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ABSTRACT 

Our previous work reported that palygorskite has potential for application as metal cations adsorbent due to its chemical 

and mineralogical properties. In this work, kinetic study and adsorption isotherms were performed in order to evaluate Pb 

(II) ions adsorption rate, maximum capacity and type of adsorption by using palygorskite as adsorbent. Adsorption tests 

were performed in batch, using pH of 5, 2 g of palygorskite, 40 mL of synthetic effluent solution and stirring for 1 hour. 

Kinetic experiments were performed using 34 mg L-1 of a lead synthetic effluent at same mass and pH conditions. 

Furthermore, after adsorption studies, the sample was characterized by X-ray fluorecence (XRF), Fourier Transform 

Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) coupled with Energy-dispersive X-ray 

spectroscopy (EDS) analysis, in order to verify and understand the interaction of lead ions in palygorskite. The results 

demonstrated that palygorskite presented an equilibrium time of 10 min with 99.14% of removal, following pseudo-

second order kinetic. The maximum adsorption capacity was 21.65 mg g-1 and Gibbs’ adsorption-free energy was -21.39 

KJ mol-1, with Langmuir model being the most suitable for adjustment of the data. Thus, its presence was confirmed by 

characterization techniques, indicating that the metal is distributed homogeneously on palygorskite surface, proving its 

efficiency as lead ions adsorbent. 

Keywords: Brazilian palygorskite, kinetic, isotherm, characterization. 

1. INTRODUCTION 

Pollution by heavy metals originating from anthropogenic activities, such as those in industries, commerce 

and agriculture, poses a threat to ecosystems and human health, and has gradually drawn wide concern across 

the globe because of their increased discharge, acute toxicity, persistence, bioaccumulation and 

biomagnification through food chains [1-3]. 

Industrialization and population growth are identified as key factors responsible for the increase in 

pollution by heavy metals, expanding the need to treat effluents containing such polluting species [4, 5]. 

These toxic ions are frequently present in wastewater due to industrial activities such as dyeing textile, 

hydrometallurgical, tanning, smelting of ores, metal plating, battery industries, fertilizers and herbicides 

production, motor, electrochemical, house paint, gasoline additives and plumbing pipes. [6] Variety of clays 

and clay minerals play an important role in the environment and used as an effective adsorbent material for 

the removal of toxic metal ions from water solution [5, 7]. 

Lead is a naturally occurring element, found in abundance in the earth crust, almost always as lead 

sulphide (galena) [8]. Due to its vast industrial application in production of batteries, solder, metal alloys, 

cable shields, pigments, rust inhibitors, ammunition, glassware and plastic stabilizers, it is one of the most 

commonly found heavy metals in water bodies [9, 10]. 
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In Brazil, the region of Alto Vale do Ribeira, in the extreme southeast of São Paulo State and 

northeast of Paraná State, as well as the region of Boquira, in the State of Bahia, are the main Brazilian cases 

of contamination by this metal. Boquira region covers the most worrying case of lead contamination in 

Brazil, where lead-zinc mining worked for approximately 30 years, until it was suddenly abandoned. The 

waste generated, containing toxic metals such as lead, zinc, silver, barium, copper, chromium and nickel, was 

improperly deposited close to the city [11], damaging not only the commercial activities, but also the living 

conditions of the population. For this reason, the remediation of soil and water, aiming to minimize 

environmental risks and human exposure to these contaminated wastes are targets of study until nowadays 

[12, 13]. In addition, there is a concern to raise awareness and encourage companies in the mining sector, in 

order to invest in safety measures, as well as comply with the legislative requirements that compete in the 

companies operating in this sector [14]. 

Due to this, a few technologies for the removal of heavy metals from aqueous solutions have been 

studied nowadays. These technologies include chemical precipitation, ion exchange, membrane filtration, 

carbon adsorption and coprecipitation/adsorption [15-17]. However, these techniques have inherent 

limitations in practice (such as complicated treatment process, high cost and energy requirement) or pose 

danger of secondary pollution [18, 19].  

