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Abstract. To solve the problem of excess molybdenum, a new composite nanomaterial was prepared for 
adsorption and removal of Mo (VI). Chitosan-modified magnetic nanoparticles (Fe3O4/CTS) were prepared 
by the method of glutaraldehyde crosslinking. The morphology of the composite nanoparticles was 
characterized by a scanning electron microscope, and the magnetic properties of the nanoparticles were 
characterized by an external magnetic field. The content of Mo (VI) was determined by thiocyanate 
spectrophotometry. The relationship between adsorbent dosage, oscillation velocity, contact time and 
removal of Mo (VI) was studied. The results showed that when the dosage of Fe3O4/CTS magnetic 
nanoparticles was 0.4 g, the oscillation speed was 100 r min-1, and the contact time was 10 min, 100 ml of 
Mo (VI) solution was treated under the condition of initial pH =4, and the removal effect of Fe3O4/CTS 
magnetic nanoparticles on Mo (VI) was the best. Treatment effluent can reach the comprehensive sewage 
discharge standard in Liaoning Province. At the same time, it is proved that Fe3O4/CTS magnetic 
nanoparticles are a kind of adsorbent which is easy to recover, easy to separate magnetically, and has the 
ability to remove Mo (VI) efficiently. 

1 Introduction 
Heavy metal molybdenum has the characteristics of high 
melting point, high density, high temperature resistance 
and high hardness[1]. It is widely used in electrical 
industry, iron and steel industry, chemical industry, 
fertilizer and so on[2]. China's molybdenum reserves are 
at the forefront of the world, and the Huludao region of 
Liaoning Province is an important molybdenum industry 
base in China. The increase of society's demand for 
molybdenum is accompanied by more mining of 
molybdenum ores. Molybdenum pollution in the water 
environment often results from the industrial wastewater 
produced in the process of mining molybdenum ore, such 
as mining wastewater, leaching water from molybdenum 
ore produced by rainfall, which enters rivers, lakes or 
reservoirs through soil and surface runoff, thus posing a 
threat to humans and animals and plants[4]. The body's 
maximum tolerance to molybdenum intake is 
200-900μg/d. Excessive intake of molybdenum can lead 
to poisoning, resulting in weakness of limbs, gout, 
headache, kidney damage and other symptoms[5]. High 
molybdenum levels can also lead to deformities in some 
animals, and plant molybdenum poisoning can lead to 
chlorosis and yellowing[6]. There is no definite target for 
molybdenum emission in Integrated Wastewater 
Discharge Standards of China[7]. Because of the 
particularity of molybdenum pollution in Liaoning 
Province, Integrated Wastewater Discharge Standards of 
Liaoning Province stipulates that the molybdenum 
concentration allowed for direct discharge is 1.5 mg L-1[8], 

but many molybdenum mining enterprises do not have a 
perfect discharge system to dispose of molybdenum 
wastewater, which leads to serious molybdenum 
pollution. Because the molybdenum content of mining 
wastewater from a molybdenum mining enterprise 
reaches 12-25 mg L-1, attention should be paid to the 
problem of excess molybdenum emissions discharged by 
enterprises, and a method to remove molybdenum 
effectively should be found. 

Nowadays, many methods have been applied to metal 
removal, including coprecipitation, ion exchange, 
membrane separation and adsorption[9], among which the 
adsorption of nano-materials has been considered as an 
efficient treatment method. But for now molybdenum 
removal studies are few, so it is urgent to prepare a kind 
of nano-adsorbed material to degrade excess 
molybdenum in water. Roxanne Brion-Robby[10] et al. 
used a green low-cost method to obtain chitosan and 
were able to remove molybdenum effectively. In this 
paper, Fe3O4 and chitosan (CTS) were synthesized by the 
method of glutaraldehyde crosslinking, and a magnetic 
nano-adsorption material was prepared. The adsorption 
of molybdenum by Fe3O4/CTS magnetic nanoparticles 
was studied by scanning electron microscopy. Discuss 
the relationship between the dosage of adsorbent, the 
oscillation speed, the contact time and Mo removal. 
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2 Materials and methods 

2.1. Preparation and characterization of 
Fe3O4/CTS magnetic nanoparticles 

Using 2% acetic acid to dissolve chitosan, adding Fe3O4 
magnetic nanoparticles, adding liquid paraffin, mixing 
evenly and adding sodium tripolyphosphate to make 
chitosan wrap Fe3O4 particles, finally adding 
glutaraldehyde and chitosan crosslinking. Repeatedly 
washed by petroleum ether, acetone and anhydrous 
ethanol. After vacuum drying, grind and set aside[11-12]. 

