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ABSTRACT--- Copper oxide, CuO and Iron oxide, Fe3O4 nanoparticles were synthesized by simple and practically 

available methods from their corresponding salts, structural characterization using X-ray diffraction indicated that 

the particle size of CuO and Fe3O4nanopartices were 7.43 nm and 12.04 nm  respectively,  this is being confirmed by 

scannning electron and atomic force. microscopy techniques, finally these oxides were used to separate lead ion from 

its aqueous solution via adsorption batch method in which removal efficiency of 84.162 % was achieved using copper 

oxide and 88.028 % using iron oxide. 
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1. INTRODUCTION 

It is well known that the problems of the ecosystem are increasing with developing technology. Heavy metal pollution is 

one of the main problems [1]. Consequently, removal of heavy metals from wastewater and industrial waste has become 

a very important environmental issue [2].  

Lead is a toxic element released to the environment by various sources, If ingested or inhaled, lead and its compounds 

are poisonous to animals and humans.The permissible level for lead in drinking water is 0.005 mg/LCommonly used 

methods for the removal of lead from aqueous solutions are chemical precipitation, co-precipitation, adsorption, 

flocculation, reverse osmosis, ion exchange, electro deposition and filtration [3]. Most of these methods have several 

disadvantages such as chemical requirements, time consuming procedure, production of large amount of sludge, low 

efficiency and less cost effective [4]. However, adsorption method is considered to be more efficient, cost effective and 

free from sludge formation. 

Recently, there has been a considerable interest shown in using iron, copper oxides for the removal of lead ions and other 

heavy metals from wastewater [5-7]. In addition, metal oxide nanoparticles are ideal adsorbents for heavy metal ions due 

to the larger surface area accomplished by the smaller particle size in comparison to bulk materials [8-10]. Iron and 

copper oxides treatment for the removal of trace metal ions from wastewater is more advantageous because the adsorbent 

can easily be separated from the solution by magnetic and other means. Some of the reports of iron oxides as adsorbents 

include adsorption of lead [11], removal of selenite [12], removal of arsenite [13], removal of mercury [14] and removal 

of neutral red dye [15]. Most of works focoused on studuing the preparation route and the effect of pH, materials used, 

effect of  temperature of calcination etc…on structure and particle size of prepared nanooxides.As far as separation of  

heavy metals, studies focoused on the relation between efficency of separation or percent metal removal and temperature, 

pH, adsorbent and adsorbate dose in addition of analysis the adsorption models and kinetic and thermodynamic studies. 

The present investigation aims to prepare and characterize some iron and copper oxide nanoparticles and using them to 

remove lead ion from aqueous solutions. 

2. EXPERIMENTAL DETAILS 

2-1 Materials used : Analytical grade materials was used with out any further purification in addition to deionized water 

and as follow : 

2-1-1Materials used  in copper oxide nanoparticles, CuOpreparation are copper (II) acetate, Cu(CH₃COO)₂.H₂O, glacial 

acetic acid, (CH₃COOH), sodium hydroxide,  (NaOH) and absolute ethanol (C2H5OH). 
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2-1-2Materials used  in iron oxide nanoparticles, Fe3O4 preparation are iron(II) sulphate,  (FeSO₄.5H₂O), iron(III) 

Chloride, (FeCl₃), and sodium hydroxide. (NaOH). 

2-1-3Materials used in separation of lead ion arelead (II) acetate, Pb(CH₃COO)₂.H₂O, sulfuric acid,(H₂SO₄) and sodium 

hydroxide (NaOH). 

2-2  Preparation of metal oxides nanoparticles : 

2-2-1 Preparation of  copper oxide nanoparticles: 

Copper Oxide Nanoparticles (CuO) were synthesized by mixing the required amount of  copper(II) acetateand glacial 

acetic acid in beaker and the mixture was heated to the boiling temperature with a continuous stirring, then sodium 

hydroxide solution was added to the mixture until the mixture solution color turned from blue color  to the black one 

directly and the black precipitate formed. Finally the mixture cooled to the room temperature and separated by centrifuge 

and  copper oxide nanoparticles that obtained is filtered off and washed with deionized water and absolute ethanol for 

several times and then dried at 60
o
C for 8 hours to obtain dry product of copper oxide nanoparticles[16-17]. 

2-2-2 Preparation of  iron  oxide, Fe3O4nanoparticles:  

Iron oxide nanoparticle (magnetite) was prepared by precipitationmethod [6] wherestoichiometric amount of Iron(II) 

sulphateand Iron(III) chloride solutions  mixed together ,then sodium hydroxide  solution was added into the mixture  

with stirring for 1 hour at room temperature so as to obtain pH value between (10-11), it is noted thata dark precipitate 

was formed, this is filtered, washed several times withdeionized water and finally it was dried at 150
o
C for 3 hours in 

oven andgrinded to fine powder[18]. 

