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1. Introduction 

The increasingly sustained demographic growth in certain African large cities in general, and in Dakar 

in particular, leads to the discharge of large quantities of effluents loaded with various types of 

pollutants. These pollutants can be organic matter [1, 2], dyes [3, 4], heavy metals [5, 6], pesticides [7, 

8], pharmaceutical compounds [9-11], hydrocarbons [12, 13], etc. Wastewaters management has 

Abstract 

The treatment of industrial effluents is essential to combat environmental pollution. 

Activated carbon adsorption is one of the most widely used techniques for the treatment of 

dye-laden effluents. However, the efficiency of this process depends on the nature of the 

precursor material and the properties of the carbon used. The aim of this study is to 

determine the effect of the nature of the activating agent on the adsorbent properties of 

activated carbon based on neem shells. Three activated carbons (CA-H3PO4, CA-KOH and 

CA-ZnCl2) were chemically prepared by using, respectively, H3PO4, KOH and ZnCl2 as 

activating agents. The characterization of the active carbons produced included the 

determination of moisture and ash content, bulk density, surface functions and methylene 

blue and iodine indices. The CA-KOH gives the best adsorption capacity (35.23 mg.g-1) of 

methylene blue while the CA-ZnCl2 is more efficient for iodine adsorption (732.76 mg.g-

1). However, the CA-H3PO4 has a cumulative efficiency for both small and large molecules. 

The results also showed that the prepared carbons are effective for the removal of 

methylene blue in aqueous solution. The kinetic study showed that the fixation of 

methylene blue on the studied adsorbents is best described by the pseudo-second order 

model. Finally, this study showed that the properties of the activated carbon are strongly 

influenced by the nature of the activating agent and that chemical activation makes it 

possible to obtain excellent activated carbons based on neem seed hulls which can be used 

in the treatment of industrial influent 
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therefore become a major concern for polluting communities and companies. Thus, water 

decontamination is necessary to protect the environment. Several techniques have been developed to 

eliminate recalcitrant molecules in water, such as coagulation-decantation [14, 15], filtration [16, 17], 

adsorption, electrocoagulation, ion exchange [18], reverse osmosis [19], biosorption, etc.  Adsorption 

on activated carbon is the most widely used technique. This process efficiency depends on the 

performance of the adsorbent used. The adsorption properties of an activated carbon are strongly 

influenced by the nature of the precursor on the one hand, and by the operating parameters used during 

its preparation on the other hand. Among these parameters, the most influential are the nature, the 

concentration and the impregnation ratio of the activating agent [20, 21], the temperature and time of 

pyrolysis [22], etc. The nature of the activating agent is one of the most important parameters of the 

activation process [23-25]. Several activating agents are known to be effective for the activation of 

activated carbons. Among these chemical agents, we can mention potassium hydroxide [26, 27], zinc 

chloride [27], phosphoric acid [26, 27], potassium carbonate [28], calcium chloride [29] and sodium 

hydroxide [28], etc. This study has a double aim. First it will determine the adsorbent properties of 

different activated carbons prepared with various activating agents (H3PO4, KOH and ZnCl2) and then, 

compare their performances to remove a dye (methylene blue) in aqueous solution. 

2.1. Preparation of adsorbents 

2.1.1. Preparation of the raw material  

The raw material used in this study is neem seeds collected in Babol, Kaolack region, (Senegal). After 

collection, the seeds were dried. We proceeded by hand sorting to remove impurities and foreign 

particles. And then, we did manual hulling to separate the hull from the kernel. The resulting hulls were 

washed thoroughly with distilled water to remove dust and other water-soluble compounds and then 

oven dried at 105°C for 24 hours. The dried hulls were ground into fine particles using an electric knife 

mill (Saachi NB-0002) and sieved. Only particles with a diameter less than 800 μm are retained for the 

preparation of activated carbons.  

2.1.2. Preparation of activated carbons 

The different activated carbons have been prepared from neem hulls by chemical means using three 

activating agents, H3PO4 (85%), ZnCl2 (20%) and KOH (20%) and named CA- H3PO4, CA- ZnCl2 and 

CA-KOH, respectively. The preparation process is the same for all activated carbons and is inspired 

by the work of TCHAKALA et al [30]. Neem seed hull powders are mixed with the activating agent 

at an impregnation ratio (precursor weight/activating agent weight) equal to 1/2 [24, 31]. The mixture 

is stirred for a sufficient time at room temperature (about 25°C) to ensure a good diffusion of the 

activating agent within the material matrix. The mixture is then placed in an oven at a temperature of 

120°C for 6 hours. The impregnated particles are then carbonized in an oven at a temperature of 450°C 

for 2 h. The activated carbons thus obtained are washed with distilled water to eliminate the residues 

of the activating agent and other impurities until a washing water of neutral pH is obtained. Finally, 

the carbons are dried in an oven at 105°C for 24 hours and then stored in plastic jars. 

