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Abstract: The synthesis of poly [acrylic (AA)-co-butylmethacrylate (BuMA)] latexes was carried out by
different ratio between acrylic acid (AA) and butylmethacrylate (BuMA), 99:01, 97:03 and 95:05 respectively
using solution polymerization in presence of azo-bis-isobutyro-nitrile as initiator (ABIN).Influence of sodium
salt of poly [acrylic (AA)-co-butylmethacrylate (BuMA)] latexes on physico-mechanical properties of Portland
cement mortars (PCM) has been investigated. The results showed that the addition of prepared acrylic latex to
the Portland cement mortar (PCM) improves most of the specific characteristics of (PCM). As the ratio of AA
in the copolymer increased, the water of consistency decreased, whereas the setting  times  (initial  &  final)
were elongated. The combined water content and compressive strength of the PCM pastes were increased at
all ages of hydration. The prepared copolymers premixed with PCM achieved better improving effects than
those premixed with ordinary Portland cement (OPC).
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INTRODUCTION reaction and formation of  polymer  films between the

The polymer-mortar modifiers are typical examples water between particles (water/cement ratio). More
that enhanced the physico-mechanical properties when workable concrete can be obtained or less water is
compared to Portland cement concrete alone. Since then, required for a specified workability. Also,the compressive
polymers have been added to mortars and concretes to strength of concrete mainly depends on the ratio of
improve  some properties such as workability, setting cement to water reported by authors [9, 10]. The effect of
time,  compressive  strength  and  porosity  [1, 2]. grafted copolymer of polyacrylamide with
Polymer-modified   mortars   and   concretes  using monomethylether  on  the  physic-mechanical properties
various polymer latexes, redispersible polymer powders, of  cement  pastes  has  been  reported  by  author  [5].
water-soluble resins, epoxy resins, etc. have been widely The results showed that, as the concentration of the
used in the world [1, 2]. Water based polymer systems are grafted polymer increases, the water/cement ratio as well
often used for improvement in the properties of cement as setting time decreases and compressive strength was
mortar or concrete. Presently, latexes of a single or increased at nearly all hydration ages.
combinations of polymers like polyvinyl acetate, In this paper, the polymer modified  mortars  that
copolymers of vinyl acetate–ethylene, styrene–butadiene, have AA/BuMA latexes that polymerized by solution
styrene–acrylic and acrylic and  styrene  butadiene rubber technique with various monomer ratios tested for flow,
emulsions are generally used [2-8]. The results showed setting time, strengths and combined water. From the test
that the presence of the polymer in cement pastes affect results, the effects of latexes on the physico-mechanical
their physico-mechanical properties due to the chemical properties of Portland cement mortars are discussed.

cement particles. This affect reduces the retention of
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Table 1: Properties of synthetic copolymers latex
Appearance T Dv (nm)  (cps) AA:BuMA (% wt) Copolymerg

Powder 105.28 80 0.7034 99:01:00 M1
103.01 100 0.6758 97:03:00 M2
97.24 105 0.4528 95:05:00 M3

T  is measured using DSCg

Dv is the volume average particle diameter

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 Water absorption and compressive strength [15] was

Synthesis and Characterization of Copolymers: The LPM 600 M1 SEIDNER (Germany) having full capacity of
preparation of copolymers and the methods of analysis 600 KN. The loading was applied perpendicular to the
( H NMR, FT-IR, mass spectroscopy as well as viscosity) direction of the upper surface of the cubes.1

have been previously described [11].The mix proportion The combined water content (dp) was determined
of synthesis and basic properties of synthesized from the following equation: dp = W / W -W g/cm ,
hydrophilic copolymer are shown in Table 1. where W  is the saturated surface dry weight in air (g) and

Cement and Fine Aggregate: The raw materials used in hydration at any age of hydration, a representative sample
the present study are Portland cement clinker (PCC) and of about 10 g after the determination of compressive
raw gypsum (G) [M0]. Each of those raw materials was strength was taken, ground in an alumina mortar
separately ground in a steel ball mill until the surface area containing 50 ml of 1:1 (methanol : acetone) solution
of 3650 and  2800  cm /g,  respectively  were  achieved. mixture and then filtered through a sintered glass funnel2

