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Warler based polymer systewms are often wsed for mgeovement i the propertes of pluin Cement morar of coleiele. Presuntly, Liteses
ol wasingle or combinutions of palymers like polyvinyl acetale, copolymers of vinyl ucetate cthylene, styrene bubadiene. stvsene aces i,
v acrylic and siyrene butadiene rubber emulsions are generally used. One of the Tmilations of these palymuer systems 35 thal Lhiy mas
te-emulsify 1o humid alkaline conditions, To overcoime this problem, un eposy entubsion based polymer systom has bein develuped. o
this paper the properties of the cement mortar modified with this newly deseloped cpoxy emulsion ate compared with those of e ae
relic-moedified mortar, The results showed that the mortars with the newly develaped system have superior strength propertics and better

resistance 1o the penetration of chloride ions and carbon dioxide.
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L. Introduction

In modern concrele construction und repair works the
ride of polymers is increasing day by day, Polymers are
gither incorporated in a cemenl-ageregale mix or used as
a single binder, The composites made by using polymer
along with cement and aggregates are called pelymer-mod-
ified mortars (PMM) or polvmer-modified concrele
(PMU). while composites made with polymer and aggre-
gales are culled polymer mortar (PM) or polymer concrete
tPC). Smce polymers are costly the lormer type of applica-
tiess iy preferred over the latter m most of the situitions.
The incorporation of polymers greatly improves steength,
adhesion, resilience, mpermeability, chemical resistance
and durability properties of mortars and concrete [1-3.
These properties make PMM a suitable material for mak-
tng viarious structural and non-structural pre-cast products,
reparr of structural members, walerproofing, anticorrosive
and decorative linishes, overlay of pavements, bridges and
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mdustrial floors [14] A number of thermoplastic ar thei-
mosetling palymers are used in modilying mortars and
oncrele, These are wsed in variows forms lke: liquid resins,
latexes, redispersible powders and water-soluble home-
palyiers or capolymers [3] The chaice ol the polviner
depends upon the intended use, und requiresient of perlor-
mances like strength, durability and chemical reststance
Maoreover, the polymer svstems can alse be modific by
wse of additives like surlactants, stabilisers. antilfoanmn
agents and colouring pigments [1].

Polvmer lateses are dispersion of polviner paachictes il
size 0.03-5.00 pm-in waler (5] For muking BMM, maost
of the researchers use latexes of a single or combrations
of polvmers like polyvinyl acetate, copoiymers of vinyl
acetule—ethylene, stvrene butadiene, styrene dorylie; and
acrylic [1,5,6) Latex can also be made by using epoxy resin.
which comes under the non re-emuisifinble citegory. The
non re-emulsifiable luteses are expected o lhave greater
resistant to chemical, alkalive and humid environmen:
However, very litle mformation is available on the use of
epoxy emulsion in making PMM. In view of this, an exper-
mentil study was conducted (o develop PMM based on
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epaay enulsion, The outcomes of this study are reported m
thas paper. The properties of epoxy-modified mortar are
compared with those of unmodified cement mortar and ae-
ryle-modilied mortar,

2. Materials and methods

Epoxy emulsion was prepared by emulsifying epoxy
resin, based on diglyeidyl ether of bisphenol-A, and
amine-amide based hardener in water by using a nen-onie
surfactant. Additives like defoaming, wetting and anti-
cattering agents, and fillers were also used. For both, epoxy
emulsion and acrylc emulsion. similar dosages of additives
were used. The prepared epoxy emulsion had density of
1.00-1.05 glem’, epoxide equivalent value of 200-300 g eg
and total solids of 60 = 2% while acrylic emulsion had
density of 1.05-1.10 g/em” and total solids 38 + 2%,

Ordinary Portland cement, grade 43, and quartz sand
Mo 10 were used lor making the PMM test specimens,
Properties of the cement and sieve anaiyvsis of the sand used
m this study are reported in Tables | and 2, respectively,
To study the effect of polvmer—cement ratio on vanous
properties specimens were prepared by varving the poly-
mer-cement ratio from 0% to 30% by mass of cement, A
cement—sand ralio of 1:3 by mass was kept constant [or
all the specimens. Forall the mixes the waler—cement ratio
iwic) was adjusted 1o maintain a constant Dow between 110
and 120 mm.

