
 

 

 
Copper removal using a lump of clay from 

wastewater in central Côte d’Ivoire  
 
 
.

ABSTRACT  
Heavy metals such as copper are not only a problem for air pollution: they are bio persistent, disrupt 
ecosystems, damage soils, surface waters, forests, and crops, and accumulate in the food chain. The aim 
was to propose effective methods for quantifying and decontaminating wastewater containing copper. In 
this study, the treatment of copper(II)-containing wastewater was carried out using clay, and the 
concentration of Cu2+ was monitored using the differential pulse anodic dissolution voltammetry method. 
Physical characterization revealed the porous nature of our clay. Furthermore, the kinetic study of Cu2+ 
adsorption on clay is adapted to the pseudo-order 2 kinetic model, and the appropriate isotherm is that of 
Langmuir with an equilibrium time of 20 min. Cu2+ adsorption is maximal at pH = 6. The maximum 
monolayer adsorption capacity was found to be 66.54 mg/g. 
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1. INTRODUCTION  
 
“The rising levels of trace metals being discharged into the environment as industrial waste represent a serious threat to 
human health, life, resources and ecological systems. Although there are many sources of heavy metals, certain industrial 
sectors are currently the biggest contributors to environmental pollution by these toxic metals” [1]. Heavy metals are not 
biodegradable and tend to accumulate in living organisms, causing various disorders and diseases. Copper is one such 
metal. Although this element is essential for living organisms, acute doses cause certain health disorders in humans, 
including anemia, osteoporosis, hypoglycemia, arthritis, heart rhythm disorders and neurological problems [2, 3]. Excess 
copper can also damage lipids, nucleic acids and proteins [4]. Consequently, effluents containing Cu2+ from various 
industries require treatment before discharge into water. 

There are several treatment methods that contribute to their elimination, such as ion exchange, reverse osmosis and 
activated carbon treatment [5], but the least costly remains adsorption on natural clay [6,7, 8]. Clays are characterized by 
their ability to adsorb metals and organic substances from aqueous solutions [9]. This property is essentially due to their 
natural acidity and high specific surface areas. Kaolin from the Katiola region belongs to this category of solids. Its 
abundance means that it is currently used in pottery by the potters of Katiola (a town in central Côte d'Ivoire). So our aim 
is to remove copper from wastewater using clay from the Katiola region. 
 
2. MATERIAL AND METHODS  
 
2.1 Clay activation  
 
100 mL of hydrochloric acid (HCl) is added to 5 g of clay and stirred for 24 hours. Then decant and filter. Dry in an oven at 
60ᵒC for 24 hours. The clay is washed with distilled water to a neutral pH and then dried again for 24 hours. 
 
2.2 Analytical methods for collected samples 
 



 

 

The analytical method used to assess electrolysis performance in this work was a differential pulse voltammetry method, 
which enabled the evolution of paracetamol concentration to be determined from a pre-established calibration curve. This 
method also enables us to qualitatively detect the production of intermediates during treatment. Fig. 1 shows the different 
voltammograms obtained with different concentrations of copper (II) ions introduced into the reaction medium. These 
curves were obtained using parameters identical to those for Lead (deposit potential = -1.4 V, deposit time = 300 s, 
cleaning potential =1.4 V, cleaning time = 400 s, modulation amplitude = 30 mV, Modulation time = 30 ms, potential step = 
4 mV, Time interval = 0.1 s) [10] 
 
The voltammograms shown in Figure 1a were used to plot the calibration line for our concentration range. Figure 1b 
shows the calibration line for the chosen concentration range. This curve gives a determination coefficient R2 = 0.998, 
which is very close to 1, and its equation is Ipic = 7.10-07 [Cu2+] - 6.10-07. All these observations demonstrate the good 
linearity of the method. 
 
The calibration curve was used to monitor the concentration of Cu2+ as it adsorbed onto the clay. During adsorption, 
samples of the reaction mixture were taken and the differential pulse anodic redissolution voltammeter curve of each 
sample was measured. The peak current intensity of each sample was determined. The concentration of Cu2+ in each 
sample was then determined using the calibration line obtained. 
 

