e et s
N e o RS PRl M, e AR

s m o =

2P e e F R
- - A =

u = g W22 e i

L=

£
—
|
-

N




RESINS FOR
SURFACE COATINGS

VOLUME 11l
Polyurethanes
Polyamides
Phenolplasts
Aminoplasts
Maleic Resins

L3 L FREA
B BN

JOHN WILEY AND SONS
CHICHESTER - NEW YORK - WEINHEIM - TORONTO - SINGAGPORE

Published in association with
ﬂ]’p SITA TECHNOLOGY LIMITED

NG EDINBURGH & LONDON UK



Copyright © 2001 SITA Technology Limited
Kings Chambers, 50,52 Bernard Street, Leith
Edinburgh EH6 6PR

Published in 2001 by
John Wiley & Sons Ltd
in association with SITA Technology Ltd.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, scanning or otherwise, except under the terms of a Copyright Designs and Patents
Act 1988 or under the terms of a license issued by the Copyright Licensing Agency,
90 Tottenham Court Road, London W1P 9HE, UK, without the written permission of the
publisher.

Wiley Editorial Offices
John Wiley & Sons Ltd, Baffins Lane,
Chichester, West Sussex PO19 1UD, England

John Wiley & Sons, Inc, 605 Third Avenue,
New York, NY 101580012, USA

VCH Verlagsgesellschaft mbH
Pappelalee 3,
D-69469, Weinheim, Germany

Jacaranda Wiley Ltd, GPO Box 859, Brisbane
Queensland 4001, Australia

John Wiley & Sons (SEA) Ptd Ltd, 37 Jalan Pemimpin 05-04,
Black B, Union Industrial Building, Singapore 2057

John Wiley & Sons (Canada) Ltd, 22 Worcester Road,
Rexdale, Ontario MOW 1L 1, Canada

Copublished with J. Wiley & Sons Ltd, Chichester

Library of Congress Cataloguing-in-Publication Data

A catalogue record for this book is available from the British Library.
ISBN 0471978 965

Printed and bound in Great Britain by Short Run Press Ltd, Exeter.



RESINS FOR
SURFACE COATINGS

Volume IlI
(Second Edition)

Polyurethanes
Polyamides
Phenolplasts
Aminoplasts
Maleic Resins



Table of Contents 1

TABLE OF CONTENTS

CHAPTER 1
POLYISOCYANATE CROSSLINKERS AND POLYURETHANE
RESINS USED IN SURFACE COATINGS ... 1
Lo INEFOAUCTION ..ottt et s e st e s e sba e nee 3
1) History of synthesis of iSOCYANALEs ..........ccccevveviiriieniiiiiiniiinicieiienicce e 7
2. Principal Diisocyanate Monomers for Surface Coatings ...........cccceeeereerieniersneeenieieennnn 9
) Principles of manufacture of diiSOCYANates .........ccceeceeriiiieeiiinieninsieniesresre e 14
i) Aromatic [ diiSOCYANAIES wismsswmssvmmsss ssssmsstseimsmirsassismes st s s mnnsassh isssvoss 19
iil) AlLIphatic diISOCYANALES ..c..eeviruiiririieiieieiet ettt ettt ae e 21
iv) Summary of commercially available diisocyanate monomers.............cocevverveenennen. 25
3. Principal Reactions of the Isocyanate Group ..........ccceeeeerverienieniiniiesiieseeseeeiee e 27
i) Nucleophilic addition reactions with compounds of the type H — X .........c.ooeueee. 29
ii) Sel-POIVIMETISAIION syourssnmssessmssrsssmrsnssssssssiossness s s myim e e s S s RaT65% 36
111} OLHEE TEACHIONS, o smsussasmsssmssssrarssnsssssssiars sy sssins (0w s e (60575 e Ta 5 (U ST A 0ot 37
4. Modified POlYISOCYANALES .....c.ooveiuiiiiriiitirieetiie et reieie et et ettt te e e s sseneas 37
1) POIYOL @AUCES ....euieiiiiiiniiiiiieiestete ettt ettt eene e e 37
T1) BIUTEES .oveiiiiiiiieeiiee ettt e e e e e et e e e et e e e saaateseeaaaeeeeaaeeeesenneeseseneees 39
T1) OLIZOIMETS c.evveeuiieiieetieettet et et ete st e st e seeesaeeaeeseeetesese e b e easeenseerseeasenseenseenseenseeseenns 41
5. Blocked PolyiSOCYANALES ........ccccoviiriiriiiiiniiniiiientene ettt et e s e e snsesnaeae s 44
1) Nature of blocking agent on dissociation temperature of blocked isocyanate ....... 48
ii) Structure of isocyanate on dissociation temperature of blocked isocyanate ......... 51
i) Influence of presence of nucleophile on dissociation temperature of blocked
ISOCYANALE ...ttt ettt sttt et et ettt ettt es et et e st be b esesse s ese b essesassessesesen 53
iv) Influence of catalysts on dissociation temperature of blocked isocyanate ............ 53
6. Materials Used for Reaction with PolyiSOCYanates ...........c..coueeveeueicieiiieiieeeieceecenennn 55
D) POLYESIETS oottt ettt ettt eb e ens ettt e e enes 55
U) POITELIETE souimmensmonenuronsssss s sommames ooy s s Ty ST Ao s e s 56
iii) Hydroxylated polyacrylates ..........cceorereieinninieieieiet et 57

