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Introduction 
I n recent years the use of 
pol yu r ethane CPU) mat e ri a ls 111 

civil c nstructio n is increas ing at 
a rapid rate . The. e materials are 
ob erved to replace wood, metaL 
na ils and screws in the field o f 
constructi o n. ,'\part from th e ir use 
as a n adhesive, two major 
appIic at :ons of polyurethanes in 
this area are as waterproofing ami 
scala ltS. Waterproofing of 
bu ild in gs is carried out to keep 
be il dings free from unwanted 
mo isture/water through d ::llnpncss, 
seepage and leaka ge . In practice , 
however, poor planning and 
de s igning in preconstruction 
stage, poo r workmanship and the 
use of s ub s tandard mat er ials 
duri 19 construction often result in 
leakage pro b lems In civil 
constructions. 

T he most effccti ve .approach for 
waterproofing is to ad op t standard 
specifications combined with 
stric t qu al ity control. Practice has 
established that probl e ms relating 
to dam pness , seepa oe and leakage 
of new st ructures can be 
effective ly tackled or avoided to 
an appreciable cxtcnt hy 
em ploying sk illed and 
e xp rience d artisans u s in g 
materiais of accep table quality. 
Various rr ethods arc available to 
waterproo f the existing structures 
constructed with deficiencies, but 
none c an be regarded as 
particularly succcssful. The se 
j n cL u d e the u sc 0 r ;1 d mix t u res, 
additives, coating s , sealants and 
m a ny other combinations. It is 
difficult even for a profe ss ional to 
select and providc the appropr iate 
solut io n to specific problems. 

Polymers for ..\'aterproofin and 
sealant applications : 
P ly mc rs such as acrylic s, epoxy 
re s ~ n.. polysulphi des, 
p oly t rct h;J lles ~l n cl silicones have 

NBM & CW APRIL '2001 


been employed in many forms for 
waterproofing and sealant 
app lications in buil d ino- ane! other 
constructions. E last o m e ric 
sheeting materi a s s uch as 
neopren e, b tlty !. h y palon, PYC, 
rubheril.cu asphalt have heen used 
for waterproofing of roof s in 
several countrie s. Their hi g h cr 
cost and les skno\vn perform ance 
in tropical clim::tes arc so me of 
the reasons for no n acceptance of 
the se materials so far in India. 

Polyurethan es o f fer superior 
characteristics wi th outstandin g 
physica l and chemical properties. 
Polyurethane films arc unaffected 

by wate r, oil and c b m ical s . T hey 
hav e excellent abrasion 
resist ance , ela s ticity, low 
tcn perature flex ibi li t y and 
re si:,t a ncc to mic roo rganisms and 
biodeteriora l; on. A ve ry wide 
choice 01 raw material s, 
di socyanatcs and various poly o ls 
such as polyesters, polyethers, 
castor oil an d [)olybutadiene 
allows pol yu reth ane polym ers to 
be de sig ned wi t h desirabl e 

properties for specific end u ~<;. 

Chemi. try of polyurethane.. 
Polyu rethane s arc formed hy the 
addition r eaction of J i or 
po) yisocyana tes wi th compounds 

Polyurethane Coating for chemical & corrosion 
resisiance (Photo Courtsy: Schenctady-Beck (I) Ltd.) 
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containing reactive hydrogen such 
as poIYl:ster s, polyethers, caster 
oil and polybutadiene. In addition 
to urethane g r oups, the y may 
contain alipha.ticl aromatic 
hydrocarbons, ester, ether, amide 
and urea gro up s .. 

Prep a ration of polyurcthane 
coatings cons ist s of the addition 
reaction of di or polyisocyanates 
with compounds containing 
reactive hydrogen such as 
polyestcrs, poiyelhcrs, cas tor oil 
and polybutadiene. 1n addition to 
urethane groups, they may contain 
certain a liph atic , aromatic 
~ydrocarb ons , ester, ether, amide, 

'ld urea gro ups. Amines react 
w ith th e isocy anate (N CO) group 
at thc fa s test ra te. Others in the 
order of decreas in g reacti vity are 
primary a lc ohol, water, secondary 
alcohol, tertiary aicohol, phenols, 
carbox yI ic acids, amides and 
urethane s. 

