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Effect of potassium humate as humic substances from river sediments on the rheology, the hydration and the strength development of a cement paste
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Dredged river sediments may contain various types of organic matter that can affect the properties of a cement matrix, with the most representative part of such organic matter consisting of humic substances (HS). This work seeks to investigate the effects of humic substances on the rheology, the hydration and the strength development of a cement paste with different curing times, ranging from 1 to 90 days. Results show that adding organic matter to the cement paste offers greater workability by decreasing the yield stress. This addition also serves to retard the hydration of cement particles. Setting times increase to beyond one week when raising the amount of humic substances in the mixture, while the heat released ultimately reaches values comparable to those of the reference cement paste. Therefore, the addition of organic matter negatively affects strength development of the paste, especially at an early age; no resistance at 1-day has been noticed for HS content greater than 1%. Nevertheless, that there was no significant reduction in the compressive strength up to 20% for HS content less than 1% at 90-day.

In parallel, a study on pastes containing calcium lignosulfonate (water reducer) is carried out and the same effects are observed.

Introduction

Sediment dredging is a common maintenance and sanitation operation and essential to prevent flood risks and ensure a sufficient draft for navigation. Such operations dredged a quantity of 115,000 m 3 of sediments from the rivers, the canals and the hydraulic annexes in the Ile-de-France region and its surroundings, in 2017, which are managed by the Territorial Direction of the Seine Basin (DTBS) of VNF (France's Navigable Waterways Authority). Currently, these sediments are managed as follows: quarries' filling 30%, treatment before valorization or storage 18%, sorting before valorization or storage 15%, transit site 10%, filling behind sheet piles 6% and 17% of these sediments are collected in inert waste storage facilities (the ISDI sector), at a cost of between 5 and 11 euros/ton. For the France's Navigable Waterways Authority, the ISDI sector must cost about 150,000 euros/year in the Ile-de-France region. A part of our project scope focuses on the valorization of dredged sediments as aggregates into concrete. To date, research on sediment reuse in construction materials has focused on the use of sediments as road materials ((1), ( 2), (3)), aggregates in the production of cementitious materials ((4), ( 5), ( 6), [START_REF] Couvidat | Feasibility of the reuse of total and processed contaminated marine sediments as fine aggregates in cemented mortars[END_REF], [START_REF] Amar | Towards the establishment of formulation laws for sediment-based mortars[END_REF], [START_REF] Benslafa | Durability of mortars made with dredged sediments[END_REF], [START_REF] Samara | Valorization of stabilized river sediments in fired clay bricks: Factory scale experiment[END_REF]) or their introduction as partial alternatives for the raw materials in Portland cement clinker ((11), [START_REF] Aouad | Dredged sediments used as novel supply of raw material to produce portland cement clinker[END_REF], ( 13), [START_REF] Benzerzour | New experimental approach of the reuse of dredged sediments in a cement matrix by physical and heat treatment[END_REF], [START_REF] Snellings | Properties and pozzolanic reactivity of flash calcined dredging sediments[END_REF], [START_REF] Zhao | Use of uncontaminated marine sediments in mortar and concrete by partial substitution of cement[END_REF]). The realization of these studies required various treatment methods ; neutralization, washing, heat treatment and bio-remediation to eliminate the harmful effects of pollutants, including organic matter, which can indeed modify the setting time and compressive strength of a concrete. Sediment aggregates should be used in such a proportion that they cause neither an increase in mortar control setting time beyond 120 min, nor a reduction in the reference mortar compressive strength over 20% at 28-day (17).

The composition of river sediments shows that organic material accounts for 2 to 10% of the dry mass and contains 60% of humic substances (humic and fulvic acids) [START_REF] Shneider | Le curage des sédiments des cours d'eau[END_REF]. Black humic acid in organic matter exhibits a strong chemical affinity with calcium; moreover, it can react with calcium and form calcium humic acid, which impedes the crystallization of hydrates ((19), [START_REF] Chen | The behaviour of organic matter in the process of soft soil stabilization using cement[END_REF]). Fulvic acid in organic matter tends to combine with mineral particles containing aluminum. In fact, cement hydration begins as soon as it comes into contact with water, yet the existence of fulvic acid in solution allows for the adsorption of a layer created by the reaction of fulvic acid and cement minerals. This layer hinders the cement hydration process [START_REF] Chen | The behaviour of organic matter in the process of soft soil stabilization using cement[END_REF]. A delay in the strength evolution has been detected, and this finding may be attributed to the retention of the calcium ions released during cement grain hydrolysis (( 21), [START_REF] Saride | Swell-shrink and strength behaviors of lime and cement stabilized expansive organic clays[END_REF], [START_REF] Tremblay | Influence of the nature of organic compounds on fine soil stabilization with cement[END_REF], [START_REF] Maclean | Study of the occurrence and effects of organic matter in relation to the stabilization of soils with cement[END_REF]). FTIR (Fourier Transform Infrared Spectroscopy) analyses have shown that silicate polymerization is greatly hampered during the stabilization of soils containing organic matter [START_REF] Hampton | Strength gain of organic ground with cement-type binders[END_REF]. As a result, the strength development of the stabilized soil is mainly affected by the existence of organic matter, notably humic acid (( 22), [START_REF] Hampton | Strength gain of organic ground with cement-type binders[END_REF], [START_REF] Harvey | Natural organic matter and the formation of calciumsilicate-hydrates in lime-stabilized smectites: A thermal analysis study[END_REF]). In addition, fulvic acid break down existing crystals, such as hydrates, thus preventing the formation of a cement soil structure ((20), [START_REF] Xun | The anti-influences and influences of containing organic matter on cement soil strength, build sci res sichuan[END_REF]).

