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Abstract:  Copolymer  solution  latexes  based  on 2-hydroxy ethyl acrylate (2-HEA) with butylacrylate (BuA)
P[2-HEA-co-BuA], were synthesized with different composition ratios [(99: 01), (97: 03), (95: 05)] using azo-bis-
isobutyro-nitrile (ABIN) as free radical initiation system. The obtained latexes were characterized by H NMR,1

FT-IR, DSC and GPC. The results showed that the molecular weight of latexes increase with increasing ratio of
BuA in the copolymer. The effect of copolymer latexes in presence of NaOH on properties of Portland cement
(PC) was studied. Various formulations were designed to investigate the effects ofprocess variables such as
composition ratio of monomers and pH on the physico-mechanicalproperties of PC. The water of consistency
decreased with latexes addition, whereas the setting times (initialand final) increased. The compressive strength
slightly increased during the early stages of hydration and sharply increased during the later stages. Adding
latexes improved the workability, densityand combined water content of PC. Moreover, increasing BuA content
in the composition ratio improves the properties of PC. However the increasing pH of copolymer latexes
improved the properties of PC more than without pH.
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INTRODUCTION The results showed that the addition of latexes to PC

Chemical admixtures are chemicals added in small However, the strength of PC increases with increasing the
quantities to cement to improve its properties in various ratio of 2-HEMA, VEEG content in the copolymer latexes
ways, primary with their surface activity [1]. Several and decreasing with increasing St in the latexes. 
chemical admixtures based on naphthalene sulfonic acid Copolymer emulsion latexes [7, 8] based on styrene
(PN) and on melamine were studied [3]. The PN retard the (St) withmethacrylate monomers were synthesized with
initial setting but accelerate the final setting. The effects composition ratio (1/1) in the presence of a co-surfactants
of the degree of polymerization on the properties of that  consists   of  dodecyl  benzenesodium  sulfonate
cement have been examined [4]. Seven commercially with polyvinyl alcohol (DBSS/PVA) and DBBS with
available water-soluble polymers with different molecular polyoxyethylene glycol monomethyl ether (DBBS/ POE).
weight have been studied. Several general trends were The effect of latexes on the properties of PC pastes was
observed and may be used as guidelines for the selection investigated. The results showed that the addition
of polymers as dispersants. Negim et al. [4-6] prepared ofwater mixed to the cement with copolymer improves
copolymer  latexes  based  on  2-hydroxy  ethyl  acrylate most of thespecific characteristics of PC. The  present
(2-HEA) with each of styrene (2-HEA/St), 2-hydroxy ethyl work was designed to study the preparation and
methacrylate (2-HEA/2-HEMA) and vinyl ether of characterization  of  P[2-HEA-co-BuA] via H NMR, FT-
ethylene glycol (2-HEA/VEEG). The effect of copolymer IR, DSC and GPC. The work was further extended to
latexes  with  and  without  sodium  hydroxide on include the application of the obtained copolymer latexes
physico-mechanical properties of PC pastes were studied. to modify the properties of PC pastes.

improved the most of the specific characteisitic of PC.
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MATERIALS AND METHODS The Ordinary Portland Cement (M0) was prepared by

Synthesis  of  Copolymer  Latexes:  P[2-HEA-co-BuA] for one hour using 3 balls to assure complete
with various ratios of hydrophilic chains [(M1= 99: 01), homogeneity of the cement. The Blaine surface area [9] of
(M2= 97: 03), (M3= 95: 05)] were synthesized by solution the cement sample was 3350 cm /g.
polymerization using ABIN as initiator and ethanol as
solvent at 60°C. The copolymers synthesized were Methods: The prepared copolymer (either in the absence
reprecipitated several times from ethanol to diethyl ether or presence of NaOH) was added to mixing water and then
and dried in a vacuum desiccator at 30°C until a constant added gradually to 300 g of the dry cement in order to
weight achieved. determine the water of consistency and setting time using

Tests: H NMR Spectroscopy: The H NMR spectra of the consistency premixed with the copolymer was added to1 1

prepared  polymers  were  carried  out  by using a JEOL 500 g of the dry cement. The resulting cement pastes were
EX-270 NMR spectrometer, 270MHz Japan for H NMR directly moulded into one-inch cube stainless steel1

with super conducting magnet Oxford and 5-mm Dual moulds. The moulds were manually agitated for 2 minutes
probe head for H. Typical conditions spectral width. 4000 and then on a vibrator for another 2 minutes to assure the1

