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ABSTRACT  
The morphology and physical of the natural zeolites were investigated using Zeta potential analysis, Fourier transform infrared (FT-IR), 
Scanning electron microscopy (SEM) and the Brunauer-Emmett-Teller (BET) nitrogen adsorption-desorption technique. The result showed 
that the zeta potential of natural zeolite exhibited more negative charge at -30 mV. Meanwhile, FT-IR spectra exhibited the presence of 
internal Si-O-(Si) and Si-O-(Al) vibrations in the tetrahedra- alumino- and silico-oxygen bridge (ranging of 3,107 – 519 cm-1). The BET 
surface area ranged from 450.6 to 488.6 m2/g while the pore size ranged from 3 to 10 nm. The feasibility of natural zeolite used as a low 
cost adsorbent for the removal of Cd2+ and Pb2+ from aqueous solutions was also examined. The adsorption experimental was analyzed 
using Freundlich, Langmuir, Sips and Redlich-Peterson isotherm models. Evaluating the correlation coefficients showed that the Sips 
isotherm described the data more appropriate than others. The adsorption capacities for Cd2+ and Pb2+ were found as 140.01 and 97.41 
mmole/g, respectively. Kinetic studies showed that a pseudo-second order model was more suitable. It is concluded that natural zeolite can 
be used as an effective adsorbent for the removal of heavy metals from aqueous solutions. 
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INTRODUCTION   
 

Heavy metals are a source of some concern because of their possible reactivity, toxicity and mobility in the 
water and soil. Toxicity may occur when these metals become concentrated in the environment above 
background levels [1]. The Cd2+ and Pb2+ are metal ions toxic to the human biosystem, and are among the 
common global pollutants arising from increasing industrialization such as textile dyeing, petroleum refining, 
battery, electroplating, pigments, plastic, fertilizers and pesticides [2, 3]. Several elimination processes of heavy 
metals, in particular Cd2+ and Pb2+, are chemical precipitation, electro-precipitation, electro-coagulation, 
cementing, separation by membrane, the solvent extraction and ions exchange. These methods, however, are 
either inefficient or expensive when Cd2+ and Pb2+ exist in low concentrations. Additionally, they may also 
generate the secondary wastes which are difficult to be treated. Strict environmental protection legislation and 
public environmental concerning Cd2+ and Pb2+ has led to the search for novel techniques to remove heavy 
metals from wastewater. Adsorption, an alternative technology, has been widely studied for the removal of 
heavy metal ions form the wastewater because of its cost effectiveness; local availability and technical 
feasibility.  
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Natural zeolites are a group of hydrated aluminosilicates of the alkali or alkaline earth metals (Na, K, Mg, 
Ca), with a porous and highly differentiated structure containing voids filled with ions and water molecules 
having a high freedom of movement. Nearly every application of zeolites has been driven by environmental 
concerns, or plays a significant role in reducing heavy metal and energy consumption. It is the highly porous 
and consistent matrix of zeolite that provides the adsorption qualities, zeolites could be applied as a low cost 
adsorbent. Adsorption equilibrium information is the most important piece of information in understanding an 
adsorption process. The objectives of this study are (1) to determine the morphology and physical properties of 
natural zeolites, and (2) to investigate the adsorption kinetics and isotherm of 2 ions (Cd2+ and Pb2+) onto natural 
zeolites. 

 
MATERIALS AND METHODS  

 
Studies of Morphology and Physical Properties of Natural Zeolites: 

Natural zeolites were grinded and sieved at 250 µm with the autosieve shaker. Then, they were washed with 
distilled water, baked in the oven at 110 °C for 2 hours and kept in the desiccators until analysis [4]. The 
morphology of natural zeolites was analyzed by Scanning Electron Microscope (SEM) and Brunauer Emmelt 
Teller (BET), whereas the physical properties were analyzed for the attached functional group by Fourier 
transform infrared spectroscopy (FT-IR) and the measurements of the zeta potential  of the zeolite particles were 
performed on a Zeta Sizer 3000 (Malvern). 

