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Polyurethane elastomeric sealants in 

building applications 


Building construction activity is rapidly 
ill(Tc<lsillg in India requiring' more alltl 

more Ill<lterials fill' din'rsl' and spedlic 
a ppliGIi iOlls. Polymer COIISlIm ptlO1l in 
,'ariolls limns like plastic prooucts, coatings, 
adill'sives and sealants is abo ill('J'easillg. 

Rain water gallls l'utry illlO huildings 
through nacks and joints. Traditional joillt ­
illg alld sealing 1II,llerials lik,: lIIortal', plllly 
and bituminous mastics do not prevcnt 
entry of water and moisture effectiwly 
lIlainly due ttl their hiFlh shrillk<lge charac­
t .... ist it's, 'I'll<: prohl"IIl!J('COIIWS more aCllle 
in pr..t~dll'kated ,:ollstructioll as a reslIlt of 
lIsillg I<lrge size panels alld slahs im'olving 
larger thermal and moistllre 1ll0vemCIIIs, 
1\lol'lal' ,md plllly hecome hard 011 selling, 
often lose bOlld with adjacelll wall or roof 
panels and develop cracks. Bituminous 
compositions become brittle on ageing and 
dt'tniorate under tbe influence of sunlight. 

A wide !'ang" or modern c1astomeric 
~ealants hased on neoprene, butyl rubber, 
silicones, sulphochlorinated polyethylene, 
acrylics, polysulpbides and polyurethanes 
arc in usc in industrially advanced coun­
tries. These sealants <Ire t:II)Jlloyed in build­
ings in ''<Iilkrellt limlls slIch us viscous 
liquid. pastes, caulks, putties, tapes and 

Table 1. Sealant classification 

Type oC sealant 

;~ 

Oillllld resin base 


Bituminiou. and rubber/ 

bituminious 


Butyl rubber 


Acrylic (solvent) 


Acrylic (emulsion) 


Chloro sulphonated 

polyethylene 


One part polysulphide 


Two part polysulphide 


One part polyurethane 


Two part polyurethane 


Silicon (structural high 

modulus) 


Silicon low modulus 


Maximum 
tolerable 

movement 
as % oC 

joint width 

5-10 

10 

10 

12.5 

10 

12.5 

15-20 

25 

25 

25 

20-25 

40-50 

gask{~ts to pren>nt the pass,lge of moisture, 
air, dllst, heat {'te, through all joints and 
slahs in J{CC strUl'lllres. Th('se se,dallts 
exhihit Ilt'gligihl,' shrinkage and possess 
excell('ll! dastllllH'l'ic properties, Poly­
urethane g"alants put it per/h:t harrier 
III,tw('t'1l the suhstral!' and the environment. 

,'i,'alanls an' dassilit-"I.~ ill Ih,' ('onstrnc­
tion indllstry at:!'onlillg to the Illovemellt of 
joints in structllres as shown ill Table I. The 
detailed performance of dillercllt types of 
sc:alants is shown ill Tahle 2, Polyurethanes 
an: good cOLndidat"s lin sealants hecause of 
a 1I1llnIJer of outstanding properties such as 
ahrasioll, oil resistance, low temperature 
l1exihility, resistance 10 bio-deterioration 
etc. A very wide choice of the raw materials, 
diisocyanates and various polyols such as 
polyesters, polyethers, castor oil and poly­
butadienes allows polyurethanes to he 
designed with desired properties for specific 
applications. Sealants hased on Jlolyuretha­
nes have not penetrated the construction 
sector ill a big way in India although they 
are known in industrially advanced coun­
tries. 

National Chemical Laboratory (NCL), 
Pune, and Central Building Research Insti ­
tute (CBRI), Roorkee have developed a two 

Character aCter Recovery Typical uses 
cure 

Plastic 

-do­

-do­

Plasto-elastic 

-do­

-do­

Elasto-plastic 


-do-


Elastic 


-do­

-do­

-do-


Poor/Cair 	 Pointing around 
window and door 
frames 

-do- In contact with 
bituminous materials 

Poor 	 Pointing and bedding 

Fair 	 Pointing, eg around 
timber frames treated 
with exterior wood 
stains etc. 

