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INTRODUCTION 
Rapid urbanization, industrialization and economic 

development in recent years lead to a continuous influx of 
toxic materials such as heavy metals into a water body 
which frequently causes water pollution. Small amounts of 
naturally occurring heavy metals such as zinc (Zn), copper 
(Cu), lead (Pb) and cobalt (Co) are common in our 
environment and they are necessary to our health (Qiu and 
Zheng, 2009).  But high concentrations of these heavy 
metals are dangerous for living organisms due to their 
toxicity, stability and tendency to accumulate in the 
environment (Kragovic, et al., 2013). The accumulation of 
heavy metals over time in human bodies can cause severe 
damage of kidney, liver, reproductive system, lungs, blood 
composition and sometimes leads to cancer (Jamil, et al., 
2010). However copper ion is considered as an essential 
nutrient, its level above 1.3 mg/L with time leads to kidney 
and liver damage of human (Ennigrou, et al., 2014). 
Chemical precipitation, ion exchange, neutralization, 
reduction and adsorption are used as different processes to 
uptake heavy metals form contaminated water (Kurniawan, 
et al., 2006). Removal of heavy metals by adsorption process 
is preferred because it is very effective, economic, versatile 
and simple (Zhu, et al., 2013). Among the adsorbents 
materials, zeolites were recommended because of their 
unique porous structure, high surface areas and low costs 
(Breck, 1974; Ibrahim, et al., 2010). 

 
Zeolite molecular sieves are crystalline 

microporous aluminosilicates with an indefinitely extending 
three-dimensional network of AlO4 and SiO4 tetrahedrons 
linked by sharing of oxygen atoms (Chaisena and 
Rangsriwatananon, 2005). The aluminum ion is small 
enough to occupy the position in the center of the 
tetrahedron of four oxygen atoms. Isomorphous 
replacement of Si4+ by Al3+ can take place and 
consequently, a net negative charge results. Therefore, 
cations such as Ca2+, Na+ or K+ are usually found to 
balance the excess negative charge. These cations are  

 
exchangeable with certain cations in solutions such as 
copper, lead, zinc and cadmium (Ibrahim, et al., 2010). 
Zeolites may be formed through natural geological 
processes or can be synthesized in the laboratory. Man-
made zeolites are usually synthesized under hydrothermal 
conditions from basic aluminosilicate precursor gels at 
elevated high temperatures (Youssef, et al., 2008; Mousavi, et 
al., 2013). Zeolites were synthesized using different 
materials such as carbonized rice husk (Katsuki, et al., 2005), 
low-grade natural kaolin (Ma, et al., 2014), natural and 
modified diatomite (Chaisena and Rangsriwatananon, 2005), 
kaolinite (Belviso, et al., 2013), rice husk (Cheng et al., 2012), 
rice husk ash and metakaolin (Atta, et al., 2012), fly ash (Qiu 
and Zheng, 2009), paper sludge ash (Wajima, et al., 2006), 
chrysotile and rice husk (Petkowicz, et al., 2008) and 
rectorite mineral (Liu et al., 2014). The A-type zeolite, one of 
the most common synthetic zeolites, has various 
applications in industry as catalysis, separation, ion exchange 
and adsorption (Xing-dong, et al., 2013). 

 
Kaolinite with a chemical formula Al2Si2O5 (OH)4 

has a typical two-layered structure, where the T:O ratio = 
1:1. Thermal activation in the range of 600-900ºC leads to 
libration of hydroxyl water from kaolinite forming 
metakaolinite as amorphous dehydroxylated aluminosilicate 
form. Since the Si/Al ratio is near to the unity in kaolinite 
and metakaolinite which is close agreement with that of 
zeolite A, these materials are frequently used as starting 
material for the synthesis of zeolite A (Youssef, et al., 2008). 

