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1. Introduction 

By-products generated from agricultural activities are quite abundant and they can be highly polluting 

to the environment when allowed to decay. That is, when they are abandoned in nature over a period of 

time, they biodegrade and become toxic to the environment [1]. Furthermore, they are not usually used 

as a food resource for animals [2]. Coconut shell, empty cocoa pods, sea shells, to name just a few are 

all agricultural residues that if valued, would considerably generate additional income to the agro based 

industries. Several techniques have been developed by researchers to minimize the presence of 

agricultural wastes in the environment and above all to give them a market value [3], [4], [5]. They are 

most often low-porous lignocellulosic materials whose carbonization can improve their adsorbent 

properties by processing them into activated carbons with high reactivity, provided they are abundantand 

available . 

Abstract 

Two activated carbons (ACs) obtained from safou seeds, an abundant agricultural residue 

considered as waste, were chemically prepared using H3PO4 and H2SO4 as activating 

reagents, using an impregnation ratio of 60% relative to the mass of the precursor. The 

ACs obtained from H3PO4 and H2SO4 were labelled respectively as NSPT and NSST. 

The central composite design (CCD) with three centre points was adopted to optimize the 

operating conditions for producing the activated carbons. Three important parameters 

were considered: concentration of the activating agent, temperature and duration of 

calcination. The expected response was the iodine number. To better observe the 

correlation between the significant factors influencing this response, the analysis of 

variance (ANOVA) through t-test, response surface, Pareto diagram and influence of each 

of the factors taken individually were exploited. With regard to the NSPT activated 

carbon, the iodine number was 838.5 mg.g-1 and for the NSST activated carbon, it was 

822.5 mg.g-1. Under optimal conditions generated from STATGRAPHICS Plus version 

5.0 software used in this work, the mass of the activated carbon yields were 53.41% and 

38.85% respectively for NSPT and NSST. The functional surfaces of the two activated 

carbons were established by Boehm titration, pH, pHZPC and FT-IR techniques. Moreover, 

the activated carbons were submitted to some analysis such as TGA/TDA, DRX, and 

BET/BJ to have information about their structural and physicochemical properties. 
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Numerous studies have been devoted to the production and characterization of activated carbons from 

various materials of plant origin such as rice straws [5], [7], [8], coconut shell [9], sugar beet bagasse 

[10], peanut shells [2], apricot shells [11], bitter kola nut shells [12], rice husks [13] and many others. 

The present study is focused on safou residues (Dacryodes edulis). The choice of this biomass was first 

motivated by its abundance; with an annual output of 13,000 tonnes/year [14] and by the work of 

Kamgaing et al. (2017) [15] in which they used these raw safou seeds to remove bisphenol A from 

solution with promising results. To our knowledge of the literature, safou seeds have not yet been 

exploited as a precursor for the production of activated carbons. Furthermore, it is well known from the 

literature that, the carbonization process in preparing activated carbons from starting biomass materials 

generally enhance their properties. The objective of this work was to chemically produce porous 

activated carbons from the safou seed residue with appreciable iodine number by using the response 

surface methodology to obtain the optimum preparation conditions 

2. Materials and methods 

2.1 Collection and pretreatment of the precursor material 

Safou residues used in this work are agricultural residues that were collected from traders in the city 

of Dschang, Cameroon. They were thoroughly washed with running water, rinsed with distilled water 

and left in open air to dry off the water before drying in a Binder oven. The dried seeds were ground and 

sieved to obtain particles of sizes less than 2 millimeters. These particles of small size where calcined to 

obtain the activated carbon which was subsequently kept in a desiccator as presented in figure 1. 
 

 

Figure 1 : Safou : fruit (A), seeds (B), granular activated carbon (C) powdery activated carbon (D) and 

conservation in a desiccator (E). 

2.2 Chemical activation of the precursor material 

The particles of desired diameters were impregnated respectively with phosphoric acid and sulfuric 

acid. The impregnation was done in a ratio of 60% relative to the mass of the precursor. Once the 

precursor was impregnated with the activating agent, the mixtures were stirred at 25°C for 24 hours, 

then filtered. The residue from the filtration were dried in an oven at a temperature of 105°C to remove 

as much as possible the moisture present in the particles. Further activation took place in an automatic 

electric oven of brand Heraeus, made of stainless steel, and set at a heating rate of 6.5°C/min. Different 

proportions of precursor materials were calcined at temperatures varying between 400 to 700°C for 30 

to 120 minutes in an oven. Pure phosphoric acid from Fisher Scientific and pure sulfuric acid from JHD 

were used in the present work. With respect to the activating agent, the activated carbons obtained were 

named using the activating agents as follows: NSPT for that activated with H3PO4, and NSST for that 

activated with H2SO4. 
 

