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Abstract: The objective of this work is to prepare an active carbon with the best adsorption properties from the shells of Cola nuts 

(anomala) for the reduction of Eriochrome Black T in aqueous medium. The materials (shells nut of Cola anomala) obtained were 

characterized by Thermogravimetric Analysis (TGA), pHPCN and Fourier Transform Infrared (FT-IR). The study of adsorption involves 

discussing the effects of contact time and initial solute concentration using a batch adsorption technique. The effect of temperature 

made it possible to carry out a thermodynamic study to define the nature of the adsorption phenomena. In addition, different kinetic 

models (first and second order and Intra-particle) and adsorption isotherms (Langmuir and Freundlich) were used for the evaluation of 

the adsorption capacity. The TGA analysis illustrates the presence of: hemicellulose, cellulose and lignin thus confirming the 

lignocellulosic structure of the activated carbon obtained. The CA1/2 and CA1/3 samples prove to be the best absorbers. The 

measurement of their zero charge point pH gives respectively pHPCN = 6.8 and pHPCN = 6.9, showing the almost neutral character of the 

surface of these active carbons. The kinetic model of the pseudo-second order better describes the adsorption of EBT on AC with  

0.99950. The thermodynamic study gave the negative values of the free energy justifying the spontaneous nature of the process and 

which thus shows that the adsorption is of physical type. The process is endothermic with respect to the positive values of free enthalpy 

obtained. Positive values of entropy justify the good affinity of the EBT on the AC due to the swelling of the pores. 
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1. Introduction 
 

Water is the major constituent of our planet. This substance 

is of great interest for humans in their multiple needs and for 

the balance of aquatic ecosystems. But, it is unfortunately 

very easy to pollute by industrial, agricultural, domestic 

activities as well as by urban waste including many toxic 

substances which cause a degradation of its physical, 

chemical or biological properties [1]. 

 

Eriochrome Black T (EBT) is an azo sulphonic dye 

belonging to the class of anionic acid dyes, widely used in 

textile industries because of its dyeing form [2]. Adsorption 

is highly recommended for the elimination of organic and 

inorganic pollutants at low concentrations. It requires a 

microporous adsorbent, capable of exchanging ions and 

creating chemical bonds [3-6]. There are a wide range of 

adsorbent materials such as silica gel, zeolites, synthetic 

adsorbents (resins), clays, activated alumina, industrial 

wastes, bioadsorbents and activated carbon [3,4,6,7, 8,9,10]. 

 

Activated carbon is cited preferentially among the many 

materials considered as the most promising for the removal 

of organic and inorganic micropollutants [11]. Various 

studies have been devoted to the production of activated 

carbons from lignocellulosic residues: pecan nuts [11], 

almond [12], coconut [13-14], date kernels [15], cores of 

other fruits [16-18], woods [19], cloves of Flamboyant 

Delonixregia [20]. 

 

Activated carbon is obtained either by chemical activation or 

by physical activation. Among the chemical activators, 

phosphoric acid and zinc chloride are the most used [11, 15, 

21, 22]. But some bases such as KOH [23-24], NaOH [23, 

25, 26], K2CO3 [27], Na2CO3 [26] are also used as chemical 

activators. Some researchers have reported that the 

propensity of the chemical activation method to H3PO4 and 

ZnCl2 is related to its low activation temperature (400-500 

°C) compared to physical activation (temperature above 850 

°C), shorter processing times and better quality of activated 

carbons obtained [11, 28, 29]. Specifically, chemical 

activation with H3PO4 gives activated carbons with 

improved efficiency for the removal of organic and 

inorganic micropollutants due to better porosity 

development, specific surface areas and pore volume [22, 

28]. 

 

The objective of this work is to prepare an active carbon 

with the best adsorption properties from the shells of Cola 

nuts (anomala) for the reduction of Eriochrome Black T in 

aqueous medium. 

 

The work consisted of preparing active carbon from Cola 

anomala nut shells by chemical activation with phosphoric 

acid (H3PO4). Activated carbons were characterized and 

tested for the adsorption of Eriochrome Black T (EBT) in an 

aqueous medium. The study of adsorption consisted of 

discussing the effects of contact time and initial solute 

concentration using a batch adsorption technique. The effect 

of temperature made it possible to carry out a 
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thermodynamic study to define the nature of the adsorption 

phenomena. In addition, different models of kinetics (first 

and second order and Intra-particle) and adsorption 

isotherms (Langmuir and Freundlich) were used for the 

evaluation of the adsorption capacity. 