 
Studies of Adsorption Kinetics and Isotherms: 

Solutions of Cd(NO3)2 and Pb(NO3)2 were prepared for the simulation of a contamination by Cd2+ and Pb2+. 
The equilibrium adsorption of the Cd2+ and Pb2+ ions onto natural zeolites was carried out by contacting 100 mL 
of the solutions (10.0 mM) with different weight of natural zeolites ranging from 0.001 – 5.0 g in Pyrex conical 
flask intermittently for 24 hours on the shaker. The mixture was filtered and the residual concentration of the 
filtrate was analyzed using Atomic Absorption Spectrophotometer (2380 UNICAM AAS). The amount of 
adsorbed (mmole/g) was calculated using Eq.1;  

 
qe = ν [C0 – Ct ] / m             (1) 

 
where qe is the amount of ion metal adsorbed from the solution (mmole/g), ν is volume of the solution 

(mL), C0 and Ct are the concentrations before and after adsorption (mM) and m is mass of the adsorbent used 
(g).  

To understand the dynamic interactions of Cd2+ and Pb2+ ions onto natural zeolites and to predict their fate 
with time, knowledge of the kinetics of these processes is important [5, 6]. Various kinetic models have been 
used by various researchers, whereas in this study the pseudo-first-order and pseudo-second-order models are 
studied [7]. 

The adsorption isotherm equations are used to describe experimental adsorption data. The equation 
parameters and the underlying thermodynamic assumptions of these equilibrium models often provide some 
insight into both the adsorption mechanism and the surface properties and affinity of the adsorbent [8]. The 4 
famous adsorption isotherm equations followed: Freundlich, Langmuir, Sips and Redlich-Peterson adsorption 
isotherm models were employed for the interpretation of the obtained adsorption data. 

 
RESULTS AND DISCUSSION 

 
Morphology and Physical Properties of Natural Zeolites: 

The SEM image (Fig.1) shows that the natural zeolite has a needle shape formed into small circular ball 
with high porous on the surface, indicating its adsorption property. The BET technique showed specific surface 
area of natural zeolite around 450.6 to 488.6 m2/g. The natural zeolite had static electricity at -30 mV as shown 
in Fig 2. The zeta potential were dispersed charges throughout the surface. The zeolites were negative charge 
which could be well interact with the positive charge of Cd2+ and Pb2+ in the solution. The positive ions are 
rather loosely held and can readily be exchanged for others in a contact solution. 
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Fig. 1: SEM image of natural zeolite  
  

 
Fig. 2:  The zeta potential (mV) on the surface of natural zeolite 

 
The FT-IR spectra indicated that the typical bands of natural zeolite representing the asymmetrical and 

symmetrical stretch were observed in the spectra. The vibrations of the following bands could be assigned: 
•  3,107 cm–1 was asymmetric stretching vibrations of bridge bonds Al-O-H 
•  1,026 cm–1 was asymmetric stretching vibrations of bridge bonds Si-O-Si 
•  735 cm–1 was symmetric stretching vibrations of bridge bonds Si-O 
•  647 cm–1 was symmetric stretching vibrations of bridge bonds Si-O-Al 
•  519 cm–1 was symmetric stretching vibrations (complex band) of bridge bonds Al-O 
 

Adsorption Kinetics and Isotherms of Cd2+ and Pb2+ ions onto Natural Zeolites: 
In order to examine the controlling mechanism of the adsorption process, pseudo first-order and pseudo 

second-order equations were used to test the experimental data. The best fit model was selected based on the 
linear regression correlation coefficient, R2 values. A simple kinetic analysis of adsorption is the pseudo first-
order rate expression as Eq.2- Eq.3. The pseudo second-order kinetic model is based on adsorption equilibrium 
capacity and can be expressed as Eq.4 - Eq.6:  

 
Pseudo first-order:      dqt/dt  =  k1(qe - qt)         (2)  
ln (qe - qt)  =  ln qe – k1t              (3) 
 
Pseudo second-order:      dqt/dt  =  k2(qe - qt)

2           (4) 
 
1/(qe - qt)  =  (1/qe) – k2t             (5) 
(or equivalently),      t/qt  =  (1/k2qe

2) + (1/qe)t         (6)  
 
where k1 (1/hour) and k2 (g/mmole.hour) are the rate constant for pseudo first-order and second-order 

adsorption and qe and qt (mmole/g) are the amount of metal ion adsorbed per gram natural zeolite at equilibrium 
and time t, respectively.  

From Eq.3, a straight line of ln (qe - qt) versus t suggested the applicability of this kinetic model to fit the 
experimental data. The first-order rate constant k1 and equilibrium adsorption density qe were calculated from 
the slope and intercept of this line. If the pseudo second-order kinetics is applicable (Eq.6), the plots of t/qt 
versus t show a linear relationship. The slope and intercept are used to calculate the pseudo second-order rate 
constant k2 and qe.  

