CONTENTLS

Chapter 1  Introduction

1.1 INTRODUCTION .....cevvceeres teetesessemtieseransrrraeestesentesssntrattentereaesasaennanes 2
1.2 POLYMERS: A BRIEF HISTORY ....cccccominueranecancenenss eesssnnssnestsanrasanne 3
1.3 POLYURETHANE RESINS.....ccctcitnrerrecnmsncsaismncssecssssensansenes tererereesnannns 3
1.3.1 Isocyanates for Polyureth@ne................c.ccevnrvanencn. serassennssesiseneans 4
L.3.1(1) Aromatic DiiSOCYANALE......ceuurieneravarnirasnenrrenresrosareciesnann 5

1.3.1(2) Aliphatic DiiSOCPANALES......eceeesersrecesesrasisnaesansasacrassorassenn 6

1.3.1(3) POlyiSOCYARALES ... e.eeuireeensarerrinenisarnnaiireesssnsrssassasianennss 7

1.3.1(4) Prepolymers (AdAUCLS).........eueuneeeirieiiiniracinasesinnseriannce 10

1.3.2 Polyols for PolyuretRAnes...........cveevveerecrareeverensnionnsiseonacacecasnine 11
1,3.2(1) Polyether polyol..........coceseeennarnnnenns tressresesstsnsaranasanenses 11

1.3.2(2) Polyester polyol..............ceeeesvennees Ceessstarsessraseinsansinaneenne 12

1.3.3 Catalyst for Isocyanate ReacCtiOnS........cevveivisisserersasecnsosisressssassons 14

1.4 APPLICATIONS OF POLYURETHANES......cccitemmiersmrinsersisiensresennenn 15
1.5 RENEWABLE RESOURCES......ccccvesvereeereeransmsesssssessnessssssnsssesssssansos 16
1.6 SURFACE COATINGS....cccovuiieienersnnirnecnnnnns ereertuesarsaerarenaisaitncanenns 20
1.6.1 Classifications of Surface coatings............... creesnaranss STITPPRET IR 21
LGOI (1) PrIMEIS.aueuueeneeennrennnecrerreeanerasniesssmnessnsnssancassarsanannsnnn 21

LO.1 (2) S€alers ..cuuverveeisniiirnoniinisoinninnssnensinssireessassssssnssssaseon 21

L6.1 (3) Putty 08 FIllerS....ccccceareniesenvansenssrsonsssoncres sossesseasesassn 21

L.6.1 (4) URGEPCOLS...v.evrvvensessssrensarsvesessrsssssessssssassssssassaseasasnd

L.6.1 (5) Finishing COAINGS....c.uuverecvucrnenareserincsreranrossasennsasesnsen 22

1.6.1 (6) High build COALINGS ... ....couvecvuronsrrcrnincinss sesrnsasensaness srsens 22

1.6.1 (7) High SOlidS COQURNEGS......o.cuceveirrensrirnsonsscnsrresnsrenecesnsinoe 22

L1.6.1 (8) Solvent less COREING.......cuuvecueruaracenineriiricsssnstscsrnecasesnses 22

1.6.2 Polyurethane Coating SYSteMIS....ouureerisrseasoenrecisasasssnsssansserasssanses 23



1.7 ADHESIVES....... cessssesassrassaneseensssesenesssitsatmrssrrns ceesresnsessnsansenssrnessnn 25

1.7.1 General requirements of all AdRESIVES........coervieniiainiiiravirincansnsrasianes 26
L7.1(1) Types of AQRESIVES ..cuenuveriniirorocrarenrincninsesacesiasisosnase 27

1.7.2 Polyurethane Adhesives..........ccceeeeencenenrenn. PO P 28
1.7.2 (1) Non reactive Polyurethane adhesives............ cresensansrsnsnces 29

1.7.2(2) Reactive Polyurethane adResives......oeeceecensenseinacoraianncnns 29

1.8 SCOPE OF THE PRESENT WORK.....cccovceentmmruerrecsasressrasecsansecscanenanas 32
1.9 REFERENCES...coruttaiinieocearerscassssnconsasceressmesssessassserssssesssssssassassnssre 35

Chapter 2 Materials and Methods

2.1 PREVIEW.....iuiiiiniiuitinnciinimnimesiisstnestsenseronenimnesiessasssnssessasessassassen 41
22 MATERIALS......couioitiiuennuctncsnesmocetiossiremiersesernsessnsinssesssrssssansansences 41
2.3 EXPERIMENTAL METHOD.....ccoctiimiemmcrmrinremnirsnireniressssossssessessennes 42
2.3.1. Hydrolysis of Castor 0il.........c.ccoveviirnsececsiinanssscssnscesssonens 42
2.3.2. Preparation of polyester polyols........ccocvcressirsresssinsosssananes .42
2.3.3. Synthesis of novel polyol............ Sesssssissnsanaansessassaseansansanss 44
2.3.4. Synthesis of Acrylated polyol............ gesessassnssentnsinarncnsrasesis 47

2.4 CHARACTERIZATIONS OF POLYOLS........coccoinuirnirentsrniscsesscsssracanes 48
2.4.1. Hydroxyl Value............ LTINS sreenseerorasseserassae 48