 

2. Experimental  
 

2.1 Preparation of activated carbon 

 

The shells of Cola anomala nuts of the Malvaceae family 

were harvested in the outskirts of Foumban (Koupa 

Ngagnou) located 7 km away in the Noun region of western 

Cameroon. After collection, pods of Cola anomala nuts were 

thoroughly washed with tap water and rinsed with distilled 

water to remove impurities and then dried in the sun for 15 

days. In addition, they were milled using a mill-type grinder 

coat and then sieved through two sieves RETSCHAS200 

type to retain only particles with a particle size of between 

32 and 63 m. Thus, the powder retained is pretreated 

chemically before carbonization. The experimental protocol 

is taken from [30]. 

 

The technique consists of mixing in a beaker, a determined 

mass of sieved powder with the phosphoric acid oxidant in a 

weight ratio 1/1, 1/2 and 1/3. The mixture was stirred 

mechanically for 2 hours of contact time. The samples were 

then incubated at 110 °C. for 24 h and then cooled to await 

carbonization (pyrolysis). The impregnate was placed in the 

NABERTHERM brand calcining furnace (30-3000 °C) in a 

ceramic crucible at a maximum temperature of 450 °C with 

a rise rate of 5 °C/min and an hour of stay. Any residues of 

carbonization are removed by an abundant washing with 

distilled water until neutralization of the rinsing water by 

regular checking of the pH = 7. Before carrying out the 

adsorption tests, the activated carbon is dried in an oven at 

110 °C for 24 hours. 

 

2.2 Characterization of powder and prepared activated 

carbon 

 

The lignocellulosic constituents and the maximum 

carbonization temperature of the sieved powder of the Cola 

anomala nut shells were determined by thermogravimetric, 

differential thermal analysis and differential scanning 

calorimetry (TG-DTG-DSC). The chemical functions 

present on the surface of the precursor material and the 

prepared activated carbon are determined by the Fourier 

transform infrared (FTIR). The sampling method consists of 

obtaining pellets by compression of the samples with 

potassium bromide (KBr). The samples were made by 

scanning the wave numbers from 4000 to 400 cm
-1

 using an 

FTIR spectrometer. 

 

2.3 pH at zero charge point (pHPCN) 

 

The experimental protocol used is that of Lopez (1999) [31]. 

For this purpose, a volume of 30 ml of a solution of sodium 

chloride (NaCl) 0.1 M was contacted with a mass of 0.1 g of 

activated carbon for 8 hours. The measured pH values were: 

2, 4, 6, 8 and 10. They were adjusted by addition of 0.1 M 

HCl or NaOH using a Hanna pH meter. 

 

2.4 Iodine number 

 

The samples studied were characterized by measuring the 

iodine number (mg/g) using an iodine solution of 0.02 N. A 

volume of 40 ml of the iodine solution was treated with 

mass of 0.1 g of activated carbon for 4 min. After 

equilibrium, 10 ml of the iodine filtrate was titrated with 0.1 

N sodium thiosulfate in the presence of a colored indicator. 

The iodine value I2 (mg/g) can be calculated by the 

following formula: 

 
 

Where: (VB-VS) is the difference between the results of the 

titration to the white test and to the test with adsorbent in ml 

of 0.1 N Na2SO4, N is the normality of the solution Na2SO4 

in mol/L, 126.9 is the atomic mass of iodine (g/mol) and m 

is the mass of the adsorbent (g). 

 

The knowledge of the quantity of iodine adsorbed at 

equilibrium per gram of activated carbon (Qe) leads to the 

determination of the specific surface (SI2) by the application 

of the relation: 

 
 

The area occupied by an iodine molecule is equal to σ = 21,3 
2 

et NA = 6,023.10
23

 is the Avogadro number and the molar 

mass of iodine (MI2) is 126.9. 

