6/77.68 SEN 2nd ed.

Contents

Preface to the Second Edition..........coovueiecciieeieeececeeecee e e e e Xiii
Preface t0 the First EAIION c....occeeeviiiiiiieiceeeeeiee ettt e e e eve e XV
Acknowledgments (First EQition)........coviveoeoieeiieieeeeie e seecceeieeeeee e e Xvii
INEFOAUCTION. .. eeveeeeereeiiet ettt et et e e et enresaa e ere e st e b et ssaest e eneabessaansassseraeesas Xix
THE AULNOT ...ttt et et e e e e b e e reeeataee s be e e s b saenssernneseansaes XXi
Chapter 1  Polymeric Materials for Coating.........cccoevereveirireeeerieeecresreseeeeceens 1
1.1 Rubbers: Natural and Synthetic .........cc.coooiiiiiniioinii e 1
LLIL  INtrOQUCTION. .. vreererrevtecccrrairnearrneecacereesaenvecessersereessansessressaernncccrasnransanne 1
1.1.2  Production, Structure, and Properties.........ccccecveirecreecrinniereseeienannene 1
1.L12.1  Natural RUBDEr .......cociiiiiiieeiieceet e 1
1.1.2.2  Styrene—Butadiene Rubber...........ccoccoovviivivniniinnn, 2
1.1.2.3 Isoprene—Isobutylene Rubber, Butyl Rubber ......................... 3
1.1.2.4 Ethylene—Propylene Polymers and Terpolymers, EPM
ANA EPDM ..ottt 3
1.1.2.5 Polychloroprene Rubber {(CR) .......ccceivciiminniiriiiiie e 4
1.1.2.6 Nitrile—Butadiene Rubber (NBR) .....cccccovvvmriiiiiiiieccee 5
1.1.2.7 Chlorosulfonated Polyethylene (CSM) Rubber...................... 5
1.1.2.8  Silicone RUDDET ........oooiemeieeeie ettt 6
1.1.3 Rubber Additives .....c..cooouviicieeeeeeeeeee et 7
i.1.4 Compounding and Processing of Rubber ............cccceeoeeeivncrcnnnnnee 9
1.1.4.1 Mastication and Compounding ........cccovveevereenmcevcerinecrennanen 9
1.1.4.2  Spreading DOUZh.....cccccociirneniiiirinrerieese et esie e resana e 12
1.1.4.3 Vulcanization of Rubberized Fabrics.........cccooveiiiieennnnnn. 12
1.2 Polyvinyl CRIOTIAE ...c...ooiiiiiieciiaieeet ettt 13
L.2.1  INtrOdUCHON.....viiitieirrrtieceecieri e e et esteeiesrteesreesteese s iessaeseeesanssssannas 13
1.2.2 Resin CharaCteriStiCs ..ouuuiivurerieerereecrieeerisieereeaesneeesesseessseeavasesessessanns 13
1.2.3  Additives fOr PVC ......ooui ittt e sr e ese e te e e 14
1.2.3.1  PlaStiCIZErS.....ceecveeiiicieecierteetiiireeecnsesieacreenreessssteesnssesnesanns 14
1.2.3.2 StabilizZerS...ucou ieeeeiieieeceeeete ettt et et e e e eaeeaaas 16
1.2.3.3 Other Additives ..........coieeeierveriiiecceeieceesireer e e e ernerne s 17
1.2.4 Plastisols and Organosols ........c.cceceeeeeiiecirenmnimnceieenerreeieese e 17
1.2.4.1  RESINS cevveieieieiiiiceee e eeectiee et e st re e senaeeeesaeeesessevbeseanneeanes 18
1.2.4.2  PlastiCIZETS. .ccciiieiieieeieereeeeeie et stiteeetee v e e sesee e e s s emees 18
1.2.4.3  StabiliZerS...ccviiieiieieeiiereercteiercesesteeeree e sitesteesresersaessenanas 19
L1244 FIIErS. oo e e es et 19
1.2.4.5 Viscosity DEPreSSants .......cccccerreerirriarieriermeerncecreersnecenccns 19
1.2.4.6 ThiCKENETrS ...oocvveieiiieeeeecee ettt e 19
1.2.47 BlowIng AZENLS c..oovreieeciiiiiiircr ittt reseneseeereenanens 19
1.2.4.8 ManuUFaCtUre ....ccoueeiiiicciee ettt e sve e ear e 20


