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The present study aims at valorizing the stem of Hibiscus sabdariffa, a 

by-product of agriculture in Benin. This natural resource, abundant in 

tropical countries, including Benin, was until now considered as a 

biodegradable waste and treated as such. However, it possesses 

adsorption properties that can be exploited through its transformation 

into activated carbon for various uses, including water pollution 

control. For this purpose, activated carbon has been developed from 

Hibiscus sabdariffa stems chemically impregnated with phosphoric 

acid. The pseudo second-order model predicts the kinetics of phenol 

adsorption on the activated carbon produced. The thermodynamic study 

of the adsorption process of phenol shows that it is exothermic and 

spontaneous with an ordered structure on the surface of the material. 
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Introduction:- 
Hibiscus sabdariffa is of the Malvaceae family, native to India and Malaysia [1,2]. This plant, known for its 

nutritional benefits, is often used by traditional therapists and by modern therapeutics because it is rich in 

phytochemicals like polyphenols [3]. During its operations, it generates large quantities of by-products such as hulls, 
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stems, leaves, .... These biodegradable wastes are left in the fields or burned to make room for other crops. The 

lignocellulosic residues generated by Hibiscus sabdariffa deserve a valorization like the other woody coproducts. Its 

by-products can be valorised by chemical and energetic ways. 

 

The transformation of these lignocellulosic wastes into activated carbon allows to eliminate them in a rational way 

with more respectful methods to the environment. But also, the activated carbon is a useful material in several fields 

notably in the sector of water treatment. 

 

Phenol (an azo compound) is a reference molecule used to evaluate the capacity of adsorbents to remove molecules 

capable of adsorbing in ultramicropores and is also often found in industrial effluents. It is therefore necessary to 

remove them from the wastewater before discharge. It can be reduced to carcinogenic by-products in anaerobic 

products. Due to their high toxicity, phenolic compounds are particularly targeted in water pollution. Several 

methods are proposed to remove phenol and its derivatives. For this purpose, many treatment methods, such as 

chemical, physicochemical, and biological processes are used. Aerobic and anaerobic biodegradation, ozonation and 

removal by ion exchange resins are just some of the processes used [4]. Adsorption of phenol molecules by activated 

carbon is a highly effective technique that is widely used [5]. Among these methods, adsorption is very effective for 

the removal of organic and inorganic pollutants [6]. Activated carbon adsorption is a very popular method because 

of its very high external and internal surface area, its well-developed porous structure, and its favourable surface 

chemistry. Thus, we have produced activated carbon from the stems of Hibiscus sabdariffa by with phosphoric acid 

activation. This step was preceded a demineralization of the biomass with a molar solution of sodium hydroxide. 

 

Materials And Method:- 

Materials:- 
The stems of Hibiscus sabdariffa variety sabdariffa were collected in the Valley farm in Bopa in the South - West of 

Benin; they are shelled, crushed, and sifted on a 2mm mesh screen and kept dry at the laboratory for testing. NaOH 

(Merck) was used to remove mineral matter from the stem. H3PO4 (Merck) was used as an activating agent. 

Hydrochloric acid (Merck) and distilled water to wash the activated carbons and phenol (Merck) is used as an 

adsorbate to investigate the adsorption efficiency of activated carbons. 

 

Activated carbon from Hibiscus sabdariffa stems production. 

The ground rods were washed with tap water, rinsed with distilled water, and dried at 110°C for 24 hours [7,8]. 

They were then washed with sufficient molar soda solution and dried at 110°C.  After this initial drying, the pre-

treated grindings were washed with tap water and rinsed with distilled water, then dried again at 110°C for 24 hours. 

The grindings were impregnated with phosphoric acid with an impregnation ratio (Xp): 4 

Xp =
m H 3PO 4

mPrecursor
  (1) 

 

The carbonization was done at 500°C, programmed according to a gradient of 10°C.min
-1

. After a stay of 2 hours at 

500°C, the pyrolyzat was cooled inside the furnace before being removed. The pyrolyzat was thoroughly washed 

with a decimolar solution of hydrochloric acid and distilled water.  

 

Thus, the activated carbons obtained were designated CA - THS4 (activated carbon produced from Hibiscus 

sabdariffa stems of ratio 4. 

 

Activated carbon was produced according to the scheme in Fig.1. 
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Figure 1:- The diagram of the elaboration of activated carbon from Hibiscus sabdariffa stems. 