 2.3 Experimental design 

      The response surface methodology, applying central composite design was used to study the 

variables for preparing the activated carbons. The central composite design reduced the number of error 

attempts needed to evaluate the effect of interactions between the different factors that governed the 

process [16]. In this work, the variables whose effects were simultaneously observed are the 

concentration of the   oxidizing agent (x1) varying between 1 and 3 M, the calcination temperature (x2), 

between 400 and 700°C and the calcination time in the oven (x3), between 30 and 120 minutes. In 

practice, the total number of tests (N) performed for a composite design consists of a test number of the 

A B C D E 
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factorial plane (2𝑘), a test number of the star plane (2𝑘) and a centre test number (𝑛𝑐 usually ≥ 2) which 

is used to determine experimental errors and to verify the reproducibility of the results; and k is the 

number of variant factors. Hence, the number of test performed was determined from equation (1) [17], 

𝑁 = 2𝑘 + 2𝑘 + 𝑛𝑐 = 23 + 2(3) + 3 = 17                                          (1) 

These experiments were done in a random way to minimize the effects of uncontrolled factors using 

the STATGRAPHICS Plus version 5.0 software. The expected response for each experiment was used 

to develop an empirical model. This model correlated the response to the three varied factors by a 

second-order polynomial given by equation (2) as follows [18]: 

𝑌 = 𝑏0 + ∑ 𝑏𝑖

𝑛

𝑖=1

𝑥𝑖 + ∑ 𝑏𝑖𝑖

𝑛

𝑖=1

𝑥𝑖
2 + ∑ ∑ 𝑏𝑖𝑗𝑥𝑖𝑥𝑗

𝑛

𝑗>1

𝑛

𝑖=1

                                 (2) 

where Y is the predicted response, b0 is the constant coefficient, bi are the coefficients of the linear terms, 

bij are the coefficients of the interaction terms, bii are the coefficients of the quadratic terms, while xi and 

xj are the coded values of factors that have been varied during the preparation of the activated carbons. 

The expected response was the amount of iodine (𝐼𝑁) adsorbed (mg/g); obtained from equation (4) 

while the percentage yield in carbon obtained at optimal conditions was calculated using equation (3).  

𝑦𝑖𝑒𝑙𝑑 (%) =
𝑚𝑐

𝑚𝑝
∗ 100                                                                                 (3) 

where mc and mp are respectively the mass of the activated carbon and the mass of the dried precursor. 

𝐼𝑁 =
(𝐶0 − 𝐶𝑛.

𝑉𝑛

2𝑉
) . 𝑀. 𝑉𝑎𝑑

𝑚𝐶𝐴
                                                                         (4) 

where 𝐶0 is the initial concentration of I2, 𝐶𝑛 and 𝑉𝑛 are respectively the concentration and the volume 

of Na2S2O3.5H2O used for the standardization of I2, 𝑉𝑎𝑑 and 𝑉 are respectively the volume of I2 used for 

the adsorption and the volume of I2 used for the titration; 𝑀 and 𝑚𝐶𝐴 are respectively the mass in g/mol 

of I2 and the mass in grams of powdered activated carbon used. 

For the sake of clarity, the response (IN) was label Y1 and Y2 respectively for activated carbon 

obtained from phosphoric acid and sulfuric acid for the purposes of statistical calculations. Each of the 

various factors was coded according to equation 5. 

𝑥𝑖 =
(𝑋𝑖 − 𝑋0)

∆𝑋
                                                                                                   (5) 

where 𝑥𝑖 is the dimensional value of independent variable, 𝑋𝑖 represents the actual value of an 

independent variable 𝑖, X0 is the actual value of the independent variable at the centre point and ΔX is 

the step change of 𝑋𝑖 corresponding to a unit variation of the dimensionless quantity. The experimental  

variables considered in this work are shown in table 1. 
 

