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Abstract: The aim of this paper was to present the synthesis, characterization and application of the 

Fe3O4 - chitosan composite as potential adsorbent for removing lead ions from industrial wastewater. 

The nanocomposite nanomaterial was characterized by XRD and SEM analyzes. The influence of some 

parameters (pH of wastewater, lead ions concentration and dose of Fe3O4 - chitosan absorbent) upon 

the efficiency of wastewater treatment were investigated. The Pb (II) ions concentrations in wastewater 

were 0.5, 1, 1.5 and 2 mg/L. The amounts of Fe3O4 - chitosan nanocomposite adsorbent tested were 

0.05, 0.1 and 0.2 g. In some experimental conditions, Fe3O4 - chitosan nanocomposite adsorbent leaded 

to obtaining of 100% wastewater treatment efficiency. 
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1. Introduction 
Eventhough magnetite nanomaterial has an important role in many fields, the uncoated nanoparticles 

may have some disadvantages, such as the fact that they easily form large aggregates [1] or that they are 

not selective, thus is essential to coat them with an adequate coverage for overcoming such limitations 

[2]. The coating of the magnetic nanoparticles surface with various compounds may improve their 

chemical and mechanical properties, stabilizes and determines their final shape, increases the dispersion 

capacity in various solvents and provides functional groups for the attachment of specific ligands or 

metals, so that coating can become an adapting method of magnetic particles properties to subsequent 

applications [3]. 

Chitosan is the alkaline hydrolytic derivative of chitin [4], a renewable resource that is currently 

being intensively explored for its applications in the pharmaceutical, cosmetic, biomedical, bio-

technological, agricultural, food and non-food industries [5]. This special polymer has emerged as a new 

class of materials with extremely sophisticated functions due to their excellent biocompatibility, versatile 

biological activity and complete biodegradability in combination with very low toxicity. 

Materials containing chitosan in combination with magnetite (Fe3O4) are used in various applications 

such as: 

- in biomedical field to treat cancer by hyperthermia. For biomedical applications, such as 

hyperthermia, Fe3O4 nanoparticles must have a high saturated magnetization, uniform particle size and 

superparamagnetism [6,7]. 

-  in environmental engineering field, for wastewater treatment, materials containing Fe3O4 - chitosan 

may be used to remove heavy metals from wastewater [8]. 

The pollution with toxic metals is a serious problem that threatens human health. Heavy metal ions 

such as Pb (II), Cd (II), Hg (II) and Ni (II) are toxic and carcinogenic at relatively low concentrations. 

They are not self-degrading and can accumulate in living organisms, causing severe disorders and 

diseases. To remove heavy metal ions from various media, techniques such as precipitation [9], 

adsorption [10], ion exchange [11], reverse osmosis [12], electrochemical treatments [13], membrane 

separation [14], coagulation [15], flotation [16], oxidation [17] and biosorption processes [18] are widely 

used.  
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These conventional techniques are expensive and have significant disadvantages, such as the 

production of sludge or waste from metal bearings, incomplete metal disposal and secondary waste 

removal. For these reasons, it is necessary to develop economic and ecological methods for wastewater 

treatment. Adsorption is an attractive process, given its efficiency and ability to treat wastewater 

containing heavy metals. In recent decades, adsorption has gained importance as an efficient treatment 

and separation technique used in wastewater treatment and low-cost adsorbents are becoming the focus 

of many investigations on the removal of heavy metals from water [10]. Chitosan in combination with 

magnetite can be considered a good adsorbent, having the potential to remove toxic metal ions from 

wastewater. 

Nanomaterials composed of magnetite and chitosan have been researched in order to remove some 

heavy metal ions from wastewater such as As (V), Cr (VI), Cu (II), Pb (II), Cd (II), Ni (II), some 

examples being presented in Table 1. 

 

Table 1. Nanocomposites used to remove heavy metal ions from wastewater 

Adsorbant Pollutant 

Quantity of 

adsorbant 

[g/L] 

Solution 

volume 

[mL] 

pH 
Contact 

time [min] 

Speed 

[rpm] 

Initial 

concentration 

[mg/L] 

Ƞ [%] Ref. 

Chitosan coated 

magnetite 

nanoparticles 

As (V) 1.00 100 3-4 140 160 2.00 ≈100.00 [19] 

Fe3O4@chitosan Cr (VI) 

0.40 

50 2 360 250 

5.00 100.00 

[20] 300.00 59.74 

0.025 5.00 34.20 

Nano magnetite 

chitosan 

Cu (II) 

2.00 - 

5.5 

140 200 20.00 

≈95.00 

[21] 

Cr (VI)  ≈94.00 

Pb (II) 6.5 94.00 

Cd (II) 7 ≈93.00 

Ni (II) 6.5 ≈91.00 

Chitosan 

functionalized 

magnetic nano-

particles 

Pb (II) 

1.00 

100 

2 

60 

120 100 

≈30.00 

[22] 

6 99.26 

8 ≈90.00 

1.60 6 45 99.48 

 

This study completes data from the scientific literature on magnetic nanocomposites such as Fe3O4 

– chitosan composite regarding testing for lead ions removal from wastewater. The Pb (II) ions 

concentrations in wastewater were 0.5, 1, 1.5, 2 mg/L, whereas the amounts of Fe3O4 - chitosan 

nanocomposite tested for wastewater treatment were: 0.05, 0.1, 0.2 g. During the investigations some 

experiments leaded to 100 % yield of wastewater treatment.  

