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Sustainable rehabilitation of stone architectural heritage and repair of cracks in concrete require the development of new compatible repair mortars. In addition, recycling industrial waste has become an attractive solution to environmental problems. In this context, the aim of this paper is to study the influence of addition of a new polymer latex (styrenepolyacrylic latex (SPA)), on the physico-mechanical properties and microstructure of limestone mortars mainly based on crushing waste as aggregate. Four SPA latex modified mortars were prepared with different mass "Polymer/Cement" ratios (P/C), 2.5%, 5%, 7.5% and 10%, and compared with ordinary limestone mortar. The tested parameters are: workability, mechanical strength, water absorption, and microstructure. The objective is to search the best composition which may be suitable for the uses mentioned above. The obtained results show that the addition of SPA latex significantly improves the workability and reduces the 'W/C' ratio. An increase in SPA latex dosage from 7.5% to 10% significantly increases the flexural tensile strength at 90days. However, the compressive strength is almost inversely proportional to the 'P/C' ratio. The XRD analysis reveals that the SPA latex increases the intensities of the cement hydrates such as ettringite. In addition, the SEM analysis shows that the structure of the modified mortars appears more compact and their hydrates are more attached, in comparison with that of the control mortar, which seems to be loose. Finally, it should be noted that 7.5% of SPA latex seems to constitute the best compromise between the studied properties. Consequently, the use of PMM7.5% as repair, finishing and rehabilitation materials for civil engineering works is very useful.

Introduction

The architectural heritage, such as the historical monuments and the ksours of Laghouat region in southern Algeria, whose walls are made of stone, sometimes requires repair works, which is why researchers are currently focusing on the development of new sustainable rehabilitation mortars. Indeed, such mortars can also be used for the repair of cracks in different types of concrete. Moreover, in recent decades, the polymers have gained significant interest in the field of construction, especially in repair works. The use of polymeric admixtures appears to be a promising strategy to modify or improve certain physicomechanical properties and durability of cement-based materials [START_REF] Ohama | Polymer-based admixtures[END_REF][START_REF] Yang | Effect of styrene-butadiene rubber latex on the chloride permeability and microstructure of Portland cement mortar[END_REF][START_REF] Shaker | Durability of styrene-butadiene latex modified concrete[END_REF][START_REF] Xu | Design and evaluation of polyester fiber and SBR latex compound-modified perlite mortar with rubber powder[END_REF]. Let us note that the polymer additives can be a polymer latex, a redispersible polymer powder, a water-soluble polymer or a liquid polymer [START_REF] Ohama | Polymer-based admixtures[END_REF]. In addition, among the various existing polymeric admixtures, polymer lattices seem to be the most used polymers [START_REF] Xu | Design and evaluation of polyester fiber and SBR latex compound-modified perlite mortar with rubber powder[END_REF][START_REF] Benali | Latex influence on the mechanical behavior and durability of cementitious materials[END_REF][START_REF] Diab | The participation ratios of cement matrix and latex network in latex cement co-matrix strength[END_REF].

The latex is a colloidal dispersion of small polymer particles (of a size between 0.05 and 5.00μm) in water, generally obtained by the emulsion polymerization of monomers with emulsifiers [START_REF] Aggarwal | Properties of polymer-modified mortars using epoxy and acrylic emulsions[END_REF][START_REF] Souza Almeida | Mineralogical study of polymer modified mortar with silica fume[END_REF]. From an environmental point of view, this polymerization process is very efficient, because the use of water as a solvent is environmentally friendly, compared to the use of dangerous volatile organic solvents (VOCs) which have harmful effects on the environment and human labor [START_REF] Amaral | Assessing the environmental cost of recent progresses in emulsion polymerization[END_REF][START_REF] Thickett | Emulsion polymerization: state of the art in kinetics and mechanisms[END_REF]. Indeed, these latices are marketed in the form of aqueous dispersion, often milky white [START_REF] Maslehuddin | Mechanical properties and durability characteristics of polymer-and cement-based repair materials[END_REF].

On the other hand, it should be noted that polymer modified mortars (PMMs) have been used as popular building materials because of their excellent performance, particularly for finishing and repair works [START_REF] Afridi | Behaviour of Ca (OH)2 in polymer modified mortars[END_REF][START_REF] Sadrmomtazi | Determination and Prediction of Bonding Strength of Polymer Modified Concrete (PMC) as the Repair Overlay on the Conventional Concrete Substrate[END_REF][START_REF] Byeong | Effects of polymer-binder ratio and slag content on strength properties of autoclaved polymer modified concrete[END_REF]. Even their properties are affected by the same parameters, that can affect ordinary cement mortars, not forgetting, of course, the typical properties of the polymers such as polymer type, solids content, PH, density and minimum formation temperature of the polymer film [START_REF] Lavelle | Acrylic latex modified Portland cement[END_REF][START_REF] Walters | What are latexes?[END_REF]. In addition, according to the literature, the PMMs characteristics strongly depend on the weight ratio "Polymer / Cement" (P/C), generally ranging from 0 to 20% [START_REF] Ohama | Handbook of polymer-modified concrete and mortars properties and process technology[END_REF][START_REF] Silva | Hydration evolution of C3S-EVA composites analyzed by soft X-rays microscopy[END_REF][START_REF] Ribeiro | Styrene-butadiene polymer action on compressive and tensile strengths of cement mortars[END_REF].