Administrator
Typewritten Text
677.68 SEN 2nd ed.


vi Coated Textiles: Principles and Applications, Second Edition
L.2.4.9 FUSION ..ottt e 20

1.2.4.10 Uses 1n CoatNG .....oovivivieriveeriiitceiiieiies e ns 20

1.2.5 Compounding of PVC for Solid Compositions..........cccecvviiiiiininnn 20

1.2.5.1 Melt Compounding.......ccccceeeeieris e 20

1.2.5.2 Dry Blending.....ccooevevieeeriviiieeeceeee e 21

1.3 Polyurethanes.......cciiiniiiiiinni i i 22
L300 IntroduCtion. .o et e 22

1.3.2 Building Blocks of Polyurethane..........ccccccooicinineiiinininininccinnes 22
1.3.2.1 The [SOCYANAES ... vvervrererrinerenrieiieiieeeieessnesssnessseesaeaessenssees 23

1.3.2.2 POIYOLS ..ottt ittt e s esre e 25

1.3.2.3 Cross-Linkers and Chain Extenders ...........cccoecvivrernannne 27

1.3.2.4  CatalySts ...ccuvcereieieiieeianeieriieres st rieeeasnesrte st e e s 27

1.3.3 Method of Preparation of Polyurethanes..........ccccecooivcveiivniiininnnnas 27

1.3.4 Structure of Polyurethanes .........ccoooceeeviveeienriinnienciie e 28

1.3.5 Thermoplastic Urethane ElastOmers.............covveveverivineeecrenneennenns 29

1.3.6 Polyurethane Coatings.........c.cecereeeeererierieninieeeeenteereseree e seeeenne 29

1.3.6.1 One-Component SYSLEMS .......ccccerverimuerenineieieereeeinerneienne 29

1.3.6.2 Two-Component SYSIEMS. ..........coveerverrrrerecerieererasrnrerssassenns 30

1.3.6.3  AddIIVES..ccoviinmrieeiieieiierceerernes st creee b e e st enaee e 30

1.3.7 Aqueous Dispersion of Polyurethanes.............cccoeveeveriiiniienniccncnne, 31

1371 EmulSifiers.. ..ot 31

1.3.7.2 Preparation of DIiSPErsions ...........ccccveveeevervrnreeneseseeseenenss 32

1373 Film Properties........ccooeveveiiiee e 33

1.3.8 Features of Polyurethane Coating........cccoovonievens e, 33

1.3.8.1 Structure—Property Relationship.............ccocvvcceiinnicnicnne 34

L4 ACTYHIC POIYIETS oo 35
1.5 Adhesive TIeatmMEeNt .......ccciiiiiiriiieniaiieeriene et eee s veneeein e e e eenbesaeeeas 35
1.5.1 Mechanism of Adhesion ............ccociiriiniiniiie e 35

1.5.2 Resorcinol-Formaldehyde—Latex SyStem .........ccccocoeviviurieniirennnnnn. 36

1.53 Dry Bonding SYStEM....c.cecviveiiniiieicriectee et 37

1.5.4 Mode of Action Of RFL Dip .....cccoooocoiiiniiiiiiicoiiicceiecreeeieenenns 38

1.5.5 Isocyanate Bonding SYStem.......c.ccecomiivoiiiersiinecccrienncninreecesneeenas 39

1.56 Adhesives for Lamination...........cccccoeroimeneniiinenieieneiie e 39

1.5.6.1 Hot-Melt Adhesives......c.cooivueenniiciniiiiieceeeee e 39

1.6  Foams for Laminates .........cccicieeeieiieniienien i ese et e 40
1.6.1 Flexible Polyurethane (PU) Foam .........c..ccoceeoiveioiinniine e 4]

