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Abel inversion 53-4

ABR theory 35-6

ABS (acrylonitrile-butadiene-styrene) 65

absorption of atoms or molecules 19-20

activation 66, 72-4, 113, 118, 141-6, 284-5

added value 111-12, 126, 184-5

adhesion promotion xix, 118-19, 141, 286
micro-roughening 118

aerosol/DBD systems 150-2, 153

AFM (atomic force microscopy) 308-10

air plasma treatments 139, 291

air-to-air systems 69

airbags 73

ambient air treatments 101, 106, 114-16

ammonia plasmas 117

antibacterial finishes 124, 172-5, 220-1, 290

antifungal finishes 124

antistatic textiles 286, 289

APGD (Atmospheric Pressure Glow

Discharge) xviii, xxv, 30, 94-6, 99-100

equipment 111
APPJ (Atmospheric Pressure Plasma Jet)
284
argon plasma treatments 255-7, 262
atmospheric-pressure processing Xv,
XVii—xviii, Xxxi—-xxii, xxv, 79-128
advantages over wet processing 87,
129-30
ambient air treatment 101, 106, 114-16
audits 125-8
cleaning surface contaminants 113, 118
coatings 113, 123-5
controlled atmosphere treatment 101,
116-19

corona discharge systems 90, 97-8, 102-6,

131-2,283
costs 83, 111-12, 127
of cotton 264
current-voltage relationship 30-2
equipment 101-11
etching 112
gas precursor coating 101, 119-20
glow-to-arc transition 96-7
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liquid precursor coating 101, 120-5
manufacturability needs 81-6
pressure dependency of gas breakdown
87-8
pressure and plasma size 88-99
surface activation 113, 118, 141
surface engineering processes 111-25
types of plasma 86-100
for water and oil repellency 194-5
see also dielectric barrier discharge
(DBD)
atom reactions 12-14, 18-21
atomic force microscopy (AFM) 308-10
auditing atmospheric-pressure processes
125-8
automotive fabrics 72-3

bacteria, antibacterial finishes 124, 172-5,
220-1, 290
ballast gas 107-8, 117
bare roll treater stations 102—4
barrier discharge (BD) plasma 229-30
batch processing xxi-xxii, 195-6
battery separators 75-6
beat method 33
biocompatibility 203-4, 215-21
antibacterial finishes 124, 172-5, 220-1,
290
biofouling 217-18
immobilisation of ligand-receptor systems
218-20
optimized cell growth 215-17
protein absorption 204, 217-18
biofouling 217-18
biomedical textiles xxvi, 72-3, 202-22
advantages of plasma treatments 205
biocompatibility 203-4, 215-21
categories of medical textiles 203
costs of treatments 203
DBD treatments 141-3
etching 206-7
functionalisation 203, 207-9, 209-10
assessment of 212-13



monomer structure 208-9, 209-10
plasma cleaning 206-7
plasma fixation 209
plasma grafting 209
plasma polymerisation 209
process parameters 205-6
protein absorption layer 204, 217-18
reactor techniques 210-12
regulations and standards 203
stain repellent finishing 213-15
sterilisation 206-7
surface engineering 213-21
Boltzmann plot 51
Boltzmann relation 50-1
box-type vacuum chambers 68-70
broadening mechanisms 51-3