The different combinations of dozens of types of monomers with modifiers produce various types of latexes that have been widely used in the construction industry [START_REF] Stampino | Use of admixtures in organic contaminated cement-clay pastes[END_REF]. Among these polymer latexes, it seems that the most commonly used types of latex for improving the physico-mechanical properties and durability of Portland cement mortars are SBR (Styrene-Butadiene Rubber), SAE (Styrene Acrylic Ester), EVA (Ethylene Vinyl Acetate, PAE (Polyacrylic Ester) and SAR (Styrene Acrylate Rubber) [START_REF] Aggarwal | Properties of polymer-modified mortars using epoxy and acrylic emulsions[END_REF][START_REF] Ohama | Handbook of polymer-modified concrete and mortars properties and process technology[END_REF][START_REF] Stampino | Use of admixtures in organic contaminated cement-clay pastes[END_REF][START_REF] Jingang | Study of cement mortars modified by emulsifier-free latexes[END_REF][START_REF] Eren | Effects of latex modification on fresh state consistency, short term strength and long term transport properties of cement mortars[END_REF][START_REF] Rozenbaum | An experimental and mesoscopic lattice simulation study of styrene-butadiene latex-cement composites properties[END_REF]. It is well known that the magnitude of the effect of latex on the characteristics of mortars strongly depends on the type of latex as well as its concentration in the mixture [START_REF] Lavelle | Acrylic latex modified Portland cement[END_REF][START_REF] Kim | Structure and properties of poly (vinylalcohol)-modified mortar and concrete[END_REF]. Consequently, certainly several experimental studies have treated the influence of the latexes, mentioned above, on the physico-mechanical behavior and the durability of cement mortars, but it should be noted that the available research data on the use of Styrene Polyacrylic (SPA) latex and its effect in the manufacture of polymer modified mortar (PMM) remain still insufficient.

In this context, Latroch et al. [START_REF] Latroch | Testing of Composite Mortars Based on Supplementary Cementitious Materials: Estimating Durability and Thermal Properties[END_REF] have developed five combinations of PMMs containing SPA latex ("P/C" ratio varies between 0 and 15%), natural pozzolana and silica fume. They found that the combination of SPA Latex and mineral additions presents a beneficial effect on the water accessible porosity and the sorptivity of PMMs composites. Belbachir et al. [START_REF] Belbachir | Mineral-based Composite Materials for Energy Efficiency in Buildings[END_REF] reported that the chemical resistance to acids such as HNO3 and H3PO4 of mortars modified by the combination of SPA latex and mineral additions was improved.

The microstructure of polymer latex modified mortars has also been studied by some authors.

These studies showed that, generally, polymer latex increases the chemical resistance of the cement mortars. According these works, the Polymer particles encapsulate the cement grains and consequently influence the pores structure of mortars [START_REF] Xu | Formation of ettringite in Portland cement/calcium aluminate cement/calcium sulfate ternary system hydrates at lower temperatures[END_REF][START_REF] Ollitrault-Fichet | Microstructural aspects in a polymer modified cement[END_REF]. Zhang et al. considered that in SA-modified mortars, a polymer film is formed and polymer-cement products are resulted, which increases the density of the cement matrix by filling the existing pores. Tian et al. also noted that the polyacrylate (PA) latex polymer particles react with the calcium ions and cement hydrates of cement mortars [START_REF] Liu | Modification of high performances of polymer cement concrete[END_REF]. But in these previous studies, the mechanism of modification of SPA latex was not clear, because they studied the influence of SPA latex and mineral additions simultaneously.

Moreover, in Algeria, the research on PMM applications is still far from that of most developed countries [START_REF] Aattache | Experimental study on thermo-mechanical properties of Polymer Modified Mortar[END_REF]. It is for these reasons that it was interesting to conduct this study and to engage in the field of PMMs based latex SPA. The main objective of this study is, therefore, the research of a new PMM having good physical and mechanical properties. In addition and for more originality, it has been opted for a special mortar which is the limestone mortar. This type of mortar presents better mechanical properties than lime mortar which is usually used in the architectural heritage. Moreover the limestone sand is widely available as quarry waste in the region of Laghouat and its use falls within the scope of the valorization of local waste for environmental and economical considerations. Indeed, it is a purely experimental work which is conducted on limestone mortars containing various proportions of SPA latex (with weight ratio P/C ranging from 0 to 10%). In conclusion, two main goals were targeted in this study:

1) The evaluation of the effect of the SPA-latex content, using various "P/C" ratios, on different physico-mechanical properties of limestone mortars, such as: workability, tensile / compressive strength and water absorption by total immersion.

2) The analysis of the microstructure of the composites thus studied using X-ray diffraction (XRD) and scanning electron microscopy (SEM).

Characterization of used materials

The basic materials used in this research are cement, SPA latex, crushed limestone sand, water and admixture (Figure 1). All these materials are described below.

Cement

A cement in accordance with the European standards "EN 197-1" [START_REF]Cement-Part 1: Composition, specifications and conformity criteria for common cements[END_REF] has been used in all the elaborated mixtures. It is an ordinary Portland cement (CEMI, 42.5 CRS) from Biskra cement plant (south-eastern of Algeria) (Figure 1a). The chemical and mineralogical analyses of this cement are presented in Table 1 and its physical characteristics are grouped in Table 2. It is clear that the used cement is mainly composed of silicates (C3S and C2S) as shown in figure 2.

SPA latex

The latex used for the modification of the studied mortars is the styrene-polyacrylic latex (SPA), which appears as a milky white aqueous dispersion. It an Algerian product which is known under its commercial name "TEKWELD", supplied by the company "TECKNACHEM" (Figure 1b). This latex is specially designed to be added to the mixing water of cement or plaster mortars. Its main characteristics (according to its technical sheet [START_REF]TEKWELD technical sheet 01-16[END_REF],) are summarized in Table 3.

Limestone sand

As part of the valorization of local materials, the used sand is a crushed limestone sand of fraction 0/5 mm from Amouri quarry located north of the city of Laghouat (south of Algeria) (Figure 1c). Its chemical composition, obtained using X-ray fluorescence analysis, is shown in Table 4 and its main physical characteristics are summarized in Table 5 (measured according to standards in force [START_REF]Tests for determining the mechanical and physical properties of aggregates -Part 6: Determination of true density and water absorption coefficient[END_REF][START_REF]Tests to determine the geometrical characteristics of aggregates -Part 8: Evaluation of fines -Equivalent of sand[END_REF][START_REF]Tests for determining the geometrical characteristics of aggregates-Part 1: Determination of granularity -Sieve size analysis[END_REF][START_REF]Aggregates for concrete[END_REF]).

