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In this paper, Moroccan treated attapulgite (MTATP) was used as a 

mineral adsorbent for removal of copper ions from aqueous solution. 

Fourier transform infrared spectroscopy (FTIR) was used to study the 

functional groups of attapulgite. Kinetic analysis of the experimental 

results was carried out by using the pseudo-first-order, pseudo-second-

order and the intraparticle diffusion models. The modeling results 

showed that the pseudo-second-order model is able to describe the 

adsorption behavior of copper onto attapulgite more accurately. 

Thermodynamic parameters such as Gibbs free energy (∆G°), the 

enthalpy (∆H°) and the entropy change (∆S°) of sorption were 

calculated. Outcomes reveals that the sorption process is spontaneous 

and exothermic.  
                 Copy Right, IJAR, 2019,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Water quality problem is one of the most serious challenge that humanity is facing in our age. The industrial 

wastewater contaminated by heavy metals is a major responsible of the water pollution. Copper is one of the most 

toxic heavy metals.  Hence, the removal of copper from aqueous solutions is extremely important.  

 

Several methods can be applied to remove heavy metals from aqueous solutions, such as ion exchange, membrane 

separation, and electro-chemical process. Among these techniques, adsorption has been considered as an effective 
and economical method with high potential for the removal, recovery and recycling of metals from wastewater [1]. 

  
Many kinds of clay minerals have been used for adsorption of copper ions from aqueous solutions, such as kaolinite, 

montmorillonite and sepiolite [2-4]. Attapulgite, one of common clay minerals, is a crystalline hydrated magnesium 

aluminum silicate mineral with large amount of reactive OH
-
 groups and exchangeable cation ions. Hence, 

attapulgite (ATP) is a suitable material for the removal of heavy metal ions from aqueous solutions [5].  

 

Acid activation is a usual method applied for improving the surface properties of clay minerals. Hence, acid 

treatment of attapulgite can eliminate impurities, change its composition and increase its area and pore volume as 

well as the number of adsorption sites by disaggregation of attapulgite particles [6-7]. 

 

In order to understand the nature of sorbate-sorbent interactions, the kinetic study of a liquid-solid adsorption 

process requires adequate mathematical expressions. Among several kinetics models proposed in the literature, 
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pseudo-first order (PFO) and pseudo-second order (PSO) and intraparticl diffusion models are the most used to 

describe the mechanism of adsorption process. 

 

In this paper, Moroccan treated attapulgite is applied to remove copper ions from aqueous solution. Fourier 

transform infrared spectroscopy (FTIR) was used to study the surface and functional group of this adsorbent. The 

adsorption kinetic of copper onto MTATP was examined by applying the pseudo-first order, pseudo-second order 

models and the intraparticle diffusion models. The thermodynamic parameters related with the process were also 

evaluated. 

 

Materials and methods:- 
Materials 

The attapulgite was obtained from National Office of Hydrocarbons and Mines (ONHYM) of Morroco. The ATP 

samples were ground by mortar and treated with hydrochloric acid (analytical reagent grade, Sigma-Aldrich) 37% at 

concentration of 3 mol L
-1

 for 12 hours. The treated sample was thoroughly washed with bi-distilled water to remove 

all acid and then filtered. The treated attapulgite was dried in the oven at 373 K for 12 h, and then sieved to obtain 

particles smaller than 63 µm.  

 

The copper salt (CuSO4.5H2O) (analytical reagent grade, Riedel-de Haën) was used to prepare the copper solutions 

by dissolving the appropriate amount in bi-distilled water. 

 

Characterization 

Surface functional groups of the ATP and MTATP are characterized using the Fourier transforms infrared 

spectrophotometer (Vertex 70). Infrared absorbance data were recorded at room temperature in the wavenumber 

region 400–4000 cm
-1

. 

 

Adsorption experiments  

The adsorption kinetics experiments were carried out by adding 0.2 g of the MTATP to 25 mL of 150, 200, 250, 

300, 350 and 400 mg L
-1

 of copper solution at room temperature. The mixtures were agitated with a shaker (WTW 

OxiTop IS 6) placed in an incubator (Refrigerated Incubators FTD I.S. Co.), at appropriate time intervals from 5 to 

300 min. The solid was separated by centrifugation and the filtrate was analyzed by means of atomic absorption 

spectrophotometry using a spectrophotometer (Jobin Yvon 2) to determine the residual copper concentration. In 

order to obtain the thermodynamic nature of the adsorption process, the experiments were conducted at different 

temperatures 283, 293, 303 and 313 K. 

