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In this study, we have modified slag and fly ashes by mechanosynthesis process carried out by high-energy ball milling using a planetary mill. In order to optimize the milling conditions, we have added process control agent (PCA). This PCA affects powders agglomeration phenomena during milling and impacts the milling time for the final product.

We have studied the structure and microstructure of coproducts (fly ashes and slag) obtained by mechanical activation. In addition, we have also tested the mechanical performances of samples prepared with the addition of activated coproducts.

INTRODUCTION

The production of 1 kg of clinker (main constituent of cement CEMI) is responsible for an average of 0.8 kg of CO 2 released into the atmosphere. This observation established for many years, has made it necessary to find technical solutions to response to the CO 2 emission rate.

In order to reduce this emissions effect, several researches have studied the substitution possibilities of part of the clinker by coproducts [START_REF] Schneider | Sustainable cement production-present and future[END_REF][2][START_REF] Kourounis | Properties and hydration of blended cements with steelmaking slag[END_REF][START_REF] Behim | Physical and chemical effects of El Hadjar slag used as an additive in cement-based materials[END_REF][START_REF] Hwang | Strength development of blended blast furnace slag cement mortars[END_REF][START_REF] Pacheco-Torgal | Alkali-activated binders: A review. Part 2. About materials and binders manufacture[END_REF][START_REF] Juenger | Recent advances in understanding the role of supplementary cementitious materials in concrete[END_REF][START_REF] Hamzaoui | The sequel of modified fly ashes using high energy ball milling on mechanical performance of substituted paste cement[END_REF][START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF]. Using steelmaking slag like subtitled in CEMI for 15%, 30% and 45% wt, Kourounis et al. [START_REF] Kourounis | Properties and hydration of blended cements with steelmaking slag[END_REF] have found that the replacement of a part of the clinker by slag is responsible for reducing the mechanical performance for cement paste. Behim et al. [START_REF] Behim | Physical and chemical effects of El Hadjar slag used as an additive in cement-based materials[END_REF] have used ground granulated blast furnace slag of Elhadjar (Algeria) for different contents substitution 10-100% wt of CEM-I. The authors have remarked no improvement in the compressive strength of cement/slag paste [START_REF] Behim | Physical and chemical effects of El Hadjar slag used as an additive in cement-based materials[END_REF]. Hwang & al. [5] have noticed that the blended mortar (cement/slag) in their early age have a compressive strength weaker than the control mortar even with a small rate of substitution. In addition, the compressive strength increase is observed after 60 curing days. However, due to this performance leak, many studies have investigated for activating those coproducts by different ways: alkali-activation [START_REF] Pacheco-Torgal | Alkali-activated binders: A review. Part 2. About materials and binders manufacture[END_REF], conventional milling [START_REF] Schneider | Sustainable cement production-present and future[END_REF][START_REF] Juenger | Recent advances in understanding the role of supplementary cementitious materials in concrete[END_REF] and mechanosynthesis [START_REF] Hamzaoui | The sequel of modified fly ashes using high energy ball milling on mechanical performance of substituted paste cement[END_REF][START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF][START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF].

Mechanosynthesis is one of the techniques that allows coproduct materials activation. It is high-energy ball milling process, it consists to load the powder (one kind of powder or a mix of different powders) and the milling medium (steel or tungsten balls) in a stainless container sealed (the sealing can be done under different gaseous medium: air, argon…etc.) and milled for a suitable duration. During the process, the particles will be subjected to mechanical energy inducing plastic deformation; this process has been used to synthesize both equilibrium and metastable phases of interesting materials [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][12][START_REF] Alves | Novel Synthesis and Characterization of Nanostructured Materials[END_REF][START_REF] Gaffet | Mechanical Processing for Nanomaterials[END_REF][START_REF] Hamzaoui | Milling conditions effect on structure and magnetic properties of mechanically alloyed Fe-10% Ni and Fe-20% Ni alloys[END_REF]. This process can be divided in 3 steps: in the first step, the particles will get rearrangement and restack, where they slide paste each other with minimum deformation and fracture after 28 curing days for fly ashes milled for 1h. In addition, they have shown that the maximum compressive strength gain is reached with fly ashes milled for 3 h after 90 curing days with an improvement of +23.9%. The similar process have been used by Bouaziz et al. [START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF] for activating slag from 1h to 9h of milling and 45% of CEM-I replacement. The authors have shown that the optimal compressive strength gain corresponds to 3 h of milling and reaches +8.8% for 120 curing days.

In order to improve the milling process, it is necessary to take attention to some parameters as ratio ball weight/powder weight, milling duration, milling temperature, types of powders, milling environment, use of process control agents (PCA) [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][12][START_REF] Alves | Novel Synthesis and Characterization of Nanostructured Materials[END_REF][START_REF] Gaffet | Mechanical Processing for Nanomaterials[END_REF]. The process control agent is added to the mixture during the milling process to reduce the effect of the inter-particle welding and decreasing the particle size [START_REF] Mahbub Ullah | Surfactant-assisted ball milling: A novel route to novel materials with controlled nanostructure -a review[END_REF][START_REF] Zhang | Prediction of the amount of PCA for mechanical milling[END_REF][START_REF] Keskinen | Carbide and hydride formation during mechanical alloying of titanium and aluminium with hexane[END_REF].

It can be used in solid, liquid or gas state. Most of the PCAs used are organic compounds and act as surface-active agents [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF]. When these products (PCA) are in contact with the powders, they are adsorbed on the surface of the particles; this will result in reducing the cold welding and the reduction of the surface tension of the material. It was found that there is a critical amount of PCA for a particular powder material, if the quantity of PCA is below or higher the particle size tends to increase [START_REF] Mahbub Ullah | Surfactant-assisted ball milling: A novel route to novel materials with controlled nanostructure -a review[END_REF][START_REF] Zhang | Prediction of the amount of PCA for mechanical milling[END_REF][START_REF] Keskinen | Carbide and hydride formation during mechanical alloying of titanium and aluminium with hexane[END_REF]. The PCA affects powders agglomeration phenomena through milling. The nature of the PCA, the quantity and the material type have a direct influence on the particles size, particles shape and purity of the final product. The most important of the PCAs used are stearic acid, hexane, methanol, ethanol and water [START_REF] Zhang | Prediction of the amount of PCA for mechanical milling[END_REF][START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF][START_REF] Slavica | Mechanism of stearic acid adsorption to calcite[END_REF][START_REF] Rigopoulos | Enhancing the rate of ex situ mineral carbonation in dunites via ball milling[END_REF][START_REF] Franco Matías Stabile | Surface modification after ethanol wet milling: A comparison between pristine glasses produced from natural minerals and analytical grade raw materials[END_REF][START_REF] Ramezani | Mechanical milling of aluminum powder using planetary ball milling process[END_REF][START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF].