1.6.2  Polyolefing FOamMS.......coccooieiiiiiiiicicciceceeeec e 41

1.6.3  Flexible PVC FOAM.....ccoceiniiniiiiiiircicreiitcit et nae e 41

1.7 Radiation-Cured COAatiNgs ......c.cotcimiiinieniienieniennieeste et e e 41
170 General Features .......o.ocvvveeiiiiviieiereceie e e e 41

172 CREMISITY . ociceicicrtc ittt e et et e 42

1.7.2.1  PhOtOINItiators ......coveicvveees et 42

1.7.2.2 Polymer SyStems ..ot eeeeene 3

173 EQUIPITICIL o iieeiiciriter e ettt et e st emre et e s eba e s e e s reanbeeeeas 44

1.74  Applications in Textile Coating .........ccoeceeiiriiiiniicrrecrireiere e e 44
REfEreNCES .c..iiiiiiiiiiiieceer et et sttt as e et s 45



Contents vii

Chapter 2 Textile Substrate for Coated Fabrics ........ccccoeeovrrenrneecciininnenrenianns 47
2.1 Materials and Trends........coooeorieieicrre ettt e s 47
2.2 TeXtile FIDOIS .cuioeiieieeiiee ettt et et eaer e eaas 48
2.2.1 COUOM.iiiiteieieeieecieserirete st eecesa e siaees b aesaesnebessstabsessaasnaneasnansessnsens 48

2.2.2 RAYON .ttt ettt s s se e s 51

2.2.3 NYIODS it e st s e 51

224 POIYESIEI vttt e s s 52

2.2.5 Polypropylene FIDer .......cccovcirviiriiiiieciiiniinieniteciee e eeseeeeseveseesaresns 52

2.2.6 ATAMIAS ..oovvriiieerien it cs et st saeessasssesen e s asaesaessaaassaeassaansenen 52

2.3 SPINNING oottt ettt ebe e e e et st ere ettt et e s eanees 53
2.3.1 Cotton Spinning SYSIEM .....ocveuieriirienie ettt eeeeenesreseraens 53
2301 GINDINGeiiiiiiieeiccecieereeree e eet e e e et e e eees s ee e e enne 53

2.3.1.2 BloW ROOI ..cuecuiniimrierceernrenrrinreeisincreressesaensesnesessesaesaesesses 53

2313 Carding ..ot 54

2.3.1.4 Lap FOrmation.......covcvvvieveeeneinieeneesissiecieseeeeeesseeessesasens 55

2315 €Combing ... 55

2.3.1.6 DIawing....coooooeeieeieeecteeeetie sttt et e eeaeraset e saene s mestesreene 56

2.3.1.7 Speed Frame and Fly Frame ...........cccccocoevinienenennncnnnn. 56

2.3.1.8 Ring SPINNING c.ovvveiiiiiiiiiiier e sasnsre s 56

2.3.1.9 Newer Methods of SPINNING.......cccevveeiecieriirrieerieecre e 57

2.3.2 Synthetic Fiber SPINNING ......ccooeveireieinieniiecreceneieeieieesecneenerenseans 57
2.32.1 Melt SPINNING....ocovviieieiceirciciten e st 57

2.3.2.2 Solution SPinning.......ccoveereiceiienieenienie e eriresve s 58

2.4 WOVEN FaDIICS c...viirieiiicc ettt et seae s e sae s s 58
24T WEAVING ...ttt e s 58

2.4.2 Fundamental WeaVes .......cccoecevimereeiirnriiriieeseeicienieeeeeevn e 59
2.4.2.1 Plain WeaVe.....ccvoeieveiecrreeiescveesrece e e vessasessvesessessesseaneens 59

2.4.2.2 TWIll WEAVES ...ccuteveemiriirire it reeteicneeeresre s ere s eseseneneneeaens 60

2.4.2.3 Satin and Sateen Weaves.........cccceeveeviereririncieireneni e 60

2,43 LOOIMS .cceiiieeiie e cceeeteee st ee e esaaebe s sresate st et s sbassanane s s eneeanesanesae s 61