Table 1: Experimental variables. 

Variables Low value -1 Centre point 0 High value 1 

Activating agent concentration (M) 1 2 3 

Carbonization temperature (°C) 400 550 700 

Carbonization time (min) 30 75 120 
 

2.4 Physicochemical characterizations 

The knowledge of the physicochemical and structural properties of any material is necessary to 

contribute to the understanding of several phenomena such as adsorption, desorption and others. It is in 

this light that the activated carbons were subjected to several characterizations. 
 

2.4.1 Moisture content 

To have a knowledge of the amount of water contained in activated carbons, the thermal drying technique 

as described by the standard method of the American Society for Testing and Materials (ASTM) D2866-
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94 [19] was used. To achieve this, a clean and dried crucible of known mass, made of porcelain, was 

used. A sample of initial mass (𝑚𝑖) of 0.1 g was introduced into the crucible and the assembly heated to 

115 °C for 5 hours in a Binder brand oven after which it was cooled in a desiccator and weighed again. 

The loss in mass (𝑚𝑓) of the sample after heating was hence recorded and the moisture content (𝑀𝑐𝑜𝑛𝑡) 

was calculated using equation (6). 

𝑀𝑐𝑜𝑛𝑡 (%) = (𝑚𝑖 − 𝑚𝑓) ×
100

𝑚𝑖
                                                                         (6) 

2.4.2 Bulk density 

The bulk density (Bd) of the various activated carbons was determined using Pyrex measuring cylinder 

of volume Vc and known mass. The sample of interest was gradually introduced and stacked manually 

into the cylinder up to the graduation line. After this step, the assembly was weighed using a precision 

Satorius brand balance 1/1000b to obtain the exact mass of the sample (ms). The apparent density or 

bulk density was then deduced from equation (7). 

𝐵𝑑 =
𝑚𝑠 

𝑉𝑐 
                                                                                                         (7) 

2.4.3 Determination of surface functions by the Boehm method 

The total acidic and basic functions on the surface of activated carbons were determined by the Boehm 

method [20]. The determination of the acidic surface functions, such as carboxylics, phenolics and 

lactonics, was done by putting in a closed reactor, 0.1 g of the activated carbon and 30 mL of 0.1 M 

solutions of Na2CO3, NaHCO3 and NaOH respectively. The basic surface functions were determined by 

replacing the previous basic solutions with a 0.1 M solution of HCl. The mixture was stirred by means 

of an Edmund Bühler GmbH multi-station stirrer at 175 rpm for 24 hours at 27°C. After filtering using 

a Whatman N° 4 filter paper, the filtrate was recovered. The excess basic functions contained in the 

filtrates, Na2CO3, NaHCO3 or NaOH was determined using the previously prepared HCl solution, while 

the excess acid function, HCl in the filtrates was determined using the previously prepared NaOH 

solution.  

2.4.4 Determination of the (pH) of activated carbons  

The pH is a unitless quantity generally having a magnitude between 1 and 14. It gives information on 

the acidic, neutral or basic nature of a solution. The pH of each activated carbon was determined using 

the method described by the American Society for Testing and Materials (ASTM-D3838-80). For this 

purpose, 0.1 g of the activated carbon was put together with 100 mL of distilled water in a closed reactor 

and the whole mixture stirred at 175 rpm for 24 hours at 27°C.  After filtration, the pH of the filtrate was 

read and considered as that of the activated carbon. 

2.4.5 Determination of pH at the zero point of charge (pHZPC) 

The pHZPC is the pH value for which a material has an overall charge of zero. The pHZPC values of the 

carbons were obtained from the protocol described by Lopez-Ramon et al (1999) [21]. In different 

reactors, 0.1 g of activated carbon and 30 mL of 0.1 M NaCl solution were introduced at various pH (2-

10) adjusted with 0.1 M NaOH and 0.1 M HCl solutions. After stirring for 24 hours at 27°C and 175 

rpm, the filtrates were collected and the final pH measured. The pH values at the zero point charge are 

at the intersection of the curves, pHinitial = f (pHfinal) and the first bisector. 