Generally, the amount of solid PCA used does not exceed 5% of the total powder weight [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][START_REF] Zhang | Prediction of the amount of PCA for mechanical milling[END_REF][START_REF] Keskinen | Carbide and hydride formation during mechanical alloying of titanium and aluminium with hexane[END_REF][START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF], where for the wet milling by using liquid PCA as water and ethanol can be more than 10% and reach until 50% [START_REF] Rigopoulos | Enhancing the rate of ex situ mineral carbonation in dunites via ball milling[END_REF][START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF]. Qu and Yu [START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF] have studied the feasibility of superhydrophobic ground granulated blast furnace slag (GGBS) synthetizing as water-resisting admixture in lightweight aggregate concrete. The authors have used ball milling method to prepare the hydrophobic GGBS powder with stearic acid carrying out by porcelain ball mill pot. The stearic acid with different dosages 0.5, 1, 2 and 4 wt% and GGBS were added together into the milling pot. The authors have confirmed the physically coated stearic acid on the surface of GGBS and shown the positive influences of stearic acid addition and superhydrophobic GGBS on the properties of lightweight aggregate concrete, in point of view, workability, fresh density, compressive strength, hydrophobicity, capillary water absorption and long-term chloride diffusion [START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF].

Li & al. [START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF] have studied the feasibility of ultrafine ground-granulated blast-furnace slag (GGBFS) prepared by the wet ball mill process applied in concrete. Milling time were 20 min, 40 min, and 60 min, which were used to replace Portland cement with different percentages 20%, 35%, and 50% and compared to cement concrete reference. The PCA used in this case was water (ratio water/solid 0.5) for different milling time. The authors have concluded that the milling has a good influence on the reactivity of the slag. Because they notice an acceleration in the development of compressive strength at the early age of concrete.

However, in comparison to the reference concrete, there is no improvement of the compressive strength.

The aim of this work is to optimize the milling process by PCA use wet ball milling. Slag and fly ashes are obtained by mechanosynthesis. The structure and microstructure changes of milled coproducts (fly ashes and slag) have been done. In addition, we have prepared cementitious paste samples with a 50% substitution of CEM-I (95% of clinker). Mechanical performance and thermal behavior have been treated. It is noticed that depth study concerning the influence of the PCA on durability parameters mainly the porosity and its distribution, the permeability the chloride diffusivity and its chemical binding is under investigation and will be published in itself.

MATERIALS AND METHODS

Materials

For this study, Portland cement CEMI 52.5 N CP2 from EQIOM is used. SURSCHISTE Company provides fly ashes (FA). Granularly slag is provided by SCH Company and milled by conventional milling for a short duration (30 min). Co-products are dried at a temperature of 105°C for 24 hours. The chemical composition of these coproducts (fly ashes and slag) is given in table 1. According to chemical composition, the fly ashes used in this study can be classified in Class F [2]. The PCA used in the milling process for 1% and 4% wt contents of coproduct milled (slag or fly ashes) is Ethanol (with a purity of 98%).

Powder preparation

The milling of the slag is performed by using a planetary high energy ball mill (Retsch PM 400). This device is composed of four vials mounted on a planar disc. With the rotation of the disc, the vials move in a circular and in the opposite direction compared to the disc rotation.

The rotation speeds of the disc and the vials are Ω = 400 rpm and ω = 800 rpm, respectively. The milling duration is fixed at 15 minutes. Thirty-millimeter diameter steel balls and 500 ml volume steel vials are used. The weight of powder samples is 200 g per vial. The ball-topowder weight ratio is 4. The vials of planetary ball mill (RETSCH PM 400) are adequately sealed to avoid air contamination during the milling process.

Cement paste preparation

The reference paste cement is prepared by mixing of cement (C) and water (W) with a W/C ratio of 0.3. Modified paste cement / coproduct (slag or fly ashes) substitution by 50% wt with W/(C + coproduct) ratio is 0.3.

Characterizations Analysis

The chemical composition is obtained by an elemental analysis conducted with X-ray fluorescence spectroscopy and carried out using S2 RANGER instrument from Bruker. X-ray investigation is performed using Bruker D2 phaser diffractometer with a continuous scanning mode and Cu Kα radiation (λ =0.1541 nm). The lines are measured in the 2θ range (5-100) ° by an increment of 0.02° for each 0.1 s. The software used for evaluation the X-ray diffraction diagrams is DIFFRAC.EVA with ICDD PDF2. Sampling from the same vial is performed to achieve reliable X-ray diffraction diagrams as function of PCA rate. Sampling is repeated two times for the unmilled coproducts (fly ash and slag) and four times for the coproducts milled for 15 min with two different PCA rates.

IR spectroscopy is performed by a Thermo Scientific Nicolet IS10 instrument equipped with Smart iTR (with Diamond Plate) accessory. With this ATR (Attenuated Total Reflectance) accessory, the IR spectroscopy is able to analyze solids, liquids, pastes and gels. The results are analyzed with Omnic Software.

The particle size distributions are measured with Granulometer Laser LS 13 320 XR from BECKMAN COULTER allowing measurements of particle size dispersion. We have used the two methods: dry analysis (Dry Powder System) where particle size distribution is between 0.4 -3000 µm and liquid sample dispersion method with size distribution between 0.01 -2000µm. The liquid sample dispersion method is coupled with its enhanced PIDS (polarization intensity differential scattering) technology and extended measurement range providing higher resolution and more accurate, reproducible results. We have used also sound waves to break up aggregates which allow high dilution aiding in dispersion by letting more space between particles. In our case, we have found good results with liquid sample distribution, which are presented in this article.

The Gemini VII 2390 instrument from Micrometrics using the Brunauer -Emmett -Teller (BET) adsorption method allows the measurement of the specific surface area (SSA) of the unmilled coproducts and the milled coproducts. The specific surface area (SSA) is obtained by a physical adsorption of nitrogen gas methods using surface and porosity analyzer.

Analyses is performed using a static volumetric technique in which the adsorptive flows into a tube containing the sample and into a balance tube simultaneously. The internal volume and the temperature surrounding both tubes is maintained in identical conditions. Helium gas is used to determine samples density.

The morphology of unmilled and milled powders are characterized by using scanning electron microscopy (SEM) S-3400 (HITACHI®) with energy-dispersive spectrometer (EDS).