Five specimens of 40 mm = 40 mm = 160 mm sive were
prepured Tor three-point Rexure test, After fexural test
the specimens were cut from the ends, ie. from the un-
cracked portion of the specimens to obtain cubes of size
HWomm x40 mmex 40 mm for  determining  compressive
strength and water absorption, For carhonation and chlo-
rideion penetration tests theee prisms of 40 mm x 40 mm %
B0 mm size For cach st were moulded, After moulding, |he
specimens werd allowed 1o cure in the mould for lirst 24 b,
During this period the moulds were covered with wel cloth
‘wnd polyethylene sheet, The specimens were then kept in

the laboratory condilions, 20 & 2 °C and 50 £ 5% relalive

humidity (R H) lor the next 27 d. 1t is known thal the water
curing degrades the mechanical strength of polymer modi-
hed cementitious mortars [2.7], Hence, waler curing was
elimrnatid for PMM specimens, while one set of control
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spectmens, e specimens withoul polymer wis wiles
cured and another was air cured. Water absorption, flex-
ural and compressive strenglh tests were carried  oul
according 1o JIS A 1ET1-2000 and IS A 6G203-2000 [5.91

In the carbonation test, the linished and botton surlices
and two ends ol the cured mortar spmples were codted with
epoxy resin based paint, The specimens were then placed in
a test chumber for [4.d ata CO4 gas coneentration of 35,
lemperature 30 °C and 600 REL The carbonated samples
were Lhen split inlo twe pleces by using o splilting-tensile
device. Immediately after splitting a 29 alcobolic solution
ol phenolphthalein was sprayed on the newly exposed inne
surfiees of the specimens. The depth ol each cross-section
without colour change was medsured as caorbonation deprh
For the chlorde-ion penetration test, the cured samples
were fmmersed in a 25% sodivm chlonde seluhwn
23°C Tar 7d. The samples were split alter the test sl
the split cross-sections were sprayed with 01% sodium
fluerescein and (001 N silver nitrate solution, The depth ol
the rim of ¢ach cross-section chanped o white was mici-
sured as chloride fon pepelration depth.

3. Resulis and discussion

The effect of polymer addition on water—cement tatio
required to maintain the desired Mow (100120 mm) s
shown in Fig. L. The required quantity of water decreises
with the addition of both polymers. However, the decreuse
is relatively more in case ol acrylic emulsion, A reduction in

055
! |
o
R
E “‘1‘--..\_‘\“
E \
E -
= 0354
=]
= == Ay
== Eponry
ﬂ'25 T T T
a 10 20 30 40

Polymer-cement ralio, %

Fig | Eftect of polymer wbditon on wilér—cement mbie regirad (o
maitkain fow.



b K Aggarval o al | Constraccion Buildling Muterals 20 (20071 376—0k4 b

water requirement was expected nol only due 1o the pres-
eace of surfactants in the polymers but also due 1o the low-
er surface tension of palymer molecules, which facilitates
belter flow of the mix at the same water content. The re-
sults of polymer addition on com pressive strength of the
mortar al 25 and 90°d yre shown in Figs, 2 and 3, respec-
tively. The compressive strength of unmodified water cured
mortar specimen is 39,5 MPa at 28 d and 45.0 MPa at 90 d
curing, 1t can be scen that both 28 and 904 COMpPressive
strengths of the mortar increase with polviner-cement -
io. However, the compressive strength of PMM is less
than that of water cured control specimens when the paly-
mer-—cement ralio is less than 20%, Nevertheless, the 90 d
compressive strengil is higher than water cured specimens
wlhen the polymer-tement ratio is mare than 20% (or both
the polymer systems (Fig, 3). While comparing the 28 and
Yrd strength of PMM and water cured control specimens
wappears that in witer cured specimens mosL of the hydra-
tion is completed within 28 d; whercas in PMM the process
of hydration/polymerisation continues till around 90 d.
However, this period may vary depending upon various
pdrumeters such as type of polymer, additives and their

dosages, Mevertheless, the slow rate of strength pain of
PMM 15 not expected 1o affect the perlormance. because
the strength development can continue without ANy eXier-
nal aid: The results ulso show (hat al the sane palyiner ce-
ment ratio the epoxy emulsion modified mortars have
better compressive strength than acrylic modified mortars
{Figs, 2and 3

