 210
oxygen concentration measurement

395

p
P84 28, 821, 823
PA-6/boehmite nanofibrous membranes

187–188
PA-6 electrospun nanofibers 185
palladium (Pd) nanoparticle catalyst

169
Pampers® 329
PA-66 nanofibrous membranes 185
PA-6 NF/N membranes 193–195
PANI/CNT fibre supercapacitor 572
PAN micro/nano fiber 658
PA-6/oligomer system 180
para-aramid 28, 821, 833, 837–839
paraboloid reflector system 619
parallel coil fibre devices (PCFDs)

558–559, 561–562
PA66-random copolymer side-by-side

hosiery yarn 282
p-aramid 207–209, 212, 214, 219, 221,

222, 226, 227
partial least squares regression (PLSR)

402–404
particle filtration 190, 199, 809, 820,

823
particle radiation 891
particulate matter (PM) 175
patterned hybrid nanofiber membrane

372
PBI polymer 837, 838
PBT/PBAT core-sheath fibers 289
PBT/PET three-dimensional crimped

fibers 350
PCM/polymer hollow fibres 271
PEDOT-based dual functional fibre

579
Peirce geometrical model of cloth 613
Peirce’s geometrical model 458–459
pentamolters 80
perovskite solar cells 568, 570



Index 991

personal cooling clothing (PCC) system
874–875

personal cooling strategies (PCSs) 874
personal heating clothing system

876–877
PET embedded PA-6 NF/N filter 195
PET/PE bicomponent fibers 289
PET/poly(butylene succinate/l-lactate)

(PBSL) 290
PET/poly(l-lactic acid) (PLLA) 290
PET/polyamide 6 (PA6) bicomponent

fibers 290
PET/poly(phenylene sulfide) (PPS)

bicomponent fibers 290
phase change cooling clothing (PCMs)

874
phase change fibers 6, 263–276
phase change materials (PCMs)

automotive industries 275
beddings and accessories 275
coating process 270
conventional spinning 271, 272
electrical applications 275–276
electrospinning 272–274
eutectic 267
in fibrous structure 267–268
gloves 275
hospital applications 274–275
inorganic 266–267
microencapsulation 268–270
organic 266
principle of 264–265
shoes and accessories 276
space suits 275
sports wear 274

phase separation of charged droplets
180, 788

photoactive chemicals modified fabrics
LAAA 935–936
organic photoactive reagents

936–937
photo-induced biocidal effect

935–936
textile modification with TiO2 936

photoluminescence 370, 375
photonic band gap (PBG) fibers 616
Pierce geometric model, of cloth 613

Pierce’s geometrical model 465
piezoelectric devices 570–571
piezoelectric effect 251, 671, 684
piezoelectric fiber-based actuators

686, 687
piezoelectric fibers 362, 365, 686
piezoelectric fiber sensors 700
piezoelectric material based fiber

actuators 687, 688
piezoelectric nanogenerator 27, 671
piezoelectric sensors 700, 703
piezoresistive fiber based sensors 696,

697, 699
Pinna squamosa 83
plain, twill and satin/sateen weaves

481
plain weave 456, 460, 463, 473, 481,

484, 567, 815
plain woven fabric 464

anisotropy 464–465
crimp in warp and weft yarns

463–464
extended in a bias direction 463
extended in principal direction

462–463
plain woven fibrous assembly 13
plastic optical fiber (POF) 301, 391,

395, 593, 601, 704
ployether sulfone (PES) 196, 781
PMETAC 731–733, 735
PMETAC brushes 730–732, 734, 737
Poisson, Siméon 953
Poisson’s ratio (PR) 463, 629, 953, 963,

964
poly(1,6-hexanediol adipate) 425, 767
poly(3,4-ethylenedioxithiophene)

(PEDOT) 26, 30, 150–151, 241,
243, 501, 518, 565, 572, 578–579,
710

poly(3-hexylthiophene) (P3HT) 241,
581

poly(4-vinylpyridine) (P4VP) 733
poly(acrylic acid) (PAA) 29, 180, 189,

316–317, 324, 374, 659, 666, 705,
731, 732

poly(benzophenone isophthalamide)
(DBF/ISO) 226
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poly(ethylene oxide) (PEO) 29, 185,
189–190, 340, 504

poly (fluoroalkyl acrylates) (PFA) 608
poly(lactic acid) (PLA) 29, 90,

136–137, 139, 144, 150, 165, 241,
300, 686, 687

poly(m-phenylene isophthalamide)
(m-DPI) 194, 208, 212, 219, 821

poly(methacryloyl ethyl phosphate)
(PMEP) 730, 732–733

poly(N isopropyl acrylamide) 165
poly(N-isopropylacrylamide) (PNIPAm)

