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THE recent past has witnesscd a sll.ddcn spurt 
, of interest in the lise of water-based coating 

systems, chiefly for ecological reasons. Today, 
more than ever before, pollution of environment haS 
assumed alarming proportions and the awareness 
aboilt this has prompted many industrially advance!l 
nations like USA, Germany, etc., tro enforce laws 
governing pollution control. A large volt,me of 
literature has accumulated nn pollution and its 
controP-l0. .The type of pollution that results 
from the use of solvent-based coatings is mainly 
that nf air. The pollution of air by s<.Jlvents from 

. coatings not only makes. the s\lrroundings uncomfort
able for the worker, bufr also creates fire hazard. 
It has been estimated that 8-10% of smog formation 
in the atmosphere is due to solvent emissions from 
coatingsll. These limitations of solvent-based coating 
systems have focussed attention on the development 
of alte.mative systems like aqueous systems, powder 
coat"ings, etc. Of these, water-based syst~ms, apart 

(rom offering advantages like non-pollution :11101 
freedom from fire hazard, are rapid drying and 
econ'lmical. They also enable rapid cleaning up "r 
equipment. The wide acceptanc(~ of ti,e aqlle"u:, 
systems by the industry is borne out by till: 
!1windling usage of the ~olvellt-hascc1 products frmll 
164 m gal in 1966 to 37 III gal in 1975 ant! t1l!~ 
increase in' the usage of. aqueolls systems from 
187 m gal in 1966 to 338 m gal ill 197512 •• 

Emulsion Polymerization and Its 
Applicability to Polyurethanes 

The obvious method of making a!]lIcnus dispnsinns 
of polymers is by carrying ollt the polYll1crizati('Il 
itself in the aqueous medium.' If either the mon(l
mer(s) or the p:>lymer is water-insoluble, recourse i" 
taken to the so-called emulsion polymerization. 
But this direct method is inapplicable to the 

"These figures include both interior lind exterior systems. 
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that diisocyanates, bne of the rnon'H1u'rs us cd ill" 
this syntHesis, arc wher-SCJlsitive. No less easy is ~ the Teplacement of ~nlvcnt after the synthcsis of 

C p<rlyurcthancs by th~tsol.u~irlll II\~th(J(1. The ~;Isiest 

wilh diaillinc l '. Urdllanu-urea polYTIler could als" 
be uhtained by allowing' the NCO ()nd groups of tho 
metllanc prepolymer emulsion to react slowly with 
the water medium itself.l2,33 (Reaction 4). This 
secfllld product. how()l'(!r. was ill ferior to thl) diaminc
r"'lC[.,d "IW. Bolh stillcoJlLliJlcu some solvl.!lIt. 
'1'1",,· are useful as texlile, leather an,1 I"ll"'" 
i'lll'j'''I5'lIanls, T,.} :1cili(,,'" salisfaclOIY slrenglh and 
wall,r resistance, tltes" syslelll:; require [1 lJsl-Cllrillg 
at elm'ated temperatures, ' 

' W;ll' til. (",erCllllle till, dlfhC:lIll.r I.S 1.10',' P""I'ISI,," "f 
1 •. I'd""l'ltiliCity ill. ,lIt"! IIldllall" sl.rIlCl. llr". il.sl'if, 
WlUII,'UI: COIlIP!'OJIlI!-'lllf f.l1l tip: ol.h/:r pn'lH'rth's ft)1" 

which urethanes arc vNy well n"ted, Tltis impli", 
ti\l~ incorporation of the ,ninill1l1l1l Illllnbl'l' of 
hydrophilic gronps iln the w'lymcr ~tructl1re 1)1' 

snb,cqncntly dcstr..Iy+g 0: I'(jn",PI'ing in~ffccti\'(! all 
sue!1 groups, ~he WJ~y.s III \:'lIch llt"s~ could b" 
aclllc\'cd arc bnelly rcvu!wct! 'Ill tillS artlc/? 