 

Characterization of the activated carbons  

Scanning Electron Microscopy (SEM) observations of AC were performed using a HITACHI TM 3000 model with 

field effects that allow magnification. Before observation at the SEM, the samples were metallized using a Quorum 

model SC 620 metallizer by depositing a layer of palladium-gold (a few nanometers thick) to make the materials 

more conductive. 

 

The zero charge point pH (pHpzc) was determined for activated carbons using the pH derivative method developed 

by Lopez-Ramon et al. [9]. 

 

Study of the adsorption of phenol on the activated carbons from Hibiscus sabdariffa stems  

Study of kinetics and effect of initial concentration 

The adsorption kinetics are studied in order to determine the quantity of phenol adsorbed at different time intervals 

and the equilibrium time.  A mass m of activated carbon was suspended in a solution of volume V and initial 

concentration C0. Samples were taken at predetermined time intervals and separated using a syringe equipped with 

filters (0,45μm). The analysis of the residual concentration of the adsorbat (Fig. 2) was performed by UV-Visible 

absorption spectrophotometry at λ = 270 nm, where the dye solution absorbs lighter. The results obtained are plotted 

in the form of curves qt = f(t)   and R(%) = f(t) . The amount of adsorbed dye qt (mg/g) and the removal rate R (%) 

are calculated as follows [5,10]: 

 

𝐪𝐭 =
(𝐂𝟎−𝐂)×𝐕

𝐦
   (2) 

𝐑 % =
𝐂𝟎−𝐂

𝐂𝟎
× 𝟏𝟎𝟎   (3) 

where C0 and C are the initial and at time t (min) of adsorbates concentration (mg.L
-1

), V the volume of solution (L) 

and m the dry weight of the added adsorbent (g). 

 
Figure 2:- Chemical formula of phenol. 

 

Different models used for adsorption kinetics and isotherm  

Table 1 summarises the various models used to study the kinetics and model of adsorption isotherms. The linear and 

non-linear forms of these models used are given in the table. 
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Table 1:- Adsorption kinetics and isotherm models [7,8,11–13]. 

Models Non-linear form Linear form Parameters 

Models of adsorption kinetics 

Pseudo-

first order 
𝐪𝐭 = 𝐪𝐞(𝟏 − 𝐞−𝐤𝟏𝐭) 𝐥𝐧⁡(𝐪𝐞 − 𝐪𝐭) = 𝐥𝐧𝐪𝐞 −

𝐤𝟏𝐭  

K1 is the kinetic constant of the 

adsorption reaction (min
-1

) 

Pseudo-

second 

order 

q𝐭 =
𝐤𝟐𝐪𝐞

𝟐𝒕

𝟏 +  𝐤𝟐𝐪𝐞𝐭
 

𝐭

𝐪𝐭
=

𝟏

𝐤𝟐𝐪𝐞
𝟐

+
𝐭

𝐪𝐞
 

K2 is the second-order reaction rate 

constant for adsorption (g.mg
-1

.min
-1

). 

Weber and 

Morris 

qt = kit
1/2

 + c                        - K1 is the intraparticle diffusion 

constant and C is the intersection of 

the straight line with the y-axis or the 

intercept at the origin. 

Elovich - 𝐪𝐭 =
𝟏

𝛃
ln(β) + 

𝟏

𝛃
 ln(t)          α is the initial adsorption rate 

(mg/g.min) ; t0 = 1/(α.β) and β : 

constant linked to the external surface 

and the chemisorption activation 

energy (g.mg
-1

). 

Adsorption isotherm models 

Langmuir 
𝐪𝐞 =

𝐪𝐦𝐤𝐋𝐂𝐞

𝟏 + 𝐤𝐋𝐂𝐞
 

𝐂𝐞

𝐪𝐞
=

𝟏

𝐪𝐦𝐊𝐋
+

𝐂𝐞

𝐪𝐦
                       qmax represents the maximum 

adsorption capacity of the solid phase 

charge (mg.g
-1

) and KL: Langmuir 

coefficient. 

Freundlich 
𝐪𝐞 = 𝐊𝐅𝐂𝐞

𝟏
𝐧 

𝐥𝐧𝐪𝐞 = 𝐥𝐧𝐊𝐅 +
𝟏

𝐧 𝐥𝐧𝐂𝐞      

KF and n sont les constantes de 

Freundlich liées à la capacité 

d'adsorption et à l'intensité 

d'adsorption respectivement. 