165, 369, 374–375, 380
poly(N-vinyl pyrrolidone) (PVP) 29,

198, 504, 654, 659
poly (p-benzamide) (PBA) 212, 225
poly(p-phenylene) (PPP) 239, 240
poly(p-phenylene benzobisthiazole)

221
poly(p-phenylene terephthalamide)

(PPTA) 10, 209–210, 212–214,
217–219, 221–222

poly(p-phenylene vinylene) (PPV) 239
poly (propylene) (PP) 175, 191–192,

241, 243, 285, 289–290, 292, 296,
318, 321, 329, 338, 342, 344, 786,
960–962, 967–968

poly(trimethylene terephthalate) (PTT)
291, 337, 341–343, 350, 353,
401–402

poly(vinyl alcohol) (PVA) 29, 109, 136,
139, 144, 150–151, 184–185, 224,
242, 249, 297, 319, 324, 381, 504,
572, 659, 705, 740, 782, 784, 788,
790, 793, 797

poly (fluoroalkyl methacrylates) 608
polyacetylene (PA) 180, 184–188,

191–196, 239–240, 291–292,
298–299, 302, 351

polyacrylamide copolymer 319
polyacrylic acid 316–317, 374, 705
polyacrylonitrile (PAN) 182, 271, 316,

653, 733, 782, 898
polyacrylonitrile/poly(acrylic acid)

(PAN/PAA) nanofibrous
membranes 189

polyalkylene terephthalate 352

polyamide (Nylon) fibre 437
polyamide-imide 838
Polyamide/Lycra 235
polyamide-66 (PA-66) NF/N membrane

191
polyamide 6 nonwoven 235
polyamide-6/poly(m-phenylene

isophthalamide) nanofiber/net
(PA-6/PMIA NF/N) membranes
194

polyamides 1, 10, 25, 27–28, 207–211,
226, 243, 245, 291, 299, 302, 343,
491, 759, 790, 795–797, 811, 817,
820, 836, 895, 900–901, 906, 913,
965–966

polyaniline (PAn or PANi) 239–241,
518, 572, 574, 580, 667–669, 686,
689, 705, 709, 903

polybenzimidazole (PBI) 182, 659,
823, 832, 837–838

polybenzoxazine (PBA)/urethane
prepolymer (PU) alloys 225

poly[1,1′-bis(4-vinylbenzyl)-4,4′-
bipyridinium dinitrate] (PVBVN)
731–732

polybutene-1 342
polybutylene terephthalate (PBT) 289,

337, 340–343, 350–353
polycaprolactone (PCL) 29, 165
polycaprolactone (PCL) composites

167
polycaprolactone(PCL) loaded

nattokinase (NK) 369
poly (hexane-1 6-carbonate) diol, 348
poly (pentane-1 5-carbonate) diol, 348
polydioxanone (PDO) 165
polyester elastic fibers 335, 337, 341,

343, 353, 356
polyester fabrics 241–242, 246, 735,

863, 902, 903
polyesters polylactide (PLA) 29,

136–137, 139, 144, 150, 165,
240–241, 300, 686–687

polyether-ester (PEE) elastic fiber
337–338, 340–341, 344,
352–353, 357

polyetherimide 196
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polyetherimide-silica (PEI-SiO2)
nanofibrous membrane 196

polyethersulfone (PES) electrospun
nanofiber scaffolds 781

polyethylene (PE) 5, 109, 175, 194, 243,
271, 285, 304, 341–344, 352, 430,
496, 607, 694, 817, 826, 960,
963–964

polyethylene (POE) jacket 351, 609
poly-(3,4-ethylenedioxythiophene)

(PEDOT) 26, 30, 150–151, 241,
243, 501, 518, 565, 572, 578–579,
710

polyethylene terephthalate (PET)
filaments 194, 243, 273, 343,
518, 783, 811, 820, 826–827

poly(trimethylene terephthalate) (PTT)
fiber 291, 337, 341–343,
350–351, 353, 401–402

polyfluorene (PF) 239–240
poly(vinylidene fluoride) (PVDF) hard

elastic fiber 344
polyhexamethylene biguanide (PHMB)

504, 930
poly(benzophenone-5-tert-

butylisophthalamide)
(DBF/TERT) homopolymers
226

polyhydroxyalkanoate (PHA) 300, 767
polyimide 196, 371, 659, 732
polyimide fibers 28
polylactic acid (PLA) fiber actuators

686
polymer-assisted metal deposition

(PAMD)
ELD

advantages of 733–734
anionic polymer brushes 732–733
catalytic moieties 736–737
cationic polymer brushes