  
Fig. 1. (a) Differential pulse anodic redissolution voltammogram of different Cu2+ concentrations, T = 25°C, WE: BDD, CE: 
Pt, RE: MSE; (b) Method calibration curve 
 
2.3 Adsorption rate  
 
The adsorption rate (% adsorption) of copper on clay is obtained using the following formula: 
 
Adsorption	rate	(%) = (େబିେ౪)

େబ
× 100                                                                                    (1) 

 
With Co: initial copper concentration (mg/L); Ct: residual copper concentration at equilibrium (mg/L) 
 
3. Results and discussion 
 
3.1 Clay characterization 
 
3.1.1 Scanning electron microscopy (SEM) 
 
Fig. 2 shows a micrograph of the clay. This image shows the organization of the particles in the form of agglomerates of 
clay particles with irregular morphology. 
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Fig. 2. SEM image of the clay 
  
3.1.2 Specific surface 
 
The specific surface area was determined using the Brunauer-Emmett-Teller (BET) multipoint method Brunauer [11]. A 
value of 56.7806 m2/g was obtained with our clay. This shows that the clay is porous.  
 
3.2 Elimination of Cu2+ by clay  
 
3.2.1 Kinetics of Cu2+ adsorption by clay  
 

The influence of agitation time on copper ion adsorption was studied. The results are shown in Fig. 3, where it is clear that 
the adsorption rate of Cu2+ increases with time up to 20 min. This stage corresponds to Cu2+ adsorption on the active sites 
of the clay. After 20 minutes, the adsorption rate remains constant at 70.73%. This indicates saturation of the clay pores 
[9, 12, 13]. A time of 20 min was therefore used as the equilibrium time for the remainder of our study.  
 
In order to determine which kinetic model best describes Cu2+ adsorption on clay, the first-order pseudo-reaction and 
second-order pseudo-reaction models were applied, using equations 2 and 3 respectively [14, 15]. 
 
ln(ݍ௘ − (௧ݍ = ln ௘ݍ −	݇ଵ(2)                                                                                    ݐ 
 
୲
୯౪

= 		 ଵ
୩మ୯ୣమ

+ 	 ଵ
௤೐
 (3)                                                                                                 ݐ

 
Where qe and qt are respectively the quantity of copper ions adsorbed per mass of clay at equilibrium and time t in (mg/g); 
k1 (1/h) and k2 (g.mg-1.h-1) are the adsorption rate constants.  
 
The curves plotted are respectively ln(qe - qt) versus time and t/qt versus time. The results obtained are shown in Fig. 4. 
Rate constants and linear determination coefficients are given in Table 1. 
 
The results in Table 1 show that the determination coefficient are 0.965 and 0.999 for the pseudo-1-order and pseudo-2-
order models respectively, indicating that the kinetic model that best describes the adsorption of copper ions onto clay is 
the pseudo-2-order model. The maximum experimental amount of Cu2+ adsorbed per clay mass (qe) at equilibrium was 
determined to be 52.8 mg/g. Theoretical maximum values for the amount of copper ions adsorbed were also determined 
using the pseudo-order 1 and pseudo-order 2 kinetic models. Values of 9.48 and 53.19 mg/g were obtained for the 
pseudo-order 1 and pseudo-order 2 models respectively. These results show that the experimental value (52.8 mg/g) of 
the maximum amount of Cu2+ adsorbed is close to the theoretical value (53.19 mg/g) obtained by applying the pseudo-
order 2 kinetic model. Thus, the kinetic model adapted to our study is the pseudo-order 2 kinetic model. 
 



 

 

 
Fig. 3. Cu2+ removal efficiencies on clay; clay mass = 3 g; 50 mg/L Cu2+; T = 25°C 
  

  
Fig. 4. Application of pseudo-order 1 (a) and pseudo-order 2 (b) models to Cu2+ adsorption  
 
Table 1. Parameters for Cu2+ adsorption kinetics models  

pseudo-order 1 pseudo-order 2 
k1 (min-1) R2 qth(mg/g) k2 (g.mg-1.min-1) R2 qth(mg/g) 

0,125 0,965 9,48 0,041 0,999 53,19 
 
3.2.2 Influence of clay mass on Cu2+ adsorption  
 
“The influence of clay mass was studied with the aim of determining the clay mass corresponding to an optimum 
adsorption rate of Cu2+”. [22] Fig. 5 shows the results obtained. In this figure, a rapid evolution of the adsorption rate can 
be seen when the clay dose varies from 0.05 g to 0.3 g in 50 mL of copper ions at a concentration of 50 mg/L. The 
adsorption rate for this dose variation increases from 13.4% to 70.75%. Above 0.3 g, the Cu2+ adsorption rate remains 
constant. Above 0.3 g of clay, the number of accessible free sites becomes stable. The addition of clay adds to the 
number of free sites, but these additional additions lead to the formation of agglomerations of clay particles, and exclude 
certain clay particles from the adsorption process [16]. 



