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Introduction

Diuron (3-(3,4-dichlorophenyl-1,1-dimethylurea) belongs to the family of halogenophenylureas, an important class of herbicides used in pre and postemergence to control road leaf and grass weeds. It is a persistent and highly mobile compound in soils [START_REF] Nollet | +Methods+of+Pesticide+Residues+Analysis+&ots=8Hc_QCp5Mk&sig=GUATOqDV4YsJCchKokhrQLS CiTo[END_REF]. Diuron is a worldwide used herbicide frequently detected in surface water with wide dispersion in watersheds, especially in cotton ground fields [START_REF] Soleri | Etude de la pression phytosanitaire exercée sur différents lacs du Burkina Faso par méthode d'échantillonnage passif[END_REF]. In Burkina Faso studies on the hydro-agricultural system of the Volta [START_REF] Soleri | Etude de la pression phytosanitaire exercée sur différents lacs du Burkina Faso par méthode d'échantillonnage passif[END_REF] shown out the presence of diuron and atrazine in different water sources until 6 to 23.8 µg/L respectively. Diuron is classified as potentially carcinogenic to humans and considered a highly toxic substance by the European Union [START_REF] Catalkaya | Advanced Oxidation of Diuron by Photo-Fenton Treatment as a Function of Operating Parameters[END_REF], justifying the various number of technics used to eliminate it from water.

Due to a relatively low exploitation cost, adsorption technics are preferred to oxidative or membrane processes.

A large scale of adsorbents can be selected according to the nature of pollutants and/or the precursors used. Mineral sorbents such as clay (iron modified montmorillonite) has demonstrated good performances for discoloration applications, adsorption of polar and non-polar particles and recently pesticides at very low concentrations (< 3 µmol•L -1 ) [START_REF] Kabwadza-Corner | Mechanism of Diazinon Adsorption on Iron Modified Montmorillonite[END_REF]. However, extractive operations and mineral processing are pre-treatment operations that make mineral adsorbents less attractive than activated carbons. Activated carbons are the most widely used adsorbents material for pollutants removal from drinking water due to their efficiency and economic feasibility [START_REF] Taha | Adsorption of 15 different pesticides on untreated and phosphoric acid treated biochar and charcoal from water[END_REF]. Many organic materials can be used and high lignocellulosic potential agricultural residues such as palm nut shells, rice and coconut husks and peanut hulls are more recommended for this purpose due to cheaper acquisition cost [START_REF] Gueye | High efficiency activated carbons from African biomass residues for the removal of chromium(VI) from wastewater[END_REF][START_REF] Ioannidou | Preparation of activated carbons from agricultural residues for pesticide adsorption[END_REF]. Activated carbons have demonstrated high efficiency for the removal of non-specific solutes in aqueous phases [START_REF] El-Dib | Removal of phenylamide pesticides from drinking waters-II. Adsorption on powdered carbon[END_REF][START_REF] Yaacoubi | Sorption de l'atrazine et du diuron sur charbon actif en poudre en présence de tensioactifs, ions calcium et bichromate. Essai de modélisation[END_REF][START_REF] Lacina | Distribution des Pesticides D'origine Agricole et Évaluation de la Vulnérabilité des Ressources en Eaux Dans un Bassin Versant Transfrontalier: Cas du Comoé, Côte d'Ivoire[END_REF][START_REF] Akpo | Evolution Temporelle de l'utilisation des pesticides en agriculture tropicale dans le bassin versant de la Marahoué, Côte d'Ivoire [Temporal Evolution of the pesticide use in tropical agriculture in the Marahoué watershed, Côte d'Ivoire][END_REF] If chemical activation helps to control surface chemistry of the material and higher yield (27-47% for chemical activation and 6% physical activation for activated carbon fibres) [START_REF] Maciá-Agulló | Activation of coal tar pitch carbon fibres: Physical activation vs. chemical activation[END_REF][START_REF] Bansal | Activated Carbon Adsorption[END_REF], it requires the use of chemical agents that need to be washed and produces effluent which must be recycled and/or treated.