Hz for hydrogen proton. Chemical composition of latexes complete removal of air bubbles and voids and to produce
were verified by FTIR spectra, which were recorded on a suitable pastes. The moulds were kept in a humidity
Bruker Tensor 37 FTIR spectrometer. Glass transition chamber at 100 % R. H and a constant room temperature
temperature (T ) of samples were measured using over night, then demoulded and cured under water till theg

differential scanning calorimetry (DSC) (NETZSCH time of testing (1, 3, 7 and 28 days) for total porosity and
DSC200PC), using aluminum crimped pans under N compressive strength [12]. The compressive strength was2

atmosphere at flow rate 20 mL min . The measurements carried out using a hydraulic testing machine of Type1

were carried out between 25°C and 210°C at a heating rate LPM 600 M1 SEIDNER (Germany) having full capacity of
of 10°C.min . Molecular weights of the hydrophilic 600 KN. The loading was applied perpendicular to the1

copolymers were obtained from gel permeation direction of the upper surface of the cubes. The total
chromatography  (Waters Co., USA) equipped with a porosity,  of each sample at any interval was calculated
series of l Styragel® columns (10 , 10 , 10  A° pore sizes), from the following equation [13]:4 5 6

HPLC pump (Waters 501), RI detector (Waters 410) and
integrator at 40°C. Polystyrene standards and universal  = 0.99 X We X dp / (1 + Wt)
calibration were adapted to reduce measuring error.
Sampling of the copolymers was carried out five times where 0.99 is the specific volume of the free water, We is
during the chain extension step to investigate the effects the evaporable water content, dp is the bulk density,
of molecular weights. Tetrahydrofuran was used as an g/cm  and Wt is the total water content which is equal to
eluent at 1.0 mL min  flow rate and 1.0 x 10  Pa pump the sum of evaporable water (We) and combined water1 3

pressure. (Wn) contents. The bulk density (dp) was determined

Raw Materials: The raw materials used in the present where W  is the saturated surface dry weight in air (g) and
study  are  Portland  c ement clinker (PCC) and raw W  is the submerged weight in water (g). To stop the
gypsum (G). Each of those raw materials was separately hydration at any age of hydration, a representative sample
ground in a steel ball mill until the surface area of 3650 and of about 10 g after the determination of compressive
2800 cm /g, respectively were achieved. The chemical strength was taken, ground in an alumina mortar2

composition  of  the  raw materials is shown in Table 1. containing 50 ml of 1:1 (methanol: acetone) solution
The mineralogical composition of the PCC sample is C S, mixture and then filtered through a sintered glass funnel3

58.79 %; - C S,  17.68  %;  C A,  8.08  %;  C AF,   9.72  %. (G4).  The  sample  was  washed  with  50 ml   fresh  diethyl2 3 4

mixing 96 wt. % PCC and 4 wt. % G in a porcelain ball mill

2

Vicat apparatus [10, 11]. The determined water of

3

from the following equation: dp = W / W -W g/cm ,1 1 2
3

1

2

Table 1: The chemical composition of the raw materials, mass %

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

PC Clinker 21.48 6.03 4.22 64.29 0.68  0.39 0.21 0.11 1.32
Gypsum 0.58 0.14 0.11 30.08 0.13 45.36 0.07 0.09 22.16



1 1 2
1 2

W W
Tg Tg Tg

= +
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ether, dried at 70°C for one hour and then kept inside an
airtight bottle as described elsewhere [13]. The curing
water was renewed every week. The combined water
content (Wn) of samples predried at 105°C for 24 hours
was determined as the ignition loss at 1000°C for 30
minutes [14]. The density test was carried out according
to ASTM C127 - 12 [15].