TV) VATTOUS TESINS 1.neueiiieieriieieiieeeeeiteeeeeeeeeeee e eeeeaeeeeeesaeeesenteeeenaaeeseseseeeseaeteeeenseeeeeneeens 62



il

Table of Contents

7. Aqueous Dispersions of POlyurethanes ...............ocooouevoueeeeeeceeeeeeeeeeeeeseseeeee 4
8. Chemistry of the Different SyStems ........coceceuiueuereeeiiiieeeeeeeeeeeeeee e 71
i) General remarks and classifiCation ...............oooeueereeeeereeee oo 71
i) TWO-COMPONENE SYSTEIMS .....voveveieieeiierriececee et eeee et et e e e e 74
iii) One-component systems for moisture cure, physical drying and stoving ............. 9
9. Examples of FOrMUIAtIONS ...........ccvuuivriiueuiiiieseceeseeeesceeee oo 85
i) AUtomobile INAUSITY ......oeeeieirieirieiceeeeee e 95
i) Plastic MAterials .......coceiriiueiiiteieceee e 108
iv) Construction and public WOIKS ........ccovueveveviuieieeeeceeeeeeeeee e, 122
V) Miscellaneous appliCations ...........coceoeueviieieiuiuieieieee oo 126
CHAPTER 11
POLYAMIDES 131
L. TEIEOTUCHION v.vusaconssnsnmsnsassssissnssssnssss s dse nmnannsnomsms samsns e ammoriosamesnssmmssssonss sy st ssss sossvsssos 133
2. RaW MBGSTIALS 1uueveusssssssscssssesssstiisanmmesnsnnssenseronsesnssmesmmssssnssss s sssves sxssesns ioasodeisssnsssssses 134
D) DIMEACIA ..ot 134
i) Di functional acids (excluding dimer) ..........ccooeeoeeverereeeoeeooeoeoeeoooooo 135
i) Mono-functional aCIdS ...............o.eveeueueeeee oo 137
V) AINNES ..ottt e 139
3. Preparation of POLYamides ...........c..o.oveuvimoieeeeeeeeeeeee oo 140
1) Preparation of reactive polyamides ..............o.o.oooueueueeeeeeeeeeeeoeeeeoeoooo 140
ii) Preparation of polyamino amides ...............o.oviveeeeeuvereeeee oo 143
i) Non-reactive polyamides ..........ccoeueueveuevceceieeieeee oo see oo 143
4. Polyamine, Fatty Acid Based Curing Agents for Epoxy Resins ...............coooovovv.... 144
1) The epoXy amine rEACHION .......vuruirieeiereieeeeeseceeee e 145
ii) Selection of type of amine epoxy CUring agent .............oooeoveeveeeeoeeeeooeoeo 146
Reactive POLyamides .........ocooviuieruiuiiiiiicceiieeeeee e 150
ii) Poly amino amide epoxy curing agents................oooveeeeveeeeresoeeoooeoooo 156
iii) Imidazolines formation in polyamides or poly amino amides ................oooovvooo.. 157
V) Waterborne SYSIEIMS ......vvvveieieieieieieeceeeeeeee oo 160
5. Principles of Formulating Solvent-Based Epoxy Polyamide Coatings ......ccocveueeneen. 161
) How much polyamide resin to USe ..........o.ouvvveeveeeeeeeeeeeeeeeeeeeeeeeeeeeoeoo 161
iy Effect of temperature on rate of CUIe ...........ocoooeeeeeeeeeeoeooeoeoeoeoooooo 168
i) Accelerators and CatalyStS .........o.ov.ewvuerveeeeeeeeeeseeeeee e 170
1V) POIITS cuyisssssmesipsssrnsssesnmssssassnsnmnsmonsensomnmsncssasur ssvess'ss sy esessss e b vt s ceses e 171
V) SOIVENL: cuisisisisisssussisinsiermmmnnnensrsreserssonesessssonsessorsssssas s tssss st s sissosstess s ssenm s enen e 173
Vi) REACHIVE dITULENLS ..euiuieiiieieee e 176