The mechanical testing is carried out using 3R (SYNTECH) 300 kN equipment. Mechanical characterization includes compression condition performed on paste samples of dimensions 4 × 4 × 4 cm 3 at different curing times (7, 28 and 90 days). For each processing condition, 4 samples are used for compression tests.

Thermogravimetry analysis (TGA) Mettler-Toledo TGA/SDTA 851 instrument is used to determine thermal behavior with a heating rate of 20 °C/min from 25 °C to 600 °C. Sample of about 25-35 mg is putted in an alumina crucible. Sample purge gas control is based on a nitrogen flow 40 ml/min to avoid any contamination by sample environment and 70 ml/min in the furnace chamber.

RESULTS AND DISCUSSION

Unmilled and milled characterization

X-ray diffraction measurements are performed for all coproducts powders for different PCA rates and 15 minutes of milling. Fig. 1 presents the X-ray patterns of fly ashes samples for different milling conditions. It is observed that unmilled fly ash is composed of crystallized hexagonal quartz (SiO 2 ) where the peak relative to the quartz seems more intense than other peaks. In addition, the presence of crystallized orthorhombic mullite (3Al 2 O 3 , 2SiO 2 ) and magnetite (Fe 3 O 4 ) are identified. Several researchers have reported similar fly ashes structure characteristics in theirs research works [2,[START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF][START_REF] Gaffet | Mechanical Processing for Nanomaterials[END_REF][START_REF] Hamzaoui | Milling conditions effect on structure and magnetic properties of mechanically alloyed Fe-10% Ni and Fe-20% Ni alloys[END_REF].

Concerning milled fly ashes with and without PCA, it is observed the same behavior between milled fly ashes with PCA and without PCA. In addition, it has been found that ball milling introduces two main effects on observed X-ray patterns. The first one concerns the disappearance of one peak of magnetite at 27.5° m (230) and enlargement of the magnetite peak at 29.8° m (322) peak, going to the partial amorphization of the magnetite structures. This amorphization can be due to the intensive energy process of mechanical grinding involving repeated fracturing and rewelding of particles. The second phenomenon is related to the shift of several peaks of mullite and quartz, as in peaks at 16.5° M (110), 41.1° M (211), 20.9° Q (100), 26.7° Q (101). In addition, enlargement of diffraction peaks with low intensity as in peaks at 57.7° M (041), 64.7° M (002), 50.2° Q (112), 68.4° Q (301), indicating a reduction of the crystallite size and the formation of both nanostructured quartz and mullite [START_REF] Hamzaoui | The sequel of modified fly ashes using high energy ball milling on mechanical performance of substituted paste cement[END_REF][START_REF] Suryanarayana | Mechanical alloying and milling[END_REF]. Generally, ball milling with short milling time can provoke a shift of peaks. Whereas with long milling time, crystallite nanosize formation can be obtained, characterized by peaks enlargement and low intensity [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][START_REF] Alves | Novel Synthesis and Characterization of Nanostructured Materials[END_REF][START_REF] Hamzaoui | Milling conditions effect on structure and magnetic properties of mechanically alloyed Fe-10% Ni and Fe-20% Ni alloys[END_REF]. Kumar and Kumar [START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF] have studied the mechanical activation role on geopolymerisation of milled fly ashes. The authors have milled fly ashes for 5, 10, 20, 30, 45, 60 and 90 minutes. They have indicated no apparent change in the mineralogy and peak intensities in the samples milled up to 60 minutes. However, a slight decrease in peak intensity and broadening of quartz and mullite is detected in the sample milled after 90 minutes of milling. The authors attributed the peaks broadening to the crystalline structure damage during intense milling, which resulted in micro stress, and peak broadening. Using two different procedures for improving fly ash reactivity by milling and alkaline fusion, Monzón et al. [START_REF] Monzóna | Phase transformations during the zeolitization of fly ashes[END_REF] have found that the diffraction pattern obtained after 3600 s of milling shows the reduction in height of the main diffraction peaks corresponding to the mineral phases originally present in the fly ash, such as hematite, quartz and mullite. In addition, they have shown that the loss of crystallinity is associated with size reduction and particle shape modification. Hamzaoui et al. [START_REF] Hamzaoui | The sequel of modified fly ashes using high energy ball milling on mechanical performance of substituted paste cement[END_REF] have found similar results for fly ashes milled with longer milling time from 1h to 9h. The authors have remarked the total amorphization of magnetite and intensity peaks reduction of quartz and mullite. They have calculated crystallites size of quartz and mullite after 9 h of milling, which reach 14.5 nm and 14 nm for quartz and mullite, respectively. X-ray patterns of milled slag by conventional milling (our reference) and high-energy ball mill with PCA (alcohol 1% and 4%wt) and without PCA are presented in Fig. 2.

The XRD pattern of the reference slag shows the diffuse scattering signature of the amorphous GBFS structure identified from the broad diffuse hump peak in the interval 2θ between 20° and 38°. Generally, in the literature, GBFS with diffuse hump peak practically situated between 18° and 40° is considered as vitreous material [START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF][START_REF] Didamony | Kinetics and physico-chemical properties of alkali activated blast-furnace slag/basalt pastes[END_REF][START_REF] Wu | Orthogonal experimental studies on preparation of mine-filling materials from carbide Slag, granulated blast-furnace slag, fly ash, and flue-gas desulphurisation gypsum[END_REF].

In addition, the reference slag shows the presence of the aragonite mineral form of CaCO 3 identified from the peaks (121) (211) and (040) at 2θ=21.19, 26.40 and 29.10° respectively.

Using Granulated blast furnace slag (GBFS) produced in the metallurgic unit of El Hadjar (Annaba) in the northeast of Algeria, Behim et al. [START_REF] Behim | Physical and chemical effects of El Hadjar slag used as an additive in cement-based materials[END_REF] have shown that GBS is mainly composed of an amorphous phase with some crystallized minerals as calcite, iron and traces of gehlenite (C 2 AS) or akermanite (C 2 MS 2 ). The authors attributed the presence of these crystallized minerals to the slow cooling of the slag.

