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Abstract: Copolymer latexes based on 2-hydroxy ethyl acrylate (2-HEA) and 2-hydroxy ethylmethacrylate (2-
HEMA) were synthesized with different molar ratios (95/ 05, 90/10 and 85/15) using azo-bisisobutyro-
nitril(ABIN) as initiator and alcoholic solution as solvent. Different molar ratios of monomers was designed to
investigate the effect of latexes on the physico-mechanical properties of Portland cement mortar (PCM) pastes
such as flow, water/cement ratio, water absorption, compressive strength and combined water. The result
showed thatcopolymer latex has a much more positive effect on the properties of Portland cement mortars than
that of ordinary Portland cement.
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INTRODUCTION increased durability, greater fatigue strength and

A large amount of technical literature is available on mortar and concrete [9-12]. The workability of the fresh
the behavior of Portland cement mortar [PCM] modified mixture is markedly improved over that of ordinary
with chemical admixture such as water reducing agent, concrete, because of plasticizing and air entraining effects
superplasticisers etc [1-4]. of the polymers.Water based polymer systems are often

Polymer-modified cement concrete or mortar is used for improvement in the properties of plain cement
produced by mixing polymer dispersions, redispersible mortar or concrete. Presently, latexes of a single or
powders, water-soluble polymers or liquid polymers combinations of polymers like polyvinyl acetate,
withthe  fresh  mixture   [1].  The   surface-active   agents, copolymers of vinyl acetate-ethylene, styrene-butadiene,
added to allow emulsification and stabilization of the styrene-acrylic and acrylic and styrene butadiene rubber
dispersion during storage, hinder the cement hydration emulsions are generally used.
and the polymer film formation [5]. Negimet et al. [4] studied the properties of polymer-

Conventional concrete materials combined with modified mortars using acrylic acid with vinyl butyl ether
polymers could yield composites with excellent andfound that the mortars with the newly developed
mechanical and physical properties.The resultant physical system have superior strength properties and combined
properties of a latex-modified cement mortar are affected water than mortar without polymer. 
by those same variables that can affect unmodified In   this  article,   the   polymer-modified  mortars
Portland cement mortars and concretes and by polymer using P(2-HEA-co-2-HEMA) latexes polymerized with
typical properties such as solids content,  pH,  density different monomer ratio are prepared for polymer-modified
and minimum film formation temperature [6-8]. mortars. The effect of the monomer ratio on physico-

Polymer-modified Portland cement mortar has mechanical properties of Portland cement mortar is
increased tensile strength, reduced drying shrinkage, discussed.

improved adhesion (bond strength) over conventional
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Table 1: Properties of synthetic hydrophilic copolymers

Monomer ratio

Symbol used P(2-HEA: 2-HEMA) by weight Appearance pH

M1 95: 05

M2 90: 10 Powder 7.0

M3 85: 15

Table 2: The chemical composition of the raw materials, mass %

Oxides Materials SiO Al O Fe O CaO MgO SO Na O K O L.O.I2 2 3 2 3 3 2 2

PCC 21.48 6.03 4.22 64.29 0.68 0.39 0.21 0.11 1.32

G 0.58 0.14 0.11 30.08 0.13 45.36 0.07 0.09 22.16

MATERIALS AND METHODS The resulting PCM pastes were directly moulded into

Synthesis   and    Characterization    of   Copolymers: manually agitated for 2 minutes and then on a vibrator for
The preparation of the copolymers and the methods of another 2 minutes to assure the complete removal of air
analysis ( H NMR, FT-IR, mass spectroscopy as well as bubbles and voids and to produce suitable pastes. The1

viscosity) have been previously described [13]. moulds were kept in a humidity chamber at 100 % R. H and
The mix proportion of synthesis and  basic a constant room temperature over night, then demoulded

properties of  synthesized  hydrophilic  copolymer  are and cured under water till the time of testing (1, 3, 7 and 28
shown  in Table 1. days) for compressive strength. Water absorption and

Cement and Fine Aggregate: The raw materials used in hydraulic testing machine of Type LPM 600 M1 SEIDNER
the present study are Portland cement clinker (PCC) and (Germany) having full capacity of 600 KN. The loading
raw gypsum (G). Each of those raw materials was was applied perpendicular to the direction of the upper
separately ground in a steel ball mill until the surface area surface of the cubes.
of 3650 and 2800 cm /g, respectively were achieved. The The combined water content (dp) was determined2

chemical composition of the raw materials is shown in from the following equation: dp = W / W -W g/cm ,
Table 2. The mineralogical composition of the PCC sample where W  is the saturated surface dry weight in air (g) and
is C S, 58.79 %; -C S, 17.68 %; C A, 8.08 %; C AF, 9.72 W  is the submerged weight in water (g).To stop the3 2 3 4