ViE) PIgMENE SEIECHION ...ttt 176



Table of Contents iii

Principles of Formulating Waterborne Polyamide Epoxy Coatings .........c.ccceeeveeeeene 177
¥ General PIINCIPIES usuusssuessuasssssssssssssvsssssvsssisssssnsmsssessssorassssississonsesssssssaose somessvsvans 177
i) Pot-lifeiand film fOrmation s sssessssmsnsmansmasnssiomsinssiiimssiinmasismsmsisrnissig 182
Non-Reactive Polyamides ...........c.coooiiiiiiiiiiiicceee e 184
i) Polyamides for thixotropic alkyds .........cocoeoiririeierieiiieniiencenceeeeeeeeeae 184
FOrmMUIAtioNS ........ooooiiiiiiii ettt 186
1) Solvent-borne COAtINgS .........cccoioiiiiiiiiiiiiiiii et 186
1) SOIWEHL T8 SOAMES «o.ouwuromsvmmsiss mmsium o rom s e e oo A G TS5 S SR a3 193
1i) WALETDOTHIE ‘COAINTS sunsussassvnumssassssvesvonuosyssivsssssssss sersustedossnaasiessissss ssassnsssvsnsissy 194
1V) Raw material SUPPIIETS susosesssssssssnomisnssssssssismssasss ssssnssnssesasadsssisasass oo soo 558 i varnsns 196
Commercial Sources of Polyamide and Poly Aminoamide Resins .......c...c.cccecceeennn. 197

CHAPTER III

PHENOLPLASTS ......... SEBIURSRANERRRSERp———— 199
I;  INEOAUCHON: i osevvsessssnsmsmsennussnsnsnsanisvonsssssmosstossinsissmessssansn st saiasesssasatssstonsass sivsossaninsss 201
2;  RAW NALETIALS vosvvevsssnomonesvessvrnssossismsssisess s eoassss s aes s ses 80t §5H65055 b 4mn 080 s ans sararanan anss 203
D) PRENOL ..ottt ettt 204
ii) Substituted Phenols .......c.ccooviiiiininini e 24
1) AIERYAES ..oiiiiviiiiiic e 207
3. Types of Phenolic Resin and Their Manufacture ............ccoceveeieeieriieniereicecreenne 208
1) RESOIE TESINS .oovviiiiiiiiiiiiie ettt e e et e e s e steeeneeeeaeeeneeeaeeeanne 208
1) NOVOLAC: FESIINS usnssssnursnssvsnaiansnsssosssns swsss i 953455576554 6365755550 5505 FENEEA £Fns sommmane sommnne snns 216
4. Modifications of Phenolic Resins to Enable Their Use in Coatings ............c.ccocuee..... 219
1) Modification With TOSIN .........coiuviiiiuiieictie et ee e e e e e eaaee e 222
5. Crosslinking by PhenolIplasts ...........c.coceoeieriniirinennieeiceseeeee e 224
i) Hardening reactions of epoxy-phenol (resoles/novolacs) systems...................... 224
1) Catalysis of the epoxy-resole, novolac respectively reaction ..............c.ocveevennene.. 228
ii) Structure-property relationship of epoxy-phenolic systems .........cccccceeveeveurnenen. 228
6. Waterborne Phenolic Systems: DIiSPersions ......cococeouveverierieriviesiereseeeereeeeeeeeneenns 230
7. Formulating Coatings with Phenolic ReSIiNS ........cccceeevieeivieniieriiiiiiciceceeeeeeeee e 231
ii) Corrosion protection — anti-COrTOSiVe COAINGS .....cveveveerivererreierieieneeeeiereereeens 231
ii) Coatings for metal PaCKaZiNg .......cccoeeviriirieeieieieiecicete et 238
Cold rolled steel (CRS) SUDSITALES .....eeeveieeeieeeeeeeeeee et e e eeeeeeeeeiaeesesseessesnseseeaees 238
8. Suppliers of Phenolic RESINS ......cocviviiiiiiiiiieiiie et 255