Poor/Cair 	 Internal pointing 

Fair 	 Pointing 

Fair 	 Movement joints in 
heavy structures 

Fair/good 	 Fast moving joints in 
light weight 
slnlctures and slow 
moving joints in large 
heavy structures 

Good 	 Movement joints in 
light components 

Excellent 	 Fast moving joints in 
light weight 
structures and slow 
moving joints in 
heavy structure. 

-do- Sanitary ware, fast 
moving joints, 

(~ood 	 Juiu•• bf"'(ween plastic 
and __~ 

, .• 	 compollen.s 
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pack polYllrethane sealant for lise in the 
construction industry. The sealant is pre­
dominantly based on raw materials avail­
ahle in India. The process steps consist of 
preparing isocyanate resin with controlled 

. reactivity and it is crosslinked hy hydroxy 
I>olyols having IiIlers. The sealant has been 
extt'lIsivdy evaillatt'd and rt:slllt~ ar!' 

reported ill this paper. 

Test methods 
Thc devisin~ of test methods is a most 
demandin~ alld t:hallenging contributioll 
that applied scientists and engineers are 
called UpOIl to make, The ultimate ohjective 
of most testing is to assist in selection and 
usc of materials, components and systems 
which will perform as desired or as required. 

Test methods for sealants may be broadly 
classified on the basis of requirements relat ­
ing to application, compatibility and per­
lilflnance. For assessing the requirements 
relating to the application extrudability or 
pourability, slump test or ability to Ilo\\', 
lion toxic, cure characteristics, replace­

. ability and maintenance tests are important. 
Tests related to compatibility adhesion 
(0 relevant surfaces, non adhesion to back 
up materials, non staining to surfaces, non 
migration of oily or other separable mobile 
components over building surfaces_ Per­
formance tests required for sealants. involve 
many factors or variables as well as very 
complex and often imperfectly known func­
tional rCiationships. 

PCrfi)fmanCe of tbe sealants !TIay be 
assessed by movement accommodation (ie 
maintenance of adhesion to appropriate 
joint surfaces and of cohesive integrity of 
joint sealant to ensure sealing function 
despite movement of the joint) and durabil ­
ity (maintenance of salient physical prop­
erties throughout the intended life of the 
products while exposed simultaneously to 
weather). There are two methods for eva­
luating the durability of the sealants: 
(i) 	 Simulation of service conditions i.e. 

assessment of adhesion and cohesion 
when product subjected to extension 
and compression with simultaneous or 
continuous exposure to specified factors 
causing degradation in service. 

(ii) 	Measurement of properties having influ­
ence on performance before and after 
exposure to degradating factors, ie high, 
& low temperature, water and humid­
ity, UV radiations etC. 

For assessing the suitability of developed 
tow component self levelling grade 
polyurethane sealant fi)r building applica­
tions its hardness, loss of mass after heat 

'ageing, application lili:, cure time, rhtologi­
Lal IHupenieb. shrinkage were determined 
as per the relevant test methods3.~. For 
assessing compatibility and performance, 
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fable 2. Performance of sealants 	 Table 3. Physical properlies 

~-:~--------------------------------------.-------------------=~-----------
MaxinlUtn Juinl Wei!:hl Resistance 10 T ...sl Meth.... R...snlls 
movement limits .:X.....ch·rl shrinkaJ((, III'al f"lIowl'" 

C;('nl"rit, l'arts ""pahility W x \)(in.) m,· (yl (j%,) lIV ()U,. ... fI~(~ing 
I ~.'; 11111 

<Iii ,IIHI H',iu 1,.1 .... J' ...·~"n '/, III! III Llil 1.111 11,1111 .. 11-\ I f'lI ... ill .... 111'lIl',lll l ~l', ! HI .! .11, I:' 1; 