In opposite, physical activation under carbon dioxide or water steam mainly causes the creation of micro-porosity and high specific surfaces [START_REF] Maciá-Agulló | Activation of coal tar pitch carbon fibres: Physical activation vs. chemical activation[END_REF][START_REF] Bansal | Activated Carbon Adsorption[END_REF][START_REF] Ioannidou | Preparation of activated carbons from agricultural residues for pesticide adsorption[END_REF]. These characteristics are particularly suitable for the removal of pesticides in water [START_REF] Molina-Sabio | Effect of steam and carbon dioxide activation in the micropore size distribution of activated carbon[END_REF][START_REF] Rodriguez-Reinoso | Controlled gasification of carbon and pore structure development[END_REF][START_REF] Baçaoui | Optimization of conditions for the preparation of activated carbons from olive-waste cakes[END_REF]. Although, chemical activation remains the most economical method [START_REF] Toles | Acid-activated carbons from almond shells: physical, chemical and adsorptive properties and estimated cost of production[END_REF] due to a very long activation time and higher activation temperature required for physical activation. [START_REF] Maciá-Agulló | Activation of coal tar pitch carbon fibres: Physical activation vs. chemical activation[END_REF][START_REF] Heidarinejad | Methods for preparation and activation of activated carbon: a review[END_REF]. Macia-Agullo et al. [START_REF] Maciá-Agulló | Activation of coal tar pitch carbon fibres: Physical activation vs. chemical activation[END_REF] has reported an activation time from 2.5 to 26 hours for physical activation versus hours for chemical activation with sodium/potassium hydroxide. even if in most cases chemical activation with phosphoric acid remained more attractive (1.17 $ per kg. versus 1.46 $ per kg for steam-activated process). Physical activation was find to be more energy consumer [START_REF] Altenor | Pilot-Scale Synthesis of Activated Carbons from Vetiver Roots and Sugar Cane Bagasse[END_REF].

Whatever process was used to obtain the activated carbon, the adsorption efficiency of the treatment is slightly related to the surface chemistry of the activated carbon. To study the adsorption kinetics two main models are used: adsorption reaction models and adsorption diffusion model [START_REF] Levan | Adsorption and ion exchange[END_REF]. Diffusion model involves three prior steps [START_REF] Ho | KINETICS OF POLLUTANT SORPTION BY BIOSORBENTS: REVIEW[END_REF]: the diffusion across the boundary layer surrounding the sorbent particles, the intra-particle diffusion within the pores, and along the pore walls and in the last step adsorption between the pollutant and the activated carbon.

Baobab (Adansonia digitata) is a tree widely distributed in Sub-Sahara, semi-arid and sub-humid regions of Africa as well as in western Madagascar [START_REF] Diop | Le baobab africain (Adansonia digitata L.): principales caractéristiques et utilisations[END_REF]. In Senegal, the baobab tree has been identified as one of the most represented trees with about in around 1,146,000 ha of land in 2015 [START_REF] Faye | Evaluation des ressources forestières mondiales 2015[END_REF]. Researchers have an increasing interest in the Baobab tree since the different parts of the tree can be used as food and medicines, including the back fibres [START_REF] Igboeli | Effects of some processing techniques on the antinutrient contents of baobab seeds (Adansonia digitata)[END_REF][START_REF] De Caluwé | Adansonia digitata L.: a review of traditional uses, phytochemistry and pharmacology[END_REF].