The best fit values of qe, k1 and k2 along with correlation coefficients for the pseudo-first order and pseudo-
second order models are shown in Table 1. The qe values from the pseudo-second order kinetic model were very 
close to each other and the calculated correlation coefficients, R2, were also closer to 1.0, suggesting that the 
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adsorption process of Cd2+ and Pb2+ onto zeolite was endothermic and the overall rate of the Cd2+ and Pb2+ 
adsorption process was most likely to be controlled by the chemisorption. Considering the mechanism of the 
pseudo-second order kinetic model, it could be concluded that the adsorption reaction was the rate determining 
step. The adsorption rate is known to be controlled by several factors corresponding to different processes 
including: (1) diffusion of the solute from the solution to the film surrounding the absorbent particle, (2) 
diffusion from the film toward the particle surface (external diffusion), (3) diffusion from the surface to the 
internal sites (surface or pore diffusion) and (4) uptake of the adsorbate which can involve several reaction 
steps. [9] 

 
Table1: Comparison of the pseudo first- and second-order adsorption rate constants  

Kinetic parameters   
Adsorbent 

Cd2+ Pb2+ 
Pseudo first-order: 
k1 (1/h) 0.092 0.142 
qe (mmole/g) 0.693 0.418 
R2 0.9002 0.9114 
Pseudo second-order: 
k2 (g/mmole.h) 7.66E-04 5.05E-03 
qe (mmole/g) 0.546 0.518 
R2 0.9896 0.9989 

 

 
Fig. 3:  Pseudo Second-order kinetic plot  

 
The experimental equilibrium data for Cd2+ and Pb2+ adsorption were fitted with 4 isotherm models.  
(1) The Freundlich isotherm model can be applied to non-ideal sorption on heterogeneous surfaces as well 

as multilayer sorption and is expressed by the following Eq.7: 
 

              (7) 
 
(2) The Langmuir isotherm model is applicable to homogeneous adsorption where the adsorption of each 

adsorbate molecule on to the surface has equal sorption activation energy. The Langmuir isotherm may be 
represented as Eq.8: 

 

              (8) 
 
(3) The Sips isotherm model is a combination of the Langmuir and Freundlich isotherms and can be 

derived using either equilibrium or thermodynamic approach. It can be represented as Eq.9 : 
 

              (9) 
(4) The Redlich–Peterson isotherm model combines the features of Langmuir and Freundlich isotherms. It 

can be represented as Eq.10 : 
 

            (10) 
 
where Ce is the concentration at equilibrium (mM) and KF, KL, KS and KRP are the constants of Freundlich, 

Langmuir, Sips and Redlich–Peterson isotherm models, respectively. 
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Numerical values of the correlation coefficients (R2), and fitting parameters obtained from regression 
analyses of the experimental data corresponding to the linear form of these isotherms are reported in Table 2.  

When considered the two-parameter adsorption isotherm models (Freundlich and Langmuir), it was found 
that the best fitting was obtained by the Freundlich model (R2 = 0.855 and 0.814 for Cd2+ and Pb2+, 
respectively). The Freundlich equation was often applied for non-ideal adsorption on heterogeneous surfaces 
and multilayer adsorption. It was assumed that the adsorbent surface sites had a spectrum of different binding 
energies. The constants K was calculated for each cation. K is a parameter related to the temperature for the 
adsorption system under study. The constant n was also a measure of the deviation from linearity of adsorption. 
When the constant n is less than 1.0, the isotherm is concave downward, implying that the added adsorbates are 
weakly bound. In contrast, when the constant n is more than 1.0, the isotherm is convex upward, inferring that 
more adsorbates are present in the adsorbent and enhance the free energies of further sorption [10]. 

From the experimental data, it was obvious that the adsorption isotherm models with three parameter (Sips 
and Redlich–Peterson) exerted better performance than two-parameter adsorption isotherm models (Freundlich 
and Langmuir), which was in accordance with previous studies [11, 12]. This clearly demonstrated by the higher 
R2 values for both Cd2+ and Pb2+as shown in Table 2. Results of adsorption isotherms for Cd2+ and Pb2+ onto the 
surface of the natural zeolite are shown in Fig. 4 and Fig. 5, respectively. It was clear that the natural zeolite 
adsorbed Cd2+more efficiently than Pb2+.  

