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The sequel of modified fly ashes using high energy ball milling on mechanical performance of substituted past cement

Introduction

Fly ashes are widely used as cement substitutes inasmuch as they show major technical benefits, including reduced hydration heat and permeability, improved resistance to alkali silica reaction, sulfate attack, delayed ettringite formation, and external sulfate attack [START_REF] Kruse | Characterizing fly ash[END_REF][START_REF] Elsayed | Influence of Silica Fume, Fly Ash, Super Pozz, and High Slag Cement on Water Permeability and Strength of Concrete[END_REF].

The imputed performance of fly ashes sounds with applications like road construction [START_REF] Ondova | Benefits of fly ash utilization in concrete road cover[END_REF][START_REF] Ramme | Coal Combustion Products Utilization Handbook[END_REF], waste and soil treatment [START_REF] Sun | Effect of the milling solution on lead stabilization in municipal solid waste incinerator fly ash during the milling processes[END_REF][START_REF] Li | Effects of wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash[END_REF][START_REF] Ahmaruzzaman | A review on the utilization of fly ash[END_REF][START_REF] Werther | Sewage sludge combustion[END_REF]. Fly ash is a predominantly inorganic residue obtained from the flue gases of furnaces at pulverized coal power plants [START_REF] Kruse | Characterizing fly ash[END_REF][START_REF] Patil | Nanostructured fly ash as reinforcement in a plastomer-based composite : A New Strategy in Value Addition to Thermal Power Station Fly Ash[END_REF][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]. Fly ash is generally produced at 1200-1700 °C from various inorganic and organic constituents of the parent coal. The powder is collected after rapid cooling from high temperature to nearly 200°C [START_REF] Rao | Handbook for Proportioning Fly Ash as Cementitious Material in Airfield Pavement Concrete Mixtures[END_REF][START_REF] Zacco | Review of fly ash inertisation treatments and recycling[END_REF]. The characteristics of produced fly ash differ depending on the coal source, the method of combustion of power plants and typologies of emission control devices, storage and handling [START_REF] Zacco | Review of fly ash inertisation treatments and recycling[END_REF]. As per the ASTM C618-12a guideline, the fly ash containing more than 70% of SiO 2 , Al 2 O 3 and Fe 2 O 3 is classified as Class F type fly ash. If the fly ash composition consists mainly of silica, alumina and calcium containing SiO 2 , Al 2 O 3 and Fe 2 O 3 minimum up to 50%, this is referred as Class C fly ash [START_REF] Ahmaruzzaman | A review on the utilization of fly ash[END_REF][START_REF] Zacco | Review of fly ash inertisation treatments and recycling[END_REF][START_REF] Wang | Mineralogical and chemical composition of magnetic fly ash fraction[END_REF][START_REF] Yao | A comprehensive review on the applications of coal fly ash[END_REF]. Fly ash particles are very fine, mostly spherical and vary in diameter. Generally, they look like tiny solidified bubbles or spheres of various sizes. The average particle size is about 10 μm but can vary from less than 1 μm to over 150 μm [START_REF] Ahmaruzzaman | A review on the utilization of fly ash[END_REF]. Therefore, fly ash shows a wide variation in its physicochemical and mineralogical properties. The main detected crystalline phases in fly ash are mullite, quartz, magnetite, haematite and anhydrite [START_REF] Ahmaruzzaman | A review on the utilization of fly ash[END_REF][START_REF] Patil | Nanostructured fly ash as reinforcement in a plastomer-based composite : A New Strategy in Value Addition to Thermal Power Station Fly Ash[END_REF][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] Ramezanianpour | Cement Replacement Materials[END_REF]. Fly ash is a pozzolanic material formed by finelydivided amorphous alumino-silicate with varying amounts of calcium. Fly ash mixture with Portland cement and water induces reaction with the calcium hydroxide released by the hydration of Portland cement to produce various calcium-silicate hydrates (C-S-H) and calcium-aluminate hydrates (C-A-H) [START_REF] Joshi | Fly ash in concrete: production, properties and uses[END_REF]. Some fly ashes with higher amounts of calcium also display cementitious behaviour by reacting with water to produce hydrates in the absence of a source of calcium hydroxide. These pozzolanic reactions are beneficial to the concrete in the way that they increase the quantity of the cementitious binder phase (C-S-H) and, to a lesser extent, calcium-aluminate hydrates, improving the long term strength and reducing the permeability of the system. Both of these mechanisms enhance the durability of the concrete [START_REF] Yao | A comprehensive review on the applications of coal fly ash[END_REF][START_REF] Thomas | Optimizing the Use of Fly Ash in Concrete[END_REF][START_REF] Narmluk | Effect of curing temperature on pozzolanic reaction of fly ash in blended cement Paste[END_REF][START_REF] Wang | Latent hydraulic reactivity of blended cement incorporating slag made from municipal solid waste incinerator fly ash[END_REF][START_REF] Goni | Quantitative correlations among textural characteristics of C-S-H gel and mechanical properties: Case of ternary Portland cements containing activated paper sludge and fly ash[END_REF]. However, there are several issues to resolve before using fly ashes in cement mixtures. The main problem lies in the insufficient activity of the fly ashes particles during the hydration reactions, which are important to establish the mechanical characteristics of cement. Pozzolanic reactions are, in comparison to the hydration reactions of Portland cement, much slower and they occur to an observable extent only after 7 days to 28 days [START_REF] Yao | A comprehensive review on the applications of coal fly ash[END_REF][START_REF] Thomas | Optimizing the Use of Fly Ash in Concrete[END_REF][START_REF] Narmluk | Effect of curing temperature on pozzolanic reaction of fly ash in blended cement Paste[END_REF][START_REF] Wang | Latent hydraulic reactivity of blended cement incorporating slag made from municipal solid waste incinerator fly ash[END_REF][START_REF] Goni | Quantitative correlations among textural characteristics of C-S-H gel and mechanical properties: Case of ternary Portland cements containing activated paper sludge and fly ash[END_REF]. For these reasons, several contributors proposed different methods for fly ash activation based on alkali-activation [START_REF] Lee | Reactivity and reaction products of alkali-activated, fly ash/slag paste[END_REF][START_REF] Fernandez-Jimenez | Composition and microstructure of alkali activated fly ash binder: Effect of the activator[END_REF][START_REF] Palomo | Alkali-activated fly ashes -A cement for the future[END_REF][START_REF] Venkatanarayanan | Decoupling the effects of chemical composition and fineness of fly ash in mitigating alkali-silica reaction[END_REF], curing temperature effect [START_REF] Narmluk | Effect of curing temperature on pozzolanic reaction of fly ash in blended cement Paste[END_REF], vitrified fly ash [START_REF] Dyer | Hydration reactions of cement combinations containing vitrified incinerator fly ash[END_REF], quicklime active fly ash [START_REF] Antiohos | Influence of quicklime addition on the mechanical properties and hydration degree of blended cements containing different fly ashes[END_REF] and mechanical activation [START_REF] Li | Effects of wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash[END_REF][START_REF] Chen | The effects of the mechanical-chemical stabilization process for municipal solid waste incinerator fly ash on the chemical reactions in cement paste[END_REF]. One reported work by Kocak et al. [START_REF] Kocak | The effect of using fly ash on the strength and hydration characteristics of blended cements[END_REF] proves that the use of fly ashes without activation decreases the compressive strength of blended cements for any fly ashes content in the range (5, 25)% compared to the reference value. However, the authors highlight improved mechanical strength even below the reference indicating activation of pozzolonic reactions at large curing time [START_REF] Kocak | The effect of using fly ash on the strength and hydration characteristics of blended cements[END_REF].