The nutritional properties of the fruits have already been demonstrated but the valorisation of residues as sorbents in water treatment are still not well explored [START_REF] Tchikuala | Valorisation of Natural Fibres from African Baobab Wastes by the Production of Activated Carbons for Adsorption of Diuron[END_REF][START_REF] Edogbanya | The Use of Adansonia digitata L. Seed Cake Residue as a Biosorbent in the Bioremediation of Lead (Pb2+) from Aqueous Solution[END_REF]. Recent researchers shown out the potential of seed hulls of Baobab to generate high specific surface and pore volume for activated carbons produced by physical activation with carbon dioxide, up to 2130 m 2 •g‾ 1 and 0.99 cm 3 •g‾ 1 , respectively [START_REF] Tchikuala | Valorisation of Natural Fibres from African Baobab Wastes by the Production of Activated Carbons for Adsorption of Diuron[END_REF]. But physical activation remains an energy consumer process [START_REF] Maciá-Agulló | Activation of coal tar pitch carbon fibres: Physical activation vs. chemical activation[END_REF][START_REF] Heidarinejad | Methods for preparation and activation of activated carbon: a review[END_REF][START_REF] Yahya | Agricultural bio-waste materials as potential sustainable precursors used for activated carbon production: A review[END_REF] and impregnation stage sometimes still be necessary to weaken the structure of the substrates.

Moreover, the predominant mechanism for adsorption of diuron on baobab activated carbons has not been well established as well as the binding energy. The purpose of this work is to investigate the potential of locally prepared activated carbon from residual seed hulls of baobab fruit through chemical activation for the removal of diuron from aqueous solution, with prior to understand the mechanisms of adsorption according to pore size of the adsorbent and particle size of adsorbate.

Materials and experimental procedure

Materials

Two carbon materials were used in this study: an activated carbon manufactured from Baobab seed hulls collected in Burkina Faso (BAC) and a commercial activated carbon (ComAC) supplied from PICACHEM Europe, reference 200P. ComAC is established to be a microporous/mesoporous carbon with a specific surface area of 874 m 2 •g‾ 1 and particles size less than 200 µm. Diuron (98 %) was supplied by Sigma Aldrich. Potassium hydroxyde (purity ≥ 85 %) and hydrochloride acid (37 wt %) were supplied by CARLO ERBA and Sigma Aldrich respectevely.

Baobab activated carbon preparation

Baobab activated carbon was produced by chemical activation with potassium hydroxide and carbonisation under nitrogen atmosphere. Seed hulls were crushed in a crusher (model Restch SM100) to obtain particles size between 800 to 1600 µm. The dried substrate has been impregnated with potassium hydroxide at mass ratio of 0.3 for 12 h at room temperature and the residual humidity was evaporated and store at 105 °C. Carbonisation stage occurred in a Carbolite tubular rotative furnace (4 rds min‾ 1 ) under nitrogen flow of 230 mL•min‾ 1 . Heating schedule included a rise in temperature from room temperature to 800 °C at a heating rate of 5 °C/min, followed by a dwell time of 2 h and a natural cooling imposed by furnace still. The granular activated carbon was demineralized by washing with a 100 mL of a 5 M hydrochloric acid solution followed by washing with distilled water to reach a constant pH. The dried material was then grinded and sieved (Retsch, Mesh Sieves -200/203 mm) to obtain BAC with particles size less than 212 µm.

Activated carbons characterization

Characterization of the ACs was achieved through various analyses. Iodine and methylene blue indexes were used as indicators for the capacity of the ACs to adsorb small (micro-porosity), medium and large organic molecules respectively (mesoporosity/macroporosity). The N2 adsorption-desorption isotherms were performed to obtain the BET specific surface area and micropore volume of the material. Fourier Transform infrared spectrum (Thermo Scientific "Nicolet iS10") set at wavelength ranging from 6*10 -2 to 10*10 -2 cm was used to identify functional groups at the surface of AC.

The methylene blue index (MBI) is determined by evaluating the amount of methylene blue adsorbed from a solution of initially known concentration per gram of adsorbent (0.1 g of activated carbon), when being in contact for 30 min at room temperature (30 °C). The absorbances were measured by the molecular absorption spectrophotometer JENWAY 7305 and the MBI was determined as shown in equation [START_REF] Nollet | +Methods+of+Pesticide+Residues+Analysis+&ots=8Hc_QCp5Mk&sig=GUATOqDV4YsJCchKokhrQLS CiTo[END_REF].

⋅

(1)

where: VMB (mL) is the total volume of methylene blue solution, Ci (mg L‾ 1 ) is the initial concentration MB solution of (25 mg L‾ 1 ), Cf (mg L‾ 1 ) is the final concentration MB solution, mAC (g) is the mass of AC in contact with MB solution.