cell growth 215-17
cellophane 250-1, 274
cellulose 248
cellulose fibres xxvii, 247-75, 290-1
argon plasma treatments 255-7, 262
cotton 248-9, 2604, 290-1
free radical formation 2524
interaction with rubber matrices 267-8
man-made cellulosics 250-1, 272-5
oxygen plasma treatments 257-60
plasma interactions 251-60
surface modification 265-8
surface stability 252-4
vegetable fibres 249-50
wood-pulp fibres 250, 270-2
chemical energy 17
chemical plasma 66
chemisorption 20
chemistry of plasmas see physics and
chemistry of plasmas
chitosan 221
chlorine 241
cleaning see plasma cleaning
co-polymerisation 125, 172-6
cold plasmas xviii, xxiv—xxv, 283-4
collisional radiative model 50-1
collisions 14-22
classification 14
cross-sections 16
frequency 11
mean free path 4-5
number of 16
plasma-surface 17-22
rate constants 17, 21
see also physics and chemistry of plasmas
commercial mass-energy spectrometers
40-2
computer simulations 154-5
conductive coatings 125
controlled atmosphere treatment 101,
116-19
controlled polymerisation 122-3
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copolymers 125, 172-6
corona discharge systems xvii, 49-50, 90,
97-8, 131-2, 283
ambient air systems 106, 114-16
drift zone 131
equipment 102-6
gas delivery systems 106
negative corona 131
ozone generation 105
positive corona 131-2
power source 102
treater station 102
treatment of foils 136-7
costs xxii, 296
of atmospheric-pressure processing 83,
111-12, 127
and biomedical textiles 203
of low-pressure processing 76-7, 83
and water and oil repellency 200
cotton 248-9, 260-4, 290-1
atmospheric-pressure surface
modifications 264
dye uptake 261, 290
fluorocarbon gas treatments 263
hydrophilic monomer grafting 261-2
low-pressure surface modifications 264—4
water-repellent functionalities 262-3
covered roll treater stations 102—4
cross-sections 16
current sensors 28-30
current-voltage relationship 30-2
cyclohexane plasma treatments 267

DBD see dielectric barrier discharge (DBD)
DC plasma impedance model 26-7
Debye length 8-9
desorption of atoms or molecules 20-1
diagnosis and control of parameters
XXiii—xxiv, 25-54
discharge electrical characteristics xxiv,
26-32
electric plasma diagnostics xxiv, 32—40
optical emission spectrometry xxiv, 47-54
plasma mass spectrometry xxiv, 40-7
diamond-like carbon (DLC) coatings 171
dielectric barrier discharge (DBD) xviii,
xxv, 90-4, 130, 133-6, 2834
adaptations to textiles 136-41
aerosol/DBD systems 150-2, 153
air as the plasma gas 139
ballast gas 107-8
chemical processes 139-40
current-voltage relationship 30-2
discharge gap 137-8
electrode configuration 138
electrode temperature 139-40
equipment 106-10
filamentary DBD 91-3, 1334
glass fabrics 142, 144-5
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homogenous DBD 91-3, 98, 106-10
hybrid corona/DBD 97-8
hydrophobic treatments 148-9
intermittation 138-9
oleophobic treatments 148-9
stability of DBD-treatment effects 145-6
surface activation of fibres 141-6
technical possibilities 140-1
technical textile treatments 141-3
and wool 230-1

dip processing 192-3

discharge electrical characteristics xxiv,

26-32

current-voltage relationship 30-2
DC plasma impedance model 26-7
RF plasmas 27-30

discharge gap 137-8

discharge technologies 154

DLC (diamond-like carbon) coatings 171

Doppler broadening 52

drift zone 131

durability 127
of water and oil repellency 200

dyeing 286, 290
cellulosic fibres 261
pre-treatments 73
synthetic fibres 288
wool 239-41

elastic collisions 14
electric plasma diagnostics xxiv, 32-40
electronegative plasmas 36-7
Langmuir probes 32-8
magnetised plasmas 37-8
retarding field analyser (RFA) 38-40
RF (radio frequency) plasmas 36
electrical properties 286, 289
electrodes in DBD systems
configuration 138
temperature 139-40
electromagnetic energy 17, 65
electron attachment mass spectrometry
44-5
electron spin resonance (ESR)
techniques 252-3, 254
electronegative plasmas 36-7
electrons
energy distribution function (EEDF) 35,
38-9
free electrons in plasma 303
Maxwellian electrons 33, 34, 35
photoelectric emissions 19
production 19, 26
temperature 7
in weakly ionised plasma 26-7
see also collisions
electrostatic quadrupole plasma (EQP)
40-2
emissions 47, 144, 302-3

energy distributions 4
environmental legislation 79, 80, 126, 127
equipment
APGD (Atmospheric Pressure Glow
Discharge) 111
atmospheric-pressure processing 101-11
corona discharge systems 102-6
DBD systems 106-10
low-pressure processing 68-72
etching 284
atmospheric-pressure 112
biomedical textiles 206-7
low-pressure 67-8
see also plasma cleaning
experimental processing XxXi—xxii