 
The natural deposits of zeolites are nearly absent 

in Egypt. This is why we have to go to the synthetic forms 
using cheap and available raw materials. To the best of our 
knowledge, the adsorption characteristics and the 
mechanism of dehydrated Na-A zeolite for the uptake of 
copper ions as compared to hydrated Na-A zeolite have not 
been studied so far. However the uptake of heavy metals by 
natural zeolite has been previously studied by many authors, 
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natural phillipsite was taken in this study just to light up the 
difference between the natural and synthetic zeolites. Thus, 
the main objectives of this work were: (a) to prepare and 
characterize dehydrated and hydrated Na-A zeolites from 
Egyptian kaolin clay sample, (b) to compare the uptake 
potential of copper ion from aqueous solution by the 
synthetic and natural zeolites, and (c) to study the 
adsorption behavior and the mechanisms of copper ion 
uptake by fitting the experimental data to different kinetics 
and isotherms models. 
 

MATERIALS AND METHODS 
Materials  

The starting kaolinite clay sample used in the 
present study has a chemical composition of 46% SiO2, 
34% Al2O3, 3.2% TiO2, 1.8% Fe2O3, 0.1% MgO, 0.6% 
CaO, 0.3% Na2O, 0.05% K2O and ignition loss nearly 14%. 
The alkali hydroxide used in the synthesis of zeolite A is 
NaOH (Alfa Aesar, purity: 97%). In addition, a natural 
zeolite (phillipsite-K) with a composition of (K,Na)2 
(Si,Al)8O16.4H2O was obtained from Mukeihlat area, Syria. 
This K-rich phillipsite zeolite was referred as (ZN). Copper 
acetate monohydrated supplied by Aldrich chemical Co. 
(purity > 98%) was used as a source of copper ion. 
 
Synthesis of hydrated Na-A zeolite 

A certain amount (nearly 10 g) of the raw Egyptian 
kaolin was subjected to calcination at high temperature of 
about 650ºC for 5 h to obtain metakaolinite as amorphous 
and more reactive product. Hydrated Na-A zeolite was 
synthesized by adding 3g of metakaolinite to a solution 
contains 6g of sodium hydroxide and 50 ml distilled water. 
The mixture was subjected to a continuous vigorous stirring 
overnight at room temperature. After stirring, the mixture 
was transferred to 125ml stainless steel Parr reactors and 
heated in an oven at 90°C for 4 h. After hydrothermal 
treatment, the vessels were cooled down to room 
temperature. The contents from Teflon vessels were 
centrifuged to separate solids and solutions. Then, the solid 
products were washed with distilled water to remove the 
excess alkalinity and dried at 65°C. Hydrated Na-A zeolite 
synthesized by using this method was labeled (ZH).  
 
Synthesis of dehydrated Na-A zeolite 

To prepare dehydrated Na-A zeolite, 6g of the raw 
kaolinite was heated with 7.2g of NaOH 650°C for 5 h. The 
resultant fused mixture was cooled and ground with a 
mortar and pestle for a few minutes. The powder was mixed 
with 100 ml distilled water and stirred at temperature 70 °C 
for 2 h, then the solution was transferred to autoclave and 
treated at temperature 90°C for 4 h. After treatment, the 
solid part was separated by centrifugation, washed with 
distilled water and dried at 60ºC overnight. Dehydrated Na-
A zeolite prepared by this method was labeled (ZF). 
  
Sample characterization 

X-ray powder diffraction patterns were obtained 
using a Philips APD-3720 diffractometer with Cu Kα 
radiation, operated at 20 mA and 40 kV in the 2θ range of 
5–70 at a scanning speed of 5°/min. The morphology of the 
studied natural and synthetic zeolites was studied by 

scanning electron microscopy (SEM) technique (JSM-6510, 
JEOL, Tokyo, Japan). Particle size analyses and surface 
areas of the Na-A zeolites were determined by BT–2001 
(wet) laser particle size analyzer device. 
 