The morphology of Fe3O4/CTS magnetic 
nanoparticles was observed by SEM after preparation, 
and the magnetic properties of Fe3O4/CTS magnetic 
nanoparticles were determined by external magnetic 
field. 

2.2. Instruments and materials 

UV-6000 Visible Spectrophotometer for determination 
of molybdenum concentration. HZQ-X100 Incubator 
Shake for oscillating adsorption. PH-10 Type Acidity 
Meter for adjusting pH value of water sample. KQ-100E 
Ulirasonic Cleaner plays a dispersive role in preparing 
magnetic nanoparticles. VC20 Vacuum Drying Box for 
drying Fe3O4/CTS magnetic nanoparticles. Z366 
Centrifuge for the solid-liquid separation of magnetic 
composites preparation. 

All the reagents used in the experiment were 
analytical reagen. Chitosan, Na2MoO4, NH4SCN, 
(NH4)2Fe(SO4)2·6H2O, NaOH, NaHCO3, CH3COOH, 
H2SO4, HCl, Na5P3O10·6H2O, ethanol anhydrous, liquid 
paraffin, petroleum ether, glutaraldehyde, acetone. The 
experimental water is deionized. 

Sodium molybdate was dissolved in water and 30 mg 
L-1 sodium molybdate standard solution was used for the 
adsorption of nanocomposites. 

2.3. Adsorption experiment of Fe3O4/CTS 
magnetic nanoparticles 

Molybdenum has different forms under different PH 
conditions, and mainly exists in water body in the form 
of MoO4

2- under neutral and weak acidic conditions[13]. 
Adjusting pH to about 4 with 0.02 mol L-1 HCl and 0.02 
mol L-1 NaOH.0.4 g Fe3O4/CTS magnetic 
nano-adsorbable material was mixed with 100 ml of 30 
mg L-1 Mo (Ⅵ) in a conical bottle for a period of time 
with a certain oscillation rate.Separation of Mo(Ⅵ) 
solutions and adsorbents by magnetic separation of 
magnetite. Determination of molybdenum content by 
thiocyanate spectrophotometry[14]. 

3 Results and discussion 

3.1. Characterization of materials 

Figure 1 shows the SEM of the magnetic nanoparticles of 
Fe3O4/CTS, from which it can be observed that the 
nanocomposites are spherical and the particle size is 
about 100nm. Because of the small particle size, the 
surface viability of the Fe3O4/CTS magnetic 
nanoparticles is relatively large, resulting in the 
agglomeration between the particles. 

In Figure 2 it can be observed that after the chitosan 
was added to iron trioxide, the composite has not only 
molybdenum removal properties, but also magnetic 
properties. The treated wastewater containing 
molybdenum can be separated by magnet or external 
magnetic field.  

 

 

 

 

Figure 1. SEM images of Fe3O4/CTS magnetic nanoparticles. 

2

E3S Web of Conferences 165, 05032 (2020) https://doi.org/10.1051/e3sconf/202016505032
CAES 2020



 

 

2 Materials and methods 

2.1. Preparation and characterization of 
Fe3O4/CTS magnetic nanoparticles 

Using 2% acetic acid to dissolve chitosan, adding Fe3O4 
magnetic nanoparticles, adding liquid paraffin, mixing 
evenly and adding sodium tripolyphosphate to make 
chitosan wrap Fe3O4 particles, finally adding 
glutaraldehyde and chitosan crosslinking. Repeatedly 
washed by petroleum ether, acetone and anhydrous 
ethanol. After vacuum drying, grind and set aside[11-12]. 

The morphology of Fe3O4/CTS magnetic 
nanoparticles was observed by SEM after preparation, 
and the magnetic properties of Fe3O4/CTS magnetic 
nanoparticles were determined by external magnetic 
field. 

2.2. Instruments and materials 

UV-6000 Visible Spectrophotometer for determination 
of molybdenum concentration. HZQ-X100 Incubator 
Shake for oscillating adsorption. PH-10 Type Acidity 
Meter for adjusting pH value of water sample. KQ-100E 
Ulirasonic Cleaner plays a dispersive role in preparing 
magnetic nanoparticles. VC20 Vacuum Drying Box for 
drying Fe3O4/CTS magnetic nanoparticles. Z366 
Centrifuge for the solid-liquid separation of magnetic 
composites preparation. 