2.2. Preparation of the adsorbate 

In this study, Methylene Blue (MB), a methylthioninium chloride showed in Figure 1, has been used 

to prepare the wastewaters to be treated. The dye stock solution has been prepared by dissolving 1 g of 

dye in 1 L of distilled water and solutions of desired dye concentrations were obtained by diluting the 

stock solution. 
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Figure 1. Methylene blue structure 

2.3. Determination of the pyrolysis yield 

The pyrolysis yield reflects the weight loss of the biomass during pyrolysis. It is calculated using the 

following relationship (1): 

𝑅 =  
𝑀𝑓

𝑀𝑖
∗ 100      (Eqn. 1) 

R represents pyrolysis yield in %; Mf, the final weight of coal in g; Mi, the initial weight of precursor 

material (g). 

2.4. Determination of the physico-chemical parameters of the different activated carbons 

2.4.1. Determination of the pH 

The pH is determined according to the ASTM 3838-80 method. A mass of approximately 1 g of carbon 

is introduced into an Erlenmeyer flask and 100 mL of distilled water is then added. The mixture is 

stirred for 1 hour and then filtered. The pH of the filtrate is measured using a pH meter (HI 2211, Hanna 

Instruments, France). 

2.4.2. Determination of humidity 

The moisture content is determined according to the standard (NF V 03- 603) by the loss in weight of 

a sample of approximately 1 g that has been oven-dried at 105°C until a constant mass is obtained. 

2.4.3. Determination of mineral content 

The Mineral Matter (MM) content, or ash, is determined by weight loss from the dry matter by 

incinerating it in an electrically heated muffle furnace at approximately 550°C for three hours (NF V 

03-922). The sample is then cooled in a desiccator and weighed as soon as the laboratory temperature 

is reached. 

2.4.4. Determination of bulk density 

To determine the bulk density, a 50 mL flask is filled to the mark with the material. The bulk density 

is calculated from the weight of the sample and the bulk volume of the sample.  

2.4.5. Determination of the iodine value 

The iodine molecule has been chosen as a reference molecule to evaluate the adsorption capacity of 

solutes of small molecular size <10 Å [32]. The iodine value is defined as the amount, in milligrams 

of iodine, adsorbed by 1 g of adsorbent. The iodine value is determined according to the AWWA B 

600-78 method [26]. A known weight of activated carbon previously dried at 105°C for 24 hours is 

brought into contact with a known volume of iodine solution of known concentration. The mixture is 

stirred for 30 min before being filtered. The filtrate is assayed with a sodium thiosulphate solution 

using starch as a colour indicator. 

2.4.5. Determination of the methylene blue value 

We have taken methylene blue as a reference molecule to evaluate the adsorption capacity of solutes 

of size >15 Å [32]. In other words, the methylene blue index is considered as a basis for measuring the 
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adsorption capacity of large and medium sized molecules. It represents the quantity, in milligrams of 

methylene blue, adsorbed by 1 g of adsorbent. The method used for its determination is inspired by the 

work of DAS [33]. A weight of approximately 1 g of previously dried charcoal is brought into contact 

with 50 mL of a methylene blue solution of concentration 200 mg. L-1 for 30 min under continuous 

stirring. After adsorption, the residual methylene blue concentration is measured using a UV 

spectrophotometer (Agilent Technologies Cary 60 UV-Vis) at a wavelength (λ= 654 nm). The 

methylene blue index is calculated using the following formula (2): 

𝐼𝐵𝑀 =  
(𝐶𝑖−𝐶𝑓)𝑉

𝑚𝐶𝐴
∗ 100   (𝐄𝐪𝐧. 𝟐) 

With IBM, the methylene blue index in mg.g-1; Ci, the initial concentration of methylene blue in mg.L-

1; Cf, the final  concentration of methylene blue in mg.L-1; V, the volume of the adsorbed methylene 

blue solution in; mCA the weight of adsorbent in g. 