Humic substances are described as coiled long-chain molecules whose molecular weight may vary depending on both the type of humic acid and the measurement method ((28), [START_REF] Schnitzer | Humic substances in the environment[END_REF]). These substances are characterized by a high molecular weight of near 500 g/mol and 200,000 g/mol for fulvic and humic acid, respectively ((28) [START_REF] Macfarlane | Molecular weight distribution of humic and fulvic acids of sediments from a north florida estuary[END_REF]). The properties of humic substances are comparable to those of a plasticizer. Calcium lignosulfonate (CL), which is also a polymer of organic origin (lignin), enjoys widespread use as water-reducing admixture in concrete production. The presence of CL in a mixture improves its rheological properties, in decreasing both the yield stress and viscosity (( 31),( 32),( 33)). A delay in the hydration has been detected by several authors, with the two cement phases of silicates and aluminates being affected by the addition of CL (( 31), [START_REF] Danner | Phase changes during the early hydration of portland cement with ca-lignosulfonates[END_REF]). Consequently, hydrate formation such as portlandite is also delayed, and its amount at the early age has been reduced. However, gypsum dissolves more readily as CL is added; the early aluminate reaction is accelerated, but the new C 3 A hydration and ettringite formation as well as gypsum depletion are delayed [START_REF] Danner | Phase changes during the early hydration of portland cement with ca-lignosulfonates[END_REF]. For another study, after 28 days of hydration, no noticeable effect of adding CL appears on the amount of hydrates formed, despite the large differences in the amount of ettringite formed after 30 minutes [START_REF] Colombo | The effect of calcium lignosulfonate on ettringite formation in cement paste[END_REF]. Several studies have shown that CL can function as a retarder depending on its molecular weight, which varies from 5,000 to 25,000 g/mol (( 36), [START_REF] Braaten | Comparison of molecular weight and molecular weight distributions of softwood and hardwood lignosulfonates[END_REF]). The effect of the CL molecular weight on the adsorption property was observed by [START_REF] Yang | Physicochemical properties of calcium lignosulfonate with different molecular weights as dispersant in aqueous suspension[END_REF]; the adsorption amount of CL on the cement particle surface increases with molecular weight.

The aim of this study is to quantify the effects of humic substances on the rheology, the kinetic of hydration and the compressive strength of a cementitious paste. A comparison with calcium lignosulfonate is also drawn, in order to highlight the positive effect of the organic matter on the workability (as a plasticizer). The samples are prepared by adding humic substances or calcium lignosulfonates to the cement before contact with water (immediate addition (IA)), and then adding them again after 10 minutes of hydration (delayed addition (DA)). According to [START_REF] Colombo | On the effect of calcium lignosulfonate on the rheology and setting time of cement paste[END_REF], a delayed addition of calcium lignosulfonates to the mixture exerts a remarkable effect on the cement paste properties such as greater fluidity and retardation compared to an immediate addition. The results of this paper will contribute to an investigation on the feasibility of using dredged river sediments, without complex treatment, as aggregates in the cementitious products.

Materials and Methods

Materials

This experimental campaign is carried out on cement pastes based on a CEM I 52.5, composed of over 95% clinker, in order to better visualize the effect of organic matter, in spite of its low content. Table 1 shows the chemical composition of this cement and its physical properties.

To reproduce the effect of the organic matter from dredged sediments on the cement paste properties, humic substances based on leonardite are used in powder form. Leonardite is entirely vegetal from forests and plants that geology has transformed over the centuries. This leonardite sample originates from the Dakotas in the United States, one of the purest and richest sources. The extraction of humic substances from leonardite removes all insoluble elements in order to maintain a maximum concentration of humic and fulvic acids. To accomplish this step, leonardite is treated with a very high pH solution, containing potassium hydroxide, for optimal humic substance extraction with special filters along with centrifugation for a complete removal of insoluble elements ((38), [START_REF] Eyheraguibel | thesis : Caracterisation des substances humiques biomimetiques -effets sur les vegetaux[END_REF], [START_REF] Garnier-Sillam | Study of the distribution of humic compounds along two continental sedimentary profiles[END_REF]). The powdery product is standardized in France (Humifirst WG) for agricultural use; its characteristics are well defined in Table 2. Humic compounds are primarily natural polymers substituted by carbon and oxygen at a percentage on the order of 53% and 35%, respectively ((28), [START_REF] Saito | Distribution of oxygen-containing functional groups and elements in humic acids from marine sediments[END_REF]). An analysis of the humic structures [START_REF] Rashid | Major oxygen-containing functional groups present in humic and fulvic acid fractions isolated from contrasting marine environments[END_REF] indicated a high density of the functional groups, i.e. mainly oxygenated groups (carboxyl, phenolic). The ability of humic substances to form stable complexes with metal ions can be explained by their high content of oxygencontaining functional groups, namely carboxylic, phenolic and alcoholic OH-groups [START_REF] Eshwar | Characterization of humic substances by functional groups and spectroscopic methods[END_REF]. During complexation, many compounds, including humic and fulvic acids, interact with metal ions. Their molecular structure allows the humic components to participate in saturating surface charges in a solution containing metal cations, such as the example of a water-cement mixture.

