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Introduction

In recent years the use of
polyurethane (PU) materials in
civil construction is increasing at
a rapid rate. These materials are
observed to replace wood, metal,
nails and screws in the field of
construction. Apart from their use
as an adhesive, two major
applications of polyurethanes in
this arca are as waterproofing and
sealants. Waterproofing of
buildings is carried out to keep
buildings free from unwanted
moisture/water through dampness,
seepage and leakage. In practice,
however, poor planning and
designing in preconstruction
stage, poor workmanship and the
use of substandard materials
during construction often result in
leakage problems in civil
constructions.

The most effective approach for
waterproofing is to adopt standard
specifications combincd with
strict quality control. Practice has
cstablished that problems relating
to dampness, seepage and leakage
of new structures can be
effectively tackled or avoided to
an appreciable extent by
employing skilled and
experienced artisans using
materials of acceptable quality.
Various methods are available to
waterproof the existing structures
constructed with defliciencies, but
none can be regarded as
particularly successful. These
include the use of admixtures,
additives, coatings, sealants and
many other combinations. It is
difficult even for a professional to
select and provide the appropriate
solution to specific problems.
Polymers for waterproofing and
sealant applications:

Polymers such as acrylics, cpoxy
resins, polysulphides,
polyurethanes and silicones have

been employed in many forms for
waterproofing and sealant
applications in building and other
constructions. Elastomeric
sheeting materials such as
neoprene, butyl, hypalon, PVC,
rubberized asphalt have been uscd
for waterproofing of roofs in
several countries. Their higher
cost and lessknown performance
in tropical climates arc some of
the reasons for non acceptance of
these materials so far in India.

Polyurethanes offer superior
characteristics with outstanding
physical and chemical properties.
Polyurethane films arc unaffected
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by water, oil and chemicals. They

have excellent abrasion
resistance, elasticity, low
tecmperature flexibility and

resistance to microorganisms and
biodcterioration. A very wide
choice of raw materials,
disocyanatcs and various polyols
such as polyesters, polyethers,
castor oil and polybutadiene
allows polyurcthane polymers to
be designed with desirable
properties for specific end usss.
Chemistry of polyurethane.
Polyurcthanes are formed by thc
addition rcaction of di or

polyisocyanates with compounds
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containing reactive hydrogen such
as polyesters, polyethers, caster
oil and polybutadiene. In addition
to urcthane groups, they may
contain aliphatic/ aromatic
hydrocarbons, ester, ether, amide
and urca groups. .
Preparation of polyurcthane
coatings consists of the addition
reaction of di or polyisocyanates
with compounds containing
reactive hydrogean such as
polyesters, pelyethers, castor oil
and polybutadiene. In addition to
urcthane groups, they may contain
certain aliphatic, aromatic
fbydrocarbons, ester, ether, amide,
1d urea groups. Amines react
with the isocyanate (NCO) group
at the fastest rate. Others in the
order of decreasing reactivity are
primary alcohol, water, secondary
alcohol, tertiary alcohol, phenols,
carboxylic acids, amides and
urethanes.
Preparation of polyurethane
coatings consists of the reaction
between polyols of molecular
weight [000-2000 and aromatic
disocyanate. In order to improve
the durability of coating, standard
fillers such as china clay, whiting

’\Iamg of Lhe test
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or titanium
dioxide are
incorporated. The
polyurecthane
waterproofing
compeoedund
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Important characteristics of

Table 1

PU waterproofing' compound

Two component system
(Resin & hardner)

consists of two
parts, namely

Mixing ratio

Resin 100 parts
Hardner 22 parts

polyol and  poy Jife

after mixing

2-3 hours at 27+20C

isocyanate resin.

Method of application | By brush

The two parts are L - .
mixed prior to Surface drying time 3-4 hours
application =nd Tack free time 6-8 hours"
applied on the | Hard tack free time 12-18 hours '~ /0%
th‘:;mw T;z | Covering capacity - ;

e first coat 3-4m? per K(y ;
coating cures by | LSecond coat wudiata| st 6m' per Kg %

the reaction of isocyanate groups
with hydroxyls of the polyol,
excess isocyanate reacting with
the moisture in the atmosphere.
National Chemical Laboratory has
developed a two component
polyurethane waterproofing
system. Characteristics of this
waterproofing compound as well
as film obtained from it are as
shown in Table 1-3.