Batch adsorption and kinetic studies 

Experiments to determine adsorption kinetics of 
copper (II) by the as-synthetic and natural zeolites were 
conducted by batch method at room temperature as 
follows: A fixed amount (0.4 g) of each dry adsorbent was 
mixed with 200 ml of 1mM of copper acetate 
monohydrated in a volumetric flask for 5 min, 30 min, 2 h, 
8 h and 24 h with continuous agitating using orbital shaker. 
Before adding the zeolite samples, the solutions were 
acidified to avoid cation precipitation. The initial pH values 
of the studied solutions were adjusted to 6 ± 0.2 (Qiu and 
Zheng, 2009). After equilibration, the solid and the solution 
phases were separated by centrifugation. Then, 150 ml of 
each liquid was collected in clean plastic bottle for 
determining the concentration of copper using inductively 
coupled plasma mass spectrometry (ICP-MS). The pH value 
of each collected liquid was examined and re-adjusted at 
each time interval by adding drops of nitric acid. The 
amount of copper adsorption onto the zeolites qt (mg/g) at 
any time and removal efficiency (metal ion, removal %) 
were calculated as follows: 
 

                                       (1) 

Metal ion removal, % = 100 )/            (2) 

Where, C0 and Ce are the ion concentrations in the initial 
solution and the solution after equilibration of heavy metal 
ions, respectively. V is the volume of solution in (L) and m 
is the mass of sorbent (gm). 
 
Isotherm studies  
 The isotherms of copper ion adsorption by the 
studied as-synthetic and natural zeolites were determined 
using an initial concentration range from 0.5 to 2.5mM of 
Copper acetate monohydrated. A fixed amount (0.4 g) of 
ZN, ZH and ZF was mixed with 150 ml of 0.5, 1, 1.5, 2 or 
2.5mM of copper acetate monohydrated by an orbital 
shaker for 24 h. After equilibration, the suspensions were 
centrifuged, solids and solutions were separated and the 
solutions were collected in clean plastic bottles. The 
concentrations of copper ion were determined in all 
solutions by using inductively coupled plasma mass 
spectrometry (ICP-MS). 
 

RESULTS AND DISCUSSION 
X-ray diffraction (XRD) results 

The X-ray diffraction patterns of the used natural 
Egyptian kaolin and treated metakaolin are shown in Fig.1. 
Untreated kaolin clay sample was characterized by the 
presence of the main peaks of kaolinite and quartz while 
metakaolin was characterized by the absence of the main 
diffraction peaks of kaolin at 2θ values of 12.34º and 24.64º 
(Gougazeh and Buhl, 2014). The main crystalline phase in 
metakaolin corresponds to the presence of quartz (Fig.1). 
The X- ray patterns of the natural and synthetic zeolite 
samples are shown in (Fig.2). Phillipsite-K and calcite 
represent the main crystalline phases in natural zeolite (ZN). 

http://www.ijbio.com/
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From Fig. 2, the crystalline phases of the synthesized 
products (ZH and ZF) correspond to the main peaks of 
zeolite A at 2θ values of 7.2º, 10.3º, 12.6º, 16.2º, 21.8º, 24º, 
26.2º, 27.2º, 30º, 30.9º, 31.1º, 32.6º, 33.4º and 34.3º that 
were reported by (Treacy and Higgins, 2001). The sharp 
diffraction peaks in ZF indicate a high degree of 
crystallinity, as compared to ZH (Fig.2).  
 

 
Figure 1: XDR patterns of (A) Egyptian kaolin and (B) 
Metakaolin at 650º C. Note the presence of the two main 
kaolinite clay mineral at 2θ values of 12.34º and 24.64º in 
the Egyptian kaolin (A) while absence of the main 
diffraction peaks of kaolin after treatment at 650º C in the 
metakaolin (B). Quartz was detected in untreated and 
treated kaolin samples.   
 

 
Figure 2: XRD patterns of natural zeolite (ZN) and 
synthetic zeolites A (ZH) and (ZF). Note Phillipsite-K and 
calcite are the main crystalline phases in natural zeolite 
(ZN)while  the main peaks recorded at 2θ values of 7.2º, 
10.3º, 12.6º, 16.2º, 21.8º, 24º, 26.2º, 27.2º, 30º, 30.9º, 31.1º, 
32.6º, 33.4º and 34.3º refer to the synthetic zeolites(ZH and 
ZF).  
 