Iodine index involves titration of a known volume of iodine solution with a 0.1 N solution of sodium thiosulfate before and after adsorption on AC. 20 mL of 0.1 N iodine solution was added to 0.1 g of AC. The mixture was stirred for 30 min at room temperature (30 °C) and centrifuged at 3000 rpm. Then 10 mL of the supernatant was titrated with a 0.1 N sodium thiosulfate solution. Equation (2) shows the calculation for iodine index I2 (mg•g•‾ 1 ):

25,4 20 (2) 
where : mAC (g) is the mass of AC in contact with iodine solution, 25.4 (g•mL‾ 1 ) value is the mass concentration of iodine solution, Vth (mL) is the amount of sodium thiosulfate solution (0.1 N) used to neutralized the residual iodine in solution after adsorption and 20 (mL) is the total volume of iodine solution used for adsorption.

The N2 adsorption-desorption isotherms for each activated carbon at 77 K was performed with an automatic ASAP 2020 V3.04 H (Micromeritics) to obtain the BET specific surface area and micropores/mesopores size distribution (DFT model) at partial pressure between 10 -2 and 0.1 Pa. The sample was previously degassed at 250 °C for approximatively 12 h under vacuum until the reduced pressure of 3 µPa was attained. Standard methods were then followed.

Preparation of diuron solution

Diuron (98 %) was diluted in acetone of chromatographic grade (99.4 % purity) to obtain a main pesticide solution of 100 mg L‾ 1 . Solutions of diuron with various concentrations were then obtained by dilution of the main solution with distillated water.

Diuron removal from liquid phase

Due to a geographical position in the sahelian area of Africa, temperature of natural water in Burkina faso obviously exceed 30°C in the dry season. The increase in temperature increases water solubility of diuron that could reduce efficiency of the activated carbon [START_REF] Fontecha-Cámara | Effect of Surface Chemistry, Solution pH, and Ionic Strength on the Removal of Herbicides Diuron and Amitrole from Water by an Activated Carbon Fiber[END_REF]. The Diuron adsorption from liquid-phase on the activated carbon samples was carried out at 32ºC under pH ~ 8.5 in respect to the physiological parameters of natural surface water in Siphoen, a cotton-ground village in Burkina Faso [START_REF] Tapsoba | Endosulfan residues in soils from three Cotton-growing areas in Burkina Faso[END_REF]. For this study, adsorption of diuron was carried out in a batch assay with 0.1 g of AC, added to 1 L of aqueous solutions of known initial concentrations (from 6 to 24 ppm). Then the Erlenmeyer flasks were hermetically closed and agitated (300 rpm) until equilibrium was attained at 32 °C.

Absorbances were read on the JENWAY 7305 spectophotometer at 260 nm to recover the remaining diuron in solution.

The amount of diuron adsorbed on the AC was calculated using equation (4):
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Where Ci (mol L‾ 1 ) and Ce (mol L‾ 1 ) are the initial and equilibrium concentrations of diuron in aqueous solution respectively. All data obtained were exploited to model the adsorption of diuron onto BAC and ComAC.

Results and discussion

Activated carbons characterization

Both activated carbons studied exhibit very low MBI in comparison to their respective I2 (Table 1). ComAC, given as a mesomicro activated carbon, has MBI of 154.6 mg g‾ 1 and I2 of 508 mg g‾ 1 . For BAC, low value of MBI (26.6 mg g‾ 1 ) compared to I2 (1854 mg g‾ 1 ) demonstrates that this activated carbon is well indicated for adsorption of small particles and could then be considered as microporous. Regarding the BET surface, BAC has higher SBET than ComAC, but smaller than the SBET obtained by Tchikuala et al., (2130 m 2 g‾ 1 ) [START_REF] Tchikuala | Valorisation of Natural Fibres from African Baobab Wastes by the Production of Activated Carbons for Adsorption of Diuron[END_REF] with physical activation of baobab seed hull.