Elsayed [START_REF] Elsayed | Influence of Silica Fume, Fly Ash, Super Pozz, and High Slag Cement on Water Permeability and Strength of Concrete[END_REF] confirms the negative effect of fly ash substitution on water permeability and strength of concrete. The compressive strength of modified concrete deteriorates with cement replacement by fly ash and reaches even 20% of missing strength with 30% of fly ash substitution.

The negative effect of inactivated fly ashes is generally compensated by high calcium content. This may raise the compressive strength of the modified concrete to levels that are 25% larger than the control concrete strength [START_REF] Ramezanianpour | Cement Replacement Materials[END_REF][START_REF] Joshi | Fly ash in concrete: production, properties and uses[END_REF][START_REF] Thomas | Optimizing the Use of Fly Ash in Concrete[END_REF].

Fly ashes activation is attempted by several contributors. Antiohos et al. [START_REF] Antiohos | Influence of quicklime addition on the mechanical properties and hydration degree of blended cements containing different fly ashes[END_REF] report a positive influence of quicklime addition on the mechanical properties and hydration degree of blended cements containing different fly ashes. The authors [START_REF] Antiohos | Influence of quicklime addition on the mechanical properties and hydration degree of blended cements containing different fly ashes[END_REF] show improvement of strength of the activated mortar by 5% after 90 curing days. Dyer and Dhir [START_REF] Dyer | Hydration reactions of cement combinations containing vitrified incinerator fly ash[END_REF] report also another way of fly activation using vitrifcation process. Their result demonstrates a more contrasted result on compressive strength of modified mortars depending on fly ash content and curing duration.