P repara t ion of poi y urc t hane 
coatings cons S[5 of th e reaction 
between polyoJ.s of molecular 
we igh t 1000-20 0 0 and aromatic 
di socyana te . In ord'r to improve 
th e durability of coating, s tanda rd 
fi ll ers s Ul:h as chi na clay, whiting 

or t ita n i u m r"'t-"!-:-T:;r~""""-~~~~~~"",~~;",:""~~"""~",,,, 

dioxide arc 
incorporated. The 
pol Y u ret han e ~z.::~~&I!!f1~~~ 
waterproofing 
compound 
con s i s t S 0 f .l W 0 - M- i ,,-. i-n-g-------:-- -4--:R-e-S-i-n-l -O-O- p- ar- t-s--.::....-- ­

p a rl s, n a m e l.y Hardner 22 part. 
pol Y0 1 and -Po-t -1i-e- - -i- -+-=-:2:":'-3::....::..h:.....o.::..u:- s :.::..:. =7:..:+ - - · ­--- f- a-f-te r-' m x-- r~ a l!:.2 ::.20C- -=­
is 0 e y a natere sin. -------:-------!::.---I-=-:.....::.:..::.:.:..::.....:::.:....::..:...:..=...::...::~.:....:... 

M e tho d of appl ica tion
T he two parl s a re -;::;:---::-_-:---;-.:...:..--:_ __+---=____ -.:.::~~~~:.:.z 

mixed p ri 0 r to _____-=--.-:=.____ -1-___________ 

application ~ n d 	 6-8 hours 
~~--~~------+---~~----~--~ 

applied on the 	 Hard tack free tim 12-18 ho urs 
substrate hy C o verin g capacity
brush. The f i r s t coa t 3-4ml per Kg
coating cures by 

5-6rn2 F. _ K~~_________ S eco nd coa t ________~L~ ~e r_ g

the reaction of isocyanate groups 
w ith hydr(}xyls of the polyol, 
excess isocyanate rea c ting wilh 
the moi s tur i~ in the <itmosphcre. 

N ational Chemical Laboratory has 
developed a two component 
polyuretf, a nc waterproofing 
s y s t e in. C L a rae t e r i s tic S 0 f t his 
waterproofin g compound as well 
as film ob tained from it are as 
showll in Table 1-3. 

RT = Room Temperature 

GT = GLls s Temeprature 

Scratch hurdness, adhesion and 

flexibility, a nd w ale r res i s tance 
tests wer e car r ie d o u t a s p e r 
Ind ian S tanuard s IS: 101. Tensile 
st rength and el onga tion at brea k 
of pol y uretha n e fil m s w '[ I,; 

measure d as spec if ied in IS: 2508. 
Water vapo ur trans m ission (WVT) 
of p oly uret h a n e fi lm wa s 
measured as per IS: 72 9 0. Wet 
abrasion scrub re sis tanc e test w as 
carried out ['o r 10, 000 c yc les ll s in g 
2'h, deterge n t so lut io n a cco rd ing 
to A S T M D-24 86 . T h e thermal 
coefficicnt of e xpa ns ion o f the 
polyu rethane f ilm w as m ea::;u rcd 

~1 on 70xlOxlO mm samples usin -r a ~ (J-~. :;1r-(eolf~nL ~'ifr~1l!1i IH.1=IfII II Im:tulr dilatometer M alkin Co. Ltd , UK)
R es ults obla ined"l'aml: of the te st Standard follow ed as per A STM D -696. · T il e 

Scratch ha rdn ess 1.1 kg IS : 101 measureme n t was carried out i n 

A dhesion & flexi b ility IS: 10 1 	 air and the hea ting ra te w s kcp 
at 6 °C p .... r minute . A b r a si on 

Passed , 6 .25mm mandrel 

P assed I S : iOlWater resi s lance 
resi s tance st udies on poly urcthan e 

2.32 N /mm2 I S: 2508Te ns il e stn:m g th coating f il ms (35-50 mic ron thic k.) 
E longation at break 150 % IS: 2 508 we re earr icd out u si n g a Tab e r 

jWater vap o ur t 'a nsmissio n IS : 7290 	 Abrasion Tesrer (Mo del 5 03) with 
CS -I O abra di ng whe e ls and at a 

0.412 g/24 hr/m2 

P as s ~d BS: 3900 
~ 

IImpac t tcst 
load of 100 g for 1000 cy cl es 

N o f ail ure ASTM 0 -24 86Wi t a brasion scrub 
. Pr opertie s of 	 po l y u r th ane 

resi s t anc e ( 10,000 cycles) 
A STM 0-696-19 0 coatings ap plied n su bs trate wer13 .5x 10-6 10CICocf lc' cnt of th(;rma l 7 also cval\lat~' d (Tab le 3 ). A "pull_ 

lexpanS ion ( fro m RT to OT) o ff" te s t for ad h es ion o r th e-
65 mg los sA bras ion res i s tanc e A STM 0 -4 060 coating was c a r r ied out as p r 

