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Abstract— In this study because of the proper cationic exchange 

capacity, high specific surface, stability, and cheapness of clay nano-
Bentonite, it was used as an absorbent agent for adsorption of zinc as 
a heavy metal. In order to improve the adsorption mechanism in 
nano- Bentonite structure a model was introduced based on three 
improving factors including: 1- dimensional factor and analysis of d-
spacing effect 2- Inter layer cation types by investigation of swelling 
index factor effect 3- Effect of environmental conditions such as pH, 
metal ion concentration, absorbent concentration and stirring speed. 
For investigation of model efficacy, three mentioned factor were 
tested in three steps. First, preparation procedure was done on six 
samples for determination of dimensional factor amounts, d-spacing 
and swelling index. Then the expected sample for maximum 
adsorption based on these amounts was selected. Second, by using 
Experimental Design software and CCD design model, the 
environmental effect was investigated and optimum amounts were 
determined. Third, these conditions were tested for all six samples. 
Results showed that the decreasing of dimensions results in 
decreasing of d-spacing in samples and increasing of swelling index 
in Na-Bentonite samples. In Bentonite samples the counter effect of 
swelling index on d-spacing caused 30% increasing in absorption. 
Finally, a sample with dimension of 2.05 nm, swelling index of 17.6, 
d-spacing of 12.59 and absorption recovery of about 94% was 
selected as the best absorbent.These instructions give you guidelines 
for preparing papers for conferences or journals. Use this document 
as a template if you are using Microsoft Word. Otherwise, use this 
document as an instruction set. The electronic file of your paper will 
be formatted further at JMEAST. Define all symbols used in the 
abstract. Do not cite references in the abstract. Do not delete the 
blank line immediately above the abstract; it sets the footnote at the 
bottom of this column. Page margins are 1,78 cm top and  down; 1,65 
cm left and right. Each column width is 8,89 cm and the separation 
between the columns is 0,51 cm. 
 
Keywords—About four key words or phrases in alphabetical 

order, separated by commas.  

I. INTRODUCTION 
 Adsorption described as a process for gathering some 
compositions that we want to concentrate or remove from 
environment. Apart from adsorption process, there are several 
methods such as precipitation, ion exchange, solvent 
extraction, membrane technology and filtration which are 
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applicable for water and waste refinement [1]-[3], adsorption 
of colored composition [3]-[6] and other industries [7]-[8]. 
Nevertheless, these methods have individual restrictions 
compare to adsorption method. Common mentioned methods 
are too expensive and include some faults like incomplete 
removing and generation of wastes. So nowadays, the 
economical methods are more favorable. In the meantime, the 
adsorption technique is recruited in multiple processes and 
industries as an economical, efficient, simple, and low cost 
method [9]-[11]. Among these components, nano-clays are 
more considered because of their special properties such as 
capability of cation exchange, high specific surface, 
mechanical/chemical stability and cheapness [12]-[19]. 
Bentonite, used as adsorbents, is one of the most important 
nano-clay in which the Montmorillonite is the main mineral 
clay. So by investigation, identification and study on the 
adsorption mechanism improvement of this component, it is 
possible to reach to a considerable efficacy of adsorption. 
Hence, there are different ways to improve the adsorption 
mechanisms. Using of Na-Bentonite is introduced as a suitable 
way for improving the absorption process in many researches 
[20]-[23]. Regarding to industrial progression and 
development of society and also widespread approach for 
environmental protection, pollution reduction and removal of 
contaminants, this study intends to investigate the adsorption 
mechanism of heavy metals as one of the most important and 
widespread pollutants. Metal elements between Copper and 
Bismuth in the periodic table are called heavy metal because 
they possess a density more than 4 and have metallic 
properties at room temperature. Despite Zinc as a heavy metal 
is a vital element for biological surviving but alive organisms 
need it in a very tiny little amount for growing and surviving. 
Therefore, they called trace elements. High concentrations of 
these elements lead growth disturbing [24]-[26].      