In this study, the cement is substitution by fly ash with a proportion reaching 40% and for those formulations exhibiting positive tendencies; the compressive strength is only comparable to the control strength. High energy milling is also considered as an efficient way to activate fly ashes. This route allows in-depth modification of fly ashes including structure shift, particle size reduction, particle shape alteration and increase in the specific surface [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] Patil | Interparticle interactions and lacunarity of mechano-chemically activated fly ash[END_REF]. For instance, ball milling is attempted by Chen et al. [START_REF] Chen | The effects of the mechanical-chemical stabilization process for municipal solid waste incinerator fly ash on the chemical reactions in cement paste[END_REF] to treat fly ashes from municipal solid waste incinerator. The authors demonstrate that the replacement of less than 10% of the cement by these processed fly ashes induces slight improvement of the past cement strength. Krishnaraj et al [START_REF] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF] have studied the effect of replacement of ordinary Portland cement with weight content up to 60% wt. of raw and milled (ultra-fine) fly ashes in mortar confection. The authors show [START_REF] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF] that replacement of the cement by an amount larger than 15 %wt. result in an increase of the compressive strength at only 28 curing days if milled fly ashes are used as substitutes instead of raw fly ashes. Within the same line of thought, this work aims at revealing the effect high energy ball milling conditions on the structure and thermal properties of fly ashes. The potential use of milled fly ashes is tested on modified cement pastes through the substitution of two different cement grades. The substitution of CEM I, which contains more than 95% of clinker, is intended to decrease CO 2 negative impact of civil engineering materials on environment.

CEM II is also used to possibly promote pozzolanic reactions since this grade contains slag (more than 22%). These processed fly ashes are found to promote the mechanical performance of modified past cements under a controlled amount of cement substitution.

Materials and Methods

The cements used in this study are CEM I 52.5 and CEM II/B-M (S-LL) 32.5 R CP1 NF EN 197-1 from Calcia. Fly ashes are provided by Eiffage Company. The chemical composition of both unmilled and milled fly ashes is performed using X-ray fluorescence spectroscopy.

These experiments are carried out using the S2 RANGER instrument from Bruker.

The milling of fly ash powder is achieved using a planetary high-energy ball mill (Retsch PM 400). The planetary high energy ball mill is composed of four vials mounted on a planar disc.

With the rotation of the disc, the vials move in a circular and in 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 time t is varied in the range [START_REF] Kruse | Characterizing fly ash[END_REF][START_REF] Patil | Nanostructured fly ash as reinforcement in a plastomer-based composite : A New Strategy in Value Addition to Thermal Power Station Fly Ash[END_REF] hours. Thirty-millimetre diameter steel balls and 500 ml volume steel vials are used. The weight of powder samples is adjusted to 200 g per vial. The ball-to-powder weight ratio is 4. We mention that vials of planetary ball mill (RETSCH PM 400) are adequately sealed to avoid air contamination during milling process. Also, in order to avoid iron or chromium contamination of the processed powder by elements from balls or vials, a delay of 30 minutes is imposed after 1 hour of milling.

The reference past cement is prepared by mixture of cement (C) and water (W) with W/C content ratio equalling 0.3. Modified paste cement by milled fly ash substitution is prepared as follows: for CEM I 52.5 cement grade, substitution by 50% wt. by as-provided and milled fly ash is attempted up to milling time of 3 hours. For CEM II 32.5 cement grade, lower substitution is considered by two levels (15% wt. and 30% wt.) and a full range of milling time including 1, 3, 6 and 9 hours. Mixture of cement + fly ash and water is kept constant with ratio (W/C+fly ash) equal 0.3 for both cement grades. Paste mixtures are poured into right-prism moulds of dimensions 4  4  16 cm 3 . Samples are unmould after 24 hours, cut into 4 cubes of 4  4  4 cm 3 and stored in water vats at room temperature. 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 15 seconds. The software used for building the X-ray diffraction diagrams is DIFFRAC.EVA with ICDD PDF2. In order to improve the relevance of the time evolutions of X-ray diffraction diagrams, X-ray investigation is conduced according to different milling durations from the same vial sampling. The X-ray patterns of fresh fly ashes powders are repeated four times. The change in lattice parameters is calculated from the fitting of the X-ray patterns using Winnel software. This fitting considers the shift of the high angle diffraction line for all X-ray patterns using Bragg's law equation: [START_REF] Kruse | Characterizing fly ash[END_REF] where d is the spacing between the planes in the atomic lattice; is the angle between the incident ray and the scattering planes; n is an integer determined by the order given (in our case n=1); λ is the wavelength of incident wave.

For quartz structure, the average lattice parameter a and c are calculated for all X-ray patterns from different angles at lines (100), ( 101), ( 201) and (112) from the expression:

(2) with (hkl) are Miller indices related to different angles; a and c are lattice parameters.