Tempkin 
𝐂𝐞 =

𝟏

𝐀
𝐞𝐱𝐩⁡(  

𝐪𝐞

𝐁
) 

𝐪𝐞 = 𝐁𝐥𝐧𝐀 + 𝐁𝐥𝐧𝐂𝐞            A is the Tempkin equilibrium binding 

constant (L.mg
-1

) corresponding to 

the maximum binding energy, B is 

the constant related to the heat of 

adsorption, T is the absolute 

temperature and R is the universal 

constant of perfect gases. 

 

Influence of temperature on phenol adsorption 

To study the effect of temperature on the adsorption of phenol, we introduced in several Erlenmeyer flasks 0.1g of 

activated carbon and 100mL of the phenol solution. The mixture was shaken by varying the temperature at 20, 40 

and 50°C. Following equations were used to calculate the thermodynamic parameters, such as: free energy G°, 

enthalpy H° and entropy S° [14,15]:  

 

∆𝐆° = ∆𝐇° − 𝐓∆𝐒°       (4) 

𝐥𝐧  
𝒒𝒆

𝑪𝒆
 =

∆𝑺°

𝑹
−

∆𝑯°

𝑹𝑻
      (5) 

 

Results And Discussion:- 
Surface analysis by Scanning Electron Microscope (SEM)  

Fig. 3. shows SEM micrographs of activated carbon at different magnifications. SEM images of the activated carbon 

show that the thick wall opens up and a wider porosity is created, thus the outer surfaces of the chemically activated 

carbon are full of cavities [15]. 
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Figure 3:- Scanning electron micrographs their activated carbon of Hibiscus sabdariffa stems. 

 

Textural properties of activated carbons from Hibiscus sabdariffa stems  

Table 2 shows the textural properties of the activated carbon investigated in this study. We carried out a comparative 

calculation of the specific surface areas using two models: the BET model corrected by Rouquerol and the 2D-

NLDFT model. We note that the specific surface area obtained from the model is slightly higher than that obtained 

from the 2D-NLDFT model (BET: 1053 m
2
.g

-1
 versus 2D-NLDFT: 975 m

2
.g

-1
). Secondly, the microporous volume 

is higher than the mesoporous volume. This results in a higher rate of micropores. Consequently, the surface area 

determined by the BET model is increased because, by hypothesis, it is more useful for characterising mesoporous 

materials. The carbonaceous material is therefore more suitable for trapping small molecules. 

 

Table 2:- Textural properties of the activated carbons from Hibiscus sabdariffa stems. 

Activated 

carbons 

Xp S (m
2
.g

-1
)  Vµ 

(m
3
.g

-1
)  

Vµ  

(%) 

Vmeso 

(m
3
.g

-1
)  

Vmeso 

(%) 

VT 

(m
3
.g

-1
)  BET 2D-NDLFT 

CA – THS4 4:1 1053 975 0.39 56% 0.31 44% 0.70 

 

pH at zero load point (pHpzc) of activated carbon  

The pHpzc indicates the acid-base character of the surface functions of the porous materials. It is also the point at 

which the charge of the positive surface sites is equal to that of the negative surface sites [16]. Fig. 4 shows the 

pHpzc determination curve for the activated carbon studied. For this carbon, the pHzpc ≈ 2.8 lower than 7. This 

value reveals the acidic character of the surface chemical functions of the activated carbon [17]. 



ISSN: 2320-5407                                                                              Int. J. Adv. Res. 11(09), 151-165 

156 

 

 
Figure 4:- pHpzc determination curve. 

 

Adsorption tests of phenol on activated carbon from Hibiscus sabdariffa stems.  

Study of phenol adsorption kinetics on activated carbon from Hibiscus sabdariffa stems 

The experimental results indicate a rapid increase in adsorption capacity during the first five (05) minutes; this 

indicates that the adsorption rate is also very high; but the equilibrium times no longer depend on the initial 

concentration. The equilibrium is reached after 5 min. It appears from the results obtained that the elimination rate 

of phenol is low, less than 65% whatever the initial concentration. We can also note that the quantity of adsorbates 

adsorbed increases according to the initial concentration (Fig. 5 and 6). 

 

The rapidity of reaction during the first minutes explains that the number of active sites available on the surface of 

the activated carbon is much greater than that of the sites remaining after a certain time. For the rest of the not 

adsorbed quantity is interpreted by the saturation of the surface of the activated carbon. 

