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Intense pollution of the surface and groundwater sources has led to deterioration in the 
drinking water quality. Most water resources, including artesian wells, are contaminated with 
iron compounds that accumulate in the human body and lead to the development of chronic 
diseases. Usually, iron in natural waters may be present in concentrations from 5 to 20 mg/dm3.
According to WHO standards, iron content in drinking water is permitted only up to the 
concentration of 0.3 mg/dm3. The use of such water for drinking purposes without prior 
purification is impossible. The vast majority of water's deironing technologies are obsolete. In 
view of this, the search, development and implementation of efficient and energy-saving 
methods for deironing of drinking groundwater remain important tasks in the process of water 
treatment. That is why, the use of new high-performance materials with appropriate 
characteristics is promising and appropriate. 

The problem of extracting iron from natural and wastewater remains unresolved, despite the 
large number of publications [1]. If the known methods of water deironing are considered, the 
most common technique of groundwater deironing is the method of simplified aeration [2]. In 
this case, the oxidation of iron in water is realized through the contact of water with air and its 
subsequent settling and filtration. In recent years, research has been actively conducted on the 
use of highly dispersed sorbents and catalysts that contain particles with magnetic properties. 
Such materials show increased activity under the conditions of catalytic reactions and promote 
acceleration of processes. One such material includes the nanoparticles formed on the basis of 
ferrites. Sorbents synthesized due to iron oxide compounds are actively used in various chemical 
technologies. It was found that magnetite (Fe3O4) nanoparticles show sorption activity against 
heavy metal salts [3].

This is due to the fact that iron (II) and iron (III) ions in the presence of oxygen can complete 
the crystal lattice of magnetite. That is, activated adsorption can be observed. In addition, 
activated adsorption is characterized by high activation energy and low process rates. On the 
other hand, the magnetite particles are 7 - 10 nm in size, which means that they have a highly 
developed surface.  In [4] it was shown that the oxidation of Fe(OH)2 precipitate produces 
magnetite Fe3O4. Thus, in this case, during the oxidation of iron on the surface of magnetite, a 
significant part of it is included in the crystal lattice of the catalyst. Therefore, along with the 
catalytic activity of magnetite, its sorption properties in relation to iron compounds in water can 
be observed. The aim of this work was to study the oxidation of iron ions in the presence of 
magnetite and evaluate the effectiveness of its use as a sorbentcatalyst for deironing of water. 

It is known that the rate of iron (II) oxidation in water increases not only with increasing pH 
of the medium, but also with the use of catalysts. Even the products of iron oxidation can be 
catalysts for the oxidation of iron (II). Therefore, the efficiency of using magnetite as a catalyst 
for the removal of iron ions from water was investigated. The experiment was performed 
similarly to the previous studies, analyzing the samples of solutions for iron content every 30 
minutes. As can be seen from Figure 1, when using magnetite in the amount of 100 mg/dm3, the 
oxidation rate increased significantly. At an iron concentration of 5 mg/dm3, its bulk was 
oxidized in 30 minutes. At an iron (II) concentration of 15 mg/dm3, it was completely oxidized in 
less  than 120  minutes,  at  a concentration of  25 mg/dm3,  the  iron  was  oxidized  in  less  than 
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150 minutes, and at 30 mg/dm3 in less than 180 minutes. At the same time, with increasing iron 
concentration, the residual pH decreased the more, the higher the iron concentration was. 

Fig. 1. Change in the concentration of iron ions (1; 2; 3; 4) and the pH of the medium (5; 6; 
7; 8) with time of mixing of solutions of iron (II) in tap water at initial concentrations of iron, 

mg/dm3: 5 (1; 5); 15 (2; 6); 25 (3; 7); 30 (4; 8), at a dose of magnetite 100 mg/dm3