2.4.6 Fourier Transform Infrared Spectrophotometry (FTIR) 

 Infrared spectrophotometry (IR) was used to determine the functional groups within the materials as 

well and the type of interactions, vibration and deformation, within them. The IR spectra of the activated 

carbons were recorded using a Genesis FTIRTM brand spectrophotometer (ATI Mattson) equipped with 

a DTGS (Deuteria Tri Glycine Sulfate) detector in transmission mode between 4000 and 400 cm-1. 

2.4.7 Thermogravimetric analysis (TGA/TDA) 

 Thermogravimetric analysis (TGA/ATD) consists of measuring the variation in mass of a sample as a 

function of time, for a given temperature profile. The thermal decomposition of the samples was 
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monitored using a TGA brand thermogravimeter, NETZSCH. Approximatively 10 mg of the dried 

samples was weighted in a platinium pan and heated from 50 to 1500°C at a heating rate of 10 K/min 

under nitrogen atmosphere. 

2.4.8 Powder X-ray diffraction (XRD) 

This technique was used to determine the crystalline or amorphous structure of the activated carbons. 

For this purpose, 2 mg of each dried sample was used. The diffraction patterns were recorded using an 

STOE Stadi-p device (STOE & Co. GmbH, Darmstadt, Germany) with a Cu Kα1 radiation (λ = 1.54056 

Å, 40 kV, 30 mA). The scanning was done between 0 and 70° using a 1K detector (DECTRIS® 

MYTHEN) at a speed of 5°/min. 

2.4.9 BET coupled with BJH 

The determination of the specific surface area of a sample was based on the so-called Brunauer-

Emmett-Teller (BET) equation for nitrogen adsorption [22]. The BET specific surface area of the 

samples were determined by N2 adsorption at 77.13 K using a micrometric sorptometer (Thermo 

Electron Corporation, Sorptomatic Advanced Data Processing). Before N2 adsorption, the samples were 

subjected to vacuum at 307.13 K. Cumulative pore volume and area were calculated using the Barrett–

Joyner–Halenda (BJH) model coupled to the BET. 

2.4.10 Elemental Analysis 

 The elemental composition of the activated carbons was determined using a Euro Vector CHNS-O 

element analyser (Euro EA 3000). 

3. Results and discussion 

3.1 Experimental design 

The values of x1, x2, x3, as well as the predicted and experimental values of the responses Y are 

represented by the experimental matrix presented in Table 2. The combined effects of the different 

parameters were investigated statistically. The second-order complete quadratic polynomial equations 

have been appropriately adapted to the data and the results are presented by the regression equations 8 

and 9 obtained after analysis of variance (ANOVA). Each equation gives the quantity of I2 adsorbed as 

a function of the concentration of the activating agent (x1), the carbonization temperature (x2) and the 

residence time (x3). Y1 represents activated carbon prepared from H3PO4 and Y2 that from H2SO4. 
 

Y1 = 949.693 + 219.714x1 − 1.516x2 − 0.749x3 + 0.866x1
2 − 0.376x1x2 + 0.236x1x3 + 0.002x2

2

− 0.001x2x3 + 0.006x3
2                                                                        (8) 

Y2 = 2050.91 + 84.377x1 − 4.254x2 − 5.498x3 − 43.509x1
2 + 0.168x1x2 − 0.088x1x3 + 0.003x2

2

+ 0.002x2x3 + 0.029x3
2                                                                        (9) 

From the observations made in Table 2, it appears that the predicted data of the empirical model 

responses are close to those obtained experimentally. 

3.1.1 Analysis of variance 

 To study the influence of each of the parameters investigated during the preparation of NSPT 

and NSST samples, the importance and adequacy of the models were justified by an analysis of variance. 

The results obtained are reported in table 3. In general, statistical values with low probability values (p-

value) indicate that they are significant for the regression model [23]. The ANOVA of the regression 

model demonstrates that the factors x1, x2
2, and x3

2 were significant for the NSST response, while x2 et 

x1x2 were significant for the NSPT response as indicated by the higher f-ratios, and values p-values ≤ 

0.05 [24]. Depending on the methodology used, a model is validated for a value of correlation coefficient 

R2 ≥ 0.75 or 75%. In the present work, this value is 88.35% and 84.66% for NSST and NSPT respectively 

indicating a good correlation between the various factors investigated and the experimental data, which 

confirm the predictions. 
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Table 2: Experimental design matrix for optimization using CCD 

