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Utilization of styrene copolymer lattices (DBSS/PVA)
as chemical admixture for mortar

Abstract. The physical and mechanical properties of mortar containing copolymer lattices as chemical
admixtures were investigated. Copolymer lattices used based on styrene and butyl acrylate were prepared
in presence of potassium persulfate/sodium metabisulfite (KPS/NaMBS) as redox initiation system and
a coemulsifier that consists of dodecyl benzene sodium sulfonate and polyvinyl alcohol (DBSS/ PVA).
The results showed that the addition of copolymer lattices to mortar improves the physical and chemical
properties of mortar. However, as the dosage of lattices increases, W/C ratio as well as workability increases
while compressive strength and chemically combined water content decrease.
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Introduction

Dispersions lattices are important polymers
which used as admixtures to modify physical and me-
chanical properties of cement, mortar and concrete
[1-5]. Polymer lattices are water-soluble polymer
particles suspended in an aqueous solution. Many of
researchers have investigated the effects of polymer
lattices including acrylic, epoxy and polyurethane on
the properties of cement materials. In our laboratory,
it is of interest to study the effect of acrylic lattices on
the properties of cement pastes and mortar including
water/cement ratio, workability, water absorption,
porosity as well as strength. Negim et al prepared co-
polymer lattices based on 2-hydroxy ethyl acrylate &
2-hydroxy ethylmethacrylate [6-8], 2-hydroxy ethyl
acrylate & vinyl butyl ether [9], acrylic acid & bu-
tymethacylate [10] and styrene & methacrylate [3,
11-13] using radical and redox initiators technique.
The results showed that the acrylic lattices improved
the physical and mechanical properties of cement
pastes and mortar. Lattices modification of cement
mortar is affected by cement hydration and polymer
film formation processes in binder phase. This effect
increases with increasing dosage of polymer lattices
to mortar mixes. Barluenga and Olivares [ 14] studied
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the dosage of styrene-butadiene rubber latex on the
properties of mortar including setting time, consis-
tency, porosity and compressive strength. The results
showed that water/cement ratio, setting time, poros-
ity decrease and compressive strength increases with
increasing the concentration of latexes. This is attrib-
uted to that styrene-butadiene-rubber has excellent
bond strength in the concrete, higher flexural strength
and lower permeability [15]. Alexandre et al [16] re-
ported that as the concentration of ethyl vinyl laurate-
chlorine polymer lattice increases from 2.5 to 5%,
density, compressive strength of mortar decreased.
Negim et al [11] prepared copolymer emulsion lat-
tices based on styrene and butyl acrylate in presence
of potassium persulfate/ sodium metabisulfite (KPS/
NaMBS) as redox initiator system and a coemulsi-
fier dodecyl benzene sodium sulfonate and polyvinyl
alcohol (DBSS/PVA). The effect of copolymer lat-
tices on physico-mechanical properties of cement
pastes was investigated. The results showed that as
the concentration of copolymer increases, water/ce-
ment ratio, setting time and porosity decreases while
compressive strength of cement pastes increases. The
work was further extended to include the application
of the obtained copolymer lattices with different dos-
ages to modify the properties of mortar.
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Materials and methods

Dodecyl benzene sodium sulfonate (DBSS) was
used as anionic surfactant with a molecular weight
of 348.48g/mole. The nonionic surfactants used were
polyvinyl alcohol (PVA) with a molecular weight of
13,000. The chemical structure of the various surfac-
tants is shown in Table 1.

The raw materials used in the present study are
Portland cement clinker (PCC) and raw gypsum (G).
Each of those raw materials was separately ground in
a steel ball mill until the surface area of respectively

Table 1 — The chemical structure of surfactants

3650 and 2800 cm?/g was achieved. The chemical
composition of the raw materials is shown in Table 2.
The mineralogical composition of the PCC sample is
CS, 58.79 %; B- C,S, 17.68 %; C,A, 8.08 %; C,AF,
9.72 %. The Portland Cement (PC) was prepared by
mixing 96 % PCC and 4 % G (by weight) in a porce-
lain ball mill for one hour using 3 balls to ensure com-
plete homogeneity of the cement. The Blaine surface
area of the cement sample was 3350 cm*/g [17].

The fine aggregate used was sand with particle
size ranging from 0.21mm to 0.53 mm and is free
from organic or clay-like materials.

Surfactants Symbol Structure
o Na
Dodecyl benzene sodium sulfonate DBSS Wﬁ:o
O
OH
Polyvinyl alcohol PVA
n
Table 2 — The chemical composition of the raw materials, mass %.
Oxides Sio ALO Fe,0 Ca0 MgO SO Na,0 K0 LOI
Materials 2 273 273 £ 3 2 2 o
PCC 21.48 6.03 422 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

Synthesis and characterization of copolymers

Copolymer emulsion latexes based on styrene
(St) with butyl acrylate (St/BuA) was synthesized
with composition ratios (5: 5) using potassium per-
sulfate/sodium metabisulfite (KPS/NaMBS) as redox
initiation system in the presence of a co-emulsifier
2% dodecyl benzene sodium sulfonate with 1.5%
polyvinyl alcohol (DBSS/PVA) The preparation of
copolymers and the methods of analysis (‘H NMR,
rheological and morphological techniques) have been
previously described in a previous investigation [11].

Mixing and testing

Mortar specimens of size 70 mm cube were pre-
pared in three groups. The control mix (MO0) consists
of Portland cement (PC), sand and water. The propor-
tion of cement to sand was 1:3 (by weight). In mixes

M1, M2 and M3, prepared lattices with dosage 0.25,
0.5 and 1.0 % was added. However, the mix MO is the
reference without lattices.

