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1. Introduction 
Recent progress in industrial activities had lead to heavy element contamination of groundwater and surface due to industrial waste. 
Heavy elements have hazardous effects on ecosystem, especially on human being when they are at levels more than threshold limits 
[1]. For these reasons, the need for processes to remove heavy elements has received increasing attention [2-4]. There are several 
methods commonly used for removal of heavy metals from aqueous solution include ion-exchange [5], chemical precipitation [6], 
nano-filtration [7], solvent extraction [8], reverse osmosis [9] and adsorption methods [10]. Under certain conditions, some of these 
methods are more effective. However, adsorption offers flexibility in design, operation, and in many cases, it generates high quality 
treated effluent. In addition, in many cases the adsorbents can be regenerated by suitable desorption processes for multiple use. In 
addition, many desorption processes are highly efficient, lowly costive maintenance, and easily of operation [11]. It is also applicable 
to implement adsorption in full-scale and the process methods are time consuming. Therefore, the adsorption process is considered 
one of the most major techniques for heavy element removal from water/waste water [12]. 
According to the points mentioned above, researchers do great efforts to construct and design new, low cost and non-toxic adsorbents 
able to remove heavy element pollutants and eliminate their levels to values lower than maximum allowable content [13]. 
Thus, several organic and inorganic adsorbents have been synthesized for the use in heavy elements removal, including clay minerals, 
bio-sorbents, zeolites, fly ash, and activated carbon [14-19]. In the last few decades, there were large amount of interest in the use of 
Nano-materials for removing heavy metals from different types of matrices [20]. Nano-materials have several unique properties; of 
these properties as benefits in heavy elements removal. Nano materials usually have high surface area, high adsorption capacity, 
unsaturated surfaces, simple operation, and simple production [21]. Nano-materials such as nano zero-valent iron (NZV Fe), Fe2O3, 
Fe3O4, TiO2, SiO2, and Al2O3 are the most commonly used materials that have been applied as adsorbents [22]. 
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Nano-sized metal oxides are highly active for a large numbers of reactions that are important in both chemical synthesis and pollution 
control [23]. Zinc oxide (ZnO) is one of the most important multifunctional oxide materials that used in industrial applications. Zinc 
oxide (ZnO) is an n-type semiconductor with a wideband gap of 3.37 eV. It has been widely used in many industrial applications such 
as ceramics, chemical sensors, piezoelectric transducers, photo-catalysts, anti-UV additives, microwave absorbers and etc. [24]. ZnO 
is an environmental friendly material. It can be used in gas sensors, industry as a catalyst, electrical and optical devices, solar cells-
chemical absorbent and etc. [25-27].  
ZnO was mostly applied to eliminate H2S but now researchers have found that nano-structured ZnO could efficiently remove heavy 
metals [28]. There are several physical and chemical techniques for preparing ZnO nano-particles. For instance, a variety of methods 
can be used to control ZnO particle size, aspect ratio, surface area and shape in the nanometer range [29-31]. Different synthesis 
methods have been devised, including micro-emulsion, sol–gel synthesis, vapour transport process, mechano-chemical processing, 
sono-chemical or microwave-assisted hydrothermal synthesis [25-28]. 
Microwave assisted hydrothermal processing of nano-materials is fundamentally different from the conventional heat processing in 
terms of the heat generation mechanism. In a microwave processing, heat is generated within the media of the sample itself by the 
interaction of microwaves with the material. Conventional heating generates heat by heating container walls; then the heat is 
transferred to the surface of sample [32]. Microwave processing of materials have some important benefits, since it produces uniform 
and volumetric heating (due to deep energy penetration), improved quality and properties, short processing times and synthesis of new 
materials, where processing not possible with conventional means [32]. 
In the present work, ZnO nano-rods like structure is prepared by microwave assisted hydrothermal method at different pH values. 
Crystal structure and phase purity of prepared ZnO nano-rods is tested by x-ray diffraction (XRD). Impurities are investigated by x-
ray florescence spectrometer (XRF). The morphology of prepared ZnO nano-rods is observed by means of scanning electron 
microscope (SEM). Batch experiments are performed for the removal of lead and copper ions, from their aqueous solutions, by using 
ZnO nano-rods as adsorbents.  Adsorption parameters, such as solution pH, adsorbent dosage and contact time, are studied to reach the 
optimum conditions for removal of Pb and Cu from aqueous medium. 

 

2.  Experimental 

 

2.1. Materials and Methods 

Chemical materials used for preparing ZnO nano particles are zinc chloride (ZnCl2) as the zinc cation precursor and sodium hydroxide 
(NaOH) as the hydroxide anion precursor. De-ionized (DI) water (18MΩ) was used in all preparation procedures. Stock solution of 
1000 ppm single element standard of Pb and Cu was used in adsorption experiments. All Chemicals and reagents are of analytical 
grade and used without further purification. 
 

