


Removal of Methylene Blue by Adsorption on Charcoal Prepared from Detarium Microcarpum Peel


[bookmark: _GoBack]Abstract
With a view to valorizing organic waste, Detarium microcarpum is an important fruit species in southern Chad whose use is often limited to food and and medicinal purposes due to its therapeutic properties. It has been used as a precursor for the manufacture of activated carbon using potassium hydroxide (KOH) for chemical activation. Experiments carried out on Methylene Blue, which is a cationic dye, show an elimination of 98.43% at pH=11 in 10 minutes and at a temperature of 35°C. The various experimental parameters, namely the adsorbent mass, pHPZC, pH, contact time, initial concentration, and temperature, were studied. These analyses confirmed the basic nature of the reaction upon activation. This material has good porosity and a very high methylene blue decolorization capacity, which suggests the possibility of obtaining high-quality activated carbons from this biomass for the depollution of pollutants and especially for the treatment of wastewater.
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1 Introduction 
Water pollution from industrial discharges is a serious problem in several countries. This pollution can cause harmful effects on the environment. To reduce the harmful effects of these pollutants, several wastewater treatment processes, including physicochemical ones, are implemented, in particular the adsorption technique [1]. To achieve this, several techniques have been used for the removal of certain pollutants; adsorption on activated carbon is currently the most suitable technique for the removal of pollutants in aqueous phase. This technique is widespread because of its high capacity to purify contaminated water, linked to the large specific surface area and the development of the porosity of the adsorbents. It is widely recognized that the adsorption of pollutants on activated carbon synthesized from plant waste has become an analytical method of choice, very effective and simple in its use [2]. Activated carbon, or activated charcoal, is any carbon that has undergone a particular preparation and which, as a result, possesses to a high degree the property of adsorbing fluids brought into contact with it. It is an amorphous structure composed mainly of carbon atoms, generally obtained after a high-temperature carbonization step and exhibiting a very large specific surface area which gives it a strong adsorbing power. The raw materials are transformed into activated carbon through two steps: carbonization (pyrolysis) and activation.
Carbonization is the thermal decomposition of carbonaceous materials: materials other than carbon are eliminated and activation consists of developing the porous structure and creating the generally oxidized surface functions that are at the origin of the interactions between the solid and the adsorbed molecules.
The aim of this work is to evaluate the effectiveness and capacity of Detarium microcarpum peel from organic waste to remove methylene blue (BM), an organic dye, from wastewater. Various experimental parameters were analyzed, including the mass of adsorbent, pH, contact time, initial BM concentration, and temperature.

2. Materials and Methods
2.1- Materials
The materials and products used are:
A Cary 100 UV-Visible spectrophotometer (Varian, USA), operating at room temperature (23–25 °C) and equipped with a dual-beam device, was used for the analyses. A Metrohm 692 pH meter (Herisau, Switzerland) was also used. The aqueous solutions were prepared from distilled water, and the pH values ​​were determined using sodium hydroxide (NaOH, 0.1 M, 98%) and hydrochloric acid (HCl, 0.1 M, 37%). Muffle furnace, Grinder, RETSCH brand sieve (500 µm diameter).
2.2- Method
2.2.1 Synthesis of activated carbon
The collected Detarium microcarpum are washed to remove impurities until the wash water runs clear. They are then rinsed with distilled water. Finally, they are dried in an oven at 105°C for 24 hours. The raw material, thus washed and dried, is ground using a mortar and pestle and sieved to 500µm. A 100 g mass of the powder (500µm) of the pre-treated detarium microcarpum peel is carbonized in a kiln at 400°C with a heating rate of 5°C.min-1 for 1 hour. After cooling in a desiccator, the product undergoes impregnation with potassium hydroxide (KOH) for 24 hours with a mass ratio of 3/1 (3 g of KOH for 1 g of biomass). The mixture is electrically stirred for 24 hours at 150 rpm at a temperature of 40°C. After filtration, the mixture is thoroughly washed with distilled water for neutralization.

2.2.2 Analysis methods:
Adsorption experiments were performed batchwise under various conditions of initial pH, temperature, and dye concentration. A fixed mass of adsorbent was added to beakers containing 50 mL of methylene blue solution (50 mg·L⁻¹). After pH adjustment, the suspensions were stirred for 180 min at 25 °C using a multi-station stirrer. The absorbance of the filtered solutions was measured by UV-visible spectrophotometry at the wavelength corresponding to the maximum absorbance of the dye (λ = 664 nm). The adsorption capacity and removal efficiency of methylene blue were determined according to equations (1) and (2), respectively.
                                                               Qads =    (1)
                                                             R= (co - ce)/co×100   (2)

qe : Equilibrium adsorption capacity (mg g-1)
Co : Dye’s initial concentration (mg L-1)
Ce : Dye’s equilibrium concentration (mg L-1)
m : Adsorbant mass (g) 
V :  Dye’s solution volume (L) 