II. EXPERIMENTS 

A. Materials and Methods 
Primary Ca-Bentonite (70%) was prepared from Niagh 

Bentonite mine. Ca-Bentonite is used as raw bentunit in which 
the major mineral is Ca-Montmorillonite 
(Ca�.��Al, Mg�2Si�O���OH��. nH�O ). 

Quartz is the main impurity in Ca-Montmorillonite. In 
activation step; 7 Kgr of raw Ca-Bentonite was grinded and 
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Powdered by means of rod mill and then passed through 200 
mesh screen (74 μm). 2 Kgr of powder was placed in 5 liter 
distilled water and stirred for 4 hours by a mechanical stirrer. 
After 3 days, the impurities were discarded from surface and 
then the mixture was stirred again. In 30, 60 and 90 minutes 
after stirring, 200 ml of sample was removed from the surface 
of dish. Prepared samples were centrifuged for 15 min at 3000 
rpm. Remained solid samples were put in oven for 1.5 h at 
105°C to become completely dry. First in order to perform 
adsorption process, a stock solution (1000 ppm) of Zinc was 
prepared. Briefly ZnCl2 (2.06 gr) was dissolved in 1 liter of 
distilled water. Regarding to the 3 different pH and metal ion 
concentration, 9 solution were totally prepared for next tests. 
Sodium chloride (0.5 M) was used for sodic activation. 
Regarding to previous calculations, 14.6 to 20 gr of sodium 
chloride was dissolved in distilled waterand it’s volume 
increased up to 0.5 liter by additional distilled water. Based on 
the solid to liquid ratio (40 gr/l), 20 gr of dried and powdered 
samples was put in solution [27]. The mixture was stirred 
using a heater magnet for 5 h in at 105°C, 1200 rpm and pH 
6.5. Finally samples were placed in oven for 7 days to obtain 
solid part. After previous steps, 6 Bentonite sample were 
prepared that 3 of them were 3 different Ca-Bentonite based 
on suspending times (30, 60 and 90 minutes) and other 3 
samples are Na-Bentonite that were prepare via sodic 
activation of Ca-Bentonite. After determining the high and 
low level amounts for each factor by use of Experimental 
Design software and design model of CCD, 30 tests was 
designed. Finally the optimal values were determined by 
software and tested and experiments were done on samples. 

A. Experimental procedure 
In this study, X-ray diffraction (XRD) (model: Expert Pro, 

the Netherlands PHILIPS Company) was used to characterize 
the crystalline phases of nano-particle, structural properties 
measurement, d-spacing and estimation of dimensions. This 
device is made of a cobalt (Co Kα) with λ = 0 78901/1 A0. 
Applied voltage was 40 kV and amperage 30 mA. 
Subsequently X-ray fluorescence (XRF) (model: Magix Pro, 
the Netherlands PHILIPS Company) was used to measure the 
quality and quantity of elements present in the sample. Fourier 
Transform Infrared spectroscopy (FTIR) (model:VERTEX 70, 
Germany Bruker company) was set to identify the functional 
groups, molecular structure and mechanism of bond, the. For 
identification of topography and morphology of nano-
particles, Scanning Electron Microscopy (SEM) (model: LEO-
1400, England LEO company) and determination of the 
recovery rate and concentrations of adsorbed heavy metal, 
atomic absorption device (model: 220Z, Australia Varian 
company) were applied. 

To determine the considered parameters such as particle 
size, swelling index and d-spacing, described below methods 
were used. Scheerer formula (1) was used to determine the 
particle size. In crystalline materials, X-ray diffraction peak 
width increases with decreasing thickness of the crystal layers. 
 

