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Abstract 

The activated carbons have been elaborated from neem seed hulls by chemical process using H3PO4 as the activating agent. 

The effects of impregnation ratio, temperature and pyrolysis time on yield, methylene blue and iodine values were studied. 

The Response Surface Methodology (RSM) was used for process optimization and modelling. The influence of the parameters 

was studied by analysis of variance (ANOVA) method to determine significant (items) factors. The common optimum 

conditions to produce an activated carbons determined using the desirability function of the design Expert 11 software, 

correspond to an impregnation ratio of 3, at a pyrolysis temperature of 527.81°C for 1h. The optimal conditions resulted in 

63.13% yield of activated carbon with methylene blue and iodine values of 39.20mg.g
-1

and 788.24 mg.g
-1

 respectively. The 

ANOVA showed that temperature was the most effluent factor on pyrolysis yield while the impregnation ratio was the most 

influential factor on methylene blue and iodine adsorption capacity. 
 

Keywords: Neem seed hulls, activated carbon, Box-Behnken design, optimization, methylene blue number, iodine number. 
 

Introduction 

Increasingly, industrial and urban wastewaters are contributing 

to significant parts of environmental pollution. Most of these 

wastewaters contain various contaminants (heavy metals, dyes, 

organic matter, etc.) which can bring about serious 

environmental problems and threats to human health when 

directly discharged into the environment, because the greatest 

part are dangerous and can cause cancer to human beings even 

at low concentrations
1
. The treatments of wastewaters 

containing recalcitrant molecules before discharge into the 

receiving environment are therefore more than necessary.  

 

To minimize the impacts of these discharges on ecosystems, 

several technical treatments can be used, such as flocculation, 

settling
2-3

, precipitation-filtration
4-5

, reverse osmosis
6
, advanced 

oxidation
7
, photocatalytic degradation

8
, ion exchange

9
 etc. 

Adsorption is the most widely used technique to remove of 

recalcitrant molecules due to its efficiency compared to other 

processes
10

. Among the advantages of adsorption are its 

implementation simplicity, its cheapness and its possibility of 

regeneration of the adsorbent
11

. Several adsorbents can be used 

to treat wastewaters: activated carbon, zeolite, silica gel, etc. 

Activated carbons are the mostly used as adsorbent. A lot of 

works has been done on activated carbon production from 

industrial waste and lignocellulosic materials such as coconut
12

, 

rice husk
13

, sugarcane bagasse
14

, peanut hulls
15

, tamarind seed
16

, 

lignin
17

, jatropha hulls
18

, desert date palm hulls
19

, baobab 

hulls
20

, mango hulls
21

 etc. 

 

The performances of activated carbon are strongly influenced by 

the elaboration process. However, several parameters are likely 

to have an influence on this process, of which, the most 

important are the impregnation ratio, the pyrolysis conditions 

(temperature and time)
22-23

. Therefore, the optimization of these 

parameters is necessary to produce quality activated carbon. For 

this purpose, several methods can be used. The response surface 

methodology (RSM) is one of the most effective methods
21, 24

. 

This methodology is a statistical approach that allows the 

maximum amount of information to be extracted with a 

minimum of experimental tests
22

. It makes it possible to model, 

to optimize and to analyse problems that the main reactions are 

impacted by numerous factors. The response surface 

methodology has several types of plans, including the central 

composite plane, the Box-Behnken plane, optimal planes, etc. 

The optimization of elaboration process of activated carbons 

from neem seed hulls using RSM is not well known yet. 

 

The aim of this work is, in one point, to determine the optimal 

conditions to elaborate activated carbons, on the other hand (on 
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another point) S to model the operating parameters of the 

synthesis of activated carbon based on neem hulls, a 

lignocellulosic waste widely available in Senegal
25-26

, by 

chemical activation. The surface response methodology was 

used based on the Box-Behnken plane to reach the effects of 

impregnation ratio, pyrolysis conditions (temperature and time) 

on pyrolysis yield, methylene blue and iodine numbers. 

 

Materials and methods 

Raw material pretreatment: The raw material used was 

pulped neem seeds collected in Babol, a village located in the 

Kaolack region (Senegal). After collection, the seeds are sorted 

and dried. Manual shelling is carried out to separate the hull 

from the kernel. The resulting hulls are washed thoroughly with 

distilled water. The material is then dried in an oven at 105°C 

for 24 hours and then ground using an electric knife mill (Saachi 

NB-0002) and sieved to obtain particles with a diameter less 

than 800 μm. 

