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Abstract 
 

Chromium and its compounds are widely used in various industries. Wastewater from industrial enterprises using chromium compounds 

are subject to complete disposal at treatment facilities. The possibility of synthesizing a magnetoactive compound by oxidizing part of 

Fe(II) cations with chromate-anions in the presence of lignosulfonates was investigated. The magnetic activity was measured on Gouy 

balance, magnetic characteristics were determined by the magnetic granulometry method. It has been shown that the interaction of Fe(II) 

cations with chromate-anions passes with the formation of an water soluble intermediate without redox transformations at pH 3.4. Using 

method of the isomolar series, it was determined that the ratio of chromate-ions and Fe(II) cations in the intermediate is 1:2.33. The in-

termediate solution is stable for a long time. Synthesized magnetoactive compound samples are ferrimagnets. The use of lignosulfonate 

and the synthesis with heating can achieve a higher magnetic activity of magnetoactive compound. The optimal lignosulfonate consump-

tion is 0.7 g/g Fe. 
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1. Introduction 

Chromium and its compounds are widely used in various indus-

tries. Wastewater from industrial enterprises using chromium 

compounds are subject to complete disposal at treatment facilities. 

The problem of increasing the efficiency of wastewater treatment 

from chromium(VI) compounds in connection with this is topical.  

Electrochemical methods [1], sorption [2], extraction and bio-

chemical methods [3] are used to neutralize liquid waste products 

containing chromium(VI). The reduction of chromium(VI) fol-

lowed by precipitation of chromium(III) in the form of a water 

insoluble compound is important among the chemical methods for 

treating wastewater. For the conversion of chromium(VI) into 

chromium(III), organic and inorganic compounds with reducing 

properties are proposed. 

A magnetoactive compounds (MCs) are formed as a result of the 

interaction of iron(II) cations with chromium(VI) compounds 

followed by condensation with an alkaline reagent. These include 

magnetite (Fe3O4) and ferrites of certain metals of composition 

MeFe2O4. The great practical importance of MCs causes a con-

stant interest in researching their properties and developing new 

methods of synthesis. Magnetite has catalytic properties [4], it can 

be used in the creation of materials intended for diagnosis and 

therapy [5], in the printing and in devices for magnetic recording 

of information [6], [7], [8], for wastewater treatment [9], in the 

neutralization of wastes in the oil and gas industry, for adsorption 

desulfurization [10], in the production of feed additives, in ma-

chine building, in the food industry, in the production of compo-

sites, anodes, in the separation and purification of inorganic and 

organic compounds [11]. 

A large number of methods have been developed for synthesis of 

magnetite type MCs, the main ones being condensation methods 

from molecules and ions. Magnetite is usually synthesized using a 

condensation method based on the reaction taking place with the 

participation of Fe3+ and Fe2+ [12], taken in the ratio 2:1. 

The shape, size, composition and properties of magnetite particles 

depend on the type of iron salt, the ratio of Fe2+/Fe3+ [13], the 

reaction temperature [14], pH [15], as well as the type of base and 

stirring rate [16], the presence of modifiers [17]. Synthesis meth-

ods based on the oxidation of part of iron(II) cations are less 

common. 

Lignosulfonic acids (LSА) are formed from natural lignin during 

the sulfite pulping process. LSА, like other types of lignins, have 

an irregular chemical structure (Figure 1). LSА and their salts 

(LS) have polyelectrolytic and complexing properties and are able 

to dissolve in an aqueous medium over a wide pH range [18]. 

Initial and modified LS are used in the synthesis of magnetoactive 

compounds and ferrofluids with particles of a nanoscale range. 

Therefore, it was of interest to determine the effect of LS and the 

conditions for carrying out the synthesis on the properties of a 

magnetoactive compound obtained by the interaction of iron(II) 

ions with chromium(VI) compounds. 

http://creativecommons.org/licenses/by/3.0/
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Fig. 1: A lignosulfonic acid macromolecule fragment 

2. Material and methods 

2.1. Materials 

In the experiments the following commercial reagents were used: 

iron(II) sulphate heptahydrate, potassium chromate, potassium 

dichromate, glacial acetic acid, sodium hydroxide. Powdered so-

dium LS was obtained from industrial production sulphite cooking 

of spruce wood. 