 

Studies on phenol adsorption revealed that electron donor-receptor interaction, electron dispersive coupling 

interaction and competition for adsorption of water molecules [6]. Water also influences the adsorption of phenol on 

activated carbon. This occurs when some of the more active sites that adsorb phenol molecules are blocked by the 

adsorption of water molecules. The carboxyl and hydroxyl groups inhibit the adsorption of phenol and increase the 

affinity of the carbon with water.  

 
 

Figure 5:- Study of phenol adsorption kinetics on activated carbon. 
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Figure 6:- Effect of the initial concentration on the adsorption capacity of activated carbon. 

 

Mechanism of the phenol adsorption reaction on bissap stem activated carbon  

Fig.7 explains the phenol adsorption mechanism on the activated carbon surface.  Sogbochi et al. (2022) have shown 

in this figure that activated carbons from the shell of Lophira Lanceolata prepared thermochemically with 

orthophosphoric acid fix phenol molecules by means of various interactions. The adsorption mechanism involves 

electrostatic interactions and fixation by the formation of covalent bonds. 

 
Figure 7:- Mechanism of liaisons formation between the adsorbate and the surface functions of the activated carbon 

[7]. 

 

Modelling of phenol adsorption kinetics on activated carbon from Hibiscus sabdariffa stems 

The adsorption kinetics of phenol on activated carbon was studied for initial concentrations 5, 50 and 100 ppm of 

phenol in aqueous solution.  
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The values of the kinetic parameters of the phenol adsorption reaction were calculated (Table 3) from the slopes and 

intercepts underlying the linearized forms of each model. The higher the correlation factor, the better the model for 

studying the adsorption process. From the results in Table 1, we note that the pseudo second order model has the 

highest correlation coefficients, so we can deduce that it is the model that best describes the adsorption process of 

phenol on activated carbon. Furthermore, the correlation of this model with the experimental data is characterized by 

the values of qe,cal very close to the values of qe,exp. This indicates that the adsorption process of phenol could be 

controlled by chemisorption which involves valence forces through the sharing or exchange of electrons between the 

adsorbent and the adsorbate. The study of phenol adsorption kinetics by other researchers has also shown that the 

pseudo-second order rate is the one that simulates phenol adsorption with good agreement. 

 

The intraparticle diffusion is not the determining step of the adsorption process because the corresponding lines do 

not pass through the origin of the reaction (C is not zero). C not being zero, confirms that the curve qt = f(t
1/2

)  has 

more than one linear portion (Figure 10)[6]. The curves are not linear over the entire time range, showing that more 

than one process affects the adsorption of phenol. From Figure 10, there are two different steps, the plot shows 

bilinearity indicating the existence of several steps. Thus, the first slightly concave stage, characterizes the 

phenomenon of diffusion on the external surface of the activated carbon, it is the instantaneous adsorption, the 

second linear part, corresponds to the stage where the adsorption could be controlled by the phenomenon of 

intraparticule diffusion [18].  

  
(a) Pseudo-first order kinetic model (b) Pseudo-second order kinetic model 

  

(c) Elovich kinetic model (d) Intraparticle diffusion model 
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Figure 8:- Kinetic curves of phenol adsorption by activated carbon derived from Hibiscus sabdariffa stems. 

 C0 (mg.L
-1

) 5 50 100 

 qe,exp (mg.g
-1

) 3.09 25.79 44.61 

Pseudo-First Order qe,cal (mg.g
-1

) 0.77 10.11 24.55 

K1  (min
-1

) 0.63 0.63 0.82 

r
2
1 0.521 0.731 0.899 

Pseudo-second ordre qe,cal (mg.g
-1

) 3.11 25.85 44.66 

K2  (min
-1

) 1.79 0.29 0.28 

r
2
2 0.999 1.000 1.000 

Elovich Model α 1.39.10
13

 9.21.10
23

 1.37.10
22

 

β 86.81 2.33 1.23 

R
2
 0.40178 0.77377 0.63918 

Intraparticle diffusion ki 0.08 0.74 1.29 

C 2.52 20.15 34.82 

R
2
 0.11537 0.16995 0.17173 

Table 3:- Kinetic model constants for phenol adsorption. 

 

Table 4 summarises the parameters of the kinetic models that best fit the phenol adsorption process on various 

adsorbent materials. The pseudo-second order kinetic model is largely the model that best represents the 

experimental results of phenol adsorption, which is consistent with the work of this thesis, and the other kinetic 

models are very rare. The resulting pseudo-second order model and its parameters agree with the results of the 

present study. For, the temperature range used is [25; 30], the coefficients of determination are very close to unity 

and the rate constant k2 is very small. 

