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Abstract 
Calcined eggshells (CES) were tested as adsorbent at a low cost for the removal of 
phenol from the waste water. The shells of Eggs extracts from waste were washed and 
then dried at a temperature of 60˚C and finally calcined in an oven at the atmos-
pheric air in several temperatures 200˚C, 400˚C, 600˚C, 800˚C, 1000˚C. The chemi-
cal composition of the obtained adsorbs was analyzed by the X-ray diffraction. The 
isothermal study of adsorption of the phenol was realized for the various adsorbates. 
It showed that the biggest efficiency of the elimination was attributed to the calcined 
eggshells to 1000˚C with a percentage that reached 37%. The kinetics of adsorption 
were described by the first rate model. The intra particular distribution is a signifi-
cant step in the adsorption process of phenol on calcined eggshells (CES). The sepa-
ration factor gives a favorable adsorption of phenol on the CES. 
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1. Introduction 

Phenol compounds are present bactericidal molecules in industrial effluents which can 
come from many activities. They are the priority concerns of pollutants because of their 
toxicity and their potential accumulation in the environment. Phenols are introduced 
into the wastewater effluent from several industries such as tar industry, gasoline, plas-
tics, rubber, disinfectants, pharmaceutical products and agro-food activities [1]. Vari-
ous methods have been proposed for the treatment of wastewater containing organic 
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and inorganic pollutants. These processes are based on the principles of the precipita-
tion, coagulation, oxidation, sedimentation, filtration, adsorption, osmosis and the ion 
exchange, etc. The method of separation most frequently used in water treatment is 
adsorption including adsorption on activated carbon. The adsorption mechanism of 
these phenol compounds is still not known and it is even more difficult to treat mix-
tures of these molecules [2]. 

The major disadvantage of the activated carbon is associated with the cost; because of 
that several researches directed their interests in the production of adsorbents, which 
have significant capacity to absorb and remove phenols at low cost. The clay is one of 
the alternative solutions in the activated charcoal; its adsorption capacity result is due 
to its high surface area and its exchange capacity. Thus, studies [3] and [4] used bento-
nite, kaolinite and basalt clay modified to adsorb phenol. 

The abundance and the availability of agricultural by-products make them good 
sources of raw materials for natural adsorbents. Rice Bark, an agricultural waste, has 
been reported as a good adsorbent for many organic and inorganic components in-
cluding phenol [5]. The rice husk treated chemically was tested to remove phenol in the 
synthetic wastewater. There are others, such as beet pulp carbonized at 600˚C [6], acti-
vated charcoal pistachio shell which proved an excellent adsorbent to 69.6% removal of 
phenol and 4-chlorophenol [7], also marine products such as chitin, which was pre-
pared from the shells of crabs [8]. Eggshell, abundant in our waste MOROOCO, offers 
us a natural adsorbent with a very low cost. Several studies have examined the potential 
for adsorption of pollutants. Rarely used, the egg shell was used to adsorb a different 
dye such as yellow reactive dye 205 [9], the Crystal Violet [10], cationic and anionic 
dyes, blue 51 orange basics acids [11] of the textile dyes Direct (DR80) and acid (AB25) 
[12]. From these studies, it was found that there is a relatively high adsorption capacity 
over other adsorbents. 

Several studies have worn on the adsorption of Cu2+ and Fe2+ from aqueous solutions 
on the egg shell powder [13] [14]. Other studies have optimized adsorption of phos-
phates on the ESC. The calcinations showed that it allows increasing the adsorption 
capacity [15]. Recent studies have achieved the adsorption of phenol on eggshells un-
calcined [16]. The purpose of this work is the study of the removal of phenol in 
aqueous solution by calcining eggshells (CES) waste extracts [17]. It also relates to the 
optimization of the retention of phenol on the eggshells calcined at different tempera-
tures of 200˚C to 1000˚C. The effect of various conditions and parameters were studied 
in batch experiments [18].  

2. Materials and Methods 

Calcined Eggshell (CES): eggshell was collected from the waste of restaurants and their 
storage. It was cleaned with demineralized water several times and finally dried in an 
oven (60˚C) for 24 hours [12]. Eggshells were prepared and sieved with a sieve of 425 
μm. Masses of the adsorbent were calcined in an electric furnace treatment ELTI CFZ 1. 
This furnace seven Fofumi can rise to a maximum temperature to 1100˚C, which al-
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lowed us to calcine our shells at different temperatures at 200˚C, 400˚C, 600˚C, 800˚C 
and 1000˚C [15] for 2 h.  

