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ABSTRACT

Portland cement is extensively used as a binder in concrete production. However,
with Portland cement production, 5% of the natural resources used in this produc-
tion are consumed, constituting 5—7% of the total CO, emission. In order to mitigate
the environmental problems associated with cement production, styrene-butadiene
rubber latex was used as cement replacement up to 20%. In this study, compres-
sive strength, flexural strength, unit weight, water absorption, open porosity, water
sorptivity and the chloride ion permeability of Portland cement mortar mixtures
modified by styrene-butadiene rubber (SBR) polymeric latex were investigated. For
this purpose, the sand/cement ratio and the water/cement ratio were kept constant as
3/1 and 0.5, respectively. In addition to the control mixture containing no polymer,
1,2, 3,5, 10 and 20 wt.% of cement was replaced with SBR. In this way, seven
mortar mixtures were prepared. Mixed curing (wet cure and dry cure) method was
applied to the mortar specimens. Results showed that up to a 5% replacement level,
it is possible to improve the mechanical properties of cement mortars with SBR
latex addition. However, at a 10% and 20% replacement level, SBR had a signifi-
cant detrimental effect on the mechanical properties of polymer modified mortars.
However, the transport properties decreased with the incorporation rate of SBR latex
and the detrimental effect of SBR replacement was more pronounced in 20% SBR
mortar mixtures.
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1. INTRODUCTION
Cement is extensively used to produce concrete in today’s construction industry. Calcium car-
bonate and aluminum silicate based materials and also some additions from industrial waste are
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used as raw materials for cement production [1]. In addition, the cement production process
requires the raw materials to be heated in the rotary kiln at around 1450°C to produce clinker
which is ground with about 5% gypsum to make cement. However, the world cement industry
consumes a huge amount of natural resources and energy and may no longer be considered as
a sustainable industry [1,2]. Moreover, cement production is responsible for 5% of CO, emis-
sions through the combustion of fossil fuel through the heating of limestone in order to obtain
clinker [1-5]. In order to mitigate the environmental concerns associated with the construction
industry, sustainable approaches are suggested by various researchers. The general tendency is
to reduce the cement consumption through the use of mineral additions such as silica fume, fly
ash, rice husk ash, slag, metakaolin [6-9] and also through the production of concrete without
cement such as geopolymer [10-12]. In the present study, styrene-butadiene rubber (SBR)
polymeric latex is used at different replacement ratios of cement in order to improve some
mechanical and transport properties of Portland cement mortar.

Cement based mortar and concrete possess the lower flexural strength, ductility, higher per-
meability, lower adhesion to substrate concrete than concrete and mortar modified by polymer
additives [13,14]. Generally, polymer latexes are utilized to increase the tensile and flexural
strengths and also to improve the durability properties [15—-17]. Diab et al.[18] reported that
polymer latexes affect the physical, mechanical and durability properties of Portland cement
pastes, mortars and concretes and the magnitude of this effect depends on the latex type and
latex concentration in the designed mixture. This occurs because in polymer modified mortar or
concrete two complementary phenomena are observed. First, the hydration of Portland cement
takes place and develops cementing properties. Second, the air drying enables polymer film
formation to yield a monolithic matrix phase with a network structure in which the hydrated
cement phase and polymer phase interpenetrate into each other [19,20]. Latexes, re-dispersible
polymer powders, water soluble polymers, liquid resins and monomers are some of polymer
generally used as cement additives [14,21]. Among these polymer additives, latex emulsions
such as styrene-butadiene rubber (SBR) and acrylics are used in the vast majority of polymer
modified applications due to their high performance, stability, bond adhesion and flexibility
(14, 22-24].

In this study, the effect of SBR latex replacement ratio by weight of Portland cement on
the mechanical and transport properties of the polymer-modified mortars was investigated.

2. EXPERIMENTAL STUDY

2.1 Materials

In this study, an ordinary Portland cement CEM I 42.5R type cement conforming to EN
197-1 [25] standard with a specific gravity of 3.15 and Blaine surface area of 3677 cm?/g was
used for all mixtures. Crushed limestone aggregate was used as fine aggregate. The specific
gravity of crushed limestone aggregate was determined to be 2.66 in the saturated surface dry
state and its water absorption capacity was determined as 0.93%. The specific gravity and
water absorption of limestone aggregate was performed according to ASTM C 128-15 [26].
The chemical composition and some mechanical properties of Portland cement are given in
Table 1. SBR latex was used at various replacement ratios (1, 2, 3, 5, 10 and 20 wt. % of
cement), and its effect on the mechanical and transport properties of mortar at hardened state
was investigated. The physical and chemical properties of styrene-butadiene rubber (SBR)
latex are given in Table 2.
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TABLE 1. Some physical, chemical and mechanical properties of cement.