The effects of HS are to be compared to those of an admixture featuring comparable characteristics such as a plasticizer of organic origin, i.e. calcium lignosulfonate (CL). CL is a yellow water-soluble powder that turns brown when dissolved in water. The CL chemical composition used in this study is depicted in Table 3. CL is a complex polymer containing various functional groups, including sulfonic, phenolic and carboxyl structural groups. Sulfonic groups (SO - 3 ) are hold responsible for the solubility and strong polyelectrolytic behavior of lignosulfonate compounds in aqueous solution; however, the carboxyl (COO -) and phenolic hydroxy groups also influence the polyelectrolyte behavior at higher pH values [START_REF] Yang | Physicochemical properties of calcium lignosulfonate with different molecular weights as dispersant in aqueous suspension[END_REF]. The CL dispersion capacity is in fact affected not only by the molecular weight, but also by the molecular structure and especially its functional groups. Since CL is a type of macromolecular polyelectrolyte, the factors affecting its rheology are mainly the electrostatic repulsion and steric hindrance effects caused by the macromolecule adsorbed on the solid particle surface [START_REF] Yang | Physicochemical properties of calcium lignosulfonate with different molecular weights as dispersant in aqueous suspension[END_REF].

To prepare the cement pastes, the cement was mixed with different rates of humic substances (HS) (0.2%, 0.5%, 1%, 1.5%, 2% and 3% by weight of binder) and calcium lignosulfonates (CL) (0.2%. 0.5% and 1% by weight of binder). The mixture preparation begins with a dry mixing of the cement and the HS or CL, in order to yield a homogeneous binder, before mixing with water according to the protocol described in Fig. 1. This study is conducted on three water/binder (w/b) ratios: 0.35, 0.42 and 0.50. The studied mixtures are detailed in Table 4. For the delayed addition (DA), the cement and water are mixed according to the procedure presented above. After 10 minutes of initial water-cement contact, the HS or CL powder is added to the mixture, which is then remixed in the same way as described previously. For delayed addition, only two contents of HS and CL are tested, for differents w/b; 0.2% and 0.5%.

Methods

Rheology

The rheological properties are measured by means of the mini-slump flow and Marsh cone tests. Upon completion of the mixing sequence, approx. 1,000 ml of cement paste are grouted in the Marsh cone in order to measure the flow time required to fill volumes of 250 ml and 500 ml according to Standard [START_REF]Grout for prestressing tendons[END_REF]. Afterwards, the same paste is used for slump and spread measurements using the mini cone. This study is carried out for contents of 0%, 0.2%, 0.5% and 1% of HS or CL. The rheological behavior of fresh cementitious materials is generally characterized by the yield stress τ 0 and viscosity µ. The yield stress is the energy required to break an interaction network between particles within a cementitious system. Its origin lies in the interparticle colloidal and contact interactions. Viscosity results from the hydrodynamic, colloidal and contact forces involved in the movement of suspended cement grains [START_REF] Roussel | Steady state flow of cement suspensions: A micromechanical state of the art[END_REF]. Yield stress is often considered the most relevant parameter to describe the workability and ability of a material to properly fill a mold under its own weight.

For mini-slump flow test, the used Abrams' cone has the following dimensions: internal base diameter of 100 mm, inside top diameter of 50 mm, height of 150 mm. The yield stress is calculated for the various pastes basing on the results of the mini-slump test. The analytical equation [START_REF] Kamali | Beneficial use of marine dredged sand and sediments in road construction[END_REF] proposed by Roussel [START_REF] Roussel | Fifty-cent rheometer" for yield stress measurements: From slump to spreading flow[END_REF] allows for the transformation of rheological properties (spreading and slump) into a yield stress.

         H R τ0 = 225ρgV 2 128π 2 R 5 H R τ0 = ρgH √ 3 (1) 
Where H and R are the final high and radius of sample, V is volume, ρ and g represent the density and the standard gravity respectively.

For Marsh cone test, a cone measuring 33 cm high, 15 cm in top diameter, 12 in angular aperture with an adjustment of 10 mm in diameter and 60 mm in length is used. In assuming our cement paste to be a Bingham fluid, results from the Marsh cone test allow calculating the plastic viscosity of the material using the analytical equation ( 2), proposed by Roussel [START_REF] Roussel | The marsh cone: a test or a rheological apparatus?[END_REF].

         8µph π ( 1 r 4 + 1 3h tan(α) ( 1 r 3 - 1 (r + H tan(α)) 3 ))Q = ρg(H + h) + 8τ0 3 ( 1 tan(α) ln( r (r + H tan(α)) ) - h r ) Q = -π(r + H tan(α)) 2 dH dt (2)
Where µ p is the Bingham fluid plastic viscosity, τ 0 is the Yield stress and H(t) is the remaining height of cement paste in the cone as a function of time. Q is the rate of flow, ρ is the density of the cement paste and g is the standard gravity. The Marsh cone is described by the height h and the radius r of its nozzle, the angle of its cone α. If the fluid viscosity is known, the height H(t) can be computed as a function of time by explicit integration. Since the time spent to reach a given height is measured, the actual viscosity is estimated by backward indentification.