H3PO4 

activation 

ACs preparation parameters IN (mg/g), Y1 

Run order 
H3PO4 

Concentration (x1) 

Carbonization 

temperature (x2) 

Carbonization 

time (x3) 

Exp. 

value 

Pre. 

value 

1 2(0) 400(-1) 75(0) 701.03 728.14 

2 1(-1) 550(0) 75(0) 615.61 578.22 

3 1(-1) 400(-1) 30(-1) 647.45 646.55 

4 3(1) 700(1) 30(-1) 562.54 561.46 

5 3(1) 700(1) 120(1) 570,50 560.50 

6 1(-1) 700(1) 120(1) 591.73 583.83 

7 1(-1) 700(1) 30(-1) 589.08 627.25 

8 2(0) 550(0) 75(0) 671.34 611.47 

9 3(1) 400(-1) 120(1) 888.92 848.77 

10 2(0) 550(0) 75(0) 615.81 611.47 

11 2(0) 550(0) 75(0) 563.09 611.47 

12 2(0) 550(0) 30(-1) 677.47 662.44 

13 3(1) 400(-1) 30(-1) 809.32 815.24 

14 2(0) 550(0) 120(1) 562.54 621.49 

15 3(1) 550(0) 75(0) 601.13 646.44 

16 2(0) 700(1) 75(0) 589.08 569.89 

17 1(-1) 400(-1) 120(1) 647.45 646.55 

H2SO4 

activation 

ACs preparation parameters IN (mg/g), Y2 

Run order H2SO4 

Concentration (x1) 

Carbonization 

temperature (x2) 

Carbonization 

time (x3) 

Exp. 

value 

Pre. 

value 1 2(0) 400(-1) 75(0) 720.87  663.78 

2 1(-1) 550(0) 75(0) 620.04  596.22 

3 1(-1) 400(-1) 30(-1) 838.51  830.51 

4 3(1) 700(1) 30(-1) 689.72  686.27 

5 3(1) 700(1) 120(1) 671.34 676.84 

6 1(-1) 700(1) 120(1) 644.80  642.21 

7 1(-1) 700(1) 30(-1) 602.38  635.83 

8 2(0) 550(0) 75(0) 666.75  635.82 

9 3(1) 400(-1) 120(1) 753.59  717.64 

10 2(0) 550(0) 75(0) 647.70  635.82 

11 2(0) 550(0) 75(0) 612.98  635.82 

12 2(0) 550(0) 30(-1) 729.71 707.63 

13 3(1) 400(-1) 30(-1) 780.13  780.22 

14 2(0) 550(0) 120(1) 647.45 679.53 

15 3(1) 550(0) 75(0) 554.58  588.39 

16 2(0) 700(1) 75(0) 678.95  646.04 

17 1(-1) 400(-1) 120(1) 782.78 783.74 

Exp value = experimental value; Pre value = predicted value  
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Table 3. Analysis of variance of Y for the activated carbons 

H2SO4 (NSST) 

Source Df 
Y1 

Mean square f-ratio p-value 

x1 1 153.272 0.10 0.7563 

x2 1 34655.600 23.56 0.0018 * 

x3 1 1973.740 1.34 0.2847 

x1
2 1 5071.990 3.45 0.1057 

x1x2 1 5072.7600 3.45 0.1057 

x1x3 1 124.899 0.08 0.7792 

x2
2 1 12789.240 8.70 0.0214 * 

x2x3 1 1412.73 0.96 0.3597 

x3
2 1 8938.740 6.08 0.0431 * 

     

  R2 = 88.35%   
 

H3PO4 (NSPT) 

Source Df 
Y2 

Mean square f-ratio p-value 

x1 1 11634.200 4.09 0.0828 

x2 1 26606.100 22.01 0.0022 *  

x3 1 61.1078 0.02 0.8876 

x1
2 1 2.010 0.00 0.9795 

x1x2 1 2543.500 8.94 0.0202 *  

x1x3 1 901.214 0.32 0.5911 

x2
2 1 3777.970 1.33 0.2870 

x2x3 1 594.953 0.21 0.6613 

x3
2 1 418.708 0.15 0.7126 

     

  R2 = 84.66%   

*Significant factors; Df = degree of freedom; ACs = activated carbons 

3.1.2 Response surface, Pareto diagram and main effects of factors on iodine number  

The response surfaces, the Pareto diagrams and the influence of the various parameters during 

the preparation of the samples have been materialized in figure 2. 