The effect of polymer—ement ratio on 28 d fexural
strength of differsnt compositions is shown in Fig, 4, Il
can be seen that the flexural strength of the unmodificd
wiler cured mortar is 78 MPa and that the fesural
strength of air cured PMM specimens is less than water
cured unmodilied mortar samples when polymer-cemer|
ratio is less than 200, However, for hotly pobvimer svsleins
the fexural strength is better than that of the wate cupe
control speciinens at 30% polymer cement ritio, L he flees-
ural sirength of epoxy modified mortar samples with 34
polymer—cement ratio is about [0, higher s compied
to- wet cured samples, Tn case of air cured samples, the in-
crease 1n strength of acrylic moditied mortars is up 1o 40t
s compared to unmoditicd moriar samples while i s
about 60% for epoxy modified mort sainiples. This shows
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that epoxy modilied morturs should behave better than ac-
rylie modilied mortars under fexura) loading,

From Figs. 2-4, it cun be noted that the effect of increase
in polymer—cement ralio is more pronounced i Mexural
strength thun in compression strength. The improvement
mostrength propertes of air cured PMM can be exploited
tor advantuge in repair applications at the locations where
access Iy difficult for water curing, Besides enhancng
strength, polymer modilications can significantly improve
toughness of the mortars. From the stress strain curve
showa in Fig: 5. it can be seen that the addition of both
epoy and sicrylic Tatex increases the toughness, 11 can be
noted that the area under the stress-sirain curve of EPORY
emulsion based PMM is about three times the area of the
comirolled specimen,

Epoxy based mortar showed better resistance to penetra-
tion of carbon dioxide (Fig. 8). For example, at 14 poly-
mer—cement vitio the epoxy emulsion bused mortar
showed 45% reduction in carbonation, while it was 28%,
for acrylic based mortar, At 200 leading of epoxy emulsion
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Fig. 6. Effect of pofyneer addition on depth of carbonation.

the carbonation depth greatly decreases {by aboul T4
Similarly, chloride ion penetration also decreases with thi
addition of polymer in the polymer-cement miix (Eig, 7}
In the present investigations, the reduclion s upr Lo 60% ai
20% epoxy loading in the mix. The reduction in chloride
ion penetration is about 40% at 107, epoxy or 200 acrvi
latex loading in the mix. This indicates thut eposy emulsions
mortar should have more resistant owards chlonde ioa -
tack. The increased resistance 1o penetration of CO
chioride ions make PMM very useful in application in core
rOsion prone areas.

The effect of polymer-—vement ratio on walel abssiplion
of mortars is sliown in Fig. 8 I is evident from the ligure
that the water absarption reduces with the increse in iy -
mer—cement ratio irrespective ol the type and amount of
polymer. At 300 polymer cement ratio, the decresse in
water absorption is-about 45% and 55% for acryhic and
epoxy emulsion modified mix, respectively. This indicates
that the polymer addition results in reduction of the
porosity of the mortar. Other studies also showed that the
polyimer fills the voids in the cement matrix [2.10]. Polyme:
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moditied cementitious mortars are therefore expected lo be
more resistant owards humid environments than plain ce-
ment iwarkar.

Most of the results of the tests conducted during this
study show that epoxy emulsion has greater effect on
improvement of properties of the morlar than the acrylic.
Murgover, eposy emulsion is considered non re-emulsifi-
able latex and therefore it should not destabilise under hu-
mid and alkaline environment, but acrylic based mortar
can, Thus, palymer modified cementitious mortars based
on gpoxy emulsion shall be more suitable For use in struc-
Lures exposed 1o high humid conditions or immersed in
waler, The epoxy emulsion based cementitious mortars
also have some advantages over solvent based epoxy mor-
turs such as these can be applied on wel substrates, i.e.,
bone dried substrate will not be essential requirement as
in the case solvent based polymer mortars. The other

advantages mclude ease in cleaning of teols and equipment
after wse, mitimum health hazard and cost saving as there
15 o use of organie solvents. Thus, eposy emulsion is imore
environment-fricndly thian the solvent bised eposy.

4, Conelusions

The results of this study showed (hat the addition o
polymer to cement mortlar imprives workabilily, increases
Aexural and compressive strengths, and decreases waler
absorption, carbonation and chlorde on penetration.
However. al the same amount of polymer-cement ratio
epoxy emulsion showed slightly belter properties than e
rylic emulsion, In addition, the epoxy emulsion based mor-
tars huve several advantages over solvent-based cpoxy
morlars, Thus, epoxy emulsion based moriar is & potential
material that can be used lor repair works - hunud and
industrial environments,
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