Rl o=
GT
Scratch hardmess, adhesion and

Room Temperature
= Glass Temeprature

Standard followcd

““Scratch hardness 1.1 kg IS: 101
Adhesion & flexibility Passed, 6.25mm mandrel|IS: 101
Water resistance Passed IS: 101
Tensile strength 2.32 N/mm?2 IS: 2508
Elongation at break 150 % 1S: 2508
‘Water vapour transmission| 0.412 g/24 hr/m2 IS: 7290
{Impact test Passed BS: 3900
‘Wet abrasion scrub ASTM D-2486

iresistance (10,000 cycles)

No failure

~load of 100 g
Properties

\Coefficient of thermal
‘expansion (from RT to GT)

13.5x10-6 /0C

TASTM D-696-1970

flexibility, and water resistance
tests were carried out as per
Indian Standards IS: 101. Tensile
strength and clongation at break
of polyurethane films were
measured as specified in 1S:2508.
Water vapour transmission (WVT)
of polyurethane film was
measured as per IS:7290. Wet
abrasion scrub resistance test was
carried out for 10,000 cycles using
2% detergent solution according
to ASTM D-2486. The thermal
cocfficient of expansion of the
polyurclhzmc film was measured
jon 70x10x10 mm samples using a
diIatomcter (Malkin Co. Ltd., UK)
as per ASTM D-696. The
measurement was carried out in
air and the heating rate was kept
at 6 °C per minute. Abrasion
resistance studies on polyurethane
coating films (35-50 micron thick)
were carried out using a Taber
Abrasion Tester (Model 503) with
CS-10 abrading wheels and at a
for 1000 cycles

of polyurethane
coatings applied on substrate were

“also evaluated (Table 3 ). A "pull-

off" test for adhesion of the

iAbms;on resistance |65 mgloss © -1 ASTM D—4060 LQatmo, was carried out as per
[(Taberb) e o e et . BS:3900 Part E-10. Two
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substrates were used in this test -
1:2:4 cement concrete and a brick
tile surface. The test result shown
1s the minimum tensile stress
necessary to break the weakest
interface/ component (adhesive/
cohesive laiture).

A "pond test" was carried out by
making a water pond of 2.5 cm
hcight of 1:2:4 concrete coated
with  polyurethane. Visual
observations for leakage of water
were recorded. To assess the
weathering ceffect, brick masonary
panels ($0x75 cm) were plastered
with cement mortar and coated
with polyurethane compound. The
panels were exposcd to open
daylight and recgular visual
observations were made for
cracking, blistering, chalking,
pecling etc. »
Ultra-violet (UV) cxposure tests
were carried out on polyurethane
coated asbestos cement sheets
which were exposed for § days of
10 hours of polychromatic light
per day. Salt spray test was
performed on mild steel panel
coated with and without primer,
according to I1S:2074.

For durability test, the cement
mortar pancls of size [5x5x1.25
cm were coated and later
subjccted to alternate heating and
wetlting cycles. One hundred test
cycles were completed in cach of
the three different sets. The set
first involved for heating for 18

" Tabfe 3 Characterlsticseﬁ' PU 'waterproof

compound. applle ‘on a substrate

o g fE

-

Name of test Result obtained SI:ndad
followed
Pull-off test for adhesion Concrete : 2.2 N/mm? BS: 3900
(breaking strength) Brick : 2.0 N/mm?
Water impermeability test | No dampness/leakage IS:35913
upto 30 days
Pond test No dampness/leakage
upto 30 days
Natural weathering test No failure except slight
(six months) i change in colour
UV exposure test No film failure
I Salt spray test' e |
| 1) Mild steel panel coated No film fallure No flhu _IS 0074 1
wnhout pnmer it mackma/loss of adhesion s
Es m” .. |from substrate.
(2) Mdd stuclap?ncl coatcd No-film crackmg/los.s of
[thh red oxide er adhesion from' substratu:
LATLSNN v W) . LRSI -v-"ﬁ—i—“_-n A A

hours in an oven at 60 °C followed
by 6 hours cooling in air. In the
sccond set, coated mortar panels
were heated at 60 °C for 18 hour,
cooled in air at room temperatui=
for two hours and then immersed
in water for four hours. In the
third set, the coated panels were
immersed in water for six hours
directly after taking out from
heating in the oven for 18 hours
at 60 °C. No filaking, chalking,
cracking, blistering or peeling of
the coating were found after any
of the tests. The only noticeable
change was in colour from gray to
pale.