From this figure, it is possible to establish a link in the interactions between the parameters taken 

into account during the production of the activated carbons. It is thus possible to observe for each of the 

samples the variation of the iodine number due to the synergistic effect of the factors investigated. As 

observed on the three dimension response surfaces (figure 1a and 1b), the iodine number decreases with 

increasing temperature. The same phenomenon is observed when the calcination time of the precursor 

increases. These observations were made when the concentration of the activating agent was kept fixed. 

From the observation of the different standard effects obtained through the Pareto diagrams, it appears 

that the temperature has a more remarkable effect compared to the interaction of the different factors 

involved. 
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Figure 2: Three-dimensional response surfaces, Pareto diagrams: NSPT (a); NSST (b) and Effects of factors investigated: 

NSST (c); NSPT (d) 

3.1.3 Validation of the experimental model  

After obtaining the influence of the various parameters investigated, the optimal conditions 

predicted by the STATGRAPHICS Plus version 5.0 software were generated. When the oxidizing agent 

was phosphoric acid, that is, for the NSPT sample, the optimal conditions were as follows: the 

concentration was 3 M for a calcination time of 120 min. With regard to sulfuric acid as oxidizing agent; 

thus the NSST sample, these conditions were: the concentration was 1.8 M for a calcination time of 30 

min. For these two samples, the calcination temperature was 400 °C. As for the iodine number, the 

optimal values were 848.771 mg/g and 852.506 mg/g for the NSPT and NSST ACs respectively. Results 

obtained experimentally from these predicted values are summarized in table 4. Yields of powdered ACs 

were then calculated at these optimal conditions using equation (3). The yields obtained were 53.41% 

and 38.85% respectively for NSPT and NSST. These relatively poor yields could be explained by the 

high content of fatty acid contained in the precursor. In fact, it has been reported that the fatty acid 

content of safou nuclei is significant: palmitic acid, 38.56%; oleic acid, 32.62%; linoleic acid, 27.30%; 

stearic acid, 2.18%; and linolenic acid, 1.25%) [1]. 

Table 4: Validation of the experimental model 

 x1 

(mol/L) 

x2 

(°C) 

x3 

(min) 

Y (mg/g) 
Error (%) 

 Obs. value Fit. value 

NSST 1.8 400 30 822.585 852.506 3.64 

NSPT 3 400 120 838.506 848.771 1.22 

Obs value = experimental value ; Fit value = predicted value 
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3.2. Moisture content, bulk density, pH and pHpzc of activated carbons 

Some of the results obtained after characterization of the NSPT and NSST ACs are listed in Table 

5. From the observation of the data in this table, the values in moisture content of the carbons are 4 and 

3% for the NSPT and NSST respectively. These values are good because they are in the normal range 

of 1 to 5%. Studies have shown that ACs with a moisture content of less than 5% allows higher 

adsorption of pollutants [25]. As for the apparent densities, the values are respectively 0.775 and 0.794 

g/cm3 for NSPT and NSST. These values are greater than 0.25 g/cm3, a value set by the American Water 

Work Association as the limit for a good activated carbon for practical purposes [26]. The values of the 

pH of NSPT and NSST are respectively 3.36 and 7.66. These materials have an acidic and basic character 

respectively. From figure 3, the pH at zero point charge was found to be pHpzc 4.36 for NSPT and 6.94 

for NSST. These results imply that in solutions with lower pH values, where pH < pHpzc, the materials 

will be negatively charged and for pH > pHpzc, they will be positively charged [27].  

Tableau 5: Physicochemical characterization of NSPT and NSST carbons 

ACs Mcont (%) Bd (g/cm3) pH pHpzc 

NSPT 4 0.775 3.36 4.36 

NSST 3 0.794 7.66 6.94 
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Figure 3: Determination of pH at point of zero charge (pHpzc) 

3.3 Chemical functions of activated carbons 

Quantification of the acidic and basic chemical functions of the activated carbons was done by 

Boehm's method. The results obtained are shown in table 6. It appears that the materials NSST and NSPT 

have a total acidity much higher than the total basicity. Therefore the prepared activated carbons have a 

dominant acid character. This result can be explained by the acid treatment applied to the precursor 

material on the one hand, and by the presence of fatty acids in its composition on the other hand. 