2.2. Preparation of ZnO nano Particles 

ZnO nanostructure was prepared by co-precipitation microwave-assisted hydrothermal method [32]. For this purpose, the 
concentration ratio between zinc chloride and sodium hydroxide was 1:2, respectively. Hence, 0.3M of ZnCl2 was prepared by 
dissolving 4g of ZnCl2 in 29 mL of DI water and 0.6M of NaOH was prepared in 20 mL of DI water separately. Then, zinc chloride 
solution and NaOH solution were mixed slowly by placing the beaker containing ZnCl2 solution on a stirring hot plate, then NaOH 
solution was slowly added into it using a syringe under vigorous stirring. During the addition of NaOH, formation of white 
precipitates of zinc hydroxide was observed. Starting pH was 2.7, and the temperature slightly increased to about 35–45 ˚C during the 
precipitation process. The precipitation was carried out until the desired temperature compensated pH of about 5-9 was achieved. The 
total precipitation time was about 30 min. The slurry was subsequently agitated for another 10 min in order to stabilize the pH value. 
The slurry was then transferred to 100mL Teflon container. The container was closed with screw cap, placed in a special Teflon 
holder and then transferred to a microwave oven (ETHOS, 2.45 GHz, maximum output power 1200 W, USA). After completing the 
interaction, the containers were kept 10 min in ventilation mode and then kept for cooling in room temperature. Samples were filtered 
using 0.45µm whattman filter paper and then washed several times with DI water. After using at least 300 mL of DI water for 
washing, all water was filtered off and the remaining powder was placed on a vacuum drying system for 10 h, the dried powder was 
collected and prepared for analysis. To study the crystal structure and phases of prepared ZnO, XRD (Shimadzu6000, Japan) was 
used. The used X-Ray tube is a copper-tube operating at 40 kV and 30 mA and the used wavelength is Kα1 with wavelength 1.54056 
Ǻ. The scan was performed over the range 2Ɵ (10-90) degrees. The identification of the present crystalline phases was done using 
Joint Committee on Powder Diffraction standards (JCPDS) database card numbers. XRF (JSX-3222 analyzer, Joel, Japan) was used 
for measuring the purity of product samples. For morphology and structure studies, the samples were inspected by field emission 
scanning electron microscope using a FEI instrument (Quanta FEG 250 model in NL, USA). 

 

2.3. Batch Adsorption Experiments 

Batch adsorption experiments were carried out to study the ability of ZnO to work as an adsorbent for removing Pb and Cu ions from 
their aqueous solution. For this purpose, experiments were conducted in a series of 50 mL Falcon tubes containing 0.05 g (2 g L-1) of 
nano structured ZnO powder with 25 mL of 100 mg L-1 metal ions solution. The suspensions were shacked on a mechanical shaker at 
300 rpm and room temperature (25oC). Solid/liquid phases were then separated by filtration through a 0.45 µm whattman filter paper. 
The supernatants were then taken and the concentration of heavy elements was measured by inductively coupled plasma optical 
emission spectrometer (Leeman Prodigy Prism High Dispersion ICP-OES, USA). The percentage of removal (R) was calculated as: 
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Where, C0 and Ce are initial and final concentration of heavy element in the solution phase.

 

To study the effect of pH on removal ratio of Pb and Cu ions, batch experimental procedures were conducted at different pH va
pH value was adjusted by adding HCl or NaOH to obtain the analyte soluti
300 rpm for 20 min at room temperature. For studying the effect of contact time, batch experimental procedures were conducted
different shaking times of: 10, 30, 50, 60, 90, 120, and 180 min,
room temperature. The effect of ZnO nanoparticles dosage on the removal of Pb and Cu ions was studied by shaking 25 ml of 100
Pb and Cu single solution using different weights of ZnO nano
300rpm for 20 min at 7 pH value and room temperature.
 