RESULTS AND DISCUSSION

FT-IR Spectra of P[2-HEA-co-BuA]: Figure 1 shows the
FTIR spectra for copolymer latexes. Evidence of
copolymer formation is provided by IR spectroscopy.
From the IR spectra of copolymer, it can be noticed that a Fig. 1: FT-IR spectra of P[2-HEA-co-BuA]
broad peak at 3455 cm  for the –OH group, one peak at1

1096 cm  attributed to –CO groups, at 1745 cm   for1 1

carbonyl  group,  2924 cm   for  aliphatic  CH -  and at1
2

1377 cm  for CH  – C. 1
3

HNMR Spectra of P[2-HEA-co-BuA]: The H NMR1 1

spectra of copolymer latexesis shown in Table 2 and
Figure 2. It is clear from the table that there are noticeable
chemical shifts in the characteristic peaks of the
copolymers due to the occurrence the copolymerization
process. It is clear that the H NMR spectra give a good Fig. 2: H NMR spectra of P[2-HEA-co-BuA]1

conformation about the structure of these obtained
copolymer

Gel Permeation Chromatography (GPC): The molecular where T  is the glass transition temperature of the
weights of the copolymers of 2-HEA with BuA with copolymer, T  and T  are the glass transition
different compositions were determined by GPC. The temperatures of the two homopolymers and w  and w  are
results of effect of the different ratios of the monomers on the weight fractions of the two repeat units in the
Mw of the copolymer are shown in Table 3. The data in copolymer.
Table 3 showed that, the number average molecular The results of DSC analysis of copolymer are
weight and weight average molecular weight increased summarized in Table 3, the experimentally measured T
with  increasing  the  ration  of  BuA  in the copolymer. values closely follow the predictions of the Fox equation.
The similar result was obtained by authors[16]. It is also, Generally, it is known that T is indirectly proportional to
obvious that the values of polydispersity index are chain flexibility. From Table 3, it can be seen that the T  of
closely equal on for copolymer latex prepared in presence copolymer decreased as the BuAincreased.
of radical system with different ratio of the monomers.

Differential Scanning Calorimetry (DSC): The thermal consistency of the various Portland cement pastes
transitions of the copolymer latexes were determined by premixed with copolymer latexes with and without sodium
differential scanning calorimetry (DSC) analysis. The T hydroxide are shown in Table 4. It is clear that theg

varies continuously with ratios of monomers in the optimum W/C ratio of the pure PC was found to be 0.28,
copolymer. To describe such type of composition which decreases to 0.25. The same behavior was reported
dependence of the T  of copolymers, the so-called Fox by Negim et al. [18-20] when they studied properties ofg

equation was used [17]: PC with additions of poly(acrylate) latexes.

1

g

g1 g2

1 2

g

g

g

Water/Cement Ratio (W/C): The results of water of
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Table 2: Chemical shifts of the prepared copolymers latexes
Resonance Signal (PPM) Proton Assignment
1.55 - 1.65 –CH – (1)2

2.20 - 2.25 –CH– (2)
1.55 - 1.75 –CH – (3)2

2.20 - 2.25 –CH– (4)
3.97 - 3,99 –CH – (5)2

3.97 – 3.99 –CH – (6)2

1.27 - 1.36 –CH – (7)2

3.53 - 3.55 –CH – (8)2

1.42-1.40 –CH – (9)2

0,85 - 0,90 –CH – (10)3

4.70 – 4.81 –OH (11)

Table 3: Molecular characterization of copolymer latexes
Copolymer Mn Mw PDI T Ta b c d e

g g

M1 121.945 122.432 0.996 -15.46 -13.01
M2 140.675 139.976 1.004 -16.34 -15.10
M3 151.456 150.697 1.005 -17.28 -19.59
Number average molecular weight.a

Weight average molecular weight.b

Polydispersity index (Mw/Mn).c

Predicted using Fox equationd

Measured using DSC e

Table 4: Water of consistency as well as setting time of PC pastes mixed with copolymer latexes without and with NaOH
Setting time, min. NaOH
---------------------------------- -----------------------------

Copolymer Concentration % W/C ratio % Initial Final Initial Final
M0 0.00 28 150 360 150 360
M1 0.25 25 140 380 115 310

0.50 25 190 430 150 370
1.00 25 335 640 280 490

M2 0.25 25 125 370 100 285
0.50 25 165 425 135 350
1.00 25 320 625 265 470

M3 0.25 25 100 365 90 260
0.50 25 150 420 110 340
1.00 25 305 600 265 450

Setting Time: It is well known that the setting time of In addition, copolymer solutions in presence of
concrete are affected by kind and added timing of organic sodium hydroxide led to shorter setting time than its
admixture including fluidizing agent, air entraining agent copolymer solutions without sodium hydroxide. This is
and water-reducing agent [21]. mainly  due  to that, the water loss by evaporation from