Adsorption is an effective method of removing a wide range of contaminants from effluents, 

especially when adsorbate and adsorbent combination is the best possible [20]. However, the main 

disadvantage of adsorption methods is the high price of the adsorbents, which increases the cost of 

wastewater treatment. The most generally used solid adsorbent is activated carbon [21]. However, activated 

charcoal is expensive and for effluents containing metallic ions it requires chelating agents to enhance its 

performance, thus increasing treatment cost [22, 23]. Therefore, the need of alternative low cost adsorbents 

has prompted the search for new and cheaper sorption processes for aqueous efluent treatment, since these 

materials could significantly reduce the wastewater-treatment cost [24-27]. 

Thus, the use of clay minerals as adsorbent materials for various contaminants present in aquatic 

environment emerges as an economically viable alternative [20, 28]. Palygorskite, for example, has been 

investigated in recent decades as an adsorbent for the removal of organic pollutants and metallic ions from 

solutions [29-35]. Palygorskite has been used for this purpose due to an excellent adsorptive property, which 

are inherent in its porous structure associated with its high surface area, generally between 125 and 210 m
2
 g

-

1
 [36], giving it an advantage in the adsorption of heavy metals. Besides that, the increasing interest in the use 

of this material as adsorbent is related to its high worldwide availability, low cost and possibility of reuse. 

The chemical composition of palygorskite unit cell is (Mg,Al)5Si8O20(OH)2(OH2)4.4H2O. 

Mineralogically, palygorskite belongs to the group of 2:1 phyllosilicates and has a three-dimensional 

structure consisting of a double layer composed of silicon oxide tetrahedra bound by octahedral magnesium 

ions [37, 38]. These tapered layers are joined at the ends by Si-O-Si bonds, resulting in a porous structure 

with channels [39, 40] which have exchangeable cations and water [41]. 

In palygorskite structure, the most common substitutions are Si
4+

 in the tetrahedra layer, by trivalent 

cations (Al
3+

 or Fe
3+

) and Al
3+

 cations in the octahedra layer, by divalent cations (Mg
2+

 or Fe
2+

), leading to a 

deficiency of positive charges and to a negative potential on the clayey surface [42, 43]. 

Palygorskite is a typical fibrous clay, whose fibers have active sites for adsorption, with the silanol 

group (SiO-H) being the predominant site in palygorskite. These sites can interact through hydrogen bonds to 

adsorb cationic species or accumulated molecules at the interfaces [23]. 

In Brazil, the main palygorskite deposits are in the municipality of Guadalupe, in Piauí’s state [44, 45] 

and in the region of Alcântara, in the state of Maranhão [46, 47]. Among Brazilian palygorskite occurrences, 

the reserves in the Guadalupe region have the greatest potential for economic use. However, samples from 

this region are not used for more noble commercial purposes, being a national raw material, free from more 

technological economic interests. Thus, in this work, the efficiency of the processed Guadalupe’s 

palygorskite sample as an adsorbent for the removal of Pb
2+

 from aqueous solutions was investigated by 

batch tests. 

A kinectic study was conducted in order to determine the necessary time to reach the equilibrium of 

the system, aiming to assess relevant information about its adsorption rate. Besides that, the relationship 

between the effluent concentration and the amount of adsorbed ions were described by Langmuir and 

Freundlich isotherms models. 

After adsorption tests, X-ray fluorecence (XRF), Fourier Transform Infrared Spectroscopy (FTIR) and 

Scanning Electron Microscopy (SEM) coupled with Energy-dispersive X-ray spectroscopy (EDS) of the 

system were conducted in order to verify the presence of lead ions in palygorskite. 
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2. MATERIALS AND METHODS 

2.1 Preparation and characterization of palygorskite (adsorbent) 

The preparation and characterization of palygorskite was performed as previously described [4]. In this work, 

it was added the textural properties study, which is an important characteristic of the adsorbent material. 

The textural properties were determined by nitrogen (N2) physisorption at -196ºC. Analyses were 

performed with a Micrometrics using approximately 400 mg of sample. Pretreatment of the samples 

consisted of drying at 100°C under vacuum at 1x10
-6 

mmHg for 24 hours for the elimination of physically 

adsorbed water. Then the actual analysis was carried out, in which the adsorption and desorption isotherms 

were obtained by varying the partial pressure of N2. With the isotherms, the surface area was calculated by 

the B.E.T method and the pore size distribution was obtained from the desorption isotherm of N2 by the 

B.J.H. (Barret-Joyner-Halenda) method. 