Concerning milled slag by high-energy ball milling, it is observed total amorphization of milled slag with PCA (1% and 4%) and the presence of small peaks of aragonite in the case of milled slag without PCA. In addition, it is remarked a shift of the diffuse hump peak by 2θ (range 2θ 22° -36°) for both of them (with and without PCA). Using stearic acid as a control agent with slag in the milling, Qu and Yu [START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF] have found that slag with stearic acid presents a similar XRD pattern than unmilled slag and no new diffraction peaks appear after the addition of stearic acid. Bouaziz et al. [START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF] have shown with XRD analysis that raw slag of Elhadjar contains a broad diffuse hump peak in the interval 2θ between 20° and 40° and the presence of CaCO 3 as Vaterite mineral. After long milling time (1h, 3h, 6h, and 9h), the authors [START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF] have observed a shift of 3° of the diffuse hump peak and total slag amorphization. 2 and 3 for fly ashes and slag respectively. Fig. 3 a, shows infrared spectra of unmilled fly ash and milled fly ash powder at room temperature as a function of the PCA amount. From the FTIR spectra obtained, we observe the presence of quartz at 872 cm -1 and 1015 cm -1 related to Si-O stretching band [START_REF] Paul | Preparation and Characterization of Nano structured Materials from Fly Ash: A Waste from Thermal Power Stations, by High Energy Ball Milling[END_REF][START_REF] Abdalqader | Development of greener alkali-activated cement: utilisation of sodium carbonate for activating slag and fly ash mixtures[END_REF]. In addition, we have identified presence of peak at 726 cm -1 attributed to Si-O-T (T = Si or Al) band [START_REF] Paul | Preparation and Characterization of Nano structured Materials from Fly Ash: A Waste from Thermal Power Stations, by High Energy Ball Milling[END_REF][START_REF] Kumar | Geopolymerisation behaviour of size fractioned fly ash[END_REF]. Water presence in unmilled fly ashes is identified by the peaks 1967 cm -1 , 2027 cm -1 and 2159 cm -1 [START_REF] Paul | Preparation and Characterization of Nano structured Materials from Fly Ash: A Waste from Thermal Power Stations, by High Energy Ball Milling[END_REF][START_REF] Abdalqader | Development of greener alkali-activated cement: utilisation of sodium carbonate for activating slag and fly ash mixtures[END_REF][START_REF] Kumar | Geopolymerisation behaviour of size fractioned fly ash[END_REF]. Concerning IR spectra of milled fly ashes for 15 minutes (FAM15) and milled fly ashes (FAM15 + 1 and 4 % of PCA), we have found the appearance of a peak at 1590 cm -1 which is attributed to water molecules occluded inside the aluminosilicate structure [START_REF] Abdalqader | Development of greener alkali-activated cement: utilisation of sodium carbonate for activating slag and fly ash mixtures[END_REF]31,[START_REF] Sadangi | Effect of phosphate ions on preparation of fly ash based geopolymer[END_REF]. In addition, in the case of the three peaks related to (-OH) bonds 1976, 2027 and 2159 cm -1 , we have remarked change in peak intensities when the amount of alcohol increase. This intensity increase may be due to the alcohol residues that have not evaporated during the milling process. On the other hand, the peak at 872 cm -1 decreases in intensity due to quartz structural modification after 15 minute of milling, and with the PCA use, the decreases are more noticed. Concerning reference slag, we have found that water presence group are identified by three small peaks in range 3715 cm -1 -3564 cm -1 and two peaks in range 3000 cm -1 -2750 cm -1 related to -OH [START_REF] Didamony | Kinetics and physico-chemical properties of alkali activated blast-furnace slag/basalt pastes[END_REF][START_REF] Nath | Geopolymerization behavior of ferrochrome slag and fly ash blends[END_REF][START_REF] Murmu | Hydration Products, Morphology and Microstructure of Activated Slag Cement[END_REF][START_REF] Allahverdi | Chemical activation of slagblended Portland cement[END_REF][START_REF] Galván-Ruiz | Characterization of Calcium Carbonate, Calcium Oxide and Calcium Hydroxide as Starting Point to the Improvement of Lime for their Use in Construction[END_REF] . Four peaks in range 2162 cm -1 -2029 cm -1 attributed to H-O-H stretching. In addition, we have recorded two peaks 1474 cm -1 related to O-C-O asymmetric stretching [START_REF] Nath | Geopolymerization behavior of ferrochrome slag and fly ash blends[END_REF][START_REF] Murmu | Hydration Products, Morphology and Microstructure of Activated Slag Cement[END_REF] and 704 cm -1 related to Ca-O stretching band [START_REF] Galván-Ruiz | Characterization of Calcium Carbonate, Calcium Oxide and Calcium Hydroxide as Starting Point to the Improvement of Lime for their Use in Construction[END_REF] which can be attributed to aragonite identified in reference slag. For three peaks attested at 910 cm -1 , 873 cm -1 related to Si-O stretching band and 664 cm -1 related to Si-O-Si bending vibration modes are attributed to the silicate and aluminate found in reference slag [START_REF] Nath | Geopolymerization behavior of ferrochrome slag and fly ash blends[END_REF][START_REF] Murmu | Hydration Products, Morphology and Microstructure of Activated Slag Cement[END_REF][START_REF] Allahverdi | Chemical activation of slagblended Portland cement[END_REF][START_REF] Galván-Ruiz | Characterization of Calcium Carbonate, Calcium Oxide and Calcium Hydroxide as Starting Point to the Improvement of Lime for their Use in Construction[END_REF]. In the case of milled slag for 15 minutes, we have observed a decrease in the intensity of peaks attributed to water presence. This peaks intensity decrease can be attributed to temperature rise during the milling process [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][START_REF] Alves | Novel Synthesis and Characterization of Nanostructured Materials[END_REF]. However, for milled slag with the PCA addition, we find peaks intensity increases as a function of PCA addition. The increase in peak intensity may be due to the addition of PCA, which reduces the surface tension during the milling process and reduces the temperature increase caused by the intense mechanical deformation experienced by the powders, [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][START_REF] Slavica | Mechanism of stearic acid adsorption to calcite[END_REF][START_REF] Rigopoulos | Enhancing the rate of ex situ mineral carbonation in dunites via ball milling[END_REF][START_REF] Franco Matías Stabile | Surface modification after ethanol wet milling: A comparison between pristine glasses produced from natural minerals and analytical grade raw materials[END_REF][START_REF] Ramezani | Mechanical milling of aluminum powder using planetary ball milling process[END_REF][START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF] and to the alcohol residues that have not evaporated during the milling process. For peaks 1474 cm-1 related to O-C-O asymmetric stretching, we have recorded shift in the peak in the range 1480 cm -1 -1498 cm -1 for milled slag without and with the PCA. Whereas for the peak 704 cm -1 related to Ca-O stretching, we have observed shift to milling with PCA.