On the other hand, the setting time (initial and final) the  outer  surfaces  of  the specimens mixed with the
of the pure PC pastes increases sharply with the addition water-soluble copolymers is relatively less than that of
of copolymer latexes with and without sodium hydroxide. Portland cement pastes. Furthermore, there may be a
The setting times also increase sharply with the increase relationship between the type of copolymers and the
of copolymer concentrations as well as decrease gradually elasticity of the cement pastes [22, 23].
with the increase ratio of BuA in the copolymer latexes as
shown in Table 4. Our results are opposite to those Flow: As shown in Figure 3 that, the addition of
reported in Ref. [4] where the setting time of PC increases copolymer latexes to PC increases the flow of cement.
gradually as the ratio of styrene in thecopolymer Negim at el. [4-6] found that the copolymer latexes based
increases. on  2-HEA  increased  the workability of cement are mainly
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Fig. 3: The effect of copolymer latexes on the flow of PC
pastes

Fig. 4: The effect of copolymer latexes without NaOH on
the density of PC pastes

Fig. 5: The effect of copolymer latexes in presence of density of PC premixed with copolymer latexes decreased
NaOH on density of PC pastes with the increasing time of curing and with increasing the

affected by the length of side chains through steric density of PC mixed with copolymer latexes in presence of
repulsive force. However, the workability of PC increased NaOH is lower than that of premixed with latexes without
with  increasing  the  ratio  BuA  in  copolymer  latexes. NaOH.
The similar  results  were  reported  by  Negim et al. [5].
On the other hand, it is found that the workability of PC Chemically Combined Water Content: It is generally well
premixed with copolymer latexes in presence of NaOH is known that the chemically combined water content is an
higher  that  of  PC mixed with polymer without NaOH. evidence of the quantitative increase of the newly
This is due to the ball bearing action of copolymer hydration products that formed in the hardened cement
particles improved the fluidity of the cement. pastes during hydration process [24, 25]. On this basis,

Density: The density for pure PC and PC premixed with various cement pastes premixed with copolymer latexes
copolymer latexes in presence of NaOHand without of with and without sodium hydroxide are graphically plotted
NaOH  are  shown  in  Figures 4  &  5.  The Figures clearly as  a  function  of  curing time in Figures 6, 7. As it is clear,

Fig. 6: The effect of copolymer latexes without NaOH on
the combined water content of PC pastes

Fig. 7: The effect of copolymer latexes in presence of
NaOH on the combined water content of PC
pastes

indicates that the PC premixed with copolymer latexes
have lower density compared to pure PC. However,

ratio of 2-HEA in the copolymer latexes. Furthermore the

the results of chemically combined water contents of the
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Table 5: Elemental analysis of cement pastes mixed with copolymer

Elements C O Na Mg Al Si S K Ca Fe

M0 36 0.4 4.1 6.6 17 1.1 0.8 31 1.1
M1 11.8 48.7 0.14 1.0 2.5 11.7 4.7 0.05 45.8 4.0

the values of combined water content increase gradually
as the curing time proceeds up to 28 days of hydration.
This is mainly due to the continuous formation of the
hydration products that are formed during the hydration
process [26]. This is due to admixtures having a function
group producing a complex salt with Ca in the liquid2+

phase at the early stage of hydration and accelerates the
production of large AFt crystals [27]. The combined water
contents of the cement pastes premixed with copolymers
tend to be higher than the pure PC that mixed with water
only at all curing periods. Furthermore, as the ratio of BuA
in copolymer latexes increases the combined water
contents increase sharply. This is essentially attributed to
the fact that the adsorption of admixtures to the particles Fig. 8: The effect of copolymer latexes without NaOH on
of cement or cement hydrate depends upon the kinds of the compressive strength of PC pastes
admixture and it depends upon the kinds of clinker
minerals and hydrates when the kinds of admixture are the
same [27].

As shown from Figure 7, the combined water
contents of the cement pastes premixed with the
copolymer latexes in presence of sodium hydroxide tend
to be higher than its copolymer solution without sodium
hydroxide. This is essentially attributed to the fact that
the addition of the copolymer solutions in presence of
sodium hydroxide did not form any polymer films or
membranes around the cement grains, but only
polymerizes or crystallizes inside the pore structure of the
hardened cement pastes [23].