The adsorption kinetics were studied according to previous work [16]. It was meas-
ured by the amount of adsorbed phenol determined at certain time intervals (5, 15, 30, 
60, 90, 120, 150, 180, 210, 240, 270 and 300 min). At these intervals, samples were re-
moved and filtered. The concentration of phenol in the liquid phase was measured with 
the UV spectrophotometer-Visible CECIL 2021 at λmax = 270 nm. It gave the sample 
absorbance.  

Other adsorption experiments were carried out at different concentrations of phe-
nol solutions for drawing the adsorption isotherm. It used an optimum CES quantity 
(100 mg). The concentration of the phenol solution was between 0.001 and 0.008 
mol/l with a stirring speed of 1000 revolutions per minute, as the temperature was 
room temperature ± 25˚C with a pH (≈8) solution for 150 min to reach equilibrium 
conditions. The results were verified with the adsorption Langmuir and Freundlich 
models.  

3. Results and Discussion 

Calcination eggshell is an interesting setting to explore for adsorption of phenol. Egg-
shells were calcined at temperatures ranging from 200˚C to 1000˚C for 2 h in an oven at 
the atmospheric air. 

3.1. Analysis of the Mass Loss of CES 

The results of monitoring of the mass loss as a function of the calcination temperature 
were grouped in Figure 1. This figure shows two distinct stages of weight loss: a step at 
temperature below 600˚C and another between 600˚C and 850˚C. Before calcination,  
 

 
Figure 1. Mass loss of ESCs depending on the calcination temperature. 
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ESCs consist primarily of CaCO3 (91.94%) in addition to other elements; i.e. Si, S, Mg, 
P, Al, K and Sr [19] with a very low percentage. The first phase may be explained by the 
evaporation of adsorbed water and other molecules. The second step involves the loss 
of the largest weight corresponding to 40% of weight of 600˚C to 850˚C. This variation 
is due to the phase change from CaCO3 to CaO phase which could be confirmed by 
X-ray diffraction. The calcination was continued to ensure complete conversion to 
CaO. The decomposition of the carbonate was accompanied by evolution of CO2, ac-
cording to the following endothermic reaction [20]: 

( ) ( ) ( )3 2CaCO CaO COs s g←→ +  

3.2. X-Ray Analysis 

The calcined samples were characterized by X-ray diffraction (Figure 2). The relative 
curvature as calcinations before eggshells showed a maximum peak at 2θ = 29.48˚, in-
dicating that the calcite (CaCO3) is a main phase of the shell. The peaks relating to the 
CaO phase were detected for the shells calcined at 800˚C and 1000˚C. The 2θ values of 
CaO peaks are: 33.90˚; 39.24˚; 43.23˚; 47.26˚; 48.27˚; 50.79˚. 

We note that the absence of the maximum peak on the calcite phase (2θ = 29.48) in 
the shells calcined at 800˚C, which implies that the CaCO3 layer was completely de-
composed into CaO. These results are consistent with previous studies [19] [20]. In-
formation relating to the peaks is given in Table 1. In the curves for 200˚C, 400˚C, 
600˚C, there is the peak 2θ = 29.48˚ with a lower intensity and the appearance of other 
peaks as 2θ = 39.44˚; 47.61˚; 48.79˚. We conclude that the phases obtained after cal-
cinations at 200˚C, 400˚C and 600˚C are a mixture of the two phases CaCO3 and 
CaO. 
 

 
Figure 2. X-ray diffractograms eggshells before and after calcination at different temperatures. 
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Table 1. List of some peaks obtained by X-ray diffraction for eggshells. 

 
Eggshell not calcined CES à 800˚C. 

N˚ of 
peak 

2θ d 
Intensity 

(u, a) 
2θ d 

Intensity 
(u, a) 

1 22.96 3.872 52.55 33.90 2.643 509.12 

2 29.48 3.029 1110.94 35.89 2.501 88.86 

3 36.10 2.487 80.29 39.24 2.295 116.78 

4 39.37 2.288 182.48 43.06 2.100 100.54 

5 43.06 2.100 122.26 47.12 1.928 221.16 

6 47.61 1.909 159.12 50.71 1.800 177.18 

7 48.55 1.874 187.22 54.30 1.689 86.49 

8 
   

57.16 1.611 51.82 

9 
   

62.65 1.482 61.13 

10 
   

64.33 1.448 61.13 

3.3. Adsorption Kinetics 

The phenol removal efficiency was assessed by determining the adsorption capacity and 
the percentage removal of phenol. For this, the adsorption capacity of phenol was cal-
culated from the relation [21] [22]: 

( )0 *eQ C C V m= −                          (1) 

where Q (mg/g) is the equilibrium capacity adsorption, C0 and Ce (mg/L) are, respec-
tively, the initial liquid phase concentration of phenol and the concentration of phenol 
at equilibrium, V (l) is the volume of the solution, m (g) is the mass calcined shells.  