 

2-3  Characterization of metal oxide nanoparticles :  

The X-ray diffraction pattern of  the prepared oxides were recorded using XRD-6000 with Cukα(λ=1.5406A°) that have 

an accelerating voltage of 220/50 HZ which is produce by SHIMADZU company.The scanning electron microscope 

(SEM)  used in imaging the nanoparticles was a scanning electron microscope AIS2300C . Atomic force microscopy 

(AFM) used to study surface morphology of the samples was AFM model AA 3000 SPM 220 V- angstrum  Advanced 

INC , USA, and finally elemental concentration analysis was measure byatomic absorption spectrometertype AURORA 

TRACE AI 1200. 

2-4  Separation of lead ion by adsorption technique: 

A stock solution containing lead ion was prepared by dissolving a known quantity of lead (II) acetate in deionized water . 

Batch adsorption [19] studies were performed by mixing 0.1 of metal oxide nanoparticle with 50 ml of solutions with 

different lead ions concentrations (100 , 200 , 300 ppm ) in 100 ml volumetric flask and the pH value was adjusted to 3.5 

using 0.5M H₂SO₄ and 0.5M NaOH. All the experiments were performed at room temperature of 25±1
o
C in a shaker 

water bath at  a contact time of  (30 , 60 , 90 and 120 min ) and after that the samples were filtered of and the 

concentration of lead ions measured. 

3. RESULTS AND DISCUSSION 

3-1 X-ray diffraction and particle size calculationof metal oxides nanoparticles: 

XRD patterns and data of metals oxides nanoparticles are shown in Fig.1 and table 1andFig.2 and table 2 for CuO and 

Fe3O4 respectively, The positions and intensities of peaks are in a good agreement with those reported in JCPDS file NO. 

48-1548  for copper oxide nanoparticle and NO. 19-0629 for iron oxide nanoparticles. 

Table1: Strongest three peaks in XRD of copper oxide nanoparticles 

Intensity ( Counts) 

 

FWHM (deg) 

 

d(Å) 2θ (deg) 

 

Peak No. 

 

No. 

499 1.13200 2.32916 38.6249 4 1 

387 1.17570 2.52810 35.4796 3 2 

94 1.38000 1.86794 48.7088 9 3 

http://www.ajouronline.com/
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Figure 1:XRD pattern of  copper oxides nanoparticles. 

Table 2:Strongest three peaks in XRD of  iron oxide nanoparticles Fe3O4 

Intensity (Counts) 

 

FWHM (deg) d(Å) 2θ(deg) Peak No. 

 

No. 

68 0.69330 2.51910 35.6106 21 1 

30 0.76000 1.47756 62.8434 38 2 

20 0.68000 2.95666 30.2031 18 3 
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Figure 2 :XRD pattern of  iron oxides nanoparticles 

The crystal size has been calculated from the XRD pattern by use of Debye Scherer equation [20-21]. 

D = 0.9 λ / β cos θ 

Where D is the crystallite size , λ is the wavelength of radiation , θ is the Braggs angle and β is the full width at half 

maximum (FWHM) .The  crystallite size corresponding to the highest peak [22-23] in XRD pattern was found is 7.43 nm 

for copper oxide nanoparticles (CuO) , and 12.04 nm  for iron oxide nanoparticles (Fe₃O₄).The presence of  sharp  peaks 

in XRD patterns and crystallite size less than 100 nm suggest the nano crystalline nature of both oxides. 

3-2 Scannning electron microscope and atomic force microscope: 

The surface morphology of the prepared CuO and Fe3O4nanopartices were revealed through the SEM image and shown 

in Figs.3 and 4. Both show a homogeneous distribution of spherical shape like nanoparticles with 

ieeigulardistribution.From SEM images it is confirmed that the particles having size in between 50-70 nanometers by 

simple counting and calculations of number of particles and their sizes,thiswill confirm the nanostructure nature of both 

oxides. 

http://www.ajouronline.com/
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Figure 3 :SEM image of copper oxide nanoparticles. 

 

Figure 4 : SEM images of iron oxide nanoparticles. 

The surface morphology of CuO nanoparticles examined by AFM shown in Fig.5 and Table.3, images of AFM  for 

copper oxide nanoparticles with area (size= 2052nmX2023nm) and ability analytical(pixels=508,501).Fig.(5-a) is AFM 

picture in three dimensions (3D) , it explains structural shape for grains ,Fig.(5-b) is AFM picture in two dimensions (2D) 

it is found that the average roughness is 4.04 nm and RMS (Root mean square ) is 4.67 nm, also Fig. (5-c) represents 

particle size distribution, which is also explained numerically in table 3, where average diameter is 68.42 nm ,and the 

particle size of less than 10 % of the total particles is 40 nm, less than 50 % is 65 nm and less than 90% is 90 nm and 

these are agree also with those obtained from SEM . 