All the reagents used in the experiment were 
analytical reagen. Chitosan, Na2MoO4, NH4SCN, 
(NH4)2Fe(SO4)2·6H2O, NaOH, NaHCO3, CH3COOH, 
H2SO4, HCl, Na5P3O10·6H2O, ethanol anhydrous, liquid 
paraffin, petroleum ether, glutaraldehyde, acetone. The 
experimental water is deionized. 

Sodium molybdate was dissolved in water and 30 mg 
L-1 sodium molybdate standard solution was used for the 
adsorption of nanocomposites. 

2.3. Adsorption experiment of Fe3O4/CTS 
magnetic nanoparticles 

Molybdenum has different forms under different PH 
conditions, and mainly exists in water body in the form 
of MoO4

2- under neutral and weak acidic conditions[13]. 
Adjusting pH to about 4 with 0.02 mol L-1 HCl and 0.02 
mol L-1 NaOH.0.4 g Fe3O4/CTS magnetic 
nano-adsorbable material was mixed with 100 ml of 30 
mg L-1 Mo (Ⅵ) in a conical bottle for a period of time 
with a certain oscillation rate.Separation of Mo(Ⅵ) 
solutions and adsorbents by magnetic separation of 
magnetite. Determination of molybdenum content by 
thiocyanate spectrophotometry[14]. 

3 Results and discussion 

3.1. Characterization of materials 

Figure 1 shows the SEM of the magnetic nanoparticles of 
Fe3O4/CTS, from which it can be observed that the 
nanocomposites are spherical and the particle size is 
about 100nm. Because of the small particle size, the 
surface viability of the Fe3O4/CTS magnetic 
nanoparticles is relatively large, resulting in the 
agglomeration between the particles. 

In Figure 2 it can be observed that after the chitosan 
was added to iron trioxide, the composite has not only 
molybdenum removal properties, but also magnetic 
properties. The treated wastewater containing 
molybdenum can be separated by magnet or external 
magnetic field.  

 

 

 

 

Figure 1. SEM images of Fe3O4/CTS magnetic nanoparticles. 

 

 

 

Figure 2. Magnetic performance of Fe3O4/CTS magnetic nanoparticles. 
 

3.2. Effect of adsorbent dosage 

In order to study the effect of adsorbent dosage, the 
initial pH value of 4 was adjusted at room temperature, 
adding 100ml of molybdenum standard solution to each 
conical bottle. Fe3O4/CTS magnetic nanoparticles with 
different qualities: 0.05g, 0.1g, 0.2g, 0.3g, 0.4g, 0.5g, 
0.6g, oscillating adsorption at a speed of 200 r min-1 for 
30 min, magnetic separation of magnet solid solution 
was used to study the relationship between the dosage of 
adsorbent and Mo(Ⅵ) removal. The experimental results 
are shown in figure 3. 

The results show that the removal rate of 
molybdenum by Fe3O4/CTS magnetic nanoparticles has 
been increasing with the addition of adsorbent. This can 
be attributed to the large specific surface area of the 
nanoadsorbed materials. With the increasing addition of 
the Fe3O4/CTS magnetic nanoparticles, the specific 
surface area of the adsorbed materials in contact with 
molybdenum is also increasing, but also implies more 
adsorption sites[15]. At first, the adsorption efficiency of 
Fe3O4/CTS magnetic nanoparticles to Mo (VI) is very 
high until the dosage reaches 0.4 g, and the removal 
efficiency of Mo (VI) tends to be gentle, the removal rate 
of molybdenum can reach more than 90% at this time. 
This can be explained that when the dosage of 
Fe3O4/CTS magnetic nanoparticles is very small, the 
adsorbent is easier to obtain Mo (VI), and the removal 
rate of Mo (VI) by adsorbent per unit mass is very high. 
With the increase of the amount of adsorbent, the 
inter-nanoparticle interaction leads to the phenomenon of 
aggregation between ions, the decrease of total surface 
area and the increase of diffusion path length, which are 
the main reasons for the gradual decrease of the removal 
rate curve[16-17]. 
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Figure 3. Effect of adsorbent dosage of adsorbent on Mo(VI) 
adsorption at T 298 K. Conditions: solution volume 100 mL, 

Mo(Ⅵ) initial concentration 30 mg L-1, pH 4, oscillation speed 
200 r min-1, apsorption time 30min. 