Chemical properties

Mechanical and physical properties

Oxide (%) Properties Cement
Sio, 19.52 Compressive strength (MPa) 2 day 245
ALO; 5.39 7 day 37.2
Fe,O; 2.48 28 day 47.4
CaO 62.5 Fineness Specific gravity 3.15
MgO 1.09 Blaine Specific Surface (cm?/g) 3677
Na,O 0.27 Residual of 0.090 mm sieve (%) 1.1
K,O 0.8 Residual of 0.032 mm sieve (%) 234
SO; 3.41
LOI 1.42
Insoluble 0.63
Residue

TABLE 2. Physical and chemical properties of SBR.
Physical and chemical properties
Physical state Liquid
Color White (Milk-like)
Polymer type Styrene—Butadiene
Solid content (% by weight) 47.0+1
pH value 8.5-9.5
Viscosity of emulsion (mPa.s) (Brookfield RV 1/10 at 20°C) <300
Density 1.02
Initial boiling point (C) Like water

Emulsifier type

Anionic/non-ionic

Vapor pressure

Like water

2.2 Cost comparison
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In order to make comparison between modified mortars and plain mortar, the costs of cement
and styrene-butadiene rubber latex were collected from several Turkish companies (Table 3).
The costs of other ingredients were not taken into account because the amount of those ingre-
dients did not change.
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TABLE 3. Unit cost of cement and SBR.

Raw material Unit cost ($/tonne)
CEM142.5R 53
SBR 1250

By using the costs given above, the plain mortar (0%SBR) cost 0.024$ whilst the mortar
modified with 20% of SBR (20%SBR) cost 0.134$. By comparing these costs, it is possible to
conclude that the mortar with SBR is more expensive than the plain mortar.

2.3 Test procedures
SBR latex has been used in the preparation of latex-modified mortars. The mix proportioning
was done according to guidelines given in EN 196-1 [27] standard and cement/fine aggregate
ratio (by weight) was kept constant as 1/3 for all mixtures. SBR latex emulsion was added to
cement mortar mixtures at six different dosages (1%, 2%, 3%, 5%, 10% and 20% by weight
of cement respectively). The water/cement (W/C) ratio was kept constant as 0.50. For that
reason, the solid content of latex emulsion was taken into account in order to calculate the
mixing water content of each polymer modified mortar. Seven mortar mixtures were designed
as shown in Table 4.

The following procedure has been used to prepare mortar mixtures: first, cement and sand
were mixed for 2 min. Second, mixing water and SBR latex emulsion were added to the dry mix
and the mixing procedure was continued up to 5 min to reach homogenous mixing. A flow table
was used to determine the flow spread values in accordance with the ASTM C230 standard.
Specimens were prepared by filling the 40 x 40 x 160 mm prismatic molds with mortar and
vibrated using a vibrating machine. The filled molds were kept in curing room for 24 h. Fresh
densities were also determined. Theoretical air contents have been determined by taking the
difference between the theoretical density and the measured fresh density values. After 24 h, the
specimens were removed from the molds. The demolded specimens were cured in 20°C water for
2 days and then cured in air conditions until the testing day. Standard bending and compression
tests of polymer modified mortars were performed on 40 x 40 x 160 mm specimens according
to EN 196-1 [27] at the ages of 7 and 28 days. Dry unit weight, water absorption, void content
and water sorptivity tests were determined at 28 days in accordance with ASTM C 642-13 [28]
and ASTM C 1585 [29] standards, respectively. The rapid chloride permeability test (RCPT)

TABLE 4. Mortar mixture design.

Material (g) 0%SBR 1%SBR 2%SBR 3%SBR 5%SBR 10%SBR | 20%SBR
Aggregate 1350 1350 1350 1350 1350 1350 1350
Cement 450.0 4479 445.8 4437 439.4 428.9 407.7
SBR 0 45 9 13.5 22.5 45 90
Water 225 225 225 225 225 225 225
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was carried out on specimens with 100 mm in diameter and 50 mm thick in accordance with

the ASTM C 1202 [30] standard.