2.2 Adsorption experiments 

Kinetic experiments were previously performed using 34 mg L
-1

 of a lead synthetic effluent prepared with 

lead II nitrate salt (Pb(NO3)2) from Sigma-Aldrich and 2 g of palygorskite at pH 5. For different tested times 

(from 10 to 50400 min), the samples were agitated on an IKA model KS 4000i orbital shaker table with 

incubation, rotating at 250 rpm at room temperature (approximately 21°C), then centrifuged for 10 minutes in 

Cientec CT-6000 digital microprocessed bench centrifuge. The supernatant was filtered with qualitative filter 

paper and submitted to flame atomic absorption spectrometry (FAAS) for Pb
2+

 ions quantification. The 

analyses were performed with a Varian 50B model with acetylene flame and nitric acid solutions (HNO3) 

were used to construct the analytical curve. 

To batch adsorption tests, palygorskite mass was weighed and transferred to a Falcon tube with 40 mL 

of synthetic effluent. The pH was adjusted with 0.1 mol L
-1

 NaOH and HCl solutions using the Metrohm 

model 827 pH meter. The samples were then subjected to ultrasonic scattering to disperse the particles in 

homogeneous condition and then agitated on the same shaker and at equal conditions described for kinectics 

experiments. A schematic representation of adsorption process steps can be seen in Fig. 1. 

 

 

Figure 1: Representative scheme of adsorption experiments steps. 

 

The lead adsorption isotherm was studied in order to understand the relationship between the 

effluent’s concentration and the amount of Pb
2+ 

ions adsorbed. The experiments were carried out using the 

lead solution concentration from 34.1 to 3360 mg L
-1

. The contact time was defined according to the kinetic 

study, where 2 g of the sample was used at pH 5. All readings were performed in triplicate and accompanied 

by an analytical blank. 

The metal ion adsorption capacity of the adsorbent in batch test was calculated by the Equation (1) 
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Where: 

qe is the equilibrium capacity of lead on the adsorbent (mg g
−1

); 

Co the initial concentration of lead solution (mg L
−1

); 

Ce the equilibrium concentration of lead solution (mg L
−1

); 

m the mass of adsorbent used (g); 

V the volume of lead solution (L). 

 

2.3 Characterization after adsorption 

In order to characterize the metal ions, present on palygorskite after adsorption process, X-ray fluorecence 

(XRF), Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM) coupled 

with Energy-dispersive X-ray spectroscopy (EDS) analyses were conducted. 

X-ray fluorecence (XRF) was performed on an X-ray fluorescence spectrometer, (WDS-1), model 

AXIOS MAX (Panalytical) at X- Ray Fluorescence Laboratory in CETEM. The analysis was conducted with 

0.200 g which was subjected to muffle furnace with a temperature of 1,000ºC for 16 hours. After cooling in 

desiccator, the samples were weighed to check the loss of ignition (LOI). For chemical analysis, 

approximately 5.0 g were placed in an oven at 100ºC for 24 hours and cooled in a desiccator. Then 3.0 g of 

the sample was added to 0.3 g of boric acid and pressed in an automatic press VANEOX (20 mm mold) for 3 

series of 10 seconds with a pressure of 20 tons. 

Fourier Transform Infrared Spectroscopy (FTIR) was performed in the Laboratory of Instruments and 

Research of the Chemistry Institute at UFRJ using Nicolet 6700 FT-IR spectrophotometer, with records from 

4,000 to 400 cm
-1

 and 4 cm
-1

 of resolution in KBr tablets. 

Scanning electron microscopy (SEM) analysis was performed on Tabletop microscope equipment, 

brand HITACHI TM303 Plus. 1.0 g of the sample was pressed with carbon in FLUXANA press (Vaneox® 

Technology) and analyzed in backscattered electron modules and energy dispersive spectrometry (EDS) for 

chemical elements qualitative determination. The mapping of lead element distribution was carried out in 200 

seconds with 5000x of approximation. 