731–732
fabricated metallic textiles

734–736
nonionic polymer brushes 733

mechanism of 728–731
metallic trace in

catalytic moiety ink patterning
736–737

co-polymer ink patterning
738–739

R2R printing technology 736
polymer brushes 725, 726

polymer based fibers 365, 684,
689–690, 820

polymer-based sensors 709
polymer brush

cationic 731–732
nonionic 733

polymer brushes 725
advantages of 728, 733
anionic 732–733
grafting 730
macromolecular chains 726
organosilane initiators 730
PAMD 725, 726
surface modification of materials

725
polymeric micro/nanofibers

electrospinning 108
polymeric N-halamines 932, 933
polymeric/plastic optical fiber (POF)

593, 704, 706
characteristics 594
cladding material requirements

608
core attenuation 607
CYTOP 606
fabrication materials 604
illumination systems 636–642
jacket selection requirements

608–609
light transfer rate 607
local side emission 620–622
maximum operating temperature

607
mechanical properties 627–635
optical attenuation 623–627
PMMA core 604–608
polycarbonate core 605, 606
with polymethylmethacrylate 593
polystyrene core 606
thermal properties 635–636
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polymerization 4, 96, 163, 208, 238,
268, 316, 340, 367, 412, 415, 500,
603, 667, 726, 784, 872, 932

polymer materials 319, 603–604, 782,
895

polymer optical fibers (POFs) 301,
391–392, 601, 618

polymer solar cells (PSCs) 560, 564,
568, 742, 744–745

polymeta-phenylene isophthalamide
196, 821

poly-4-methyl pentene 342
poly-(4-methyl-1-pentene) (PMP)

(TPX) 344
polynanocrystalline yttria-stabilized

zirconia (YSZ) nanofibrous
membranes 198

poly (vinyl alcohol) nanofiber 109, 139,
242, 273, 297, 319, 504, 659, 705,
782

polyolefin based bicomponent fibers
298

polyolefin elastic fibers 341, 351–352
polyolefin elastomer 351–352, 607
polyolefin-fibres 341, 351, 357, 437
polyolefin plastomer (POP) matrix 304
polyoxyethylene 338, 352
polyoxymethylene (POM) 344
poly(4-methacryloyl benzophenone-

co-2-methacryloyloxy
ethyltrimethylammonium
chloride) [P(MBP-co-METAC)]
739

polypivalotactone 342
poly(3,4-ethylenedioxythiophene)

poly(styrene sulfonate)
(PEDOT + PSS) 243

poly(butylene terephthalate)
(PBT)/poly(butylene
adipate-co-terephthalate)
(PBAT) 289

poly (3-methylthiophene) (P3MT)
polyester fabric 241

poly(ethylene terephthalate)
(PET)/polystyrene (PS)
bicomponent spinning 289

polypropylene (PP) 2, 25, 175,
191–192, 241–243, 271, 285,
289–290, 292, 296, 318, 321, 329,
338, 342, 344, 437, 491, 694, 786,
811, 817, 820, 826–827, 960–963,
967–968

polypropylene monofilament fibers
271

polypropylene oxide 338
poly(3,4-ethylene dioxythiophene)

p-toluenesulfonic acid (PEDOT
+ PTSA) 241

polypyrrole (PPy) 26, 239–241,
243–244, 363, 501, 509–511, 518,
565, 686

polysaccharide pullulan (PULL) 324
polystyrene 182, 241, 268–269, 289,

297, 394, 565, 593, 606, 704,
782

poly[styrene-block-(ethylene-co-
butylene)-block-styrene] 304

polysulfone/polyacrylonitrile/
polyamide-6 (PSU/PAN/PA-6)
filtration medium 194

polytetrafluoroethylene (PTFE) 188,
225, 607, 618, 733, 817, 821,
833

polytetrafluoroethylene nanoparticles
(PTFE NPs) 188

polytetrahydrofuran 338
polytetramethylene oxide (PTMO)

340
polythiophene (PT or PTh) 239–240
polytrimethylene terephthalate (PTT)

fiber 291, 337, 341–343,
350–351, 353, 401–402

polydimethylsiloxane (PDMS) 164,
242, 340, 351, 514, 518, 577, 671,
702

polyurethane (PU) 6, 67, 165, 184, 225,
238, 326, 335, 370, , 582, 683,
873, 955

polyurethane elastic fibers 344,
346–350

polyurethane raw materials 336
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polyvinyl alcohol (PVA) 29, 109, 136,
139, 144, 150–151, 184–185, 224,
242, 249, 297, 319, 324, 381, 504,
572, 659, 705, 740, 782, 784, 788,
790, 793, 797

polyvinyl alcohol copolymers 319
polyvinylidene fluoride (PVDF) 148,

184, 188, 302, 344, 514, 572, 665,
685–687, 694, 700, 733, 782, 784,
789–790, 793, 795

porosity ratio 11
porous carbon nanofiber 655, 656, 670
porous CNFs production 667
porous 1D α-Fe2O3/CNF nanofiber

production 662
post spinning operations 412, 417–421
power density 572, 576, 640, 650–651,