%. The Ordinary Portland Cement was prepared by mixing hydration at any age of hydration, a representative sample
96 wt. % PCC and 4 wt. % G in a porcelain ball mill for one of about 10 g after the determination of compressive
hour using 3 balls to assure complete homogeneity of the strength was taken, ground in an alumina mortar
cement. The Blaine surface areaof the cement sample was containing 50 ml of 1:1 (methanol: acetone) solution
3350 cm /g [14]. mixture and then filtered through a sintered glass funnel2

Sand (sizes, 0.21-0.53 nm) was used as the fine (G4). The sample was washed with 50 ml fresh diethyl
aggregate and is free from organic or clay-like materials. ether, dried at 70 °C for one hour and then kept inside an

Preparation and Methods: Mortar specimens of size 70 was renewed every week. The combined water content
mm cube were prepared in two groups. The first group (Wn) of samples predried at 105 °C for 24 hours was
was unmodified Portland cement mortar (PCM) with determined as the ignition loss [18] at 1000 °C for 30
cement: sand (1:3 by weight), (M0). In the second group minutes.
three types of chemical admixtures, M1-M3 were added to
2 wt% of cement to form chemical admixture Portland RESULT AND DISCUSTION
cement mortar (PCM) mix. 

The prepared copolymer was added to mixing water The structure of the prepared hydrophilic copolymer
and then added gradually to 300 g of the PCM mix in order P(2-HEA-co-2-HEMA) has been previously confirmed by
to determine the water of consistency and setting time authors[13]. The structure of the hydrophilic copolymer
using Vicat apparatus [15, 16]. is shown in Scheme 1. 

70 mm cube stainless steel moulds. The moulds were

compressive strength [17] was carried out using a

1 1 2
3

1

2

airtight bottle as described elsewhere. The curing water
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Scheme 1: Structure of the hydrophilic copolymer

Fig. 1: The effect of copolymer on the workability of Fig. 2: The effect of copolymer on the Water/Cement
PCM pastes. ratio of PCM pastes.

The effect of hydrophiliccopolymers with and It is seen from Figure that the addition of copolymer
without sodium hydroxide on the physico-mechanical latex has increased the flow. However, an increase in the
properties of Ordaniary Portland Cement (OPC) pastes ratio of 2-HEA in the hydrophilic copolymers increased
was investigated by authors [13]. The results showed that the flow ofmortar pastes. Visual examinations of mixes
the addition of aqueous solutions from theprepared containing polymer suggest that there were further
copolymers with and without sodium hydroxide to the increase in workability, as demonstrated by the ease of
cement improve most of the specific characteristics of flow in the moulds, compared with the control mixture. It
OPC. Whatever the results of the solution of the prepared is well established that the use of p(2-HEA-co-2-HEMA)
polymers in presenceof sodium hydroxide are better than in concrete reduces the water demand for a given
its copolymers without sodium hydroxide. workability. Therefore, concrete containing copolymer will

Application of Copolymers Latex for Portland Cement binder ratio. 
Mortar (PCM)
Workability: Workability is the term used for freshly Water/ Cement  Ratio:  The  effect  of  copolymer
mixed concrete that is easy to transport, able to flow, has addition  on  water/cement  ratio  of   fresh  PCM  pastes
the desired strength and resist segregation. Among the is shown in Figure 2. The required quantity of water
factors that affect the workability include quantity and decreases  with  the  addition  of  the copolymers.
characteristics of cement, gradation and shape of However,  the  decrease  is  relatively  more  in  case  of
aggregates, amount of water, admixtures and other M1. A reduction in water requirement was due to the
additives [19, 20]. The flow of PCM (Mo) without lower   surface   tension   of   the   polymer  molecules,
copolymer latexes is 128 nm. The effect of copolymers on which facilitates  better  flow  of  the  mix  at  the  same
flow  of  fresh  polymer-modified  mortars  is  shown  in water  content,  this  is  in  accordancewith  a  previous
Figure 1. study [21].

cause an increase in workability at constant water to
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Fig. 3: The effect of Water/Cement ratio on the Fig. 5: The effect of P(2-HEA-co-2-HEMA) on water
workability of PCM pastes. absorption of PCM pastes.

Fig. 4: The effect of P(2-HEA-co-2-HEMA) on the setting sample M3.
time of PCM pastes.