Table 6: Chemical functions on the surface of the Acs 

CA 

Chemical Functions   

Carboxylic 

(meq/g) 

Lactone 

(meq/g) 

Phenolic 

(meq/g) 

Total acidity 

(meq/g) 

Total basicity 

(meq/g) 

NSST 2.86 0.32 0.36 3.63 1.95 

NSPT 2.89 0.63 0.04 3.56 1.88 

 

3.4 Elemental analysis 

The elemental composition of the samples is shown in table 7 in which it can be observed that 

carbon which amount 76.44 for NSST and 73.503 for NSPT are greater than the other elements 

combined, and this is good for activating carbons. 
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Table 7: Elemental analysis of the activated carbons. 

Sample 
 Elemental composition (%) 

 N C H S Oa 

NSST  2.138 76.544 3.818 0.815 16.685 

NSPT  1.805 73.503 3.782 ndb 20.91 
a = calculated ;   b = not detected 

3.5 FTIR analysis of activated carbons 

Infrared spectroscopy was used to determine the different functional groups present on the 

surface of the activated carbons NSPT and NSST. To better appreciate the effect of carbonization, the 

FTIR spectra of the raw material and the carbonized material were superimposed (figure 4). 

 

 

 

 

 

 

 

 

 

 

Figure 4: Superimposed IR spectra of NSB, NSPT and NSST. 

The spectral pattern of the precursor (NSB) reveals at 3649.44 cm-1 a stretching vibration band 

characteristic of polysaccharides, lignin, alcohols or phenols. At 2923.87 cm-1 and 2854.07 cm-1 

characteristic peaks of stretching vibrations of C-H aliphatic and CH2 bonds was observed. A 

characteristic peak of C = O elongation vibrations associated with carboxylic acids and carbonyl groups 

(saturated and unsaturated fatty acids) was observed at 1869.73 cm-1. At 1749.65 cm-1, there was the 

characteristic peak of the deformation vibrations of C = C bonds of aromatic rings. Stretching vibrations 

of O = C-O in saturated and unsaturated fatty acids was observed between 1500 and 1300 cm-1 regions 

[15]. There was also a characteristic peak of elongation vibrations assigned to C-O bonding of lignin 

carbonyl groups between 1300 and 1200 cm-1. Finally, around 900 cm-1, a peak was observed which 

could be attributed to the elongation vibrations of the C-O-C bond of epoxides [28]. For the two activated 

carbons, no peaks were observed between 3649.44 cm-1 and 1749.65 cm-1, showing that during activation 

and pyrolysis of the precursor material, there was decomposition of surface chemical functional groups 

present as oxygenated hydrocarbons, which reflect the carbohydrate structure of cellulose and 

hemicellulose [29]. This is due to the fact that the activation process led to the breakage of many bonds 

in the saturated and unsaturated fatty acid, polysaccharides, aromatic species and the elimination of 

volatile and light substances. 

3.6 DRX analysis of powdered carbons 

             The diffraction patterns of NSST and NSPT are shown in figure 5. As can be seen from the 

figure 5, the diffraction patterns do not show any peaks that reflect a certain crystallinity of the samples. 

This observation confirms the amorphous nature of the activated carbons, which is an advantage for the 
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adsorption of chemicals, and in addition, it indicates the porous nature of the samples [30]. Moreover, 

the observed amorphous character confirms that NSST and NSPT may have high micro porosity [31]. 

Therefore, the NSB material is a good precursor for the preparation of powder activated carbons. 
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Figure 5: Powdered X-ray diffraction of NSPT and NSST samples. 

3.7 Thermogravimetric analysis (TGA/TDA) 

The thermal decomposition of NSST and NSPT samples, according to whether the process is 

endothermic or exothermic was investigated and the results are shown in figure 6. 

 
Figure 6: Pyrolysis curve (TGA/TDA): (A) = NSPT and (B) = NSST. 

The TGA/TDA profiles show that the thermal process has two steps for both activated carbons. 