The chemical analysis showed that the used sand is of a purely limestone nature and contains no harmful materials for the manufacture of mortars. In addition, the XRD analysis of the used sand reveals the presence of the following minerals: calcite (CaCO3) almost exclusively and quartz and dolomite in trace form as shown in Figure 3. It is well-graded and its grading curve is in the desired ranges as shown in Figure 4.

Admixture

The used admixture is a superplasticizer manufactured by "TECKNACHEM" Company in Algeria and marketed under the name SUPERIOR 9WG (Figure 1d). It is based on new generation polycarboxylates which allow the production of very fluid concretes with very low "W/C" ratios. It is compatible with all types of cement. According to the technical sheet, its normal use ranges between 0.6% and 2% (in dry extract) of the cement weight. It is marketed in liquid form with a brown color and 33% (± 2%) of dry extract. Its density is 1.10 (± 0.03) and its pH (at 20°C) is 5.5 (± 1) with a chlorine content of less than 0.1%.

Experimental program and test methods

Composites preparation

In this experimental study, it should first be noted that the incorporation of the SPA latex into the mortar was carried out as an addition, not as partial replacement. This is because any variation in the cement content significantly decreases the compressive strength of PMMs than cement mortars. This choice was validated after preliminary tests where the flexural tensile and compressive strengths were measured at 28 days for two series of mortars developed according to two different modes of incorporation: partial replacement and addition. Schulze [START_REF] Schulze | Influence of water-cement ratio and cement content on the properties of polymer-modified mortars[END_REF] found that at the W/C =0.55, increasing the cement content from 20% to 25% improves the compressive strength by 4%.

In order to highlight the influence of SPA latex content on the physico-mechanical characteristics of the studied mortars, five different compositions were prepared by varying the "P/C" mass ratio as follows: 0%, 2.5%, 5%, 7.5% and 10%. These percentages were calculated as a function of the total solid content in the latex. The "Cement/Sand" (C/S) ratio (in weight) was maintained constant and equal to 1/3. In regards to "Water/Cement" (W/C) ratio, polymer-modified mortars can be prepared in two modes of preparation [START_REF] Barluenga | SBR latex modified mortar rheology and mechanical behaviour[END_REF][START_REF] Balayssac | Influence of admixtures on the cracking sensitivity of mortar layers applied to a mineral substrate[END_REF]:

1) The first consists of maintaining the W/C ratio constant in order to obtain a similar rate of cement hydration for all composites and better understanding the influence of the latex; this method is called the «iso W/C» formulation [START_REF] Sakai | Composite mechanism of polymer modified cement[END_REF][START_REF] Bureau | Mechanical characterization of a styrenebutadiene modified mortar[END_REF][START_REF] Kong | Polymer-modified mortar with a gradient polymer distribution: Preparation, permeability, and mechanical behaviour[END_REF][START_REF] Ma | Microstructures and mechanical properties of polymer modified mortars under distinct mechanisms[END_REF].

2) The second is the most common and consists of adopting for latex modified mortar a similar workability with that of ordinary mortar by generally adjusting the "W/C" ratio. This type of formulation is called « iso-rheology » [START_REF] Shaker | Durability of styrene-butadiene latex modified concrete[END_REF][START_REF] Aggarwal | Properties of polymer-modified mortars using epoxy and acrylic emulsions[END_REF][START_REF] Folic | Experimental research on polymer-modified concrete[END_REF][START_REF] Hwang | Effect of polymer cement modifiers on mechanical and physical properties of polymer-modified mortar using recycled artificial marble waste fine aggregate[END_REF].

Indeed, the literature indicates that the « iso-rheology » formulation leads to a high tensile and compressive strengths, compared to those of the first method. This advantage is due to the effect of latex plasticizer, which results in the decrease of "W/C" ratio, which indirectly improves the mechanical behavior of the composites [START_REF] Sakai | Composite mechanism of polymer modified cement[END_REF][START_REF] Ma | Microstructures and mechanical properties of polymer modified mortars under distinct mechanisms[END_REF]. Therefore, it is the second method that was used in this study, where the "W/C" ratio was adjusted to maintain the flow time at 8±2s. Let us note that the amount of water introduced into the latex was taken into account for the determination of the total water content. Indeed, the preparation of the SPA modified latex mortar is carried out according to JIS A1171-2000 (Japanese Industrial Standard) [START_REF]Test methods for polymer-modified mortar, JIS A 1171-2000[END_REF][START_REF] Do | Performance of polymer-modified self-leveling mortars with high polymer cement ratio for floor finishing[END_REF][START_REF] Afridi | Development of polymer films by the coalescence of polymer particles in powdered and aqueous polymer-modified mortars[END_REF][START_REF] Park | Drying effect of polymer-modified cement for patch-repaired mortar on constraint stress[END_REF]. Firstly, the raw materials (cement and sand), previously dried, were dry-mixed at an average speed for 2 min, then, the mixture, which is already prepared with the latex SPA and 90% of water, was gradually added and mixed for 1min. Finally, the mixing was taken back at a fast speed for 2 min, with the addition of the 10% of remaining water and superplasticizer. At the end of the mixing, 4×4×16 cm 3 molds were filled in three layers of equal thickness which were compacted by vibration using a vibrating table (Figure 5a). Immediately after casting, the specimens were covered with a plastic film to prevent evaporation of water [START_REF] Ma | Microstructures and mechanical properties of polymer modified mortars under distinct mechanisms[END_REF][START_REF] Shadmani | Durability and microstructure properties of SBR-modified concrete containing recycled asphalt pavement[END_REF]. The prepared specimens were stored under normal laboratory conditions (25±2°C and 50±10%RH).