Hydration

To investigate the hydration kinetic of studied samples, three tests are carried out; the Vicat test, the isothermal calorimetry and the thermogravimetric analysis.

The purpose of the Vicat test is to measure the setting time of a cement paste using the Vicat apparatus, according to the standard [START_REF]Methods of testing cement -part 3: determination of setting times and soundness[END_REF]. This test is carried out on water-immersed paste in order to guarantee a high rate of humidity, i.e. above 90% and to avoid drying. The Vicat device records the penetration depths of a needle into the paste. We consider that the beginning of setting corresponds to a penetration depth of 35 mm while setting ends at 5 mm of penetration, in a frustoconical cone 40 mm high.

The isothermal calorimetry test is designed to continuously measure the heat flow and the heat output for a cement paste at a constant temperature. The measured heat flow represents the difference in heat flow between the sample and a reference (a completely hydrated sample). The apparatus used for this test is a TAM AIR isothermal microcalorimeter. Calorimetry testing requires a small amount of paste, i.e. approx. 10 grams. Once prepared and weighed, the paste is introduced into the microcalorimeter, which has been linked to an apparatus for recording the released heat flow. The paste remains in the microcalorimeter for a few days. All calorimetry tests presented herein were performed at 20°± 1°C (49). On average, the time required to mix, fill, weigh and insert the pot into the machine does not exceed 10 minutes.

To follow the content of bound water over both the short and long term, in conjunction with the mechanical tests, a series of thermogravimetric analysis (TGA) tests are conducted on 250mg samples. The bound-water content (above 140°C), is measured at 1, 3, 7, 28 and 90 days after mixing.

The test procedure considered herein is as follows: the sample is crushed and sieved to less than 315µm, soaked in ethanol to halt the hydration reactions, and then dried for one day in a desiccator with silica gel linked to a vacuum pump. Lastly, the sample is heated at a rate of 10°C/min and the mass loss is recorded as a function of temperature, along with weighing of the sample as its temperature rises. Consequently, we are able to obtain the TGA curve showing sample mass variation vs. temperature.

Compressive strength

To determine its mechanical properties, the fresh paste is introduced into steel molds. These molds are stored for 24 hours before demolding. Then, 4 x 4 x 16 cm 3 specimens are plastic-wrapped, so as to avoid any drying, and stored at 20°C. At 1, 3, 7, 28 and 90 days, the compressive strength is measured. Every result represents the average of three test readings; a mechanical press is used to crush the half-pieces of the prismatic specimens. All these tests are performed in strict accordance with Standard (50).

Results and Discussion

Rheology

The rheology of cement pastes, whether containing HS or CL, is measured (immediately after mixing) with increasing dosages: 0%, 0.2%, 0.5% and 1% by weight of binder for the immediate addition, and 0.2% and 0.5% by weight of binder for the delayed addition. Table 5 lists the variation in cement paste flow time to fill volumes of 250 ml and 500 ml, using a Marsh cone. The spreading and slump of the cementitious paste, as measured by the mini-slump test, are displayed in this same table.

The results of paste yield stress and viscosity variations as a function of HS or CL rates are shown in Fig. 2 and Fig. 3, respectively. The yield stress and viscosity are both obtained by analytical equations ( 1) and (2) using the results found during mini-slump flow and Marsh cone tests. The experimental results reveal a decrease in the yield stress as the rate of HS or CL in the mixture increases: 30% decrease for 0.5% and w / b = 0.35. As regards viscosity, the trends prove to be rather insignificant, which might be attributed to the cement paste being improperly modeled as a Bingham fluid.

A Monte-Carlo approach is applied to assess how errors on the mini-cone spread D moy and the Marsh cone flow time t 500 both propagate to the estimated yield stress and viscosity. Such an approach is required since the yield stress is a nonlinear function of the spread, and moreover viscosity is dependent on the estimated yield stress and observed flow time. To model the distribution of inputs, it is assumed that D moy and t 500 are normally distributed, with the averages and 2.5%-97.5% quantiles for each test being reported in Table 5. Next, one thousand D moy and t 500 are generated according to these distributions, and the corresponding yield stress τ 0 and viscosity µ p are computed. The 2.5% and 97.5% quantiles of the output distributions are indicated as error bars in Fig. 2 and Fig. 3. If the yield stress is too high, the model depicts that reaching the 500ml volume is impossible: the Marsh cone is clogged. Under such situations, the estimated viscosity is set to zero since overestimating the yield stress induces an underestimated viscosity.

If the HS or CL is added immediately, a gradual decrease in yield stress is observed at the various w/b ratios. The effects of HS and CL are comparable up to a dosage of 0.5%, but beyond this level the effect of CL significantly outweighs that of HS. A delayed addition (DA) induces a highly impressive effect on cement paste rheology. A considerable reduction in yield stress is indeed obtained for the lowest rate (0.2%). For a 0.5% substitution rate, the yield stress continues to decrease but more gradually. The incorporation of CL and HS leads to a similar improvement in rheology up to 0.2%, after which CL becomes more effective. By comparing the two methods, a significant reduction in the rheological properties of the paste is obtained with a delayed addition; a dosage of 0.2% produces better workability properties than those obtained by an immediately-added 0.5% dosage: (213Pa, 980Pa) respectively for HS dosage and w/b=0. [START_REF] Colombo | The effect of calcium lignosulfonate on ettringite formation in cement paste[END_REF].