an artificial

In water spray test,

rain penetration was czu‘ricd out
by spraying waler on coated
panels (150x95 cm) for different
periods. The results were
compared with uncoated panels
and are reported in Table 4.
Sealant

>olyurcthanes are cnsidered as
high performance sealant. The
other high performance sealants
are silicones and polysulfides.
High performance is primarily
defined by movement capability.
In the ficld, however, several other
attributes determine sealant life
expectancy. Due to their superior
properties, polyurethanes have
moved to the forefront of the other

*b’ie Q,W’a'?e spray test on brick panel plastered. with 14 cement mortar

Test Ram of water Total rain | Time of first Total Remarks
specimen | spray (litres/min.) | fall (mam) appearance of | dampened area
dampuness (hr) | in 7hrs (%)

Control 4.5 5040 (7hrs) |3 30 : Highest rainfall in

panel equivalent to 12 ‘ Mumbai over 10 years
mm/min, during 1962-1972

Coated 4.5 15120 Nil Nil Maximum rain fall at

panel equivalent to 12 (21hrs) Cheerapunji = 11420
mm/min. mm/year

12 NBM & CW APRIL'2001
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Property Polysulﬁdc SIIICOHC Polyurgllmnc
Recovery from stress -—- +4 | 54

Ultra violet resistance ——- + 4 +

Cure rate® s b e Lt e
Cure rate, two component® + ++

Cure rate, latent hardner® NA NA ++

Low temperature gunnability |--- ++ -

Tear resistance e == ++

Cost e o e
Paintability < oA | SNt R etz
Available in colours + ——r +4
Unprimed adhesion to concrete|--- R | LT
Resistance to hydrolysis . | | 5

Non bubbling! , e PEEE | E

Self leveling availables | T | e T T [RERESTER |

2One component sealant. ® Silicone is available only as one component, 1
¢ Latent hardners such as ketimines, oxazohdmes, enaxmnes. 4 Due to!
evoluuon of carbon d1ox1de P Deslrable for plaza decks and pavemenis:i

high pcrformance scalants. Table
5 compare propertics of urethanes
with silicones and polysullides
and table 6 & 7 shows the
advantages and disadvantages of
Silicone and Polyurcthanc
Scalants.

While movement capability is very
important, other important
properties are unprimed adhesion
to concrete, resistance to
hydrolysis, colour paintability,
and cost. Both unprimed adhesion
to concrete and hydrolysis
resistance are required for precast
concrete applications.

NCL has also developed a two
pack polyurethane scalant for use
in construction industry. It is
predominantly based on raw
materials available in India. The
process steps  consists  of
preparing isocyanate resin with
controlied recactivity and it is
cross-linked by hydroxy polyols
having fillers. The scalant has

it v IRl RN i Ty

been evaluated extensively both in
the laboratory and in field trials.
For assessing the suitability of this
two component sclf leveling grade
polyurethane scalant for building
applications, its hardness, loss of
mass after heat aging, application
life, cure time, theological
properties & shrinkage were
determined as per the relevant
standard test methods.

For assessing suitability and
performance, paintability, scepage
test, adhesion and tensile

modulus, peel strength, tensile
strength, elongation and plastic
deformation were measured as per
the. relevant standard test
procedures.