(Tabers ) BS: 3S>00 P a r t 	 E -l O. Tw o 
~ ..2". 
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Standard 

No dampne ss/leakage 
up to 30 days 

N o fajlure excep t slight 
b ange in colour 

N o ilm failure 

R ate o f wate r 
specim en spray (iitres/min.) 

mov e d to th e fo refront of t Ie o th r 

dam pened area 

________-+______________-+__________; ­ __~__~~~~ir~l7 hrs ( _%~.)____~------------------
Highe st rainfall in 
Mun bai over 10 years 
du ring 19 6 2- 1972 

Control 4 .5 5040 (7h1's) I: 3 30 
p anel equ ivalent to 12 

m m/mi n. 

Co, ted 
panel 

4 .5 
q lvaJent to 12 

mm/min . 

15120 
(2 1hrs) 

N il I M < ximum rain fall :.\t 

I 
i C heerapunji = 11420 

mm/year 

substrates were used in thi s test ­
1:2:4 cement concrete and a brick 
lik slirfac<.:. T il <.: l<.:sl resull shown 
is the minimum lensile slr<.:ss 
necessary to brea~ the w<.:akest 
inle r face / compol1ent (adhesivc/ 
eohcsiv<.: failur e). 

A "pond t<':Sl" was carried out by 
ma k ing a water pond of 2.5 cm 
hcight of 1:2:4 concrete coa ted 
with polyurethane. . Visual 
observations for leakage of water 
were recorded. To asse ss the 
weathering effect, brick masonary 
panels (90x75 cm) were plastered 
with cement mortar and coated 
with polyurethane compound . '[he 
panel s were exposed to open 
daylight and regular visual 
observations were made for 
crackin g , blistering, chaiking, 
peeling etc. 

Ultra-violet (UY) <.:xposure tests 
were carried out on polyurethane 
coated asbestos cement shee ls 
which were exposed for 8 day s of 
10 hours of polychromat ic light 
per day. Salt spray test was 
performed on mild s te el panel 
coated with a n d without primer, 
accordin g to rS:2074 . 

For durability test, the cement 
mOrlar panels of size 1Sx5x 1.25 
cm were coated and later 
subj cc tcd to alternate heating and 
wetting cycles. One hundred test 
cycles were completed in each of 
the three different sets. The set 
first involved for heating for 18 

P ull-off tes t for adhesi o n 
(brea k ing s treng th) 

Wa te r impermeabili ty le st 

P ond lest 

N atural wea thering test 
(six months) 

UV exposur le t 

S al t spray test 

1) Mild s teel paneJ coaled 
w ithou t primer 

2) Mild steel panel coat d 
with red oxid~ prim r 

hours in an o\'c n at 60 "C fo lluwcd 
by 6 hours cooling in air. In the 
second sct , coated mortar panel s 
wcre hent~d at 60 (lC for 18 ho ur , 
cooled in air at room temp eratu l 
for two hours and then immerscd 
in water for four hours. Tn the 
third sct, the coated panels were 
immersed in water for six hours 
directly a f te r takin g out from 
healing in the oven for 18 hours 
at 60 "C. 0 nnking, chalking, 
crilcking, bli s tering or peeling of 
the coating were found after all Y 
of the tc s ts. T he only noticeable 
ch<lnge was in colour from gra y to 
pale. 

ra i n pcne t ra li all was c arri cd ou t 
by s p r aying w ate r on c oa t -.,d 
panel s (l50x95 cm) for di ffe rent 
periods. T I e resu lts w re 
compared with unc oate d panels 
and are reported in Tab le 4. 

Sealant 
Polyurethanes a rc cn si de re d as 
hi gh pe r fo rmance s eala nt. T h e 
other h ig h perform a nce sea la nt , 
are silico nes and p o ly s ulf dc s. 
H igh p ~r fo rm an ce is pri mar:ily 
defined by m ovement c apabirty. 
In the field, however, several other 
,ttri b utes del ermin sealant life 
expectancy. D ue to the ir superior 
pro p erties, p ly u reth a nes ha ve 

N o f i lm fa ilure. No film 
cracking/lo, f adhesion 

r OD s b strate 

No film cr ckinglloss of 
adhesion f.rom sub trate 

fo ll o w d 

BS: 900 

IS: 5913 


IS: 2074 

1 ~074 
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modulus, peel stre n gth, tens il e ~~ 1.!.l!lI.U' :III J-'"IO II~1!a!JO';J II ~1:+'-.0i Ilfir.1 rrr:tI1Imr:i~" 