However, BAC present good properties regarding to the small amount of KOH used.

Functional groups with carbonyl bonds ν (C=O) are clearly visible in both spectra in the 1700-1900 cm -1 region (Fig. 1). This spectrum of BAC is different from the one observed by Tchikuala et al. [START_REF] Tchikuala | Valorisation of Natural Fibres from African Baobab Wastes by the Production of Activated Carbons for Adsorption of Diuron[END_REF], related to the presence of medium band around 2200-2400 cm -1 , characteristic of carbon dioxide groups at the surface of the carbon. This change in surface chemistry is probably due to the method of activation. These functions are not clearly defined in the ComAC spectrum. The presence of these functions can therefore be considered as the main difference amount the spectra of BAC and ComAC. The bands observed around 3500-4000 cm -1 on both spectrums could be due to the presence of free and linked O-H bounds. Vmicro/meso (cm 3 g‾ 1 ) 1.3 0.9/1.2

Ash content (%) 2.1 3.4

Fig. 1 FTIR spectrum of BAC and ComAC

Adsorption kinetics

The concentrations of diuron in solution at specific equilibrium time were measured and the amount of pesticide adsorbed per unit mass of activated carbon, the adsorption capacity qt (mg•g‾ 1 ), was calculated using Eq.( 4)

⋅ ! (4) 
where V (L) is the volume of solution, C0 (mg L‾ 1 ) and Ce (mg L‾ 1 ) are respectively the initial and equilibrium concentrations of diuron solutions and mAC (g) is the mass of the AC. for initial concentration of 6, 13 and 22 ppm, respectively. For ComAC adsorbed capacities at equilibrium were 60.3, 106.3 and 152.1 mg•g -1 for initial concentration of 6, 13 and 24 ppm. These results clearly show that initial concentrations played an important role in the adsorption of diuron. They also indicate that adsorption capacity of diuron for ComAC is higher than for BAC. This is in accordance with the literature, that higher surface BET values are necessary for the adsorption of diuron on activated carbon but, more importantly, larger pore volumes lead to adsorption of greater quantity of diuron due to his molecular volume [START_REF] Belo | Synthetic polymers blend used in the production of high activated carbon for pesticides removals from liquid phase[END_REF][START_REF] Gomes | From MDF and PB wastes to adsorbents for the removal of pollutants[END_REF]. In fact, effective adsorbents should exhibit a large volume of micropores with widths that are about 1.3 to 1.8 times larger than the kinetic diameter of the target adsorbate [START_REF] Li | Effects of activated carbon surface chemistry and pore structure on the adsorption of organic contaminants from aqueous solution[END_REF]. Mesopores of the ComAC are pointed out to be the main factor making ComAC more appropriate than BAC for diuron adsorption in aqueous medium. Moreover, an unexpected drop in adsorption capacity of BAC has been observed from 13 ppm to 22 ppm. This phenomenon has not been mentioned anywhere in literature review.

In order to make a detailed analysis for the adsorption data of this research, some probable kinetic models were applied. These models include pseudo-first order [START_REF] Taha | Adsorption of 15 different pesticides on untreated and phosphoric acid treated biochar and charcoal from water[END_REF] and pseudo-second order [START_REF] Gueye | High efficiency activated carbons from African biomass residues for the removal of chromium(VI) from wastewater[END_REF] which can be formulated as :
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where Qt is the amount of adsorbate adsorbed at time t, corresponding to diuron concentration Ct in the solution, k1 and k2 are the rate constants for diffusion, pseudo-first order and pseudo-second order models, respectively. The applicability of the models on equations ( 5) and ( 6) was checked by analysing the different results obtained. For the concentrations studied, the rate constants k1 and k2, the regression coefficients R 2 and the theorical quantity adsorbed at equilibrium Qeth were determined (Table 2).