2.4.2. ACIA VAIUE. cc..oveuueanrinnsiesneiirnracssersnsiossnsarumsssssassstansone 49

2.4.3. VISCOSIYeeueereniurersrareniracaasnseranons ................................ .50

2.4. 4. Non-volatile Matter (NVM)........cccivvueinirernmassrassscessessanincenns 50

2.4. 5. IR SPECIPOSCOPY.eusvreneirairerernssnrennisissasresnassenseasasssssassonsane 50

2.4.6. Gel permeation Chromatography.........ueeevvierieesscasessscnssssosann 56

2.5 MATERIALS FOR POLYURETHANES.......cc.ciettiisencrevsnssnssensosnnccasanses 59
2.5.1 Preparation of R-60 QdAUCES............c.cuccenririiisensverensneesavacsranns 59

2.6 TESTINGS OF THE COATING MATERIAL......cc.cceoeummernncressncnrnsancnne 60
2.6.1 Panel Preparation..........eeeeeeeeenieeiiennsssnsesnsserasssasasssroraraancs 60

2.6.2 Metal Panels......oeeseseseesssnncsssseassmenssanns Ceesessseresasantesansirnsarane 60

2.6.3 Method of Application.............eesserininnsinne teeseanreresrssarssnisnsrane 61



2.6.4 Evaluation of Performance of COQUNGS....euoeerreriericarsasanssassensassans 62

2.6.4 (1) AQRESION. ceveveierensieniaeiracenssassasisommnstesisesissssneetrecersoned 63

2.6.4 (2) Flexibility.iueesesnsesnnsassasnsncassracnncrencrnnecsesesnssaesressissesces 64

2, 6.v4 (3) HAPANESS.eeireirnsrerensressnserernearenssecssnsnsaccssearonsssansissnnsss 65

2.6.4 (4) Impact FeSiSIANCE..cuverrreearerersaencrnansressastonnenssrisessannassess 66

2.6.4 (5) Water and moisture reSiSIanCe......euenesusenersssncsesisisessionses 67

2.6.4 (6) Chemical resistance...... T TIT P 67

2.6.4 (7) Resistance to alkalies and ACIdS......ceirvirssersisncaisacrrsnneenses 67

2.7 REFERENCES.....cciciimtitueinrsiantoesesncsaiisssstcransasssiseassssrasesssnsnssassans 69

Chapter 3 ®Polyurethane Coatings

JI PREVIEW..iiiititiimmiiienncnsinssiiutinsessrestisscassssesasasssssassaossssvsassasessonsas 73

[A] POLYURETHANE COATINGS FROM POLYESTER POLYOLS

3.2 INTRODUCTION. .. cccucocmcacucacscnnamsssusansnanassssssasasanssassassasenseasessssssanss 73
3.3 EXPERIMENTAL....ccuviuvitmieniimmmeresteresseiismsreiermereeisissenssssnssasronsee 74
3.4 CHARACTERIZATIONS OF POLYURETHANE COATINGS........cccccvvuees 74

3.4.1 Thermal ARGLIYSIS....cuvvuveiiecnisiresnninsensienmniiieeisiiissessssses srenes 74

3.5 RESULTS AND DISCUSSION..c.ccicttnirireiairairneescsssrserssiasssssanssansensenses 78
3.5.1 Viscosity and POLIife...........ccviviesasicrsssnsirmennscsosscocnassssanses 78

3.5.2 Drying Droperfies... ... cvuuveserrirassisisesanrommensumnsscacssssssssssnnsnns 78

3.5.3 Mechanical properties..... e sieesirsssenseseceaisinnerscaseessnsanassnns 78

3.5.4 Water and chemical reSiStANCe.....vuvvesecnreiieieeronseeresnsansaseannon 82

3 5.5 IR SPeCtttlue.ociacreecrvnciisarsacsetineniserssessarscsssnsessesssmsenasssasssane 82

3.5.6 Thermogravimetr. ... ..o eeeenseniercesiairseestnesencsemmnersansancersesens 85

3.6 CONCLUSIONS. cccvetetntenrnrirainsiecsnrersnsersstsnmssieeicresssesessosssntsossases 89



{B] POLYURETHANE COATINGS FROM NOVEL POLYOL (EpxR)

3.7 INTRODUCTION...... ceesesssrerseranentiene amtnssseiassansssnasasaasas snssusansannesses 90
3.8 EXPERIMENTAL...cccccec0nuenes ensene caceennns erseseasesnssrnsansrncssireessiesisenssans 90
3.8.1 Preparation of Polyurethane COAting.......crveeververinseseecsoieriosicns 90

3.9 RESULTS AND DISCUSSION.......cccce0.. eereanseaearareesansaseensransnnersensonnns 91
3.9.1 Drying CRAraCLeriStiCS..cuuiesrcsraseiesacrssasancerasereerssasocssssarsanssnes 91