653, 665
pressure-driving filtration process 781,

793
pressure drop 176, 185–192, 194–199,

293, 547, 750, 760–762, 768, 779,
785, 809–810, 817, 820–821, 826

pressure relaxation 761
pressure sensing 381, 696, 699–700,

704, 765
primary fiber structure 367–369
printing techniques 238, 249–250,

736–737
pristine m-aramid polymer 216
projectile weaving machines 480
protective jacket 917
protein fibers 3, 7–8, 14, 20, 37–38, 50,

163, 895
PRS® paraffin wax 269
pseudocapacitors 579, 651–652
Pt doped porous carbon nanofibers

(Pt/N-PCNF) 670
Pt-supported N-doped porous CNF

671
PU56-118 415
PU66-118 415
pulse rate measurement 400
pulse transit time (PTT) 291, 337,

341–343, 350–351, 353, 401–402
pulse wave measurement 399
pulse wave velocity (PWV) 401

Purilon 329
PVA-co-PE nanofibers 381
PVA (polyvinyl alcohol)/PAA (poly

acrylic acid)-AM (acrylamide)
based superabsorbent fibers
324

q
quantum energy 889
quaternary ammonium compounds

(QACs)
environmental impact 929–930
mechanism of 929

r
radiation protection, fibers

absorption 892
aramid fibers 895
durability 905
future aspects 918
IR shielding/heat management

910–912
organic IR-absorber

dithiene complex derivative 898,
899

dithiolene metal complex derivative
898, 899

organic UV-absorbers 901
2-hydroxybenzophenone 900
2-hydroxybenzophenone

derivatives 902, 903
2-(2-hydroxyphenyl)benzotriazol

900
oxalic diacrylamide 901, 902
phenylacrylester derivative 900,

901
radiowave/microwave shielding

906–910
reflection 892, 898
self-functional fiber 896, 897
transmission 892, 894
UV and IR-protection 912–914
X-ray absorbers 904
X-ray shielding 914–918

radiowaves shielding 906–910
RadMan system 846
rapier weaving machines 479, 615
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raw wool, from sheep 60
reactive N-halamines 931–932
recycled poly (vinyl butyral) (PVB) 167
redox reaction mechanism 377
re-entrant hexagonal geometry 955
refractive index 26, 88, 301, 593–598,

604, 606, 608–612, 614, 616, 619,
704

regenerated chitosan fibers 126,
151–152

regenerated fibers 1, 4, 10, 811–812,
817, 897, 899

regenerated polymer fibres 811
regular weaves 456–457
renewable energy resources 649
resilience 19, 70, 83, 298–299, 350,

354, 357, 440, 464, 465, 488, 492,
704–705, 764

resin method 57
resistive humidity sensors 705
respiratory rate measurement

400–401
reverse osmosis 25, 225, 788, 795–797
rewet property 326
RGO-PPy coated samples 244
ring spinning process 16, 442

blow room section 16
carding 16
combing 16
cone winding 17
drawing 16
objectives 16
roving 16

ring spun yarn
prominent features 444–445
structure 443–444

ripple-like PA-6 NF/N membrane 195
roll-to-roll (R2R) printing technology

736
rosette-shaped terminal complexes 96,

107
rotational rigid geometry 955
rotor spinning 15, 17, 445–446
rotor spun yarn

prominent feature 446
structure 446

Roulette wheel selection 540

roving 16–17, 47, 442, 447, 814–815,
820

Ryton 821

s
SAFTM 323
sandwich structured

polyamide-6/polyacrylonitrile/
polyamide-6 (PA-6/PAN/PA-6)
composite membrane 193

sateen/satin weaves 482
scanning electron microscope (SEM)

43, 101, 110, 112, 115–117, 145,
164, 169, 178, 189, 192–193, 195,
239, 269–270, 368, 372, 375, 377,
382, 422, 515, 578, 619, 636, 653,
655, 661, 664, 667, 669–670, 685,
689, 702, 735, 741, 743, 775, 784,
787, 793, 907–908, 910, 912,
914–915, 965

scouring 20, 58
screen printing 21, 238, 249, 736–739,

817
“segmented arc” spinnerets 285
segmented pie fibers 291, 295, 297
segmented pie technique 285
segmented polyurethanes 6, 27,