 

Production activated carbon process: The process called wet 

process was used to prepare activated carbons. For this, neem 

hulls powders with less than 800μm of diameter are brought into 

contact with the activating agent (H3PO4) in a well-defined 

impregnation ratio. The mixture is stirred for 1h in a room 

temperature (25°C) to ensure good diffusion of the activation 

agent within the material. The mixture is then placed at 120°C 

for 6h in an oven. After drying, the material is carbonized in an 

oven at a temperature between 400 and 600°C for a defined 

period of time. The charcoals thus obtained are washed with 

distilled water and then dried under study at 105°C for 24h. 

 

We use the following formula to calculate the impregnation 

ratio (1): 

   
  

  
                       (1) 

 

Where: X is the impregnation ratio, MA is the weight of the acid 

solution (g) and Mp is the weight of the precursor (g). 

 

Determination of some monitored responses: The 

performances of the activated carbons have been measured by 

determining three parameters, namely activated carbon yield, 

methylene blue and iodine values. 

 

Determination of the pyrolysis yield: The pyrolysis yield, 

determined by calculation, results in the biomass loss of weight 

during its pyrolysis. It is calculated due to the following 

relationship (2): 

   
  

  
                      (2) 

 

Where: R is the pyrolysis yield (%); Mf the mass after pyrolysis 

(g); Mi the mass before pyrolysis (g). 

 

Determination of the iodine number: The iodine molecule 

was chosen as the reference molecule to evaluate the micro-

porosity of activated carbons
22

. The iodine number is 

determined according the AWWA B 600-78 method. A known 

mass of carbon previously dried at 105°C for 24h is brought into 

contact with a known volume of iodine solution of a known 

concentration. The mixture is stirred for 30 minutes (and then 

separated) before being separated. The filtrate is assayed with a 

solution of sodium thiosulphate using starch as a colour 

indicator. The amount of iodine adsorbed is then determined. 

 

Determination of the methylene blue value: Methylene blue 

has been chosen as reference molecule to evaluate macro-

porosity of activated carbons
22

. In other words, the methylene 

blue index is considered as a basis to measure the adsorption 

capacity of large and medium sized molecules. A mass of 

approximately 1g of previously dried charcoal is brought into 

contact with 50mL of a methylene blue solution with 

concentration 200mg.L
-1

 for 30 min under continuous stirring. 

After adsorption, the residual methylene blue concentration is 

measured using a UV spectrophotometer (Agilent Technologies 

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

blue value is calculated according to the following formula (3): 

 

     
(     ) 

   
                (3) 

 

Where IMB represents the methylene blue value (mg.g
-1

); Ci is 

the initial mass concentration of methylene blue (mg.L
-1

); Cf is 

the final mass concentration of methylene blue (mg.L
-1

); V is 

the volume of the solution adsorbed methylene blue (L); WAC: 

Mass of the adsorbent (g). 

 

Design of a plan experiments: Box-Behnken plane: The Box-

Behnken plans used in this study are response surface designs 

developed by George BOX and Donald BEHNKEN
27

. This 

methodology is a statistical approach which makes it possible to 

obtain a maximum of information on the variation of a 

parameter with a minimum of experiments
22

. The number of 

runs, N, to be carried out is given by the following relationship 

(4): 
 

                                  (4) 
 

Where k stands for the number of factors and r represents the 

number of replicates in the centre trials.                                    
 

The combination of the different factors is given by the Box-

Behnken matrix with 3 factors at three levels comprising 17 

experiments including 5 centre trials (Table-3). The center trials 

were used to assess the experimental error and reproducibility of 

the experiments. The responses followed for this experimental 

design are pyrolysis yield, methylene blue and iodine values. 

The mathematical equations to calculate the responses as a 

function of the factors are written in the following form: 
 

     ∑     
 
     ∑      

 
      ∑ ∑        

 
     

   
        (5) 
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Where Y represents the predicted response, b0 the constant 

coefficient, bi the linear coefficients, bij the interaction 

coefficients, bii the quadratic coefficients and xi, xj are the coded 

values of the operating parameters. 