The regression coefficients of ComAC, for the three concentrations were lower than 0.66 in the pseudo-first order. However, they were higher than 0.98 for the pseudo-second order. It can be asserted that adsorption of diuron onto ComAC in aqueous solution follows the pseudo-second order kinetic. This result is confirmed by the values of the theorical quantity of diuron adsorbed at equilibrium (Qeth) that are closer to experimental values: 63.694 mg•g -1 versus 64.105 mg•g -1 at 6 ppm, 104.167 mg•g -1 versus 104.167 mg•g -1 at 13 ppm and 153.846 mg•g -1 versus 104.167 mg•g -1 at 24 ppm. Similar results were obtained for the adsorption kinetics of diuron onto cloth activated carbon [START_REF] Ayranci | Adsorption kinetics and isotherms of pesticides onto activated carbon-cloth[END_REF]. On the other hand, regression coefficients for diuron adsorption on BAC present pseudo-first order kinetic as the better model fitting experimental data; this is particularly true for all initial concentrations excepted 6 ppm. At lower concentration (6 ppm) pseudo-second order kinetic model better correlated the experimentations. But due to a very high rate constant (k2 = 2.379 g mg -1 min -1 ) and difference between Qt and Qeth , the adsorption of diuron on BAC follows the pseudo-first order kinetic as shown in previous works [START_REF] Hameed | Adsorption isotherm and kinetic modeling of 2, 4-D pesticide on activated carbon derived from date stones[END_REF][START_REF] Salman | Adsorption of pesticides from aqueous solution onto banana stalk activated carbon[END_REF]. 

Adsorption mechanism for BAC

To investigate the nature of diffusion mechanism Reichenberg equation [START_REF] Ioannidou | Preparation of activated carbons from agricultural residues for pesticide adsorption[END_REF] and Morris-Weber equation [START_REF] Yaacoubi | Sorption de l'atrazine et du diuron sur charbon actif en poudre en présence de tensioactifs, ions calcium et bichromate. Essai de modélisation[END_REF] were used as follows:

0.4977 ln 1 1 ( 7 
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Where F is the fraction of solute adsorbed at different times t.

1 % % (8) 
Where Bt is a mathematical function of F, Qt and Qe represent the adsorbed amount (mol g -1 ) at time t and at equilibrium, respectively. Where C (mg/g) is a constant related to the thickness of the boundary layer and ki. the intraparticle diffusion parameter.

% & '2 + (9) 
The plot of Bt versus time as shown in Fig. 3 (a) not passing through the origin suggests that the adsorption process is a film diffusion process. The regression coefficient of R 2 < 0.99 for initial concentration of 6 ppm suggests that Reichenberg equation model fits well experimental data at low concentration.

At higher initial concentrations (13 and 22 ppm), Morris-Weber equation (Fig. 3 (b)) better correlated experimental data. The plot of Qt versus t 1/2 is linear with regression coefficients of 0.91 (22 ppm) and 0.97 (13 ppm).

The sorption process is then controlled by intraparticle diffusion only. In the opposite at 6 ppm, the plot of Qt against t 1/2 clearly presents two regions. An initial curved portion and a linear end portion. The curved portion indicates a boundary layer effect, due to the presence of a diffusion limit layer around the particle of sorbent. The second linear portion due to pore diffusion [START_REF] Hameed | Adsorption isotherm and kinetic modeling of 2, 4-D pesticide on activated carbon derived from date stones[END_REF][START_REF] Fierro | Adsorption of phenol onto activated carbons having different textural and surface properties[END_REF][START_REF] Olu-Owolabi | Evaluation of pyrene sorption-desorption on tropical soils[END_REF]. Since the plot did not pass through the origin, intra-particle diffusion was not the only rate limiting step. On the other hand, the intercept of the plot with the axis reflects the boundary layer effect at the surface of the sorbent. The high values of regression coefficients ranging from 0.7 to 0.9 justify the fact that Morris-Weber model explains better the mechanism for the diffusion of diuron [START_REF] Hameed | Adsorption isotherm and kinetic modeling of 2, 4-D pesticide on activated carbon derived from date stones[END_REF]. 