Scanning electron microscopy (SEM) results 

Fig. 3 shows the SEM images of both natural and 
synthetic zeolite samples. The natural zeolite was 
characterized by the presence of prismatic crystals of 
phillipsite-K (Fig. 3a). SEM images of ZH and ZF show the 
cubic crystals of the synthetic Na-A zeolite (Fig. 3b and c); 
however, the crystals are well developed in the ZF (Fig. 3c). 
The appearance of more cubic crystals with well-developed 
crystalline faces in ZF supports the presence of more sharp 
reflection peaks detected by X-ray diffraction (Fig. 2). The 
SEM results of the present work are similar to those 

previously reported by (Belviso, et al., 2013; Youssef, et al., 
2008; Mohamed, et al., 2009; Gougazeh and Buhl, 2014). 

 

 

 
Fig. 3: Scanning electron micrographs of natural and 
synthetic zeolites A. ZN (a), ZH (b) and ZF (c). ZN is 
characterized by the presence of prismatic crystals of 
phillipsite-K (3a). (ZH) shows particles with irregular 
morphology associated with well-developed crystals (3b). 
(ZF) shows well developed cubic crystals with sharp edges 
and smooth surfaces (3c) 
 
Particle size distribution and surface area 

The particle size analyses of the studied synthetic 
zeolites showed that the ZF has particle size distribution as 
98% less than 27μm, 80% less than 15μm, and 50% less 
than 5μm, where the ZH has particle size distribution as 
98% less than 49μm, 80% less than 20μm, and 50% less 
than 9μm. The surface area measurements of the synthetic 
zeolites gave values of 189 m2/g and 125 m2/g for ZF and 
ZH, respectively. 
 
Effect of contact time and adsorption kinetics 

The removal efficiency of natural and synthetic 
zeolites for copper ion after contact time ranging from 5 
min to 24 h was given in (Table, 1 and Fig. 4). The uptake 
percentage of copper ion by natural zeolite (ZN) increased 
from 46% to 92.5% by increasing the shaking time from 5 
min to 120 min. This is may be related to the presence of 
calcite mineral in natural zeolite (Pitcher et al., 2004). The 
contribution of calcite mineral in the uptake of cooper ion is 
related to the pH of solution which gave values of 6.2 and 
8.3 after contact times of 5 min and 120 min, respectively 
(Table 1). Therefore, more surface active sites will be 
available for more copper ion uptake after 2 h of shaking 
time. After 120 min, the removal efficiency of copper was 
nearly constant, attained equilibrium within 120 min (Table 
1).  
 
 
 
 
 
 

http://www.ijbio.com/


 Moaaz K. Seliem et al., International Journal of Bioassays 4.10 (2015): 4423-4430 

www.ijbio.com   4426 

Table 1: The removal efficiency and the amount of copper 
sorbed onto the studied natural and synthetic zeolites at 
different contact times. 

Zeolite type Time (min) 
Metal ion 

removal (%) 
qt (mg/g) pH 

ZN 5 46 14.6 6.2 
ZN 30 86 27.14 7.47 
ZN 120 92.5 29.10 8.3 
ZN 480 93 29.3 7.54 
ZN 1440 93.5 29.34 7.20 
ZH 5 75 23.54 10.22 
ZH 30 96 30.13 10.29 
ZH 120 97 30.5 10.71 
ZH 480 93.5 29.46 10.31 
ZH 1440 91 28.67 9.92 
ZF 5 94 29.61 9.7 
ZF 30 89 28.15 9.45 
ZF 120 89 27.96 9.3 
ZF 480 87 27.36 9.22 
ZF 1440 87 27.40 9.15 
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Fig. 4: Kinetic curves of copper ion uptake by the studied 
zeolites. The removal efficiency of natural (ZN) and 
synthetic zeolites (ZH, ZF) for copper ion after shaking 
time ranging from 5 min to 24 h. 
 