 

3. RESULTS AND DISCUSSION 

3.1 Determination of Textural Properties 

Table 1 presents the textural properties (surface area, pore volume and average pore size). According to the 

results, palygorskite sample has a surface area of 71.29 m
2
 g

-1
. In the kinetic and isothermal study of lead 

adsorption, the surface area obtained using a Chinese palygorskite of 200 mesh (75 μm) was 48.66 m
2
 g

-1
 

[31].
 
Thus, it is possible to conclude that previous ore dressing corroborates with the increase of the surface 

area. The pore volume is 0.24 cm
3
 g

-1
, which is in accordance with the values obtained for this clay mineral 

in literature [48, 49].
 
The average pore size is 12.23 nm, which characterizes this clay mineral as a 

mesoporous material, which covers pores with an internal width between 2 and 50 nm [50]. 

 

Table 1: Textural properties of Guadalupe’s palygorskite. 

Textural properties 

Surface área 71.29 m² g-1 

Pore volume (B.J.H. method)* 0.24 cm³ g-1 

Average pore size (B.J.H. method)* 12.23 nm 

*Average desorption pore size 

 

According to the International Union of Pure and Applied Chemistry (IUPAC) [50], isotherms can be 
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classified into six different characteristic types according to the nature of the solid. The hysteresis presence, 

observed in two types of isotherm, occurs because the saturation pressures are not the same for condensation 

and evaporation inside the pores, that is, the adsorption and desorption isotherms do not coincide. The 

isotherm profile obtained (Fig. 2) is classified as type IV, characteristic of mesoporous materials. 

 

 

Figure 2: Isotherm profile obtained by B.E.T method. 

 

It can be observed in the adsorption isotherm, that the initial process occurs in monolayer at low 

pressures, followed by adsorption in multilayers. At this point, the amount of gas adsorbed increases rapidly 

with little pressure variation. Considering that the predominant class of pores in a solid material is the one 

where the largest amount of N2 was released to fill the pores volume with a certain diameter, and that for 

palygorskite sample, the average pore size largest distribution was between the range of 2 to 50 nm, this 

sample is classified as being a mesoporous material, corroborating with the obtained isotherm. Hysteresis 

provides important information about pores shape. The type of hysteresis in the studied sample according to 

IUPAC was classified as hysteresis type H3 and indicates the presence of pores in cracks, which format is 

associated with non-rigid particles aggregates in the form of plates originating this type of pore. 

3.2. Kinetics studies 

Fig. 3 shows the amount of lead ions adsorbed by palygorskite sample according to contact time. Equilibrium 

was reached in 10 min, with 1.2492 mg g
-1

 of Pb
2+

 adsorbed, representing a removal of 99.14%. The same 

values were found for 60 min of contact and in order to guarantee the equilibrium conditions of the system, 

the tests were performed with a longer equilibrium time than that observed, since 60 min could be considered 

a viable time for the development of the process on an industrial scale. Besides that, it is a way of ensuring a 

complete adsorption of lead ions to the active sites present in palygorskite structure. 
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Figure 3: Equilibrium time of palygorskite sample. 

 

According to CHEN and WANG [31], in their lead ions adsorption kinetic study by a 200 mesh (75 

µm) palygorskite determined that the equilibrium time was reached in 8 hours of contact time and remained 

constant. FAN et al. [32], on the other hand, using the same clay mineral granulometry, verified that the 

equilibrium was reached at 3 hours of contact. Although both palygorskite samples are from the same 

location (Gansu, China), the shorter equilibrium time obtained by FAN et al. [32], may be associated with the 

heat treatment carried out, since with the increase in temperature the loss of water molecules occurs, 

providing more adsorption sites. 

POTGIETER et al. [30], investigated the removal of Pb (II) from an aqueous solution of palygorskite 

and found that the equilibration time for this ion was only 30 min for Pb (II) concentrations of 20 to 100 mg 

L
-1

. According to the authors the balance was quickly reached, indicating that the adsorptive sites were more 

exposed. The rapid adsorption (10 min) obtained in this study may be associated with the previous ore 

dressing carried out on palygorskite sample [4], promoting a purification and reduction of particle size (20 

µm) that allowed the active sites to become more available for the studied ion. 