3. Results and Discussion 

 

3.1. Characterization of Prepared ZnO 

 

3.1.1. XRD and XRF Analysis 
Phase purity and crystal structure of prepared ZnO were investigated using XRD. Fig1 shows XRD pattern for prepared ZnO by 
microwave assisted hydrothermal method at different pH values (5,7 and 9values). Samples were prepared at 500W RF power, 100 
and 10 minutes interaction temperature and time respectively. All diffraction peaks are indexed to the hexagonal phase of ZnO 
(JCPDS 36-1451) and no other crystalline phases are detected. All 
characteristic peaks with high intensities correspond to the (100), (002), (101) planes and lower intensities are corresponding to the 
(102), (110), (103), (200), (112), (201) planes, indicates that the products are of high
stable phase of ZnO) [34]. Since all peaks are highly intense and narrowed, this reveals that the formed products have a good
crystallinity. XRD analysis has revealed high level of crystallinity and 100% phase purity of ZnO powders prepared. Only XRD 
derived from the ZnO (zincite) phase were observed in all cases. Purity of prepared ZnO powder was tested by XRF analysis 
The mean grain size (D) of prepared ZnO was calculated by using Scherrer equation to the (101) plane diffraction peak (2
The crystalline grain sizes of ZnO samples, which were prepared by microwave irradiation method at different pH values, are 
presented in Table1 where the grain size was varied from 25
 

Figure 1: XRD for prepared ZnO nano rods at diff
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%Removal = ((C0 – Ce)/ C0) x 100 

ncentration of heavy element in the solution phase. 

To study the effect of pH on removal ratio of Pb and Cu ions, batch experimental procedures were conducted at different pH va
pH value was adjusted by adding HCl or NaOH to obtain the analyte solution pH range from 5 to 9, then the solutions were shacked at 
300 rpm for 20 min at room temperature. For studying the effect of contact time, batch experimental procedures were conducted
different shaking times of: 10, 30, 50, 60, 90, 120, and 180 min, while other conditions were remained constant at 7 pH value and 
room temperature. The effect of ZnO nanoparticles dosage on the removal of Pb and Cu ions was studied by shaking 25 ml of 100
Pb and Cu single solution using different weights of ZnO nano particles(0.01, 0.02, 0.05, 0.1 and 0.15 g) and shacking the solutions at 
300rpm for 20 min at 7 pH value and room temperature. 

Phase purity and crystal structure of prepared ZnO were investigated using XRD. Fig1 shows XRD pattern for prepared ZnO by 
microwave assisted hydrothermal method at different pH values (5,7 and 9values). Samples were prepared at 500W RF power, 100 

0 minutes interaction temperature and time respectively. All diffraction peaks are indexed to the hexagonal phase of ZnO 
1451) and no other crystalline phases are detected. All diffractograms show the nine prominent peaks of ZnO. The 

ic peaks with high intensities correspond to the (100), (002), (101) planes and lower intensities are corresponding to the 
(102), (110), (103), (200), (112), (201) planes, indicates that the products are of high-purity hexagonal wurtzite structure (the mos
stable phase of ZnO) [34]. Since all peaks are highly intense and narrowed, this reveals that the formed products have a good
crystallinity. XRD analysis has revealed high level of crystallinity and 100% phase purity of ZnO powders prepared. Only XRD 
derived from the ZnO (zincite) phase were observed in all cases. Purity of prepared ZnO powder was tested by XRF analysis 
The mean grain size (D) of prepared ZnO was calculated by using Scherrer equation to the (101) plane diffraction peak (2
The crystalline grain sizes of ZnO samples, which were prepared by microwave irradiation method at different pH values, are 
presented in Table1 where the grain size was varied from 25-47 nm.  

XRD for prepared ZnO nano rods at different pH 5(S1), 7(S2) and 9(S3)
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To study the effect of pH on removal ratio of Pb and Cu ions, batch experimental procedures were conducted at different pH values. 
on pH range from 5 to 9, then the solutions were shacked at 

300 rpm for 20 min at room temperature. For studying the effect of contact time, batch experimental procedures were conducted with 
while other conditions were remained constant at 7 pH value and 

room temperature. The effect of ZnO nanoparticles dosage on the removal of Pb and Cu ions was studied by shaking 25 ml of 100mg/l 
particles(0.01, 0.02, 0.05, 0.1 and 0.15 g) and shacking the solutions at 

Phase purity and crystal structure of prepared ZnO were investigated using XRD. Fig1 shows XRD pattern for prepared ZnO by 
microwave assisted hydrothermal method at different pH values (5,7 and 9values). Samples were prepared at 500W RF power, 100 oC 

0 minutes interaction temperature and time respectively. All diffraction peaks are indexed to the hexagonal phase of ZnO 
show the nine prominent peaks of ZnO. The 

ic peaks with high intensities correspond to the (100), (002), (101) planes and lower intensities are corresponding to the 
purity hexagonal wurtzite structure (the most 

stable phase of ZnO) [34]. Since all peaks are highly intense and narrowed, this reveals that the formed products have a good 
crystallinity. XRD analysis has revealed high level of crystallinity and 100% phase purity of ZnO powders prepared. Only XRD peaks 
derived from the ZnO (zincite) phase were observed in all cases. Purity of prepared ZnO powder was tested by XRF analysis Figure 2. 
The mean grain size (D) of prepared ZnO was calculated by using Scherrer equation to the (101) plane diffraction peak (2θ=36.2°). 
The crystalline grain sizes of ZnO samples, which were prepared by microwave irradiation method at different pH values, are 

 
t pH 5(S1), 7(S2) and 9(S3) 
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Figure 2: XRF shows chemical composition of prepared ZnO nano-rods 

