[ B
|
'}
.
.
&
.
|
|
|
|

SZYCHER'S HANDBOOK OF

POLYURETHANES




Contents

1 Introduction
1.1 Historical

1.2 POLYUTEHRANES ..ottt bttt 1.2
1.3 Overview of Polyurethane Markets..........cccoouiieuruerenicnurinnseecceeesiene s stssenssseneesenaneans 1.4
LA ElaSTOTTEES cxovummsumsremis ot s s e s Ly ety s o oo S e 1.6

2 Basic Concepts in Polyurethane Chemistry and Technology
D 3 i T 2:1

g2  Kineticsof Polyiitethane Polymerization o mmasismssmsaemumesn i e 2.4
3 Structure-Property Relations in Polyurethanes
3l Monomers, Reactions;and: StEUCHNIES suwssmssvovsmssssrssirss sy s e e 3.4

32 SUFACE ANAIVEIS covssammrnmmemm e s ey 3.38

4 TIsocyanate Chemistry

L1 WOl CaPaACTOY L suousououssrsmss ysacosonsims s e S0 T T S s TR TR e 4.1
B2 HISEOTICAL rireiesss st s eaussi S oo 0Aiia dnay sos s peseas asasssasnestsessnasapmagase s Aenma R SRS L0000 142 SH AR RSR S 4.3
4.3 The Isocyanate FUNCHONAILY ...ovivcescrieesieeccccie ettt 4.6
44 Isecyamdte Adductsiand Theit REaCtionSs o amsmamsmsismimsmssvsmsssmmmiviawiime 4.13
4.5 Iidusteially THportaint Ioeyamates ramssyomm s eimss sy i s (s e 4.17
46 Cominercial Manufactiring ProCesses m s mmmm s e i R G et 4.24
4.7 Specialty ISOCYANALES .......cureiveceicees ettt ca sttt sa b st 4.38
5 Polyols
BIL  TrOTUCON s aximsuusssseswinsssshasas vasussonsssss et sasmaesssesssn s as e ss s assaia seais e Py T TS5 5.1
I L e T4 B e T Py i pov o O T SRR AN 5.1
5.3  Commercially Available POIYOIS..........ooveeiirecmiircieiecssi s 5.6

6 Chain Extenders
6.1 INEEOAUCHION 1ottt e e e e e e ea e s s s sae b nae st st st ene s abessbensebeseteren 6.1
6:2  Chiaini Extenider Pateiits v mnnnnmamimnmsmmma e s s s s i a s s i 6.2

7 Flexible and Semiflexible Foams

Toll  ITIRTOOMITH OIL s covvurermamannsonespissss csaums e b o oo T T s R S T 73|
72 Types of Polytrethanie FOmm: s i oo s s s e s s s 7.4
7.3 FOQM PIEPATAtiON .o.ccveivieviieineeiniect ettt ss et en s b s s s s s sas s s esnne s s e sennsseneas 7.9

xiil



15

16

17

18

19

xvi

14.19 POIyurethane Dispersions ....................................................................................................
V20 TH St rativ e P At entS ess s vwsssisiss e 50 oo s TS i T S s s 14.19

Health and Safety
15.1 Health and Safety FACTOIS ...c.oveiiviiieecicaiisieseeeececee e s ssesess s ssses e ese e sens o

15.2 Toluene Diisocyanate (Meta-toluene Diisocyanate)
T T, T —

Radiation-Curable Adhesives and Coatings

6.1 IINTORMECRUONG 5vu5vvttssscisoscuios s s 535655 mmmna s g sassassanssmmssonsas sesmesenss shmmss ssss st esmrsssenes 16.1
16.2  Advantages of Radiation-Cured Polyurethanes ............coo...covcevveeerereemseecensresersosrssnennn. 16.1
2 TG TS ) A T ———————————————— e 16.2
164 UV, Versus Hot Melthasmmm s uiaa it durenesesmraseasenss

16.5 UV Curing Technology.....ccocovviuririurererieiieeeeeceee e eneessesess s

16.6 Industry Trends.......cooeereeeceerrcersinersieens

16.7 Historical Perspectives.......ccc.coevvurnurivirennnns

16.8 Photochemistry Principles
16.9 MeChANISIS.co...oovonee ettt ceesss s ees s

16.11 Coating APPlICALIONS wu..u.cverireeerireeinsssssiecssieen s sessee s eesseseessss e eees e sessssess s
16.12 Commercially Available Photoinitiators
16.13 Illustrative Patents

Processing Methods

LZ.1 ERETUSTON usivscsassiioniisninssisiiianisssishisnsennes saosuasesssassssssssssoasseses smassbdon ses usnssssss e sissssususidtsusminhessis

17.2  Injection Molding ......ccccovovvrrrvrrrvnnnne.

17.3  Insert Molding.......cocouecereemnrinreerennnes

17.¢ 13quid ResiniCastinig . ssmssssssissssmmmemess s i vstarsot peensssseresnasess

17.5 Reaction Injection MOIAIng.........ccc.omeremnnivnsiiiceseesc e eesees e 17.16
17.6  Continuous Extruder POIYMErization ...........ccoooveoveveooeeseoeeeseeeeesese oo esses 17.18
17.7  THUSEIALIVE PALENES.....ooeucceeeeeerersrnnresesssssssinssssseesssssesssessssssessssseeeseesessssseses e seess e eeees 17.21

Compounding Ingredients

18.1 Internal and External Lubricants for Polyurethanes................ccocooecorneererorsorerrrosssssrrereesnnnns 18.1
18.2 External SUrfaces.........ccovecomivnnrnnississsiinecsenessonnns