414–415
selective laser melting (SLM) 288
self-assembled monolayer (SAM) 507,

726–727, 733–734
self-assembled sub-micron fibers 112
self-assembling 366–367, 369
self-cleaning textiles 499, 506–507,

519–522
self-crimping yarns 284
self-sensing actuators 682, 700
sensible heat storage (SHS) 263
sensors 380–381

fiber-based 709
fibre-shaped 582–583

sensory detection method 61
sericin 76, 84

amino acid composition 77
amino acids in 76
molecular weight 76



Index 997

shape memory alloys (SMAs) 364,
373–374, 411, 682–683, 685, 694

shape memory ceramics (SMCs) 24,
411

shape memory fibers 6, 27, 304, 335,
362, 364, 373–374, 765–768

shape memory hybrids (SMHs) 374
shape memory materials (SMMs) 25,

27, 30, 374, 411, 683–685,
849–850

shape memory polymers (SMPs) 6,
67–69, 374, 411, 422, 683–685

fiber actuators 684
shape memory polyurethane

(SMP–MWNT) composite 422
shape-memory properties 15, 63–70,

413–415, 425, 430
shearing and sorting process, of wool

44–45
sheath-core single fibre devices

(SCSFDs) 558–559, 561–562,
568–570, 575

sheet molded compounds (SMC) 24,
411

shuttleless looms 479
shuttle looms 479, 480
Si/carbon nanofiber (Si/C) 654–655,

660–661
Si/C–C core–shell nanofiber structure

654–655
Si/C/CNF nanofiber production 660
Si/C composite nanofibers 655
side-by-side bicomponent fibers 284
side emitting plastic optical fibers

(SEPOF) 594, 595, 609
abrasion 620, 621
active illumination 638
Al2O3 particles in core 617
attenuation profile 609
based on difference between

refractive indexes 610–612
illumination intensity 611, 612
micro-cuts/notches in cladding 618
micro-mirrors formation 619
multiple micro-bending 612–616
structure modifications 616–620
with TiO2 particles 619

ZnO particles in cladding 617
silica glass fiber optics 394
silica nanofibrous (SNF) membranes

197, 329
silica optical fiber, attenuation profile of

602
silica/PAN membranes 656
silicon based pastes 250
silicon-based p-i-n photodiode junction

fibre 570
silicon oxide fibers 364
silk 78, 182

amino acid composition 85–86
applications 88
biomedical applications 90
characterization 78
creep and stress relaxation behavior

88
cross-sectional view, SEM 84
fibre reinforced composites 90
fine structure 83–85
fluorescent silks 91
genetically engineered 91
inverse stress relaxation phenomenon

88
longitudinal views, SEM 84
mechanical properties of 88
mulberry silk 78–80
non-mulberry silk 80–83
optical properties 87–88
place of origin 79–80
structure 78
tensile properties 86–87
textile and apparels 89–90
types and importance 78
viscoelastic behavior 88

silk fibres 2, 8, 37, 50, 76, 83–88, 90,
895

amino acid composition of 86
silk filament 76, 78–79
silk worm races

Chinese 79–80
European 80
Indian 79
Japanese 79
molting 80
voltinism 80
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single crystal silicon fibers 364
single fiber structure 182–183
single-mode optical fibers 599, 601
single plain jersey knitting 487
single point crossover and mutation

operator 540
SiO2/PAN membranes 665, 666
“skin-core” effect 215
skin-core fibers 369
sleeping bag 877–879
slip effect 176, 186–187
smart anti-bacterial fiber 362
smart antibacterial textiles 372
smart clothing 377
smart fibers 2, 6

aerogels 373
classification 362
coating with no less than double

layers 370
coating with single layer 370
color-changed fibers 376–377
definition 361
energy conversion 381
fabrics and fiber based membranes

372
fiber-based actuator 374–375
future trends 381–383
inorganic nonmetallic materials

364–365
intelligentization method 366–367
luminescence fibers 375–376
medical supplies 378–380
metal related 363–364
other uses 381
primary fiber structure 368–371
research status 361–362
sensors 380–381
shape memory fibers 373–374
smart clothing 377–378
spinning methods 365–366
thermo-regulated fiber 377
wearable electronics 378

smart heating sleeping bag 877–879
smart hollow fibers 421
smart robots 372
smart textile 30, 251

smart textiles 21, 26, 30, 233, 244, 251,
253–254, 267, 274, 349, 361, 375,
377–378, 391, 404–407, 557, 570,
684, 750, 879