fabrics
functionality coatings Xx—xxi
plasma cleaning 1634
plasma metallisation 166
plasma polymerisation 170-1
felting 238, 243
fibres
effect of plasma on xviii—xix
functionality coatings xx—xxi
plasma cleaning 164-5
plasma metallisation 166-8
plasma polymerisation 171-2
synthetic fibres 287-90
see also cellulose fibres
filamentary DBD 91-3, 1334
filtration fabrics 74-5, 286
finishing xxvii—xxviii, 298
barriers and challenges xxii—xxiii
water removal 129
wool 239-43
see also functional coatings
finite impulse response filters 34
fit-for-purpose protection 192
flame retardant treatments 73-4
flexibility in production 79, 126
floating probes 40
fluorine 117
fluorocarbons 147, 171, 189, 263
foil treatments 136-7
Fourier transform infra-red (FT-IR) 311
free electrons in plasma 303
free radical formation 252—4
frequency of collisions 11
functional coatings xx—xxi, 113, 123-5
assessment 212-13
biomedical textiles 207-9, 209-10

gas breakdown mechanisms 87-8
gas delivery systems 106
gas environment 3-6

electron temperatures 7

energy distributions 4

gas breakdown mechanisms 87-8



ion temperatures 7
kinetic energy 34
mean free path 4-5
particle flux and pressure 5-6
radiofrequency range 65
gas precursor coating 101, 119-20
gases used for plasma treatments xviii
glass fabrics 142, 144-5
glow discharge systems 230, 283
see also APGD (Atmospheric Pressure
Glow Discharge)
glow-to-arc transition 96-7
grafting 209, 285
hydrophilic monomers 261-2
silane monomers 289-90
vinyl monomers 289

hairpin resonator probes 40

hard plasma 66

helium 94-5, 117

hexamethyldisiloxane (HMDSO) 170-1,
171-2

Hiden electrostatic quadrupole plasma
(EQP) 40-2

history of plasma technology in industry xv

homogeneous DBD 91-3, 98, 106-10

hybrid corona/DBD 97-8

hydrocarbon repellents 189

hydrogen-containing plasmas 117

hydrophilic coatings 75-6, 123, 285-6

hydrophobic coatings 74-5, 123, 148-9, 176,
285-6,293-4

hydroxyl reactivity 251-2

hyperfine splitting constant (HSC) 254

immobilisation of ligand-receptor systems
218-20

in-line treatments Xxi—xxii

industrial processing xxi—xxii, 296-8

see also manufacturability needs

inelastic collisions 14

intelligent filtration 286

intermittation 138-9

interpulse preionisation 92

investment returns 79, 86, 126

ion analysis 45-6

ion energy distribution function (IEDF) 38,
40

ion impact 18-19

ion temperatures 7

ionised gases 6, 22

kinetic energy 3-4, 17
and sputtering 18

Langmuir probes 32-8

large substrate area processing 83—4
Larmor radius 37

ligand-receptor systems 218-20
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ligno-cellulosics xxvii, 247-8
see also cellulose fibres
line broadening 51-3
line radiation 47
liquid precursor coating 101, 120-5
liquid-repellent treatments see water and oil
repellence
Lissajous figures 31
loading systems 70
low friction coatings 123
low-pressure processing Xv, Xvii, XXi, XXiv,
64-78
activation 66, 72-4
air-to-air systems 69
automotive fabrics 72-3
battery separators 75-6
box-type vacuum chambers 68-70
costs 76-7, 83
cotton 264-4
equipment 68-72
etching 67-8
filtration fabrics 74-5
flame retardant treatments 73-4
hydrophilic coatings 75-6
hydrophobic coatings 74-5
loading systems 70
medical fabrics 72-3
Meissner traps 72
plasma deposition 74-6
plasma polymerisation 68
pre-treatments before dyeing 73
pumps 72
roll-to-roll treatment systems 70-2
thin film deposition 68
water and oil repellence 195-200
web treatment equipment 68-70
winding systems 70-1
luminosity 302