The important properties of
polyurcthane sealant developed by
NCL are given in table-8.
Hardness of the sealant around 30
+ 5 (Shore A ) is an ideal hardness.
Hardness more than 40 (Shore A
is generally too stiff to have
sufficient compliance to
accommodate the building
movement. As per ASTM C-661-
83 hardness should not be less
than 15 and more than 50. It is
observed from the results of
tensile strength, % elongation, and
plastic deformation tests that the
developed sealant is suitable for
building applications. Loss of
mass after heat aging is of the
order of 1.29% by weight and
there was no cracking in the
sealant which shows the sealant is
durable. Shrinkage (% by volume)
of the sealant is very low i.e. 2.08.
The scalant also passes the
required tests such as application
life, rheclogical properties,
tackfree time, paintability,
secpage test etc. required for
building sealants. The adhesive
strength of the sealant was
determined by measuirng the
adhesion in tensile and in peel.
The values obtained were

Table 6 Advantages and disadvanfages of silicone sealants’

Advantages

Disadvantages

Low temperature

Poor unprimed adhesion to masonry

gunnability

Glass adhesion

Dirt pick up

UV and ozone resistance

Poor tear resistance

Fast cure

Short tooling time

No shrinkage

Liable to stain substrate due to low]
modulus weep out

20 year durability

Poor resistance to hydrolysis ;

| + 50% movement

E
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characteristic of the sealant
required for building applications.
Conclusion:

The polyurcthane waterproofing [ilm
has exccllent adhesion, hardness,
flexibility, abrasion and scrub
resistance.  The  water  vapour
transmission of the film was found to
be low, characteristic of any
waterproofing membrane. The
cocfficient of thermal expansion is
comparable to cement mortar/concrete
indicating sufficient flexibility to cope
with thermal movement of the
substrate. The film has also passed the
durability and water spray tests.

The  developed  polyurethane
waterproofing can find applications

for waterproofing of terraces, chajjas,

pipes, bathroom floors, cemeiti tanks
and asbestos roofing. As the film has
good resistance to chemicals and salt
spray {est, it may also be used as an
anticorrosive coating for steel
structurcs in biogas and chemical
plants.

The main areas of polyurethane
scalant application are architectural
constructions, clay scwer pipes,
airports and highways, marine,
acrospace, cryogenic, electrical and
automotive fields. Self-leveling
scalunts are recommended for
horizontal joints, side walks, parking
areas, concrete slabs where vehicular
or foot traffic is quite heavy. Due to
the excellent cohesive strength and
recovery, the sealants are very good
for highway and airport runway
expansion joints. As these scalants
have good dimensional stability and
cold flow under their own weight or
under small loads, they are able to
prevent the penetration of stone or
foreign matter and show excellent
resistance to the abrading action of
high speed waffice.

Table 7 Advantages and disadvantages of polyurethane sealants.

Advantages

Disadvantages

Excellent recovery

Light colours discolours

Excellent UV resistance

Some require priming

Fast cure for multicomponent

Relatively slow cure for one
component (IK) sealant

Fast cure for latent hardeners

Negligible shrinkage

Excellent tear resistance

Excellent chemical resistance

Meets ASTM C920

+ 40% Movement capability

Unprimed adhesion to concrete

Table 8
Polyurethane Sealant
Type ©: Two components
Grade : Pour grade or self-
leveling
Pot life: 6 to 8 hours

Paintable : available in colours Cure time - 10 days at' 27 + 290
Physical Properties of PU sealant
Test Method Units | Results
Shore hardness® | 15: 3400 A 25-35
Tensile strength*|IS: 3400 kg/cm?| 12.25-17.50
Elongation at 1S: 3400 % 300-350
break®
Heat aging test | ASTM C-792|% 1.29
shrinkage B3:¥3712 Yo 2.08
Tacke free time | ASTM C-679|h 24
Application life |BS: 4254 " |h 4
Rheological ASTM C639 |--- Self lgvclcd,
property Nonbubbling
Paintability BSw3712 . No discoloration
Seepage test BS: 3712 ini Seepage depth-Two filter
papers Seepage spread-nil
Adhesion and BS: 4254 N Tensile force | Ext. mm
tensile modulus 14 days 30
Sopcxets RT curing:300
substrate 7'days at 30
70 +20C ;320
7 days in
i water 212]26
Adhesion in BS: 4254 N Peel Area-of adh
peel Concrete strength esion failure
substrate 7 days at
70+20C 85 [25% .
7 days in |
water :52911:25%

(L n - N iy - -,
Tests carried on' 2 mm thick sheets at room temperatures (27 'C) cured for 10 days. |
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