SnO2-TiO2-NF photoanode 669
sodium storage mechanism in N-CNFs

654
soft computing 529

advantage 529
artificial neural network 530–535
fabric property prediction 545–551
fuzzy logic 535–539
genetic algorithm 539–540
yarn manufacturing 544–545

solar cells, fibre-shaped 568
solid core Bragg photonic fiber 617
solution spinning 10, 151, 212, 215,

272, 323–324, 365–366
solution-spinning polyurethane

elastomers 336
Soutache techniques 249
spacer fabrics 489–490, 759
special spin pack design 285–288
spider silk 31, 76, 83
spider vs. mulberry silkworm silks 76
spider-web-like NF/N structured

membranes 183
spinning 6, 41, 75, 108, 132, 157, 176,

207, 235, 271, 281, 319, 335, 365,
412, 436, 478, 544, 608, 655, 683,
735, 759, 779, 812, 835, 896, 960

spinning consistency index (SCI) 544
spinning of collagen fiber

acid extraction 161
alkali extraction 161
collagen composite fiber 165
electrospinning 162
enzyme 160–161
microfluidic spinning 164–165
wet spinning 162–164

spinning process 15–17, 46–47, 52, 54,
214–216, 219, 242, 245, 285,
288–291, 293, 302, 304, 336, 344,
347, 365, 419, 443, 478, 491, 780,
814, 896, 914

spinning, textile manufacturing 15–18
friction spinning 17
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ring spinning 16–17
rotor spinning 17
yarn numbering system (count)

17–18
spin pack design 282–284, 286–288
splittable fibers 295
spring wool 45
spunbonded and thermal bonded

nonwovens 493
spunbond fabrics 327, 492
stainless steel yarns 235, 251
standardised textile processes 233
staple spun yarn structure 438, 441,

443
stearic acid (SA) fiber 266, 271
step index profile optical fiber 598, 599
Sterigel 329
stilbene derivative 902–903
Stoll criterion 842, 844
strain fabric sensing technology 27
strain gauge 518, 696
strain measurement 392, 395, 397,

696, 710
strain sensors 235, 350, 395–396, 518,

696, 700, 705
stress–strain curve 438–440
stress memory 422–423

behaviour 425–427
components 424–425
cycle 423
mechanism 423–424
programming 423

stress relaxation 88, 290, 419–420,
423, 425, 429, 440, 760–761, 825

stretched length 53–54
sub-bandage pressure 749
sub-micron fibers 110–113, 134
sub-micron-scaled cellulose fibers

107–114
Sugeno FIS 539
summer wool 45
super-absorbent fibers 5

application 327–329
future scope and challenges

329–330
history of 316

mixing with hydrophobic/hydrophilic
material 320

polymer materials 319
principle of 316–319
test methods 325–327
using uperabsorbent polymer 322

super absorbent polymer (SAP)
315–322, 326–329

superabsorbent textiles 318, 325–329
superabsorbent yarn 319–320
supercapacitors 665–667, 739

fibre-shaped 572–575
principles of 651–652

superfine wool 52–53
surface-initiated atom transfer radical

polymerization (SI-ATRP) 728,
730, 732–734

sweating manikin 868–869
SwellcoatTM 328
switch-spring-frame model 423–425
SWNTs coated cotton yarn 370–371
swollen superabsorbent yarn 320
synthetic fibers 2, 5, 7, 10, 25, 820

advantages 30–31
as building materials 25

synthetic filament yarn 247
synthetic polymer fibres 811

t
tasar silk 80–81, 88
Taylor Cone 109, 179–180, 657, 774
Technical Absorbents (TAL) 316, 320,

323, 327–328
technical fabrics 480, 530
technical textiles 6, 21–22, 37, 52, 227,

478, 484–485, 489, 496, 529, 750,
807, 827

Teflon 658, 821, 823
Teijinconex 207, 214
temperature measurement 392, 395,

870
TEMPO mediated oxidation of native

cellulose 104–105
tensile elongation (EMT) 464–465
tensile resilience (RT) 464–465
tensile work (WT) 464–465
tert-butanol 113, 114
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tetrafluoroethylene-
hexafluoropropylene-vinylidene
fluoride terpolymer (THV) 301

tetramoulters 80
textile-based CNT/PEDOT + PSS

composite conductors 243
textile-based electronics

applications in
polymer solar cells (PSCs) 742,

744–745
supercapacitor 739–741
triboelectric nanogenerator 742,

743
fabricated metallic textiles 723–724
flexible and stretchable material 721
high-performance conductive textiles