2.4.6. Estimation of surface functions 

The determination of the surface functions was carried out according to the BOEHM method which 

corresponds to an acid-base titration. The basic groups on the surface of the activated carbons are 

globally determined, while the acid groups are determined separately. Weight of approximately 0.1 g 

of shell are brought into contact with 50 mL of each of the aqueous solutions of NaOH and HCl of 

molar concentration 0.01 M. Each mixture is stirred for 24 hours in order to ensure that the maximum 

number of surface groups has reacted. The suspensions are then filtered and 10 mL of the filtrate from 

each solution is assayed. The basic solution was determined with 0.01 N hydrochloric acid and the 

acidic solution with 0.01 N sodium hydroxide. The surface functions sought are expressed in 

milliequivalents per gram of adsorbent (m-eq.g-1). 

2.5. Adsorption of methylene blue on neem hulls 

The adsorption tests have been carried out in a stirred batch reactor, in 250 mL Erlenmeyer flasks, by 

bringing a known weight of activated carbon into contact with a solution with a well-defined methylene 

blue concentration. The assembly was kept under continuous stirring at a speed of 400 rpm for a defined 

time at room temperature (about 25°C). After each adsorption test, the solution is filtered on filter paper 

and the filtrate is analysed to determine the residual methylene blue concentration using a 

spectrophotometer (UV-Vis 60 Cary 60 Agilent Technologies). The adsorption capacity and the 

removal rate are calculated respectively, according to the following equations (3) and (4): 

𝑄𝑒 =  
(𝐶𝑖 − 𝐶𝑓)𝑉

𝑚𝐶𝐴
∗ 100     (𝐄𝐪𝐧. 𝟑) 

 

T =  
(𝐶𝑖 − 𝐶𝑓)

𝐶𝑖
∗ 100       (𝐄𝐪𝐧. 𝟒) 

Qe represents the adsorption capacity in mg.g-1; Ci, the initial concentration of MB in mg.L-1; Cf, the 

concentration of the solution after adsorption in mg.L-1; V, the volume of the solution in L; T, the rate 

of elimination of MB in %. 

2.5.1. Effect of the nature of the activating agent on the elimination kinetics of methylene blue 

To study the effect of the nature of the activating agent on the adsorption kinetics and thus determine 

the equilibrium adsorption capacity for each adsorbent, we followed the evolution of the quantity of 

methylene blue adsorbed as a function of time (0 to 180 min). The effect of the nature of the activating 
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agent on the kinetics was carried out under the following conditions: the initial concentration of MB in 

the solution was fixed at 50 mg.L-1, the volume of the solution at 100 mL, the mass of adsorbent at 0.1 

g, the temperature at 25°C and without adjustment of the pH of the initial MB solution prepared. 

2.5.2. Modelling the adsorption kinetics of methylene blue 

To determine the equilibrium adsorption capacity as well as the adsorption mechanism, the following 

four models were tested: the pseudo-first order model, the pseudo-second order model, the intra-

particle diffusion model and the Elovich model. 

2.5.2.1. Pseudo-first order model : Lagergren model [26] 

1

𝑄𝑡
=

1

𝑄𝑒
+

𝐾1

𝑄𝑒

1

t
      (𝐄𝐪𝐧. 𝟓) 

Qt, the adsorption capacity at time t in mg.g-1; K1, the pseudo first-sorder rate constant in min-1; t, the 

contact time in min; Qe, the adsorption capacity at equilibrium in mg.g-1,  

The plot of 
1

𝑄𝑡
 as a function of 

1

t
 gives a straight line with a slope equal to 

𝐾1

𝑄𝑒
 and an intercept equal to 

 
1

𝑄𝑒
. 

2.5.2.2. Pseudo-second order model :  HO and Mckay model [34] 

𝑡

𝑄𝑡
=

1

𝐾2𝑄𝑒2
+

1

𝑄𝑒
𝑡     (𝐄𝐪𝐧. 𝟔) 

Qt, the quantity of solute adsorbed by the material at time t in mg.g-1 ; K2, the apparent rate constant of 

the pseudo-second order in g.mg-1.min-1; Qe, the adsorption capacity at equilibrium in mg.g-1.  

The plot of 
𝑡

𝑄𝑡
 as a function of time t gives a straight line with a slope equal to 

1

𝑄𝑒
  and an intercept equal 

to 
1

𝐾2𝑄𝑒2
. 

 

2.5.2.3. Intra-particle diffusion model : Webber and Morris model [34] 

Qt = kintt
1/2  +  C      (𝐄𝐪𝐧. 𝟕) 

Qt, the adsorption capacity at time t in mg.g-1; Kint, the rate constant of intra-particle diffusion in mg.g-

1.min-1; C, the constant related to the thickness of the boundary layer in mg.g-1. 

The plot of Qt versus t1/2 gives a straight line with a slope equal to Kint and an intercept equal to C. 