-

.'. ~ .... rnrn .,;~ 	 "" strength , e longati on a n d p las ti c r::HUo{oIIT:l. • 1!.l!D'..t' 11I:.I~miT:l 
a 
J-"'f:r.lt:llil:\,. , 

Property 

R eco very from s tress 

Ultra vi olet resistance 

Cure rate" 

Cure rate, two componentb 

C ure rate , laten t ha rd nerc 

Lo w tempera ture gu nnabil ity 

Tear re sista nce 
, 

Cost 	
. 

,-
Painta bili ty ..•. 
Av ail able in colours " 

Unprimed adhes ion to concrete 

Res istance to hydrolysis 

on bu bblingd .. 
Self leveling av ailable" 

Po I y suI fide 

+ 


NA 


- ~ 

++ 
-"" 

+ 

++ 


++ 


ddorn at io n v,>,ere 	measured as per
Silicone P olyureth an e 

the _ relevant 	 s tandard te s t 
I 

++ 

++ 

++ 

N A 

++ 

--- .. '. 
~. 

+ + 

+ 	 procedures. 
+ 	 Th e import an t prope r tie s of 

---	 to ++ poly uretha ne sealant deve lop ed by 
N CL are given i n table-8.++ 
Hardness of the sealant around 30 

++ 
+ 5 (Shore A ) is an id"al hard ness . 
Hardness mo re than 40 (S hore A 

++ .. is generally too stiff to ha ' e 
suffici en t co mpl ian ce to++ 
accommoda t e 	 th e building++ 
movement. A s per A STM C-66 1­

++ .~ ~.~, -.J 
83 h ard less shou ld n ot be l es s_. '. ­

+ + ~. ~. th an 15 and more than 50 . It is 

++ ._._,J obs erv ed f r om t he res ul t s of 
.::-. 

tensile strength , % elongation , an*-­ <c.'" plastic ddo rm ation tes ts thu t the 
++ '1 

d evelope d sealan t is s uitable for 
' Oneco ponent sealan t. b Sil icone is aval able only LIS one component.< bu il ding applic ations. L oss of 
c Lat nt hardn rs such s ketimines, oxazolidines, enamine . d Due to mass after heat aging is o f the 
evo lutio of c arb n di oxide. e Desirable 'for plaza decks and p avements order of 1.2 9% by w e ight and 

beC;1 evaluated extensively bot h in th e re w a ' no c rack ' n g in thehigh performance sealants. Table 
the laboratory and in fi.J d [r ia ls. se a lant which sho '.'/s th sealant is 5 com pare properLies of urethanes 

with silicones and polysulfiues For as~cssing the suitability of this du rable. Sh ri nkage (% by volume) 

and table 6 & 7 shows the two component self levelin g g rade of the sea la nt is e ry lo w i .e. 2.08. 
, advantages and disadvantages of polyurethane sea lant for building The seala n t al so passes the 

-~ Silicone: and Polyurethane applications, it s h::rdness, loss of require d tes ts sue h a: a piica ti n 


Sealants . mass after heat aging, application li fe , rh eol o g ' ca l proper t ies , 


life, cure time, rheological tackfree tim e, paintabiIity,
While movement capability is very 

properties & shrinkage were 
 see page t e st e tc, r e q ui re d forimport an t, other im p ortant 
determined as per the relevant buil ding seal a nts . The a dhe i veproperties are unprimed adhesionr standard tes t methods, 	 streng t h of t h", se a l an t wasto concret e, resistance to 

determin ed by me a suirn g th hyd rolysis, colour paintability, For assessing suitability and 
adhesion in tensile an d in pee l.

~!lld cost. Both unpriiy,ed ad hesion performance, paintability, seepage 
The va l ue s obta ine d wto concr e te and hydrolysis test, adhesion and tensile 


resi s ta nc e arc required for precast 

concrete ;1ppliCllions. 


NCL has al so developed a [\Va 


pack po lyurethane scalanL for usc Low tem p -rature gunn ab ility 


in construction industry, It is G lass adhesion 

predominantly based on raw 
 U\" and ozone resistance Poor tear 'es ist · nce 
mater ial s available in India, The 

Short tooling time 
process s teps consists of 

Liable to stain substrat due to lowpreparillg isocy;\l la Lc resiil with 
modulus weep oulco n l r 0 lie d rca c t i v i t Y 'a il d i ti s 

--------------------~~--

-. 