722–723
metal/textile interfacial 724–726
PAMD 725
wearable electronics 721, 722

textile based superabsorbent products
318

textile electrodes 243, 252, 253
textile-embedded electronics 709
textile fibers 1–3, 6, 11–12, 14–15, 28,

38, 63, 235, 243, 247–249, 436,
438, 440, 630, 671, 683, 723–724,
745, 750, 760, 808, 811–813,
817–820, 825, 827, 836, 891, 904,
907, 953

evolution of 3
textile fibrous assembly 11–14

mechanical behaviour 11
textile filter media 807, 811
textile manufacturing/processing 15

dyeing 20
dyes used 20
finishing 21
knitting 19
nonwoven fabrics 19
pretreatment process 20
printing 21
spinning process 15–18
weaving process 18–19
wet processing technology 20

textile printing 21
Thai silk 80

thermal comfort 264, 275, 833, 857,
860–862, 866, 872–874, 876–879

fibre 871–872
thermal energy harvesters 566–572
thermal energy storage (TES) 263,

265–266, 276
thermal insulation bi-component elastic

fiber 350
thermal performance estimate (TPE)

843, 844
thermal protective performance

clothing
air gap size effect 848–849
evaluation of

bench top testing 842–845
full-scaled manikin testing

845–846
standards 842

fabric physical properties 847–848
fibrous materials

chemically modified flame resistant
fiber 833, 835–836

inherently flame resistant fiber
833, 836–839

flame retardant 850
flammability 839–841
moisture content 849
requirements of 832
shape memory materials 849

thermal-regulated fibers 362, 377–378
thermal sensitive memory polyurethane

422–423, 425
thermal stress 270, 274, 424–425, 833
thermo-bondable core-sheath

bicomponent fibers 296
thermobonded nonwoven fabrics 282
thermo-chemical heat storage processes

263
thermoplastic elastomer (TPE) 304,

337, 843–844
thermoplastic fiber-reinforced

composites 303–304
thermo-regulated fiber 362, 377–378
thermo-regulating textiles 264
thermotropic liquid crystalline polymer

(TLCP)/PP 289
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thin-film nanofibrous composite
(TFNC) membrane 781, 782

barrier layer and the electrospun
nanofibrous 792

cellulose and chitin 790
cellulose nanofiber 791, 792
filtration performance of 793, 794
forward osmosis (FO) applications

797
permeation flux 793
polymer matrix barrier layer 793
three-tier structure 789, 790

Thorp, John 442
three-dimensional electrospun chitosan

mats 150
3D rotary braiding machines 494
TiO2 nanofibers 668
tissue engineering, fibers for 29–30
TLCP/PP bicomponent fibers 289
total internal reflection 593, 596–597,

704
tournament selection 540
traditional engineering materials (TEM)

101, 104, 106, 422, 461, 653, 667,
953

transistors 26–27, 240–241, 557, 566,
580–581

transverse wicking 863
trapezoidal membership function 537
triazinylaminostilbenes 902
tri-block A-B-C copolymer 763
triboelectric nanogenerator 379, 742
triclosan 503
1,1,1-trimethylol-propane triacrylate

319
trimolters 80
tripolyphosphate (TPP) 150, 842–844,

848
tropocollagen (TC) 29, 96–97,

158–159
“tube in orifice” spinneret 285
Twaron 10, 207, 837
twill weaves 456, 482
twisted and/or coiled polymeric fibers

694
twisted CNT yarn actuator 690

twisted fibre devices (TFDs) 558–562,
568, 570

twist GO hydrogel fibers 381
type I collagen fiber 157
tyrosine 8, 85, 895

u
ultracapacitors 651
ultrafiltration (UF) membranes

789–793
ultra-fine nano fibers 137, 272, 422,

778
ultra-high molecular weight

polyethylene (UHMWPE) fibers
304, 960, 963, 965, 968

ultrathin conductive layer wrapped
polyurethane yarns 370

ultraviolet protective fabrics 912
univoltines 79–80
US 20070292684 A1 349
UV protection factor (UPF) of plain

woven fabrics 547–551
ANFIS model 548–551
ANN model 548, 549
nonlinear regression model

547–549
trend analysis 549

v
valine 85
Valonia cellulose 97, 98
van der Waals forces 7, 110–111, 159,

216, 338, 436, 515
vapour diffusion 862
vegetabel tannins 167–168
Velcro patches 764
vinylsulfone 901–902
viscose rayon 4, 9, 10, 114–115, 136,

163, 817, 820
viscous stress 424, 425
volatiles 109, 293–294, 322, 363, 513,

518, 779, 798–799, 835–836
voltinism 79, 80

w
Walter’ manikin 869
warp 455

and weft satins 457
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warp (contd.)
knitting 19
yarn 248, 815

washable sensors 251
washable wetness sensor 252
washing and weeding process, of wool