After 24 hours, the specimens were removed from the molds. They were then immersed in water at 20±2°C for 6 days, then they were placed in the ambient laboratory environment (20±3°C, 50±10%RH) until the day of the test (Figure 5b) [START_REF] Benali | Latex influence on the mechanical behavior and durability of cementitious materials[END_REF][START_REF] Wang | Physical and mechanical properties of styrenebutadiene rubber emulsion modified cement mortars[END_REF][START_REF] Wang | Research on the chemical mechanism in the polyacrylate latex modified cement system[END_REF][START_REF] Rashid | Experimental and analytical investigations on the behavior of interface between concrete and polymer cement mortar under hygrothermal conditions[END_REF]. However, the reference sample set (without SPA latex) was immersed in water as recommended for pure hydraulic mortars (EN 1504) [START_REF] Wang | Physical and mechanical properties of styrenebutadiene rubber emulsion modified cement mortars[END_REF][START_REF] Marceau | Microstructure and mechanical properties of polymer-modified mortars[END_REF]. The proportions of all the studied mixtures are given in Table 6.

Test methods

• The flow time, estimated in seconds, was measured using the LCL workability-meter (Type B) in accordance with the NFP 18-437 standard. The measured time defines the consistency of the fresh mixture. This test was done before the casting of the specimens intended for the study of other properties relative to the hardened state. On the other hand, the "W/C" ratio of SPA latex modified mortars was determined by setting the flow time to a constant value of 8±2s, which means that the mortar consistency is plastic and manageable.

• To study of the tensile strength of the studied mortars, the tensile tests (in "three-point bending test) were performed according to standard EN 196-1, on three prismatic samples with size of 4×4×16 cm 3 per composition using a "CONTROLS" type press of maximum load of 100kN with load increases of 50 N/s coupled to a microcomputer equipped with software for calculating the charges (Figure 6). The test consists in subjecting prismatic samples resting on two supporting points to an increasing load concentrated in the middle until failure. The tensile strength by bending is calculated by the following formula: σf = .

(1)

The six half-samples resulting from this test were then subjected to a compression test on a section of 4×4 cm 2 according to the European standard EN 196-1 [START_REF]Methods of testing cement-Part 1: Determination of strength[END_REF]. These two tests were performed at different ages: 3, 7, 28 and 90 days.

• The water absorption by total immersion was carried out on 4×4×16 cm 3 prismatic specimens, after 28 days of hardening. This characteristic is usually measured by drying the sample in an oven at 100±5°C until a constant mass is obtained, and then immersing it in water. The increase in mass is finally measured after 24h of immersion. The mass gain, expressed as a percentage, represents, of course, the quantity of the absorbed water.

• To study the influence of SPA latex on the microstructural properties of the studied mortars, two techniques have been adopted :

-The X-ray diffraction analysis (XRD) which allows identifying the crystalline phases of the composites. Each sample, presented as ground powder, was analyzed at room temperature using a Kα1 copper radiation having a wave length λ (kα1Cu) equal to 1.5418Å. The diffracted intensity of the Kα-Cu radiation was recorded between 2° and 60° (2θ angle range).

The step length is 0.1° and the time of each step is 3s (scan speed 2°/min). XRD analysis was performed at the Laboratory of Catalysis and Synthesis in Organic Chemistry (University of Tlemcen, Algeria). The phase identification of the samples was performed using X'Pert Highscore Plus Software [START_REF]X'Pert High Score Plus, version 2.1[END_REF], with which the crystalline and amorphous phases can be clearly identified. The database was provided by International Center for Diffraction Data (ICDD PDF-2) [START_REF]PDF-2 Database[END_REF].

-Another technique was also used to appreciate the microstructure of the studied materials. This technique is named "SEM analysis". Before the SEM test, all samples were covered with a thin gold film using a vacuum metallizer to make their surfaces conductive. The microstructure of the samples was analyzed using a VEGA3 TESCAN type scanning electron microscope (acceleration voltage is 15kV) at the University of Biskra, Algeria.

Results and discussion

Water reduction capacity -Workability

Figure 7 shows the rate of water reduction in the studied PMMs. This water reduction rate was calculated using the following equation:

% = × 100 (2) 
Where WR, Wc and Wp are the water reduction rates of the PMMs, the water requirement of the reference mortar and the water requirement of the PMMs respectively.

As seen in Table 6, all the mixtures containing SPA latex require a "W/C" ratio substantially reduced to achieve the standard workability. Nevertheless, the progressive increase of the SPA latex slightly decreases the flow time. This characteristic is important in hot climates such as the city of Laghouat which is classified as an arid and hot area. On the other hand, Figure 7 also shows that the rate of water reduction significantly increases when the "P/C" ratio varies from 2.5% to 10%. This means that the SPA latex acts as a water reducer, eventually leading to a more resistant mortar. This result is in agreement with previous studies conducted on several types of latex such as SBR, SAE and PAE [START_REF] Ohama | Polymer-based admixtures[END_REF][START_REF] Chang | Effect of different polymer lattices on performance of their modified rapid hardening sulphoaluminate cement mortars[END_REF][START_REF] Ray | Effect of latex and superplasticiser on Portland cement mortar in the fresh state[END_REF][START_REF] Zhong | Properties of latex blends and its modified cement mortars[END_REF]. According to the literature, the first reason for the water reduction is mainly attributed to the presence of polymer nanoparticles in latex emulsions. These fine particles exert a 'ball-bearing' action and facilitate the relative movement of the cement particles. The second reason is attributed to the dispersing effect of emulsifiers in latex [START_REF] Ohama | Polymer-based admixtures[END_REF][START_REF] Eren | Effects of latex modification on fresh state consistency, short term strength and long term transport properties of cement mortars[END_REF][START_REF] Chang | Effect of different polymer lattices on performance of their modified rapid hardening sulphoaluminate cement mortars[END_REF][START_REF] Li | Influence of polymer latex on the setting time, mechanical properties and durability of calcium sulfoaluminate cement mortar[END_REF][START_REF] Pei | Effects of emulsifiers on properties of poly (styrene butyl acrylate) latex-modified mortars[END_REF][START_REF] Assaad | Behavior of structural polymer-modified concrete containing recycled aggregates[END_REF][START_REF] Van Gemert | Evolution in modeling microstructure formation in polymer-cement concrete[END_REF].