Influence of Copolymer Latexes on the Morphology of of NaOH on the compressive strength of PC
Hydrates: The adsorptive behavior of organic admixtures pastes
to clinker minerals at the stage of hydration of cement was
investigated by analyzing the main components of Compressive  Strength:  The compressive strength
admixtures, C and S and the main component of clinker values of the cement pastes premixed with the prepared
minerals, Ca, in the direction of depth from the surface. copolymers with and without sodium hydroxide at
The concentration changes of C, S and Ca on the alite and constant W/C of 0.25 are shown in Figures 8, 9. The
interstitial phase are shown in Table 5. compressive strength of cement paste containing

As shown from the table, concentration of C, Ca and copolymers without NaOH is lower than the pure PC
S in the cement paste mixed with copolymer latexes is during the early ages of the hydration up to 3 days and
higher than that of PC. An admixture having a functional then become higher during the latter ages up to 28 days
group producing a complex salt with Ca  decrease the as shown in Figure 8. In contrast with what is generally2+

concentration of Ca  in liquid phase at early age and reported in the literature [4-7], the compressive strength2+

delays the saturation of Ca , which influences the is higher than PC during the early ages of hydration with2+

morphology of hydrate produced [26]. the addition of poly(acrylate) to PC.

Fig. 9: The  effect   of   copolymer   latexes   in  presence
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It is generally obvious that the compressive strength From Figures 8, 9, it is shown that the compressive
of cement pastes increases sharply with curing time up to
28 days as illustrated in Figures 8, 9. This is mainly due to
the formation of hydration products, which deposited in
the pore system of the hardened cement pastes. This
results in a gradual decrease in the total porosity of
specimens. Accordingly, the compressive strength
increases gradually [24]. Moreover, the compressive
strength of the cement pastes premixed with the various
ratios of copolymers increases sharply. This is essentially
attributed to the fact that mixing the cement pastes with
the copolymers affects physically the cement particles,
which modify the bonds between the various particles
[28]. This made the cement particles to be bonded more
strength together and/or increases the number of inter-
particle bonds [29, 30]. Furthermore, they can act on the
chemical processes of hydration, partically on the
nucleation and  crystal  growth  of  the  formed phases
[31, 21]. As it is clear that the compressive strength of all
samples increases with curing time as the ratio of BuAin
the copolymers increases.The same behavior was
reported by Negim et al. [32-34]. This is mainly due to that
the water-reducing admixture group possessed the ability
to increase the workability or alternatively allow similar
workabilities to a control mix at lower W/C ratios [5-7].

Figure 9 shows the compressive strength of the
cement pastes premixed with solutions of copolymers
latexes in presence of (sodium hydroxide) and W/C of 0.25
tend to be higher than those of the pure PC at all curing
periods. as in the study reported in Ref. [4-6]. The
addition of sodium hydroxide or the presence of residual
alkalis in the superplasticizer enhances the early age
strength of the mortars and concretes [23]. As it is, clear
that the compressive strength of all samples increases
with curing time as the ratio of BuA in the copolymer
increases. That is because of the motive force for the
adsorption of the admixture to the surface of cement
particles includes van der Waals force, the electrostatic
forces by the ion exchange, formation of ion pair and
polarization of electron, the hydrogen bonds of atoms in
the admixture with the atoms on the surface of cement
particles  and  the  formation  of complexes of them with
Ca-atoms on the surface of cement particles [24]. Previous
studies on the rheological properties of PC pastes [25-27]
suggest that fluidizing action of the superplasticizers is
probably due to their dispersing effect on the cement
particles, an effect that is turn related to the increased
repulsive electrostatic forces between the cement particles
[25, 26] and to their steric stabilization [27], both induced
by the polymer adsorption.

strength of the cement pasts premixed with copolymer
solutions in presence of sodium hydroxide tends to be
higher than its copolymer solutions without sodium
hydroxide and the pure Portland cement at all curing
periods. As expected and in agreement with previously
reported results by other authors [5-7], compressive
strength increases with addition sodium hydroxide to the
polymer in mixing with PC to increase pH of the polymer.
However, as it can be seen that the compressive strength
of PC premixed with P[2-HEA-co-2-HEMA] is higher than
that of PC premixed with P[2-HEA-co-VEEG], p[2-HEA-co-
BuA] and p[2-HEA-co-St].