The removal of copper by natural zeolite showed 
two distinct stages of adsorption with time (Fig. 4). The first 
stage (1 min<t<120 min) was characterized by a steep slope 
due to the rapid uptake rate during this stage (Seliem, et al., 
2013). The second stage (after 120 min) was signified by a 
gentle slope as a result of decreasing in the adsorption rate, 
i.e. equilibrium was attained (El-Mekkawi and Selim, 2014).  
Equilibrium was achieved due to the decreasing in the 
available active adsorption sites on the adsorbent and 
therefore, transfer of the adsorbate molecules from solution 
to the external surface of adsorbent became limited 
(Mehdizadeh, et al., 2014). Concerning the synthetic ZH, the 
removal efficiency for Cu2+ increased from 75% to 96% 
with increasing time from 5 min to 30 min, (Table 1). As 
can be seen in Fig. 4, an appreciable stabilization trend 
attaining by increasing time from 30 min to 120 min, 
followed by slight decreasing to the end of shaking time. 
Decreasing the copper uptake by adsorbent may be related 
to the decrease in the number of active adsorption sites as 
well as copper concentration (Mishra and Patel, 2009). On 
the other hand, ZF gave the maximum value of uptake 
percentage (94%) after 5 min, followed by slight decreasing 
with increasing time to 24 h (Fig. 4). The abrupt decreasing 
in copper concentration during the first 5 min of contact 
time can be explained as a consequence of a very fast 
diffusion of the copper species from the aqueous solution 

to the active sites of the dehydrated Na-A zeolite (Vaca-
Mier, et al., 2001). In addition, no appreciable increase was 
observed after 5 min which proves the saturation of the 
active sites in ZF. The % uptake of copper was high (94%) 
in ZF as compared to ZH (75%) after shaking time 5 min. 
This may be attributed to the tendency of some of ZH 
particles to accumulate forming agglomerated particles (Fig. 
5). Such aggregation would lead to decreasing in the particle 
size distribution and total surface area of ZH compared to 
ZF. In order to study the mechanism that control the 
adsorption process, the Lagergren pseudo-second order 
kinetic model was applied in this study. This model was 
found to be more common in prediction of the behaviour 
over the whole range of sorption (Kragovic, et al., 2013). 
The pseudo-second order process can be written as follows: 

 

                (3) 

Where, qe is the equilibrium adsorption uptake of heavy 
metal ion (mg/g), qt is the amount of copper adsorbed at 
time t (mg/g) and k2 is the rate constant of second-order 
adsorption (g mg-1 min-1). Thus, by plotting t/qt versus t, k2 

and qe values can be determined (Table 2). A good 
agreement of the experimental data with the second-order 
kinetic model was obtained (Fig. 6).  

 

A B C 

a b F 

c d I 
 

Fig.5: Photograph shows the colours of the studied Na-A 
zeolites before and after treatment at contact time 5 min:  
(ZF) a, b and (ZH) c, d (the red arrows refer to the presence 
of agglomeration of ZH particles). Note; the difference of 
the powder colour after treatment, the dehydrated Na-A 
zeolite has the green colour of the copper solution (b). 
 
Table 2: Kinetic parameters for adsorption rate 
expressions. 

Adsorbent 
Second-order kinetic mode 

k2 (g/mg min) qe (Cal)  (mg/g) R2 

ZN 0.12 X 10-3 29.41 0.9999 
ZH 0.70 X 10-3 28.08 0.9998 
ZF 2.2 X 10-3 27.44 0.9999 
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Fig.6: Plots for second-order model for copper ion uptake 
by ZN, ZH and ZF. Note the concordance of the 
experimental data with the second-order kinetic model 
obtained for both natural and synthetic zeolite.  
 

The correlation coefficients are greater than 0.99 
for both natural and synthetic zeolite, which suggest a 
strong relationship between the parameters and also 
explains that the process follows pseudo-second-order 
model. The higher k2 values for synthetic zeolites indicates a 
faster increase in the amount of sorbed Cu2+ as compared 
to natural zeolite (Zeng, et al., 2010). The adsorption process 
involves transportation of the solute molecules from the 
aqueous solution to the surfaces of the solid particles 
followed by intra-particle diffusion/transport process 
(Demiral and Gunduzoglu, 2010). The intra-particle 
diffusion can be written as follows:  
 

qt = kp t1/2 + C                              (4) 
 