The chemical composition of the raw materials is shown (G4). The sample was washed with 50 ml fresh diethyl
in Table 2. The mineralogical composition of the PCC ether, dried at 70°C for one hour and then kept inside an
sample is C S, 58.79 %; -C S, 17.68 %; C A, 8.08 %; airtight bottle as described elsewhere. The curing water3 2 3

C AF, 9.72 %. The Ordinary Portland Cement was was renewed every week. The combined water content4

prepared by mixing 96 wt. % PCC and 4 wt. % G in a (Wn) of samples predried at 105°C for 24 hours was
porcelain ball mill for one hour using 3 balls to assure determined as the ignition loss [16] at 1000°C for 30
complete homogeneity of the cement. The Blaine surface minutes.
area of the cement sample was 3350 cm /g [12].2

Sand (sizes, 0.21 – 0.53 nm) was used as the fine RESULTS AND DISCUSSION
aggregate and is free from organic or clay-like materials.

Mixing: The prepared copolymer latexes were added to P(AA-co-BuMA)Na have been previously reported by
mixing water and then added gradually to 300 g of the authors [11]. The structure of the copolymers is shown in
PCM mix in order to determine the water of consistency Scheme 1.
and setting time using Vicat apparatus [13, 14].

The resulting PCM pastes were directly moulded into W/C Ratio and Setting Time: Water/cement is the ratio
70 mm cube stainless steel moulds. The moulds were between the weight of cement and water used in fresh
manually agitated for 2 minutes and then on a vibrator for concrete mixing. The W/C ratio is playing important role
another 2 minutes  to  assure  the  complete  removal  of in the physico-mechanical properties of the cement
air bubbles and voids and to produce suitable  pastes. pastes. The result of W/C ratio and setting time of mortar
The moulds were kept in a humidity chamber at 100 % R. pastes premixed with acrylic latex are shown in Figures 1
H and a constant room temperature overnight, then &2. As expected, the water reduction increases with
demoulded and cured under  water  till  the  time of increasing AA of the synthesized polymer. This is
testing (1, 3, 7 and 28 days) for compressive strength. attributed  to  higher degree of polymerization and greater

carried out using a hydraulic testing machine of Type

1 1 2
3

1

W  is the submerged weight in water (g). To stop the2

The synthesis and characterization of copolymers
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Sch. 1: Structure of P[AA-co-BuMA]Na. Fig. 4: The effect of P(AA-co-BuMA)Na on the

Fig. 1: The effect of P(AA-co-BuMA)Na on the W/C 310 min.
ratio of PCM pastes.

Fig. 2: The effect of P(AA-co-BuMA)Na on the setting improve the fluidity which may be due to electrostatic
time of mortar repulsion by –COO  groups and the steric hindrance by

Fig. 3: The effect of P(AA-co-BuMA)Na on the fluidity pastes  mad  with  M1  was  greater than that of M2 and
of PCM pastes. M3 respectively, the improvementin the compressive

negative charges on the cement surface and therefore, due  to  the decrease air content in the pastes.
stronger electrostatic repulsions generated among solid Furthermore the compressive strength of PCM pastes
particles [17]. On the other hand, the initial and final depends on the W/C  ratio.  The  variation of
setting time of mortars premixed with acrylic latex are compressive strength  with  different  W/C  ratio is
presented in Figure 2. As a result of the increased shown  in Figure 5. It can be seen that, a low W/C ratio
BuMAratio,  the    cross-linked     is     increased,   causing yields higher strength (M1).

compressive strength of PCM pastes.

anincrease  in   the   volume  of  the  hydration  product
and   thus    the    grout   takes   a   shorter   time  to set.
As  seen  in  Figure  2,  the  Acrylic latex M1 prolonged
the  initial setting  time  from  200  min.  to  250  min and
the final setting was increased from 300 min. to 530 min.,
while M3 decreased initial time from 200 min. to 190 min.
and the final setting time was increased from 300 min. to

Fluidity: The PCM paste [M0] had slump 128 mm as
shown  in  Figure  3.  The  addition of sodium salt of
acrylic latex with different ration of AA seems to give a
largest fluidity of the PCM paste. However,  when the
ratio of AA in latex is increased from 95 to 99%
respectively, the fluidity of PCM pastes increases from
141.5 mm to 157 mm. As expected and in agreement with
previously reported results by authors [11]. As can be
seen in Figure 3 that, sodium salt of Acrylic latex can

-

the chains structure of latex as in the study reported in
Ref [18].