For mullite orthorhombic structure, the average lattice parameter a, b and c are calculated for all X-ray patterns from different angles at lines (110), (210), (001) and (121) using the following expression [START_REF] Ondova | Benefits of fly ash utilization in concrete road cover[END_REF] The accuracy related to the above expressions is evaluated using the standard deviation for all lattice parameters. The analysis of all X-ray patterns shows that the accuracy of lattice parameter evaluation is below 3 × 10 -4 nm.

The crystallite size D, and the lattice strain ε are calculated using the XRD profile analysis determined by the Williamson-Hall method [START_REF] Williamson | AMM. X-Ray line broadening from filed aluminium and wolfram[END_REF]. This implies [START_REF] Ramme | Coal Combustion Products Utilization Handbook[END_REF] where  is the full-width at half maximum (FWHM);

is the Bragg's angle; is the wavelength of the X-ray radiation;  is the effective lattice strain; and D is the average crystallite size. The rearrangement of equation ( 4) allows

The  cos( ) of each peak is plotted as a function of sin ( ) and a straight line is obtained by the least squares method with the intercept as 0.9 /D and slope as 2. From these, the crystallite size D and lattice strain  are evaluated [START_REF] Hamzaoui | Structural and thermal behavior of proclay kaolinite using high energy ball milling process[END_REF]. The workability of fresh paste cement is investigated using flow table test according to the NF EN 1015-3 applied for mortar [START_REF] Afnor | Méthodes d'essai des mortiers pour maçonnerie -Partie 3 : détermination de la consistance du mortier frais (avec une table à secousses)[END_REF]. The flow test uses a standard conical frustum shape with a diameter of ten centimetres. The mould is placed at the centre of the flow table. It is filled in two stages with fresh paste cement, lifted vertically and dropped 15 times during 15 seconds.

IR
The relative change in diameter of the paste cement in percent is used to calculate flow or consistency evolution C (%) following the expression [START_REF] Li | Effects of wet ball milling on lead stabilization and particle size variation in municipal solid waste incinerator fly ash[END_REF] where d is the diameter of the paste cement after 15 times tamping, d 0 is the initial diameter (in our case 10 cm).

Results and discussion

Morphological and structural properties of milled fly ashes

Table 1 shows the change in chemical composition of fly ashes for different milling times. Fly ashes milled for 6 and 9 hours share the largest content of Fe 2 O 3 , which is superior to the content of both unmilled and remaining milled powders. Also, the presence of Cr is revealed for large milling time (6 and 9 hours) and confirmed by EDS results. The presence of Cr and the increase of Fe 2 O 3 can be attributed to the milling process contamination with Fe and Cr.

X-ray diffraction analysis of milled fly ashes is performed for various milling times. The obtained diagram pattern provides information on possible changes brought by high energy milling on the fly ash structures (Figure 1).

The X-ray pattern of the original sample shows that fly ash is composed of crystalized hexagonal quartz (SiO 2 ) where the peak relative to the quartz seems more intense than the other peaks. The presence of crystalized orthorhombic mullite (3Al 2 O 3 ,2SiO 2 ) and magnetite (Fe 3 O 4 ) are also perceptible. This is a typical structural characteristics reported in several research works [START_REF] Kruse | Characterizing fly ash[END_REF][START_REF] Wang | Mineralogical and chemical composition of magnetic fly ash fraction[END_REF][START_REF] Rao | Thermal stability of nano structured fly ash synthesized by high energy ball milling[END_REF].

High energy ball milling introduces two main effects on observed X-ray patterns. The first one concerns the disappearance of the magnetite peaks starting from 1 hour of milling due to the amorphization of the magnetite. This is due to intensive energy process of mechanical grinding involving repeated fracturing and rewelding of particles. This leads to size reduction and particle shape modification [START_REF] Patil | Nanostructured fly ash as reinforcement in a plastomer-based composite : A New Strategy in Value Addition to Thermal Power Station Fly Ash[END_REF][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] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF][START_REF] Hamzaoui | Magnetic properties of nanocrystalline Fe-10%Ni alloy obtained by planetary ball mills[END_REF]. The second phenomenon is related to the expansion of diffraction peaks indicating reduction of the crystallite size and formation of both nanocrystalline quatz and mullite. This last effect consorts with (101) high intensity peak associated to quartz for all milling stages (Figure 1).