3.9.2 Flexibility....... rressecaessentsessessnsttistesassrretntstestatanssasesesesssrinnne 91

3.9.3 AANESION. ..oeueeerairmniinrsnissasnrossnsassrssenisnsonsesnisasssesascsnsassansans 971

3.9.4 Scratch RArANesS........ccucvevucecairosraiaeseesaninsrerecsassacnncenssssassssme 92

3.9.5 Pencil RArdness.......esusvsssiesnicnsensraciissssinscnnanes rverseereesneaens 93

3.9.6 Water and Chemical ReSiStanCe...........cvssessinnsucrarscirssnisoreranonnes 94

3.9.7. IR Spectra......cecvrerervennsaeinensanes eetsessererstinesssasterantssassaressne 94
3.9.8 Thermogravimetry.....ecereesiseninsinrscisssacrirasrnsssressssenssassenae 94

3.10 CONCLUSIONS......coititsrersererausarisanssrsmesrsensesssssessssassssssrosssssssesansee 99

3.11 REFERENCES.........ccceneeees RPN 100

Chapter 4  ®obyurethane Adhesives

41 PREVIEW.....iitutiriisreinnenteranncsasmssessasetnssnsnniassmesssssssssssnsssssssasssses 103
4.2 INTRODUCTION.....ccc0runase Cevacessresuneeresatsatsersesantsernsnsanstansasserntannnn 103
4.3 EXPERIMENTAL......... esrnesnesvensesasastane traressecassrensassesssenarasnsetenrennns 105
4.3.1 Wood Specimen prepartions.........cuuseveicsrnesesesncressassensescsasensences 106
4.3.2 Adhesive preparations..........uvvesevecsecacssncsrennsasnssnsenenssessarensensas 107
4.3.3 Wood to wood BOHAING.........euceceniacinrnncanennrancncarecenenesionsesnnen 107
4.4 RESULTS AND DISCUSSION........ teriteesresniesiereststsenanttantnsaesatinssenres 108
4.4.1 Gel Time....... ceesessrnecesanne teresesereteinieniteastsnnneanas verscserasssreseane 108

4.4.2 Effect of presence of different polyols in Polyurethane adhesives and
NCO/OH ratio on ARESION .........uueeieviensisniennrercenssorsn ses sene 108
443 Cén:parisan with commercial QdReSIVES..........ccoeverevrirveirciosenennn 110
4.4.4 Effect on Chemical Resistance.......... eetessesusesssannesasasssanntanensnssene 112

4.4.5 Study of green strength and curing time........c.ceisieieriscirsonisiranan 113



Polyurethane Adhesives for metal to metal Bonding

4.5 EXPERIMENTAL........corssves crrerecernrensanes N 115
4.5.1 Adhesive power measurements.......e..cuvee. eessssreassasnsassrenanscasnen 115
4.6. RESULTS AND DISCUSSION..c.ceucturersrensrranseecsnnserensesessrasscsassnsse 116
4.6.1 Gel TiME....cccvuirrrcariaransrsrisassasssessusiensesssnsenssesacasssnensessassenss 116
4.6.2 Effect of presence of different acrylated polyols in Polyurethane
adhesives and NCO/OH ratio on adResion.........uvveveeeecrcnissrennees 118
4.7 CONCLUSIONS..cccotnrectserscrsennsssessessssssecnssssssasssarssrsssssssassasassassasass 120
4.8 REFERENCES....ccointittmermnicrocsserseressmnssssosssessesserssnsressssssnsssssssasssonse 121

Chapter 5 Effect of chain length and crosslink density on pobyurethanes

5.1 PREVIEW..cciiiiiieiiirnennisnisseisecrsesensasmcses teeeiressuentersiannirsasnsesarsens 123
5.2 INTRODUCTION.....ccuitecmmasressrueraecsssessersosssssesassassissss sassssnasosessasse 123
5.3 SWELLING STUDVY...ctuttunmimeritmnteineimmsirsessnessnssssssiosssnsssassnsssssssesass 124
5.3.1 Experimental............ccveuveeieisnnines veereres cesreseserensasaresssasesacnsse 124

5.3.2 Results and DiSCUSSION......cvuvvesiivrerinsiinerasosotseseniocanssosssranses 125

5.4 TRANSPORT PROPERTIES.....ccccceenmiremmmnnnnisescnesnisscssmersnssnssnsesens 133
S A IEXDErimental........cceveenveerriraniirnniiniinsecrncsnsionsissssssnsranssnsses 133

35.4.2 Result and discussion................... dsecusassesanansasarnsnansnnsenesnnanss 134

5.5 MECHANICAL PROPERTY.............. canenaes R £ |
5.5.1 Result and DiSCUSSION...vvuvsviensssenssrecsrsnsersssecrassssonsscsnicsesnas 146

5.6 CONCLUSIONS....coctctiitemassensencnnessessnserssnns Certessrssercensiressntsnsaranaes 148
S.TREFERENCES....c..icitirtimmientncrerenctscrsereesscressaresssnsosentssassassassesans 149
Chapter 6 SUMMATY ..ccoovvurrrriirisiirnereiiriinenieeessisssnesssssnensas 151

List #ﬁﬁﬁcatiomﬂtottuo0'00.0000..0.0 000‘0.....:00'0»00'000.0.ttloeooo'uuonco-100159