 
Table 2: Conclusion of Langmuir, Freundlich, Sips and Ridlich-Perterson isotherm parameters 

Adsorbent Kinetic parameters 

Cd2+ 

Langmuir isotherm (R2 = 0.808)* Freundlich isotherm (R2 = 0.855)* 

 

qL KL 
 

n KF 
15.1564 2.667 0.2729 9.9113 

Sips isotherm (R2 = 0.965)** Redlich-Peterson isotherm (R2 = 0.955)** 

 

qS KS m 

 

qRP KRP β 

16.5401 1.8571 1.2564 13.7736 3.648 0.936 

Pb2+ 

Langmuir isotherm (R2 = 0.775)* Freundlich isotherm (R2 = 0.814)* 

 

qL KL 
 

n KF 
9.7761 6.3978 0.1775 7.7573 

Sips isotherm (R2 = 0.995)** Redlich-Peterson isotherm (R2 = 0.988)** 

 

qS KS m 

 

qRP KRP β 
10.6291 3.4708 1.3874  9.0492 9.925 0.959 

*Langmuir and Freundlich are 2 parameters isoterm; ** Sips and Ridlich-Peterson are 3 parameters isoterm 

 
Table 2 shows that the Sips isotherm model gave maximum adsorption capacities of 140.01 and 97.41 

mmole/g for Cd2+ and Pb2+, respectively. The maximum adsorption capacities of Cd2+ and Pb2+ are comparable 
with those reported in literature [13, 14]. The dissimilarities are due to the characteristics of zeolite we used, and 
due to the preparation process which was different from other studies. Also, the experimental conditions 
employed in this study, such as Cd2+ and Pb2+ concentration, background solution composition, initial pH, and 
the temperatures were different from those employed in other studies. 

Sips isotherm model is a hybrid of Langmuir and Freundlich isotherm models and is based on the theory of 
a homogenous–heterogeneous adsorbent surface. At low adsorbate concentration, it turns into Freundlich 
isotherm, while at high adsorbate concentration, it reduces a monolayer adsorption capacity characteristic of 
Langmuir isotherm [15]. It could be seen from this Table that the uptake of Cd2+ was higher than that of Pb2+; 
this might be due the smaller molecular size of Cd2+ (atomic radius 155 x 10-12 m) as compared with that of Pb2+ 
(atomic radius 180 x 10-12 m). This implied that only a small part of the micropores was filled in Pb2+ adsorption 
and the micropore phenomenon was more evident for Cd2+. 
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Fig. 4: Comparison of the Cd2+ adsorption experimental qe values with the theoretical qe values obtained from 
Freundlich, Langmuir, Sips and Redlich–Peterson isotherm models 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 5: Comparison of the Pb2+ adsorption experimental qe values with the theoretical qe values obtained from 
Freundlich, Langmuir, Sips and Redlich–Peterson isotherm models 

 
Conclusion: 

In this study, the adsorption of Cd2+ and Pb2+ from aqueous solutions onto the natural zeolite was 
performed. The results demonstrated that the natural zeolite was successfully used as an adsorbing agent for the 
removal of Cd2+ and Pb2+. The analyses by FT-IR showed that the functional groups on the natural zeolite might 
be the main binding sites for adsorption of the studied heavy metals. The Sips isotherm model was best fitted for 
both Cd2+ and Pb2+ adsorption. The Cd2+ ion was favorable component than Pb2+ ion due to it was less soluble 
and higher molecular weight. 

 
ACKNOWLEDGEMENT 

 
This work was financially supported by the College of Engineering, Rangsit University and Unit of 

Excellence for Photo-catalysis Technology, University of Phayao. The authors also acknowledge their profound 
gratitude to School of Energy and Environment, University of Phayao for providing the facilities for research 
work. 

 
REFERENCES 

 
[1] Deycard, V.N., J. Schäfer, G. Blanc, A. Coynel, J.C.J. Petit, L. Lanceleur, L. Dutruch, C. Bossy and A. 

Ventura, 2014. Contributions and potential impacts of seven priority substances (As, Cd, Cu, Cr, Ni, Pb, 
and Zn) to a major European Estuary (Gironde Estuary, France) from urban wastewater. Marine Chemistry, 
167: 123-134. 