Both HS and CL induce a significant decrease in yield stress at water-to-binder ratios of 0.35, 0.42 and 0.5. Furthermore, a delayed addition of the admixture is much more effective at decreasing the yield stress for both HS and CL. These two admixtures generally leave the viscosity unaffected or only slightly decreasing. It is impossible to estimate viscosity for a water-to-cement ratio of 0.35, given that the Marsh cone is actually clogged. Moreover, the estimated viscosity of the reference at a water-to-cement ratio of 0.42 is very inaccurate: the flow is so slow that the estimated viscosity mainly depends on the estimated yield stress. In this situation, the 10-mm-wide nozzle of the Marsh cone is too thin. It is ultimately advised to adapt the nozzle width such that the flow time for 500 ml remains in the 5s -40s range so as to reduce uncertainty on the estimated viscosity. Indeed, a flow time of less than 4s is likely to be inaccurate and one greater than 40s occurs in situations where the estimated viscosity becomes sensitive to the estimated yield stress. The effects of HS and CL on rheology are strikingly similar, although a comparable CL weight fraction is slightly more effective at improving workability. Since these admixtures are of a similar structure, it may be suggested that this equivalence stems from the same physical origin.

The effect noted above on cement paste rheology is due to the appearance of forces in the solution preventing the cement grains from bonding. Also, it is clear that these forces are more intense for lignosulfonates than for humic substances, especially at the higher rates. After mixing, the cement grains are well dispersed in the solution, but interparticle attractive forces quickly appear and form agglomerates. Since the chemical bonds are weak, the initial state of dispersion can be easily replicated by injecting some energy through re-mixing the paste. This step generates a yield stress τ 0 that must be exceeded in order for the paste to begin to flow. The value of this yield stress depends on both the interparticle forces and the particle stacking.

These experimental results reveal a decrease in yield shear stress when increasing the rate of humic substances in the mixture. In assuming that humic acids react in the same way as lignosulfonates, their effect on rheology is caused by the adsorption of humic substances, which can also take place on the surface of cement particles and hydrates. The layer of adsorbed humic substances therefore renders the particle surface negatively charged, i.e. with a significant negative zeta potential [START_REF] Yang | Physicochemical properties of calcium lignosulfonate with different molecular weights as dispersant in aqueous suspension[END_REF]. This negative charge is due to the high content of oxygencontaining functional groups, especially carboxylic and phenolic groups. Electrostatic dispersion forces appear to be preventing particles from getting close enough to form agglomerates. The steric effect also appears when the adsorbed molecules form a multilayer structure around those particles where they cannot physically juxtapose one another. The dispersion effect of superplasticizers is also attributed to steric hinderance [START_REF] Neubauer | Interparticle potential and sedimentation behavior of cement suspensions: Effects of admixtures[END_REF], which refers to the difficulty for long polymer chains to become overlapped as particles approach one another. The intensity of this steric repulsion is correlated with both the spacing between adsorbed polymers and the thickness of the adsorbed layer (( 52), ( 53)). Lastly, the dispersion of cement particles in an aqueous solution is attributed to repulsive interparticle forces, mainly electrostatic repulsion and steric hindrance. Hence, a difference in the effectiveness between CL and HS could be related to the difference in the molecular structure, the molecular weight and the density of functional groups.

Hydratation

The effect of adding HS or CL on the cement paste setting time can be observed in the Vicat Test Set results. Table 6 presents the results for rates of 0%, 0.2%, 0.5%, and 1% with various w/b ratios, including for the beginning, end and duration. For these various w/b ratios, the setting time shows an increase with substitution rate in either CL or HS. A greater retarding effect was measured for CL compared to HS. This discrepancy continues to widen as the rate of incorporation increases. As regards the setting duration, no clear trend could be observed. Fig. 4 display the results of isothermal calorimetry tests on cement pastes containing 0%, 0.2%, 0.5%, 1%, 1.5% and 2% for the three w/b ratios: 0.35, 0.42, and 0.50. This figure depicts the heat flow curves and cumulative heat. For the same w/b ratio, we performed isothermal calorimetry tests for CL-containing cement pastes but only at the 0.2%, 0.5% and 1% rates. CL was introduced for the same w/b ratios, see Fig. 5. For the reference samples (100% cement), upon contact with the water, an initial heat flow peak is observed, reflecting the dissolution of cement constituents. Two other peaks appear after a few hours, the first corresponding to the hydration reaction of silicate phases (mainly C 3 S), which contributes to both the setting and strength development at an early age. Sulfate exhaustion is followed by a peak showing the accelerated activity of aluminates ((31),( 54)). The silicate and aluminate peaks are retarded by the addition of humic substances in the cement paste and, consequently, delay the setting. It should be noted that all calorimetric curves depicting the heat flow evolution are identical before the beginning of hydration for all of the various rates of humic substances. Humic substances therefore have no effect on cement particle dissolution; they merely affect the duration of the dormant period by delaying the beginning of the acceleration period.