This result contrasts with the reported work by Kumar and Kumar [START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF], which mention no apparent change in the mineralogy of processed fly ashes using eccentric vibratory mill. Only slight decrease in peak intensity and broadening of quartz and mullite are detected after 90 minutes. The reason for the mismatching with the present result is due to the nature of the milling setup and the low milling time. Larger milling time is considered in the work of Raghavendra et al. [START_REF] Raghavendra | Fabrication and characterization of nano Fly ash by planetary ball Milling[END_REF] up to 6 hours using a similar planetary ball mill. The authors prove total disappearance of hematite and calcium oxide peaks after 2 hours of milling. In addition, they report large peaks with low intensity related to quartz and mullite starting from the same milling time (2 hours).

In order to analyse the structural changes induced by milling, lattice parameters (a, c) and (a, b, c) reflecting the behaviour of quartz (hexagonal structure) and mullite (orthorhombic structure), respectively, are plotted against milling time (Figure 2a). In addition, the dependence of the ratio (c/a) and the cell volume (V= a  b  c) of both structures is discussed.

The lattice parameter ( ) of quartz exhibits a two-step profile with milling time. Starting from the initial value 0.4916 ± 0.0003 nm for the unmilled state, the lattice parameter ( ) reaches its maximum value (0.49062 ± 0.0003 nm) after only one hour before exhibiting an ascending stage up to 9 hours with the maximum value of 0.49112 ± 0.0003 nm. The relationship between the milling time and the lattice parameter ( ) can be fairly approximated using a linear function excluding the initial value of the unmilled state [START_REF] Ahmaruzzaman | A review on the utilization of fly ash[END_REF] The evolution of the lattice parameter ( ) of quartz is also nonlinear with a rapid drop from the unmilled state ( = 0.54119 ± 0.0003 nm) to a stable value of 0.53919 ± 0.00002 nm irrespective of milling time. Following the ICDD PDF database (pattern 46-1045), both lattice parameters ( ) and ( ) are expected to be close to 0.4913 nm and 0.5405 nm, respectively. These results are slightly different from the reported negative tendencies obtained with kaolinite powders processed using the same milling setup [START_REF] Hamzaoui | Structural and thermal behavior of proclay kaolinite using high energy ball milling process[END_REF]. The local quartz environment explains such difference knowing that structural modification of quartz in kaolinite evolves in an amorphous bath whereas in fly ash powders it occurs with crystalline mullite. As a consequence, the cell volume of the quartz follows the same tendency of lattice parameter ( ). The ratio ( / ) exhibits a monotonous decrease with the milling time. These tendencies can be quantified using the functions

Lattice parameters ( ), ( ) and ( ) of mullite crystallites encapsulate the tendencies of lattice parameters of quartz. The magnitude of the lattice parameter ( ) of mullite of the unmilled powder is 0.7567 ± 0.0003 nm. Its trend with milling time is nonlinear with a peak position at 1 hour equal to 0.7573 ± 0.0003 nm and a ground value of 0.7555 ± 0.0003 nm after 9 hours.

A nonlinear decreasing profile of lattice parameter ( ) of mullite is observed in the range (0.7749 ± 0.0003 nm, 0.7713 ± 0.0003 nm) between 0 and 9 hours of milling. This is captured using an exponential decay function of the form [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] The lattice parameter ( ) of mullite undergoes an abrupt reduction from the unmilled state (0.29168 ± 0.0003 nm) and reaches a steady-state value after only 1 hour of milling (0.268598 ± 0.000359 nm). Following the ICDD PDF database (pattern 900-1567), both lattice parameters a, b, and c are expected to be close to 0.75434 nm, 0.76918 nm and 0.288400 nm respectively. The cell volume ( ) of mullite follows an opposite trend compared to quartz, which is approached using a linear function with a negative slope [START_REF] Rao | Handbook for Proportioning Fly Ash as Cementitious Material in Airfield Pavement Concrete Mixtures[END_REF] The evolution of the crystallite size D and the lattice strain  as function the milling time for both quartz and mullite are shown in Figure 2b. Both quantities are given by the instrumental width of the X-ray diffraction peaks. Exponential decay and growth functions can be reasonably defined to quantify the effect of milling time on D and , respectively. Higher tendencies are observed for mullite compared to quartz. The D trends are bounded by (46 ± 2, 14.5 ± 1.5) nm and (52.3 ± 2, 14 ± 1.5) nm for quartz and mullite, respectively. The homologue bounds for  are as follows (0.08 ± 0.02, 0.55±0.05) % and (0.1 ± 0.02, 0.75 ± 0.05)% for quartz and mullite, respectively.

The form of the decay and exponential functions are provided based on a similar work on kaolinite [START_REF] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF]. The set of expressions reads

(12) (13) (14) (15) 
where Q and M indices refer to quartz and mullite, respectively.

The present results on crystalline size compares fairly with the results achieved by Paul et al.