25 Knitted FabriCs..cooioiiiecie e ctesteeecee et e 62
2.5.1 Weft Knitted SITUCIUIES ...c..veveeeuicieiri et 63

2.5.2 Warp Knitted SIrUCIUIES.....coeevvvecieiceeeiieriieeeeeiiesteeseseteeseeernaeseeesees 63

2.6 NONWOVEDN FaDIICS .. .ccciiiiii ittt ettt s see st ee e e saeesta e sresaensnasne s 64
2.6.1 Web FOrmation.........ociovieoerieieriieirreeteenirie e seeeee e ssvas s essea e sacesens 64

2.6.2 Web BONAING ....ocveeeiiceetece ettt s e saa e e 65
2.6.2.1 Entanglement of Fibers ........c...ccccoviviniiiiniiiceeecee 65

2.6.2.2 Bonding by Adhesives.........ccouivoienicenerncre e 65

2.7  Fabric Preparation for COating..........eccevereiiviemerreeenieneneeeereees et sereessenens 66
RELEIEICES ..ottt st e s e b st smesar e snesnaaen 67
J2310) U7 o) 0} OO PP O U OO TSP 67
Chapter 3 Coating Methods .........ceoieiiieeie e 69
3.1 General FalUIEs .....c.couiiiiiiiiieererieieees et seeites e e e eae e 69



viii Coated Textiles: Principles and Applications, Second Edition

3.1.2 Post- and Premetering Methods.........cccocureeimievcnineiieennec e 72
3.2 Knife COANG cciiieiee e st et e e ssbes e re s e eteesassve s sae s saesrasen 72
3.2.1 Arrangements of Knife Coating .......ccocovveriiniinicienine e 73
3.2.2 Coating KNIVES ...ooioiiiiiciiiieteeiesienieeic e rer e saer e evc et e seane e e 75
3.2.3 The Role of Rolling Bank and Web Tension ...........c.cccccovvinininnnnne 76
33 ROICOARG ceociiiteeereitet ettt ettt et sttt e st een e 77
3.3.1 Mayer Rod Coating........cooeveivvenieniiieniieeree ettt e e 77
3.3.2 Direct-Roll Coating........ccoooceioimieineninenineernr e s 78
3.3.3  KiSS COAING. ... coeeiiri it vttt es e s ns 78
3.3.4  Gravure COatiNg......cueroeieinrerinnrees sttt beere e sa et e s 79
3.3.5 Reverse-Roll COaters .....cccooiriirnnirreeere et e 79
34 DIPCOALNZ ....ceeiieeiertietiieiestteeiee e e eoee e s rstanesseesse et e s e naree st e eesaen 81
3.5 Transfer COAtING......ocoiii ittt sttt ea e 82
3.6 Rotary Screen Printing .......co.oovveeieiiiieiiccecnereeee e e 84
37 CaleNAETING ..ottt ettt e s s e 84
3.7.1 Precalendering SECUON .....cc.cc.coiericnieiiiiiii et 85
372 Calender ....cccoiiieeie ettt e nens 85
373 Coating and Lamination .......ccoeeeveeveereeieceeieese e cercres e seeeee e 87
37.4 Postcalendering SECHON ......coocevviveieeriiiiieecs e e e e 89
375 Coating DEfectS.......cevuiureenceirerencecce ettt 90
3.7.6 Comparison with Other Coating Methods...........cc..ceoooeiic e, 90
377 Zimmer COALNZ......cooeevriirirmretretiee ettt et et e s 91
38  Hot-Melt Coating ....coceeiviiieireciiieie e e 91
3.8.1 EXtrusion Coaling ........cccoueererienreenionreniniiereetrieetesiessermresceeneaens 91
3.8.2 Dry Powder Coating .......cccccciievieuieuiieeeeeenaieecenienrnee e ssteasenaessaseescan 93
39 Foam COAUNG ... .o oot e vecemecie e ettt e et cee e beeceeee s s reanreae g anreane et e 94
3.0  Lamination by AdheSiVES.......coveiieiiiiiiii ettt 95
B0l WEIAINE ettt s ettt sttt ee et a e anen 96
RETEIENCES ...ttt ettt et st s et eberaeereabeeace 96
Chapter 4 Physical Properties of Coated Fabrics............coocveveviineeieienc e 99
4.1 General CharaCleriStiCs.......coccoooviriiiieecirereece e ettt 99
4.2 Tensile SIength.... ..ot e 99
4.3 EIONZALION ..cvviiiiiiniiiiiiicieir et et rrese et sene stees seatesteaeeeeseseesienesee 101
44 AGRESION coeirce et e e e e 101
4.5 Tear RESISIANCE ....couvuiiiiiiie ittt 105
4.6  Weathering Behavior.........cco.ccceiieinneniiiieect s 108
477  Microbiological Degradation .............coceeioierineiisiis oo 110
A8 YEHOWING ottt e 11
REFEIENCES ....veeeeie ettt e st s e s 111
Chapter 5 Rheology of Coating ......ccococoioiiieiirctitecis et 113
5.1 INErOdUCHION ... ceiririei e s e eerie e ere s e sressrnsran b erserbenasanre s reenbenraearenee 13