1) Suppliers of phenolic resins
i) Types of phenolic reSINS .......cccovvreirireeiiieeeiieee ettt 256



v

Table of Contents

CHAPTER 1V
AMINOPLASTS 261
L INIrOAUCHION ...ttt ee e 263
2. RAW MATETTALS .cv.yeusssnssssssessussmsmmmsmsmansessassssssss i inmnpesasesesasmmonanssussamos e essnsssssssesonsissess 268
3. The Synthesis of Amino Crosslinking AZents................ccooeveveeeeeeeeeeeserererererenns 269
4. The Significance of Alkylation and Degree of AIKylation ..............ccccccevereeoveeerrnnnn... 272
i) Highly alkylated amino crosslinking agents ................ccccoeuveeeeerevesseeeeeeerennn, 274
i) Partially alkylated formaldehyde crosslinking agents ...............cccoeeeveoveeerennn.. 276
iii) High imino formaldehyde crosslinking agents ...............coocoveueueeeueuevoereeeeeen. 277
iv) Partially alkylated and high imino content aminoplasts .................cocoeeevevevennn.... 279
v) Affect of the nature of the alkylation alcohol .............ccooeeeveeeeeeeeeeeeeeeee 279
S. Significance of Degree of POlymeriSation ...............c.ooveveeeeeeeeeeeeeeeeeeeeereeoereees 283
6. The Chemistry of Aminoplast Crosslinking Reactions..............cocoeeevveveveeeesroeoern 285
i) Specific acid catalysis MEChANISIMS .........cooivvveieieeeeeeeee oo, 288
i) General acid catalysis MEChANISM «............co.oveveieiieeeeeeeeeeeeeeee oo, 292
iil) Self-condensation FEACTIONS ...........ccveveeeeereeeeeee e e e 295
iii) Reversible and irreversible reactions during curing .................cooovvveeeerevenn... 300
V) Hydrolysis reactions ............cccooecieeioiiiveeoieeereeeeeeenen, et 303
vi) Reactions of functional groups of the backbone resin and aminoplast................ 305
Vii) Aminoplast conSiderations............oeeeeevrreiiueieeeieeeeeeeee e 308
VD) CAEALYSES 1ottt e 310
7. Commercially Available AMINOPIASES ..........c.o.ovevveiuireeeeeerereeeseeee oo 319
i) Urea formaldehyde crosslinking agents ................cccocoeeveevseeeeoeseeseooooe 320
ii) Melamine formaldehyde crosslinking agents ...............ococoeeeoeveeeeeereeeeeo. 323
iii) Benzoguanamine formaldehyde crosslinking agents ................ocooeveevererernnnn., 330
iv) Glycoluril formaldehyde crosslinking agents.................coovveeeeeveoveeereererereren, 333
v) Listof some commercially available aminOplasts ...............coooeeeeeeeeereresieon, 337
8. Principles of Formulating Coatings with Aminoplasts ..............cccooeceveeveersereorrn 353
1) Level and type of aminoplast............oc.ececueverueieeeioreeeeeeeseeeeeeeeeeee oo 353
i) Nature of BaCKDONE TESIN ..........oviiveeeeeeeeee oo e 360
i) High SOlidS COANES w...vuiveveieieiiiiieseiecceceeeeeee e, 362
iv) Backbone and aminoplast considerations for high solids coatings ..................... 363
9. Formulations and APPICAIONS .............c.eueeeueuereeeeeeeeeeeeeeeeee oo 368