 

Choice of experimental area: The operating parameters 

(factors) studied during the elaboration of activated carbons are: 

impregnation ratio (X1), pyrolysis temperature (X2) and 

pyrolysis time (X3). The choice of the areas of variation of these 

parameters was guided by the works of Anuwar and 

Khamaruddin
28

, Lia et al.
29

 and Ahmad et al.
30

. The 

experimental range is presented in Table-1. 

 

Table-1: Experimental domain of activated carbons process, 

Factors Units 
Coded 

factors 

Levels 

Low High 

Impregnation ratio - X1 1 3 

Pyrolysis temperature °C X2 400 600 

Pyrolysis time min X3 60 180 

 

The design expert software, version 11.1.2.0 (Stat-Ease Inc) was 

used to establish the 3-factor Box-Behnken plane with 12 trials 

and 5 trials in the centre for the exploitation of the experimental 

results and for the statistical analysis of the studied models. 

Results and discussion 

Experimental results: The responses obtained (Table-2), 

(156.14% to 74.35% from pyrolysis yield, 672.52 to 830.40 

mg.g
-1

 from iodine value and 1,00 to 39.20mg.g
-1

 from 

methylene blue value), vary in a relatively dispersed way that 

indicate the relevance of the experimental area chosen for the 

different factors. These results also show that the factors studied 

influence strongly the different responses monitored (pyrolysis 

yield, methylene blue and iodine numbers). Similar ranges of 

pyrolysis yield (55.12% to 77.7%)
32

, (16.10% to 80.06%)
33 

are 

reported in the literature. Similarly, similar iodine values 

(611.00 mg.g
-1

 to 1024.00 mg.g
-1

) are reported by Duan et al., 

who worked on the optimization of activated carbon preparation 

from jatropha hulls
22

. The values of methylene blue index (1.00 

to 39.20 mg.g
-1

) obtained are comparable with those of activated 

carbon based on sugar dregs (2.73 mg.g
-1

 to 23.69 mg.g
-1

)
10

. The 

results also show that the optimum operating conditions (Table-

3) are not the same for the three responses. The best pyrolysis 

yields are obtained at an impregnation ratio of 2 and at the 

lowest temperatures and pyrolysis times. The best methylene 

blue and iodine values are obtained at an impregnation ratio of 3 

and at the highest pyrolysis temperatures of 600°C and 500°C 

respectively for the methylene blue and iodine values. This 

shows that the factors studied do not have the same effects on 

pyrolysis yield, methylene blue and iodine values. 

  

Table-2: Box-Behnken matrix of experimental conditions and experimental results. 

Runs 
Factors Responses 

X1 (w/w) X2 (°C) X3 (min) R (%) IMB(mg.g
-1

) I2 (mg.g
-1

) 

1 2 500 120 68.54 24.82 736.01 

2 2 500 120 68.31 25.22 735.45 

3 3 600 120 56.35 39.20 766.19 

4 2 600 180 56.14 16.66 774.90 

5 2 400 60 74.35 08.20 743,33 

6 2 500 120 67.92 25.33 734.12 

7 3 500 60 64.63 36.96 789.85 

8 2 600 60 63.96 26.32 740.79 

9 2 500 120 68.16 24.82 733.21 

10 1 400 120 74.17 05.36 672.59 

11 3 400 120 68.26 28.01 732.06 

12 3 500 180 59.87 16.73 830.40 

13 1 600 120 61.98 18.52 705.26 

14 1 500 180 64.56 11.50 728.41 

15 2 400 180 70.89 10.27 696.97 

16 1 500 60 70.75 01.00 780.56 

17 2 500 120 68.22 25.48 735.11 

Development of regression model equations: The analysis of 

the different models studied (Linear model, 2FI model, 

Quadratic model, and Cubic model) reveals that the Quadratic 

model is the most adequate to predict the responses with 
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coefficients of correlation higher than 98.50 % (99.37 for yield, 

98.71 for methylene blue index and 99.65% for iodine index) 

(Table-4). For all tracked responses, the difference between R
2
-

fit and R
2
-predicted is less than 0.20, which confirms the 

validity of the models chosen to explain the tracked 

responses
31,32

. The quadratic models linking the responses to the 

different study factors are illustrated by the following equations 

(6), (7) and (8): 

 

Pyrolysis yield: Y1 (%) = 68.23 – 2.79375X1 – 6.155X2 – 

2.77875X3 + 0,07 + 0.3575X1X2 – 1.09 X2X3 – 2.21125X1
2
 – 

0.82875X2
2
  - 1.06625X3

2
                 (6) 