For NSPT, the large progressive loss of mass of about 34% between 100 and 200°C could be assigned 

to the evaporation of adsorbed water, coupled with the volatilization of hydrocarbons following an 

exothermic process. The second mass loss of about 46% occurred between 400 and 1200°C following 

an endothermic process. This loss of mass can be likened to the breaking of the weakest bonds present 

in the structure of the material leading to the early development of a cross-linked rigid product (graphitic 

layers) [32]. With regard to NSST, there is a gentle loss of mass of about 14% due to the evaporation of 

adsorbed water and it took place between 50-300°C following an exothermic process. This was followed 

by a progressive loss of a significant mass of about 60% between 310 and 1100°C due to the 

decomposition of organic matter resulting from an endothermic process [33]. This phenomenon was 

attributed to an auto-catalytic reaction which could have caused shrinkage and progressive melting of 

the precursor. For both samples, the second loss in mass observed corresponds to the progressive 

decomposition of cellulose, hemicellulose and pectin [34]. 
 

3.8 BET/BJH analysis 

Nitrogen, (N2) adsorption-desorption isotherms were investigated and the results are shown in 

figure. 7. 
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Figure 7: Adsorption curves (white background) - desorption (blue background) of nitrogen at 77.13 K: A = NSPT and B = 

NSST.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Sample Pore Size Distribution: (a) = NSPT and (b) = NSST 

From figure 8, the mass area of each of the activated carbons NSPT and NSST was determined 

using the BET multipoint method at the relative pressure P/P0 range between 0.05 and 1. From figure 

7A (NSPT), the isotherm is a mixture of type I (for low values of P/P0) and type IV (for intermediate 

and high values of P/P0) according to IUPAC classification. Still from figure 7A, significant adsorption 

was observed from about P/P0 = 0.4 with an H4 type hysteresis loop; reflecting the simultaneous presence 

of micropores and mesopores [33]. In addition, a sharp increase in the adsorbed volume of N2 was 

observed for values of P/P0 greater than 0.4. This significant increase is generally associated with 

capillary condensation, indicating a good homogeneity of the sample [22]. A closer look at figure 7B 

(NSST) shows that the adsorption-desorption isotherm of N2 is of type I. This is usually done at very 

low values of P/P0 (0 and 0.35 as it is the case in this study) and is essentially specific to microporous 

materials according to the IUPAC classification [35]. This observation was confirmed with regard to the 

distribution of micropores presented in figure 8 (b) above, where there was no recorded signal for 

mesopores. This distribution was observed during desorption and by the Barrett, Joyner and Halenda 

(BJH) method. The parameters of the porous structure of the different samples were calculated and the 

results recorded in table 8. 
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Table 8: Parameters of the porous structure of NSPT and NSST 

 
SBET 

(m2/g) 

Micropores Mesopores 

 SBET 

(m2/g) 

Cumulative pore 

volume (cm3/g) 

Average pore 

diameter (nm) 

SBET 

(m2/g) 

Cumulative pore 

volume (cm3/g) 

Average pore 

diameter (nm) 

NSPT 326.68 443.95 0.1406 0.3745 21.249 0.0243 2.026 

NSST 10.894 13.85 0.0048 1.1256 / 

 

Conclusion 

This work was aimed at preparing two activated carbons based on safou seeds by chemical activation. 

Objectively, this was done by optimizing three factors that can greatly influence their properties. For the 

activated carbon NSPT, the optimum conditions were H3PO4 at 3 M, concentration, calcination time of 

120 minutes, calcination temperature of 400°C. For NSST using H2SO4 the optimal conditions were 1.8 

M, 30 minutes, 400 °C. A mathematical model based on the response surface methodology was used for 

this purpose. STATGRAPHICS Plus version 5.0 software was used and the factors investigated were 

the concentration of the activating agent, the precursor calcination temperature and the residence time 

in the oven. The expected response was the iodine number, and each time, the experimental values were 

observed to be close to the predicted values obtained. On the basis of the experimental model, the study 

of the influence of the above mentioned factors led to optimal conditions. Under these conditions, the 

response was obtained experimentally for each of the samples with an error range much less than 5% of 

that predicted. The pH of less than 7, as well as the dominant acid functions on the surface of the 

materials, shows the predominant acidic character of the synthesized activated carbons. The use of 

H2SO4 as activating agent led to the development of micropores only, while H3PO4 promoted the 

development of micropores and mesopores. 
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