 

 

  
Fig. 5. Influence of adsorbent mass on Cu2+ adsorption 

   
3.2.3 Adsorption isotherms 

 
The empirical relationship for the Freundlich isotherm is of the form [12, 17, 18]: 
 
௘ݍ = ௘ܥ௙ܭ

ଵ/௡                                                                                                               (4) 
 
With : 
qe : Adsorption capacity in mg of adsorbed solute per g of adsorbent, 
Ce: Equilibrium concentration of solute in the liquid phase (mg/L), 
1/n and Kf: Adsorption coefficient and constant respectively. 
 
The Freundlich constant (Kf) reflects the adsorption capacity of a matrix with respect to the adsorbent under consideration. 
The higher the value of Kf, the greater the adsorption. The linear transform used to verify the validity of equation (5) is 
obtained by logarithmic scaling: 
 
ln ௘ݍ = 	 lnܭ௙ + 	 ଵ

௡
	ln  ௘                                                                                              (5)ܥ

 
If the graphical representation of ln qe as a function of ln Ce yields a straight line, we can conclude that the Freundlich 
equation is applicable. This allows us to calculate the constants k and n [12]. 
 
The Langmuir model can be used to calculate the maximum adsorption capacity of adsorbent materials [14, 15, 19]. The 
Langmuir model is represented mathematically by the following equation:  
 
௘ݍ = 	 ௤೘௕஼೐

ଵା௕஼೐
                                                                                                                 (6) 

 
Linearization of equation (6) yields: 
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௤೐
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× ଵ
஼೐

                                                                                                        (7) 
 
With b the Langmuir thermodynamic constant related to the free energy of adsorption, qe (mg/g) the quantity of solute 
adsorbed per unit mass of adsorbent at equilibrium and qm (mg/g) the quantity of solute adsorbed per gram of solid 
required to cover the adsorbent surface with a monomolecular layer, or the maximum adsorption capacity. This (mg/L) 
represents the residual solute concentration at equilibrium. 
 
The slope of the plot of 1/qe versus 1/Ce is used to calculate the constants qm and b. 
Applied to our experimental results, the Freundlich and Langmuir models give fig. 6. The parameters obtained are shown 
in Table 2. 



 

 

   
Fig. 6. Langmuir (a) and Freundlich (b) models applied to Cu2+ adsorption       
 
Table 2. Parameters of the Langmuir and Freundlich equations  

Freundlich Langmuir 
R2 ln Kf N R2 qm(mg/g) B 

0.967 1.582 0.589 0,995 66.540 0.355 
 
Both models are applicable, but the Langmuir model describes this adsorption better, as its determination coefficient is 
closer to 1. This shows that the sites are equivalent (uniform surface), a monolayer is formed and there is no interaction 
between the adsorbed ions [12]. The maximum Cu2+ adsorption capacity of this clay is 66.54 mg/g. 
 
3.2.4 Influence of pH on adsorption  
 
pH plays an important role in adsorption kinetics. Previous studies [20] have shown that it is the main parameter that 
significantly influences the adsorption of metals onto clays. This is because the pH of the solution generally leads to a 
change in the surface charge of the adsorbent and also influences solute dissociation [16, 21].  
 
The evolution is controlled as a function of time, i.e. 20 min agitation for each sample. The pH was adjusted with 0.1 N 
sodium hydroxyl and 0.1 N hydrochloric acid. The results obtained are shown in Fig. 7. The adsorption rate increases with 
pH from 1 to 6, then decreases slightly above pH 6. This shows that the maximum adsorption rate is obtained at pH 6. 

                   
Fig. 7. Influence of initial pH on Cu2+ adsorption 
 
4. CONCLUSION 
 
The voltammetric study of copper oxidation in nitric acid media on the boron-doped diamond anode showed good linearity 
between oxidation peak current intensity and Cu2+ concentration (R2=0.999). The differential pulse anodic dissolution 
voltammetric method enabled us to efficiently monitor Cu2+ concentration during adsorption onto clay. The kinetic study of 
Cu2+ adsorption on clay showed that the kinetic model suitable for our study is the pseudo-order 2 kinetic model with 20 



 

 

min as equilibrium time. Equilibrium adsorption revealed that the experimental data best fit the isothermal Langmuir 
model. Cu2+ adsorption is maximal at pH = 6. The maximum monolayer adsorption capacity was found to be 66.54 mg/g. 
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