3. TEST RESULTS AND DISCUSSION

3.1 Effect of latex modification on fresh density and air content

The effects of SBR latex on the fresh densities and calculated air content values of latex modified
cement mortars are presented in Figure 1. As seen from Figure 1, SBR latex addition decreased
the fresh densities and as a result of this decrease, air contents of the cement mortars increased.
The air entraining effect of SBR latex is not very distinctive at low dosages; however, at high
dosage, the calculated air content values of 13% and 18% were calculated at 10% and 20% of
SBR latex addition.

3.2 Effects of latex modification on mechanical properties

The 7 and 28-days flexural and compressive strength test results of latex modified cement
mortars were plotted in Figure 2 and Figure 3, respectively. The 7-days flexural strength slightly
decreased as the SBR content increased. It can be seen that the longer the curing age the higher
the compressive and flexural strength. This may be explained by the fact that the long curing
is helpful for the polymer film formation and the cement hydration. By analyzing the 28 days
of flexural strength of produced samples, it is observed that the maximum value was obtained
from the sample containing 3%SBR (10.4MPa) and the minimum value was obtained from
the sample containing 20%SBR (7.5MPa). An increase of the 28days flexural strength was
observed as the SBR dosage increased up to 3% and decreased slightly with the increase of SBR
dosage. Compared to 0%SBR (control) sample, flexural strength of samples containing 1%SBR,
2%SBR, 3%SBR and 5%SBR were determined to be increased by 9-32% for samples of 28

FIGURE 1. Fresh unit weight and calculated air contents of cement mortars.
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Figure 1. Fresh unit weight and calculated air contents of cement mortars.
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days. On the other hand, the flexural strength of samples containing 10%SBR and 20%SBR
were determined to be decreased by 5-9% for samples of 28 days. This decrease was attributed
to the air entrainment effect of the used latex emulsion as seen from Figure 1.

The same trend was also observed for the compressive strength where the maximum value
was obtained in 28 days from the sample containing 3%SBR (75.9MPa) and the minimum
value was obtained from the sample containing 20%SBR (29.1MPa). Compared with control
samples, the compressive strength of samples containing 1%SBR, 2%SBR, 3%SBR and 5%SBR
were determined to be increased by 8—17% for samples of 28 days. However, the compressive

FIGURE 2. 7 and 28-day flexural strength of SBR modified mortars.
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FIGURE 3. 7 and 28 days compressive strength of SBR modified mortars.
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TABLE 5. Mean difference between the compressive strength and flexural strength of mortar.
Data include the 95% confidence limit (CL) and the t and P values from paired comparison test.

95% Confidence limit
Results Mean Low High t P
Compressive strength 62.24 46.64 77.84
Flexural strength 8.66 7.48 9.84
Difference 2.447 0.0001

strength of samples containing 10%SBR and 20%SBR were determined to be decreased by
31-58% for samples of 28 days. The same results were also observed by Marceau et al.[21] who
stated that the decrease of the mechanical strength was related to the increase of porosity due
to the air entraining effect of the polymer latex emulsion.

The paired comparison test was used to know if there is any difference between the com-
pressive strength and flexural strength of mortar modified by SBR latex. The results presented
in Table 5 show that there is a significant difference between the compressive strength and the
flexural strength results of mortar modified by SBR latex.

3.2 Effects of latex modification on dry unit weight

Dry unit weight results of polymer modified mortars were plotted in Figure 4. As seen from
Figure 3, the unit weight values decreased from 2210 to 2060 kg/m?. Also, compared to the
control mixture (0%SBR), the unit weight values of the SBR modified mortars decreased by
0.9%, 1.4%, 1.8%, 3.6%, 5% and 6.8% for samples with 1%SBR, 2%SBR, 3%SBR, 5%SBR,

FIGURE 4. Dry unit weight of SBR modified mortars.
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10%SBR, and 20% SBR, respectively. As expected, a decrease of dry unit weight values was
observed as the rate of polymer dosage increased due to the low specific weight of SBR com-
pared to that of cement.