1) LLAOGUBTS sonvsmusssisiscsiissnsommsrrsarsonssussassannensmeresssueressaosssssosessssgons seeusssmssssissssiniioosainn 368



Table of Contents v

CHAPTER V

MALEIC RESINS . 377

Lo INETOAUCHION ittt ettt e st e e e e st e e bneessbeesaeessseennne 379
) T O USROS UUUUSUUUPURRRN 380
i) Worldwide demand ..........ccooeiiiiiiiieiie e e 381
111) REACHOR oenmsammman e smsmsansemrmsvs s s e R A B S A S A ST S 381
V) CATALYSES sossvsnvssnsssnnssassssss omanns se o yesmsomss s smeys oo ss Fide ot i s o GORaH03 SH a8 SRR bR b 55 382

2. Use of Maleic Anhydride in Unsaturated Polyesters...........cccocerveveeniecieneerneennnen. 384

3. Maleic Anhydride in AIKYdS ......cccoiiiiiiniiiiieeee e 385

4. MaleiniSed ROSINS ..cccueiriiieiiiiiiiniieiteeiteie ettt et sere e e e s ae e e ee e baeeenseesereens 390

INDEX ............. SRR cisesaseisasiisiisisastsssnasersasersasersassrsassavassassases 395



CHAPTER 1

POLYISOCYANATE CROSSLINKERS AND
POLYURETHANE RESINS
USED IN SURFACE COATINGS



HeoaisE, 752258 BEPDFIGE U5 i) : www. ertongbook. com



I — Polyisocyanate Crosslinkers and Polyurethane Resins Used in Surface Coatings 3

POLYISOCYANATE CROSSLINKERS AND
POLYURETHANE RESINS
USED IN SURFACE COATINGS

1. Introduction

Polyurethane resins are reaction products of a polyisocyanate (materials containing more
than one — N = C = O group) with at least one other species containing an active hydrogen,
often a polyol (materials containing more than one — OH group). They are normally of rela-
tively high molecular weights. Polyurethane resins can be prepared and used as a major
binder in coating formulations or polyisocyanates can act as a crosslinking agent in their
own right, thereby forming a polyurethane after cure. There is a very wide range of materials
which can be used to form polyurethanes. Consequently, a very wide range of properties is
possible. Polyurethane chemistry has essentially been commercially available only since the
1930s. Over the last 40 years or so, there have been many developments and polyurethanes
are now used in foams, elastomers and coatings. Originally, polyurethanes were developed
for foams and plastics. In practice, they have only been used in coatings since the 1950s.
They are or have been used in‘":
: Industrial wood and furniture finishing

Plastics coating

Original automotive finishing (OEM)

Large-vehicle finishing and automotive repair

Industrial coatings — air and force drying

Industrial coatings — stoving

Corrosion protection (civil and water engineering) — heavy duty

Decorative coatings (trade and DIY)

Coatings for mineral substrates, such as concrete

Sealants, sealers and casting compounds

Paper and foil finishing

Printing inks
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Table 1-1a contains an overview of some surface coating applications by substrate type of
polyurethane and polyisocyanate crosslinked coatings.