II,IId . m,'\'lj ... ± "'I';~. ~'i\ " x ',' 101 ,-) to '20 I.til I.d, "I."..; "nIl LIOIH!.lllnll al Itl ",l~ f ""HI -do~ '1I~'r,1I 

BUI~ \_., t'\II,d,II' II!' ~ ~, v' X ~~l 111+ ,-, If!::!,tt L,i, bi, COlIc! Pla:-.lic 11l'lplllldli~11I r'~.. ) , S I:!IIH PL:~l ~,{l 

But~ I/pnh i~fj"tI! ~ klw ± II!'~;, lapt':" ~o+ Ii ""'Ill" "upn ... ,;,' S ... ,111 1.0"" III 1H,\" .lllt,t IU';l1 -!In> I."q 

Poh i"I!Jmf\ k,u' ± 1/1"1,1 ,hill hcad.. ~n+ I) "'UP'" "'1IPt'l ",1." ... "",II ,\t!yil1t;, I";' In \\c·i~hl \ 
I ~Illll;"ion ;11'1'\ Ii, ~j._V~·;, 1/. x '!' ifl+ 1-, pOll! Ilflol h.ndl'll'" \I'plil ,\i'1I1l 1111-'(11\ ILiI 
s.,..hl'HI an,lic' -± I:,.J .,-, <~;;. VI ;1" l(H II! l!Hlltl ~"l)d tOIH.!h"I)\. RhnJIIIgit',d pfopnlit" sett Indlilll!. 
( il/'II{},uUimal«'(l ±l:l.,-,% ;til x "" 'I, :!H iii l!;ooti I!:lIo{1 tHllgh.,It, :'\'0 flllhillilll!, 

1'1l1,:,C'1hykm' 	 T.lck It ('\, 11tH!' {II 1 ,\SI~1 C-I;7'1 ~ 1,11 

( )Ilt'-part P()I~!'llm(~i' ±'2.,-}"rn h X 1/ • :ill III C',V:t'", nat:t''-j t1!!l~JIt'fh Shrfnlilgl' {(~;~ h~ \nIHlllf') B.s. :171~ ,\nl,· 2'111 

T\\fI~part pul~s'lm{k ~ ±'l~)'y.. \/~ x '/" 20 Itl ('l.tlf", €liVf'" ttHI~hi"h 	 leI. ~JIII 

()IH'~pal ! llrl·,harw ±'2_~,·X. ~ 1/1 X '10 10 I.!:flj~1 t.tllnd ~lIpd 	 i\'oV" 
~1\llliIJan m..th.uw ±~n'x, 1 x y, ~II+ I 10 III SUP'"· ""111'1" ... upn (lisCllitlr;ttlIHl 

Sjlinl/I~- .... llllnIJl;lJ ±:!'~);~:. V, x }'H 20+ I 'ailwi 'Hiler ""pn SITpae:f' dqHh 

-"ilir 'H1- I"" f)\I'r±2V:I,. V. X ~~I ~H ,npc'. 'mpcl lwo IihfT"liP'" 
mOlllllll'" papC'1 s, 

,'WI'P;'l!l' 

PH'l ;Hlltilll ... · (;0111.11 I ,,";lLIlIf HI;tllllf.h 11111'1 Ii" plilHtfllJ, ill,,!! lit lio1l" 10 \ ,01.,0" :""1 ',II j-.., f hi .dlll'" .'p.II,ili111''' ,III' 	 "l'H'.lIll1ilj 

L,' ....I'd 011 ... ttlWtiHI ... "aLI/Ii-. I\ln'liH~ ,\"i I \1 "I li·dt·l,d "I'n iii! ;IfIHII ... 1' .... "\ ,,11!JlIlt! "qui,,· f I'lIilil.lfiHfi 'HIIII 111I,lIllinl 


LtluH.uflrl.,s. ,\11 Joint dc·pth ... In Iw {'olllPollI'd h~ 1"1d;~HP rod 
 A"eas or application 