 

Methylene blue value: Y2 (mg.g
-1

) = 25.134 + 10.565X1 + 

6.1075X2 – 2.165X3 – 0.4925X1X2 – 7.6825X1X3– 2.9325 

X2X3–0.58825X1
2
–1.77325X2

2
–7.99825X3

2
                            (7) 

 

Iodine value: Y3 (mg.g
-1

) = 734.78 + 28.96X1 + 17.7738X2 – 

2.98125X3 + 0.365X1X2 + 23.175X1X3 + 20.1175X2X3 + 

13.7762X1
2
 – 29.5313 X2

2
 + 33.7488X3

2 
                               (8) 

 

 The results coefficients with a positive sign have a synergistic 

effect on the response studied and the others have an 

antagonistic effect
33-35

. 

 

Table-3: Optimal experimental conditions for the activated carbon process. 

Responses Units Exp values X1 X2 (°C) X3 (min) 

Y1 % 74.35 2 60 400 

Y2 mg.g
-1

 39.20 3 600 120 

Y3 mg.g
-1

 830.40 3 500 180 

 

Table-4: Sequential analysis of proposed models for yield. 

Source Dev. std R² R²-ajusté R²-prédit Press Comment 

Activated carbon yield (%) 

Lineair 1.68 92.13 90.31 87.44 58.25 
 

2FI 1.77 93.26 89.22 81.71 84.84 
 

Quadratic 0.2447 99.91 99.79 99.19 3.76 Suggested 

Cubic 0.2256 99.96 99.82 
 

* Aliased 

Methylene blue value (mg.g
-1

) 

Lineair 06.61 68.39 61.09 40.22 1074.16  

2FI 05.45 83.49 73.59 41.79 1046.08  

Quadratic 0.4646 99.92 99.81 98.95 18.94 Suggested 

Cubic 0.3011 99.98 99.92  * Aliased 

Iodine value (mg.g
-1

) 

Lineair 6.61 68.39 61.09 40.22 1074.16  

2FI 5.45 83.49 73.59 41.79 1046.08  

Quadratic 0.446 99.92 99.81 98.95 18.94 Suggested 

Cubic 0.3011 99.98 99.92  * Aliased 

The very high coefficients of determination R
2
 are confirmed by 

a low dispersion of the prediction plans obtained (Figure-1, 2 

and 3). 
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Figure-1: Predict versus experimental pyrolysis yield (%). 

 

 
Figure-2: Predict versus experimental methylene blue value 

(mg.g
-1

). 

 

 
Figure-3: Predict versus experimental iodine value (mg.g

-1
). 

 

Statistical analysis of the models: The ANOVA was used to 

assess the adequacy and relevance of the selected quadratic 

models. The ANOVA results from different models are shown 

in Table-5, 6 and 7. The results show that the models chosen for 

the different responses have p-values less than 0.05, which 

shows that the models are significant
31

. The lack of fit measures 

the difference between the residual error and the pure error. A 

non-significant lack of fit is desirable and the results show that 

the lack of fit of all models is not significant. The results show 

that temperature is the most significant parameter on the yield 

(Table-5) while the impregnation ratio is the most influential 

factor on the methylene blue index and iodine index (Table-6 

and 7) although the other terms are significant except for the 

X1X2 interactions. 

 

Table-5: ANOVA analysis for activated carbons yield. 

Source F-value p-value 

Model 860.12 < 0.0001 

X1-Imprégnation ratio 1043.09 < 0.0001 

X2-Pyrolysis temperature 5062.96 < 0.0001 

X3-Pyrolysis time 1031.92 < 0.0001 

X1X2 00.33 0.5851 

X1X3 08.54 0.0223 

X2X3 79.39 < 0.0001 

X1² 343.93 < 0.0001 

X2² 48.31 0.0002 

X3² 79.97 < 0.0001 

Lack of Fit 01.41 0.3627 

 

Table-6: ANOVA analysis for methylene value. 

Source F-value p-value 

Model 924.29 < 0.0001 

X1-Impregnation ratio 4137.27 < 0.0001 

X2-Pyrolysis temperature 1382.62 < 0.0001 

X3-Pyrolysis time 173.74 < 0.0001 

X1X2 04.50 0.0717 

X1X2 1093.83 < 0.0001 

X2X3 159.38 < 0.0001 

X1² 06.75 0.0355 

X2² 61.34 0.0001 

X3² 1247.99 < 0.0001 

Lack of Fit 04.22 0.0990 

Table-7: ANOVA analysis for iodine value. 