 

The pseudo-first-order model obtained by Yan et al. (2020) would indicate that this group of researchers considered 

the very first minutes of the phenomenon when equilibrium was not reached in their work. This latter aspect is 

verified in the case of their work, given the kinetic curves represented from experimental points not having an 

asymptote of reaction equilibrium, as shown in Fig. 9. 

 

Table 4:- Summary of the parameters of the models best suited for modelling the kinetics of phenol adsorption on 

various adsorbent materials. 

Adsorbent Model T (°C) K2 

(g.min.mg
-1

) 

r
2
2 Reference 

Coconut activated carbon Pso - 0.005606 0.9981 [19] 

Hematite iron oxide nanoparticles (α-

Fe2O3) 

Pso - 0.019 0.993 [20] 

Palm oil shell biosorbent Pso - 0.00144 0.992 [13] 

Double-layer hydroxide Zn-Al Pso 25 0.0119 0.9998 [21] 

Activated carbon from rice husk Pso  0.01 0.9994 [22] 

Clay  Pso 30 0.008 0.98 [23] 

Activated carbon from Tithonia diversifolia Pso 25 0.04 0.99 [24] 

Activated carbon from Kraft lignin Pso 25 0.00028 1.00 [18]  

Commercial activated carbon Pso 25 0.18 0.999 [25] 

Activated carbon pellet Pfo 30 K1 = 0.0103 0.9134 [26] 

Pfo : Pseudo-first order;  Pso : Pseudo-second order  
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Figure 9:- Phenol adsorption kinetics curves for work carried out by Yan et al. (2020). 

 

Adsorption isotherms of phenol 

Table 5 shows the isothermal parameters and correlation coefficient estimated by these isothermal models for phenol 

adsorption. The correlation coefficient value of the Freundlich model is higher than that of the Langmuir (R
2

L = 

0.8721) and Tempkin models.  From this observation, it appears that the Freundlich model is the most credible to 

explain the adsorption of phenol on activated carbon. The Freundlich adsorption isotherm assumes that adsorption 

occurs on a heterogeneous surface by a multilayer adsorption mechanism, and that the amount adsorbed increases 

with concentration (Fig. 10) [27]. The adsorption capacity of the calculated from the Langmuir adsorption model for 

is 113 mg/g and is even better compared to the results encountered in the literature. This can be explained by the 

high microporosity of the coal, i.e., 56% of the micropore rate. The separation factor obtained from equation (4) in 

the range 0-1, indicating that the removal of phenol is favourable for adsorption. The value of adsorption intensity 

(n) is greater than one shows that activated carbon made from bissap stems is an excellent adsorbent for the removal 

of phenolic compounds. The constant A of the Tempkin isotherm 0.44 L.mg
-1

 and the constant B of the isotherm for 

the heat of adsorption of phenol on activated carbon were estimated to be 15.17 J.mol
-1

, indicating that electrostatic 

interaction and pore heterogeneity play an important role in the adsorption since it is greater than 1. 

 

The adsorption capacity of phenol is influenced by the surface chemistry, probably due to the presence of surface 

functional groups and heteroatoms of the activated carbon. Xiong et al. (2020) showed that phenol was removed 

more efficiently at alkaline pH, however, pH affects the ionic state of the surface functional groups [28,29]. In this 

study, the effect of pH was not determined, however, the pHpzc indicates the acidic nature of the activated carbon 

which decreases its affinity to phenol which has a labile hydrogen of the -OH group giving it an acidic character; 

therefore, better removal of phenol can be projected on the developed activated carbon. 
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Figure 10:- Adsorption isotherms of phenol on the activated carbon from Hibiscus sabdariffa stems. 

 

Table 5:- Isothermal parameters and correlation coefficient estimated by these isothermal models for phenol 

adsorption 

Langmuir Isotherm qm (mg.g
-1

) 113 

KL (L.mg
−1

) 0.01 

R
2

L 0.87261 

Freundlich Isotherm 1/n 0.87 

kF ((mg.g
−1

)(L.g
−1

)
1/n

) 1.53 

R
2

F  0.88868 

Tempkin Isotherm A (L.g
-1

) 0.44 

B 15.17 

R
2
T 0.82761 

 

Table 6 shows the parameters of the mathematical approaches that best fit the adsorption process of phenol on 

various adsorbent materials. These studies are carried out at temperatures between 25 and 55 °C, to give adsorption 

capacities that range from 6 to 246 mg.g
-1

, when the initial concentration reaches 500 mg.L
-1

. It is particularly 

interesting to note that the maximum adsorption capacities obtained in this study are higher than those reported in 

the literature. The very large specific surface and a developed microporosity could be at the origin of this high 

adsorption capacity. The high initial concentration (1500 mg.L
-1

) observed could also justify this behaviour.  