[10] using similar high-energy planetary ball mill of fly ash powders. In the cited work, larger milling time (between 10 and 60 hours) results in a distinct decrease of crystallite size of quartz, mullite and iron oxide phases. The authors conclude on fly ash amorphisation induced by high energy milling [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]. The amorphisation tendency of milled fly ash is also confirmed at intermediate milling time in the work of Murthy et al. [START_REF] Murthy | Microstructure and mechanical properties of aluminum-fly ash nano composites made by ultrasonic method[END_REF], which demonstrates negative correlation between the crystallite size and milling time in the range [START_REF] Sun | Effect of the milling solution on lead stabilization in municipal solid waste incinerator fly ash during the milling processes[END_REF][START_REF] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF] hours. The increase of lattice strain of the crystalline phases (quartz, mullite and hematite), in the same work, corroborates also the observed tendencies in the present work.

Figure 3 shows infrared spectra of processed fly ash powder at room temperature as function of milling time. Assignment of related peak bands of the unmilled fly ash sample is provided by the spectral search feature implemented in the Thermo Scientific Omnic series software.

The search is performed with a sensitivity of 80%. Results are summarized in Table 2. Figure 3 shows two particular band regions that widen in (600, 1300) cm -1 and (1300, 3100) cm -1 .

The FTIR spectra of the natural fly ash samples show the presence of quartz at 872 cm -1 and 1007 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]. Water presence in in the sample is attested by the peaks 1979.7 cm -1 , 2049 cm -1 and 2162 cm -1 [39, 40]. A slight increase in intensity of peaks 2049 cm -1 and 2162 cm -1 is observed for milled samples. The peak at 872 cm -1 decreases in intensity due to quartz structural modification after the first hour of milling. This peak disappears completely after 3 hours. Two additional peaks emerge after 3 hours of milling at 776.2 cm -1 and 795 cm -1 .

These are also attributed to the alteration of quartz [START_REF] Van Olphen | Data handbook for clay materials and other non-metallic minerals[END_REF]. The appearance of such peaks is commonly observed in milled fly ashes. For example, Paul et al. [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] report FTIR peak at 3448 cm -1 , which appears and strengthens after ball milling of fly ash powder. This peak is attributed to the development of silanol (Si-OH) functional group as a result of the alteration of the quartz structure [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]. Also, Kumar and Kumar [START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF] demonstrate that the Si-O-Si symmetric stretching band unobserved at 798 cm -1 for the unmilled fly ash, appears after only 5 minutes of milling with an intensity that grows with the milling time. Patil et al. [START_REF] Patil | Nanostructured fly ash as reinforcement in a plastomer-based composite : A New Strategy in Value Addition to Thermal Power Station Fly Ash[END_REF] report also broadening and amplification of the peak at 1092 cm -1 as a result of ball milling of fly aches indicating reinforcement of Si-O-Si asymmetric stretching vibration.

Particle size distribution analysis of milled fly ash is shown in Figure 4. The cumulative sketch highlights a negative shift towards small size classes for intermediate milling time ( . The process is reversed beyond this critical time and agglomeration stands as a unique mechanism responsible for the broadening of the particle size distribution. Most of the changes occur during the first hour of milling. Further analysis of the particle size distribution evolution reveals two distinct tendencies depending on the range of the selected cumulative frequency (Figure 4b). Particle size classes corresponding to cumulative frequencies lower than 75% display a steady-state regime after 3 hours of milling. This population of particles is generated by the fracturing mechanism during milling process and for which the size remains below 10 µm. For the 25% upper frequencies corresponding to large sized particles, monotonically ascending profiles are observed beyond the critical milling time of 3 hours. This confirms the agglomeration process taking place at larger milling time. Particle of size larger than 20 µm develop in a second population and increase in dimensions. Thus, particles can be allotted over a bimodal particle size distribution using the size cut-off determined from the critical cumulative frequency of 75%.

The first proposed particle fracturing mechanism is supported by particle analysis of milled fly ash powder reported by Paul et al. [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]. In the cited work, average particle size reduces from 60 µm to nearly 148 nm after 60 hours of milling, which represents a proportionality of 1:405. With regards to the agglomeration mechanism put forward in this work, Kumar and Kumar [START_REF] Kumar | Mechanical activation of fly ash: Effect on reaction, structure and properties of resulting geopolymer[END_REF] prove that size reduction of particles in milled fly ash powder is significant within the first 10 minutes and gradually decreases with milling time. Peng et al. [START_REF] Peng | Characterization of mechanochemical treated fly ash from a medical waste incinerator[END_REF] confirm reduction of particle size of milled fly ash at intermediate milling time (2 hours) using similar milling set-up. This result is achieved for all size classes including small and large classes.