3.3. Effect of oscillation speed 

The effect of Fe3O4/CTS magnetic nanoparticles on 
molybdenum at different oscillating velocities was 
investigated. Several groups of composite adsorption 
materials with a mass of 0.4 g and 100 ml of 30 mg L-1 
molybdenum-containing wastewater were taken into the 
conical bottle. After adsorption for 30 min at different 
oscillating speeds, the solid liquid was magnetically 
separated, and the Mo(VI) concentration was measured 
by thiocyanate spectrophotometry and the removal rate 
was calculated. The results are shown in figure 4.  

In the process of oscillating adsorption, if the 
oscillation speed is too low, the magnetic nanoparticles 
of Fe3O4/CTS may not be in full contact with Mo(VI). It 
can be observed that the removal rate of Mo(VI) reaches 
a maximum of 97.1% when the oscillation speed reaches 
100 r min-1, and the molybdenum concentration is 0.857 
mg L-1. The residual concentration of molybdenum in the 
range of 100 r min-1−200 r min-1 can be controlled below 
the comprehensive discharge limit of sewage in Liaoning 
Province, when the oscillation speed is higher than this 
range, the removal rate of molybdenum is gradually 
reduced. This may be the oscillations are so intense that 
the magnetic nanoparticles of Fe3O4/CTS have an 
understanding of Mo(VI) desorption[18]. 
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Figure 4. Effect of oscillation speed of adsorbent on Mo(VI) 
adsorption at T 298 K. Conditions: solution volume 100 mL, 

pH =4, Fe3O4/CTS magnetic nanoparticles 0.4 g,Mo(Ⅵ) initial 
concentration 30 mg L-1, apsorption time 30min. 

3.4. Effect of opsorption time 

The contact time in the adsorption process is an 
important parameter to judge the high efficiency of the 
adsorbed material. For water samples with initial Mo (VI) 
concentration of 30 mg L-1, the relationship between 
contact time and Mo (VI) removal was studied under the 
condition of initial PH =4 and oscillation velocity of 100 
r min-1. The experimental results are shown in Figure 5. 

The adsorption efficiency of Fe3O4/CTS magnetic 
nanoparticles to Mo (VI) is very high in the initial stage 
of adsorption, and the maximum adsorption capacity of 
the adsorbent is reached in the contact time of about 10 
min. The residual Mo (VI) concentration is 0.033 mg L-1, 
and the removal rate is 99%, which indicates that 
Fe3O4/CTS magnetic nanoparticles are adsorption 
materials with high adsorption efficiency. The reason for 
the high initial adsorption efficiency may be that there is 
a strong interaction between Mo (VI) and Fe3O4/CTS 
magnetic nanoparticles which have positive electrical 
properties[19]. As the contact time increases, that is, the 
removal rate of Mo (VI) is the highest after the 
adsorption time is 10 min, and the adsorption vacancies 
on the adsorbed materials tend to saturate. When the 
oscillation time exceeds 1 h, the residual concentration of 
Mo (VI) has an increasing tendency, which may be that 
the magnetic nanoparticles of Fe3O4/CTS have an 
understanding of Mo (VI)[20]. 

 

 

Figure 5. Effect of apsorption time of adsorbent on Mo(VI) 
adsorption at T 298 K. Conditions: Fe3O4/CTS magnetic 

nanoparticles 0.4 g, solution volume 100 mL, Mo(Ⅵ) initial 
concentration 30 mg L-1, pH=4, oscillation speed 100r min-1. 

4 Conclusion 
Removal of Mo (VI) in solution by Fe3O4/CTS magnetic 
nanoparticles prepared by glutaraldehyde crosslinking 
method is rapid and effective. Fe3O4/CTS magnetic 
nanoparticles are spherical adsorption materials with 
small particle size, large surface area and good magnetic 
properties. The optimum experimental conditions for 
molybdenum removal were obtained by studying the 
dosage of magnetic nano-adsorbed materials, the 
oscillation speed and contact time of the adsorption 
process under the condition of initial PH 4 treating with 
100ml Mo(VI) wastewater. When the dosage of 
Fe3O4/CTS magnetic nanoparticles is 0.4 g, the removal 
effect of Mo (VI) is the best, which can reach more than 
90%. When the oscillation rate is 100r min-1−200r min-1, 
the residual concentration of molybdenum in water is the 
lowest and the removal rate is 97.1%. The oscillatory 
adsorption time is 10 min, and the removal rate can reach 
99% as the optimal contact time. The magnetic 
properties of Fe3O4/CTS magnetic nanoparticles can be 
quickly separated from the solution by external magnetic 
field, which is easy to recycle, and its adsorption and 
removal of Mo (VI) is fast and efficient, which has great 
potential in the treatment of Mo(Ⅵ) solution. 
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