 

Sample pH D (nm) Lattice parameters 

a (Ao) c (Ao) c/a 

S1 5 47.33 3.243 5.2 1.6 

S2 7 43.1 3.25 5.21 1.6 

S3 9 25.6 3.247 5.2 1.6 

Table 1: Data calculated from XRD 

 
3.1.2. ZnO Morphology and SEM Analysis 
The surface morphology of prepared ZnO, at different pH values, was analyzed using scanning electron microscope (SEM) as shown 
in Figure 3. In agreement with previous work [35], all SEM micrographs reveal that, the different pH of the precursor solution affect 
particle size, diameter and length of nano rods but not their morphology.  Figure 3 shows the SEM images of zinc oxide nanorods 
obtained at different values of pH. For all samples, nanorods were obtained but with varying aspect ratios. When pH value was 5 
(Figure 3a), the nanorods were shorter and smaller than those obtained at pH 7 and 9 (Figure 3b and Figure 3c, respectively). The 
enhanced growth in alkaline solution has been reported where the abundance of OH- contributed to the formation of the intermediate 
molecule, Zn(OH)2 which facilitated the formation of ZnO [36]. However, these results showed that, there seemed to be little 
difference between ZnO nanorods synthesized using neutral (Figure 3b) and alkaline (Figure 3c) solutions. The shorter and smaller 
diameter nano-rods obtained using acidic solution can be attributed to the preferential erosion of the (0001) compared to other ZnO 
crystal faces [36]. From the SEM images the aspect ratio of ZnO nano-rods synthesized in acidic solution were about 5 and those 
synthesized in alkaline and neutral solution were about 10. 
 

                                  
(a)                                                         (b)                                                                 (c) 

Figure 3:  SEM image of ZnO NPs prepared at different pH values a) pH5, b) pH7 and c) pH9. 

 

3.2. Sorption Investigations 

 

3.2.1. Effect of pH 
Surface charge of the adsorbent is influenced with Hydrogen ion concentration (pH of the solution), the degree of ionization and the 
species of adsorbate. Therefore, the initial pH value of the solution is an important parameter in the adsorption process of metal ions 
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from aqueous solutions, which affect both the dissociation degree of functional groups from adsorbent surface and the speciat
solubility of metal ions [37]. 
The effect of pH of  solution on the adsorption of Pb
solution from 2 to 9 and keeping other parameters constant. The highest removal percentage occurred at pH 7 for both lead and
ions in the order: Cu (97%) >Pb (92.3%) as shown in 
of Pb+2and Cu+2ions on ZnO NPs is very sensitive to pH value of the solution. The low adsorption at low pH, may be related to the 
fact that, the higher concentration and higher mobilit
ions compared to Pb+2Cu+2ions. 
It would be possible to suggest that at lower pH value, the surface of the adsorbent is surrounded by hydronium ions (H
prevent the metal ions from approaching the binding sites of the sorbent [38]
 

Figure 4: Effect of pH on the removal of Pb and Cu ions using ZnONPs:(V = 25 ml, time=50 min, C

 
Thus, the highest removal efficiency for lead and copper with ZnO adsorbent was obtained at pH=7.0 due to the excess amount of 
OH¯  ions within the medium and the active site on adsorbent materials which are negatively charged. This causes a strong attr
between these sites and the positively charged metal ions. Therefore, the optimum pH value of aqueous solution for adsorption is 
considered to be 7. At this optimum pH, the limited adsorption sites will be fully occupied and no further increase in Pb and
adsorption was observed at higher pH values [38]
 
3.2.2. Effect of Adsorbent Dosage 
The effect of ZnO NPs, as adsorbent, doses on removal efficiency of Pb and Cu ions was investigated by varying adsorbent weig
from 0.01 to 0.1 g/25mL (0.4to 4 g/L) and keeping other 
shaking speed=300 rpm). Figure 5 shows the Effect of adsorbent dose on removal efficiency of Pb and Cu ions using ZnO NPs. In this 
concern, the removal percentage of Pb+2and Cu
expected, since as the weight of adsorbent increases, the number of active sites of adsorbent increases [39]
was no significant change on adsorption efficiency by increasing adsorbent dose more than 0.075g. Thus, the optimum adsorbent dose 
that can be considered is 0.075 g/25mL (3 g/L). The order of removal percent under these conditions is: 

 

Figure 5: Effect of adsorbent dose on the removal of Pb and Cu ions using ZnOas adsorbent. 

