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Polyurethane elastomeric sealants in
building applications

Building construction activity is rapidly
wncreasing in India vequiring more and
more materials for diverse and  specific
applications.  Polymer  consumption  in
various forms like plastic products, coatings,
adliesives and sealints is also nereasing.

Ruain water gams ecutry sto buildings
through cricks and joines, Traditional joine
ing and sealing materials like moras, putey
and bituminous mastics do not prevent
entry of water and woisturve effectively
wainly due o their high shrinkage charac-
tevistics. The problem becomes more acuie
in prefabricated constructon as a resuldt of
using large size panels and slabs involving
larger thermal and moisture movements,
Mortar and putty become hard on setting,
often lose bond with adjacent wall or roof
panels and develop cracks. Bituminous
compositions become brittle on ageing and
deteriorate under the influence of sunlight.

A wide rvange ‘ol modern  elastomenc
sealants based on neoprene, butyl rubber,
silicones, sulphochlorinated polyethylene,
acrylics, polysulphides and polyurethanes
are in use in industrially advanced coun-
trics. These sealants are employed in build-
iugs in Cdiflerent forms such as viscous
liquid, pastes, caulks, putdes, tapes and
Table 1. Sealant classification

gaskets to prevent the passage of moisture,
air, dust, heat cte, through all joints and
slabs in RCC swuctaves. These sealants
exhibit negligible shrinkage and  possess
excellent  elastomeric  properties. Poly-
urcthane sealants put a perfect barrier
between the subsurate and the environment,

Seatants are classificd!® in the construe-

tion industry according to the movement of

joints in structures as shown in Table 1. The

detailed performance of dillerent wypes of

sealants is shown in Table 2. Polyurethanes

are good candidates for sealants because of

a nwinber of outstanding properties such as
abvasion, oil resistance, low temperature
flexibility, rvesistance to bio-deterioration
cte. A very wide choice of the raw materials,
diisocyanates and various polyols such as
polyesters, polyethers, castor oil and poly~
butadienes allows polyurethanes to be
designed with desired properties for specific
applications. Sealants based on polyuretha-
nes have not penetrated the construction
sector in a big way in India alihough they
are known in industrially advanced coun-
tries.

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

Type of sealant Maximum Character after Recovery Typical uses
tolerable cure
movement
as % of
joint width
Oil and resin base 5-10 Plastic Poor/fair Pointing around
window and door
r frames
Bituminious and rubber/ 10 ~do- -da- In contact with
bituminious bituminous materials
Butyl rubber 10 * -do- Poor Pointing and bedding
Acrylic (solvent) 12,5 Plasto-elastic Fair Pointing, eg around
timber frames treated
with exterior wood
stains etc.
Acrylic (emulsion) 10 -do- Poor/fair Internal pointing
Chloro sulphonated 12,5 ~-do- Fair Pointing
polyethylene
One part polysulphide 15-20 Elasto-plastic Fair Movement joints in
heavy structures
Two part polysulphide 25 -do- Fair/good Fast moving joints in
. light weight
structures and slow
moving joints in large
heavy structures
One part polyurethane 25 Elastic Good Movement joints in
light componenis
Two part polyurethane 25 -do- Excellent Fast moving joints in
light weight
structures and slow
moving joints in
heavy structures
Silicon (structural high 20-25 ~do- -do- Sanitary ware, fast
maodulus) moving joints.
Silicon low modulus 10-50 ~do- Good Jointy between plastic
and memrt
. - components
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pack polyurethane sealant for use in the
construction industry. The sealant is pre-
dominantly based on raw materials avail-
able in India. The process steps consist of
preparing isocyanate resin with controlled

-reactivity and it is crosslinked by hydroxy

polyals having fillers. The sealant has been
extensively  evaluated  and  results are
reported in this paper.

Test methods

The devising of 1est methods is a most

demanding and  challenging  contribution

that applicd scientists and engineers are
called upon to make. The ultimate objective

ol most testing is to assist in selection and

use 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-
formance. For assessing the requirements
relating to the application extrudability or
pourability, slump test or ability to flow,
non toxic, cure characteristics, replace-
ability and maintenance tests are important.
Tests related to compatibility — adhesion
fo 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 relationships.

Performance of the sealants may 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 scalant for building applica-
tions its hardness, loss of mass after heat

-ageing, application life, cure time, rheologi-

cal properdes, shrinkage were determined
as per the relevant test methods®’. For
assessing compatibility and performance,
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Tabie 2. Performance of sealants
£

Table 3. Physical properties

Maximum  Juint Weight Resistance (v
movement  limits  Expected  shrinkage flcat
Gueneric type Parts  capability W x D{in))  life {y) (%) uv Orone ageing
Ol aned vesin base ! B BRI 104 10 (A fate feerdens
Bod - omvasties ! 5%, Ya % U Y+ Jweln Lan fait stavs sohl
Byl cmabde { + 0%, VeX Y 104 R v oty wond
Buty l,"pul\imlml)h*m' 1 + 10 s KUES [} sy Ay s solt
Pohsabundene i 0%, thin heads 24 Y siprt supet stass solt
Fannbion aenlic i Weow {4+ 11 P proen hareens
Sohent avnylie i VoK Ve PO 1 wonnd woed tongheny
hlorosudfonated 1 Ya X Y- R 18] wenodd wood tonghens
poly cthylene
Oneprart pobysalfide | £12.5%, by X I Al t Crazes Crizes toughens
Twaepart palysolfide 2 2% R Y oAt o crazes e toughens
One-part urethisne 1 25, A X W Hi o gewnd gennl goasd
Muliipart urethane +25%, 2 %Y pARS 1o 18 supey RUEES super
Silicon-stiacinal I * X 204 t supen <nper saper
Silican-low ] over Yo X Yh pal) i NIper super super

menbudis

Preciations: Contict sealivnt pimmfactunes for priming instone fions to v arions safoves