2.5.2.3. Elovich model : Chien et al. [35] 

𝑄𝑡 =
1

𝛽
𝑙 𝑛(𝛼𝛽) +

1

𝛽
𝑙𝑛𝑡         (𝐄𝐪𝐧. 𝟖) 

Qt, the adsorption capacity at time t in g.mg-1; α, the initial adsorption rate in mg.g-1.min-1; β, the 

desorption constant in g.mg-1. 

The plot of Qt as a function of lnt gives a slope of 
1

𝛽
 and an intercept equal to 

1

𝛽
𝑙𝑛(𝛼𝛽). 

3. Results and discussion 

3.1 Pyrolysis yield of the activated carbons produced 

The yield provides information on the mass losses in relation to the initial mass of the precursor during 

pyrolysis. The results obtained (Figure 2) show that the impregnation of the precursor material by the 
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activation agents used makes it possible to increase the pyrolysis yield compared to the unimpregnated 

precursor (CA-NI). In other words, the impregnation increases the thermal resistance of the precursor 

material. This can be explained by the fact that the activating agents used are dehydrating agents that 

can delay thermal decomposition and limit the loss of carbon atoms in the form of volatile matter (CO, 

CO2, CH4, etc.) and tars. The results obtained also indicate that the pyrolysis yield depends on the 

nature of the activating agent used. Phosphoric acid gives the best pyrolysis yield, followed by 

potassium hydroxide and zinc chloride. This result complies with the literature [26, 36, 37]. 

 

Figure 2. Pyrolysis efficiency of different adsorbents 

3.2. Determination of the physico-chemical parameters of the different adsorbents 

3.2.1. Determination of the surface functions of the adsorbents 

To determine the nature of the functional groups on the surface of the adsorbents, we determined the 

surface functions of the adsorbents. The obtained results showed in Table 1 reveal that CA-H3PO4 

contains more acidic functions than the other adsorbents, while the surface of CA-KOH is naturally 

more basic than that of the other adsorbents. These results confirm that the surface of the carbon is 

very influenced by the nature of the activating agent. 

Table 1. Surface functions of the studied adsorbents (m-eq.g-1) 

Activated carbon Basic fonctions                Acid fonctions 

CA-H3PO4 0.65 4.70 

CA-ZnCl2 1.10 4.30 

CA-KOH 2.40 2.35 

3.2.2. Determination of the physico-chemical parameters of activated carbons 

To determine the adsorbing properties of the different carbons, their physico-chemical parameters were 

first determined. The obtained results (Table 2) show that the activated carbons have low ash and 

humidity levels. A high ash content has the effect of reducing the adsorption capacity of the activated 

carbon because the ash constitutes an inert mass that can obstruct the pores, thus leading to a reduction 

in adsorption capacity [26]. CA-ZnCl2 has the highest ash content followed by CA-H3PO4. The low 

ash content (1.58%) of CA-KOH is explained by the fact that KOH reacts with the ash to give a soluble 

form that may be removed during washing [38]. The results also show that the bulk densities of the 

different adsorbents are higher than the limiting bulk density (0.25 g.cm-3) defined by the American 

Water Works Association (AWWA) [38]. The results shown also that ZnCl2 gives the higher bulk 

density, while H3PO4 is the least dense activated carbon. The outcomes also show that CA-KOH has 
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the best methylene blue value and the lowest iodine value while the opposite is observed for CA-ZnCl2. 

However, CA- H3PO4 displays both high methylene blue and iodine values due to the fact that 

activation with H3PO4 favours a heterogeneous pore size distribution. The results show that chemical 

activation develops porosity and makes the material surface more reactive. This leads to an 

improvement in the adsorbent properties of activated carbons. The results confirm that the performance 

of the carbon depends on the nature of the activation agent used, particularly due to the difference in 

reactivity of the activation agents used. 

Table 2. Physico-chemical parameters of the different adsorbents studied 

Parameters Units CA-H3PO4 CA-KOH CA- ZnCl2 

pH - 2.68 6.98 7.14 

Humidity % 2.80 3.64 0.86 

Ash content % 2.29 1.58 3.19 

II2 mg.g-1 730.45 617.00 732.76 

IBM  mg.g-1 17.26 17.68 9.67 

Bulk density g.cm-3 395.76 438.40 464.86 

3.3. Adsorption of methylene blue on activated carbon 

3.3.1. Adsorption kinetics of methylene blue on activated carbon 

To determine the effect of the nature of the activating agent on the performance of the activated carbon, 

we have studied the kinetics of the adsorption of BM. The results (Figure 3) showed that the amount 

of MB adsorbed increases as expected with time for all adsorbents. The evolution of the quantity of 

MB adsorbed follows the same pattern and comprises two phases for all the carbons studied.  