 

2.5 Methylene blue number 

 

A volume of 50 ml of a methylene blue solution of a 

concentration of 25 mg/L was treated with a mass of 0.05 g 

of activated carbon for 2 hours. The filtrate was measured 
out to the UV-visible spectrophotometer of mark SCHOTT 

Instrument to a wavelength of 659 nm. The removal rate 

(Rd%) and the adsorbed amount (Qe, mg/g) of methylene 

blue are determined by the following formulas: 

 
Where: Co is the Initial Concentration of MB (mg/L), Ce is 

the Concentration of MB in the equilibrium mixture (mg/L), 

m is the mass of the adsorbent (g) and V is the Volume of 

the solution containing the MB (ml). 

 

The SMB specific surface area determined using MB is 

estimated by the following equation: 

 
 

With: SMB is the specific surface area determined using MB 

as adsorbate (m²/g); (Am) is the air occupied by a molecular 

of MB (175 
2
), Qe is the adsorption capacity of MB (mg/g), 

NA is the number of Avogadro (6,023.10
23

 mol
-1

) and MB is 

the MB molar mass of (319.85 g.mol
-1

) [32]. 

 

2.6 Ash rate 

 

An initial mass of 0.5 g of activated carbon (M1) was 

calcined in an oven at a maximum temperature of 700 ° C 

with a heating rate of 5 ° C/min and 5 minutes of residence. 
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Finally, we weigh again the initial mass of the activated 

carbon after calcination is (M2). 

 

The ash rate is given by the following equation: 

 
 

2.7 Eriochrome Black T (EBT) adsorption study on 

prepared activated carbon 

 

The experiments are executed in batch mode regardless of 

the parameter studied. To this end, we introduced a mass of 

activated carbon into an Erlenmeyer flask and a volume of 

30 ml of a solution of Eriochrome Black T (EBT) of desired 

concentration. Then, the mixture was stirred magnetically at 

room temperature for a definite time. After stirring, the 

mixture was filtered using Whatman type filter paper and the 

filtrate was measured out to the UV-visible 

spectrophotometer (320-800 nm) of mark SCHOTT 

Instrument to a maximum wavelength (λmax = 572 nm).  

 

2.7.1. Studies of kinetic models 

The following three mathematical models were tested to 

model the kinetic adsorption of activated carbon Eriochrome 

Black T: 

 

2.7.1.1. Kinetic pseudo-first order model (Lagergren, 

1898) 

The linear form of the pseudo-first order model is given by 

the following relation: 

 
With: k1 the rate constant for kinetic of the pseudo first 

order, Qt and Qe the adsorption capacities at time t [mg of 

adsorbate/g of adsorbent] and at equilibrium [mg of 

adsorbate/ adsorbent], respectively. The constants of the 

model are determined graphically by plotting Ln (Qe Qt) 

against t. In addition, the equilibrium half-adsorption time 

(t1/2, min) and the difference between the equilibrium 

adsorption capacities (  are determined by the following 

equations: 

 
Where: Qemax (exp) is the adsorption capacity obtained 

experimentally and Qe (th) is the theoretical adsorption 

capacity deduced from the kinetic relationships. 

 

2.7.1.2. Kinetic pseudo-second order model 

The linear form of the pseudo-second order model is given 

by the following equation: 

 
Where: k2 is the constant for second-order kinetic 

(g.m ), Qt and Qe: adsorption capacities at time 

t [mg of adsorbate/g of adsorbent]] and at equilibrium [ mg 

of adsorbate/g of adsorbent], respectively. The adsorption 

kinetic constant K2 and the quantity of solute adsorbed at 

equilibrium Qe are determined experimentally from the plot 

of t/Qe = f (t). Thus, the half-adsorption time (t1/2) in 

( , the difference ( ) and the initial adsorption (h) 

in (mg. ) are obtained from the following 

relationships: 

 
Where: Qemax (exp) is the adsorption capacity obtained 

experimentally. 

 

2.7.1.3. Kinetic model of intra-particle diffusion 

The linear model of intra-particle scattering is described by 

the following equation: 

 
Where: Kd is the intra-particle diffusion constant 

(mg.  and I is the boundary layer thickness 

constant (mg/g). 

 

The representation of Qt as a function of ( ) makes it 

possible to calculate Kd, I and to highlight the various stages 

of the adsorption process. 

 

7.2. Isothermal models 

 

The binding data of Eriochrome Black T on activated carbon 

are processed according to the linear Langmuir and 

Freundlich equations. 