Mechanical properties

The results of the mechanical properties of all the studied mortars are shown in Table 7.

Tensile strength

The evolution of the tensile strength by flexion of mortars as a function of the curing time of all the studied mortars is illustrated by Figure 8. The obtained results show that the tensile strength positively changes over time. In addition, it should be noted that the unmodified mortar presents higher tensile strength at young age compared to that of PMMs. This explains that PMMs significantly lose their tensile strength when immersed in water in the first days, because, in wet curing condition, the appropriate polymer film, which is mainly responsible for developing tensile strength, cannot easily form [START_REF] Ohama | Polymer-based admixtures[END_REF][START_REF] Jingang | Study of cement mortars modified by emulsifier-free latexes[END_REF]. However, the 28-day tensile strengths of both modified and unmodified mortars are almost identical; they vary from 6.88 to 7.96 MPa. Beyond 28 days, PMMs having a "P/C" ratio greater than 5% show a remarkable increase in tensile strength; the latter clearly exceeds that of unmodified mortar. This remark has also been made by Ohama [START_REF] Ohama | Handbook of polymer-modified concrete and mortars properties and process technology[END_REF]. Moreover, this resistance seems to be maximum with the "P/C" ratio of 7.5% where the tensile strength was increased by 45% compared to the control mortar. This improvement can be attributed, at the same time, to the contribution of the reduced "W/C" ratio compared to the other compositions [START_REF] Folic | Experimental research on polymer-modified concrete[END_REF][START_REF] Zhong | Properties of latex blends and its modified cement mortars[END_REF], the high tensile strength of the SPA latex itself [START_REF] Diab | The participation ratios of cement matrix and latex network in latex cement co-matrix strength[END_REF] and the formation of polymer film in a suitable manner. In other words, there is an optimal "P/C" ratio of 7%: less than 7%, there is a lack of polymer (necessary for hydration) and above 7% there is an excess (disturbing the development of hydration). Indeed, a polymer film, well formed, improves the bond between the cement grains [START_REF] Van Gemert | Evolution in modeling microstructure formation in polymer-cement concrete[END_REF], fills the microcracks (as shown by SEM analysis) and reduces thereby an eventual crack propagation in the matrix during the tensile loading [START_REF] Liu | Preparation of a new polymer-modified adhesive mortar using fine iron tailings as aggregate[END_REF].

Compressive strength

The study of the effect of the SPA latex incorporation on the compressive strength of the elaborated mortars led to the results presented in Figure 9. Figure 9 shows that the compressive strength of all mortars regularly increases with age. It has also been found that, unlike the case of tensile strength, the compressive strength of the reference mortar is clearly the highest, almost at all ages. Nevertheless at 90 days, the compressive strength of PMM5% and PMM7.5% are very close to that of the control mortar. Let us note that the minimum value of compressive strength was recorded for a "P/C" ratio of 10%: 21.05 MPa was recorded at 90 days (i.e. a reduction rate of 20%). So, what can be concluded from these results, is that the addition of SPA latex, regardless the "P/C" ratio, leads to a slight negative effect on the compressive strength, especially at a young age (3d, 7d and 28d), where the reduction rate varies between 27% and 59%. Indeed it is difficult to meet the application requirements of rapid construction repair. In any event, the obtained results are in agreement with previous studies conducted on the incorporation of other latices such as SBR, SAE and PAE in cement materials [START_REF] Afridi | Development of polymer films by the coalescence of polymer particles in powdered and aqueous polymer-modified mortars[END_REF][START_REF] Wang | Research on the mechanism of polymer latex modified cement[END_REF].

The compressive strength decrease recorded in PMMs at early age can be attributed to the low elasticity modulus of the polymer film formed, in comparison with that of hydrated cement products, and also to the retardation of early age hydration mechanisms of cement. This delay can be attributed to: a) the entrainment of air by the surfactants contained in the latex; b) the water retention capacity resulting from the hydrophilic properties of the colloidal particles and also of the formation of the polymer film which prevents the departure of water; and c) the partial coverage of cement hydrates by polymer films [START_REF] Ohama | Handbook of polymer-modified concrete and mortars properties and process technology[END_REF][START_REF] Li | Influence of polymer latex on the setting time, mechanical properties and durability of calcium sulfoaluminate cement mortar[END_REF][START_REF] Assaad | Development and use of polymer-modified cement for adhesive and repair applications[END_REF][START_REF] Kong | Retardation effect of styrene-acrylate copolymer latexes on cement hydration[END_REF][START_REF] Kong | Effect of polymer latexes with cleaned serum on the phase development of hydrating cement pastes[END_REF]. On the other hand, it is important to mention that the development of both the tensile and compressive strengths were not completely finished at the level of the 28th day; their development continued up, in fact, until 90 days. The long-term compressive strength is considered to be less influenced by the factors indicated previously (air entrainment, water retention and partial coverage). In particular, the consumption of the water retained by the anhydrate cement grains leads to the formation of a denser hydrated matrix. This will reduce the water retention and the air entrainment. Between 28 days and 90 days, the PMM5% recorded the highest rate of increase in compressive strength by reaching 47% [START_REF] Menhosh | Long term durability properties of concrete modified with metakaolin and polymer admixture[END_REF]. In the case of PMM10%, the reduction rate in compression strength at 90days, compared to the control mortar, is higher and reaches 41%.

These significant reductions in compressive strength can be justified, in addition to previous justifications, by the increase of the high proportion of polymer which led to a low elasticity modulus, compared to the other PMMs, and increased the porosity that weakened the mortar structure. It should also be noted that, for PMM10%, the compressive strength regularly evolves, i.e., there is not a complete stop of hydration reaction between 3d and 28d compared to other PMMs, but with a lower kinetics. This may be justified by the poor characteristics of the polymer film formed; indeed, this film may contain some discontinuities in the structure of the mortar, which facilitate the contact between water and cement grains. Or perhaps it is due to the fact that the excess of latex makes the mortar more impermeable and the evaporation of the water difficult, which favors the hydration of the cement grains during this period.