46
water-jet looms 479, 480
water purification

electrospun nanofiber scaffolds
mechanical properties 781–782
polymer materials 782
pore geometry 779–780
pore size 777–778
porosity 775–777
surface area 778–779

electrospun nanofibrous composite
membranes 783–799

water soluble chitosan 125, 127
water vapor permeability property 23
wearable electronic devices 557, 565,

681, 722
wearable electronics 26–27, 118, 250,

253, 349, 378, 558, 566, 568, 584,
640, 721, 740, 745

weave factor 455, 457–458
weaving

applications 484–485
properties 484
weaving machines 479–481
woven structures 481–484

weaving machines 479–481
weaving process 18

beating 19
picking 19
shedding 18
sizing/slashing 18
taking up and letting off 19
warping 18

weft 455
and warp knitting machines 485
yarns 248, 815

weft knitting 19
jacquard fabrics 487
machine 816, 817

wer or melt spun fibers 415
wet blue leather fiber PVB 167

wet-extrusion of aqueous cellulose
nanofibrils suspensions 115

wetlaying 490–491
wet processing technology 20–21
wet spinning 6, 114, 116–117, 134,

136–137, 139, 161–165,
215–216, 242, 271, 322–324,
335–337, 366, 412, 415, 430, 683,
686, 705, 914

of aramid fibers 214
wet spun method 366
wet spun polyurethane (PU) fibres 242
wet-stretching induced cellulose

nanofibrils orientation 116, 117
wicking 819, 862–863, 865, 879
wicking parameter 326
wild silks 75, 80
winding process 17
wood cellulose fibers, hierarchical

structure of 101
wool

acid resistance 59
classification methods 41–45
composition 48
count tops 61
crimpness 55–56
fabric inspection and evaluation 61
fineness of 52–53
friction and felting property 56–57
grease 57–58
hygroscopicity 59
impurities of 59
keratin extraction 70
keratins, future advanced uses of 71
length of 53–55
macromolecular structure 49–50
morphology and hierarchical

structure 50–52
physical properties 68
primary processing 45–46
properties 37, 52–60
quality count 53
received by Australian brokers and

dealers 39
shape memory properties 63
shearing and sorting process 45
twin-net-switch structural model 69
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type and property 42
uses 37
warmth retention 60
washing and weeding process 46
yarn spinning process 46–48

wool fibers 2, 37, 356, 812, 836, 872,
895

lipid content 59
wool quality count vs. China’s wool

average diameter 54
wool worsted fabric

color fatness requirements 64
physical requirements 63

wool worsted products 62, 70
appearance of defects, evaluation and

grading 65
work of rupture 440
World raw silk production 79
worsted wool fabrics

dimensional stability to washing
requirements 64

length of 62
quality grading 62
technical and safety requirements

62
woven aramid 832
woven construction 759
woven fabrics 815

compression deformation 465–468
constitutive laws 470–471
continuum models 471
crimp 458
discontinuum models 471
energy methods 472–473
geometric models 458
irrecoverable deformation 14
irregular woven structure 457
non-linear stress-strain trend 11
plain weave 456
regular weave structure 456–457
shearing deformation 468–469
stress-strain plots for 11, 13
tensile deformation 461–465
twill weaves 456–457
UV protection modeling 547
warp and weft satins 457

weave factor 457–458
woven structures 11, 182, 247, 440,

477, 481–484, 615, 618, 743

x
Xinjiang wool 39
X-ray diffraction (XRD) 67, 69, 105,

116, 218, 417, 500, 509–511, 653
X-ray fluorescence 500, 512
X-ray photoelectron spectroscopy (XPS)

500, 511–513, 653
X-ray protective fibers 915–917
Xtrasorb® 327

y
yarn 435, 759, 814

air vortex spun 446
classification 440–441
frictional spun 448
mechanical properties 448
ring spun 442–443
rotor spun 445
strength–comfort–twist relationship

451–453
structure 441–448
tensile strength 448–451

yarn-based thermoelectric generator
566

yarn crimp 463–464, 484
yarn manufacturing, soft computing

applications in 544
yarn production 245–248, 250, 447
yarn spinning process, of wool 46–48
yarn tenacity 537–538

membership functions of 538
Young’s modulus 107, 116–117, 119,

165, 194, 226, 244, 401, 439, 465
YSZ nanofibrous membranes 198

z
zirconate titanate (PZT) nanofiber

381, 671, 685
ZnO nanowires fibre-shaped

piezoelectric device 571
ZnO paper-based piezoelectric device

571