 

The linear form of the Langmuir isotherm is given by the 

following equation: 

 
 

Where: Ce is the EBT concentration at equilibrium (mg/L), 

Qe is the amount of the adsorbed NET per unit mass of 

adsorbent (mg/g), Qmax is the theoretical maximum 

adsorption capacity (mg/g) g) and KL is the Langmuir 

constant of the adsorption equilibrium (L/mg). 

 

The lines are obtained from the plot of   = f ( ). 

 

The linear form of the Freundlich isotherm is given by the 

following expression: 

 
 

Where: nf is the constant indicative of the adsorption 

intensity, Ce is the EBT concentration at equilibrium (mg/L) 

and KF is the constant relative to the adsorption capacity of 

the adsorbent (Freundlich constant ) ( . . ). 

The parameters KF and nF are determined from the graphical 

representation of Log (Qe) = f (log (Ce). 

 

3. Results and Discussion 
 

3.1 Characterization of powder and activated carbons 

prepared from Cola anomala nut shells 

 

3.1.1. Thermogravimetric analysis 

Figure 1 shows the thermogram coupled to TG/DTG/DSC. 
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Figure 1: Coupled TG/DTG/DSC analysis thermogram of Cola anomala nut shells   powder 

 

According to the TG, the Cola anomala nut shell powder is 

subdivided into four stages according to the well-defined 

thermal decompositions: the first mass loss at 6.54 % at 77 

°C could be due to the desorption of water, the second loss 

of mass at 16.78 % at 219 °C could be the thermal 

decomposition of hemicellulose, then the third loss of 

maximum mass at 43.26 % at 313 °C could be the 

degradation of celluloses and finally the last loss of mass at 

26.38 % around 440 °C could be the thermal decomposition 

of lignin. Beyond that, the loss of mass is less so the 

precursor material is more resistant to these temperature 

levels. We can conclude that our precursor material contains 

hemicellulose, cellulose and lignin thus confirming the 

lignocellulosic structure. The same results were obtained by 

Tang and Bacon which showed that the thermal 

decomposition of the hemicellulose is between 200 and 260 

°C. Furthermore, the decomposition of the cellulose is 

between 240 and 350 °C. and the degradation of the lignin is 

between 200 and 500 °C [33]. While, the DSC shows that 

the pyrolysis of the powder of the nut shells of Cola 

anomala is an exothermic reaction. This curve makes it 

possible to obtain a product having a maximum 

crystallization temperature at around 440 °C. 

 

3.1.2. Analysis of the obtained FTIR spectra 

The FTIR spectra of the powder and activated carbons 

prepared from the registered Cola anomala nut shells are 

shown in Figure 2 below. Show similar profiles, but 

appearance and disappearance of some bands. Indeed, on 

these spectra, are identified the following characteristic 

bands decrypted using the character table. 

       

 
Figure 2: FTIR spectra of powder and activated carbons prepared from Cola anomala nut shells 
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A broad absorption band at 3648, 38 and 3627.7 cm
-1

 

observed on CA0 is characteristic of the hydrogen 

elongation vibration of hydroxyl (O-H) groups free of 

carboxyls, phenols or alcohols. This broad band is much 

lower (and almost undetectable) on the FTIR spectra of 

prepared activated carbons. Another broad band at 3349.23 

cm
-1 

is observed on CA0. It is attributed to the hydrogen 

elongation vibrations of the associated hydroxyl (O-H) 

groups of phenols or alcohols and disappears on the FTIR 

spectra of the impregnated and calcined powders. The FTIR 

spectra of CA0 shows an adsorption band at 2923.50 cm
-1 

resulting mainly from the asymmetric CH2 elongation 

vibration of aliphatic methylene. it follows a 1616.62 cm
-1 

adsorption band which can be attributed to C=O elongation 

vibrations of ketones, aldehydes, lactones or carboxylic or 

C=N groups of amines.  
 

A weak absorption band observed at 1521.48 cm
-1 

on CA0 

and a strong band at 1580.70 cm
-1 

on CA1/1, 1576.89 cm
-1 

on CA1/2 and 1576.84 cm
-1 

on CA1/3 correspond to the 

vibrations of elongation of bonds C=C in aromatic rings. 

The intensity of this strong band decreases with the increase 

in the impregnation ratio of H3PO4. 