 

2. Materials and methods 
Nanocomposite containing magnetite and chitosan were prepared as follows: 50 mL of solution 

containing 0.5 g of chitosan dissolved in water and 5 mL of CH3COOH was homogenized with 0.6 g 

Fe3O4 for 2 h at 60°C. The was synthesized according to the scientific literature [23] Then, the final 

composite material (Fe3O4 - chitosan) was separate by centrifugation. Structure and crystallinity of the 

nanocomposite was investigated by a X-ray diffractometer. A Panalytical X`Pert PRO MPD diffracto-
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meter with high-intensity Cu Kα radiation (λ = 1.54065 Å) and 2θ range from 10o to 90o was used to 

obtain XRD patterns. 

Morphology of Fe3O4 – chitosan composite was investigated using a Quanta INSPECT F scanning 

electron microscope equipped with FEG at a resolution of 1.2 nm and EDS with the resolution for MnKα 

of 133 eV.   

The adsorption of Pb (II) ions was investigated for wastewater having pH 3 by adding HCl and pH 

10 by adding NaOH. 

The Pb (II) ions concentrations in 1000 mL synthetic wastewater were 0.5, 1, 1.5, 2 mg/L. The 

amounts of Fe3O4 - chitosan composite tested for wastewater treatment were: 0.05, 0.1, 0.2 g. The Pb 

(II) ions concentration of wastewater was measured during the experiments using the GBC 932 AB plus 

atomic absorption spectrometer. 

 

3. Results and discussions  
3.1. XRD analysis 

X-ray diffraction of the synthesized material indicates the crystalline structure specific to magnetite. 

The appearance in the diffractogram of the peak at approximately 2Ɵ of 20⁰ indicates the amorphous 

structure of chitosan (Figure 1) [21]. The chitosan structure is influenced by its treatment process 

(precipitation, dissolving and drying) [21]. The Fe3O4 specific Miller (hkl) indices correspond to (220), 

(311), (400), (422), (511) and (440). 

 

 
Figure 1. X-ray diffractogram of Fe3O4 - chitosan composite 

 

3.2. SEM analysis 

The morphological aspect of the samples was studied by SEM analysis which indicates a 

agglomeration tendency of Fe3O4 nanoparticles due to the magnetic properties. The magnifications of 

about 120000x and 300000x respectively confirm the homogeneity of the particles, the small size in the 

order of nanometers and their tendency to agglomerate (Figure 2). 

 

 
Figure 2. SEM analysis of the Fe3O4 – chitosan composite 
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3.3. Adsorption experiments 

The investigation of Fe3O4 - chitosan nanocomposite adsorbent capacity was tested for depollution of 

wastewater having four concentrations of lead ions in the wastewater: 0.50, 1.00, 1.50 and 2.00 mg/L. 

The experiments were done for acid and basic wastewater.  

For the acidic wastewater the results are shown in Figures 3, 4 and 5. 

 

 
Figure 3. Lead ions removal efficiency for 

0.05g Fe3O4 – chitosan composite and pH 3 

 

 
Figure 4. Lead removal efficiency 

for 0.1 g Fe3O4 – chitosan composite 

 

 
Figure 5. Lead removal efficiency for 

0.2 g Fe3O4 – chitosan composite 

 

The results obtained for the acidic wastewater show that the highest lead removal efficiency was 

obtained in the case of using 0.2 g Fe3O4-chitosan nanocomposite, the yield being 100% for 

concentrations of 0.5, 1, 1.5, 2 mg/L Pb (II) after 90 min of investigation. This maximum efficiency 

represents a more efficient wastewater treatment comparing with other research, which revealed the 

obtaining of a treatment efficiency of about 30%. [22].  

For the wastewater having the pH in the basic range, the results are shown in Figures 6, 7 and 8.  

The results of wastewater treatment yield reach 100% treatment efficiencies compared to that 

presented in other scientific literature, which showed a yield of approximately 90% [22]. 
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Figure 6. Lead removal efficiency 

for 0.05g Fe3O4 - chitosan composite 

 

For the investigation done for basic wastewater, 0.05 g Fe3O4 - chitosan composite adsorbent, at 

concentrations of 0.5 and 1 mg/L Pb2+, the yield obtained was 100% after 90 min. 

 

 
Figure 7. Lead removal efficiency 

for 0.1 g Fe3O4 - chitosan composite 

 

In the case of using 0.1 g Fe3O4 - chitosan composite adsorbent, for both 0.5 and 1 mg/L Pb2+ ions in 

wastewater, the yield was 100% after 60 and 90 min. 

 

 
Figure 8. Lead removal efficiency 

for 0.2 g Fe3O4 - chitosan composite 

 

Also in the case of using 0.2 g of Fe3O4 - chitosan composite, the highest wastewater treatment yield 

(aprox. 90%) was obtained for 0.5 mg/L of the Pb2+ ions, after 90 min of investigation. 

 

4. Conclusions 
It has been shown that the Fe3O4 - chitosan nanocomposite is a good adsorbent for the removal of 

lead ions from wastewater. 

This study show that for basic wastewater, the 100% treatment efficiency was obtained for a 

concentration of lead ions up to 1 mg/L and quantities of 0.05 and 0.1 g of Fe3O4 - chitosan 

nanocomposite adsorbent. For acidic wastewater, the maximum treatment efficiency was obtained for a 

lead ions concentration up to 2 mg/L and 0.2 g of Fe3O4 - chitosan composite. The contact time needed 

to reach maximum wastewater treatment efficiency was only 90 min. 
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