Hydration results using isothermal calorimetry show a significant delay effect with an increasing rate of humic substances, which may exceed 4 days for a dosage of 2%. This delay tends to extend more rapidly with a uniform increase in the rate of humic substances in the mixture: 10 hours delay between dosages of 0% and 0.5%, while 48h is the difference in delay between 1.5% and 2% (for w/b=0.35). For the same water/binder ratio value, the maximum heat flow at the main hydration peak is slightly increased at lower rates and then decreased afterwards. The cumulative heat released remains nearly constant regardless of the rate of humic substances. As a consequence, HS mainly affects the kinetics of hydration by inducing an extended dormant period. A similar effect between CL and HS on kinetics and cumulative heat has been observed, yet this outcome does not create the same effect on the magnitude of maximum flow. For a low dosage of HS and CL (e.g. 0.2% and 0.5%), a slight increase in maximum flow is observed, although the opposite effect occurred at a higher dosage: a distinctly faster rate of decrease in the maximum heat flow. This observation is due to the dissimilar delay effect on the hydration of silicates and aluminates. A fusion of the two peaks can actually be noticed at low substitution rates, generating an enhanced peak that then becomes flattened at higher substitution rates. Similar observations are recorded in other studies [START_REF] Colombo | On the effect of calcium lignosulfonate on the rheology and setting time of cement paste[END_REF], dealing with the effect of plasticizer dosages. According to [START_REF] Colombo | On the effect of calcium lignosulfonate on the rheology and setting time of cement paste[END_REF], this phenomenon can be explained by the increased precipitation of ettringite during the first few minutes of hydration, which could lead to a faster consumption of sulfate, causing its depletion earlier.

Fig. 6 depicts the effect of a delayed incorporation of 0.2% and 0.5% of HS/CL on the hydration kinetic. For the same dosage, the delayed addition (DA) results in an extended delay of hydration compared to an immediate addition (IA), which exceeds one more day delay for a dosage of 0.5%. As opposed to what happens with an immediate addition, a delayed addition of CL induces a longer dormant period than the delayed addition of HS, provided the same substitution rate is considered. The addition of humic substances or calcium lignosulfonates, either immediately or with a delay, leads to a very pronounced retardation of setting. These results seem to be in agreement with the findings of ( 31) and ( 55) , who reported a gradual increase in setting time with a higher concentration of sulfonic groups and free carboxylic acids in the aqueous phase. This finding would explain the difference between an immediate addition and a delayed one, as the concentration of free polymers in solution is very weak for the former compared to the latter.

Both materials incorporated into the cement and both methods of addition can potentially delay the cement paste setting time. An extension of the dormant period has been attributed to calcium complexation, nucleation poisoning of hydrates and superficial adsorption on anhydrous cement particles (( 56), ( 57)): it is well known that humic acids are able to bind calcium. This action would slow the calcium supersaturation required for nucleation of the hydrates according to both the silicate and aluminate reactions. Indeed, Ca 2+ is a necessary ion for the precipitation of C-S-H, portlandite and ettringite. Furthermore, it is possible that the added polymer will act during the nucleation and growth phase of the hydration process and adsorb hydrates mainly of CH on the phase cores. Preventing the growth of hydrate phases could therefore explain the delay in the hydration process; by suppressing the precipitation of CH, C 3 S dissolution is delayed since the degree of calcium saturation in the pore solution has not changed, resulting in an extension of the cement paste dormant period. Moreover, the adsorption of macromolecules on unhydrated cement grains can reduce the dissolution of clinker phases and cause retardation, which in turn delays the formation of hydrates and further prolongs the cement paste dormant period. Lastly, the actual phenomenon explaining the measurable extension of the dormant period is difficult to pinpoint based on the experimental results presented.

The dormant period is shorter for mixes featuring a low w/b ratio. The reduced amount of water likely induces a higher pH, and a lower calcium concentration is therefore required to reach the saturation index of Portlandite. Nevertheless, a strange phenomenon for a dosage of 3% HS is shown in Fig. 7: the maximum heat flow appears earlier for the higher water/binder ratio. On the contrary, the sample with a low water/binder ratio remains inactive for more than 40 days. These results show that water has two opposite effects on the kinetics of hydration in the presence of humic substances. Similarly, the same phenomenon has been noticed for CL [START_REF] Ramachandran | Interaction of calcium lignosulfonate with tricalcium silicate, hydrated tricalcium silicate, and calcium hydroxide[END_REF], with the retarding effect being attributed to the concentration of CL in water, and not to its proportion relative to C 3 S. Furthermore, the hydration of C 3 S is retarded in proportion to concentration and practically stopped at concentrations above 3 g/l of water.