3.3 Effects of latex modification on water absorption and permeable voids

Water absorption and void contents values obtained in 28 days cured SBR modified mortars
are plotted in Figure 5. Water absorption values decreased with increasing SBR latex dosage.
The water absorption ratio of polymer modified mortar decreased by 5% for samples with 1%
SBR, 11% for samples with 2% SBR, 25% for samples with 3% SBR, 30% for samples with
5% SBR, 36% for samples with 10%SBR, 28% for samples with 20%SBR. It is observed that
SBR addition to mortar significantly decreased the water absorption ratio.

A decrease of voids with increasing SBR latex dosages was also observed. As seen from the
Figure 4, SBR latex addition significantly decreased the voids of the mortar. This decrease varied
between 15% and 46% as the rate of SBR dosage increased. The reduction in water absorp-
tion and permeable pores may be attributed firstly to the filling effect of SBR polymer particles
due to the SBR polymer particles being smaller than the cement particles; consequently, they
could fill the voids of the cement paste. Secondly, the formed polymer film that surrounds the
aggregates and cement particles would also reduce the volume of the pores and modified the
pore structure, by the way a reduction of water absorption values was observed [31-33].

3.4 Effects of SBR latex modification on water sorptivity

The results of water sorptivity tests for various mortar mixtures are presented in Figure 6. As seen
from Figure 6, the water sorptivity decreased by 6—48% in the SBR latex modified mixtures as
compared to 0%SBR mixtures at the 28-day age. The significant decrease of the water sorptiv-
ity could be owing to the coagulated polymer filling of the pores, lowering of permeable pores
and bridging of the microcracks propagating inside the matrix [34]. Moreover, the relationship

FIGURE 5. Water absorption and void content of SBR modified mortars.
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FIGURE 6. Effect of SBR latex on water sorptivity of Portland cement mortar.
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between the water absorption and water sorptivity has been presented in Figure 7, which is a
linear function form and with a coefficient of correlation of 0.89.

3.5 Effects of SBR latex modification on chloride ion ingress

The results of the rapid chloride permeability test (RCPT) are plotted in Figure 8. It was
observed that rapid chloride permeability test values decreased by 10-50% in the SBR latex
modified mixtures as compared to 0%SBR mixtures at the 28-day age. It can be also observed

FIGURE 7. Relationship between water absorption and water sorptivity.
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FIGURE 8. Effect of SBR latex on chloride ion permeability of Portland cement mortar.
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that all mixtures exhibited moderate and low values at 28 days according to ASTM C 1202
[30]. The decrease in amount of chloride ion penetration value may be attributed to the dense
ITZ and lesser open porosity of the SBR latex modified mortar mixtures compared to unmodi-
fied mortar mixtures [35-37]. Moreover, the relationship between chloride ion penetration,

FIGURE 9. Relationship between chloride ion permeability and water sorptivity.
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FIGURE 10. Relationship between chloride ion permeability and water absorption.
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water absorption and water sorptivity are presented in Figures 9 and 10. As it can be observed,
chloride ion permeability and water sorptivity are highly correlated (R* = 0.96). An increase
in RCPT value of mortar mixtures was also correlated with the increasing in water absorption.

4. CONCLUSIONS

In this study, the mechanical and physical properties of SBR modified mortars have been inves-
tigated. Based on the results presented in this study, the following conclusions may be drawn:

SBR additions were more effective at the curing period of 28 days for the mechani-
cal properties. An increase of SBR dosage resulted in the decrease of compressive and
flexural strengths. The decrease of the compressive strength up to 58% was reached at
20%SBR. The excessive amount of air entrainment as the amount of SBR polymer
increased was the main cause of the decrease.

The results also showed that by modifying cement mortar with 3%SBR polymer latex,
the flexural strength is increased by 17%.

A reduction of dry unit weight with increasing SBR polymer dosage was also observed.
A decrease of water absorption and void content up to 36% and 46% respectively was
observed. The decrease was due to the formation of monolithic film in cement matrix
which surrounded the aggregate and resulted in modification of the pore structure.
The water sorptivity decreased by 6-48% in the SBR latex modified mixtures as com-
pared to reference (0%SBR) mixtures at a 28-day age.

The rapid chloride permeability test values decreased by 10-50% in the SBR latex
modified mixtures as compared to 0%SBR mixtures at a 28-day age.
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