(V = 25 ml, time=50 min, C
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from aqueous solutions, which affect both the dissociation degree of functional groups from adsorbent surface and the speciat

The effect of pH of  solution on the adsorption of Pb+2and Cu+2ions by ZnO, as adsorbent, was investigated by changing pH of 
solution from 2 to 9 and keeping other parameters constant. The highest removal percentage occurred at pH 7 for both lead and

as shown in Figure 4. It can be observed from the inspection of 
ions on ZnO NPs is very sensitive to pH value of the solution. The low adsorption at low pH, may be related to the 

fact that, the higher concentration and higher mobility of H+ ions present in solution favored the preferential adsorption of hydrogen 

It would be possible to suggest that at lower pH value, the surface of the adsorbent is surrounded by hydronium ions (H
etal ions from approaching the binding sites of the sorbent [38]. 

 
: Effect of pH on the removal of Pb and Cu ions using ZnONPs:(V = 25 ml, time=50 min, Co=70 mg/L, adsorbent dose=0.05 

g and shaking speed=300 rpm) 

iency for lead and copper with ZnO adsorbent was obtained at pH=7.0 due to the excess amount of 
OH¯  ions within the medium and the active site on adsorbent materials which are negatively charged. This causes a strong attr

positively charged metal ions. Therefore, the optimum pH value of aqueous solution for adsorption is 
considered to be 7. At this optimum pH, the limited adsorption sites will be fully occupied and no further increase in Pb and

ed at higher pH values [38]. 

The effect of ZnO NPs, as adsorbent, doses on removal efficiency of Pb and Cu ions was investigated by varying adsorbent weig
from 0.01 to 0.1 g/25mL (0.4to 4 g/L) and keeping other parameters constant (V = 25 ml, time=50 min, C

5 shows the Effect of adsorbent dose on removal efficiency of Pb and Cu ions using ZnO NPs. In this 
and Cu+2was increased by increasing adsorbent dose as mentioned previously. This result is 

expected, since as the weight of adsorbent increases, the number of active sites of adsorbent increases [39]
ncy by increasing adsorbent dose more than 0.075g. Thus, the optimum adsorbent dose 

that can be considered is 0.075 g/25mL (3 g/L). The order of removal percent under these conditions is: Cu (93.9%)>Pb (91.7%)

 
Effect of adsorbent dose on the removal of Pb and Cu ions using ZnOas adsorbent. 

(V = 25 ml, time=50 min, Co=70 mg/L, pH=7.0and shaking speed=300 rpm) 
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Effect of adsorbent dose on the removal of Pb and Cu ions using ZnOas adsorbent.  
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3.2.3. Effect of Contact Time 
The effect of contact time on the adsorption of Pb and Cu ions by ZnO NPs, as adsorbent, was investigated by varying the shak
time between the adsorbate and adsorbent in the range 10 
Pb and Cu ions and the contact time. The initial concentration of Pb and Cu was 100 mg/L, while the dosage of nano adsorbents
0.05 g/25 ml (2 g/L). Figure 6 shows that the removal efficiency of Pb and Cu ions has reached maximum values after100
After more than 150 minutes, no significant increase in the removal percentage can be occurred, which may indicate that, adso
has already achieved equilibrium. Maximum adsorption of metal ions has been reached and no further removal occurs even
shaking time. Thus the optimum shaking time was determined as 100 minutes. The order of removal (%) on ZnO NPs as sorbents is

Pb (92%)=Cu (92%). 

 

Figure 6:  Effect of contact time on the removal of Pb and Cu ions using nano ZnO. 

(V=25 ml, W=0.05 

 

3.2.4. Adsorption Isotherms 
Adsorption isotherm is required for the design and dimensioning of the adsorption process. Langmuir and Freundlich models are
frequently used for describing equilibrium adsorption isotherms [40]. In order to evaluate whether the adsorption processes is 
applicable or not, the initial concentrations of Pb and Cu ions in the range of 20
the adsorption isotherm. The adsorption isotherms of Pb and Cu ions from aqueous solution on to ZnO nano particles at room 
temperature are shown in Figure 7. In the present work, two models, both Langmuir and Freundlich, are used to analyze the data. The 
Langmuir equation, which is applied for monolayer adsorption onto a surface with a finite number of identical sites, can be expressed 
by: 

Where KL is a constant of adsorption equilibrium (L mg
Ce/qe versus Ce yields a straight line with slope 1/q
equation, was based on adsorption on a heterogeneous surface. The equation is represented by:

This equation can also be transformed into another linear form:

Where qe is the equilibrium metal uptake capacity; Ce denotes the residual metal concentration at equilibrium; and K
Freundlich constants related to the adsorption capacity and adsorption intensity of the sorbent respectively.  The essential features of 
the Langmuir isotherm may be expressed in terms of equilibrium parameter R
separation factor or equilibrium parameter which used for predicting the affinity of the ZnO nano rods to sorbate [41]. R
the relation:  

  Where, RL is equilibrium parameter, Co is the initial concentration, and K
(Langmuir Constant).  
RL value indicates the adsorption nature to be either unfavorable if R
[41]. 
In this respect, the values of qm and KL are calculated from the slope and intercept of the Langmuir plot of C
other hand, the values of KF and n are calculated from the slope and intercept of the Freundlich plot of Log q
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is the equilibrium metal uptake capacity; Ce denotes the residual metal concentration at equilibrium; and K
s related to the adsorption capacity and adsorption intensity of the sorbent respectively.  The essential features of 

the Langmuir isotherm may be expressed in terms of equilibrium parameter RL, which is a dimensionless constant referred to as 
actor or equilibrium parameter which used for predicting the affinity of the ZnO nano rods to sorbate [41]. R

RL = 1/(1 + KL Co) 

is the initial concentration, and KL is the constant related to the energy of adsorption 

value indicates the adsorption nature to be either unfavorable if RL>1, linear if RL =1, favorable if 0< R

are calculated from the slope and intercept of the Langmuir plot of C
and n are calculated from the slope and intercept of the Freundlich plot of Log q
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The effect of contact time on the adsorption of Pb and Cu ions by ZnO NPs, as adsorbent, was investigated by varying the shaking 
6 shows the relation between removal percentage of 

Pb and Cu ions and the contact time. The initial concentration of Pb and Cu was 100 mg/L, while the dosage of nano adsorbents was 
6 shows that the removal efficiency of Pb and Cu ions has reached maximum values after100–150 min.  

After more than 150 minutes, no significant increase in the removal percentage can be occurred, which may indicate that, adsorption 
has already achieved equilibrium. Maximum adsorption of metal ions has been reached and no further removal occurs even for longer 
shaking time. Thus the optimum shaking time was determined as 100 minutes. The order of removal (%) on ZnO NPs as sorbents is: 

Effect of contact time on the removal of Pb and Cu ions using nano ZnO.  

shaking speed=300 rpm) 

Adsorption isotherm is required for the design and dimensioning of the adsorption process. Langmuir and Freundlich models are most 
um adsorption isotherms [40]. In order to evaluate whether the adsorption processes is 

200 ppm have been prepared for the investigation of 
ption isotherms of Pb and Cu ions from aqueous solution on to ZnO nano particles at room 

7. In the present work, two models, both Langmuir and Freundlich, are used to analyze the data. The 
for monolayer adsorption onto a surface with a finite number of identical sites, can be expressed 

is the saturated monolayer adsorption capacity (mg g-1). A plot of 
). Another widely used empirical equation, the Freundlich 

is the equilibrium metal uptake capacity; Ce denotes the residual metal concentration at equilibrium; and Kf and n are the 
s related to the adsorption capacity and adsorption intensity of the sorbent respectively.  The essential features of 

, which is a dimensionless constant referred to as 
actor or equilibrium parameter which used for predicting the affinity of the ZnO nano rods to sorbate [41]. RL is given by 

ed to the energy of adsorption 

=1, favorable if 0< RL<1 or irreversible if RL=0 

are calculated from the slope and intercept of the Langmuir plot of Ce/qe versus Ce. On the 
and n are calculated from the slope and intercept of the Freundlich plot of Log qe versus Log Ce.   
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Figure 7:  Linearized parameters of adsorption isotherm models for Pb(II) and Cu(II) on ZnO nanoparticles.

 a) Langmuir isotherm model and b) Freundlich isotherm model

 
Figure 7 shows the experimental data of Pb and Cu analyzed according to the linear form of the Langmuir and Freundli
The adsorption pattern of Pb+2 and Cu+2 on ZnO nano particles were found to fit well with the Langmuir model with R
0.998 for both lead and copper ions, which are higher than the case of Freundlich model (0.923 and 0.891 for Pb and
respectively). It is observed that, calculated qm is 111mg/g for both Pb and Cu which is very close to experimental value (95 and 101 
mg/g for Pb and Cu respectively). This sequence matches very well with the sequence that was obtained in case of 
Adsorption constants for both Langmuir and Freundlich are summarized in Table2. R
nano particles are 0.0011 and 0.0009 respectively (Table2). Since R
element ion is favorable [42]. 
KF and n of Freundlich isotherm model are constants incorporating all factors affecting the adsorption capacity and intensity of
adsorption, respectively. The values of KF and n show the increase of negative charge on the surface which enhances the electrostatic 
force between the ZnO nano particles and both lead and copper ions, which increases in turn the adsorption of Pb
n is greater than one indicating that the adsorption is favorable [43].
 