Compressive strength

After 1, 3, 7, 28 and 90 days of curing (in plastic bags stored in a wet chamber), compressive strength is measured on 4 x 4 x 16 cm 3 samples. Fig. 8 shows the evolution in compressive strength vs. time for the various water/binder ratios, i.e. 0.35, 0.42 and 0.50, on the pastes containing HS or CL. For all rates, the addition of humic substances has a negative effect on compressive strength. A significant decrease in the strength of paste at an early age is detected with increasing HS/CL contents. CL exerts an effect on early-age compressive strength similar to that of HS. Consequently, a delay in setting implies a delay in strength development, which may be attributed to the retention of calcium ions released during the hydrolysis of cement grains [START_REF] Clare | The effect of organic matter on the setting of soil-cement mixtures[END_REF]. Once the hydraulic setting has begun, the paste can then harden normally. After the initiation of setting, the calcium lignosulfonate cement paste exhibits a strength similar to that of the reference paste with the same rheological properties, especially for the pairs (C990CL10-0.35; C1000-0.42) and (C990CL10-0.42; C1000-0.50). For the same mixtures (in replacing the lignosulfonates with humic substances), a similar compressive strength is found, yet with a lower fluidity for pastes containing humic substances. The 90-day compressive strength is also heavily affected by the substitution of cement with CL and HS; a 40% reduction for high rates can be seen, while paste containing a dosage lower than 1% shows a reduction less than 20%. This finding cannot be justified by a delay in hydration since the calorimetry results show an equal cumulative heat release for all samples with the same water/binder ratio after less than 15 days (for rates below 2%). If the same degree of hydration is achieved, then the nature of the hydration products is to be questioned. According to several authors (( 59), ( 60), ( 61), ( 62)), adsorption on the surface of cement particles and hydrates is in fact not the only mechanism of potential consumption when a plasticizer is added to a cementitious system. Part of the plasticizer can also be trapped in the hydration products, mainly in the AFm-layered structure; moreover, some of the mixture will remain dissolved in the aqueous phase. Monosulfate (C 4 ASH 12 ) belongs to the group of layered double hydroxides (LDHs). Several polyelectrolytes can then be intercalated between the cationic layers of the LDHs by replacing their hydroxyl ions. This phenomenon has proven to be possible for comb-shaped polymers with very long side chains [START_REF] Plank | Novel organo-mineral phases obtained by intercalation of maleic anhydride-allyl ether copolymers into layered calcium aluminum hydrates[END_REF]: this may explain the loss of strength when adding lignosulfonates or humic substances.

A widely used technique for assessing the degree of hydration of Portland cements is to obtain the bound water content (( 63), ( 64)). Fig. 9 shows the evolution in compressive strength for the various water/binder ratios (0.35, 0.42 and 0.50) as a function of normalized degree of hydration. The latter is obtained by dividing the bound water percentage of the samples by the bound water percentage of the reference sample for w = 0.50 at 90 days (when it is assumed that all cement particles are hydrated). It is worth noting that all samples with the same w/b ratio reach a similar degree of hydration value at 90 days. Consequently, the reason behind the decrease in strength upon incorporating humic substances is a change in the sample microstructure. Fig. 10 indicates the compressive strengths of the delayed addition of HS and CL, respectively. The effect of setting delay is clearly observed by the absence of strength at 1 day for all pastes. Once setting has begun, the strengths of the pastes rise quickly and by Day 28 show simulated values close to those of an immediate addition. The only paste observed with a lower strength is C995CL5, which is due to its foamy nature; therefore, an air entrainment and a drop in strength are both possible.

Practical considerations

Sediments dredged in different hydraulic units by the Territorial Direction of the Seine Basin (DTBS) of VNF (France's Navigable Waterways Authority) contain between 0 and 12% of the organic matter (OM). By focusing on the sandy deposit, the organic matter content is less than 4%. The results in this paper indicated that it is possible to use aggregates containing organic matter in the manufacture of concrete by replacing conventional aggregates, but, the presence of organic matter should not exceed 0.2% of the cement mass; if we want to fully comply with the criteria of the standard EN 12620 + A1 (17) ( neither an increase in mortar control setting time beyond 120 min, nor a reduction in the reference mortar compressive strength over 20% at 28-day).

Nevertheless, a significant part of the sediment's organic matter is likely either insoluble or trapped into the finest part of the sediment, likely made of clay. This organic matter will not affect the cement hydration. Leaching tests are therefore performed according to EN 12457-2 (65) so as to quantify the leaching potential of sediment's organic matter. It should be noted that the test is carried out using a basic solution (NaOH 1g/l), in order to imitate the alkaline interstitial solution of the concrete, for a duration of 24 hours. This test is carried out on a sandy sediment dredged from Ile-de-France region, in 2017. It has the higher organic matter content (3.62%). The obtained result (table7) is the average of three tests: it shows that the leached portion represents less than 11% of the total content of OM. Assuming that the cement represents 40% of sand mass in the concrete, and based on the results of the leaching test above, incorporating up to 20% of dredged sand is possible, without infringing the criteria of EN 12620 +A1 [START_REF]AFNOR, Aggregates for concrete[END_REF]. Further substitution is possible if an extended delay is possible. Indeed, delays of 8 hours and 1 day and reductions of the compressive strength less than 20% correspond to 50% and 100% of replaced sand respectively.

The rheological results show that the HS have an effect of a plasticizer especially if they are added with delay. Therefore, to make the concrete more fluid, it is sufficient to add the sediment aggregates with delay compared to other constituents of the concrete, without resorting to an expensive plasticizer.

Conclusion

The aim of this paper has been to obtain a better understanding of the effects of humic substances on the rheology, the hydration and the compressive strength of Portland cement pastes. A plasticizer of organic source (calcium lignosulfonate) has been studied to compare the effect of two retarders. To a large extent, humic substances proved to be similar to calcium lignosulfonate, as both admixtures improve the workability and extend the dormant period in a similar manner. More specifically, a delayed addition leads to a lower yield stress and longer dormant period compared to immediate addition for both admixtures.