Where, is the rate constant of intra-particle diffusion (mg 
g−1 min−1/2) and was determined from the slopes of the 
lines in (Fig.7) and C is the intercept related to the thickness 
of the boundary layer.  According to this model, if the plot 
of uptake, qt, versus the square root of time, t1/2 is linear and 
passes through the origin, then intra-particle diffusion is the 
only rate controlling step. As shown in Fig.7, the plot does 
not pass through the origin and exhibited multi-linear plots. 
Therefore, the intra-particle diffusion is not the only rate 
limiting step in the whole adsorption process (Seliem, et al., 
2013).  
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Fig. 7: Intraparticle diffusion model of copper adsorption 
by ZN, ZH and ZF. The plot of uptake, qt, versus the 
square root of time, t1/2 does not pass through the origin 
and exhibited multi-linear plots. 

pH control of copper ion uptake  
The pH of the solution is considered as an 

important controlling parameter in the adsorption process. 
At low value of pH, the surface of adsorbent was 
surrounded by protons that compete with metal ions and 
therefore, the adsorption of metal ion onto the surface of 
adsorbent decreases (Zhu, et al., 2013). By increasing the 
solution pH, the surface of adsorbent was characterized by 
the presence of negative charges and therefore, the 
adsorption increases when the metal species have positive 
charges or neutral (Rao, et al., 2008). The pH of the 
solutions after each contact time was recorded as shown in 
(see table 1). It was found that the pH value increased 
during the adsorption process by increasing contact time 
from 5 min to 120 min and gradually decreased to the end 
of shaking time for both of ZN and ZH (Fig.8). The pH 
values of solutions are matching with the % uptake of 
copper ion at each contact time (Table 1). On the other 
hand, the maximum pH value in ZF was recorded after 5 
min and continuously decreased by increasing contact time 
to 24 h. By increasing pH, more negatively charged surface 
sites will be available which facilitates more adsorption of 
copper ion (Zhang, et al., 2011). Therefore, copper may 
form copper hydroxyl species with OH− groups such as 
Cu(OH)2, Cu(OH)3

2- and Cu(OH)4
2- which may participate 

in the adsorption process and participate onto the structures 
of zeolites  preventing further adsorption (Oren and Kaya, 
2006). The best values of the uptake of copper ion were 
recorded at pH values of 10.7 and 9.7 for ZH and ZF, 
respectively (Table 1). This has been supported by the 
difference in Na concentration in the solutions with values 
of 106.4 mg/L and 41.9 mg/L for the ZH and ZF, 
respectively. This indicates that the mechanism of copper 
ions uptake in ZH is mainly related to cation exchange, 
while the copper ions adsorption onto ZF may be related to 
a combination of ion exchange and precipitation 
mechanisms. This may reflect the changing of dehydrated 
Na-A zeolite to green color after 5 min of shaking time 
(Fig.5b).  
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Fig. 8: pH of the solution after shaking time ranging from 5 
min to 24 h. The pH values of the solutions were 
determined after contact time ranging from 5 min to one 
day of equilibrium.  
 
Adsorption isotherms studies 

Adsorption isotherms indicate the distribution of 
adsorbate between solution and adsorbent at the 
equilibrium state of the adsorption process. The type of 
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adsorption isotherm model is very important in order to 
understand the adsorption behavior for solid-liquid 
adsorption system (Wang, et al., 2007).  In the present study, 
Langmuir and Freundlich models were tested to study the 
adsorption behavior of copper ion as these two are the most 
commonly used. Based on the Langmuir theory, there are 
specific adsorption sites on the surface which become 
saturated after monolayer adsorption of sorbate is achieved 
and there is no significant interaction among adsorbed 
species (Hoda, et al., 2006; El-Mekkawi and Selim, 2014; 
Seliem, et al., 2013; Bagherifam, et al., 2014). The Langmuir 
model is expressed as follows: 
 

                     (5) 