Particles size distribution (PSD) as well as particles size D [START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF], D (50) and D (90) of modified fly ashes and modified slag as function of milling conditions are presented in Fig. 4 and 5.

Fig. 4 a show the particles size distribution analysis of modified fly ashes. It is shown that PSD of unmilled fly ash has a bimodal distribution. The first range is between 0.4 µm to 400 µm with a maxima peak found at 94 µm. The second range is between 400 µm to 2400 µm and a maxima peak is 1500 µm. The dry milled fly ash PSD shows three distinct areas. The first one is from 0.3 µm to 31.507 µm with a maxima peak reach 12.4 µm. The second range is found from 31.5 to 72.9 µm with the higher peak at 44.3 µm. In the third area, the range is between 100 and 700 µm with a maxima peak at 198 µm, the presence of this third area can be explained by the agglomeration of particles due to the cold-welding during the milling process. Using three different mills machines for fly ash milling at different milling times 5, 30 and 60 minutes, Ohenoja et al. [START_REF] Ohenoja | Effect of particle size distribution on the self-hardening property of biomass-peat fly ash from a bubbling fluidized bed combustion[END_REF] have found that for fly ashes prepared by a ball milling process for 60 minutes of milling. The existence of coarse tail in the particle size distribution has been observed, which can be related to the fine particle agglomeration during grinding.

In the case of milled fly ashes PSD with Alcohol, it is found a bimodal distribution with the two cases of PCA amount 1% (FAM1%Al) and 4% (FAM4%Al). The first modal range is between 0.29 µm to 28.70 µm with a maxima peak at 6.1 µm for FAM1%Al and from 0.28 µm to 26.14 µm with a high peak at 7.9 µm for FAM4%Al. Comparing between the milled fly ashes with PCA and the unmilled fly ashes and dry milled fly ashes, we find that the fine particles quantity is more important in the case of milled fly ashes with PCA. In addition, the two milled fly ashes with PCA shows that the fines particles quantity are slightly higher with FAM4%Al than with FAM1% Al. The second modal range is between 28.70 µm to 72.94 µm with a maxima peak at 43.4 µm for FAM1%Al and from 26.14 µm to 60.52 µm with a high peak at 37.4 µm for FAM4%Al. Li et al. [START_REF] Li | Effects of wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash[END_REF] have studied the influence of the wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash collected from a large MSWI plant in northern Taiwan. The authors have found that the particle size distributions become poly-modal after milling, where the distribution rapidly shifted to the left towards smaller particle size. They have also shown that with long milling times, the smaller particles agglomeration, larger form can be manifested.

The evolution of the particles size D10, D50 and D90 as a function of the PCA amount is shown in Fig 4 b. It is observed that for D90, a monotonic decrease compared to amount of the PCA, from 160.4 µm for unmilled fly ashes to 18,61 µm for FAM4%Al. Whereas, for D50 and D10, we have found a high decrease from unmilled fly ashes to dry milling and following by a slight decreasing with wet milling (with PCA). Li et al. [START_REF] Li | Effects of wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash[END_REF] have recorded the D50 decrease of reference fly ashes from 36 µm to 2 µm after 96 hours of milling. Figure 5 a. shows the particles size distribution (PSD) of reference slag (conventional milling), dry milled slag and wet milled slag with PCA. It is observed that reference slag PSD has bimodal distribution, where the first modal range is from 0.97 to 72.94 µm, the highest peak is recorded at 18.00 µm. The second modal range related to the larger particles is between 72.94 to 168.87 µm with a maxima peak at 96 µm. In dry milled slag PSD, we find a poly-modal distribution with three distinct ranges. The first area is from 0.297 to 28.70 µm with a maxima peak at 9.5 µm. The first range is characterized by the fine particles amount increasing in comparison to the reference slag. This increase can be attributed to the reduction of particle size by the milling process. The second range is bordered between 28.70 and 66.44 µm with a high peak at 45 µm. The third area is found between 66.44 and 185.38 µm with a maxima peak at 145 µm. In comparison with reference slag, this third area is wider than the second distribution modal of the reference slag. This can be due to the agglomeration phenomena that can occur during the milling process. Liu et al. [START_REF] Liu | Reactivity and performance of dry granulation blast furnace slag cement[END_REF] have ground dry granulation slag using ball mill for 20 minutes and 35 minutes. Starting with reference slag modal distribution, the authors found that the more advanced we are in the milling process, more the distribution is shifted to the fine particles. Concerning wet milled slag PSD 1%Al (SM15+1%Al) and 4% (SM15+4%Al), it is found a bimodal distribution for (SM15+1%Al) and modal distribution for (SM15+4%Al). For (SM15+1%Al), the first modal range is between 0.297 to 26.14 µm with a high peak at 6.3 µm. The second modal distribution is observed between 26.14 µm and 60.50 µm with a maxima peak at 37.2 µm. For (SM15+4%Al) modal distribution is recorded from 0.297 to 45.75 µm with a maxima peak at 9.9 µm. In the two cases (SM15+1%Al) and (SM15+4%Al), it is shown that fine particles amount is higher in comparison to dry milled slag and reference slag. However, there is a slight increase in D (90) for wet milled slag with 4% Al (20.36 µm).

Therefore, wet milling with 1% Al can be considered as the optimum use for wet mill slags.

The SEM micrographs of all the samples produced in this study give a better comprehension of the changes brought by a wet mechanical activation process with PCA. The morphology evolution of fly ash particles as a function of ball milling conditions is shown in Fig. 6. Fig. 6 a, is related to raw fly ash sample. It is observed a dense and hallow spherical shape of fly ash particles with a smooth surface; these hollow spheres are named cenospheres. In addition, it is remarked small particles connected to the dense and hollow sphere called plerospheres, and the presence of some agglomerate particles with irregular shape. Several researchers have made similar observations. [2, 8] They have cited the presence of the same spherical particles cenospheres and plerospheres. Fig. 6 (b,c) present the two micrographs results of the high-energy ball milling process without PCA and with 1% of PCA and it is shown the destruction of most spherical particles cenospheres giving irregularly shape particles and reducing the average size of the particles. In micrograph B, related to fly ashes milled at 15 minutes without PCA, major spherical particles are destroyed and a large amount of agglomerated particles is observed. Whereas, for the micrograph in Fig. 6 c, which concerns fly ashes milled with 1% PCA, it has been found less agglomeration in comparison than micrograph B. This is due to the use of PCA, which allows the reduction of cold welding, which is responsible for the agglomeration phenomena during ball milling [START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF]. Using SEM, Li et al. [START_REF] Li | Effects of wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash[END_REF] have found that water-extracted mixed fly ash is composed of different sized particles. After 24 h of wet milling, the particles are ground to smaller sizes. After 96 h of milling, the particles appeared to be only slightly smaller than they were after the previous milling time. However, the authors have observed the agglomeration at higher magnifications (50k×), where the solitary particle of water-extracted mixed fly ash is composed of many bulky, irregularly shaped pieces of debris with relatively smooth surfaces. After 24 h of milling, the original particle configuration changed, forming agglomerations of particles consisting of many small bits. The agglomeration action finally led to the melted-looking surface displayed on the particles after 96 h of milling.