Analyte 

Element 
 

qmax, exp. (mg/g) 

R

Pb 95 0.0011

Cu 101 0.0009

Table 2:  Langmuir and Freundlich isotherm constants for Pb and Cu

 
3.2.5. Kinetic Studies 

In order to quantify kinetic data, the changes in adsorption with time, two kinetic models namely: Pseudo
second order reactions were applied to the batch experimental data.      
The pseudo first-order model is described by the following linear equation [44]:                                                             

Where: qe and qt    are the amount sorbed per unit mass (mg.g
constant (min-1).The pseudo second-order model is described by the following linear equation [44]:
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ers of adsorption isotherm models for Pb(II) and Cu(II) on ZnO nanoparticles.

a) Langmuir isotherm model and b) Freundlich isotherm model 

7 shows the experimental data of Pb and Cu analyzed according to the linear form of the Langmuir and Freundli
on ZnO nano particles were found to fit well with the Langmuir model with R

0.998 for both lead and copper ions, which are higher than the case of Freundlich model (0.923 and 0.891 for Pb and
is 111mg/g for both Pb and Cu which is very close to experimental value (95 and 101 

mg/g for Pb and Cu respectively). This sequence matches very well with the sequence that was obtained in case of 
Adsorption constants for both Langmuir and Freundlich are summarized in Table2. RL values of adsorption of Pb
nano particles are 0.0011 and 0.0009 respectively (Table2). Since RL values lie between 0 and 1, it is seen t

and n of Freundlich isotherm model are constants incorporating all factors affecting the adsorption capacity and intensity of
and n show the increase of negative charge on the surface which enhances the electrostatic 

force between the ZnO nano particles and both lead and copper ions, which increases in turn the adsorption of Pb
ng that the adsorption is favorable [43]. 

Langmuir model Freundlich model

RL qm 

(mg/g) 
KL 

(L/mg) 
R2 KF 

(mg/g) 

0.0011 111 8.88 0.998 20 

0.0009 111 11.1 0.998 16.6 

Langmuir and Freundlich isotherm constants for Pb and Cu sorption on ZnO nano particles

In order to quantify kinetic data, the changes in adsorption with time, two kinetic models namely: Pseudo
reactions were applied to the batch experimental data.       

order model is described by the following linear equation [44]:                                                             

Log (qe −qt) = log qe –k1 t / 2.303 
are the amount sorbed per unit mass (mg.g-1) at equilibrium and at any time t, k1 is the first order sorption rate 

order model is described by the following linear equation [44]: 
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ers of adsorption isotherm models for Pb(II) and Cu(II) on ZnO nanoparticles. 

7 shows the experimental data of Pb and Cu analyzed according to the linear form of the Langmuir and Freundlich isotherms. 
on ZnO nano particles were found to fit well with the Langmuir model with R2 values of 

0.998 for both lead and copper ions, which are higher than the case of Freundlich model (0.923 and 0.891 for Pb and Cu ions 
is 111mg/g for both Pb and Cu which is very close to experimental value (95 and 101 

mg/g for Pb and Cu respectively). This sequence matches very well with the sequence that was obtained in case of batch experiments.  
values of adsorption of Pb2+ and Cu2+on ZnO 

values lie between 0 and 1, it is seen that the adsorption of heavy 

and n of Freundlich isotherm model are constants incorporating all factors affecting the adsorption capacity and intensity of 
and n show the increase of negative charge on the surface which enhances the electrostatic 

force between the ZnO nano particles and both lead and copper ions, which increases in turn the adsorption of Pb2+ Cu2+, the value of 

Freundlich model 

N R2 

2.7 0.923 

2.3 0.891 

sorption on ZnO nano particles 

In order to quantify kinetic data, the changes in adsorption with time, two kinetic models namely: Pseudo- first-order and pseudo-

order model is described by the following linear equation [44]:                                                              

is the first order sorption rate 
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Where k2 is the second order rate constant (g.mg
respectively.  
Kinetic parameters of these models are calculated from the slope and intercept of the linear plots of log (q
t (Figure 8 and Figure 9). 
Figure 8 and Figure 9 represent the relation of the pseudo
K1, qe, K2 and qe are calculated and represented in Table3.
From Table3, it can be seen that the linear correlation coefficients R
and 0.999) for pseudo-first order model  and (0.999 and 0.999) for pseudo
correlation coefficients R2 for first and second orders are very similar especially in case of Cu. But, it is clear that the experimental 
adsorption capacity (qe, experimental) and theoretical adsorption capacity (q
model than for first order for both Pb and Cu ions (Table3). These results suggest that the adsorption of the Pb
nano particles follows the second-order type kinetic reaction.
 