5.2 Rheological Behavior of FIuids .......ccveervivieririerierenenrininmrenneenesnnensennesinnone 113



Contents ix

5.2.1 Bingham Body Behavior.......cccooivinieiioiiinieciiecves e 114

5.2.2 Dilatancy and PseudoplastiCity .........c.coeouvrienrvesrneerrnensereresseeecenens 114

5.2.3 Thixotropy and RBEOPEXY ....ccccceiientevierrenrenineniaeeeseereesreeneeieaees 115

53  Rheology of PlastiSOls.....c.couvuieinnirnmricniinicieneecieece e eciesve e e 116
5.3.1 Apparent Viscosity of PLastisols ..........ccoorcveernnnemrnrnnniniecniannnns 117

5.3.2 Polymer Size and Size Distribution ............cccoveincenerernecnenenen. 117

5.3.3 Plasticizer and AQGILIVES........ccverveeerieerceerrnrerrerireeeererseresseesaeeasens 118

5.3.4 Viscosity Change during Fusion..........ccccovevenneceieceniccneeeeeeen 118

54  Hydrodynamic Analysis of COAtiNG........cccceeveriinoininniere e 119
REfEIENCES .. ettt ettt e et et sre e e ee s e e s nassaraeeme s aearareanns 121
Chapter 6 Waterproof Breathable Fabrics............cceceoceeniiinieicicieeecre e 123
6.1 INEPOAUCHION ...c.civeerceeeenteteien ettt ste e ste e se s st et sse e eme e s s eneresee e sesans 123
6.2 Clothing ComfOrt... .ottt iee e e e et ee e 123
6.3  Impermeable COAING......cccceiiiriririiieicnenee et neeseeeseenaes 125
64  Technology of Waterproof Breathable Fabrics ......c.ccooveeievrveeccciieeeennnne. 125
6.4.1 Parameters Required..........cccoerrenmemnrireiecececireese e see e 125

6.4.2 Designing Waterproof Breathable Fabric ............ccccoeviiinnnnnnnnnn. 126
6.4.2.1 Diffusion of Water Vapor through a Fabric ....................... 127

6.4.2.2 Diffusion through Membranes...........cceceeeeveevieiervecneuennen. 128

6.4.2.3 Water Vapor Transport through Textiles........c...c..cccoceune 128

6.4.2.4 Repellency ... 130

6.4.2.5 Techniques Adopted.........c.cccoecrveeeininiermrrcnesenee e 131

6.4.3  APPLICALIONS ..ttt ettt st ettt st s seensenenne 131
6.4.3.1 Clothing Ensembles............cccccoeiimminicnieniiececescereenens 131