 

The adsorption capacity of the adsorbent was determined as follows [8]:  

   
(     )  

 
                                                                                 ( ) 

where qt is the adsorbed amount at time t (mg g
-1

), C0 and Ct are the copper concentrations in the bulk solution 

initially and at the time t, respectively (mg L
-1

), V is the volume of the solution (L) and m is the mass of the 

adsorbent (g). 

 

Adsorption kinetics models 
In order to investigate the adsorption mechanism, the kinetic data obtained were analyzed using the pseudo-first-

order, pseudo-second-order and the intraparticle diffusion models.  

The linear method was applied for analyzing kinetic data to obtain the rate constants for the PFO and PSO models. 

The linear equations of these models for adsorption in a liquid-solid system are represented as follows [9-10]: 
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where k1 is the adsorption rate constants for the PFO model (min
-1

), k2 is the adsorption rate constants for the PSO 

model (g.mg
-1

.min
-1

) and qe is the amount adsorbed at equilibrium (mg.g
-1

). 

The parameters of PFO model, k1 and qe, can be determined experimentally by plotting log (qe-qt) versus t. On the 

other hand, the slope and intercept of the straight line obtained by plotting t/q versus t allows to calculate the values 

of k2 and qe of PSO model. 
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The adsorption process can be influenced by one or more steps, such as external diffusion, pore diffusion, surface 

diffusion and adsorption on the pore surface, or a combination of more than one step [11]. The possibility of 

intraparticle diffusion can be verified by applying the intraparticle diffusion model proposed by Weber and Morris 

[12]: 

      
                                                                                             ( )  

 

where kd is the diffusion rate constant in the pores (mg g
-1 

min
1/2

) and Cd is the intercept (mg g
-1

). If the Weber–

Morris plot of qt versus t gives a straight line, then the sorption process is controlled by intraparticle diffusion only. 

However, if this plot exhibit a multi-linearity, then no less than two steps influence the adsorption process. 

 

Thermodynamic parameters 

In order to determine the effect of temperature on the adsorption process, the standard enthalpy (ΔH°) and the 

standard entropy (ΔS°) can be calculated from the slope and intercept of the line plotted by ln (Kd) versus 1/T, 

respectively, using the following equations [13]: 
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where R is the gas constant (J mol
-1

 K
-1

), Ce is the copper concentration in the bulk solution at equilibrium, T is the 

temperature (K) and Kd is the distribution constant (mL g
-1

).  

The standard Gibbs free energy (ΔG°) can be calculated by the equation: 

                                                                                                    ( ) 
 

Model performance indicators 
The comparison of the performance of the models was carried out based on statistical parameter called the 

determination coefficient (R
2
) expressed as follows [14]     

                                 (8) 

where N is the number of experimental data, qexp and qcal are the experimental and calculated adsorbed amount (mg 

g
-1

), whereas     ̅̅ ̅̅ ̅ (mg g
-1

) is the average of the calculated adsorbed amount.       

 

Result and discussion:-  
FTIR Analysis 

The FTIR spectra of ATP and MTATP are shown in Fig. 3. The bands at 3627 and 3592 cm
−1

 are attributed to OH 

stretching vibrations of the octahedral cations Me–Me–OH (Me = Fe, Al, …) at the edges of the channels [6]. The 

bands at 3439 and 1652 cm
-1

 correspond to the stretching mode and bending vibration of O–H bond of free and 

adsorbed water, respectively [15]. The strongest band observed at 1427 cm
−1

 in the infrared spectrum of ATP is 

associated with the stretching vibration of carbonate groups (CO3
2-

). The corresponding deformation vibration is 

observed at 874 and 712 cm
-1

 [16]. The bands appearing at 2515 and 1797 cm
-1

 are also an indication of the presence 

of carbonate groups [17,18]. These bands disappear in the infrared spectrum of MTATP due to the action of the 

acid. Similar observations were reported by Boudrihe et al. [19]. The narrow and broad peaks located at 1162 and 

1036 cm
-1

 are assigned to the stretching mode of Si–O bond [20,21]. The peak at 915 cm
-1

 corresponds to 

AlAlOH deformation, and it is a consequence of the dominantly dioctahedral character of attapulgite [22]. The 

bands located at 797, 779 and 695 cm
-1

 are attributed to the SiO of quartz and MeO stretching vibration [23]. The 

bands at 524 and 474 cm
-1

 are assigned to the bending mode of OSiO, SiOSi and SiOAl [24,18]. 
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Figure 1: Infrared spectra of ATP and MTATP 

Kinetic study  
The PFO and PSO models were applied to analyze the adsorption kinetics of copper onto MTATP. Figures 2 and 3 

show the obtained linear plots of the PFO and PSO models. The parameters of both kinetic models are listed in 

Table 1. Outcomes show that the correlation coefficients obtained by the PSO equation are higher than those 

determined from the PFO equation. In addition, the experimental sorption capacity values are very different from 

those calculated by the PFO model, while they are very close to those determined by the PSO model. All these 

findings confirm that the copper sorption kinetic by MTATP is pseudo-second order. 