Poor resistance LO hydroly;,.iscross-linked by hydr oxy polyols 20 yea r durabilityr ,.. - , havi li g fillers. The sealant has ± 50% movement j..', ~ 
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c huracteristic of the sea lant 
'cquired for building applications. 

oncJusion: 
he polyurc thane waterproofing film 

C 
T 
h 
f 

as exce)lcnt adhesion, hardness, 
iexihilit y, abrasion and scru b 

·t.:sis lallc t.:. The water vapour 
Lransmission of the film was found to 
b e low, cha racteristic of any 
w 
c 
c 

atcrp roofing membrane. The 
'oefficient of thermal expansion IS 

ompar ble to cement mortar/concrete 
'ndicating sufficient flexibili ty to cope 
with thermal movement of the 
substrate. The film has also passed the 
durability and water spray tests . 

T hc develope d polyurethane 
waterproofing can find applications 
for waterproofing of tcrraccs, chajjas, 
Jipes, bathroom floors, cement tanks 
, nd a"bcstos roofing. As the film has a 
good resi~tance to chemicals and salt 
spray lest, it may also be used as an 
anticorrosi vc coating for steel 
structures in biogas and chemical 
plants. 

The malI1 areas of polyurethane 
seal alll app! i cation arc architectural 
constructions, clay sewer pipes, 
airports an d highways, marine, 
acrospacc, cryogenic, electrical and 
automotive fields. ScI i'-lcvel i ng 
sealants arc recommen ded for 
horizontal j oints , side walks , parking 
areas, concrcte slabs wherc vehicular 
or foot traffic is quite heavy. Due to 
the excellent colll:sive strength and 
recovery, the sealants are very good 
for highway and ,Iir[) o rl runway 
exp;lJl ~ j()]1 joints. As these sea lallts 
have good di mcllsion;1l stabi lity and 
co ld flow und!.: r their own weight or 
under small load s, they are able to 
prevent the penetration of stone or 
forei g n matter and show excellent 
res is tance to the abrading action of 
hi gh s[)t:ed tlallie. 

, 

16 

Table 7 Advantages and disadvantages of polyurethane sealants. 

Advantages D isa dvant u£!:es 

Excellent recovery Light co lo urs d isco lou rs 

Excellent UV resistance So m e req uire p riming 

F~ls t curc for I11ulticompo ncn t Rel at ively slow cure for one 
componellt ( lK) sealant 

Fast cur~ for laten t hard eners 

N gligible shrinkage 

E xcellent tear rcsistance 
Table 8 

Excellen t chemical resistance Polyurethane Sealant 
M eets ASTM C920 Type Two components 
+ 40% M ovement capability Grade Pour g rade o r self-

U nprimcd adhe s ion to concrete 1 
leve ling 
Pot life : 6 to 8 hOllrs 

Pa intablc available in c ol ours 
Cu re time 10 days a t 27 + 2 °C

', ­ -. 
Physical Properties of PU sealant 

Tes t Me thc)d Units Results 

I Sh ore hardness" IS : 3400 A 2 5 -35 
, 

Te ns ile s tren gt h·1 IS: 3400 k g/em" 12 .25 -17. 50 

Elongation at IS : 3400 % 300-350 
break" 

Heat aging test ASTM C-792 % 1.29 l.; ­ ,­ . -

Shrink age BS: 3712 % 2.08 

Tac ke free time ASTM C -679 h 24 
~ , r 

A pp lication li fe BS: 4254 1 4 ., 
"'." .. 

IRbeolo'Tical ASTM C639 -- ­ Self leveled,
~ 

propc: rty Nonbubbling 

Pain t::tb il ity BS; 37 12 -- ­ No discoloration , 

S eepage t sl ' BS : 37 12 --­ Seepage depth-Tv.to filter 
papers Seepage spread-nil 

Adhes' on and BS: 4 254 N Tensile force E xt. mm 

Ii tensile modulus 14 day s 30 
Co ner te RT curing:300 
. ub s trnte 

7 days at JO 

I 70 + 20C ;320 
, 

1 7 days inI water :21 2 2 6 -
Adhesion i n BS : 4 254 N Peel Ar a of adh 
p~e) Concrete strength esion failure 

I:;ubstIat e 7 days at 
70+20C :85 25% 

II 7d ys i 
water :52 25% 

a Tc~t, curr i~<.l O il 2 ;I1nl thi t;k ,il~,;l, at room lemperatllfe" (27 lie) cured ror I 0 dl\~'s . 
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