The rheological behavior of pastes containing humic substances shows greater fluidity and workability. A sharp decrease in yield stress has been measured for cement pastes with a delayed addition of HS, while an immediate addition gradually decreases the yield stress.

The Vicat test and isothermal calorimetry have detected that humic substance particles induce a retardation in the kinetic of cement particle hydration. A 10-min delayed addition of HS significantly extends the induction period at low rates (0.5%). For the same water/binder ratio, even though 3% HS leads to a dormant period lasting more than 10 days, the cumulative released heat ultimately reaches a value comparable to that of the reference paste. Therefore, humic substances mainly affect the kinetic of hydration by lengthening the dormant period. Moreover, it has been shown that the cement paste containing 3% of HS hardened earlier when the w/b ratio is high. Indeed, the effect of HS on the hydration's kinetic depends on its concentration in solution.

For all contents, the addition of humic substances has a negative effect on compressive strength. A significant decrease in the strength of pastes at an early age has been detected with an increasing of HS content. This phenomenon is directly correlated with the longer dormant period, increased setting delay and slower kinetic of hydration. At 90-days, TGA results report a similar hydration rate for all samples with the same w/b ratio, while the negative effect on strength is still detectable. A change in paste microstructure with the incorporation of HS is possible. A delayed addition of HS decreases the strength at an early age but not over the long term (i.e. 28-day).

The results of this study show that paste containing 0.2% and 0.5% HS (for both methods of addition) meets the requirements of the standard [START_REF]AFNOR, Aggregates for concrete[END_REF] for resistance, while only the delay of C998HS2-IA does not exceed more than 2h.

The striking similarity between humic substances and calcium lignosulfonate sheds new light on the use of aggregates containing organic matter. It is suggested herein that the delayed addition of a slight amount of such aggregates could act as a water reducer, though it also likely induces setting retardation. 
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 1 Figure 1: Mixing procedure.
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 2 Figure 2: The variation of yield stress vs. HS/CL content.
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 3 Figure 3: The variation of viscosity vs. HS/CL content.
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 4 Figure 4: Isothermal calorimetry tests for different HS contents, mixed with IA.

  Heat flow for w/b = 0.42.

  Heat flow for w/b = 0.50.

  Cumulative heat released for w/b = 0.50.
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 5 Figure 5: Isothermal calorimetry tests for different CL contents, mixed with IA.
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 6 Figure 6: Isothermal calorimetry tests for different HS/CL contents, mixed with DA.

Figure 7 :

 7 Figure 7: Isothermal calorimetry tests for C970HS30.

  For different CL contents and w/b = 0.35. For different HS contents and w/b = 0.42.

  For different CL contents and w/b = 0.42. For different HS contents and w/b = 0.50.

  For different CL contents and w/b = 0.50.
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 8 Figure 8: Compressive strength vs. time for cement pastes with different HS/CL contents, mixed with IA.

Figure 9 :

 9 Figure 9: Normalized degree of hydration vs. compressive strength for different HS contents.

  HS-dosage and w/b = 0.35.

  CL-dosage and w/b = 0.35.

  HS-dosage and w/b = 0.42.

  CL-dosage and w/b = 0.42.

  CL-dosage for w/b = 0.50.
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 10 Figure 10: Compressive strength vs. time for cement pastes with different HS/CL contents, mixed with DA.

Table 1 :

 1 Chemical composition and physical properties of cement.

	CaO	63.1
	SiO	19
	Al 2 O 3	5.4
	F e 2 O 3	2.6
	K 2 O	1
	MgO	2
	N a 2 O	0.1
	SO 3	3.5
	MnO	0.0
	T iO 2	0.3
	Cl-	0.02
	S-	<0.02
	C 3 S	65
	C 2 S	11
	C 3 A	11
	C 4 AF	8
	Density (g/cm 3 )	3.12
	Surface specifique Blaine (m 2 /Kg)	380

Table 2 :

 2 Properties of humic substances.

	Assay (dry substance)	95%
	Organique matter	78.5%
	Insoluble matter	<5%
	pH-value	12
	Total humic extracts (humic and fulvic acids) 65% (53%, 12%)
	Potassium (K 2 O) soluble in water	17%
	Colour	Black

Table 3 :

 3 Properties of calcium lignosulfonate.

	Assay (dry substance)	96.6%
	pH-value (10 % solution)	4.5
	Insoluble matter	0.3%
	Calcium (Ca)	5%
	Reducing sugar	6%
	Total sulfur	7%

Table 4 :

 4 Names of different binders and the weight proportions of their constituents.

	Notation	Cement(%) Humic substances(%) Calcium lignosulfonate(%)
	C1000	100.0	-	-
	C998HS2	99.8	0.2	-
	C998CL2	99.8	-	0.2
	C995HS5	99.5	0.5	-
	C995CL5	99.5	-	0.5
	C990HS10	99.0	1.0	-
	C990CL10	99.0	-	1.0
	C985HS15	98.5	1.5	-
	C980HS20	98.0	2.0	-
	C970HS30	97.0	3.0	-

Table 7 :

 7 The organic matter (OM) content before and after a leaching test on dry sandy sediment.

		%OM before leaching test %OM after leaching test
	Sample 1	3.72	3.35
	Sample 2	3.70	3.13
	Sample 3	3.43	3.22
	Average	3.62±0.01	3.23±0.01
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