The morphology of the unmilled and milled fly ash powders is shown in Figure 5 using scanning electron microscopy. Particles of the unmilled fly ash powder are spherical in shape and exhibit a smooth surface as shown in Figure 5a. These dense particles are named cenospheres [START_REF] Stellacci | Valorization of coal fly ash by mechanochemical activation Part I. Enhancing adsorption capacity[END_REF] in contrast to hollow spheres or plerospheres [START_REF] Goni | Activation of the fly ash pozzolanic reaction by hydrothermal conditions[END_REF]. Smaller particles are found connected to the surface of cenospheres or within plerospheres. Besides, agglomerates of irregular shapes do also exist. The next micrographs (Figures 5b,5c) show the extent of damage affecting spherical particles including cenospheres and plerospheres after less than 3 hours of milling. These particles are almost destroyed and the average particle size is reduced.

These micrographs demonstrate that the extent of structure breaking down is proportional to the duration of ball milling. For larger milling time (Figure 5d and 5e), disappearance of spherical shapes is confirmed together with the development of agglomerates. This last result supports the idea of a bimodal particle size distribution (Figure 4).

Workability of cement paste with fly ashes

In the concerned literature, the definition of concrete or mortar workability depends on the combination of several properties including plasticity, consistency, cohesion, and adhesion [START_REF] Hendrickx | The adequate measurement of the workability of masonry mortar[END_REF][START_REF] Hirschi | Sika concrete handbook[END_REF]. The workability influence of fly ashes on cementations materials received considerable attention in a number of investigations more particularly when fly ashes replacement is concerned [START_REF] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF][START_REF] Li | X. Influence of fly ash and its mean particle size on certain engineering properties of cement composite mortars[END_REF][START_REF] Jaturapitakkul | A Study of Strength Activity Index of Ground Coarse Fly Ash with Portland Cement[END_REF]. In our case, results of flowability effect of milled fly ashes on paste cement are summarised in Table3. The consistency C(%) of the paste cement (CEMI and CEMII) with different percentages of milled fly ashes is related to the milling time. High scores of consistency C(%) are recorded for the reference paste cement as these reach 64.42% and 72.62% for both cement CEM I and CEM II, respectively. Also, it is observed that for the two considered cements, the addition of fresh fly ashes decreases considerably the flowability C (%) when the percentage of fly ashes increases. For milled fly ashes, different consistencies are observed compared to fresh fly ashes substitution. The tendency of consistency increase with milling time is also confirmed. In the case of CEM II, stability of consistency is obtained after 3h of milling. Krishnaraj et al. [START_REF] Krishnaraj | Study on micro structural behavior and strength characteristics of ultra fine fly ash as a secondary cementitious material with portland cement[END_REF] have studied the workability of mortar by measuring the flow diameter of raw fly ash and ultrafine fly ash obtained by milling. The authors proved that the effect of raw and ultrafine fly ashes on workability of OPC mortar is contrasted. A high flow score is observed for standard mortar and the ultrafine fly ash modified mortars compared to the raw fly ash mortars. Li and Wu [START_REF] Li | X. Influence of fly ash and its mean particle size on certain engineering properties of cement composite mortars[END_REF] have studied the effect of fly ash and its mean particle size (PD) on the variation of workability of masonry mortars (cement +lime+ sand+ fly ash). The authors [START_REF] Li | X. Influence of fly ash and its mean particle size on certain engineering properties of cement composite mortars[END_REF] demonstrated that the addition of fly ash enhances the flow property of mortars. The authors showed also that an ultrafine fly ash with mean particle size reaching 2.5µm is optimal for the fluidity properties.

Mechanical properties of cement paste with milled fly ashes

In order to show the effect of milled fly ashes obtained by high energy ball mill on cement paste performance, substitution of CEM II by fly ashes is considered with two levels (15% and 30%). The substitution process can provide a clue about pozzolanic reactions between CEM II and milled fly ash. Figure 6 shows the compression strength gain achieved as function of milling time and curing duration for modified cement pastes. The gain is measured with respect to the reference paste, which exhibits compressive strength of 33. In the present study, the grain in compressive strength of the two modified cement grades is superior to reported results on concrete modified with high calcium fly ash [START_REF] Ramezanianpour | Cement Replacement Materials[END_REF]. This shows the potential of milled fly ashes as substitutes in civil engineering application.