magnetised plasmas 37-8
magnetron sputtering 1667
man-made cellulosics 250-1, 272-5
manufacturability needs 81-6
high throughput 84-5
large substrate area processing 83—4
operating conditions 292-5
operating speed 79, 84-5, 126
production flexibility 79, 126
temperature 81-2
see also industrial processing
mass spectrometry see plasma mass
spectrometry
mass-energy spectrometers 40-2
Maxwell-Boltzmann distribution 4, 7
Maxwellian electrons 33, 34, 35
mean free path 4-5
medical fabrics see biomedical textiles
Meissner traps 72
metallisation 165-8
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micro-roughening 118
micro-titre-plates 68
microelectronics industry xv, 22, 23, 64
molecule reactions 12-14
desorption 20-1
monomers
and biomedical textiles 208-9, 209-10
hydrophilic monomer grafting 261-2
silane monomer grafting 289-90
vinyl monomer grafting 289

nanoindentation 311
nano-scale treatments xxv—xxvi, 158-77
deposition of nano layers by gas
polymerisation 146-9
materials and methods 160-3
plasma cleaning 163-5
plasma co-polymerisation 172-6
plasma metallisation 165-8
plasma polymerisation 168-72
pressure range 161
reactors for plasma polymerisation 162-3
negative corona 131
negative ion analysis 46
neutral plasma analysis 43-5
nitrogen plasma treatments 117, 139, 152-3,
291
non-stick friction coatings 123

oil repellence see water and oil repellence
oleophobic coatings 123, 148-9, 176
oligomers 144
OML (orbital motion limited theory) 34, 35
on-line treatments Xxi—xxii
operating conditions 292-5
operating speed 79, 84-5, 126
optical coatings 125
optical emission spectrometry xxiv, 47-54
Abel inversion 53-4
collisional radiative model 50-1
Doppler broadening 52
line broadening 51-3
Stark broadening 52-3
steady state corona model 49-50
optimized cell growth 215-17
orbital motion limited theory (OML) 34,
35
oxygen plasma treatments 117, 139, 257-60,
291
ozone generation 105

paraffin emulsions 191

parameters see diagnosis and control of
parameters

particle flux and pressure 5-6

Paschen’s Law 88, 93

perforation of textiles 137

photoelectric emissions 19

physical plasma 66

physics and chemistry of plasmas xxiii, 3-23
constituent atoms and molecules 12-14
Debye length 8-9
gas environment 3-6
plasma creation and physical structure
6-12
plasma frequency 10-11
reaction rates 16-17
sheath creation 11-12
see also collisions
plasma cleaning 206-7, 284
atmospheric-pressure 113, 118
fabrics 1634
fibres 164-5
scale-up 165
see also etching
plasma co-polymerisation 172-6
plasma creation and physical structure 6-12
plasma deposition 74-6
plasma fixation 209
plasma frequency 10-11
plasma grafting see grafting
plasma mass spectrometry xxiv, 40-7
commercial mass-energy spectrometers
40-2

electron attachment mass spectrometers
44-5

negative ion analysis 46

neutral plasma analysis 43-5

positive ion analysis 45

quadrupole mass filter 42-3

residual gas analysis (RGA) 43

threshold ionisation mass spectrometry
44

time-resolved mass spectrometry 47

plasma metallisation 165-8
fabrics 166
fibres 166-8
scale-up 168

plasma polymerisation 68, 168-72, 209, 285
controlled polymerisation 122-3
fabrics 170-1
fibres 171-2
reactors for 162-3
scale-up 172

plasma TVs 302

plasma-surface collisions 17-22
atom interaction 18-19
atom reactions 19-21
electron production 19, 26
ion impact 18-19

plasmas, definition xvi, 6, 23, 283

polyethylene glycol (PEG) 217-18

polymerisation see plasma polymerisation

polymers, effect of plasma on xviii—xix

polypropylene (PP) 65, 66, 287

polyvinylchloride (PVC) 65

positive corona 131-2

positive ion analysis 45



potential energy 17
power sources xvii, 102
PP (polypropylene) 65, 66, 287
pre-treatments before dyeing 73
precursors 147, 154
gas precursor coating 101, 119-20
liquid precursor coating 101, 120-5
pressure
and gas breakdown 87-8
and nanoscale treatments 161
and plasma size 88-99
primary plasma 66
printing 239-41, 286
probe techniques 32-8, 40
production flexibility 79, 126
proteins
absorption layer 204, 217-18
ECM (extra-cellular matrix) proteins 215
pulsed plasmas 209, 210
pumps 72
PVC (polyvinylchloride) 65