 
Figure 2:-The pseudo-first-order kinetic model for copper adsorption onto MTATP. 
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Figure 3:-The pseudo-second-order kinetic model for copper adsorption onto MTATP. 

 

Table 1:- Kinetic parameters of PFO and PSO models. 

The modeling of the experimental data with the model of Weber and Morris is shown in figure 4. The data exhibit 

three linear plots, indicating that three steps were involved in the copper adsorption onto MTATP. The initial stage, 

fast adsorption stage, can be attributed to the diffusion of adsorbates through the solution to the external surface of 

MTATP and through the boundary layer to the surface of MTATP. The second stage described the gradual 

adsorption of adsorbates. The last stage was attributed to the final equilibrium for which the intraparticle diffusion 

started to slow down due to extremely low concentration of adsorbates in solution [25].  

C0 

 

qe,exp PFO PSO 

qe,cal  k1  ∆qe R
2
 qe,cal  k2  ∆qe R

2
 

150 17.192 6.779 0.2391 10.413 0.914 17.669 0.0066 0.476 0.999 

200 21.792 11.759 0.0152 10.033 0.973 22.371 0.0041 0.579 0.998 

250 25.826 15.825 0.0143 10.001 0.959 26.455 0.0035 0.629 0.997 

300 27.683 18.598 0.0120 9.085 0.984 28.089 0.0042 0.407 0.998 

350 30.289 20.816 0.0840 9.473 0.990 30.864 0.0036 0.575 0.998 

400 32.019 22.867 0.0108 9.152 0.998 32.467 0.0032 0.448 0.998 
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Figure 4:-The intraparticle diffusion model for copper adsorption onto MTATP. 

Thermodynamic study  

Figure 5 presents the dependence of logarithm of Kd on 1/T in order to estimate the values of ΔG◦, ΔH◦ and ΔS◦ for 

the adsorption process. The results are listed in Table 3. 

 
Figure 5:-Kd versus 1/T plot for copper adsorption onto MTATP (pH = 4.5, C0 = 250 mg L

-1
 and m= 0.2 g). 

 

Table 2:-Thermodynamic parameters of copper adsorption of onto MTATP. 

C0 T (K°) ΔG° (kJ mol
-1

 ) ΔS° (J K
-1

 mol
-1

 ) ΔH° (kJ mol
-1

 ) R
2
 

150 313 -15.714 -40.330 -28.337 0.997 

303 -16.117 

293 -16.521 

283 -16.924 

200 313 -15.511 -35.816 -26.721 0.971 

303 -15.869 

293 -16.227 

283 -16.585 
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250 313 -14.784 -24.134 -29.872 0.978 

303 -15.083 

293 -15.381 

283 -15.680 

300 313 -13.852 -22.296 -20.831 0.929 

303 -14.075 

293 -14.298 

283 -14.521 

350 313 -13.469 -12.541 -17.394 0.965 

303 -13.595 

293 -13.720 

283 -13.845 

400 313 -12.628 -1.057 -13.131 0.962 

303 -12.690 

293 -12.721 

283 -12.832 
The negative values of ΔG◦ indicated that the adsorption of copper onto MTATP is spontaneous and feasible. 

However, the negative values of ΔG◦ decreased with increasing temperature, indicating that the adsorption process 

is more favorable at low temperatures. The negative values of the standard enthalpy ΔH° confirm that the adsorption 

process is exothermic. The negative value of entropy change ΔS° shows a decreased disorder at the solid/liquid 

interface during copper adsorption. As the temperature increases, the mobility of copper ions increases causing the 

ions to escape from the solid phase to the liquid phase. Therefore, the amount of copper that can be adsorbed will 

decrease [26]. 

 

Conclusions:- 
The present paper reveals that the Moroccan treated attapulgite is a low-cost alternative adsorbent for efficient 

removal of copper ions from aqueous solutions. The results of kinetic studies show that the PSO model gives a 

better fit of the experimental results. In addition, the copper diffusion in the pores is not the only mechanism limiting 

the sorption kinetics. Outcomes of the thermodynamic study indicate that the decrease of the temperature favours the 

copper sorption onto MTATP. The negative ∆G° and ∆H° values indicate that the adsorption of copper ions is a 

spontaneous and exothermic process.  
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