 

A 1437.20 cm
-1 

absorption band observed on the CA0 

spectra can be attributed to both CH2 deformation vibrations 

in the (shear) plane, asymmetric CH3 shifts, and aromatic P-

C elongation. Then, around 1374.04 and 1318.14 cm
-1

 we 

have a band that can be attributed to the deformation of CH3 

in the symmetrical plane and to the O-H deformation of 

carboxyls, phenols or alcohols in the plane. 

 

All FTIR spectra also show a low bandwidth at 1247.04 cm
-1 

for CA0 and a high bandwidth at 1222.29 cm
-1 

for CA1/1, 

1229.33 cm
-1 

for CA1/2 and 1206.44 cm
-1 

for CA1/3. These 

bands are commonly described by the oxidized carbons 

corresponding to the elongation of C-O in the acid groups, 

alcohols, phenols, ethers and esters, but also to the 

elongation P-O of phosphorus and phosphocarbon 

compounds present in the active carbons activated by 

phosphoric acid. Thus CA0 shows an intense broadband at 

1058.28 cm
-1 

attributed to the asymmetric elongation of C-

O-C. 

 

The FTIR spectra of CA0 and CA1/3 show the absorption 

bands at 889.17, 775.48 and 725.46 cm
-1 

for the CA1/3 and 

734.66 cm
-1 

for CA0 they are due to the mode of 

deformation out of the plane of C-H in differently 

substituted aromatic rings. 

 

All the FTIR spectra also show a range of absorption band 

ranging from 673.89 to 547.40 cm
-1 

for CA0, from 658.21 to 

553.73 cm
-1 

for CA1/1, 678.16 to 554.67 cm
-1 

for CA1/2 and 

684.59 to 544.99 cm
-1 

for CA1/3. These bands are 

commonly described by the halogenated derivatives C- X 

attributed to the elongation vibrations  C  and C . 

 

The presence of hydroxyl groups, carbonyls and aromatic 

compounds is a proof that the CA0 structure could be 

lignocellulosic thus confirming the observations obtained at 

TG. These results are consistent with those of the 

preparation and characterization of activated carbon from 

coconut and grape seeds respectively by chemical activation 

with phosphoric acid [34]. 

 

3.1.3. pH at zero charge point (pHPCN) 

The pH at zero charge point (pHPCN) is a very important 

parameter that indicates the acid-base behavior of solids. In 

sorption studies, it is a useful parameter that makes it 

possible to hypothesize the ionization of functional groups 

on the surface of activated carbon and their interactions with 

adsorbates. At pHPCN, the charge of the positive surface sites 

is equal to that of the negative surface sites [35]. 

 

The pHPCN values at zero point of loading are shown in 

figure 3 curve final    

pH = f(initial pH). 

 

 

 
Figure 3: Curves representing the pHPCN of prepared activated carbons from Cola anomala nut shells 

 

It can be seen from Figure 3 that, if the initial pH of the 

solution is lower than the AC pHPCN, the surface of the AC 

will be positively charged, the latter will consume protons 

from the solution that will become less acidic. On the 

contrary, the surface of the AC will be negatively charged, 

the AC will give up its protons to the solution that will 

become more acidic [36]. 

 

The pHPCN value for CA1/2 and CA1/3 (6.8 and 6.9) 

respectively indicates a near neutrality of the AC. Whereas 
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the value 6.3 for CA1/1 indicates an acidic character of the 

AC. The CA1/1 result is similar to the values (pHPCN = 6.32, 

6.19 and 6.27) reported for the preparation and 

characterization of activated carbon from cocoa pods by 

chemical activation with zinc chloride. and iron chloride, 

respectively [37]. 

 

3.1.4. Iodine and methylene blue number, specific 

surface and ash rate of the AC 

 

Table 1: Values of iodine number, MB, SI2, SMB and ash rate 
Activated carbon CA1/1 CA1/2 CA1/3 

Iodine number I2 ( mg/g) 431.46 634.50 685.26 

Surface SI2 (m²/g) 436.19 641.45 692.77 

 MB number (mg/g) 24.82 24.94 24.98 

Surface SBM (m²/g) 81.79 82.18 82.32 

 MB rate (%) 99.29 99.76 99.92 

Ash rate (%) 2.00 2.00 2.00 

 

It can be seen from Table 1 that the increase in the 

impregnation mass ratio substantially increases the 

development of micropores and mesopores, thereby 

increasing the adsorption capacity of activated carbons and 

thus the number of iodine and methylene blue, respectively. 