6.4.3.2 Health-Care Garments .........cccoceeeeercresieeienrenerecesecneennns 132

6.4.4 Types of Waterproof Breathable Fabrics .........ccccceoiiicininncnnnnnns 133
6.4.4.1 Closely Woven Fabrics ......c..ccocoeeevevirnensnecrnnnceennneene 133

6.4.4.2 Microporous Coating and Laminates..........c.cccoecevruvenerennn 134

6.4.4.3 Hydrophilic Coatings and Films ......c.cccccccecnincnnnianninnne 139

6.4.5 Using Waterproof Breathable Fabric for Apparel..........cocococeeneccne 142

6.4.6 EValUtION .ceeriiiiiiiiiiceeeeeieee et 142
RETEIENCES ...t e ettt s ar e e s e ae e e e be e sens e s e sarsassaas 144
Chapter 7  Nonapparel COating.........ccceceerrerirrrreececrreteersiee s eresaessessareseesees 147
71 Synthetic LEATREr ...ccco ittt e 147
7.1.1  Compact Coated FabriCs .........cccccirrivenienrinreriesieeeeireenesceeeens 147

7.1.2 POTOIMETICS ..eeviieeiiieenieteiieeie et ee st estesaies s et e e e seene e e e e s e be e 149
T1.2.1  Coagulation PrOCESS.....c.ccvvvivivieeirerneeesaere e sensseesenennens 150

7.1.2.2  From Prepolymers ......cccocecevcriiiricicreneiesecseneen s eneneneene 151

7.1.2.3  Structure of Porous Films ......ccccceccevrimmrnnecininncnnrenerrennne. 152

T.1.3 POrous VINYIS .....ocviiieceeieeece et e et sve v e 152

7.1.4  PTFE LAMINALE «.ccvtriniiiereeneteeeineni ettt eseeceneseeesesiesesestesteneneene 153

72 Architectural Textiles......ooceiiirioiiinnieneniererrteee et e 153



x Coated Textiles: Principles and Applications, Second Edition
T 2.0 Materials ...oooiiieieieeee et e e e s 154
72,2 SETUCHULES -eeiviiieieiiie it eeeete et et eae e v eres e svesae srreatesrsassrmsesseeareesaasnnes 155
7.2.2.1 Air-Supported Structures and Shelters .......cooccvviiniennenn. 156
7.22.2 Flexible Barrier Storage System...........ccooiviiniiiinnnninnnn. 157
7.2.2.3 Tension SITUCTUTES ..c.c..eeviivenirreeiierretreeseeeieemte e nieesesneneas 158
7.2.3 Awnings and Canopi€s ........ceovcrervnmnsiinesi i, 159
7.3 Fluid COoMtainers..... ..ottt e ettt e aene et e enc e 159
730 Inflatables.....ooouiriie e 159
7.3.2  Liquid CONLAINETS ..ccocrrereireiieiie i s sstssiereseeesneessssessonesssns 162
T4 TATPAULINS ..coiviieiiiciiiiii et ee s e seeeeae s sasre s e sbe st semeare e asasesnesassassnnesaeas 162
7.5 Automotive APPLICALIONS ..ov.eivieiirieriieeiieeriireeeaeceertriereseeresesreeseseesensenenes 164
7.5.1 Air Bag Fabrics.......coooeviiiii it st eieeneies 164
7.5.2 Textile Foam Laminates for Automotive Interiors ..........ccocoeveineeene 166
7.5.2.1 Flame Lamination ......c...ccooecreerricnrienneiemneieeeeneenee e 167
7.52.2 Dry AADESIVES ...cvvvrerreciriirenreei e e sen s e searone 167
7.5.3 Headliner StruCtUre.......ccvvvuvevericeieeneciencrte e recree e sveenens 168
7.6 Carpet Backing ........cccoocoiiiiiiiiiiicecree e e s 169
TT FLOCKING weevereiecirrecreriin e cnentes seestessessesetasse st assrassneasesesessaresssnessaeseesaenen 170
7.8  Fusible INEIliNING .....c...ovviiieiiii et 171
REfEIENCES . ...eiiir ettt et e s s b e 172
Chapter 8 Coating with Functional Materials..........ccoooooieniinnn 175
8.1 INtrOdUCHION .. ettt ettt ettt e rae e e anre e e 175
8.2 MicroencapSulation ..........coueeeeveiiirceieiiinie s ettt 175
8.3  Thermochromic FabriCs........ccocvivereiriirrieeteeicite e 176
8.4  Temperature-Adaptable Fabrics ...........cooceciinieiiincennicrcecceeecesene 178
8.5 Fragrance Release Fabric ... 180
8.6  Fabrics for Chemical ProteCtion ...........cccooouiiiivvvrienriecreeeecreeeceee e e 181
8.6.1 Types of Chemical Exposure RiskS.......cccccocrniiinniivniiniirincnninan 82
8.6.2 Materials for Impermeable CPC.......ccccocoviviiiiviniiiniiine e 183
8.6.2.1 Civil AppliICAtIONS.....cvveiiimeiiiecrieceeeccrienie e 184
8.6.2.2 Military Applications.........coeeeverccnivninenciccineinietsens 184
8.6.3 Materials for Permeable CPCs.......cccocvieiininiiiiniiienieneicveerenireene, 185
8.6.3.1 Carbon-Impregnated Polyurethane Foam............ccccc....... 186