To calculate the percentage of removal of phenol in solutions by CES, we used the 
following equation:   

( )0 0% of phenol removal *100eC C C= −                  (2) 

With C0 and Ce (mg/L) are, respectively, the initial liquid phase concentration and 
the concentration of the phenol at equilibrium. 

According to the results presented in Figure 3, it is clear that by increasing the tem-
perature of calcination of the eggshells, the percentage removal of adsorbed phenol in-
creases as well as the rate of adsorption. 

Kinetic studies realized on non-calcined shells [16] found a slow equilibrium of time 
equal to 210 min. However, for CES, the time equilibrium decreased in 90 min for CES 
at 800˚C and 1000˚C (CaO) and in 150 min for CES at 200˚C, 400˚C, 600˚C (CaCO3 + 
CaO). According to Figure 4, the removal of phenol by CaCO3 + CaO was about 70 
mg/g. This value is increased of 10 mg/g for CaO. This can be justified by the pores 
multiplication [19] and the increase of the pores sizes distribution [15]. 

Figure 4 shows the effect of calcination temperature on the adsorption of the phenol. 
We can observe that the maximum percentage of removal of the phenol is about 37% 
for calcined shells to 1000˚C. The removal percentage did not vary significantly be-
tween all our calcined samples. 
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Figure 3. The kinetics of phenol adsorption on calcined shells. 

 

 
Figure 4. Effect of calcination temperature on the adsorption of phenol. 

3.3.1. Modeling of First and Second Order 
For the examination of the mechanisms that control adsorption, such as the chemical 
reaction and the diffusion control, several kinetic models are used to test experimental 
data. The orders concerning the adsorption on bioadsorbants most quoted in the lite-
rature are:  

The model pseudo-first order Lagrange which is based on the hypothesis that the rate 
of variation of solution adsorbed according to time is proportional to the difference 
between adsorption capacity balance and the amount adsorbed at time t. 

The pseudo-first order after the integration is expressed by [16]: 

( ) 1log log 2.303e t eq q q k t− = −                      (3) 

where k1 is the constant of speed of pseudo-first-order (min−1) and qe (mg∙g−1) is the 
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adsorption capacity for the balance and qt (mg∙g−1) is the amount of phenol adsorbed at 
each time t. 

After the integration, the pseudo second order model is expressed as follows: 

2
1 1

e t e

k t
q q q

= +
−

                            (4) 

where k2 (mg∙g−1∙min−1) is the constant of speed of pseudo-second order. The values of 
qe, k1 and k2 for the different adsorbents were calculated from the graphs in Figure 5 
and Figure 6 and the results are presented in Table 2. 

By comparing the results after linear modeling, the adsorption kinetics for CES with 
 

 
Figure 5. Drawing the linear form of the first-order kinetic model for calcined shells. 

 

 
Figure 6. Drawing the linear form of the second-order kinetic model for calcined shells. 
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Table 2. Parameters of the adsorption kinetics of phenol for both models. 

  
First order Second order 

 
T k1 R2 k2 R2 

Adsorbate 
calcination 

temperature 

200˚C 0.00776111 0.970 0.00028 0.85 

400˚C 0.00239512 0.940 0.00073 0.884 

600˚C 0.00941927 0.960 0.00124 0.88 

800˚C 0.00695506 0.963 0.00241 0.822 

1000˚C 0.00407631 0.973 0.00029 0.939 

 
both models, it is found that the adsorbed amount increases with the increase of the cal-
cination temperature, the highest correlation coefficient is registered for the first-order 
model. As a result, this model describes or gets closer to our study. 