Compressive Strength: The compressive strength of
PCM pastes premixed with acrylic  latexis  shown in
Figure 4. The results showed that, the compressive
strengths  of  the   PCM   pastespremixed   with  the
P(AA-co-BuMA)Na  were   higher   thanthose  of the
PCM paste control (M0). However,  when   the PCM

strengths of the PCM pastes made with the acrylic latex
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Fig. 5: The effect of W/C ratio on the compressive The reduction of water of consistency of PCM using
strength of PCM pastes. copolymers is more than that of M0, however, the

Fig. 6: The effect of P(AA-co-BuMA)Na on the all curing ages.
chemically combined water of PCM pastes.

Chemically Combined Water Content: The chemically
combined water contents of the PCM paste (M ) and The authors gratefully acknowledge the funding0

pastes premixed with P(AA-co-BuMA)Na are plotted as provided by the European Union under the Marie Curie
a function of curing time up  to   28  days  in  Figure  6. Action (FP7-PEOPLE-2011) for research on the production
The combined water contents of the cement pastes of sustainable self-compacting concrete.
gradually increased with curing  time  up  to  28  days.
This is mainly attributed to the continual formation of REFERENCES
hydration products due to hydration [16]. The combined
water contents of the PCM pastes premixed with sodium 1. Ohama, Y., 1995. Handbook of Polymer-Modified
salt of acrylic latex are higher than those of the Concrete  and  Mortars. Park Ridge, New Jersey,
corresponding pure PCM pastes at all curing ages of USA.
hydration. However, the combined water content of PCM 2. Aggarwal, L.K., P.C. Thapliyal and S.R. Karade, 2007.
pastes increased as the ratio of AA in the copolymer Construction  and Building Materials, 21: 379-383.
increased. The combined water content in case of M1 had 3. Ayoub, M.M.H, H.E.Nasr, M.H.H. Darweesh, S.M
higher values than in case of M2 and M3 respectively. Negim. 2005. J. Polymer-Plastics Technology and
This is due to the fact that,acrylic latex had carboxylic Engineering, 44(2): 305-319.
groups, which was proved more ionic strength and 4. El-Sayed Moussa Negim, Mahyuddin Ramli ,  Saber
improves the dispersibility and the consistency of the E. Mansour, Bahruddin Saad and Muhammad Idiris
fresh cement pastes [19]. The combined water content of Saleh, 2010. Middle-East Journal of Scientific
cement pastes premixed with M1 seemed to be higher than Research, 6(2): 99-107.
M2 and M3 respectively. This may be due to M1 had 5. El-Sayed Moussa Negim, Mahyuddin  Ramli,  Saber
more carboxylic ions activate the hydration and improve E. Mansour, Bahruddin Saad and Muhammad Idiris,
the process of polymerization or crystallization resulting 2010. J. World Applied Science, 10(4): 443-450.
from an increase in the branching of the copolymeric 6. Barluenga, G. and F. Hernandez-Olivares, 2004. Cem
materials [20]. Concr Res., 34: 527-35.

CONCLUSIONS

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

Flow of Portland cement mortar (PCM) mixed with
P(AA-co-BuMA)Na is higher than that of control
Portland cement mortar (M0) due to electrostatic
repulsion by carboxylic groups in latex.

setting times (initial & final) were elongated i.e., the
P(AA-co-BuMA)Naact as a water reducing agent
when mixed with the PCM.
The compressive strength and combined water of
PCM pastes mixed with P(AA-co-BuMA)Naarehigher
than that M0, due to the decrease air content in the
pastes.
P(AA-co-BuMA)Na also enhances specific
characteristics of PCMto be higher than that of the
pure ordinary Portland cement OPC pastes at nearly
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