TABLE 1-1a: EXAMPLES OF APPLICATIONS OF POLYISOCYANATE-BASED
(AND POLYURETHANE-BASED) SYSTEMS

Substrate

Application

Coating type

Wood

Flooring, plank and cork,
gymnasium and industrial
floors, decks, windows,
industrial fittings, frames,
fittings

Wood stains, primers and
varnishes, primers and
finishes for apartments,
semi-gloss and high gloss

Plastic

PVC — floors, moulded
items, table coatings, credit
cards, automobile interiors,
airbag coverings, house-
hold electrical goods and
computers, soft feel

Adhesives, coatings,
migration resistant,
adhesives for laminates,
binder for metal particles,
abrasion resistant

Aluminium

Packaging, aircraft coat-
ings, facade sections

Decorative lacquers,
protection against chemical
agents, fuel, skydrol

Other metals

Automobile interiors, coil
coating, application
maintenance, interior of
houses

Anticorrosion primers,
metallic base coat, tempo-
rary protection, polishes

Masonry

Indoor floor varnishes,
garages, terraces, founda-
tions, walls, wires

Sealing coats, fuel and oil-
resistant, abrasion-
resistant, low temperature
flexibility, anti-graffiti

Paper

Paper sizing, cardboard,
paper to particle board

Improves application of
ink, coatings and
adhesives
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Substrate Application Coating Type

Textile Synthetic leather, improve- Microporous coatings,
ment of weather resistance, fibre and fabric sizes,
antifray, nonwoven and fabric handle modifiers,
woven fabrics pigment print binders

Leather Shoes, clothing, bags, Pigmented or clear bases,
accessories, chairs and car finishes and intermediates
fittings

Glass Glass fibre reinforced plastics, | Fibre sizing, shatter-
glass tubes and bottles resistant coating

Ink/varninsh Printed texts and images, Resins for high-gloss
printing inks protective film

This chapter is an overview of the use of polyurethanes and polyisocyanates in coatings.
For more detailed information, consult Waterborne and Solvent Based Surface Coating
Resins and their Applications®. For coating applications, polyisocyanates are used in two
different ways, namely:

1) As difunctional or trifunctional base monomers (alone or otherwise) for the produc-
tion of polymers, in particular polyurethanes, polyureas, polyimides and
polyhydantoins.

2) As chemical crosslinking agents for linear or branched polymers having a functional-

ity of at least two groups which can react with the isocyanate functionality.
Crosslinking is the final transformation, which gives the coating its mechanical char-
acteristics (tensile strength, resistance to chemical reagents, to wear and to ageing).

The term polyurethane is nowadays widely used and sometimes arguably incorrectly, in the
opinion of the author. Once a polyisocyanate is used to modify a product or a resin, the term
polyurethane is often used to designate the final product obtained, even if this only contains
urea or allophanate groups. For example, it is arguable whether alkyd resins modified with a
diisocyanate can be considered as polyurethane resins, rather than as urethane-modified

alkyd resins.

Note: Coating technologists often refer to materials in a loose generic sense rather than a
strict scientific sense and provided everyone understands what is meant, it will be

difficult to change this practice.
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The ASTM (American Standards for Test Methods) D16 norm has 6 classifications of poly-
urethane coatings, which are shown in Table 1-1b.

TABLE 1-1b: CLASSIFICATION OF POLYURETHANES

ASTM-D16 Classification | Category Curing process
1 Oil-modified urethanes Oxidation of double bonds
2 Moisture-cure urethanes | Reaction with moisture
3 Blocked urethanes Thermal unblocking
4 Prepolymer plus catalyst | Reaction with moisture
5 2 pack urethanes NCO + OH reaction
6 Urethane lacquers Physical drying

However, when viewed from a purely chemical rather than a coating viewpoint, this is not
necessarily the most logical or useful classification. An alternative classification® which
covers all types of polyurethanes encountered in coatings is:
. 2 component polyurethanes (2K PUs) — polyisocyanate to crosslink other compo-
nents with active hydrogens
1 component polyurethanes (1K PUs) — normally a blocked polyisocyanate
1 component moisture cured polyurethanes — residual isocyanate groups react with
moisture in the atmosphere
Non-NCO containing polyurethanes — normally thermoplastic

It should be noted that as polyurethanes are generally more expensive than many alternative
systems and because they impart many desirable properties, it is not unusual for companies
to promote urethane-modified resins or coatings, even when the actual amount of urethane
in the resin or coating is minimal.