 

Figure 3. Effect of the nature of the activating agent on the capacity of BM as a function 

of contact time (CBM= 50 mg.L-1; pH=6,21; T=24 °C; m=0,1 g) 

There is a first rapid phase where the quantity of MB increases rapidly and significantly, and then a 

second one, less rapid, marked by a slight variation in the quantity of methylene blue adsorbed until 

equilibrium is reached. This pattern can be explained by the fact that the number of active sites on the 

surface of the carbon is higher at the beginning of the adsorption process and decreases with contact 
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time and with the number of occupied sites. The results also show that the equilibrium time depends 

on the nature of the activation agent used. The equilibrium time is shorter for CA-KOH (120 min) than 

for CA-H3PO4 and CA-ZnCl2 for which it reaches 150 min. This difference in equilibrium time may 

be due to the difference in structure of the adsorbents [39]. The adsorption capacities obtained show 

that CA-KOH has the best adsorption capacity (54.17 mg.g-1) followed by CA- H3PO4 (49.6 mg.g-1). 

In sum, the results show that activated carbons are more effective than the carbon obtained without 

impregnation and its effectiveness depends on the nature of the activating agent. 

3.3.1.2. Modelling of adsorption kinetics  

In order to determine the best kinetic model of MB adsorption and to know the mechanism of 

methylene blue fixation on the adsorbents, we applied the following kinetic models such as: the 

pseudo first-order model, the pseudo-second order model, the intra-particle diffusion model and the 

Elovich model. The obtained kinetic models are shown in Figures 4 and 5 and the calculated kinetic 

parameters are shown in Table 3. Figures 4 and 5 show that the pseudo-second order model is the 

most suitable model to describe the adsorption of MB on all studied carbons. We can therefore 

conclude that the fixation of methylene blue to these adsorbents is of the chemisorption type. 

         

Figure 4. Kinetic models of the pseudo-first and pseudo-second order of MB adsorption on the studied 

adsorbents 

The affinity of MB adsorption to the pseudo-second order model is consistent with the results of 

GUEYE et al. 2015, who worked on BM adsorption on a peanut shell-based activated carbon [26], 

with those of BHATTACHARYA et al. 2006, who worked on zinc adsorption on different adsorbents 

[40]. The low values of the correlation coefficients of the intra-particle diffusion and Elovich models 

of CA-H3PO4 and CA-ZnCl2 show that the adsorption process of MB on these supports is not well 

described by these models. For CA-KOH, the high correlation coefficients of the models studied show 

that these models describe well the fixation of MB on this carbon. The results also show that the 

adsorption mechanism depends on the nature of the activating agent. The fixation rates 0.0022 g.mg-

1.min-1 and 0.0020 g.mg-1.min-1 of MB respectively, for CA-KOH and CA- H3PO4 are very close and 

higher than that of CA-ZnCl2 (0.0006 g.mg-1.min-1). This result can be explained by the difference in 

porosity highlighted by the methylene blue and iodine indices.   
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Figure 5. Kinetic models of intra-particle diffusion and Elovich adsorption of MB on the studied adsorbents 

Table 3. Kinetic parameters of MB adsorption on the studied adsorbents 

Parameters  CA-H3PO4 CA-ZnCl2 CA-KOH 

Pseudo-first order 

Qe mg.g-1 32.68 26.46 33.67 

K1 min-1 18.12 45.78 17.39 

R2 - 0.973 0.959 0.9935 

Pseudo-second order 

Qe mg.g-1 31.54 28.09 33.78 

K2 g.mg-1.min-1 0.0022 0.0006 0.0020 

R2 - 0.9963 0.9776 0.9994 

Intra-particle diffusion 

Kint mg.g-1.min-1 1.15 1.77 1.39 

C - 14.01 10.57 15.73 

R2 - 0.7225 0.8927 0.9852 

Elovich 

α mg.g-1.min-1 5.89 8.21 6.58 

β g.mg-1 0.21 0.14 0.18 

R2 - 0.8054 0.9449 0.9995 
 

Conclusion 

Neem seed hulls, once considered as a waste product, can be valued through the production of activated 

carbons, which can be used to remove of recalcitrant molecules in the case of wastewaters treatment. 