Aiming to investigate palygorskite adsorption process characteristics on lead removal and the 

controlling step of the potential rate (chemical reaction, diffusion control and mass transfer), the kinetic data 

were analyzed by using pseudo-first order and pseudo-second order linear models, as presented in Equations 

2 e 3, respectively [51].
 

 

      –            – 
k1

2,303
t                                                                                                                                                                                   (2) 

 
 

  
 

 

    
     

 

  
                                                                                                                                              (3) 

 

Where: 

qe is the amount adsorbed per gram of adsorbent at equilibrium (mg g
-1

); 

qt is the amount adsorbed per gram of adsorbent at time t (mg g
-1

). 

t is the contact time; 

k1 is the constant rate of pseudo-first order adsorption (min
-1

); 

k2 is the constant rate of pseudo-second order adsorption (g mg
-1

 min
-1

); 

 

The values of k1 and qe were calculated from slope and intercept of the plot of log (qe-qt) vs. t, while 

the values of k2 and qe were evaluated from the intercept and slope of a plot t/qt vs. t. Both kinetic constants 

k1 and k2 are interpreted as a time scale factor, which aim to indicate the speed with which the system reaches 
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equilibrium. The applicability of the model with the best fit of the data is conditioned to a linear relationship 

close to 1. 

Table 2 shows the kinetic parameters obtained for both kinetic models and the linearized graphs of 

pseudo-first order and pseudo-second order models are presented in Figure 4, respectively. 

 

 

Table 2: Kinetic parameters of pseudo-first order and pseudo-second order models. 

 

 
Pseudo-first order Pseudo-second order 

*qexp 

(mg.g-1) 

k1 

(min-1) 

qc 

(mg.g-1) 

R2 k2 

(g.mg-1.min-1) 

qc 

(mg.g-1) 

R2 

 

0.6781 6.9x10-5 615.74 0.8178 1.31 0.6780 1.0000 

*qexp lead ions adsorbed by palygorskite experimentally 

 

 

 

Figure 4: Linearized pseudo-first order model (A) and linearized pseudo-second order model (B). 

 

According to analysis of the results, it is observed that the rate correlation coefficients of pseudo-

second order kinetic model (R
2
 = 1.0000) is higher than that obtained for pseudo-first order model (R

2
 = 

0.8178). In addition, pseudo-second order parameters qex and qc demonstrated a good agreement with each 

other, indicating that this model is the one that best describes the adsorption kinetics of lead ions by 

palygorskite.  

As stated by WANG and GUO [52], a system that better fits a pseudo-second order model indicates 

that the adsorbent is abundant with active sites. This fact corroborates with the short equilibrium time 

obtained in this work that was due to an efficient ore dressing step that increased the adsorptive sites 

availability. This result indicated that the sorption process was complex and involved more than one 

mechanism [53]. 

3.3. Adsorption studies 

In order to study the relationship between the amount of ions adsorbed by work sample and lead solution 

concentration (adsorption isotherm), the contact time of 60 min was fixed, and solution concentration was 

varied until reaching balance. Among mathematical models of isotherms used in liquid systems that involve 

the treatment of wastewater and industrial effluents, the main models to describe the adsorption equilibrium 

are the Langmuir and Freundlich isotherms [54]. 

Langmuir isotherm is a theoretical equilibrium isotherm which relates the amount of solute adsorbed 

on a surface to the concentration of the solute in the solution. This model is based on the hypothesis that the 

interaction forces between the adsorbed molecules are negligible and that each site can be occupied by only 

one molecule. All molecules are adsorbed on a fixed number of sites. For high concentrations of solute, the 
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equation predicts a limited capacity by the formation of the monolayer.  

Freundlich isotherm is an empirical adsorption isotherm for non-ideal adsorption on heterogeneous 

surfaces, as well as for multilayer adsorption.  

The adsorption capacity of a saturated monolayer (Langmuir) can be represented by Equation 4 [31].
 