The cement and sand were intermixed until ho-
mogeneity was achieved. Then the prepared lattices
were added to the mixing water. This was then added
gradually to cement/sand mixture to determine the
water of consistency using Vicat apparatus [18, 19].

The resulting mortar was directly placed into 70
mm cube stainless steel moulds. The moulds were
manually agitated for 2 minutes and then on a vibra-
tor for another 2 minutes. The moulds were kept in
a humidity chamber at 100 % R. H and a constant
room temperature overnight, then demoulded and
cured under water till the time of testing. Testing in-
cluded compressive strength, water absorption and
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combined water and was conducted at 1 day, 3, 7 and
28 days. The determination of water absorption as
per the specifications of BS 1881: Part 122[20], com-
pressive strength, water absorption and combined
water were described in a previous investigation by
the authors [21].

Results and discussion

Structure of Copolymers

The structure of the copolymers (St/BuA) is
shown in Scheme 1 and further details about the syn-
thesis and characterization have been previously re-
ported by the authors [11].

H H» H,
c—cC C —CH
n m

COOCH,CH,CH,CHj;

Scheme 1 — The chemical structure of copolymer lattice [11].

W/C ratio

As shown in Fig. 1, styrene copolymer lattices
reduce the W/C ratio of mortar compared to that of
reference mix (MO0). The reduction in W/C ratio is
attributed to dispersion mechanism of styrene copo-
lymer lattices on cement grain and coarse aggregate,
this is in accordance with a previous study [6, 22].
However, the water /cement ratio of mortar increase
with the addition of lattice (M3, 1%). Negim et al.
[12, 13, 23, 5] found that styrene/methacrylate co-
polymers lattices reduced W/C ratio of mortar. Also,
W/C ratio of mortar tends to change according to
dosage of copolymer added to mortar during the mix-
ing process (12, 13).

Workability

It is well known that the chemical admixtures
have effective dispersing properties on the cement
particles and improve the flow of mortar. Flow of
mortar mixed with varied amount of styrene copo-
lymer increased with increasing concentration from
0.25 to 1.0 %, as shown in Fig. 2. The increasing in
workability of mortar is due to ball bearing action
and dispersing effect of styrene copolymer particles
among cement particles, there is a fluidity increase
in the mortar mixture [12, 10]. In general, work-
ability of mortar is affected by many factors such as

composition, type, and functional groups of mono-
mers in latexes [6]. When the concentrations of sty-
rene copolymers are increased from 0.25 to 1.0%, the
workability increased from 128 to 170 mm, due to
the more water absorbed by the material. Negim et
al., [6, 8, 10, 13] workability of the modified mortar
increases with increasing latex concentration.

‘Water/cement ratio
s s 2 £
(ST RS P RN

£
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<
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P(St-co-BuA), %

Figure 1 — The effect of copolymer lattices
on the water/cement ratio of mortar.
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Figure 2 — The effect of copolymer lattices
on the workability of mortar.

Compressive strength

Polymer lattices are admixtures that increased
workability of mortar and produce high strength
mortar. Fig. 3 shows the effect of dosage of copoly-
mer lattices on the compressive strength of mortar.
The compressive strength of mortar increases with
curing time up to 28 days as shown in Fig. 3. This
is attributed to the continual formation of hydration
products, which tend to deposit into the pore struc-
ture of mortar cubes. The compressive strength of
mortar tends to decrease with an increase in dos-
age of copolymer lattices. The highest compressive
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strength of mortar mixed with lattice (M1, 0.25%)
while the lowest strength of mortar mixed with
lattice (M3, 1.0%). It is well that the compressive
strength of mortar is affected by dosage of the copo-
lymer lattices [24, 25].
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Figure 3 — The effect of copolymer lattices
on the compressive strength of mortar.
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Figure 4 — The effect of copolymer lattices
on the chemically combined water content of mortar.

Chemically combined water content

The chemically combined water contents of the
mortar (M) and premixed with varying concentra-
tion of lattices are plotted as a function of curing
time up to 28 days in Fig. 4. The results show that
the combined water content of mortar increases with
the increase of curing time. It is attributed to that
the cement hydration process generally precedes the
polymer film formation process by the coalescence of
polymer particles in copolymer. As shown in Fig. 4,
the addition of polymer lattices increases the chemi-
cally combined water content. However, the chemi-
cally combined water decreases with increasing dos-
age of lattices from 0.25 % to 1.0 %. The increasing

in the chemically combined water content is attrib-
uted to the formation films of polymers around the
cement grains or crystallizes inside the pore structure
of the hardened cement pastes.

Conclusions

Mixing the mortar with the copolymers lattices
enhance most of the specific characteristics of the
mortar. The obtained results confirmed the important
role of W/C-ratio on the effectiveness of the added
copolymer so that their optimum values at W/C =
0.41. However, W/C ratio increased with increas-
ing dosage of copolymer lattices in mortar mixes.
There is evidently an improvement in the compres-
sive strength of premixed mortar with copolymer
for all experimentally at all curing ages of hydration
compared with those of the pure cement pastes (MO)
and good workability was achieved by mixing mor-
tar with M3 (1% w/w lattices). There is an increase
in the chemically combined water content of mortar
premixed with 0.25% lattices (M1) compared with
those mortar without polymer (M0), M2 (0.5 % lat-
tices) and M3 (1.0 % lattices).
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