Polymer-modified systems are generally used at monomers in the copolymers on total water absorption at
verylow polymer-cement ratios for unproved workability. 28 days of curing and at different immersion times is
The consistency of the water-soluble polymer-modified shown in Figure 5. The water absorption decreases with
systems is markedly improved at lowerwater-cement ratios additional water immersion period and at higher 2-HEMA
over that of ordinary cement mortar and concrete,because ratios in the copolymers.This due to the film formation
of the plasticizing and air-entraining effects of the characteristics of recent redispersible polymer powders
polymers [1]. for cement modifiers are improved and continuous

The workability of the fresh and hardened mortar and polymer films can be found in the redispersible polymer
concrete are affected by a multiplicity of factors such as powder-modified systems[1].The importance of
polymer type, polymer-cement ratio, water/cement ratio, continuous polymer films formationin making a monolithic
air content and curing conditions [1]. Figure 3 shows that polymer-cement co-matrix in polymer has already been
the workability of mortar pastes increases with decreasing explained by Ohama [22].
water/cement ratio in the PCM pastes mixed with
copolymers. However, the increase is relatively more in Compressive Strength: The compressive strength values
case of M1.The increase in workability is mainly due to of PCM pastes premixed with the prepared copolymers
reduction in water requirement was due to the lower with various ratios of monomers are shown in Figure 6. It
surface tension of the polymer molecules, which facilitates is generally obvious that the compressive strength of
better flow of the mix at the same water content. mortar  pastes  increases  with curing time up  to  28  days.

Setting Time: The initial and final setting times of the
mortar  mixes  are  presented  in  Figure  4.  As  seen from
the figure, additions of P(2-HEA-co-2-HEMA)
significantly delayed the initial setting time and expedite
the duration between initial and final setting time. The
initial and final setting time of the control mixture (M0)
was 200 and 300 minutes respectively. The setting time
decreases sharply with the increase the ratio of 2-HEMA
in the copolymer. This is mainly due to that; the water
loss by evaporation from the outer surfaces of the
specimens  mixed  with  the  copolymers  is  relatively
higher than that of unmodified mortar pastes especially

Water Absorption: The influence of varying amount of
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Fig. 6: The effect of P(2-HEA-co-2-HEMA) on the increase ratio of 2-HEMA in the copolymer. It is proved
compressive strength of PCM pastes. that as admixture having a functional group producing a

Fig. 7: The effect of P(2-HEA-co-2-HEMA) on the in OPC. 
chemically combined water of PCM pastes The reduction of water of consistency of PCM using

At 28 days, there is a systematic decrease in compressive however, the setting times (initial and final) were
strength as the amount of 2-HEMA is decreased. For elongated i.e., P(2-HEA-co-2-HEMA) act as a water
example, the strength for the mortar pastes mixed with M3 reducing agent when mixed with the PCM.
(15% 2-HEMA) at 28 days age is 45.8 MPa and this drops PCM pastes premixed with copolymer latexes have
down to 40.1 and 36.05 MPa for the mortar pastes mixed lower water absorption with increasing the 2-HEMA
with M2 (10% 2-HEMA) and M1 (5% 2-HEMA) ratios in copolymer than that of PCM paste (M0).
respectively. Increased 2-HEMA content causes a The compressive strength of PCM pastes mixed with
pronounced decrease in the air content and an increase in latexes is lower than that of OPC mixed with the same
the compressive strength. latex,because of the presence of many voids in PCM

Chemically Combined Water: It is generally well known The chemically combined water content of PCM
that the chemically combined water content is an indirect premixed with latexes also enhances and seems to be
evidence of the quantitative increase of the newly higher than that of the OPC pastes mixed with latex.
hydration products formed in the hardened cement pastes
during the hydration process [ 23]. REFERENCES

The combined water contents of PCM premixed with
copolymers are graphically plotted as a function of curing 1. Ohama, Y., 1995. Handbook of polymer-modified
time in Figure 7. The results show that the combined water concrete and mortars, NoyesPublications.

content of all mixes increased with the increase in curing
time. It is attributed to the cement hydration process
generally precedes the polymer film formation process by
the coalescence of polymer particles in adduct polymer. It
is very important that both cement hydration and polymer
film formation proceeds well to yield a monolithic matrix
phase with a network structure in which the cement
hydrate phase and polymer phase interpenetrate. The film
forming process in the pore solution of cementitious
materials can be ascribed to the influence of the altered
conditions on the drying rate of the polymer dispersion.
[24]. Furthermore, the combined water content of the
mortar pastes mixed with the copolymers increases with

complex salt with Ca  decrease the concentration of Ca2+ 2+

in liquid phase at early age and delays the saturation of
Ca , which influences the morphology of hydrate2+

produced [25].

CONCLUSION

Based on the results obtained in this paper, the
following conclusions can drawn:

Flow of PCM mixed with P(2-HEA-co-2-HEMA) is
lower than that of ordinary Portland cement mortar
(OPC) due to that a large quantity of air is entrained

copolymers is less than that in case of OPC,

mixed with latexes.
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