The aim of this study is first to prepare activated carbons by chemical means using various activating 

agents such as H3PO4, KOH and ZnCl2 and then to study the effects of the activating agent on the 

pyrolysis yield and on the adsorbent properties of the produced activated carbon. The results of the 

characterization showed that the properties of the activated carbon are strongly influenced by the nature 

of the activating agent. Indeed, CA-KOH presents the best adsorption capacity for methylene blue 

(17.68 mg.g-1) while ZnCl2 is more efficient for the adsorption of iodine (732.76 mg.g-1). The kinetic 

study showed that the fixation of methylene blue on the adsorbents is perfectly described by the pseudo-

second-order model, thus showing that the adsorption is of chemisorption type. Finally, this study has 

shown that neem seed hulls, a lignocellulosic waste, available and at low cost, can constitute an 

R² = 0.8054

R² = 0.9449
R² = 0.9995

0

5

10

15

20

25

30

35

0 2 4 6

Q
 (

m
g.

g-1
)

Ln(t) (min)

Elovich

CA-H3PO4

CA-ZNCl2

CA-KOH

CA-H3PO4

R² = 0.7225

R² = 0.8927R² = 0.9852

0

5

10

15

20

25

30

35

0 5 10 15

Q
 (

m
g.

g-1
)

t1/2 (min)

Diffusion intra-particle

CA-H3PO4

CA-ZNCl2

CA-KOH



Diop et al., J. Mater. Environ. Sci., 2022, 13(11), pp. 1142-1153 1151 

 

excellent precursor for the production of activated carbons, usable in wastewater treatment and that the 

choice of the activating agent constitutes a key factor in the efficiency of the adsorption process. The 

evaluation of the effects of other influential parameters such as impregnation ratio, time and 

temperature of pyrolysis on the adsorption properties of the carbon will help to improve its 

performances. 

Acknowledgement: We thank all the technical staff of the Chemical Engineering Laboratory of Polytechnique 

Higher School the of Dakar (ESP). 

Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 

Compliance with Ethical Standards: This article does not contain any studies involving human or animal 

subjects. 

References 

[1]. S. M. Beyan, S. V. Prabhu, T. T. Sissay, and A. A. Getahun, Sugarcane bagasse based activated 

carbon preparation and its adsorption efficacy on removal of BOD and COD from textile effluents: 

RSM based modeling, optimization and kinetic aspects, Bioresource Technology Reports, (14) 

(2021) 100664. 

[2]. A. E.  A. Nayl,  R. A. Elkhashab, T. Malah, S. M. Yakout, M. A. Khateeb, M. m. S. Ali, and H. 

M. Ali, Adsorption studies on the removal of COD and BOD from treated sewage using activated 

carbon prepared from date palm waste, Environmental Science and Pollution Research, 24(28) 

(2017) 22284-22293. 

[3]. L. Bulgariu, L. B. Escudero, O. S. Bello, M. Iqbal, J. Nisar, K. A. Adegoke, F. Alakhras, M. 

Kornaros, and I. Anastopoulos, The utilization of leaf-based adsorbents for dyes removal: A 

review, Journal of Molecular Liquids, (276) (2019) 728-747. 

[4]. S. Wong, N. A. Ghafar, N. Ngadi, F. A. Razmi, I. M. Inuwa, R. Mat, and N. A. S. Amin, Effective 

removal of anionic textile dyes using adsorbent synthesized from coffee waste, Scientific reports, 

10(1) (2020) 1-13. 

[5]. M. Czikkely, E. Neubauer, I. Fekete, P. Ymeri, and C. Fogarassy, Review of heavy metal 

adsorption processes by several organic matters from wastewaters, Water, 10(10) (2018) 1377. 

[6]. R. B. Shaikh, B. Saifullah, F.U. Rehman, Greener method for the removal of toxic metal ions from 

the wastewater by application of agricultural waste as an adsorbent, Water, 10(10) (2018) 1316. 

[7]. A. Rahmani, M. Leili, A. Seid-mohammadi, A. Shabanloo, A. Ansari, D.  Nematollahi, and S. 

Alizadeh, Improved degradation of diuron herbicide and pesticide wastewater treatment in a three-

dimensional electrochemical reactor equipped with PbO2 anodes and granular activated carbon 

particle electrodes, Journal of Cleaner Production, (322) (2021) 129094. 

[8]. M. S.’A. Kankou, A. D. N’diaye, B. Hammouti, S. Kaya and M. Fekhaoui, Ultrasound-assisted 

adsorption of Methyl Parathion using commercial Granular Activated Carbon from aqueous 

solution, Mor. J. Chem. 9(4) (2021) 832-842. 