The SEM micrographs evolution of the slag particles after a dry milling and wet milling process by adding alcohol are shown in Fig. 7.

The first micrograph (Fig. 7 a) is related to the slag reference sample obtained by conventional milling process and characterized by particles with irregular shapes. After a dry milling of 15 min with a high-energy ball mill (Fig. 7 b), it is observed that the process resulted in the reduction of the particle size and new agglomerations of particles, which is less than the agglomerations size of reference samples obtained by conventional ball milling. These particle size reductions and the agglomeration phenomenon can be due to the ball movement process characterized by repeated welding, fracturing, and rewelding of particles [START_REF] Gaffet | Mechanical Processing for Nanomaterials[END_REF]. In literature, as a function of materials used, it is found that the efficiency of particle size reduction is very low, about 0.1% in a conventional ball mill. The efficiency may be higher in high-energy ball milling processes, but is still less than 1%. The remaining energy is dissipated mostly in the form of heat and the rest is used in the elastic and plastic deformation of the powder particles. Generally, after long milling times, a steady-state equilibrium is attained when a balance is achieved between the rate of welding which tends to increase the average particle size and the rate of fracturing which tends to decrease the average composite particle size. However, smaller particles are able to withstand deformation without fracturing and tend to be welded into larger particles [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][12][START_REF] Alves | Novel Synthesis and Characterization of Nanostructured Materials[END_REF].

Using mechanosynthesis for obtaining milled slag for several milling times, Bouaziz et al. [START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF] have found that the reduction of particles size was optimal for the 1st duration time (1 hour).

However, with further milling the particle distribution was less homogenous because of the increase of the amount of agglomerated particles.

The Fig. 7 c shows the micrograph of the wet milling for 15 minutes and 4 % of ethanol. It is characterized by the reduction of the particle size as in Fig. 7-B, but with a difference in the fineness degree and also with fewer agglomerates. The use of PCA gives a dense and homogeneous amount of fine particles.

For a better overview of the milling process effect by PCA adding, the specific surface area evolution versus PCA content has been done in Figure 8. The specific surface area of all the fly ashes samples used is shown in Fig. 8 a. The raw fly ashes have an SSA equal to 0.879 m²/g. For 15 min of milling without PCA, the SSA decrease is observed to 0.632 m²/g. This decreasing of SSA can be due to the agglomeration phenomena caused by the high-energy ball milling process and confirmed by PDS study (Fig. 4 a) and SEM (Fig. 7 b). According to Suryanarayana, [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF] in general the particle agglomeration is a phenomenon that happens very often for a short-term mechanical activation. In addition, from Fig. 8-A, it is remarked, that the use of PCA has a good impact on the SSA of the fly ash. With 1%wt of ethanol, the BET surface is equal to 0.936 m²/g; and for the use of 4 % wt. the SSA increase and reach 1.301 m²/g. Zaho et al. [START_REF] Zhao | Ultrafine grinding of fly ash with grinding aids: Impact on particle characteristics of ultrafine fly ash and properties of blended cement containing ultrafine fly ash[END_REF] have used laboratory ball mill with a speed rotation 48 RPM and 15 min, 30 min, 45 min and 60 min of grinding times for preparation of ultrafine fly ashes with organic grinding aids added like PCA. The authors [START_REF] Zhao | Ultrafine grinding of fly ash with grinding aids: Impact on particle characteristics of ultrafine fly ash and properties of blended cement containing ultrafine fly ash[END_REF] showed that SSA increased with increasing grinding time and high SSA values were obtained using organic grinding aids. This result is close to the results found in previous studies [2,[START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF].

According to the literature, the SSA values of inactivated slag are 0.37 m2/g to 0.48 m²/g [2].

For the dry milled slag, we have found an SSA value reaches 1.36 m²/g. In addition, the best result is obtained in the case of the wet milling with 1% Al, where SSA reaches 1.78 m²/g and considered as optimal case for slag study. However, we have found the SAA reduction with 4% PCA adding. This configuration shows that excessive use of PCA can give the opposite of the desired effect [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF][START_REF] Slavica | Mechanism of stearic acid adsorption to calcite[END_REF][START_REF] Rigopoulos | Enhancing the rate of ex situ mineral carbonation in dunites via ball milling[END_REF][START_REF] Franco Matías Stabile | Surface modification after ethanol wet milling: A comparison between pristine glasses produced from natural minerals and analytical grade raw materials[END_REF][START_REF] Ramezani | Mechanical milling of aluminum powder using planetary ball milling process[END_REF][START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF]. In our case, we create an agglomeration phenomenon.

Using a planetary ball mill for obtaining milled slag for 2h and 4h of milling time, Al-Jabri and Shoukry [START_REF] Al-Jabri | Use of nano-structured waste materials for improving mechanical, physical and structural properties of cement mortar[END_REF] have found that SSA increases with increasing milling time and reaches 419% than SSA reference slag value for 4h milling time.

Reference and substituted paste (CEM-I+ 50% slag /or fly ashes) characterization

For the study of the mechanical performances of different cementitious pastes (cement/ modified co-products) are presented in Figs. 9 and 10. The compressive strength of the mixed "cement/coproduct" paste is compared to reference paste having a compressive strength of 52.64, 55.5 and 59.86 MPa after 7, 28 and 90 curing days respectively. Fig. 9 shows the compressive strength gain for substituted cement pastes by 50 % wt of unmilled and milled fly ashes with PCA (1% and 4% wt) and without PCA. It is observed that unmilled fly ashes affect negatively the compressive strength for 7 and 28 days curing days with a loss of -28.5% and -26.43% respectively. In addition, we have remarked the loss of -12.5 % for 90 curing days. In literature, generally, it has been shown that cement substitution with the lowcalcium fly ashes (Class F) affect negatively the compressive strength. Whereas, cement substitution with high-calcium fly ashes, with calcium oxide content more than 15% (Class C), may affect positively the compressive strength [2].