Isotherm models

To assess the potential adsorption capacity of BAC and ComAC toward diuron, adsorption isotherms at 32 °C were derived on the basis of batch analysis as described in Section 2. 

where qe (mg g‾ 1 ) is the amount of diuron adsorbed per unit mass of adsorbent, Ce (mg L‾ 1 ) the equilibrium concentration of diuron, qmax (mg g‾ 1 ) the amount of diuron adsorbed per unit mass of adsorbent required for monolayer coverage of the surface, KL (L mg‾ 1 ) Langmuir constant is a constant related to the heat of adsorption. On the other hand, the Freundlich isotherm equation in linearized form can be given by equation [START_REF] Akpo | Evolution Temporelle de l'utilisation des pesticides en agriculture tropicale dans le bassin versant de la Marahoué, Côte d'Ivoire [Temporal Evolution of the pesticide use in tropical agriculture in the Marahoué watershed, Côte d'Ivoire][END_REF]:
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where qe and Ce have the same definitions as in Langmuir equation. Freundlich constant, KF (mg 1 ‾ (1/n) l 1/n g‾ 1 ) is related to the adsorption capacity of the activated carbon and 1/n is known as the heterogeneity factor, related to the surface. The value of 1/n ranges between 0 and 1; so the closer 1/n value is to 0, the more heterogeneous the surface is [START_REF] Mckay | Use of Adsorbents for the Removal of Pollutants from Wastewater[END_REF].

In addition, adsorption data were further analysed using DR model. The general form of the DR equation model [START_REF] Maciá-Agulló | Activation of coal tar pitch carbon fibres: Physical activation vs. chemical activation[END_REF] is:

"8 "8 9 : ;<

Where ε (13) is the Polanyi potential,
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with the gas constant R (8.32 J•mol‾ 1• K‾ 1 ) and T (K) the absolute temperature, Ce is the concentration at equilibrium (mol•l‾ 1 ), qe is the amount of diuron molecules adsorbed per unit weight of sorbent (mol•g‾ 1 ), Xm is the maximum adsorption capacity (mol g‾ 1 ) and β is the activity coefficient (mol 2• kJ‾ 2 ) related to sorption mean free energy (kJ•mol‾ 1 ). The results shown that adsorption of diuron can be well modelled by Langmuir isotherm model (Fig. 4 and Fig. 5) with a maximal adsorption capacity of 65.7 mg.g‾ 1 for BAC and 151.8 mg. g‾ 1 for ComAC after 120 min. It was observed that the R 2 values of Langmuir (> 0.98) model were higher than those obtained from the model of Freundlich (< 0.85) and DR (< 0.95). This indicates that Langmuir type sorption isotherm is suitable for equilibrium studies.

Therefore, the adsorption of diuron onto ComAC and BAC is chemical, with formation of a monolayer that takes place at the binding sites on the ACs. Thus, if the FTIR analysis did not establish the presence of binding sites at the surface of both ACs then chemical adsorption of diuron on ComAC and BAC can be refuted. To confirm this result, the mean adsorption energy has been determined.

The mean adsorption energy (E) could be estimated from the β value (Table 3) using the equation ( 14):

[ 2; \!,] (14) 
The E value has been estimated to be 2.5 kJ•mol‾ 1 and 1.29 kJ•mol‾ 1 for ComAC and BAC, respectively. Activation energy less than 8 kJ•mol‾ 1 leads to the conclusion that diuron adsorption on both sorbents is physical and them reversible. Surface chemistry has no defined effect and pore size and volume are then the major factors that determine the adsorption of diuron on BAC and ComAC. These results contradict the isotherm model study which asserts that Langmuir isotherm model was fitting better the experimental data. 

Conclusions

Adsorption kinetics of diuron on two activated carbons have been studied according to their pores size characteristics. Although its lower specific surface area, the micro-mesoporous activated carbon ComAC has proved more efficiency for the adsorption of diuron than the microporous BAC. Since mean adsorption energy evaluated was less than 8 kJ•mol‾ 1 , adsorption is a physical process and pore inner parts of carbon porosity can therefore be identified as privileged sites for diuron adsorption. Morris-Weber model explains better the mechanism for the diffusion of diuron. The production route with very low impregnation ratio of potassium hydroxide (0.3) conducted to a sorbent with high specific surface area and better performance for diuron adsorption. This method can be identified has an environmental friendly method for the production of activated carbon from baobab seed hulls.