TIll' maill an'as or II 1'1'1 h<lll(, sealant applica­

tioll an' archill'clural "OIlSIrIll'tioll, I'hl)


Table 4. Adhesion and tensile modulus 
, .. " 1'1' I'ip"s. ;lirpOiIs alld highl\ in's, marin(' 
i\!'JO"I';\CC'-t r ~ 1I~i'tlit· c·hTII ii':d ;!lul :tulotun~,'\'alllc of suhstratc {:fJudhittuiul( bCl'Ofl~ te.... T{~usilt~ turt'(~'" Rt'u .. , ..k., Ut· .... IlItS 


al ~Om", li\T li .. lds. 

exlen~it'" (N. 	 Thi>:ol""!,i!' 11011 sa~~illg s('alants an' 

Concrele 15 days al 27 + 2°C 100 No l:Jasses l'mpl"Y"d ill \'<1l'iolls \'('rlical ,joill!s, Scll ­
7 day. al 70+2"C 110 adhesion In.... llin!!. s .. alallis ar.. IT(,OllllIH'llIlnlli" hori­

"­ 7 days in waler al 27 + 2"C 98 failure /,llill'al road ""pallsioll or cOIIII'action joinls. 
A'uminium 

C;las... 

15 days al 27+2"C 
7 days al 70 + 2"C 
7 days in waler at 27 +2"C 

15 days al 27+ 2"C 
7 days al 70+ 2°C 
7 days in waler al 27+2"C 

106 
118 
96 

100 
114 
tOo 

No 
arlh...sioo 
failnr... 

No 
adhesion 
failure 

I'a~s(>s 

Passes 

sidi' walks, parkill~ an'as, COIIIT('!(' slahs, 
\I Ill'\'(' \'I'hiclo- or 1f)(,1 Iralli .. is qllitl' IlI';}\'Y, 

TIll' lIITlha".. , ha\'I' go"d colwsin' 
SI n'llgt h a nil .."n'lIl'lIt n'co\'(',:, Ihey an' 
/!;ood Ii,'r highway alld airport rUllway 1''' ­

pallsioll joillt sealallls, Sillce urelhalle s .. a­
laills hal'l' ~o"d dimcllsional siahility, l!tn' 

Table 5. Adhesion in peel n'sist ('old II"" IlIlIkr tlwir ""'" weighl 01 

Subslrate Condilioning 
before lest 

Tensile force after 
l min. extension 

(N) 

It.·marks 
111101 .... slllall loads, Thlls 1111')' arc all'" 10 

pl'nTll1 t h .. pelle! ra t io" or stOIlC illld Ii >n'i~,pl 
lIIalter, ,nlll show eXl'ellenl resistallce til tlw 

(;nnCrt'H' IS dills "I 27+2°(: .\(Uw... ion 
ahrasioll aclioll of high specd Il'aflie 

f(Jllowed hy 7 days ill \,'alef I;tilmt' 
111 r(, ... ~ Ackuowledgement 
111.111 ·!~)·\H The work l'I'polwd in this papl'!' has hcell 

,\Iuminillfll ~d()· I'an'i,·d "III join!!y h~ Cell Ira I I\nildillg 

pailltahility, seepage test, adhesioll and 
tensil(' modulus, pe!'! strenglh, Il"llsil!' 
str('lIgth, c\on!l;ation, plastic d..ti)l'nHUioll 

r"'I'(' IIII'asIIH'd as per th" rl'l,'villlt standaril 
, ' I pnw!'dun·s. 'I'll(' H'suhs aI'(' reponed ill 