38                                                                          Siriporn Sripiboon  et al, 2016 
Advances in Environmental Biology, 10(5) May 2016, Pages: 32-38 

 

[2] Yan, Y., Q. Li, X. Sun, Z. Ren, F. He, Y. Wang and L. Wang, 2015. Recycling flue gas desulphurization 
(FGD) gypsum for removal of Pb(II) and Cd(II) from wastewater. Journal of Colloid and Interface Science, 
457: 86-95. 

[3] Shaaban, A.F., D.A. Fadel, A.A. Mahmoud, M.A. Elkomy and S.M. Elbahy, 2013. Synthesis and 
characterization of dithiocarbamate chelating resin and its adsorption performance toward Hg(II), Cd(II) 
and Pb(II) by batch and fixed-bed column methods, Journal of Environmental Chemical Engineering, 1: 
203-217. 

[4] Junaid, A.S.M., M. Rahman, H. Yin, W.C. McCaffrey and S.M. Kuznicki, 2011. Natural zeolites for 
oilsands bitumen cracking: Structure and acidity. Microporous and Mesoporous Materials, 144: 148-157. 

[5] Liu, S., Y. Ding, P. Li, K. Diao, X. Tan, F. Lei, Y. Zhan, Q. Li, B. Huang and Z. Huang, 2014. Adsorption 
of the anionic dye Congo red from aqueous solution onto natural zeolites modified with N,N-dimethyl 
dehydroabietylamine oxide. Chemical Engineering Journal, 248: 135-144. 

[6] Javadian, H., F. Ghorbani, H. Tayebi and S.M.H. Asl, 2015. Study of the adsorption of Cd (II) from 
aqueous solution using zeolite-based geopolymer, synthesized from coal fly ash; kinetic, isotherm and 
thermodynamic studies. Arabian Journal of Chemistry, 8: 837-849. 

[7] Fukahori, S., T. Fujiwara, R. Ito and N. Funamizu, 2011. pH-Dependent adsorption of sulfa drugs on high 
silica zeolite: Modeling and kinetic study. Desalination, 275: 237-242.  

[8] Malamis, S. and E. Katsoua, 2013. A review on zinc and nickel adsorption on natural and modified zeolite, 
bentonite and vermiculite: Examination of process parameters, kinetics and isotherms. Journal of Hazardous 
Material, 252–253: 428–461. 

[9] Dua, Z., S. Deng, Y. Bei, Q. Huang, B. Wang , J. Huang and G. Yu, 2014. Adsorption behavior and 
mechanism of perfluorinated compounds on various adsorbents—A review. Journal of Hazardous Material, 
274: 443-454. 

[10] Sheela, T., Y. Arthoba Nayaka, R. Viswanatha, S. Basavanna and T.G. Venkatesha, 2012. Kinetics and 
thermodynamics studies on the adsorption of Zn(II), Cd(II) and Hg(II) from aqueous solution using zinc 
oxide nanoparticles. Powder Technology, 217: 163-170.  

[11] Alver, E. and A. Metin, 2012. Anionic dye removal from aqueous solutions using modified zeolite: 
Adsorption kinetics and isotherm studies. Chemical Engineering Journal, 200–202: 59-67.  

[12] Alshameri, A., C. Yan, Y. Al-Ani, A.S. Dawood, A. Ibrahim, C. Zhou and H. Wang, 2014. An investigation 
into the adsorption removal of ammonium by salt activated Chinese (Hulaodu) natural zeolite: Kinetics, 
isotherms, and thermodynamics. Journal of the Taiwan Institute of Chemical Engineers, 45(2): 554-564. 

[13] Asencios, Y.J.O. and M.R. Sun-Kou, 2012. Synthesis of high-surface-area γ-Al 2O3 from aluminum scrap 
and its use for the adsorption of metals: Pb(II), Cd(II) and Zn(II). Applied Surface Science, 258: 10002-
10011.  

[14] Santasnacho, C., W. Kurniawan and H. Hinode, 2015. The use of synthesized zeolites from power plant rice 
husk ash obtained from Thailand as adsorbent for cadmium contamination removal from zinc mining. 
Journal of Environmental Chemical Engineering, 3: 2115-2126. 

[15] Foo, K.Y. and B.H. Hameed, 2010. Insights into the modeling of adsorption isotherm systems. Chemical 
Engineering Journal, 156: 2-10. 