8.6.3.2 Carbon-Impregnated Cotton Flannel and Nonwoven
FabriC. ...ccovoiiiieci it 186
8.6.3.3 Bonded Spherical Carbon Adsorbents ............ccoceceeuvennncne 186
8.6.3.4 Active Carbon Fabrics (Charcoal Cloth).........ccccccouuuevvnnnnen 187
8.6.4 Recent Trends ...c..cooveeiiiiierieiiiecrieeie e 187
8.7  Camouflage NEtS......ccoeerriirieiei ettt ettt sttt ebe e 188
8.7.1 Visual and Near-IR Nets.......cccooiiimmmineniinienieeieccer e 188
8.7.2 Radar Camouflage Net........cccooiriiiieiiniciiinieneecine e 190
8.7.3 Snow Camouflage ...........ccccireiiiiiriiie ettt 190
8.74 Thermal Camouflage (Infrared Reflecting Coverings)...........ccoo.... 191
8.8 High-Visibility Garments..........cocvvuiiiireiinmniiciciineisceieenes e csninsencenee s 191



Contents xi

8.9  IntumeSCENt COALING .....cceverruireeririerieeieiietersreesrane e reesestessananseesnessssesseesses 191
8.10 Metal and Conducting Polymer-Coated Fabrics..........c.cccoeveiveivenesennnene. 193
8.10.1 Methods of Metal Coating..........ccecvvveeecmeresieneeieeeireeeeeeeeaenens.s 194
8.10.2 Uses of Metal-Coated Fabrics........c..covveececeninieiieee e 197
8.10.2.1 Protective Clothing..........ccooeeerieerinniirre e 197
8.10.2.2 Radar-Responsive Fabrics .......ccoevevremrreininveeninnirceceecee, 198
8.10.2.3 Static Electricity CONIol......ocveeeeerirvrrverrvenreriecassresrnnennnss 198
8.10.2.4 Electromagnetic Interference Shielding............c.ccccovnnnen. 198
8.10.3 Conducting Polymer Coatings .........ccccevrevuerereninrnrseesrenessinecnenee 200
RETEIEICES ..c.vveieieertiiriert et sttt sttt st seba st aeear e s eseestanberasasaossessassbsaenseenres 200
Chapter 9 Coating Smart Polymers and Nanomaterials..........ccccocoenerciencnncne. 203
O INEOAUCHION ...euteieitiiier ettt e et et s bese st e seaeenens 203
9.2 Smart Polymer Coating and Laminates...........cc.ccooeccenennemmeciiciiiennreeennn. 203
9.2.1 Based on Hydrogel........coocoeciiiimincnicicinninneeinenrcceeeeeencnea 203
9.2.2 Shape Memory Polyurethane (SMPU) ....cococoiiriiininiiiiiee 205
9.3  Nanotechnology in Textiles.........cccoooiieriioicrninniieeeneeee e 207
REFETEICES .. eieeieeiiie ettt st et ee e ve e be e e e e e aeanseanessteennnee 209
Chapter 10 Test Methods ...coooveuieieiiceeciee e e emecnrenans 211
101 INEFOQUCHION c...ouit ittt ettt et eae s s e st s et s e st eneneens 211
10.2 Coating Mass per Unit Area (BS 3424, IS 7016 pt. 1) .ccceeeerveninccccrennnne 211
10.3  Degree of Fusion of Curing of Coating (BS 3424, ASTM D 4005-81)...... 212