3.3.2. Study of Diffusion Processes 
The diffusion process usually consists of four stages, which may be either independent 
of each other, or simultaneously. The first step is the movement of the solution to the 
solid surface. The second is the diffusion through the interparticle spaces (external dif-
fusion). The third relates to the intraparticle diffusion, and finally is the chemical reac-
tion surface between the surface features of the adsorbent and the active groups of the 
phenol [23]. 

1) External diffusion process 
To model the external diffusion process, we will use the expression: 

( ).e
t e

dC ak C C
dt V

 − = − 
 

                       (5) 

Ce: the equilibrium concentration of solute solution; a: area of the solid/liquid inter-
face; V: volume of solution.  

The integrated form of the external distribution process:  

( )
( )

0ln  e

t e

C C ak t k t
C C V

 −   ′= =   −    
                    (6) 

The plot of 
( )
( )

0ln e

t e

C C
C C

 −
 

−  
 versus time t, give the value of 'k  and thus to assess  

whether the diffusion step external step is decisive for the entire reaction. 
2) Intra-particular diffusion process 
The intra-particular diffusion kinetics phrase is often simply presented by equation 

[23]: 
1 2

idtq k t C= +                             (7) 

kid constant of intra-particular diffusion rate (m∙L−1∙min−0.5); C: constant that gives an 
idea about the thickness of the boundary layer. Its values were determined for each ad-
sorbent by the graph of qt versus t1/2 is given in Table 3. 
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Table 3. Parameters of the diffusion process for the adsorption of phenol by calcined eggshells. 

  External diffusion Intra-particle diffusion 

  K’ R2 kid (m∙L−1∙min−0.5) R2 

T˚C of  
calcination 

200˚C 0.011 0.399 0.170 0.971 

400˚C 0.009 0.498 0.102 0.964 

600˚C 0.009 0.444 0.220 0.973 

800˚C 0.006 0.64 0.110 0.961 

1000˚C 0.009 0.555 0.096 0.961 

 
Both graphs in Figure 7 and Figure 8 are linear with a high correlation. It is deduced 

that the diffusion process at least plays a more important role in the adsorption of the 
phenol. We also note that in the first minutes of contact, the chemical reaction on the 
surface begins. The experimental point’s intra particular process aligns with an R2 re-
gression coefficient higher than that of the external diffusion processes. The parameters 
of both processes for each adsorbent (eggshells calcined at different temperatures) are 
summarized in Table 3. This indicates that the most influential step in the adsorption 
of the phenol on calcined eggshell remains the process intra-particular diffusion. 

According to the intra-particular diffusion model and the phenomenon of adsorp-
tion [24]; if the curve goes from the source, then we can say that the adsorption is to-
tally controlled by this step. If the curve does not pass through the origin, then the in-
tra-particular diffusion is not the only step that controls the adsorption, but with a cer-
tain degree of control of the boundary layer. 

Thus, we can deduct that the intra-particular diffusion is a limiting step which con-
trols the speed of the phenol adsorption at each time t, but other kinetic models can in-
tervene. 

3.4. Adsorption Isotherm 

Figure 9 shows the adsorption isotherm of calcined eggshells at different temperatures. 
The isotherm type observed is type S. There are in the literature four types of insu-

lated by their appearance [25] [26]. These types can provide explanations of the adsorp-
tion mechanisms. S isotherm type is encountered when the adsorption becomes easier 
to as far as that the solution concentration increases. It also considers that this type re-
flects a strong competition between water molecules and the molecule studied for the 
adsorption sites [27]. 

Equations (8) and (9) of Langmuir and Freundlich are often used to describe the ad-
sorbent-adsorbate relations. These models allow us to properly describe the parameters 
and adsorption characteristics and secondly, to understand the nature of adsorption 
phenomena. [27]. In order to facilitate estimation of the phenol adsorption capacity of 
the calcined eggshells at different temperatures in the liquid phase, the two adsorption 
isotherm models [16], Langmuir and Freundlich, were used according to the following 
formulas: 



S. Chraibi et al. 
 

141 

 
Figure 7. Plot of the linear form of external diffusion for the adsorption of phenol by calcined 
eggshells. 

 

 
Figure 8. Trace of the linear form of the intraparticle diffusion for the adsorption of phenol by 
calcined shells. 

 
Langmuir equation with its linear form: 

1 1 1 1

e m m eQ Q kQ C
= + ∗                          (8) 

With Qm (mg/g) the maximum adsorption capacity; K balance Constant of Lang-
muir; Qe (mg/g) the amount of phenol adsorbed on CES and Ce (mg/L) concentration 
of the phenol solution at equilibrium.  
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Figure 9. Adsorption isotherm of phenol on calcined eggshells. 