For the cement /FA milled 15 min without PCA, we have remarked an increase in compressive strength gain of +7% for 7 curing days and negative gain for 28, 90 curing days.

In addition, we have observed negative gain for 7, 28 and 90 curing days for cement/FA milled 15 minutes with 4% of PCA. However, concerning cement/ FA milled for 15min with 1% of PCA, we have recorded an increase of the compressive strength for 28 and 90 curing days with + 2.88% and + 11.03% respectively.

Zaho et al [START_REF] Zhao | Ultrafine grinding of fly ash with grinding aids: Impact on particle characteristics of ultrafine fly ash and properties of blended cement containing ultrafine fly ash[END_REF] have substituted cement with milled fly ashes at different content 10 wt%, 20 wt%, 30 wt% and 40 wt%. The milling is done with adding PCA as organic grinding aids (mixing triethanolamine and ethylene glycol). The authors have shown that for the same quantity (10% wt) of milled fly ashes substituted, the mortar compressive strength is higher when the coproducts are milled with the PCA. However, for higher rate of substitutions with milled fly ashes (with PCA and without PCA) at 3 and 28 curing days, the mechanical properties are less than control mortar. In addition, they have remarked that the mortar strength of blended cement containing milled fly ashes with PCA is higher than the cement containing milled fly ashes without PCA, under the same milled fly ashes content in blended cement.

Fig. 10 shows the compressive strength gain of substituted cement pastes by unmilled and milled slags. Concerning cement paste substituted by the slag reference, we have observed a high loss of compressive strength at 7 curing days than paste cement reference. Whereas, slight reduction estimated to -4.6% and -1.8% recorded at 28 and 90 curing days respectively.

Several researchers have shown that cement substitution by more than 20% of slag reduces the compressive strength in comparison to cement reference, especially at early ages ( 3 and 7 curing days) [2,[START_REF] Rashad | An overview on rheology, mechanical properties and durability of high volume slag used as a cement replacement in paste, mortar and concrete[END_REF][START_REF] Rosales | Effect of stainless steel slag waste as a replacement for cement in mortars. Mechanical and statistical study[END_REF][START_REF] Jiang | Characteristics of steel slags and their use in cement and concrete-A review[END_REF].

Concerning cement / milled slag for 15 minutes paste, we have found a decreasing of the compressive strength estimated at -9 % and -11% for 7 and 28 curing days respectively. In addition, a decreasing of -17.1 % is recorded for 90 curing days. Using planetary ball mill for milling coper slag at 2h and 4h milling time, following by calcination at 750°C for 2h, Al-Jabri and Shoukry [START_REF] Al-Jabri | Use of nano-structured waste materials for improving mechanical, physical and structural properties of cement mortar[END_REF] have prepared mortar with substituted cement by thermo-milled slag at different contents 5%wt-20%wt. The authors have shown that the compressive strength of one of those mortars with a replacement ratio up to 15%wt at 28 curing days increases by +14% in comparison than the control mortar.

In the case of milled slag with 1% and 4% PCA, we have observed an increasing of compressive strength for 7, 28 and 90 curing days. The best result is obtained with 4 % alcohol, for which we have an increase of +16.1%, +20.9% and +40.7% for 7, 28 days and 90 curing days respectively. These results show that with the addition of the optimal amount of PCA, the mechanical activation of the slag is more efficient. This improves the compressive strength of early ages.

With the substitution of cement by adding stearic acid milled slag for different contents 5

wt.% -20 wt.%, Qu and Yu [START_REF] Qu | Synthesizing super-hydrophobic ground granulated blast furnace slag to enhance the transport property of lightweight aggregate concrete[END_REF] have found that the compressive strength of developed lightweight concrete decreases with the addition of the stearic acid milled slag at the early age of 1 and 7 curing days. At 28 curing days, the mixtures with 5 wt.% and 10 wt.% show higher compressive strength than that of the reference.

Replacing cement with different percentages 20 %, 35%, and 50% by milled slag, Li & al.

[16] have found that for a wet milling of slag, the compressive strength at the early age is improved in comparison than unmilled slag. However, the authors have shown that the compressive strength of the concrete prepared with the milled slag is lower than for the reference concrete.

In order to obtain more information about coproducts additions effect on cement pastes, results of the thermal analysis and XRD of cement pastes have been done. Thermal analysis is explored through weight loss versus temperatures. DTG (Derivative ThermoGravimetry)

analysis has been undertaken in the temperature range (25-600) °C for the cement / fly ash paste (Fig. 11-a) and for the cement / slag paste (Fig. 11-b).

From those two figures, we can observe two weight loss regions. The first region of decomposition is bounded between 100°C and 250°C. It is a characteristic region of adsorbed water related to the decomposition of ettringite, dehydration of calcium-silicate-hydrate (C-S-H) gel and calcium-aluminate hydrate. The second stage of decomposition is in the range of 450°C and 550°C. This region corresponds to the decomposition of portlandite Ca(OH) 2 . In general , we identify the cement paste at temperature range (25°C -600°C) by the presence of capillary pore water, interlayer water, adsorbed and crystalline waters [START_REF] Kourounis | Properties and hydration of blended cements with steelmaking slag[END_REF][START_REF] Didamony | Kinetics and physico-chemical properties of alkali activated blast-furnace slag/basalt pastes[END_REF][START_REF] Zhao | Ultrafine grinding of fly ash with grinding aids: Impact on particle characteristics of ultrafine fly ash and properties of blended cement containing ultrafine fly ash[END_REF][START_REF] Luís | On the hydration of water-entrained cement-silica systems: Combined SEM, XRD and thermal analysis in cement pastes[END_REF][START_REF] Long | Enhanced dynamic mechanical properties of cement paste modified with graphene oxide nanosheets and its reinforcing mechanism[END_REF][START_REF] Lu | Effects of carbonated hardened cement paste powder on hydration and microstructure of Portland cement[END_REF][START_REF] Zeng | Determination of cement hydration and pozzolanic reaction extents for fly-ash cement pastes[END_REF].