Development of high strength of the initial stages is
the main application for admixtures of this type [28].
Although the water-soluble copolymers can be used as a
straight addition to obtain higher workability with some
increase in initial strength, it is more usual to combine
some slight water reduction (copolymer latexes) with the
acceleration (sodium hydroxide) effect of the admixture to
achieve very significant increases in strength. There is
some evidence [29] that the effective pore diameter
distribution is changed by the addition of sodium
hydroxide and that there is some change in the hydration
species of tricalcium silicates. The general picture is that,
as far as permeability is concerned, it is reduced by
sodium hydroxide and the net effect therefore of water
reduction by the admixture and permeability reduction by
the sodium hydroxide would be to produce a more
impermeable concrete.

CONCLUSION

P[2-HEA-co-BuA] were synthesized withdifferent
composition ratios [(99: 01), (97: 03), (95: 05)] using
solution polymerization and characterizes by H1

NMR, FT-IR, DSC and GPC.
The molecular weight of the latexes increases by
increasing the ratio of BuA in the latexes.
Mixing  of  Portland  cement  powder  with  water that
is  premixed  with the copolymer latexes improves
most of the specific characteristics of the cement
pasts.
The W/C-ratio decreases, i.e. the copolymer latexes
act as a water reducing agent when mixed with the
cement powder.
The workability of PC is increased with the addition
of copolymer latexes in presence of NaOH more
thane that without NaOH.



World Appl. Sci. J., 29 (6): 796-804, 2014

803

The chemically combined water content and the 8. El-Sayed Moussa Negim, MahyuddinRamli,
compressive strength of PC premixed with copolymer Bahruddin Saad, Lyazzat Bekbayeva, Muhammad
latexes in presence of NaOHenhance and seem to be Idiris Saleh, 2011. J. Polymer-Plastics Technology
higher than that of its copolymers without NaOH and and Engineering, 50: 941-946.
the pure PC pastes nearly at all curing ages. 9. ASTM-Standards, C204-82, 1993. Standard test
The increasing of pH of the copolymer latexes played method for fineness of Portland Cement by Air
important role in the specific characteristics of the Permeability Apparatus, pp: 887-892.
cement pasts. 10. ASTM-Standards, C187-86, 1993. Standard Test

ACKNOWLEDGEMENT Cement, pp: 148-150.

The authors gratefully acknowledge the funding method for setting time of hydraulic cement by Vicat
provided by the European Union under the Marie Curie Apparatus, pp: 866-868.
Action-international incoming fellowships (FP7-PEOPLE- 12. ASTM-Standards, C170-90, 1993. Standard Test
2011-IIF), grant agreement PIIF-GA-2011 (Project No Method for Compressive Strength of
300427) ProSeC for research on the production of Dimentionalstrones, pp: 828-830.
sustainable self-compacting concrete. 13. El-Didamony, H., M.Y. Haggag and S.A. Abo-El-

The authors also would like to gratefully thank Prof. Enein, 1978. Cem. Concr. Res., 8: 351-358.
Sarybekov Makhmetgali, Rector Taraz State University 14. Satarin, V. I. and Y.M. Syrkin, 1968. Determination of
and Elmira Faizova, Academic Mobility Center, Director Chemically-Bound Water in Rapid Hardening Slag
for hard work to development of Taraz State University Portland Cement. Proc. 5 . Int. Symp. Chem. Tokyo,
and supporting master students to attend to Japan, pp: 215-227.
Wolverhampton University as internship. 15. ASTM C127 - 12. Standard Test Method for Density,

REFERENCES of Coarse Aggregate, DOI: 10.1520/C0127-12.

1. Kinoshita, M. and K. Okada, 1999. International E.M. Shaihutdinov, A.K. Toktabaeva, El-Sayed
Symposium on the role of admixtures in high Moussa Negim and Muhammad IdirisSaleh, 2012.
performance  concrete.  Moterrey,  Mexico,  March International  Journal   of   Biology   and  Chemistry,
21-26: 34-47. 3: 58-62.

2. Popescu, G., S. Ifrim, H. Balasoiu, D.F. Anghel and 17. Fox, T.G., 1956. Bull. Am. Phys. Soc., 1: 123.
M. Muntean, 1980. Mater. Constr., 1(10): 134-141. 18. Ayoub, M.M.H., H.E. Nasr, M.H.H. Darweesh and

3. Moukwa, M., D. Youn and M. Hassanali, 1993. Cem. S.M. Negim, 2005. J. Polymer-Plastics Technology
Concr. Res., 1(23): 122-130. and Engineering, 44(2): 305-319.