Fhe above capalnbines aee

Basedd o sipervion sealants meeting ASTNE ov federal speditiorions, Users shonkd reepaive conification fons spdified
Lebopatenies. M joint depths o be controlled by Dackenp rod

Table 4. Adhesion and tensile modulus

Name of substrate Conditioning before test Tensile farces Reoarks Resulis
at 30mm
extension (N)
Concrete 15 days at 27+2°C 100 No Passes
7 days at 70+2°C 110 adhesion
7 days in waler at 27+2°C 98 faiture
Aluminium 15 days at 27+2°C 106 No Passes
7 days at 70+2°C I8 adhesion
7 days in water at 27+2°C 96 failure
Glass 15 days at 27+ 2°C BT No Passes
7 days at 70+2°C 1i4 adhesion
7 days in water at 27+2°C 100 failure
Table 5. Adhesion in peel
Substrate Conditioning Tensile furce after Remarks Results
before test I min. extension
(N}
Conerete 15 days a0 274-2°C 1w Adhesion Passes
foliowed by 7 days in water taile
m fess
than 25",
Aluminium ~do- 58 -clo- Passes
paintability, seepage test, adhesion and  is 10% and 12%7" Shrinkage (% by

tensile modulus, peel  strength,  tensile
strength, elongadon, plastic deformation

,,_yyvl'(' measured as per the relevant standard

t procedures, The results are reported in
ables 8,4 and 5.

Results and discussions
Hardness of sealant around 30%3 {(Shore A)

is an ideal hardness. Hardness more than 40

{Shore A) is generally too stifl o have

sufficient compliance  w  accommodate
building movement, As per ASTM C-661-
83 hardness” should not be less thau 15 and
more than 50, It is evident from the results
of tensile stength, clongation (%) and
plastic deformation tests that the developed
sealant is suitable for building applications,
hecause tensile strength is around 1532 kg/
em? and plastic deformation is only 2%
which shows that the sealant has very good
recovery and strength values, elongation is
300-500% which passes the usual require-
ment to acconmmodate building movenmem?®,
Loss of nrass alter hest ageing is of the order
of F29% by weight and there was no
cracking i the sealint which shows the
sealunt s durable. The maximum permiss-
ible Timit o loss ol weight alier heat ageing

volume} of the developed sealant is quite
low e 2.90% in accelerated conditions and
2.08% at 2722°C The scalant also passes
the requiirement fests such as application
fife, rheological properties, tacklree time,
paintability, seepage tests ete., lov building
scalants.
The adhesive sirength of the sealant (with
different  substrates) determined
measuring the adhesion and tensile modulus
and peel strength teste In tensile adhesion
“tests, tensile foree at 30mm extension are 96-
HE N with all the substrates under study.
There was neither adhesion failure nor
cohesive fatlure. Peel strength test gives
good indication ol adhesive strength of a
sealant i shear. The developed sealin
passes both the above mentioned tests. The
reguivement adhesion and  tensile
modutus’ is that the adhesion failure area is
less than 100mw® and foree should he
hetween 25 N oo 270 K oa 30mm extension
and in case of peel sevength adhesion failure
is less thaar 25% and fovee shonld be more
than 25 Newtwon,

wWas

for

Assessiment of movement capability. of

sealant in joint and aceelerated sweathering
LCSES are i progress,
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Test Method Resulis
followed

Fhadnes (Shae Y Esotinn R
Fernitbe anenpth (hesnm s s LA I
Pllongation at bieak (%93 -tlo HHE 0
Plastic defonnation (7)) T8 12018 102 20
Loss ol nrass after hew il 1.
aveing o In o weighny
Apyelic ation Bie'thn ~die 8.0
Rheological properties «tlo- Sctt fevelling

No hubbling

Vack free time {10 ANTM a7y 210
Sheinkage (% by volumey  BS 37170 Aeels 29
RT. 208
Paintabiling -tlo- N
chisenloration
Secpage st ~do- Seepage depth

two libier
papers,
seepage
spread il

Areas of application

The main areas ar urethane scalant applica-
ton are architectural construetion, elay
sewer pipes, sivports soud highwavs marine
acrospiee-cnvopenis elecrrienl and atomo-
tive ficlds.

Thixotropie non sagging sealants are
craploved in vartous vertical joints, Selt-
levelling sealants are recommuended for hori-
zonral road expansion or contraction joints,
side walks, parking areas, concrete slabs,
wheve vehicle or foot traffic is quite heavy,

The have  good  cohesive
strength and execllent recovery, they are
good for highway and airport runway ex-
pansion joint sealants. Sinee wrethane sea-
lants have good dimensional stability, they
vexist cold flose mder thetr own weight or
under smadl Joads, Thus they are able (o
prevent the penctration of stone and foreign
matter, and show excelleut resistance to the
abrasion action of high speed wraflie.

urcthanes
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