D = 0.9λ
cosθβ�                                                                  (1) 

 
In this formula, D represents crystalline bead size, λ: 

wavelength of X-rays, β: maximum peak width at half of 
height and θ is radiation angle. The standard ASTM D-5890 is 
used for measuring the swelling index. The steps of swelling 
index measuring based on this standard are as follow [28]. 
Equation (2) was used to determine Recovery percent of zinc 
ions in each experiment. 

�% = ���� − ���
��� � 100                                                  (2) 

 
In this formula, c0 and ct respectively represents the primary 

and secondary concentration of metal ions in solution. It is 
possible to calculate the amount of recovery, using primary 
and secondary amount of zinc ion concentration in each test 
sample [29]-[31]. 

III. RESULTS AND DISCUSSION 

In order to prove the formation of nano-Bentonite and 
determination of particles size and to demonstrate that 
activation process did not lead to phase variation, this analysis 
was used. Analysis results for the six samples are shown in 
Fig.1, the diffraction peaks are observed for all compounds 
that indicates no phase variation in Bentonite after activation 
procedure. Calculated particle size using this results and 
Scheerer formula shown in Table 1. 

Fig. 1. XRD, sample 1 (Ca-Bentonite) (a), sample 2 (Na-Bentonite) 
(b), sample 3 (Ca-Bentonite) (c), sample 4 (Na-Bentonite) (d), sample 
5 (Ca-Bentonite) (e ), sample 6 (Na-Bentonite) (f). 
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Table 1. Results of sample preparation 

swelling 
Index 
ml/2gr 

(d-spacing) 
Particle 
Size 
(nm) 

Sample No. 

3.4 21.67 27.33 *Ca30 1 

7.8 21.44 27.31 *Na30 2 
8.5 19.43 13.64 *Ca60 3 
12.2 16.23 10.24 *Na60 4 
10.2 14.08 5.12 *Ca90 5 
17.6 12.59 2.05 *Na90 6 

* 30, 60 and 90 stand for suspending times in sample activation  

 

Analysis of results obtained from swelling index 
experiments (Table 1) showed that the space between the 
layers in Na-Bentonite is mainly occupied by sodium ions. 
High polarity of water molecules have converted those to 
potent stabilizers for cations and anions. Na+ has a great ionic 
radius. During filling the space between the layers with water 
molecules, Na+, because of it’s low charge density, loosely 
holds layers together. By addition of Na-Bentonite to layers, 
those start to separate, because Na+ has not enough high 
charge density to prevent the separation of the layers. Thus, 
water has high adsorption capacity and because the layers are 
easily separated from each other, the Na-Bentonite swelling 
capacity is too high. The dominant ion in Ca-Bentonite is 
calcium ion similar to sodium in ionic radius. In spite of the 
same ion radiuses that cause the same amount of ion volume, 
the calcium ion (Ca2+) density is twice of sodium ion. This 
issue has a great impact on physical and chemical 
characteristics of both types of Bentonite. Montmorillonite 
network layers that are negatively charged as the result of net 
replacements, create the better adhesion between network 
layers by calcium ions. Therefore Ca-Bentonite can not be 
dispersed in water like Na-Bentonite and this means that the 
hydration (swelling size) can not be the same, so Na-type will 
have higher swelling [32]. In order to identify the oxides and 
elements in the Bentonite the raw samples were analyzed by 
XRF. The results are shown in Table 2. 

Table 2. XRF analysis results 

XRF Sample 
41.62 SiO2 
14.50 Al2O3 
2.37 Fe2O3 
0.25 CaO 
0.31 Cl 
1.48 MgO 
0.11 SO3 
0.13 P2O5 
39.24 L.O.I 

 
To understand the mechanism of bonding, infrared spectra of 
both Ca and Na-Bentonite samples compared together and 
shown in the following figure. The vertical axis represents the 
absorption of infrared by samples. As shown in Fig.2 the peak 
52/3629 cm-1 attributed to the stretching vibration and the 
peak 1630 cm-1 belongs to bending vibration of H2O. 
Stretching vibration of Si-O in Si-O-Si group in tetrahedral 
sheet were shown in 84/1032 cm-1. Bending vibrations of Al-
Al-OH in 828 cm-1, bending vibrations of Al-O-Fe and Si-O-
Fe are respectively shown in 668 cm-1  and 721 cm-1. 
vibrational bands of Si-O-Si is shown 29/469 cm-1 