[9]. K. Jedynak, B. Szczepanik , N. Redzia, P. Słomkiewicz, A. Kolbus, and Paweł Rogala, Ordered 

mesoporous carbons for adsorption of paracetamol and non-steroidal anti-inflammatory drugs: 

ibuprofen and naproxen from aqueous solutions, Water, 11(5) (2019) 1099. 

[10]. A. Macías-García, J. García-Sanz-Calcedo, J.P. Carrasco-Amador, R. Segura-Cruz, Adsorption 

of paracetamol in hospital wastewater through activated carbon filters, Sustainability, 11(9) (2019) 

2672. 

https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000414#!
https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000414#!
https://www.sciencedirect.com/science/article/abs/pii/S2589014X21000414#!


Diop et al., J. Mater. Environ. Sci., 2022, 13(11), pp. 1142-1153 1152 

 

[11]. H. Fu, X. Li, J. Wang, P. Lin, C. Chen, X. Zhang, and I.H. Suffet, Activated carbon adsorption 

of quinolone antibiotics in water: Performance, mechanism, and modeling, Journal of 

Environmental Sciences, (56) (2017) 145-152. 

[12]. B. S. Inbaraj, K. Sridhar, and B.  H. Chen, Removal of polycyclic aromatic hydrocarbons from 

water by magnetic activated carbon nanocomposite from green tea waste, Journal of Hazardous 

Materials, (415) (2021) 125701. 

[13]. S. Lamichhane, K. B. Krishna, and R. Sarukkalige, Polycyclic aromatic hydrocarbons (PAHs) 

removal by sorption: a review. Chemosphere, (148) (2016) 336-353. 

[14]. M. U. Dao, H. S. Le, H. Y. Hoang, A. V. Tran, V. D. Doan, and T. T. N. Le, Alexander 

Semenovich Sirotkin, Van Thuan Le, Natural core-shell structure activated carbon beads derived 

from Litsea glutinosa seeds for removal of methylene blue: Facile preparation, characterization, 

and adsorption properties, Environmental Research, (198) (2021) 110481. 

[15]. K. Piaskowski, R. Świderska-Dąbrowska, and P. K. Zarzycki, Dye removal from water and 

wastewater using various physical, chemical, and biological processes, Journal of AOAC 

International, 101(5) (2018) 1371-1384. 

[16]. M. Mozumder and M. Islam, Development of treatment technology for dye containing industrial 

wastewater, Journal of Scientific Research, 2(3) (2010) 567-567. 

[17]. S. Maiti, B. Prasad, and A.K. Minocha, Optimization of copper removal from wastewater by fly 

ash using central composite design of Response surface methodology, SN Applied Sciences, 2(12) 

(2020) 1-14. 

[18]. B. Swanckaert, J. Geltmeyer, K. Rabaey, K. D. BuYsser, L. Bonin, and K. D. Clerck, A review 

on ion-exchange nanofiber membranes: properties, structure and application in electrochemical 

(waste) water treatment, Separation and Purification Technology, 287 (2022) 120529. 

http://dx.doi.org/10.1016/j.seppur.2022.120529  

[19]. P. Atheba, P. Drogui, and A. Trokourey, Adsorption kinetics and thermodynamics study of 

butylparaben on activated carbon coconut based, Journal of Encapsulation and Adsorption 

Sciences, 8(02) (2018) 39. 

[20]. W. Hao, E. Bjorkman, M. Lilliestrale, and N. Hedin, Activated carbons for water treatment 

prepared by phosphoric acid activation of hydrothermally treated beer waste, Industrial & 

Engineering Chemistry Research, 53(40) (2014) 15389-15397. 

[21]. Y. Gao, Q. Yue, B. Gao, and A. Li, Insight into activated carbon from different kinds of chemical 

activating agents: A review, Science of the Total Environment, (746) (2020) 141094. 

[22]. S. J. Zhang, H. M. feng, J. P. Wang, and H. Q. Yu, Structure evolution and optimization in the 

fabrication of PVA-based activated carbon fibers, Journal of Colloid and Interface Science, 321(1) 

(2008) 96-102. 

[23]. Y. Bao and G. Zhang, Study of adsorption characteristics of methylene blue onto activated carbon 

made by Salix psammophila, Energy Procedia, (16) (2012) 1141-1146. 

[24]. F. Ateş and Ö. Özcan, Preparation and characterization of activated carbon from poplar sawdust 

by chemical activation: Comparison of different activating agents and carbonization temperature, 

European Journal of Engineering and Technology Research, 3(11) (2018) 6-11. 

[25]. C. Liu, W. Wang, R. Wu, Y. Liu, X. Lin, H. Kan, and Y. Zheng, Preparation of acid-and alkali-

modified biochar for removal of Methylene Blue pigment, ACS omega, 5(48) (2020) 30906-30922. 