By analyzing the values of the resistance obtained in compression at 90 days, we can see that the 90d compressive strength of only PMM7.5% (26.64 MPa) approaches that of the control mortar (26.31 MPa) (Figure 9). This can be justified by the appropriate formation of the polymer film which can develop a strong bond between the cement and the aggregates and prevent the evaporation of the water necessary for the cement hydration. The decrease in porosity due to the filling effect of the polymer also contributes to increasing the resistance.

Below a P/C ratio of 7.5% (2.5% and 5%), the polymer film is not completely formed, but this is becoming increasingly better by increasing the P / C ratio. Let us note that the formation of polymer film in an acceptable manner requires a minimum addition of polymer which is generally greater than 3% [START_REF] Bureau | Mechanical characterization of a styrenebutadiene modified mortar[END_REF], which justifies the lower compressive strength found with a P/C ratio of 2.5%.

While PMM10% presents low 90d compressive strength due to discontinuity (poor film formation) in the mortar structure. In addition, an excess of SPA latex leads to a low elastic modulus of PMM.

In conclusion, there is an optimal latex content which leads to the formation of the right film;

with an excess or a lack of latex, the film has defects which reduce the compressive strength.

Water absorption by total immersion

According to literature, a marked reduction in water absorption rate with the increase in the polymer content in cement mortars is always observed. The results of the water absorption variations of the studied mortars are presented in Figure 10. It is clear that the water absorption of all SPA latex modified mortars is less than that of unmodified mortar.

Moreover, it decreases with increasing "P/C" ratio leading to an improved waterproofing. It seems that it follows almost a linear trend. Compared to the control mortar, an addition of 10% of SPA resulted in a reduction of water absorption up to 52%. This is due to the fact that polymers particles partially fill the large pores contained in the mortars and fill also the existing cracks [START_REF] Chang | Effect of different polymer lattices on performance of their modified rapid hardening sulphoaluminate cement mortars[END_REF][START_REF] Ramli | Porosity, pore structure and water absorption of polymer-modified mortars: An experimental study under different curing conditions[END_REF]. The influence of SPA latex on water absorption seems to be similar to that of other latices such as SBR, PAE and VAE (Vinyl Acetate Ethylene) [START_REF] Ramli | Porosity, pore structure and water absorption of polymer-modified mortars: An experimental study under different curing conditions[END_REF].

Microstructural study

XRD analysis a) General information

In order to study the influence of SPA latex on the microstructure of limestone mortars, the samples of PMMs, as well as the reference mortar, were subjected to XRD analysis at the age of about 90 days (exactly in the ten days following the 90th day). Figures 1112131415show the XRD results thus obtained.

The main products detected during this analysis are: calcite (CaCO3), portlandite (Ca(OH)2), ettringite (3CaO.Al2O3.CaSO4.31H2O), Calcium Silicate Hydrates (CSH), carboaluminates (C3A.CaCO3.11H2O) and quartz (SiO2). In general, no new peak was observed in the XRD curves after the addition of SPA latex for all the PMMs. However, the peak intensities vary from sample to sample.

b) Calcite

According to the chemical composition of the used limestone sand, calcium oxide (CaO) is its main component which demonstrates the carbonate nature of this sand. That is why the XRD analysis reveals that all of the mortars studied are characterized by a similar composition where calcite is the main crystalline mineral with larger peaks.

The peak intensity of calcite increases with the increase of the P/C ratio. This can be attributed to the chemical reaction of retained water with calcium oxide, which leads to the formation of portlandite and calcite :

CaO + H2O → Ca(OH)2 ( 3)

Ca(OH)2 + CO2 → CaCO3 + H2O (4) 
In addition, calcite can provide nucleation sites that promote slow hydration reactions and increase the amount of hydration products at a longer age [START_REF] Segura | Influence of Recycled Limestone Filler Additions on the Mechanical Behaviour of Commercial Premixed Hydraulic Lime Based Mortars[END_REF].

c) Carboaluminates

XRD analysis also shows that several peaks of carboaluminates of the (C3A.CaCO3.11H2O) type are present in all of the samples studied. This can be justified by the reaction between the aluminates phase (C3A and C4AF) and the calcite. This reaction promotes the formation of carboaluminates. We also note that the peaks intensity of the carboaluminate is low due to the low C3A content in the used cement (5.14%) [START_REF] Tosun-Felekoğlu | The effect of C3A content on sulfate durability of Portland limestone cement mortars[END_REF][START_REF] Makhloufi | The strength of limestone mortars with quaternary binders: Leaching effect by demineralized water[END_REF]. Let us note that even the chemical effect of the limestone sand fines on the studied mortars is weak because the aluminate phase in cement is limited [START_REF] Wang | A review on use of limestone powder in cement-based materials: Mechanism, hydration and microstructures[END_REF]. But, although it occurs in small amounts, the amount of carboaluminates increases in the presence of the SPA latex. This may be due to the increased amount of calcite involved in the formation of carboaluminates (when P/C ratio increases), as well as to the favorable orientation of the CA crystals in the presence of the SPA latex. But, the carboaluminate seems have a little effect on compressive strength [START_REF] Soroka | The Effect of Fillers on Strength of Cement Mortars[END_REF].