 
Freundlich equation with its linear form:  

ln ln 1 lne f eQ k n C= +                          (9) 

With Qe (mg/g) the amount of phenol adsorbed on CES at equilibrium; Ce (mg/L) 
concentration of the phenol solution at equilibrium; Freundlich constant kf and n the 
adsorption intensity. This semi-empirical equation gives a better fit for the adsorption 
from liquids. For this model, the adsorption is carried out on a heterogeneous surface 
with a non-uniform distribution of the heat of adsorption on the surface. 

For optimizing the adsorption system, it is important to establish the most suitable 
correlation for the adsorption isotherms at equilibrium. By adjusting the experimental 
points on the two models and be based on the greatest values of coefficient R2. Accord-
ing to the Figure 10 and Figure 11, it appears that the Langmuir best describes the type 
of our adsorption. For the model of Langmuir, adsorption is carried out on a homoge-
neous energy surface by the formation of monolayer without any interaction between 
the adsorbed species [28].  

The data of the two parameters are summarized in Table 4, according to the Lang-
muir model the adsorption capacity reached 58.83 mg/g for CES at 1000˚C. The ad-
sorption capacity increased with the increase of calcining temperature has been shown 
by the kinetic study. 

The essential feature of the Langmuir isotherm can be expressed by a dimensionless 
constant named separation factor RL is defined by: 

0

1
1LR

bC
=

+
                           (10) 

where C0 the initial concentration and b the concentration of Langmuir. This coeffi-
cient is used to assess the feasibility of adsorption: it assumes that the isotherm is irre-
versible when RL = 0, favorable when 0 < RL <1, linear when RL = 1 or unfavorable when  
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Figure 10. Langmuir linear model of the adsorption of phenol on the calcined eggshells. 

 

 
Figure 11. Freundlich linear model of the adsorption of phenol on the calcined eggshells. 

 
RL >1 [28].  

From Table 5, the RL value was calculated for different values of initial concentra-
tions (0.002; 0.005; 0.007 mol/L). For our adsorbents eggshells calcined at 200˚C, 
400˚C, 600˚C, 800˚C, 100˚C, the RL value is in the range of 0 - 1, clearly indicating a 
favorable adsorption in all cases. 
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Table 4. Characterization parameters of the two model adsorption isotherm of phenol on CES. 

  
Langmuir Model Freundlich Model 

  
Qm 

(mg/g) 
k (L∙mg−1) R2 kf (mg/g) N R2 

Adsorbate  
calcination 

temperature 

200˚C 30.303 5.00814E−04 0.992 0.0891 0.917 0.975 

400˚C 43.478 1.86235E−03 0.995 0.0010 0.516 0.940 

600˚C 47.619 1.11259E−03 0.993 0.0022 0.567 0.920 

800˚C 52.631 3.85060E−03 0.996 0.1969 1.133 0.931 

1000˚C 58.823 6.47878E−04 0.990 5.663E−17 0.142 0.979 

 
Table 5. Values of RL separation factor for different concentration. 

  Separation factor RL 

  C0 = 0.002 mol/L C0 = 0.005 mol/L C0 = 0.007 mol/L 

Adsorbate  
calcination  

temperature 

200˚C 0.89 0.85 0.84 

400˚C 0.69 0.61 0.59 

600˚C 0.79 0.72 0.70 

800˚C 0.52 0.43 0.41 

1000˚C 0.87 0.82 0.80 

4. Conclusion 

This work focuses on the study of the adsorption capacity of the phenol on calcined 
eggshells (CES) at different temperatures. A highly toxic and organic pollutant in the 
environment combined. Characterization of our adsorbate showed that the calcination 
resulted in a change phase; the calcination of rich eggshells CaCO3 at 800˚C gave a cal-
cium oxide CaO. The study of the kinetics and the adsorption isotherm was performed 
in order to understand and explain the phenol adsorption mechanism on the calcined 
ES. After calcination of ES, the equilibrium time was reduced by approximately 120 
min compared to uncalcined shell. This study follows the Langmuir model, and then 
one can conclude that the adsorption is carried out on a homogeneous energy surface 
by the formation of monolayer without any interaction between the adsorbed species. 
This work shows that the calcination of eggshells is a very interesting optimization set-
ting for the treatment of wastewater polluted with the phenol. 
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