[26]. M. Gueye, Traitement d'une eau naturelle polluée par adsorption sur du charbon actif (CAK) 

préparé à partir de tourteaux de karité, Dechets-sciences-techniques, N°72 - N° Spécial LOMÉ, 

Congrès E3D (2016). https://doi.org/10.4267/dechets-sciences-techniques.3497  



Diop et al., J. Mater. Environ. Sci., 2022, 13(11), pp. 1142-1153 1153 

 

[27]. R. Gottipati, Preparation and characterization of microporous activated carbon from biomass and 

its application in the removal of chromium (VI) from aqueous phase, PhD, National Institute of 

Technology Rourkela, India (2012). 

[28]. Z. Heidarinejad, M. H. Dehghani, M. Heidari, G. Javedan, I. Ali, and M. Sillanpää, Methods for 

preparation and activation of activated carbon: a review, Environmental Chemistry Letters, 18(2) 

(2020) 393-415. 

[29]. A. Benhouria, Md. A. Islam, H. Zaghouane-Boudiaf, M. Boutahala,  and B. H. Hameed, Calcium 

alginate–bentonite–activated carbon composite beads as highly effective adsorbent for methylene 

blue, Chemical engineering journal, (270) (2015) 621-630. 

[30]. I. Tchakala, T. Kodom, M. S. Alfa-Sika, M. Bawa et G. Djaneye-Boundjou, Traitement d'une eau 

naturelle polluée par adsorption sur du charbon actif (CAK) préparé à partir de tourteaux de karité, 

Déchets Sciences et Techniques, (72) (2016) 1-6. 

[31]. S.M. Lamine, C. Ridha, H.M. Mahfoud, C. Mouad, B. Lotfi, A.H. Al-Dujaili, Chemical activation 

of an activated carbon prepared from coffee residue, Energy Procedia, 50 (2014) 393-400 

[32]. D. Kouotou, H. N. Manga, A. Baçaoui, A. Yaacoubi, and J. K. Mbadcam, Optimization of 

activated carbons prepared by and steam activation of oil palm shells. Journal of Chemistry, 2013 

(2013) 654343. https://doi.org/10.1155/2013/654343  

[33]. S. Das, Characterization of activated carbon of coconut shell, rice husk and Karanja oil cake, PhD, 

National Institute of Technology Rourkela, India (2014), doi: 110CH0351-8.pdf (nitrkl.ac.in). 

[34]. D. O. Omokpariola, Experimental Modelling Studies on the removal of crystal violet, methylene 

blue and malachite green dyes using Theobroma cacao (Cocoa Pod Powder), Journal of Chemistry 

Letters, 2(1) (2021) 9-24. 

[35]. D. O. Omokpariola, Experimental Modelling Studies on the removal of crystal violet, methylene 

blue and malachite green dyes using Theobroma cacao (Cocoa Pod Powder), Journal of Chemistry 

Letters, (2) (2021) 9-24. 

[36]. H. S. Karapınar, Adsorption performance of activated carbon synthesis by ZnCl2, KOH, H3PO4 

with different activation temperatures from mixed fruit seeds, Environmental Technology, (2021) 

1-40. 

[37]. D. Anis, M. A. M. Ishak, A. G. Zaidi, I. Khudzir, M. N. Iqbaldin, U. M. Osman, and W.I. Nawawi, 

Production of rubber seed pericarp based activated carbon using microwave-induced different 

chemical activating agent, International Journal of Scientific and Research Publications, 4(7) 

(2014) 1-8. 

[38]. P. Ravichandran, P. Sugumaran, S. Seshadri, and A. H. Basta, Optimizing the route for production 

of activated carbon from Casuarina equisetifolia fruit waste, Royal Society open science, 5(7) 

(2018) 171578. 

[39]. Y.H. Tan, S. X. Chin, W.L. Ange, Effect of H3PO4 and KOH as the activating agents on the 

synthesis of low-cost activated carbon from duckweeds plants, Jurnal Kejuruteraan, 1(4) (2018) 

37-43. 

[40]. A. Bhattacharya, S. Mandal, and S. Das, Adsorption of Zn(II) from aqueous solution by using 

different adsorbents, Chemical Engineering Journal, 123(1-2) (2006) 43-51. 

 

 

 (2022) ; http://www.jmaterenvironsci.com  

http://ethesis.nitrkl.ac.in/5712/1/110CH0351-8.pdf
http://www.jmaterenvironsci.com/