Source F-value p-value 
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Model 692.91 < 0.0001 

X1-Impregnation ratio 1905.76 <0.0001 

X2-Pyrolysis temperature 717.84 <0.0001 

X3-Pyrolysis time 20.20 0.0028 

X1X2 00.15 0.7088 

X1X3 610.21 < 0.0001 

X2X3 459.82 < 0.0001 

X1² 226.98 < 0.0001 

X2² 1042.99 < 0.0001 

X3² 1362.17 < 0.0001 

Lack of Fit 05.28 0.0710 

 

Analysis of the responses: Pyrolysis yield: The results 

(Figure-4(a)) show the combined effects of impregnation ratio 

and pyrolysis time on the yield. When the pyrolysis temperature 

is set at 500°C, the pyrolysis yield decreases with increasing 

impregnation ratio and activation time. When the pyrolysis time 

and the impregnation ratio are increased, it favors dehydration 

and degradation reactions, which are accompanied by volatile 

matter losses
36-38

. This result complies with the literature
37,39

. 

Similarly, the increase in temperature and the increase in contact 

time when the impregnation ratio is fixed at 2, leads to a 

decreasing yield (Figure-4(b)). Indeed, increasing the 

temperature at longer pyrolysis times also favours mass losses 

of the precursor material. The results reveal that the pyrolysis 

yield decreases with impregnation ratio, temperature and 

pyrolysis time. The best yields are observed when the 

impregnation ratio, temperature and contact time are in their 

minimum levels. 

 

Methylene blue and iodine values: Figure-5(a) shows that the 

methylene blue index increases with the impregnation ratio and 

the pyrolysis time. The ratio and the activation time have a 

synergistic effect on the adsorption capacity of the carbon. This 

increases in adsorption capacity can be explained by the fact 

that the extension pyrolysis time favours the action of 

phosphoric acid on the precursor material. Indeed, phosphoric 

acid promotes the dehydration and retention of carbon and leads 

to the redistribution of the bio-polymers which constitute the 

material. The increase of temperature and ratio facilitates the 

conversion of these bio-polymers into an aromatic ring which 

leads to the increase of the porosity of the activated carbon by 

the creation of macropores and mesopores responsible for the 

adsorption of big molecules such as the methylene blue
37

, and 

micropores. These letters are responsible for the adsorption of 

small molecules such as the iodine molecule
40-42

. The best 

elimination areas for methylene blue and iodine correspond to 

those with high impregnation ratios and long activation times. 

Similar results have been obtained by other researchers
42-43

.  

Figure-5(b) shows the effect of temperature and time on the 

methylene blue index when the impregnation ratio is set at 2. 

The results show that the methylene blue index initially 

increases with temperature and time and then gradually 

decreases. Indeed, the methylene blue index increases with the 

rise in temperature between 400 and 527.81°C. Between 527.81 

and 550°C, the methylene blue index is almost stable. When the 

temperature exceeds 550°C, the texture of the activated carbon 

can be destroyed. This destruction can be accompanied by a 

reduction in porosity leading to a decrease in methylene blue 

adsorption capacity
44

. Figure-6(a) shows the effect of the 

interactions of the operating parameters of pyrolysis 

(temperature and time) on the iodine value when the 

impregnation ratio is fixed 2. Figure-6(b) shows an increase in 

the iodine value with increasing temperature and pyrolysis time. 

This increase may be due to the prolongation of pyrolysis, 

which promotes elimination reactions that lead to the 

development of microporosity through the development of 

existing pores and the appearance of new pores. This situation 

increases the number of adsorption sites and the iodine index
45-

47
. When the temperature is increase, it accelerates the reaction 

and facilitates the removal of volatiles and tars, while increasing 

the pyrolysis time extends the activation, resulting in the 

generation of new pores and the expansion of existing ones. 

Iodine adsorption is optimal when the ratio, temperature and 

pyrolysis time are in their maximum levels. 

 

Optimisation of the activated carbons process: When the 

pyrolysis yield increases, the methylene blue and iodine values 

decrease and vice versa. Thus, in order to find a compromise 

between these three responses, the desirability function 

approach was applied. For this, the input variables (factors) as 

well as the yield are kept within their ranges while for the output 

variables, maximum values of methylene blue and iodine values 

are sought. In so doing, the maximum value obtained for 

desirability corresponds to the common optimal conditions of 

the three responses.  