IHethods oC Making Non-ionic Aqueous 
Systems 

Polyurethanes aro charactcri7.eu by till! pre
sence of the group NI-LCO,O, ill their back
bone. The structure of their repeating unit is 
-OC.NH.R.NH.CO,OR·,O_ anu it is proposed tn b,~ 
indicated as U in all Ircacti'Jlis nWIl tinncrl ill tltis 
paper. As implied ill lhis structlll'e, 1)I)I)'urelllan"s 
can and in {act arc p~ep:lred :by ruac\'.ing a (liislJ
cyanate with a diol (lRcactiup I), H'mec, 1'''I.\'
llrdhancs cun bll Il1a(\n hnllypl,lilic bl' ChIl0"in,t; 
at least one of tll(!s() n"lctants \vlllcit IS Itvdroplllilc. 
USllal,ly polyethylene g'llyml Ill:' "poxi.!". i,; c/lll"~11 
for tillS purpose as thc hjrdr<>xyl r,;rnnp'l!II!/1t'J, [-t, Ullt 
till) hydrophilicity of ~hcsc prouuGt, i; so gn';lt 
lhat they arc useful 'as textile cllatiligs or as 
t:/r ickcllCrs 15, Treatment ~f NCO-I!lIdet! umlil.a:w 1'1'1'-

1")IYlIlers with epllxi(l.!! h'J\vcver, can yid,\ th" 
tkiired lirOc\llc[1o,'1. I 
"-HO-R'-OH+"-OC~TR-NCO. _ 1 

->HO-R ,0- U,,-ICO.NH,H.NCO ~ .. ,(I) 
where U is - (O.G. NH R - N H.CO.(). R'O) J 

Non-iouic POIYllrcthanl", call 'also he pmdllGcrl 
".I' employing Ilon~ionic 1 ellllllsi(wr,I •. l', Ti,e lirst 
attempt in thi, directic)(j· was ima>:!'.l in 1 'H.I hy 
Schlack, the im'cnt<.lr rlf till) capmlactlllll fibre: 
H" reacted llii.socyalllc1 ,':'il:h: diarnilll:'i in lIw 
pf'C~cncc of nOIl-InUIC '~'ntdsdlcr .... ~!r~, hili cnald fJilt.;1.I1J 

onlya I'olyurea Clm\llot a J>"'Yllrctltann (Rea(;tiull 2), 

" .-OCN-R-NCO+Il-H,N1H'_NH, 

-U,,-CO.NH-H-NCO+II,O 1 
--> -U.--CO.NII-H-NlI,_I_CO, 

-- U",-CO,NH-R-NH.-l;OCN -R-NH-CO- L'.-

t ... (~) 

- U.-CO.NH - R-~~!,:~~'~ -R-NH-CO-U._ J Urc,,-
wher" Un=[OCN -H-NII.CO- Un--l--O-lt'-Oi 

Anionic Matcrials 

An excellent n:vielV on thl) preparation of tile 
ionic polyurethano;; was presented by Dieterich~·'. 
Of the twu typcs possible. the auionic polyurctilanes 
cont.ain acid groups which can be Iloutralizcd by 
IlIdallic or amille bases. They arc O{tllll produced. 
bl' till! reaction of polyurethanes having urea groups 
",'ith hutane sulpholw (lactone of hydroxy slliphonic 
:teill) or sllccinic anhydride~5, II (Reaction 5). Tlwy 
can al," b.! pl'(H.illcetl during' p'IIYlIlcr synthesis by 
IH)!y-addili,,,, of dii'illcY;lnatcs wilh diamin')5ulpiloJlic 
aciel., llr diamiu()carbuxylic acid,'.·5l. 

CIf,--CO 

OeN( - H-NII.CO.Olt'-)" -Oll+,,/ >O~'''El'N 
I ':If,---CCI uc" -( - [{-I' -coo- 1'('--) .. -01[ 

I . . 
co -(CII,), -coo - (lIN El). . .. (3) 

- -(OCIJN-R.!NII .. -cnNlI-I(_Nllln .. ,(2i 

Later, tlte reaction was Jp,~al<!tl willi Nee )-'.:11.1",1 
urethane prcpolymers in'l pl;w: of SiIIlP/,; diis()
cyallates. The proc\llcls ,obtaincd were urcth'"H'
urea bl,?ck polymers21- 3o ~React~oll 3), Thcs~) ,ll,(l1 
two major defects. For one tiling, n:pPlducl1nllty 
could not be achieved. as ~1lP. process 11';1, rlil'fusi,}n 
cOlltmlled. And for the pther, t.he prnrillcls harl 
only limited shelf-life. Thl! hig~cr partido siw 
tlue to the hcterophasic natlln" of tile n)acti'.>n 
system was responsihl" for litis. l'{om"",r, stor,I"" 
stability could be improved by higli slwar honlOgClli
zation of the urethane preP10Iymer pri'.>r to r()~C~ilJlI 