illJJ.-s ~1,4 and 5, 

Results and discussions 
Hardness ol"s('alilnl arollnd 30±5 (1'iho[(' .\) 
is an ideal hardness, Hardness more Ihan 40 
(Shore A) is generally too slifr to han:' 
slIrTiciellt compliance to ;)('cOIllll1o<iat(· 
building movcment. As P('I' ASTl\J C-(ilj I 
B3 hardness~' should nol he less thall 15 and 
Illore than 50. It is ('\'idcllt li-olH the resulis 
or lI'nsilc strcngth, elongalion ('Yo) and 
plastic ddilrmalion teslS that the developed 
sealanl is slIitable f')r huilding applications, 
IHTallse tensile strength is alOlIl1d I :l±:.1 kg/ 
('Ill~ alld plastic ddi)r!natiol1 is only 2'Y., 
which shows that the sealant has very gond 
n'Co\Try ami strellgth \'ahll's, dong<ltioll is 
:lOO-50f)'X, which passes IIl1' lIslial n'qllin' ­
1111'1)110 ''''CoIllIIHldall· buihling 1110\'('1111'111", 

I,oss nflllass ali .. r hI''' I ilgl'illg is 01'111,· oICkl 
of 1,'2'1% hy "Tighl and lIu'",' was 1111 

nackillg in Ihe s('alanl which shows Ihe 
,ealanl is dmallil', 'I'll!' IIlaxillllllll pcrilliss­
illl!- limit of loss III \\'.. ighl idll'1 11I'at agclIlg 

IS 10% anel 1:.1% i,ll, Sluillkag(' ('r., hy 
\'olunH') or the de\'('lop('d sealalll is qllil(' 
low i(' 2,90'X, in accelerated conditions alUl 
:.1.011% at '27±:rC, TIH' "'alalll also passl's 
the 1'I'l(lIin'IIU'11I h'sts s1lch as a pplkil Iion 
lili,. rlll'ological properli,'s, tackf\'(,(, !l1IH', 
paillwhility, s('('page (('SIs ('tl' .. lill buildillg 
sea lallls. 

The adhesive strellgth of the sealant (with 
difli-rent suhstrates) was dCII"rmilled 
Illcasuring till' adhesion alHllellsile modulus 
and peel strCllgth tl'sL In lellsile adhesiou 
tesls, 1(,lIsill-lim'!' at :mlllill extellsion HIT 1)1;­
1111 N with all Ihe suhslrales Hlldn study. 
Thel'(' was Iwithel' adh('siol1 fililure nor 
{'oill'sin' lililul'(" 1'1'1'1 strellgl h t('st gin's 
g;ood indicatioll or adhesi\T stn'lIgth of a 
SI·;\lalll ill slll'ar, Th.. den'loped s('alalll 
pass!'s hoth IIII' abo\'!' 1II('I1Iionl'<I tl'sls. 'I'll(' 
rl'lJlIin'llll'lIt fill' adlwsillll and Il'nsill­
modlilus! is that thl' adill'sioll Iililllll' an'a is 
("ss thall IOOIlIlIl'l alld lillT(' should 1)(' 
1)('1"'ITI1 '2:) N III '270 l\: al :mllllll esll'l1si,,,, 

aflll ill caS!' III' p"I'1 SI""II~tll adhesion fhililn' 
i" Il'ss Ihall :!'i'y., alld 1<''''1' sllll"lt! 1 ... 1l1"'(' 

Ihall :.1:, :\"\\'11111. 

'\SSI'SSIlWIII or 1111)\1'1111"111 I'al'a"ilil\' "I' 
'il'alalll ill joint alld al'l'I'I('I'al('(1 ,,'('atll('l'illg; 

1('Sls an' in pro!!.n's'i, 

R..sl·arl'h IIISliI1l1,·, I{"o!'ko'(' alld Nalional 
(:Ii ... "ical l.ah"I"I,"y, 1'11111', IIl1d('\' (:SIR 
liIl'lIsl alca progl'alllllll' (111 Low Cost Build­
ing l\!aI('I'ials and COllIpOlll'nts ill liIe an'a 
or PolYlllcrs. Plasli('s, Paillls, I'rol(,ctin' 
(:oalilIgs i'll', ;11111 is pllhlisl ...11 ",ith ti ... 

lH'nlli"illlllll'l)inTlllrs 01'1111' IWlllallllrallll ­
I('S, 
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