4. Negim,  E.S.M.,   J.M.   Khatib,   G.Zh.  Yeligbayeva, 19. Negim,  S.M.,  M.M.H.  Ayoub,  G.M.  Enany  and
R.  Rakhmetullayeva,  P.I.   Urkimbaeva,   M.  Sakhy, G.A.  Mun,  2006.  Eurasian  Chem.  Tech.  Journal,
S. Shilibekov and G.A. Mun, 2013. World Applied 8(3): 243-250.
Sciences Journal, 25(7): 1044-1052. 20. Ayoub, M.M.H., H.H.M. Darweesh and S.M. Negim,

5. El-Sayed Moussa Negim, Jamal Khatib, Khalid Al 2008. Enero, 910: 4-15.
Mutairi, RakhmetullayevaRaikhan and Mun A. 21. Uchikawa, H., D. Sawaki and S. Hanehara, 1995.
Grigoriy, 2012. Middle-East Journal of Scientific Cement and Concrete Research, 2(25): 353-364.
Research, 11(8): 1131-1139. 22. Kasai, Y., I. Matsui and Y. Fukushima, 1982. Physical

6. El-Sayed Moussa Negim, Jamal Khatib, Mahyuddin properties of polymer modified mortars. Proc. 3  Int.
Ramli, Bahruddin Saad and Muhammad Idiris Saleh, Congr. Polymers in concrete, Japan, 1: 172-192.
0000. World Applied Sciences Journal, 10(6): 685-694. 23. Walters, D.G., 1990. ACI Materials J., 4(87): 371-377.

7. Ayoub,  M.M.H,  M.M. El-Awady, H.E. Nasr and 24. Hewlett, P.C., 1998. Lea s chemistry of cement and
S.M. Negim, 2003. J. Polymer-Plastics Technology concrete, 4  Edn., John Wiley and Sons Inc., New
and Engineering, 42(5): 863-881. York, Toronto.

Method for Normal Consistency of Hydraulic

11. ASTM-Standards, C191-92, 1993. Standard test

th

Relative Density (Specific Gravity) and Absorption

16. Nakan,   U.,    R.K.    Rahmetullaeva,   G.A.   Mun,

rd

,

th



World Appl. Sci. J., 29 (6): 796-804, 2014

804

25. Soroka, I., 1979. Portland Cement Paste and Concrete, 31. Struble, L.J. and W.G. Leit, 1995. Advanced Cem.
1  Edn., Mackmillan Ltd. Bas. Mat, 2: 224-230.st

26. Uchikawa,   H.,    S.    Hanehara,   T.   Shirasaka  and 32. El-Sayed Moussa Negim, Mahyuddin Ramli, Jamal
D.  Sawaki,  1992.  Cement  and  Concrete  Research, Khatib, Lyazzat Bekbayeva, Muhammad IdirisSaleh,
22: 1115-1129. 2011.  Middle-East  Journal  of Scientific Research,

27. El-Sayed  Moussa  Negim, Mahyuddin Ramli, Saber 9(1): 8-16.
E. Mansour, Bahruddin Saad and Muhammad Idiris 33. El-Sayed Moussa Negim, Mahyuddin Ramli, Jamal
Saleh, 2010. Middle-East Journal of Scientific Khatib, Mohammed Muhanna Mohammed, Lyazzat
Research, 6(2): 99-107. Bekbayeva  and  Muhammad  Idiris  Saleh, 2011.

28. El-Sayed Moussa Negim, MahyuddinRamli, Saber E. Effect of hydrophilic copolymers on the physico-
Mansour, BahruddinSaad and Muhammad Idiris, mechanical  properties  of  Portland  cement  mortar.
2010. World Applied Science Journal, 10(4): 443-450. 5  International Conference on Built Environment in

29. Tattersall, G.H. and P.F.G. Banfill, 1993. Pitman Developing Countries, 1: 363-370.
Advanced Publishing Program, London, pp: 278. 34. Khatib, J.M., S.M. Negim and M. Tarek Uddin, 2012.

30. El-Sayed Moussa Negim, Mahyuddin Ramli, New Generation Water-Reducing Admixture for
Bahruddin Saad and Muhammad Idiris Saleh, 2010. Concrete. The Masterbuilder - Construction
Syntheses and Characterization of Hydrophilic Chemicals, 14(1): 142-149.
Copolymer for Cement Pastes as Chemical Admixture.
4  International Conference On Built Environment inth

Developing Countries (ICBEDC 2010),UniversitiSains
Malaysia, Malaysia, pp: 978-990.

th