 

 

 

Fig.2 Na-bentonite FTIR 

Fig.3 Ca-bentonite FTIR 

There is no additional peak in Fig. 2 compare to Fig. 3, and 
these results reveald that Na-activation of didn’t break and 
destroy the primary sample. Scanning electron-microscopy 
(SEM) images were used to identify the structural 
morphology. SEM image in figure 8 illustrates the primary 
Ca-Bentonite without activation. The structure of these nano-
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particles are dominantly layered, spherical or semi- spherical 
that this structural shape and dimensions cause particle special 
size and efficiency to increase. Fig. 4 shows the Bentonite 
nano-particle with sodic activation. In Fig.5, the structure of 
compound was also layered and spherical, but agglomeration 
rate and self-sticking are lower than primary sample. 

 

 

Fig. 4. Ca-Bentonite in 500X magnification 

 

Fig. 5. Na-Bentonite in 500X magnification 

After determining the value of each parameter by use of 
software (Table 3), the third stage tests were done on six 
samples prepared with the characteristics described in Table 1. 
Results of experiments on these samples is summarized in 
Table 4. 

Table 3. Predicted optimal values for each parameter by use of 
software 

PH 
Concentration 
of metal ion 
(ppm) 

Adsorption 
Concentration 
(mg) 

Stiring 
speed 
(rpm) 

Zn 
Adsorption 
(%) 
 

8.98 80 100 130 100 

 

Table 4. Recovery rate of Zinc ion adsorption 

 
 
 
According to the results, expectantly, sample number 6 had 

the maximum rate in metal ions adsorption among others. 
Decreasing of dimensions leads increasing of special surface 
and adsorption locations; In addition, results showed that, the 
reduction in size reduces the d-spacing in all samples. 
However, since we were looking for increasing of d-spacing in 
samples to enhance the adsorption capability, we used sodic 
activation to convert Ca-Bentonite to Na-Bentonite. Na-
Bentonite has higher swelling index compare to Ca-Bentonite. 
This issue caused Na-Bentonite to be mentioned in solutions 
that have swelling capability and intra-layered expansion. 
Additionally Na-Bentonite can corrector freely affect on d-
spacing and increase it. Result in a 30% increasing in 
adsorption capability to rich the maximum metal ions 
adsorption recovery rate. 

IV. CONCLUSION 
Because of desirable properties of nano-Bentonite such as 

cationic exchange ability, high specific surface, 
mechanical/chemical stability, and cheapness, it has greatly 
considered as a suitable adsorbent. In the preparation 
procedure of nano-Bentonite samples, the suspension time is 
very effective. So that samples with suspension time of 90 had 
minimum size and maximum adsorption rate. Regarding to 
nano-structural model of adsorption in Bentonite, decreasing 
of particle sizes in association with the increasing of special 
surface, facilitates the accessibility to adsorbing areas. Studies 
showed that sodic activation results in the increasing of 
swelling index and subsequently increasing of d-spacing and a 
30% increasing in adsorption capability. So Na-Bentonite was 
introduced as a better adsorbent rather than Ca-Bentonite. And 
Na-Bentonite with suspension time of 90 minutes, particle size 
of 2.05 nm and adsorption recovery rate of 94 % was selected 
as the best adsorbent. 

Recovery rate of Zinc ion 
%R)( Samples No. 

 
65.87 Ca30-27.33�� 1 
77.32 Na30-27.31�� 2 
73.76 Ca60-13.64�� 3 
89.41 Na60-10.24�� 4 
79.04 Ca90-5.12  �� 5 
93.21 Na90-2.05 �� 6 
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