The Equation 5 represents the linearized form for the Freundlich model [31]. 

 

  

  
 

 

   
  

  

  
                                                                                                                          (4) 

              
 

 
                                                                                                   (5) 

 

Where: 

Ce is the concentration of the solution in equilibrium (mg L
-1

); 

qe is the amount of solute adsorbed at equilibrium (mg g
-1

 of adsorbent); 

qm represents the maximum amount of solute adsorbed to form a complete monolayer (mg g
-1

); 

b is the adsorption constant of Langmuir, which is related to free energy of adsorption; 

Kf and n are Freundlich’s constants; 

Kf indicates the adsorption capacity of the adsorbent and n indicates the effect of concentration on the 

adsorption capacity and represents the adsorption intensity. 

 

Adsorption isotherms were obtained from the experimental data using Equations 4 and 5. The 

isotherms constants and the correlation coefficients were calculated from the linearization of the Langmuir 

and Freundlich equations by plotting Ce/qe vs. Ce and log qe vs. log Ce. These results are shown in Table 3 

and Figure 5.  

 

 

Table 3: Langmuir and Freundlich constants and correlation coefficients associated with Pb (II) adsorption isotherms by 

palygorskite. 

 

Langmuir's model Freundlich's model 

Qm (mg g-1) b (L mg-1) R² Kf n R² 

21.65 0.018 0.9943 1389.00 2.52 0.9838 

 

 

Figure 5: Linearized adsorption isotherm for lead ions using Langmuir model (A) and Freundlich model (B). 
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For the adsorption of lead ions, the most suitable model was the Langmuir isotherm model, 

considering the higher value of R
2
 (0.9943) in relation to the Freundlich isotherm (0.9838). This can occur 

due to the homogeneous distribution of active sites on the palygorskite surface. The maximum adsorption 

value (qm) of 21.65 mg g
-1

 and the value of b equal to 0.0185 indicate that the studied sample can be used to 

adsorb lead ions in effluents.  

The adsorption data of lead ions by palygorskite also fit in the Freundlich model, but not as well as in 

the Langmuir model. The adsorption profile of palygorskite is well described by the Langmuir equation [30-

32, 34, 55]. 

The coefficient correlation value was very close to the unit (R
2
 = 0.9943) indicating that the obtained 

adsorption curve really obeys the Langmuir model. Therefore, the apparent equilibrium constant can be 

estimated to be 5630.40 L mol
-1

 and Gibbs’ adsorption-free energy, calculated according to Equation 6, using 

T= 298K, was -21.39 KJ mol
-1

. This calculated ΔG value indicated that in this case a chemical and 

spontaneous adsorption process occurs through interactions between the adsorbed cation and the basic 

centers of the adsorbent [42, 56], at 25°C. 

 

                                                                                                                                                                   (6) 

Where R is the gas constant (8.31451 J K
-1

 mol
-1

) and T the temperature in Kelvin. 

3.4. Characterization after adsorption 

Table 4 presents the chemical composition of palygorskite sample after adsorption. In our previous work [4], 

the sample before adsorption presented 50.50, 15.50, 4.50, 7.10 and 18.6% w/w of SiO2, Al2O3, MgO, Fe2O3 

and Loss on Ignition (LOI), respectively. It can be observed that before adsorption, the content of these 

oxides increased due to a decrease in (LOI). The presence of lead oxides (PbO), not present before, confirms 

its adsorption onto palygorskite. 

 

Table 4: XRF of palygorskite sample after lead adsorption. 

Oxide (% w/w) 

SiO2 55.70 

Al2O3 17.40 

MgO 4.70 

Fe2O3 

PbO 

7.60 

2.70 

K2O 2.20 

TiO2 0.74 

MnO 0.32 

CaO 0.12 

Na2O 0.10 

LOI* 7.90 

Total 99.48 

*LOI – Loss on ignition 

 

According to Figure 6, it is possible to observe the results obtained for spectroscopy in the Infrared 

Region with Fourier transform (FTIR) for the systems before adsorption (BA) and after adsorption (AA). 