 

The results obtained (Figure-7) show that the optimum 

operating conditions for the activated carbon process from neem 

seed hulls correspond to an impregnation ratio of 3, a pyrolysis 

temperature of 527.81°C and a pyrolysis time of 60 min, and 

make it possible to obtain a pyrolysis yield of 63.13%, and 

methylene blue and iodine indices of 39.20 mg.g
-1

 and 788.24 

mg.g
-1

, respectively. Similar optimal operating conditions are 

reported by Maguan et al., who worked on the optimization of 

activated carbon preparation based on barbary seed cake
23

. The 

optimal temperature (527.81°C) obtained is in agreement with 

the literature, which report that the optimal activation 

temperature with H3PO4 is close to 500°C
46-49

. The methylene 

blue index (39.20 mg.g
-1

) obtained shows that the developed 

activated carbon is more efficient for the adsorption of 

methylene blue than the commercial activated carbon produced 
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by Kureha Chemical Industry (Tokyo, Japan)
50

. The iodine 

value (788.24 mg.g
-1

) obtained is higher than those of activated 

carbon based on corn cobs
51

 and activated carbon based on 

coconut shells
52

. The high values of the methylene blue and 

iodine indices show that the developed activated carbon can be 

used for wastewaters treatment. 

 

Model Validation for preparation of the activated carbons: 

To assess the validity of the model, an activated carbon has been 

elaborated under the previously determined common optimal 

conditions. The experimental and predicted results by the 

models are shown in Table-8. The results reveal that the 

predicted values are very close to the experimental ones. The 

percentage errors are 0.19, 0.87 and 0.02% respectively for the 

yield, methylene blue index and iodine index respectively. This 

validates the developed models. The small differences between 

the values predicted by the models and those obtained 

experimentally confirm the adequate accuracy of the models and 

the reproducibility of the experiments. This confirms the 

validity of the models developed. The models thus developed 

can therefore be used to predict responses within the 

experimental range. 

 

 

 
 

 

Figure 4: Interaction effects between impregnation ratio and pyrolysis time (a), pyrolysis time and pyrolysis temperature (b) on 

pyrolysis yield. 

 

 
 

Figure-5: Interaction effects between impregnation ratio and pyrolysis time (a), pyrolysis time and pyrolysis temperature (b) on 

methylene blue value. 

(b) 
(a)

 
 

(b) 

(a) (b) 
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Figure-6: Interaction effects between impregnation ratio and pyrolysis time (a), pyrolysis time and pyrolysis temperature (b) on 

iodine value. 

 

 
Figure-7: Optimal conditions for the activated carbon process using desirability function. 

 

Table-8: Models validation for preparation of activated carbons from neem hulls. 

Factors Responses 

Temperature Time Ratio Y1 (%) Y2 (mg.g
-1

) Y3 (mg.g
-1

) 

°C min - Exp Pred Exp Pred Exp Pred 

527,81 60 3 63.01 63.13 38.87 39.21 788.07 788.24 

 

Conclusion 

The treatment of wastewaters loaded with heavy metals and 

dyes is very difficult to achieve by conventional wastewater 

treatment methods. Elimination of these molecules on activated 

carbon is one of the most effective methods. The adsorbents 

used for this purpose are usually developed from agro-

resources, such as oilseed hulls. In this work, the optimal 

conditions for the elaboration of activated carbons from neem 

seed hulls were carried out using the Response Surface 

Methodology. The optimal conditions common to the yield and 

the methylene blue and iodine indexes chosen as indicators of 

the productivity and efficiency of the activated carbons 

correspond to an impregnation ratio equal to 3, a pyrolysis 

temperature of 527.81°C and a residence time of 60 min and 

allow a yield of 63.13%, a methylene blue value of 39.21mg.g
-

1
and an iodine value of 788.24 mg.g

-1
. A statistical analysis has 

showed that temperature was the most influential factor on the 

yield while the impregnation had the most significant effect on 

the adsorption capacity of methylene blue and iodine. The study 

(a) (b) 
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has also determined the optimum conditions for the elaboration 

of neem seed hulls activated carbons and has developed models 

to predict the responses to the factors. 
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