                  2.2.2. 1 Sorption isotherms :
50 mg of adsorbent were added to 50 mL of dye solution, at concentrations ranging from 10 to 100 mg·L⁻¹, in order to study the adsorption isotherms. A contact time of 24 h was used to allow the system to reach equilibrium. The resulting experimental data were fitted to Langmuir (Equation (3)) and Freundlich (Equation (4)) isotherm models. The Langmuir model is particularly useful for describing the monomolecular adsorption of a solute, forming a monolayer on the surface of an adsorbent. The Freundlich model takes into account multilayer adsorption and is particularly well-suited to describing reversible processes on heterogeneous surfaces. It is commonly used to represent systems where the adsorbent surface is energetically non-uniform.
                                                =   +        (3)

                                          Log qe = log K + 1/n log Ce 

                 2.2.2. 2 Kinetics studies 
Kinetic modeling allows us to understand the mechanisms involved in the adsorption process. Pseudo-first-order and pseudo-second-order models are commonly used. The pseudo-first-order model assumes that the rate of occupancy of adsorption sites is proportional to the number of unoccupied sites. The pseudo-second-order model stipulates that adsorption follows second-order kinetics and involves chemisorption as the rate-limiting step. Equations (5) and (6) represent the two models, respectively :  
ln (qe — qt) = ln qe — k1.t    (5)
1/qt = 1/K2.qe² + (1/qe).t    (6)

3. Results and Discussion
3.1. Effect of pH at the zero-charge point :
The zero charge point pH (PHpzc) is a very important parameter in adsorption phenomena which corresponds to the pH value for which the net charge of the surface of the adsorbents is zero. The results of the batch method for the determination of PHpzc are visualized in Figure 1. The zero charge point was estimated at pH = 6.78 for CA-DM-KOH. For pH values ​​> PHpzc, the surface of CA-DM-KOH is negatively charged, which promotes the adsorption of BM. However, for pH < PHpzc, the surface of CA-DM-KOH is positively charged, therefore likely to repel cationic dyes.
[image: ]









                                                  Figure .1 pH effect at the zero-charge point
3.2. Effect of pH
The results obtained were studied in the range from pH 7 to 12, with an initial concentration of 50 mg/L for a mass of CA-DM-KOH of 0.1g at room temperature. The addition of HCl or NaOH allowed the adjustment of these pH values. In Figure 2, the amount of BM adsorbed is 98.32% for a pH=11. The adsorption efficiency increases with pH. Indeed, a basic environment is rather favorable to the adsorption of BM (cationic pollutant) onto the synthesized activated carbon.
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                    Figure 2: Effect of pH (Co: 50 mg/L; m: 0.1 g; pH 7 to 12)
3.3. Effect of contact time :
The results show that the adsorption capacity of BM increases rapidly in the first 10 minutes with an elimination rate of 98.43% until reaching a saturation plateau. This could be explained by the high availability of active sites on the surface of the adsorbent, then it remains almost constant after 40 minutes of contact. This result is significantly higher than that obtained by Wyasu et al. (2020) and Husaini et al. (2023) during the first 15 minutes of heavy metal removal. For the remainder of our work, the optimal contact time of 10 minutes will be used as a reference time [3]-[4].
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                        Figure 3: Effect of contact time (C0: 50 mg L-1; m: 0.7 g; pH: 11; T: 25 °C).
3.4. Effect of mass :
Figure 4 shows that the adsorption yield of BM increases with the mass of adsorbent in the range varying from 0.1 to 1g. The results indicate that the elimination rate increases progressively with increasing dose of CA-DM-KOH. Thus, the optimal mass is 0.7g, for a 99.16% elimination rate of BM. We note that from the mass of 1g onwards the adsorbed quantities of BM no longer change. This cannot be explained by an agglomeration of particles on the surface of the material. This result is significantly higher than that obtained by (GUERGAZI S et al, 2013) on tyrosine with an elimination rate of 96.87% [5]-[6].
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                                        Figure 4. Mass effect with CA-DM-KOH (pH=11; m: 0.7g; t: 10 min; T: 25°C)
3.5. Effect of initial concentration : 
The variation of the concentration of the BM solution from 10 to 100mg/L in contact with the optimum mass of 0.7g, under agitation for 10 minutes, indicated an adsorption capacity of 98.79% for a concentration of 40mg/L.
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               Figure 5: Effect of initial concentration with CA-DM-KOH (m: 0.7 g; pH: 11; T: 25 °C; t: 10 min).
3.6. Effect of temperature :
The effect of temperature was studied in the range of 25-75 °C. Figure 6 shows that at a temperature of 35°C, the removal rate of methylene blue by activated carbon is 99.31%.This is significantly higher than those of (KHELIFI O et al,2016) and (F.Sakr et al,2014). The temperature increase hinders the development of the adsorption phenomenon [7]-[8]-[1].
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             Figure 6: Effect of temperature with CA-DM-KOH (C0: 50 mg L-1; m: 0.7g; pH: 11; t: 10 min).