According to the BA spectrum, there is a 3699 cm
-1 

band that can be attributed to the vibrational stretching of 

Mg-OH palygorskite group, followed by the same vibrational species of Al-O-H group at 3621 cm
-1

 

characteristics of palygorskite. The bands at 3550 and 3428 cm
-1

 can be attributed to coordination and 

zeolitic waters [57], while the band at 1651 cm
-1

 was attributed to water molecules angular deformation [58]. 

Characteristic bands of Si-O-Si vibrations can be seen in 1033, 913 cm
-1

 and the bands in 517 and 469 cm
-1
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referes to the vibration of the Si-O-Al and Si-OH respectively [42], The bands at 694 and 428 cm
-1

 

correspond to the Si-O-Mg vibrations [59]. 

By spectra analysis, displacements of the bands are observed in the AA spectrum, which may indicate 

the presence of lead ions on the clay mineral surface. These displacements are probably due to ion exchange 

between Pb
2+

 and H
+
 presented in –OH groups of palygorskite, since the bands containing deformations and 

stretches related to this functional group were precisely those that obtained the greatest displacements, in 

addition, to a possible electrostatic interaction between Pb
2+

 with the silanol (Si-OH) and aluminol (Al-OH) 

groups present on the palygorskite surface. Besides that, such changes in wavelength and intensity of 

transmittance are addressed in literature as being indicative of the presence of contaminants in the adsorbent 

[60-63].
 

 

 

Figure 6: FTIR of palygorskite sample after lead adsorption. 

 

Mapping and EDS obtained by SEM for palygorskite sample after lead adsorption is shown in Fig. 7 

and 8, respectively. The blue image represents the mapping of Mg, characteristic palygorskite element, and 

the red image represents the lead present on the sample surface. Thus, it was observed that the metal is 

distributed homogeneously on palygorskite surface. Besides that, EDS result confirmed the presence of lead, 

corroborating with the results of adsorption, XRF and FTIR presented, evidencing that lead had been 

adsorbed by the clay mineral.  

It is worth mentioning that modification of clay minerals, such as thermal activation [64], acid 

treatment [65] and pillarization [66],
 
can be achieved by using any of the available modification methods, but 

there are challenges associated with each method that needs to be considered before making a decision. 

Although clay mineral for heavy metal remediation is being used because it is cost-effective and 

environmentally friendly, however, modification may result in additional costs and release of new chemical 

agents into the environment [67, 68]. Thus, a previous physical treatment, such as an ore dressing to reduce 

granulometry and consequently existing impurities, already consists of an efficient process to increase the 

removal capacity of these contaminants, especially lead ions, as presented in this work. 
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Figure 7: Mapping of magnesium (blue) and lead (red) distribution for palygorskite sample. 

 

 

 

Figure 8: EDS of palygorskite sample after lead adsorption. 

 

4. CONCLUSIONS 

The determination of the textural properties indicates that Brazilian palygorskite has a surface area of 71.29 

m
2
 g

-1
, a pore volume of 0.24 cm

3
 g

-1
 and an average pore size of 12.23 nm, characteristic of mesoporous 
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materials. 

The kinetic study revealed that Pb (II) adsorption onto palygorskite clay reached rapid equilibrium (10 

min) and was well represented by pseudo-second order kinetic model. Batch adsorption assays were efficient 

(99.14%) for lead ions with 60 min shaking on an orbital shaker table, and pH = 5.  

Langmuir isotherm model was most suitable to fit the data obtained in the adsorption process, since 

the R² value was higher than that obtained for the Freundlich model. Thus, the results obtained suggest that 

the adsorption process occurs in a monolayer on the active sites of each adsorbent. The studied sample 

presented adsorption capacity of 21.65 mg g
-1

 and Gibbs’ adsorption-free energy was -21.39 KJ mol
-1

.  

Therefore, the data obtained for both kinetic study and adsorption isotherm indicate a chemisorption 

process, and according to the free energy of adsorption, the reaction occurs spontaneously, evidencing 

palygorskite adsorptive potential. 

XRF, FTIR and mapping coupled with EDS results after adsorption confirmed the presence of the 

metal on clayey surface, ratifying palygorskite efficiency in lead ions removal.  
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