Fig. 2

 2 Fig. 2 shows data on adsorption capacity with the time range for ComAC (a) and BAC (b) from 6 ppm to 24 ppm. In both cases, adsorption of diuron remains constant after 2 hours and qt at the equilibrium increases with initial concentration of diuron. The amount of diuron adsorbed at equilibrium by BAC was 53.1, 72.1 and 65.8 mg•g -1
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 2 Fig. 2 Adsorption capacity for ComAC and BAC at different diuron concentration with time C0 from 5 to 35 mg•L ‾1 , pH = 8.5, mCA= 0.1 g in 1 L solution, t= 3 h, T= 32 °C

Fig. 3

 3 Fig. 3 Effect of concentration of diuron on the diffusion coefficient for BAC , diuron C0 from 5 to 35 mg•L ‾1 , pH = 8.5, mCA= 0.1 g in 1 L solution, t= 3 h, T= 32 °C
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 3 The isotherm data were treated according to the Langmuir, Freundlich and Dubinin-Radushkevich (DR) isotherm models' equations. The Langmuir model assumes uniform energy sites on the adsorption sites. The linearized Langmuir isotherm is defined by equation[START_REF] Lacina | Distribution des Pesticides D'origine Agricole et Évaluation de la Vulnérabilité des Ressources en Eaux Dans un Bassin Versant Transfrontalier: Cas du Comoé, Côte d'Ivoire[END_REF] 
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 45 Fig. 4 Adsorption isotherms models for BAC, C0 from 5 to 35 mg•L ‾1 , pH = 8.5, mAC= 0.1 g in 1 L solution, t= 3 h, T= 32 °C

  

Table 1

 1 Physical and chemical characteristics of BAC and ComAC.

	Parameters	BAC	ComAC
	Methylene blue index (mg g‾ 1 )	26.6	154.6
	Iodine index (mg g‾ 1 )	1854.2	508
	SBET (m 2 g‾ 1 )	1086	874

Table 2

 2 Reactions order for ComAC and BAC

				Diuron Initial concentrations		
			ComAC			BAC	
	Parameters	6 mg•L‾ 1	13 mg•L‾ 1	24 mg•L‾ 1	6 mg•L‾ 1	13 mg•L‾ 1	24 mg•L‾ 1
				Pseudo-first order			
	Qeth (mg•g‾ 1 )	14.866	11.264	67.485	32.317	100.083	88.659
	k1 (min -1 )	0.053	0.051	0.084	0,073	0,078	0,082
	R²	0.656	0.445	0.6511	0,7992	0,9252	0,9138
				Pseudo-second-order			
	Qeth (mg•g‾ 1 )	63.694	104.167	153.846	4.943	101.01	0.939
	k2 (g mg -1 min -1 ) 0.009	0.002	0.002	2.379	1.658.10 -4	202.578
	R²	0.9982	0.9993	0.9815	0.9715	0,6845	0,09

Table 3

 3 Parameters of the Lagmuir, Freundlich and Dubinin-Radushkevich isotherms for the BAC and ComAC

			Langmuir model			Freundlich model	Dubinin-Radushkevich model
		@A BA	C BDEF.GH	+	@A BDEF		IJK LM	NOP QR +	C S	IJKTM	IJK LM	NOP LUVW	X Y Z
		qmax (mg g‾ 1 )	KL (L•mg‾ 1 )	R 2	KF (mg.g‾ 1 )(L mg‾ 1 ) 1/n			n	R 2	Qmax (mol g‾1)	β (mol 2 •kJ‾ 2 )	R 2	E (kJ•mol‾ 1 )
	ComAC	123.46			1.5	0.9917	74.7687	4.868	0.8309	111.519	8.00E‾08	0.9511	2.47
	BAC	92.592			2.077	0.9893		54.369	4.163	0.6209	95.364	3.00E‾07	0.9492	1.34
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