-Un-CO.NH-n-NCO.HI,NI_H'_NIl, !-I)C;-.I_. } 

Anionic llrethane was ;tiSII prepared by tr.:atinl; L1l1.: 
polYIll.~r obtained frum illcoll'>liz.!d linseed oil and 
diis(levanates with maleic tlnhvdridc and ncutrali7.ing 
witlt . triethyl :tmill,,5"-51. Th,: coating' obtained 
hecame (iry to touch within 2'5 hr at rOOm teln
p(,rallln: in llin presenCIl of cob;llt Ilaphthanate drier. 
C;imilariy, a lllel'lIl"sdting resin roan be obtained by 
"'''I':ling NCO-end,xl preJ>olynwr with trilllr:llitic 
anllv.lri'.!e, ;lIl "r>r}xidc ami ;Iil arnilH!. Tltis is baked 
at ;',l"v<lled tf!IIlp'!ratllr .. , afkr adding Inelalnine
f, 'rllI:d,("hvde ,'1,"1 \\',I["r " :l7,,,,\ 

Catiollic Materials 

Tit" lirst \Val"r-:;ntnl)I,~ pIII,vur,:tlranes wen! colli,.
Hie". Tlwy were lI1al\" as early a5 1942 by Schlack, 
He l'!l:lctcu 1,6-1wxarnethylenc diisocY<lnate wilh 
l\ -11I.)thyl dicthannl aminn anu got the stwngl), basic; 
polyurethanes;r. (Rnaction 6). They were soluble ill 
dilute formic al111 acetic acid" and/or FeCI, 01 

Snel, solutions·1-.', The nitrogen dori"ctl fmln 
N -nlelllvl·rli<!lhanol-anline r.nuld hL' IIlall" hilSi" hv 
tT'latlll,:'nt with liimdhvl sulphate or benzyl cltl"rid;.' 
al"o (I{l:action 7). These polYlw:thancs wen!, h»',I'
ever, not useful became nf their extreme hydr'}
philicily anu low molecular weight. 

It-NHCO.Un - I (3) 
-U,,-CO,NH- R-NILCO.NII-H' -NH.CO. ..-

.NH-n-NHCO,Un_ I' 
2 

2 nCN-(ClI,J.-Ncn-I;(lJO-(GIJ,))._N_ClI, 1.) 
t , .. (<S) 

[OCN --(Cll,),-NH.CO.U-(CII,),_ l.·-N -;-CH, 

; : 
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The basic character ·of all cationic products is 
usually a function of the basic groups .content. 
Consequently,ionomers possessing a lesser amount· 
of these groups exhibit proportionately reduced 
solubility. For example, the products-originally 
obtained by Schlack were soluble in 20% hot acid 
and on cooling formed a gel. It was noticed that 
onCt! the content of the basic nitro;,:en dropped. 
"dow 1·5%, the polYlller no longer tlissolved ill tilt! 

hot acid e\'cll at higher tcmperaturt!. However, 
kdlllicallv useful iononwrs arc thoSt! in which tl", 
hasic nitri.gell c:onlc!llt is just enough to makl! the 
polymer insoluble in water and yet· soluble in polar 
solvcnts containing minor quantities of water. Sucll 
s\'stC)I.1lS can be further thinned with water without 
~~paration. The organic solvent can be removet! 
laterto leave a stable polyurethane latex'·. 

CB, 

In the above method. addition of c;lsily quater-. 
nir.able nitrogen into the polyurethane iJackbone 
is the chief step involved,o-G2• For that l11attc~r, 
C)tlic~r quaternir.able atoms like phosphorus can and 
ha\'(! heell tried. Subsequent. qnatcmization o[ tilt! 
adtle<lnitrogen is the next stel' in Schalck's lIletlwd. 
But polyaddition and quatcrnizatiun can als,ibe 
c;.Lrried out simultaneollsh'. In the reactioil (If 
diisocyanates with N-l11etllyl diethanolamine, the 
ell\'i,ageu polyatlditioll-qllat.cmil.:ltioll cOllld· he 
achieved by the use of half);lIc,.lwl allli a mUIH'
ali:ulwl of a tertiary amine ill place of the N-me!thyl 
die!thanolaminc63- G9 (Reaction 8). A promilwnt merit 
of this method is that it produces polymers of high 
molecular weight. Yet another way of I'olyaddition
quatemi7.ation has been reported in the reaction o[ 
halogen-ended urethane prcpolymers with tertiary 
cliamines7o •71 (Reaction 9). 