quadrupole mass filter 42-3

qualifier criteria for new technology 79,
126

quasineutrality 8

radiation emissions 47, 144, 302-3
vacuum ultraviolet (VUV) radiation 159,
160, 161
radio frequency (RF) plasmas 27-30, 36
radiofrequency range 65
rate constants 17, 21
reaction rates 16-17
reactive friction coatings 123
reactor techniques 210-12
for plasma polymerisation 162-3
residual gas analysis (RGA) 43
retarding field analyser (RFA) 38-40
return on investment 79, 86, 126
RF (radio frequency) plasmas 27-30, 36
roll-to-roll treatment systems 70-2
rubber matrices 267-8

safety 79, 126
Savitzky-Golay filters 34
scale-up

of plasma cleaning 165

of plasma metallisation 168

of plasma polymerisation 172

of water and oil repellence 198-9
scanning electron microscopy (SEM) 306-8
Scotchguard 213
secondary plasma 66
sheath creation 11-12
shrink-proofing 118, 238, 241-2
silane monomer grafting 289-90
silicone repellents 189
silk 291-2
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siloxane coatings 170, 171
silver as an antibacterial finish 173, 221
simulations 154-5
sisal fibres 266
size removal 118
soft plasma 66
softening plasma-treated wool 242-3
spray coatings 193
sputtering 18, 161, 165-6
magnetron sputtering 1667
stability of DBD-treatment effects 145-6
stain repellent finishing 213-15
Stark broadening 52-3
steady state corona model 49-50
sterilisation 206-7
superelastic collisions 14
support bandages 73
surfaces of fibres/fabrics
activation 66, 724, 113, 118, 141-6,
284-5
and atmospheric-pressure plasma 111-25
biomedical/technical textiles 141-3,
213-21
cellulosic fibre-based composites 265-8
energy of materials 187-8
kinetics 21-2
plasma-surface collisions 17-22
reactions in plasma treatments 301-5
roughness 188
stability 252-4
synthetic fibres 287-90

technical textiles see biomedical textiles
temperature

of electrodes 139-40

of electrons and ions 7

and manufacturing needs 81-2
tension of liquids 187-8
testing water and oil repellence 189-90
thermal energy 130
thermal plasmas 82, 283
thin film deposition 68
threshold ionisation mass spectrometry 44
throughput rates 84-5
time-resolved mass spectrometry 47
Townsend breakdown mechanism 88, 93
trapped active coatings 125
treater stations 102

vacuum processing see low-pressure
processing

vacuum ultraviolet (VUV) radiation 159,
160, 161

Van der Waals force 19-20

vegetable fibres 249-50

vinyl monomer grafting 289

viscose 251, 274-5

Voigt profile 52

voltage sensors 28-30
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Wasco 121 wettability of fabrics xix
water and oil repellence xxvi, 130, 183-201,  winding systems 70-1
292 winner criteria for new technology 80,
and added value 184-5 126-7
atmospheric-pressure plasmas 194-5 wood, solid wood surfaces 268-70
costs 200 wood-pulp fibres 250, 270-2
dip processing 192-3 wool xxvi-xxvii, 228-44, 291-2

durability 200
fit-for-purpose protection 192
fluorocarbon repellents 189
hydrocarbon repellents 189
low-pressure plasmas 195-200
paraffin emulsions 191
scale-up 198-9
silicone repellents 189
silk 292
spray coatings 193
surface energy of materials 187-8
surface roughness 188
surface tension of the liquid 187-8
testing 189-90
and textile type 197
types of plasmas used 194
wax emulsions 191
wool 292
water removal in finishing 129
water repellent textiles 191, 262-3
water resistant textiles 191
waterproof textiles 191, 192
wax emulsions 191
wearable electro-textiles 176
web treatment equipment 68-70

air plasma treatments 291

chemical and morphological changes
231-7

core-shell structure 228

cortex 228

and DBD systems 230-1

dyeing behaviour 23941

felting behaviour 238, 243

finishing performance 23943

glow discharge treatments 230

hydrophobic nature 228-9

nitrogen plasma treatments 291

oxygen plasma treatments 291

printing behaviour 239-41

relevant plasma systems 229-31

shrink-proofing 118, 238, 241-2

softening plasma-treated wool 242-3

textile properties of plasma-treated wool

237-9

X-ray photoelectron spectroscopy (XPS)

310-11

Yasuda factors 210