3.7. Adsorption isotherm models :
The results indicate that the Freundlich model is the most suitable for describing the adsorption of methylene blue (BM) on CA-DM-KOH, unlike the Langmuir model which proved less appropriate. This indicates that adsorption does not occur in a monolayer on a homogeneous surface, as assumed by the Langmuir model, but rather on a heterogeneous surface, with adsorption sites of varying energies, in accordance with the Freundlich model. Thus, under experimental conditions, adsorption is influenced by energy variability and the non-uniform distribution of active sites on the surface of activated carbon. See Figures 7 and 8 and Tables 1 and 2.
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  Figure 7: Langmuir isotherm                                                                                   Figure 8: Freundlich isotherm
Table 1. Langmuir  constants for adsorption isotherm model.
	Activated charcoal
	Langmuir model

	
	R2
	RL
	KL
	Qm

	
	0,27
	3,72.10-8
	5,38.105
	1,77.10-3








Table 2. Freundlich constants for adsorption isotherm model.
	Actived charcoal
	 Freundlich model

	
	R2
	KF
	n
	1/n

	
	0,70
	2,24.108
	0,808
	1,237






3.8. Kinetic models of adsorption :
Analysis of the results shows that the pseudo-first-order kinetic model for BM adsorption on activated carbon does not match the experimental results, due to the low value of the correlation coefficient. On the other hand, the pseudo-second order model has an excellent correlation coefficient (R² = 0.99), very close to 1. Therefore, the kinetic data are better described by the pseudo-second order model. These results are consistent with those obtained by Abdallah et al. for the adsorption of BM on eucalyptus and by Yaya et al. for the adsorption of pseudoboehmite [9]-[10]. Figures 9, 10 and Tables 3 and 4.
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[image: ]	    Figure 9: Pseudo-first-order model for BM adsorption kinetics



	






                                      Figure 10: Pseudo-second order model for adsorption kinetics.

Table 3: Pseudo-first-order model.
	Actived charcoal
	Pseudo-first-order model.

	
	R2
	K1
	qe

	
	0,49
	4,05.10-3
	6,8.1019







Table 4: Pseudo-second order model.
	Actived charcoal
	Pseudo-second order model

	
	R2
	K2
	qe

	
	0,99
	0,876
	2,2.104







3.9. Thermodynamic parameters:
The thermodynamic parameters of methylene blue adsorption on the surface of CA-DM-KOH were determined at different temperatures. The Gibb’s free energy (ΔG0), entropy (ΔS0), and enthalpy (ΔH0) changes for the adsorption were determined by : 

          (7)

                (8)
where T is the solution temperature (K), R is the universal gas constant (8.314 J.K -1.mol -1) and Kl is the equilibrium constant. The calculated thermodynamic parameters are demonstrated in Table 5. the standard enthalpy (ΔH0) < 0 means that the fixation reaction on the prepared activated carbon is  exothermic; the standard entropy ΔS°> reveals the disorder at the solid-liquid interface due to the mobilities of the adsorbed molecules; The standard free energy ΔG°< indicates the spontaneity of adsorption of BM by the activated carbon. This result is similar to that obtained by (Abdallah et al, 2016) during the adsorption of BM on the surface of eucalyptus.
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                                          Figure 11: Representation of Ln Kd as a function of 1/T.
Table 5: Thermodynamic parameters	
	T (°K)
	(ΔH0) (kJ.mol-1)
	ΔS° (kJ.mol-1. K-1)
	ΔG° (kJ.mol-1)

	298
	-13,169
	34,083
	-23,327

	308
	
	
	

	318
	
	
	

	333
	
	
	

	348
	
	
	




4. CONCLUSION :
The results of methylene blue (BM) adsorption on activated Detarium microcarpum peel (CA-DM-KOH) showed rapid retention (10 minutes). This is due to the high availability of active sites on the surface of the adsorbent. The pH and ambient temperature allowed for high adsorption rates, on the order of 99.46%. Modeling of adsorption isotherms revealed that the Langmuir model is not suitable for describing the adsorption of methylene blue (BM) on CA-DM-KOH due to its low correlation coefficient, unlike the more appropriate Freundlich model. The study of thermodynamic parameters confirmed the spontaneous and exothermic nature of the adsorption process. We can therefore suggest the use of CA-DM-KOH synthesized from this material for the decolorization of dyes and, in particular, for the treatment of wastewater in order to preserve the environment.
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