All the cases considered hitherto relal\:d onlv 
tf? the elements of the fifth groui) of the pe!riodic 
table. By the same criterion, higher group clements 
may also be used for this purpose. Elements of 
sixth group, in particular, are worthy of exploitation.· 
Attempts have been made! to utili7.c. the base-forming 
power; of sulphur. Sulphonium ion is formed by 
~emation i.n tltis case7'. For example, urethane 
prepolymer obtained from toluclle-diisocyante and· 
polypropyleneglycol ether was chain-cxtcn(lcd with 
thio-diglycol in the presence of dibutyl tin-tlilaurat0. 
in acetone medium. This was then reacted with 
dimethyl sulphate in water and the solvent was 
distillct! to obtain a stable latex73• 

Properties of Polyurethane Jonomers 

The greatest merit or ionomers is that tilc!y can 
ue . dispersed in watnr withollt external <L~sistanc:e. 
This has se\'eral interesting consequences. Th,; 
absence of emlllsifier makes the dispersions less 
sensitive to mechanical shearing as well as organic 
snl\'(!Ilts, with the result that they can be heated 
(lr stirred or e\'en dilllte,l with solvents witltoul 
causing precipitation. The fllm-fonning properties 
arc also outstanding. Since no problems of compati
bility arc associated witll emulsi·fiers, th~ coatings 
impart high gloss to the substrate. The hardness 
of the films obtained has been [ound to be in the 
range 20-220 sec (the hardness of glass) of pendulum 
harclness. The film~ \\'e!re found to exhibit an 
extraordinarily high deg«~e of physical crosslin king 
due to the joint action of electrostatic force5 between 
charged centres and the hytirogen bridges. This 
physical crosslin king leads to increased water and 
solvcnt resistance and higher tensile strength. How
ever, to achieve optimum properties, additional 
cros~linking is recommendet!. . 

Chemical crosslinking call be "ffectecl in anY nno 
of the following W:lyS. Polyurethane possessing a 
~mall·quantity of fre_e NCO gr()lIps can I)(! cro:>.<;lin\w<.\ 
by reacting with water. Wllil\>. such cros5links are 
illl ra··Iatir.lIlar/particnl:ttf: ill the c:Ise of nOll-ionic 
iattiCf!S ·(i.c!. (iispersitliis cfllltai.nillg elllllisilit:rsl. in 
rcsp.!ct of i')IIollleri" dispersions lhey ar •. , i>nllt 
illtra- and in·ter-particlllate, predominantly f)[ tht! 
lattor type. Formaldehyde has been found tf) be a 
good crosslinkillg agent (or the ionomers. Cross
linking occurs by the formation of a meth~'lelw 
bridge betwcen urctlUlnc groClps and is pos"iblc hotll 
in films and hltticcs'6,78. Cationic polynrethane5 an! 
crosslinked' bv means of uifunctiol1alquatcrnizing,1 
agents like (4-bischloromethyl benzene and 1.4-di
bromobutanC'. These arc first incorpol ated mnllo
functionally and crosslinking is effected at a later 
stage. 

Crosslinked ionol11crs h:.ive been foulld to be 
highly stable to organic solvents containing water. 
The! polyurethane dispersions are known to form 
filll1~ '~\'f:1l ill tIte range of highest surface hardnc:ss 
:md ill this respect they outrio the hard vinvl 
dispersions which do not form films;·· Suitabiy 
formulated dispersion, after a minimum of drying 
time are known to exhibit surface hart!ness in. tlw 
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range \80-220 sec of. pendulum hardness. Despite 
this higher surfacJ hardn,o~s. they exhibit no 
brittleness, . as can *' seen from the high ,abrasion 
n~~istance. (They are found to lose only 15-18 mg 
after 1000 revolutiolts under 1 kg weight in· the 
Taber abrader.). Thhr fiexillilityis also comparable 
to that of other sol\rent-b~dsystems, as can be 
seen from Ericheen bupping values of over 7 mm. 

Polyurethane ionoh.;ers are characterized by fast 
drying, permitting retoating o( the substrates within 
a short time. OUler advantages include good 
adhesion to many s4bstrates, such as wood, paper, 
glass, ceramics, ct'ment, fibreboard, etc., and good 
resistance· to a lIurhber of solvents, particularly 
hydrocarbons. The)1 are .al$O resistant to oils and 
greases and their '~ter sen~iti\'ity has been found 
to be negligible. ~"hi1e cationic systems were 
fOUJid to he inadequate in r~spect of light fastness, 
pigment d~ersioil ~d \\'~~th~r r?sistance, anionic 
systems denved fr~1lI ailpl,latlc lsocyanates were 
{ollnd to be superior in thescrespccts. 
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