Indeed, active carbons that have a high iodine value have a 

small molecule adsorption capacity such as those 

responsible for tastes and odors [38]. Commercial activated 

carbons have an iodine value between 500-1500 m²/g [39]. 

So, CA1/2 and CA1/3 are the best prepared adsorbents. In 

addition, the increase in the specific surface area by 

adsorption of iodine and methylene blue is justified by a 

development of the AC porosity. 

 

The ash rate obtained are relatively very low of about 2% for 

all the activated carbons prepared. The low rate of ash 

implies that biomass consists essentially of organic matter, 

and therefore of the majority carbon element. This parameter 

has a significant effect on the quality of AC. As a result, 

more than a high ash content decreases the specific surface 

area. Because the pores of the carbon structure are clogged 

by inorganic ash materials that make the activation process 

difficult [40]. The almost similar values (I2, 656.945, 

513.945 and 441.612 mg/g), (MB, 90%) and (C%, 5.47) 

were reported from the preparation and characterization 

work of the activated carbons from the shells nut Cola 

accuminata by chemical activation [41]. The values obtained 

in this part are an omen of good quality on activated carbons 

that we have prepared. 

 

3.2. Adsorption study in batch mode 

 

3.2.1. Influence of contact time 

The evolution of the adsorbed adsorption capacity of the 

EBT during the experimentation time is presented in the 

following figure 4. 

 
Figure 4: Influence of contact time on the adsorption capacity of EBT on the three activated carbons, conditions (m = 0.1 g, 

Ci = 60 mg / l, V = 30 ml, ambient temperature T(25 2 °C)) 

 

We note that Figure 4 presents two distinct phases: rapid 

adsorption at the beginning and then saturation spreading. 

The first phase shows that a rapid increase in the adsorption 

capacity of EBT takes place in few minutes (20 minutes) for 

all three activated carbons, this increase being due to the 

number of vacant sites available on the surface of the 

activated carbon. [42]. Thus, a second, slower phase which 

can last from 20 to 120 minutes in which the adsorption 

capacity increases slightly until reaching a landing which 

reflects the final equilibrium state, due to the fact that the 

intra-particle diffusion tends to cancel, that is, all adsorption 

sites become occupied in the presence of high EBT content 

[43]. We consider that the adsorption of EBT on the 

activated carbon is a fast process, since a close equilibrium 

time of 20 minutes is obtained. Beyond the adsorbed amount 

remains substantially constant up to 120 minutes of reaction. 

Generally, all these results revealed that the equilibrium is 

established after approximately 60 minutes for CA1/1 and 

CA1/3 and 90 minutes for CA1/2. 

 

3.2.2. Influence of initial concentration 

The results obtained are shown in figure 5 below. 
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Figure 5: Adsorption capacity of the EBT as a function of the initial concentration EBT, conditions (m = 0.1 g, contact time t 

= 120 min, V = 30 ml, room temperature T (25 2 °C))  

 

We noticed that the amount of adsorbate fixed on the 

activated carbon increases with the increase of the solution 

content in Eriochrome Black T without reaching the 

adsorption equilibrium for all the three AC used. This is 

justified by the non-saturation of the active sites on the 

surface in the presence of the EBT. In fact, the increase in 

concentration induces the elevation of the driving force of 

the concentration gradient, thus increasing the diffusion of 

the dye molecules in solution through the surface of the 

adsorbent [44]. 

 

3.3 Kinetic models 

 

The experimental results are shown in the following figure 6 

and the parameters of all three kinetic models used including 

the correlation coefficient R
2
 are compiled in the following 

Table 2. 

 

 
      

 
Figure 6: Kinetic model of the pseudo (first (A) and second (B) order) and intra-particle diffusion (C) of EBT adsorption on 

AC conditions (m = 0.1 g, Ci = 60 mg / L, V = 30 ml, room temperature T(25 2 °C)) 
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Table 2: Constants of kinetic adsorption models of EBT on 