 

(5-a)    (5-b) 
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(5-c) 

Figure 5 :AFM  for copper oxide nanoparticles 

Table 3 : Granularity cumulating distribution and average diameter of nanoparticles 

Diamter

(nm)< 

Volume(

%) 

Cumulation

(%) 

Diameter

(nm)< 

Volume(

%) 

Cumulation

(%) 

Diameter(n

m)< 

 

Volume(

%) 

Cumulation

(%) 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

0.22 

0.22 

0.44 

0.66 

0.66 

0.66 

2.62 

4.59 

7.64 

0.22 

0.44 

0.87 

1.53 

2.18 

2.84 

5.46 

10.04 

17.69 

55.00 

60.00 

65.00 

70.00 

75.00 

80.00 

85.00 

90.00 

95.00 

8.52 

8.08 

9.17 

11.79 

9.61 

8.95 

6.99 

5.90 

4.37 

26.20 

34.28 

43.45 

55.24 

64.85 

73.80 

80.79 

86.68 

91.05 

100.00 

105.00 

110.00 

115.00 

120.00 

125.00 

130.00 

2.84 

1.75 

1.97 

0.87 

0.87 

0.44 

0.22 

93.89 

95.63 

97.60 

98.47 

99.34 

99.78 

100.00 

 

Fig.6 and Table 4 explain images and data of AFM for iron oxide nanoparticles (Fe₃O₄)with area (size= 

1996nmX2026nm) and ability analytical(pixels= 468,475.Fig. (6-a) is AFM picture in three dimensions (3D) , it explains 

structural shape for grains ,Fig. (6-b) is AFM picture in two dimensions (2D) it found average roughness is 1.96 nm and 

RMS (Root mean square) is 2.3 nm also Fig. (6-c) represents particle size distribution, which is also explained 

numerically in table 4 where average diameter is 64.70 nm ,and the particle size of less than 10 % of the total particles is 

40 nm, less than 60 % is 65 nm and less than 90% is 85 nm and these are agree also with thoseobtained from SEM. 

 

                         (6-a)                                                    (6-b)                                
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(6-c) 

Figure 6 :AFM  for iron oxide nanoparticles 

Table 4: Granularity cumulating distribution and average diameter of  nanoparticles 

Diameter 

(nm)< 

Volume 

(%) 

Cumulation

(%) 

Diameter 

(nm)< 

Volume(

%) 

Cumulation

(%) 

Diameter(

nm)< 

Volume 

(%) 

Cumulation

(%) 

80.00 

85.00 

90.00 

95.00 

100.00 

105.00 

9.03 

14.58 

10.42 

13.19 

10.42 

12.50 

9.03 

23.61 

34.03 

47.22 

57.64 

70.14 

110.00 

115.00 

120.00 

125.00 

130.00 

135.00 

10.42 

4.17 

4.86 

3.47 

2.78 

1.39 

80.56 

84.72 

89.58 

93.06 

95.83 

97.22 

140.00 

145.00 

150.00 

180.00 

0.69 

0.69 

0.69 

0.69 

97.92 

98.61 

99.31 

100.00 

 

3-3 Separation of lead ions using CuO and Fe3O4 nanoparticles. 

The batchwiseremoval of lead was performed at room temperature using lead ion concentration of 100, 200 and 300 ppm 

and a contact time of 20, 60, 90 and 120 minutes while all other experimental parameters being the same. Figs7 and 8 

show the relation between percent lead removal and contact time using copper oxide and iron oxide nanoparticles 

respectively. In both cases there isincrease in percent removal of lead as contact time increase as was expected and 

shown in other work[5,8,24],  

It seem that, lead ion, Pb
2+

 ions were adsorbed onto CuO and Fe3O4nanoparticles rapidly, and equilibrium was 

established within 30 minutes.This could be due to the small size of both oxides nanoparticles, which was favorable for 

the diffusion of Pb
2+

 ions from bulk solution onto the active sites of the solid surface.The short equilibrium time was in 

agreement with that reported by other researchers for the adsorption of other metal ions onto iron oxide nanoparticles 

[25-27]. This is in contrast to other conventional porous adsorbents [28] in which adsorption occurs through pore 

diffusion steps, This result is promising as equilibrium time plays a major role in economic viability for wastewater 

treatment plant. 

 

http://www.ajouronline.com/
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Figure 7 :Percent removal of lead ion using copper oxide nanoparticles. 

 

Figure 8 : Percent removal of lead ion using iron oxide nanoparticles . 

 

4. CONCLUSIONS 

 
It was concluded from the present work that both CuO and Fe3O4 nanoparticles can be  prepared by a simple precipitation 

method. XRD spectrum revealed that particle size obtained was around 7.43 nm and 12.04 nm  respectively which  

agreed fairly well with XRD data.surface morphology as a main nanoparticles phenomenon was studied in terms of SEM 

and AFM spectroscopic techniues which prove XRD data. 
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These nanoparticles were successfully tested for the removal of toxic lead metal from synthetic aqueous solutions,The 

adsorption process was conducted into acidic and basic environment with lead ion concentration of 100, 200 and 300ppm 

and a contact time of 30, 60, 90 , 120 minutes.  

The obtained adsorption data indicated a higher adsorption tendency for lead ion.The adsorption study showed that the 

electrostatic attraction was responsible for the metal removal in case of both oxides.The obtained data represents only the 

preliminary result obtained for achieving a systematic study regarding the removal of heavy metals from wastewaters 

using adsorbents nanoparticles with high capacity of adsorption due theirs high surface area. 
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