When using iron in concentrations of 5 30 mg/dm3, the residual pH of the solutions 
decreased from 7.75 to 6.62. Even higher oxidation rates of iron were observed when using 
magnetite in the amount of 200 and 500 mg/dm3. At a dose of magnetite of 200 mg/dm3, at an 
iron concentration of 5 mg/dm3, its complete oxidation was achieved in less than 30 minutes. At 
a dose of magnetite of 500 mg/dm3, complete oxidation of iron was achieved in less than 30 
minutes at iron concentrations of 5 and 15 mg/dm3. Iron was oxidized fairly quickly at iron 
concentrations of 25 and 30 mg/dm3.It should be noted that at a dose of magnetite of 500mg/dm3,
effective oxidation of iron occurred at pH 5.70 - 6.05. It is obvious that magnetite is a complex 
reagent with sorption and catalytic properties. This is due to the fact that iron (II) and iron (III) 
ions in the presence of oxygen can complete the crystal lattice of magnetite. That is, activated 
adsorption can be observed. 

With increasing initial concentration of iron in solution, the time of complete purification of 
water from iron increases. The rate of purification of water from iron increases along with the 
dose of magnetite. At a concentration of magnetite of 500 mg/dm3 for 30 minutes, iron was 
completely removed from the water at concentrations of 5 and 15 mg/dm3, and at a concentration 
of iron ions of 25 mg/dm3 for 30 minutes, the degree of iron recovery was reached at 97.6%. 

In general, if the results given above are considered, it can be said that when using magnetite, 
the rate of oxidation and sorption of iron increases so much that in 30 minutes most of the 
processes are completed. Therefore, when using magnetite at doses of 200 and 500 mg/dm3,
kinetic studies were performed with a time interval between the sample analyses of 10 minutes. 
The results are shown in Figure 2. In this case, at a dose of magnetite of 200 mg/dm3 and an iron 
concentration of 5 mg/dm3, purification took place in almost 10 minutes. 

Other experiments lasted 40 50 minutes. Within an hour, water purification from iron was 
noted in all experiments. At a dose of magnetite of 500 mg/dm3 (Fig. 2) only at an iron 
concentration of 30 mg/dm3, the purification process lasted more than 40 minutes. In this case, 
as in previous experiments, there was a significant acceleration of the process of removing iron 
from water using catalyst sorbents. 
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Fig. 2. Dependence of iron concentration (1; 2; 3; 4) and degree of iron extraction (5; 6; 7; 8) 
from solutions of ferrous sulfate in tap water on the time of mixing of solutions at initial iron 

concentration, mg/dm3: 5 (1; 5); 15 (2; 6); 25 (3; 7); 30 (4; 8), at doses of magnetite 500 mg/ dm3

(Final pH: 7.24 (1); 6.90 (2); 6.79 (3); 6.24 (4)) 

Conclusion 
It was shown that the magnetite Fe3O4 as a catalyst used for purification of water from iron 

ions. As-prepared Fe3O4 nanoparticles were successful for aqueous solution iron removal. Batch 
experiments investigated the influence of pH, contact time and adsorbate/adsorbent 
concentration on Fe2+ adsorption. Experimental results suggest that the adsorption capacity of 
Fe3O4 nanoparticles towards metal ions depends on the from the concentration of magnetite and 
iron in water. The oxidation efficiency decreases with increasing iron concentration from 5 to     
30 mg/dm3. 6. At magnetite dose of 200 mg/dm3 and an 
iron concentration of 5 mg/ dm3, its complete oxidation was achieved in less than 30 minutes. At 
magnetite dose of 500 mg/ dm3, complete iron oxidation was achieved in less than 30 minutes at 
iron concentrations of 5 and 15 mg/ dm3. It should be noted that at a magnetite dose of            
500 mg/ dm3, effective iron oxidation also occurred at pH 5.70 - 6.05. The value of the sorption 
capacity of magnetite increases with an increase in the concentration of iron in the solution and 
with a decrease in the dose of magnetite with an increase in the mixing time and the degree of 
iron extraction. This is quite logical and fully corresponds to the ideas about sorption processes, 
including activated adsorption. In conclusion, it is here demonstrated that the magnetite Fe3O4
nanoparticles can be efficiently used as an effective, convenient and low-cost material for the 
removal and recovery of iron from water. 
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