AC and R² 

Models Parameters CA1/1 CA1/2 CA1/3 

Pseudo- 

first order 

R2 0.8574 0.7895 0.9620 

K1 ( ) 0.0723 0.1049 0.0782 

 
15.7572 15.6843 15.8659 

Qe(th) (mg/g) 1.2359 1.1070 0.8327 

Qemax (exp) 16.9930 16.7916 16.6983 

t1/2 (min) 9.5850 6.6063 8.8619 

Pseudo- 

second order 

R2 0.9995 0.9997 0.9998 

K2 (g/mg.min) 0.2173 0.2577 0.3269 

Qe (th) (mg/g) 17.0648 16.8919 16.7504 

Qemax (exp) (mg/g) 16.9930 16.7916 16.6909 

 
0.0718 0.1003 0.0595 

h (mg/g.min) 63.2910 73.5312 91.7203 

t1/2 ( ) 0.2696 0.2297 0.1826 

Intra-particule  

diffusion 

R2 0.9063 0.8822 0.9337 

Kid (mg/g. ) 0.3528 0.2539 0.2169 

I (mg/g) 15.3240 15.5840 15.6570 

 

It appears from fig. 6. A that all lines are non-linear and 

Table 2 gives satisfactory values of correlation coefficients 

(  0.9620) but a large relative difference indicates non-

compliance of experimental and theoretical values; the 

kinetic rate constant is low and the half-adsorption time is 

large. So the pseudo-first-order model does not better 

describe the elimination of EBT over AC. 

 

As for the pseudo-second-order model, the results obtained 

show a perfect linearity of the regression lines of our 

prepared active carbons, the correlation coefficients are 

much better (  0.9995) very close to unity, the different 

differences are small (the Qe calculated from the kinetic 

equation 2nd order are consistent with those obtained 

experimentally), the kinetic rate constant increases with the 

impregnation ratio of phosphoric acid as well as, the initial 

speed of adsorption, thereby confirming that the specific 

surface increases with the mass ratio but, in contrast with the 

half-adsorption time (Fig. 6 B and Table 2). In view of the 

foregoing we can conclude that the pseudo-second-order 

model better describes the adsorption of EBT on activated 

carbons prepared from the sehlls of Cola anomala nuts. 

 

Regarding the intra-particle scattering model, Fig. 6 C. 

above clearly shows that not all straight lines are traced by 

the origin, the values of I different from zero, with the 

correlation coefficients R² 0.9337, these indicate that the 

diffusion in the pores is involved in the sorption process but 

is not the only limiting mechanism of adsorption kinetics 

and it seems that the extra-particulate diffusion mechanism 

is also involved. In addition, the effect due to the diffusion 

boundary layer increases with the rate of the biomass 

impregnating agent (CA1/1, C1/2, CA1/3), respectively. The 

higher I is, the greater the effect of the boundary layer is 

important. 

 

3.4 Isothermal models 

 

The experimental results are shown in the following figure 7 

and the parameters of all the two models of isotherms used 

including the correlation coefficient R² are grouped in the 

following Table 3. 

 

 

 
Figure 7: EBT adsorption isotherms on AC according to Langmuir (A) and Freundlich (B) conditions (m = 0.1 g, contact 

time t = 120 min, V = 30 ml, room temperature T(25 2 °C)) 
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Table 3: Parameters of adsorption isotherms of EBT on CA 

and R² 

 
 

In the light of these results, the Langmuir isotherm shows 

that the maximum amount of adsorbed EBT Qmax could not 

be determined because the intercept is negative. This could 

be due to the weight of the isothermal points corresponding 

to the very low concentrations of EBT. In this case, the 

determination of Qmax is not possible because the adsorption 

capacity Qmax could not take the negative values. Similarly, 

the parameter KL could not be determined because it is 

deduced using Qmax. Same for RL [45]. 

 

According to the Freundlich model, the parameter 1 / nf is 

greater than 1, indicates that the adsorption of the EBT on 

the CAs is unfavorable because the adsorption bonds 

become weak and the adsorption capacity decreases. 

Similarly, nf  1, proves that the adsorption is unfavorable. 

It should also be noted that Kf is low, which implies that the 

adsorbent has a low adsorption capacity of the EBT. 

 

The values of the regression coefficients indicate that the 

EBT adsorption process on activated carbon is better 

described by the Freundlich model with  0.94400, 

while the negative constants of the Langmuir model imply 

the inadequacy of this one for the adsorption of EBT on AC. 

Recall that the Freundlich model, of an empirical nature, is 

used to describe it heterogeneous adsorption whereas the 

Langmuir model suggests that the adsorption of the 

molecules takes place on a homogeneous surface in 

monolayer without interaction between the adsorbed 

molecules [46 ]. 