Figure 8:  Pseudo-first order model fo

    a)                                                                                   b)

Figure 9: Pseudo-second order model for sorption of a) Pb(II) and b) Cu(II) ions onto ZnO nano p

Analyte Element  

qe,exp 

(mg/g) 

K
(min

Pb 92.2 0.035

Cu 90.6 0.037

Table 3:  Kinetic parameters for the adsorption of 

 

4. Conclusion 

Different aspect ratios of hexagonal ZnO nano rods have been 
method. The morphology of prepared nano-rods is basically dependent on the pH of the reacting solution. XRD and XRF analysis 
established the crystallinity and phase purity. SEM analysis has showed the
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is the second order rate constant (g.mg-1 min-1), qe and qt are the amounts of metal ion sorbed at equilibrium and at time t, 

Kinetic parameters of these models are calculated from the slope and intercept of the linear plots of log (q

9 represent the relation of the pseudo-first order and second order kinetic data, respectively. From these figures 
are calculated and represented in Table3. 

able3, it can be seen that the linear correlation coefficients R2 of both Pb and Cu ions sorbed on ZnO nano particles are (0.998 
first order model  and (0.999 and 0.999) for pseudo-second order for both Pb and Cu respectively. Linear 

for first and second orders are very similar especially in case of Cu. But, it is clear that the experimental 
, experimental) and theoretical adsorption capacity (qe, calculated) values are in better match

model than for first order for both Pb and Cu ions (Table3). These results suggest that the adsorption of the Pb
order type kinetic reaction. 

first order model for sorption of Pb(II) and Cu(II) ions onto ZnO nano particles

 

a)                                                                                   b) 

   
second order model for sorption of a) Pb(II) and b) Cu(II) ions onto ZnO nano p

 

Pseudo-first order Pseudo-second order

K1 

(min-1) 
qe 

(mg/g) 
R2 K2 

(g/mg min) 
qe 

(mg/g)

0.035 77.3 0.992 0.0006 100

0.037 67.3 0.999 0.0008 100

Kinetic parameters for the adsorption of Pb and Cu on ZnO nano particles

Different aspect ratios of hexagonal ZnO nano rods have been prepared with microwave assisted hydrothermal chemical precipitation 
rods is basically dependent on the pH of the reacting solution. XRD and XRF analysis 

established the crystallinity and phase purity. SEM analysis has showed the rod shape of the samples. Adsorption of lead and copper 
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are the amounts of metal ion sorbed at equilibrium and at time t, 

Kinetic parameters of these models are calculated from the slope and intercept of the linear plots of log (qe- qt) versus t and t/qt versus 

first order and second order kinetic data, respectively. From these figures 

of both Pb and Cu ions sorbed on ZnO nano particles are (0.998 
second order for both Pb and Cu respectively. Linear 

for first and second orders are very similar especially in case of Cu. But, it is clear that the experimental 
, calculated) values are in better match for second order 

model than for first order for both Pb and Cu ions (Table3). These results suggest that the adsorption of the Pb+ and Cu+ ions on ZnO 

 
I) ions onto ZnO nano particles 

 
second order model for sorption of a) Pb(II) and b) Cu(II) ions onto ZnO nano particles. 

second order 

(mg/g) 
R2 

100 0.998 

100 0.999 

Pb and Cu on ZnO nano particles 

microwave assisted hydrothermal chemical precipitation 
rods is basically dependent on the pH of the reacting solution. XRD and XRF analysis 

rod shape of the samples. Adsorption of lead and copper 
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on prepared ZnO nano-rods was confirmed by ICP-OES. Adsorption parameters (pH, adsorbent dosage and contact time) were 
optimized. Satisfying results have been obtained. Removal percentage was increased by increasing pH value of solution until pH value 
7, after that, removal percentage was kept nearly constant. The order of removal at pH 7 was Cu (97%) >Pb (92.3%). Fo ZnO dose, 
the optimum dosage obtained was 0.075 g/25mL (3 g/L) and the order of removal percent under this dose: Cu (93.9%)>Pb (91.7%). 
The optimum contact time resulted was 150 minutes and the order of removal (%) on ZnO NPs as sorbents was: Pb (92%)=Cu (92%). 
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