18.3 Multifunctional Lubricants
18.4 UV Stabilizers

18.5 Radical Scavengers, Peroxide DeCOMPOSETS..........c...urvvveumeeeeesssessssssseeersessssssseesssssesses 18.13
8.6 ATTIICTODIANS sooursimianssonsssssinsiinsess H6ssms iaiiistsnsmmssensesasssssasssnssss ossestsps usssesss isnss omissassstssessssns 18.14
18.7  COlOTANS covvceevevreeiceece st ese e e 18.16

R U T ————————————————————

Copolymers and Polyblends
19.1 Polyblends of Polyolefins and Polyurethanes............cocoocoevvooeeoeoooeooooeoeeeoeoeeooenn, 19,1




20

21

22

19.2
19.3
19.4
19.5

il
Interpenetrating Polymieric NetWOTKS siciisissimmunims s et sovimiisesssisrssobsmonsssss 19.3
POLYDIENAS ..ot s 19.4
Polyurethane/Polyvinyl Chloride Interpenetrating Polymeric Networks w196

Polyblends of Polycarbonate and Polyurethanes

Polyurethane Coatings

20.1
20.2
20.3
20.4

It O OO it ciiiciiisi fvastsbiiusitinsnesnssassrsssessnnsnsassmssses esassasus spnsnsas s peass becas o et e e minsopanens 20.1
Coating TechnGlOgy . s i i e wiis i s 20.1
SPECIIC APPLICALIONS .c.uvvvcvrteresieesienaesiecsseecas st ees s eesas st e s eene et ees e s e e e s see s s emss e 20.5
L s o L ————— 20.7

Castables, Sealants, and Caulking Compounds

21:1
21.2
21.3

INEEOAUCEION ottt ettt eeeeee e s s se st es et et eee st es et et ses e e ses et etes st ee s 21.1
Polynretharnies for-Roll COVEHING sy it 21.5
[lustrative Patents About SEalants..........c..vceviveeveveeeeereeeeseeeeeeeeeseeseesessssessserssssess e 2 1.8

Medical Applications

22.1
22:2
22.3
224
22.5
22.6
22.7

Backgrotndl, .o g s e 2
High-Performance Polyurethanes.........ccoocicuorivrrinnrsiisssssssssssiesesssessseseseseessesseeesssons 22.1
Peritoneal Dialysis APPLCAtIONS. ..ot seees e 22.1
Cardiac Pacemaker Leads 222
I ST PUTIIDS sivsiusissicisnsossiossms iis s risssibssstansmmsnssssses sosrassassersssspesststssssessassssassonrnsoreresaes 3 30k
Candiomasculr Calbelems . mnmmamsmmms e RS s
THUSErative PAtents.......ocu.iueeeecreeiveerisessssessssisnsssesssessseesssssessssssseessseseessssesssesssensseneesnsesnss 22,10

Appendix A Polyurethane Suppliers and Manufacturers ... Al

Appendix B Urethane Processing SyStemS......ccccccooccioioooioccccoiovcvcioeereresssesssssssrseseressssseroen B 1

APPendix € GlOSSATY ..ccoocirierrvvvreeeececeissssseeenneeeeessseecsssssnsssssssseeeeeseeeesessessesessesssseseseeeeesseesnees G |

Appendix D Conversions and FOrmulas ..........cccccccooeveeeneeenreerercorssssssesssesnsessssssoeiieesnss DL

INACX ..ttt ettt e e et e s e et eeeee et I.1

Xvii




19.2
19.3
19.4
19.5

20

20.1
20.2
20.3
20.4

21
21.1
212
21.3

22
221
222
223
224
22.5
22.6
22.7

Appendix A
Appendix B
Appendix C
Appendix D

Index......

Polyblends of Polycarbonate and Polyurethanes ............ococeeineicicinecncceceeeeens 19.2
Interpenetrating Polymeric NetWoTKS i i isstisssiisssesssssiaiaios i 19.3
POLYBIENAS ..o s 19.4
Polyurethane/Polyvinyl Chloride Interpenetrating Polymeric Networks ..........cccovevvnene,

Polyurethane Coatings

INEEOAUCHION vttt e s s s s bbb entas 20.1
Coating TeChTIOIOEY cvissveemssiassmim i o s s e S Ao i v frmp s 20.1
SPeCific APPLICAIONS...vvveeiiieeeiciri ettt ettt aea st s s eaeseneen 20.5
Hlustrative Patents..........coeeeessesnessinseessesnnsrons

Castables, Sealants, and Caulking Compounds

INEFOAUCHION oottt ss bbbt ee et en e e ss s e s s ssees 21.1
Polyurethanes for ROl COVETINg......ocuiinreirnreersiee et eesss e 21.5
Ilustrative Patents:ADout Sealamts.. s s 21.8

Medical Applications

BackGrONII cougsuus cvosssimmsrmss svmsuresssisimmssss s sy s ma memdei e o TS T ET oV R b egnamsass 22:1
High-Performance Polyurethanes..........ccouoiuuiuoriiicueioecencecs e 221
Peritoneal Dialysis APPlications.........c.cccccuuveueuimmnrississnssieses st ce e cereeoes
Cardiac Pacemaker Leads
INFUSION PUIMIPS ...cooiiiiceicsieisiet ettt e
GardiovasculatCathietors o e o s emesoaensarn

THUSTALIVE PATOIES....coooviiieiieceicerie ittt ees s
Polyurethane Suppliers and Manufacturers.......ccoooevvvconivconicncon, Al
Urethane: Processing Systemif. soummampimsims s Bl
LI U ————— VOO, . X

Conversions and FOrmulas ..o D1

................................................................................................................................ [.1

xvii