 

3.5 Influence of temperature and thermodynamic 

parameters 

 

Parameters such as variation of free energy (ΔG°), free 

enthalpy (ΔH°) and entropy (ΔS°) were determined from the 

experimental results obtained at different temperatures (30, 

35, 40, 50 and 60 ° C) using the following equations: 

                     (17) 

Where: ΔG° is the variation of free energy (kJ.mol
-1

), R is 

the constant of perfect gases (8.314 J. mol
-1

, K
-1

), T is the 

absolute temperature (K). 

Kd =                                                  (18) 

Where: Kd is the distribution coefficient, Qe is the amount of 

EBT absorbed at equilibrium and It is the concentration of 

EBT at equilibrium. 

 

The values of ΔH° and ΔS° can be calculated from the Van't 

Hoff equation as follows: 

 Ln Kd =          (19) 

The experimental results allowed us to draw Figure 8 (A and 

B) 

   

 
Figure 8: Influence of the adsorption temperature of the EBT on AC (A) and representation of Ln (Kd) as a function of (1 / T) 

(B) conditions (m = 0.1 g, contact time t = 30 min, Ci = 60 mg/L, V = 30 mL, pH = 3.1) 

 

Figure 8.A shows an increase in EBT retention on activated 

carbon as a function of temperature increase, indicating that 

the reaction is endothermic. The rise in temperature favors a 

small increase in the adsorbed amount of EBT. So, the best 

results are obtained in the high temperature range. The 

thermodynamic parameters and the correlation coefficient R² 

are grouped in the following Table 4. 
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Table 4: Thermodynamic parameters relating to the adsorption of EBT on CA and R² 

AC Temperature (°K) 
 

KJ/mol) 
 

R² 

 

 

CA1/1 

303.0000 -4.9600  

 

21.8400 

 

 

88.4500 

 

 

0.9185 
308.0000 -5.4000 

313.0000 -5.8400 

323.0000 -6.7400 

333.0000 -7.6100 

 

 

CA1/2 

303.0000 -5.1600  

 

28.0700 

 

 

109.6800 

 

 

0.9016 
308.0000 -5.7100 

313.0000 -6.2600 

323.0000 -7.3600 

333.0000 -8.4500 

 

 

CA1/3 

303.0000 -1.3900  

 

93.9700 

 

 

314.6800 

 

 

0.9447 
308.0000 -2.9500 

313.0000 -4.5200 

323.0000 -7.6700 

333.0000 -10.8200 

 

From these results, we observed that the negative values of 

free energy ( in all AC indicate the feasibility of the 

adsorption process and its spontaneous nature. Besides, the 

adsorption process of EBT over AC is dominated by 

physisorption (governed by weak interactions) because, free 

energy values are low and below 20 KJ/mol regardless of 

temperature [45,47]. So, the increase in (  with the 

Temperature increase shows that adsorption is more 

favorable at high temperature. Positive free enthalpy  

values for the EBT retention process confirm the 

endothermic nature of the previously reported process and 

higher temperature facilitates adsorption. While, the positive 

values of entropy  (very disordered, different 

orientations of the EBT molecules in the surface of the AC) 

reflect the good affinity of the EBT opposite the AC and 

indicates the randomness at the solid / liquid interface during 

the adsorption of EBT on the different AC used [48]. 

 

4. Conclusion  
 

The objective of this work is to prepare an active carbon 

with the best adsorption properties from the shells of Cola 

nuts (anomala) for the reduction of Eriochrome Black T in 

aqueous medium. The analysis of the TG curve shows the 

presence of hemicellulose, cellulose and lignin thus 

confirming the lignocellulosic structure. The most 

adsorbents of activated carbons prepared are CA1/2 and 

CA1/3 samples. The surface of these activated carbons is 

almost neutral compared to the values of the pH of point of 

zero charge. These have a microporosity and a mesoporosity 

on their surfaces. The kinetic model of the pseudo-second 

order better describes the adsorption of EBT on AC with 

 0.9995. The thermodynamic study gave the negative 

values of the free energy which justify the spontaneous 

nature of the process and the adsorption is of physical type, 

the positive values of the free enthalpy which translate that 

the endothermic process and the positive values of the 

entropy that reflect EBT good affinity to AC due to pore 

swellings. 
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