Concerning modified cement pastes, we have obtained smaller portlandite peaks for different modified cement pastes by adding milled fly ashes and milled slags in comparison to reference cement paste. This decrease of the amount of portlandite can be due to the pozzolanic reactions. These reactions could explain the mechanical performance increase of the substituted cement paste. The portlandite produced during the hydration reactions is transformed during the pozzolanic reaction in order to produce the (C-S-H) gel responsible for the cementitious paste hardening as shown in the following chemical reactions: hydration process of Portland cement can be summarized as follows [START_REF] Zeng | Determination of cement hydration and pozzolanic reaction extents for fly-ash cement pastes[END_REF][START_REF] Edward | Concrete Construction Engineering Handbook[END_REF] + 2 → 0.5 + 0.5

+ 3 → 0.5 + 1.5 (1) 
While the pozzolanic reactions can be summarized as follows [START_REF] Zeng | Determination of cement hydration and pozzolanic reaction extents for fly-ash cement pastes[END_REF][START_REF] Edward | Concrete Construction Engineering Handbook[END_REF]: For chemical reactions that involves portlandite, they takes place within the range (450°C -550°C). The main reaction can be explicated as follows:

+ 1.5 → 0.5 (3) 
+ 4 + 9 → (4) 
Ca(OH) → CaO + H O (5) 
The Portlandite C content (%) was calculated for the different cement pastes mixed with the modified fly ashes and with modified slag using the mass loss results and in the proposed equation for the stoichiometric reaction [START_REF] Zhao | Ultrafine grinding of fly ash with grinding aids: Impact on particle characteristics of ultrafine fly ash and properties of blended cement containing ultrafine fly ash[END_REF]:

( !" #)% = ∆& (' ( )) &* × ,(-.()') ( ) ,(' ( )) × 100 (6) 
In of some peaks of portlandite especially in the case of milled slag with PCA. Li et al. [START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF] have shown that the content of calcium hydroxide (portlandite) decreases in the case of wet milled of slag. The authors have found that slag activity of slag treated through wet milling increase and improve the concrete compressive strength [START_REF] Li | Influences of ultrafine slag slurry prepared by wet ball milling on the properties of concrete[END_REF]. Several researchers have attested that slag addition in cement consume portlandite and decrease their peaks intensity [START_REF] Kourounis | Properties and hydration of blended cements with steelmaking slag[END_REF][START_REF] Bouaziz | Efficiency of high energy over conventional milling of granulated blast furnace slag powder to improve mechanical performance of slag cement paste[END_REF][START_REF] Allahverdi | Chemical activation of slagblended Portland cement[END_REF][START_REF] Liu | Reactivity and performance of dry granulation blast furnace slag cement[END_REF].

In addition, we have found that in slag/cement paste that, the calcite peaks tend to be more intense and especially for the milled slag with PCA/cement paste like at 22.95° C (012), 29.45° C (104). The calcite peaks intensification of slag/cement paste can be due to the great amount of CaCO 3 in slag like shown in table.1 and to the portlandite peaks carbonation.

CONCLUSION

In order to show the impact of PCA adding to the milled coproducts, the study on the structure and microstructure of milled fly ashes and milled slag have been done. In addition, structure, mechanical properties and thermal behavior of modified cement pastes by milled fly ashes and slag have been accomplished. This work allows us to conclude with the following points:

1) The use of high energy of milling (with PCA and without PCA) provoke the magnetite amorphization for fly ashes. Whereas, in the case of slag, we obtain total amorphization with wet milling by using alcohol like PCA.

2) It has been shown that fine particles amount is higher with wet milling (using PCA) than with dry milling for both of fly ashes and slag. We have also found that the addition of an optimal amount of PCA can reduce agglomeration phenomena during the milling process and improve specific surface area of fly ashes and slag.

3) We have found that wet milling with optimal PCA addition improves the mechanical properties of modified cement ashes and slag. We have recorded with cement/ FA milled for 15min with 1% of alcohol an increasing of the compressive strength for 28 and 90 curing days with + 2.88% and + 11.03% respectively. In the case of milled slag, the best result is obtained with 4 % alcohol and we have an increase of 16.1%, 20.9% and 40.7% for 7, 28 days and 90 curing days respectively.

4) Using DTGA and XRD of modified cement paste with fly ashes and slag, we have remarked that the portlandite produced during the hydration reactions is transformed during the pozzolanic reaction producing the (C-S-H) gel, which can be responsible for the improving mechanical performance of modified cement pastes.

be possible to obtain a new cement having the same performances as the cement produced by the conventional process with less clinker and with the addition of activated coproducts. This will be achieved through the continuation of this research, which will include among other things: identification of mechanisms to improve mechanical performance and other performances as a greater durability in naturally occurring environments or a better on-site

handling. An understanding of the kinetics of the occurred reactions will also be useful in selecting appropriate constituents with an optimized PCA amount, optimizing the binder and its uses in different environments.
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  the equation: ∆m (H 2 O) is the mass loss of water from TGA curve, m s is the total mass of the paste or sample mass, M (Ca(OH) 2 ) and M (H 2 O) are the molar masses of portlandite and H 2 O, respectively. Table4 and5 summarise content of portlandite C (%) and masse loss ∆m (H 2 O) for different formulations of modified cement pastes. We have observed a high decrease of the content of C(Ca(OH) 2 ) from the modified cement pastes by milled fly ashes and milled slag (with PCA and without PCA) in comparison to the content of C Ca(OH) 2 ) of the reference cement paste. This decreasing can be attributed to the intensity of the pozzolanic reactions between portlandite and the activated milled fly ashes/slag with PCA and without PCA by ball milling process.XRD patterns of the modified paste cement with unmilled fly ashes and milled fly ashes at 90 curing days are given in Fig.12. Reference cement paste diffraction analysis shows the The pozzolanic reactions can be responsible for the additional CSH II.
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	SiO 2 Al 2 O 3 Fe 2 O 3	CaO	MgO K 2 O TiO 2 P 2 O 5 SO 3 SrO	BaO
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	BF slag 30.14 8.92	0.44	45.44	7.7	0.51 0.84	1.98	0.1
	Cement 13.77 3.67	3.17	63.02	1.6	1.16 0.34	0.38 4.03

Table 2 .

 2 IR peaks assignment of fly ash powder using the Thermo Scientific Omnic series

Table 3 .

 3 IR peaks assignment of slag powder using the Thermo Scientific Omnic series software.

Table 4 .

 4 Masse loss ∆m (H 2 O) and content of portlandite C (%) and for different formulations of modified cement-fly ashes pastes.

	Samples	∆m (H 2 O) (%) Content of portlandite C (%)
	Paste cement reference	2.61	10.74
	Paste cement-fly ashes reference	1.9	7.82
	Paste cement -dry milled fly ashes	1.2	4.94
	Paste cement -wet milled fly ashes with	0.65	2.68
	1%		
	Paste cement -wet milled fly ashes with	0.90	3.70
	4%		
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