10.4  Blocking (BS 3424, IS 7016 Pt. 9).eveeiiieeiceeeeee et st 212
10.5 Coating Adhesion (BS 3424, ASTM D-751, IS 7016 pt. 5) .cecoveerinnennnen. 212
10.6 Accelerated Aging (BS 3424, IS 7016 pt. 8 Based on ISO /R 1419-
LO70) ettt ettt ettt sttt ae et et an et ne e e e b sereeanesraeen 213
10.7 Flexibility—FIlat Loop Method (IS 7016 pt. 11 Based on [SO 5979-
LOB2) ettt ettt ettt et sttt r e et et e e s et s et e aesnes 214
10.8 Stiffness of Fabric—Cantilever Test (IS 649)......ccoooeiieeivioeeiiiieeeeeeee 214
109 Damage Due to Flexing (BS3424, IS 7016 pt. 4, ASTM D 2097).............. 216
10.10 Abrasion Resistance (ASTM D-3389, BS 3424) .....ucovveieeeiiviveeriiiiereeeeeas 216
10.11 Test for Colorfastness to Dry and Wet Rubbing (BS 3424, IS 1259).......... 217
10.12 Low-Temperature Bend Test (ASTM D 2136, IS 7016 pt. 10, Based on
ISO 4675-90) ...ttt rte st re s astresias e e sae s saasbane e easeenenneas 218
10.13 Low-Temperature Impact Test (BS 3424, ASTM D-2137, 1S 7016 pt.14)... 219
10.14 Cone Test (IS 741 ..ottt ee et e et it eas e e naneenes 220
10.15 Water Repellency—Spray Rating (IS 390, AATCC 22-1996).........cccocuc.. 220
10.16 Resistance to Water Penetration (ASTM D-751, BS 3424, IS 7016, pt.
) et ettt e e a et et e et et et e e r et et ar e snes e anreaeensasaestatetenrans 221
10.17 Flame Resistance of Fabric (IS 11871, BS 3119)......coovoveciiier e, 221
10.18 Air Permeability (BS 3424) ..ot e, 222
10.19 Water Vapor Permeability (ASTM E-96-80) ......ccccvvmeririnieniiiirenneenennne 223

10.19.1 Desiccant Method.........ueoviiioeiioiiiiieeieereeee e ecesereeeeeener e 223



xii Coated Textiles: Principles and Applications, Second Edition

10.19.2 Water Method .........cooveviiiiiiiiiiiiieeiceciceee e e 223
10.20 Resistance to Permeation by Hazardous Liquid Chemicals (ASTM
F T30:96) .ttt et s ettt 224
10.21 Resistance to Penetration or Permeation of Chemical Warfare Agents .....224
10.21.1 Testing for Protection of Permeable Clothing against Mustard
GAS VAPOT ..cciiviieieirciieneecnires et st esectneesre s seestaessesete s e ssassneesona 225
10.21.2 Testing for Protection of Clothing against Laid Down
Mustard Gas DIops.......ccoooveevriniie ettt 225
10.22 Resistance to Penetration by Bloodborne Pathogens
(ASTM F L1671-97 D)oottt seeesesteee b saeenene 225
10.23 Electrical Resistivity of Fabrics (AATCC 76-1995) ...ccccooivrvneninineinene 226
References............coooiiiiiiiiee e 226
APPENAIX L.ttt s vae et sae s st beenaees 227
APPENAIX 2 .ot e s 229