In addition to the above classification, radiation-curable (UV and EB) materials based on
urethane acrylates are available. Polyisocyanates are normally reacted with hydroxy func-
tional acrylic monomers and other saturated polyhydroxy materials, either a polyol or low
molecular weight polyester resin, with a large hydroxyl excess. The resulting resin, contain-
ing acrylic unsaturation, is then diluted in the radiation-curable monomers, such as TPGDA
(tripropylene glycol diacrylate). Additives etc. would then be added to form a coating and
pigments for inks. For a UV-curable system, a photoinitiator package (photoinitiator and
synergist(s)) would be added. Cure is achieved through free radical polymerisation of the
acrylate unsaturation. The resulting urethane containing films are tough and durable. It is
not the intention of this book to discuss radiation curable materials. Consult Oldring®* for
further details.
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Urethanes are esters of carbamic acid (NH, - COOH), or rather of substituted carbamic acids ~
of the general formula RNHCOOH. Hence they are prepared by reaction of an alcohol with an
isocyanate, with an example being shown in Figure 1-1a

C,H,~NCO +CH,~OH - CH,~NH-CO-0-CH,

phenyl isocyanate + alcohol — phenylurethane
Figure 1-1a: Preparation of a polyurethane from a isocyanate and an alcohol

The formation of the polyurethanes is classified as a polycondensation reaction, although
there is no liberation of by-products. In the view of many people, it has long been regarded
as a polyaddition reaction.

For an effective crosslinked network, it is essential that the isocyanate has as a minimum two
NCO groups per molecule and the polymer being crosslinked has at least two groups per
molecule which will react with an NCO group. Isocyanates with more than one NCO group
are often referred to as polyisocyanates. Under certain conditions it is possible for NCO
groups to react further, resulting in a higher than theoretical crosslink density.

The urethane functional groups can develop a strong dipole moment, which in the case of
polymers with a high degree of symmetry will result in excellent mechanical characteristics
accompanied by marked resistance to solvents and chemical agents. The formation of lateral
electrostatic forces, which are due to hydrogen bonds between the CO groups of one chain
and the NH groups situated on an adjacent chain, should also be noted. Particular use is
made of this property in thixotropic (antidrip) resins, and thixotropic agents are also called
SCA (sagging control agents).

i) History of synthesis of isocyanates

Isocyanate chemistry is about 150 years old. In 1849, Wurtz, for the first time, synthesized an
aliphatic isocyanate (Equation 1.1)

R,SO, +2KCN — 2RCNO +K,SO, (Equation 1.1)
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Furthermore, in studying these compounds, a certain number of reactions which are of
industrial importance today (Equation 1.2 and Equation 1.3) were observed.

Et—-NCO+HO-Et 5> Et—NH-CO-0O-Et (Equation 1.2)
where Et = CZH5
Et—-NCO +H-N(Et), » Et—NH-CO - N(Ev), (Equation 1.3)

In 1850, Hoffmann prepared the first aromatic isocyanate, phenyl isocyanate, by the pyroly-
sis of diphenyl oxamide (Equation 1.4).

(GH,~NH-CO-),—»2C HNCO+H, (Equation 1.4)

In 1884, Hentschell developed a synthesis which is still used today (Equation 1.5). This is
essentially the reaction of phosgene with aryl amines.

R—~NH, + COCIl, — RNHCOCI —RNCO + 2HCl (Equation 1.5)

In 1937, Carothers and his team successfully studied the superpolyamides. These encourag-
ing results prompted the company I G Farbenindustrie to study systems which were similar,
but not protected by the Du Pont De Nemours patents.

O. Bayer discovered polyaddition, which allowed the synthesis of polyurethanes and
polyureas, which led to fibres (Perlon U) and to plastics (Irgamid U).

During the 1939 — 1945 war, the IG Farbenfabriken subsidiary of Bayer was directed to
develop this chemistry with important applications in plastics, adhesives and coatings.

In 1938, Linke patented a linear polyurethane in the USA. It was at this point that work on the
isocyanates began in the USA.

In 1942, Du Pont introduced an isocyanate into alkyd resins to improve their curing — drying
and resistance characteristics.

In 1945 — 1947, after the end of the war, teams began to publish the work done by the Germans
during the war in the form of reports. The Americans became very interested in this wo
especially the US Air Force.