 
Where, Ce is the equilibrium concentration of the remaining 
solute in the solution (mg/L), qe is the amount of the solute 
adsorbed per mass unit of adsorbent at equilibrium (mg/g), 
qmax is the amount of adsorbate per mass unit of adsorbent 
at complete monolayer coverage (mmol/g), and b (L/mg) is 
a Langmuir constant. The qmax and b values were calculated 
from the slopes (1/qmax) and intercepts (1/bqmax) of linear 
plots of Ce/qe versus Ce (Fig.9). The Langmuir isotherm 
parameters are given in Table 3. Linear plots of Ce/qe versus 
Ce were found to be linear with good correlation coefficients 
greater than 0.97 that indicate the applicability of Langmuir 
model in the present study. One of the essential 
characteristics of Langmuir isotherm could be expressed by 
a dimensionless constant called equilibrium parameter RL 
which is determined as follows: 
 

RL = 1/(1 + bC0)                          (6) 
Where, b is a Langmuir constant and C0 is the initial 
concentration. The value of RL was calculated using the 
above expression. The values of RL indicate the nature of 
the adsorption process (Lian et al., 2009). 

RL > 1         for unfavorable adsorption, 
RL = 1         for linear adsorption, 
0 < RL < 1   for favorable adsorption, and 
RL = 0         for irreversible adsorption. 
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Fig. 9: Langmuir plots for the copper ion uptake by ZN, 
ZH and ZF. Linear plots of Ce/qe versus Ce were found to 
be linear with good correlation coefficients ranging from 
0.97 to 0.98., indicate the applicability of Langmuir model in 
the present study. 
 

Table 3: Langmuir parameters for cooper ion uptake by the 
studied zeolites 

Sample 
Isotherm Parameters 

qmax (m mol/g) b(L/mg) R2 

ZN 0.718 0.169         0.984 
ZH     1.41 0.034         0.987 
ZF 0.94 0.067          0.978 

 
The RL-values for the adsorption of natural zeolite are in 
the range of (0.034–0.149) while RL-values for the 
adsorption of synthetic zeolites are in the range of (0.001–
0.009). Based on the RL-values of the studied samples, 
RL<1, indicating favorable adsorption process. The 
Freundlich isotherm model can be used to describe the non-
ideal adsorption of a heterogeneous system and reversible 
adsorption (Wang and Zhu, 2006). This model states that 
reactions take place in several sorption sites and as the 
amount of solute adsorbed rises, the binding surface energy 
decreases exponentially which means multilayer sorption 
(Bagherifam, et al., 2014). The Freundlich isotherm is 
expressed as follows: 
 

Log qe = log KF + 1/n log Ce                 (7) 
 
Fig.10: Freundlich isotherm for copper ion uptake by ZN, 
ZH and ZF. A plot of log (qe) vs. log (Ce) for the studied 
zeolite samples shows good correlation coefficients in ZH 
and ZF as compared to ZN.  
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Where, KF and n are the Freundlich constants related to 
adsorption capacity and intensity, respectively. The values of 
KF and 1/n are determined from the intercept and slope of 
the linear regressions. A value for n above one indicates a 
normal Freundlich isotherm while n below one refers to a 
cooperative adsorption (Amin, 2008; Vimonses, et al., 2009). 
A plot of log (qe) vs. log (Ce) for the studied zeolite samples 
is shown in (Fig. 10). The n values for the studied samples 
are in the range from1.66 to 2.72 (i.e., more than 1), 
therefore, the adsorption of copper fits a normal Freundlich 
adsorption model. 
 

CONCLUSIONS 
The uptake of copper ion from aqueous solution 

at contact time ranging from 5 min to 24 h was studied by 
natural K-phillipsite zeolite and the studied Na-A synthetic 
zeolites. The highest amount of the uptake of copper ion 
after 120 min was given by the natural zeolite. But the best 
exposure times for the removal of copper ion were found to 
be 30 min and 5 min for Na-A hydrated zeolite and Na-A 
dehydrated zeolite, respectively. The mechanisms of cooper 
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ions uptake were mainly attributed to ion exchange and 
precipitation in the Na-A dehydrated zeolites and ion 
exchange in the Na-A hydrated zeolite. The adsorption 
characteristics and the mechanisms of cooper removal 
followed pseudo-second-order kinetics and the applied 
isotherms models. Further detailed studies are needed, 
however, to understand the effect of many factors such as 
zeolite dose, competitive ions, is recommended. 
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