Conclusions

Planetary ball milling allows the reducing of the crystallinity of fly ash and affecting phase transformations of quartz, mullite and magnetite. X-ray diffraction analysis concludes on 
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  spectroscopy is performed at room temperature by a Thermo Scientific Nicolet IS10 instrument equipped with Smart iTR (with Diamond Plate) accessory. The results are analysed with Omnic Software. Particle size distributions are measured with Granulometer Laser LS 230 allowing measurements of particle size dispersion ranging from 0.04 μm to 2000 μm. Specific surface area of fly ash particles are measured with Micrometrics Gemini VII surface and porosity analyser. Analyses are 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 are maintained at identical conditions.The morphology of unmilled and milled the powders are characterized using scanning electron microscopy (SEM) EVO40 (Carl Zeiss®) with a Bruker energy-dispersive spectrometer (EDS). Mechanical testing is carried out using 3R 250 KN equipment. Mechanical characterisation includes compression condition performed on past 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.
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  3, 36 and 38.5 MPa after 7, 28 and 90 curing days. Tendencies observed for 15% fly ash substitution show improvement of compressive strength starting from 17% for CEM II + unmilled fly ash at 28 curing days to maximum levels of 56% for CEM II + 6 hour milled fly ash at 90 curing days. This represents a compressive strength of 60 MPa. A lower but still positive performance is ascribed to pastes with 15% of fly ashes at longer curing time.Pastes with 30% of fly ashes evince different tendencies. Loss in compressive strength of about 14.5% is noticed for pastes containing unmilled fly ash. The situation becomes beneficial if milled fly ashes are substituted in the cement paste. The improvement in compressive strength seems to stabilise for all samples for which fly ashes are milled for duration larger than one hour. This result contrasts with pastes containing 15% of fly ash. This maximum gain in compression strength is obtained for the largest milling time after only 7 curing days. The result on compressive strength gain for a substitution of CEM I with a fly ash content of 50% is also shown in Figure6. The reference compression strength is 52, 55 and 56.6 MPa for 7, 28 and 90 curing days. Substitution leads to negative effect on compression strength if unmilled fly ashes are used. The beneficial effect of fly ashes is

	conditioned by milling time larger than 3 hours. After one hour of milling, the cement paste
	exhibit strength gain only after 28 curing days. The maximum gain (23.9%) is achieved after
	90 curing days with fly ashes milled for 3 hours. This represents a compressive strength of
	70 MPa. The compressive strength gain reduces beyond six hours milling time for 15% fly
	ash replacement. The explication of such decrease is related to change in specific surface
	area of milled fly ashes and thermal behavior of paste cement that are retrievable from
	thermogravimetry analysis. The largest specific surface area upon milling is found for
	milling time of 3 hours (table.4) [49]. It decreases for further milling (6 and 9 hours).
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 3 Workability results of modified cement pastes based on flow table experiments.
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 4 Specific surface (BET) of fly ashes versus milling time
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Table 1 .

 1 SiO 2 Al 2 O 3 Fe 2 O 3 CaO MgO K 2 O TiO 2 P 2 O 5 SO 3

		CEM II
	Curing time (day) /fly ash content (%)
	7/15	7/30
	28/15	28/30
	90/15	90/30
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	Wavenumber (cm -1 ) Assignment
	776.82	Si-O-Si asymetric stretching
	795.49	Si-O-Si asymetric stretching
	872.1	Si-O stretching, OH bending (Si-OH)
	1007.07	asymmetric stretching vibrations of Si-O-Si and Al-O-Si
	1416.62	Stretching vibration (O-C-O)
	1979.7	H-O-H stretching due to entrap of water
	2049.75	
		(-OH), H-O-H stretching
	2162.03	
	2900.15	ν 1 -CH 3 symetric stretching.
	2975.35	ν 2 -CH 2 asymetric stretching.
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	Sample type	Flow test C (%)
	Reference paste cement CMI	64.42
	Paste cement CMI + 50 % unmilled fly ashes	14.51
	Paste cement CMI + 50% milled fly ashes for 1hour	32.54
	Paste cement CMI + 50% milled fly ashes for 3 hours	40.02
	Reference paste cement CMII	72.62
	Paste cement CMII + 30 % unmilled fly ashes	25.14
	Paste cement CMII + 30% milled fly ashes for 1hour	38.23
	Paste cement CMII + 30% milled fly ashes for 3 hours	48.42
	Paste cement CMII + 30% milled fly ashes for 6 hours	47.74
	Paste cement CMII + 30% milled fly ashes for 9 hours	46.35
	Paste cement CMII + 15% unmilled fly ashes	54.51
	Paste cement CMII + 15% milled fly ashes for 1hour	60.52
	Paste cement CMII + 15% milled fly ashes for 3 hours	65.81
	Paste cement CMII + 15% milled fly ashes for 6 hours	66.83
	Paste cement CMII + 15% milled fly ashes for 9 hours	64.94
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	Sample type	Specific surface BET (m 2 /g)
	Unmilled fly ashes	0.8
	Milled fly ashes for 1 hour	1.10
	Milled fly ashes for 3 hours	2.00
	Milled fly ashes for 6 hours	1.89
	Milled fly ashes for 9 hours	1.70
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