d) Portlandite

It is evident that the addition of SPA latex to the mortars reduced the intensity of portlandite (Ca(OH)2) [START_REF] Kim | Structure and properties of poly (vinylalcohol)-modified mortar and concrete[END_REF]. It is also apparent the disappearance of the portlandite peaks in PMM2.5%, PMM5% and PMM7.5%, while they exist in the case of M0 and PMM10%, but with low intensities. The lowering of Ca(OH)2, at 90 days of hardening, can be justified by the chemical reaction between the latex and the Ca 2+ and / or Ca(OH)2 ions released during hydration reaction, where the hygroscopicity of the polymers absorbs water, thereby reducing the amount available for hydrating silicates [START_REF] Ben-Dor | The effect of ionic polymers on the hydration of C3S[END_REF]. In addition, calcite can reduce the Ca(OH)2 content [START_REF] Wang | A Review on Use of Limestone Powder in Cement-Based Materials: Mechanism, Hydration and Microstructures[END_REF]. Moreover, the simultaneous addition of superplasticizer and latex can also reduce portlandite. Janotka et al. [START_REF] Janotka | Behaviour of Ca(OH)2 in the presence of the set styrene-acrylate dispersion[END_REF] reported that the portlandite particles are attached to the surface of the polymer film. Other authors have justified this reduction by the "saponification"

or "inhibition" reaction when the polymers capture the Ca 2+ ions in the interstitial solution [START_REF] Qu | Influence of SBR latex and HPMC on the cement hydration at early age[END_REF][START_REF] Larbi | Interaction of polymers with Portland cement during hydration: a study of the chemistry of the pore solution of polymer-modified cement systems[END_REF]. Larbi et al. [START_REF] Larbi | Interaction of polymers with Portland cement during hydration: a study of the chemistry of the pore solution of polymer-modified cement systems[END_REF] have clearly described this phenomenon for various polymers such as styrene acrylate. The same observation was highlighted for the SBR latex and hydroxypropyl methyl cellulose (HPMC), whatever their curing age [START_REF] Ray | Physicochemical studies on single and combined effects of latex and superplasticizer on Portland cement mortar[END_REF]. With respect to the effect of the simultaneous addition of superplasticizer and latex in reducing the portlandite amount, that has also been indicated in the study by Ray et al. [START_REF] Ray | Physicochemical studies on single and combined effects of latex and superplasticizer on Portland cement mortar[END_REF].

It should be noted that it is this reduction in portlandite amount, due to the addition of SPA, which has contributed to the development of better mechanical strengths.

e) Ettringite

Ettringite (3CaO.Al2O3.CaSO4.31H2O) is also present in all samples, but with different proportions. When P/C ratio increases up to P/C = 7.5%, the intensity of ettringite increases, compared to unmodified mortar; but beyond P/C = 7.5%, a significant decrease in ettringite was observed. This reveals that the SPA latex promotes the reaction of calcium aluminates with gypsum leading to the formation of ettringite and its stability, which increases the compressive strength. This result is consistent with that of previous researches led on the effect of SBR latex on cement paste [START_REF] Wang | Influence of polymer on cement hydration in SBR modified cement pastes[END_REF]. Diab et al. [START_REF] Diab | The participation ratios of cement matrix and latex network in latex cement co-matrix strength[END_REF] also found that the ettringite content increases by 7%, 20% and 22% compared to the cement paste for "SBR (solid) / water ratios" of 5%, 20% and 40% respectively (in dry and wet curing).

f) Silicate hydrate (CSH)

With regard to calcium silicate hydrate (CSH), it appears to show some weak peaks corresponding to CSH (I) are present. Their intensities are greater in PMM2.5%, PMM5% and PMM7.5% than other in mortars. This can be attributed to the reduction in the amount of portlandite which leads to the production of CSH and the associated reduction in porosity and permeability. Yue X and Wang R. [START_REF] Yue | Influence of SBR latex on the formation of CSH in C3S paste[END_REF] also found that the addition of SBR to a synthetic paste containing C3S, modifies the morphology and the chemical composition of CSH crystals, thus increasing the "Ca/Si" ratio of CSH. Even Belbachir et al. [START_REF] Belbachir | Durability of mortars modified by the effect of combining SPA polymers and supplementary cementitious materials[END_REF] have shown that the simultaneous addition of SPA latex and mineral additions contributes to the formation of additional CSH gels of 2nd generation leading to increased hydrates compactness.

Note that the increase in CSH generally ensures good adhesion between the elements of mortar/concrete, the reason for which the flexural strength has increased with the addition of SPA, in particular for PMM7.5.

SEM analysis

The samples of modified and unmodified mortars were also subjected to SEM analysis at the age of about 90 days. Two magnifications were considered : G=8900 and G=200. The The analysis with G=8900 allows us to observe that the structure of hydrates is loosely linked in the case of the control mortar. However in the case of PMMs, the structure of hydrates is densely attached [START_REF] Shaker | Durability of styrene-butadiene latex modified concrete[END_REF][START_REF] Wang | Physical and mechanical properties of styrenebutadiene rubber emulsion modified cement mortars[END_REF][START_REF] Dong | Effects of aggregate gradation and polymer modifiers on properties of cement-EPS/vitrified microsphere mortar[END_REF][START_REF] Pacheco-Torgal | Sustainable monitoring of concrete structures: strength and durability performance of polymer-modified self-sensing concrete[END_REF][START_REF] Liu | Preparation and properties of a core-shell styrene acrylic copolymer modified adhesion mortar using iron tailings as the aggregate[END_REF]. This must, systematically, be attributed to the polymer dispersion throughout the cementitious matrix which creates a compact network related to the hydrated cement components [START_REF] Shaker | Durability of styrene-butadiene latex modified concrete[END_REF].

In addition, in the case of PMMs , the size of the fine pores is lower compared to the conventional mortar; indeed, the latex partially obstructs the micropores within hydrates [START_REF] Ben-Dor | The effect of ionic polymers on the hydration of C3S[END_REF][START_REF] Liu | Preparation and properties of a core-shell styrene acrylic copolymer modified adhesion mortar using iron tailings as the aggregate[END_REF]. This finding confirms the lower water absorption recorded in PMMS compared to the control mortar. SEM analysis also confirmed the pore microstructure observed in PMM10

(with 10% of SPA latex) compared to other modified mortars. This revealed that high contents of SPA latex induce discontinuities in the mortar structure and thus reduce its physico-mechanical properties [START_REF] Ohama | Principle of latex modification and some typical properties of latex modified mortars and concretes[END_REF].