 

It should be noted that the Langmuir approach is not as widely used as a model that best describes the phenol 

adsorption process, however it is often used to determine the binding capacity of phenol molecules. These values 

should be taken with care, especially as they are derived from the model with a low coefficient of determination.  

 

The adsorption of phenol in most cases, as in this study, followed the Freundlich model and afterwards the 

Langmuir model and only a few took place via different models such as Redlich-Peterson and Brouers-Sotolongo. 

 

Table 6:- Summary of parameters for the modelling of phenol adsorption isotherms for various adsorbent materials. 

Adsorbent T (°C) C0  

(mg.L
-1

) 

Model 𝒒𝒎𝒂𝒙  

( 

𝐦𝐠. 𝐠−𝟏) 

Reference 

Activated carbon from rice bran 27 - Langmuir 6.16 [30] 

Active carbon from vetiver roots 25 20 - 100 Brouers-Sotolongo and 

Redlich-Peterson 

21.69 [31] 
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Activated carbon from black 

acacia bark waste 

55 50 - 500 Freundlich 98.57 [32] 

Activated charcoal from tobacco 

residues 

- 1 - 12 Langmuir 17.83 [15] 

Activated carbon from soya straw - 10 - 500 Freundlich 278.0 [33] 

Single-walled carbon nanotubes 30 25 - 350 Freundlich 549.60 [34] 

Biochar from oil palm fronds 25 40 - 260 Freundlich 57.48 [5] 

Activated carbon from Tithonia 

diversifolia 

 100 - 500 Langmuir 50. 552 [24] 

Lignite activated carbon 25 - Freundlich 42.3191 [35] 

Bioadsorbent the neem 

(Azadirachta indica) 

- 100 - 500 Freundlich 74.90636 [36] 

Commercial activated carbon - 10 - 400 Langmuir 246.31 [37] 

 

Effect of temperature on the adsorption capacity of phenol by activated carbon 

The results of the thermodynamic parameters deduced from Fig.11 are shown in Table 7. From these results, it is 

observed that the free energy is positive in all cases. This indicates that the adsorption of phenol on activated carbon 

is not spontaneous whatever the temperature, the adsorption process of phenol on activated carbon is chemisorbed 

since the values of ΔH°˃40 kJ.mol
-1

 [8,15]. The free enthalpy is negative, which implies that the adsorption process 

is exothermic, This indicates the decrease in the adsorption capacity value of the adsorbent with increasing 

temperature[15]. ΔS° is negative, which means that the phenol molecules remain more and more ordered on the 

solid/solution interface during the adsorption process [15]. 

 

 
Figure 10:- Effect of temperature on the adsorption capacity of phenol by activated carbon. 

 

Table 7:- Thermodynamic parameters ΔG°, ΔH° and ΔS° related to the adsorption of phenol on activated carbon.  

CA – THS4. 

            Sample C0 

(mg.L
-1

) 

T (K) ΔG°: 

(kJ.mol
-1

) 

ΔH° 

(kJ.mol
-1

) 

ΔS° 

(kJ.mol
-1

.K
-1

) 

CA – THS4 100 293.15 -3212854 41 11 

313.15 -3432052 

323.15 -3541651 
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Conclusion:- 
During this study, we explored the possibility of valorization of bissap stems to remove phenolic compounds from 

wastewater. For this purpose, we elaborated activated carbon by activation with phosphoric acid. The pHpzc, phenol 

adsorption tests and comparison of adsorption results to literature values are done.  

 

The pHpzc reveals the acidic nature of the activated carbon and the high rate of micropores is confirmed by good 

binding of phenol molecules. The pseudo-second order model is the most appropriate to represent the kinetic 

behaviour of phenol adsorption on activated carbon. The Freundlich model showed the best fit to the equilibrium 

data, indicating that the adsorption of phenol molecules in water provided the knowledge that this species adsorbs 

through the superposition of several layers (multilayer). 
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