So, it should be noted that the polymer film seems to be completed and optimal in the case of PMM7.5% (Figure 17), since the polymer film appears not completed in Figures 1516(PMM2.5% and PMM5%) and thin with an excess of polymer and with more pores in Figure 18 (PMM10%). In addition, Figures 16b-17b show that the microstructure of (PMM5% and PMM7.5% seems to be denser and the hydration products are better developed and more cluttered and entangled, resulting in better mechanical strength than that of PMM2.5% and PMM10%.

Another important point, arising from the SEM analysis, can be noted. In all PMMs, cement hydrates are wrapped with polymer film or membrane. Large cavities have also been observed

with the existence of the SPA latex; their volumes are mainly related to "P/C" ratio [START_REF] Stampino | Use of admixtures in organic contaminated cement-clay pastes[END_REF].

In conclusion, it should be noted that the SEM-analysis confirmed the obtained results of the XRD analysis; it is clear that the CSH-products regularly develop and take the form of needles in the case of PMM5% and PMM7.5%.

Moreover, the SEM images obtained with G= 200 give us an idea about the porosity of the studied mortars. Indeed, PMMs containing 5% and 7.5% present relatively greater porosity, which explains why these mortars have a low compressive strength at 28 days, compared to other mortars. As a result, this study clearly demonstrates that the use of antifoaming agents to reduce the air content is essential. This certainly contributes to improving the physicomechanical characteristics of the PMMs.

Conclusion

The main objective of this work is to evaluate the effect of the addition of SPA latex on the physico-mechanical and microstructural properties of cement limestone mortars. The results obtained led to the following conclusions:

1. The study of physico-mechanical behavior revealed that:

• The incorporation of SPA latex increases the water reduction rate due to the "ball bearing" action which facilitates the relative movement of cement particles.

• PMMs show a remarkable increase in the tensile strength. This can be attributed to the reduction of "W/C" ratio, the formation of the polymer film and the high strength of the SPA latex.

• However, the SPA latex slightly reduces compressive strength of the studied mortar, compared to the control mortar; that is due to the delayed hydration caused by the polymer film and its low elasticity modulus.

• The increase of "P/C" ratio improves the waterproofing of PMMs due to the tightness of polymer film.

• PMM7.5% seems to be the best compromise among the characteristics studied. This encourages its use in repair, finishing and rehabilitation of concrete structures.

2. While the microstructural analysis revealed that:

• The addition of SPA latex delays the kinetics of hydration and reduces the amount of portlandite. This can be justified by the complexation effect between the latex and the Ca 2+ and / or Ca(OH)2 ions released during hydration reaction, where the hygroscopicity of the polymers absorbs water, thereby reducing the amount available for hydrating silicates.

• The CSH intensity of the PMMs is higher than that of the control mortar; high rate of CSH leads to the increase of hydrate compactness in the modified mortars.

• SEM analysis shows that the hydrates structure of the conventional mortar is loose; while that of PMMs is densely connected and attached.
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Table 1 .

 1 Chemical and mineralogical composition of cement (%).

	SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O LOI*
	20.99 4.14	3.45 63.84 2.82 3.16 0.65 0.23 0.71
	C3S	C2S	C3A	C4AF
	58.54	16.34	5.14	10.49
	*Loss on ignition.			

Table 2 .

 2 Physical characteristics of cement.

	Apparent density

Table 3 .

 3 Main characteristics of SPA latex.

	Characteristics	Form	Color	Density (at 20°C) PH (at 20°C)	Dry extract
	SPA latex	liquid	White (milk)	1,040 ± 0,02	4 ± 1	26% ± 2%

Table 4 .

 4 Chemical composition of limestone sand.

	SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O LOI
	0.51 0.33	0.31 54.82 0.89 0.053 0.001 0.16 42.92

Table 5 .

 5 Main characteristics of limestone sand.

	Characteristics	Standard	Value found
	Absolute density (g/cm 3 )		2.59
	Apparent density (g/cm 3 )	NF EN 1097-6 [28]	1.49
	Sand equivalent: SE (%)	NF EN 933-8 [29]	66
	% of elements <0,08 mm	NF EN 933-1 [30]	7.5
	Finesse module: FM	NF EN 12620 [31]	3.21
	Absorption coefficient: WA 24 (%)	NF EN 1097-6 [28]	4.70

Table 6 .

 6 Composition of mortars.

	Designation	C/S	P*/C (%)	E/C	Sp*/C (%)	Flow time (s)
	M0		0	0.5		10.03
	PMM2.5%		2.5	0.492		9.42
	PMM5%	1/3	5	0.481	0.8	9.37
	PMM7.5%		7.5	0.463		8.89
	PMM10%		10	0.45		8.44
	* in dry extract.					

Table 7 .

 7 Mechanical properties of the studied mortars.

			Tensile strength (MPa)			Compressive strength (MPa)	
	Mortar								
		3d	7d	28d	90d	3d	7d	28d	90d
	M0	7.13 (±0.58)	7.55 (±0.59)	7.8 (±0.63)	9.32 (±0.66)	13.29 (±0.32)	20 (±0.44)	23.25 (±0.58)	26.31 (±0.72)
	PMM2.5%	4.89 (±0.60)	6.4 (±0.64)	6.88 (±0.58)	9.07 (±0.62)	9.39 (±0.21)	14.59 (±0.64)	15.58 (±0.45)	23.03 (±0.64)
	PMM5%	3.01 (±0.55)	5.25 (±0.52)	7.96 (±0.57)	9.77 (±0.53)	7.49 (±0.93)	8.24 (±0.85)	9.41 (±0.47)	25.59 (±0.35)
	PMM7.5%	2.92 (±0.59)	5.35 (±0.62)	7.44 (±0.63)	13.53 (±0.72)	8.85 (±0.24)	8.9 (±0.80)	12.61 (±0.24)	26.64 (±0.27)
	PMM10%	3.86 (±0.52)	5.65 (±0.58)	7.57 (±0.51)	12.14 (±0.68)	9.1 (±0.64)	11.74 (±0.70)	15.49 (±0.58)	21.05 (±0.90)