2.2 Preparation of the magnetoactive compound 

To obtain the MC, the predetermined volume of a solution of the 

sodium LS (15.1 mg/mL), 1 mL of iron(II) sulphate solution (21.4 

mg Fe/mL), predetermined volume of a potassium chromate solu-

tion (40 mg/mL) and 10 mL of 2M NaOH were added in the test 

tube. Condensation was carried out in a Lauda Alpha A12 thermo-

stat at 25, 40, 50 or 70 °C. 

2.3 Methods 

The magnetic activity (MA, g) [19] of the formed precipitate was 

measured after the given time intervals. The magnetic characteris-

tics of precipitates were measured by the magnetic granulometry 

method [20]. Redox potential and pH were measured with a Han-

na HI 2211 pH/ORP Meter. UV-Vis spectra of solutions in acetate 

buffer with pH 3.4 were recorded on a Shimadzu UV-Vis 1650pc 

spectrophotometer in the wavelength range 400...700 nm in quartz 

cuvettes (pathlength 0.155 mm). 

3. Results and discussion 

The formation of MC occurs when the iron(II) cations are partially 

oxidized by chromate-anions. Oxidizing properties of chromi-

um(VI) depend on the pH of the solution [21]. The oxidation-

reduction reaction is stepwise, in which the degree of oxidation of 

the chromium ion gradually decreases from +6 to +3. 

MC is formed due to the ferritization process including redox 

reaction and gradual dehydration of hydroxocomplexes. Fragment 

of complex taken part in dehydration due to the intramolecular 

electron redistribution are presented below: 

n+

:

Fe O + H2O
n+

O

Fe

O

H

H  

When a solution of lignosulfonates and iron(II) sulfate is mixed 

with a solution of potassium chromate, the UV-Vis spectrum 

changes so that the mixture spectrum of all components is not 

additive (Figure 2). The change of spectrum of the reaction mix-

ture appears to be due to the formation of intermediate complexes. 

 
Fig. 2: UV-vis spectra of iron(II) sulfate (1), LS (2), potassium chromate 

(3) and their mixture (4) in acetate buffer solution with pH 3.4 and quartz 

cuvettes (pathlength 0.155 mm) 

The isomolar series method was used to determine the composi-

tion of the intermediate. The total concentration of iron(II) sulfate 

and potassium chromate was 0.52 M. The results of the experi-

ment are shown in Figure 3. 

 
Fig. 3: Diagram “Relative content of Fe(II) – absorbance at 590 nm” 

The composition determined from the coordinate of the point of 

intersection of the tangents corresponds to the molar ratio of 

chromate ions and iron(II) as 1:2.33. 

The redox potential increases from 239 to 248 mV during one day 

after mixing the solution of LS and iron(II) sulfate with a solution 

of potassium chromate (Figure 4). This indicates that the redox 

reactions during the formation of the intermediate complex are not 

significant. 

 
Fig 4: Dependence of redox potential (φ, mV) of the reaction mixture on 

the duration of storage (τ, s) 

A magnetoactive compound is formed as a result of condensa-

tion when the reaction mixture was alkalinized. Theoretically, 2/3 

of iron(II) cations are to oxidize for obtaining of magnetite, in this 

case the ratio of chromate-anion to iron(II) should be 1:4.5. Earlier 

it was experimentally shown that the ratio of chromate-anion to 
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iron(II) 1:5.5 is optimal for obtaining a magnetoactive compound 

[22]. The magnetic activity of the precipitate released during alka-

linization is gradually formed due to ferritization. This process 

depends on a number of factors, which include the reagent ratio 

and temperature. 

Influence of the LS consumption and temperature on magnetic 

activity. The study of the properties of the product synthesized at 

25, 40, 50, 70 °C under conditions with a LS consumption in the 

range 0…1.05 g LS/g Fe and a constant molar ratio of chromate-

anions and iron(II) ions (1:5.5) showed that the presence of LS in 

the condensation of a magnetoactive compound has a significant 

effect on the properties of the product (Table 1). 

 
Table 1: The effect of the LS consumption and the synthesis temperature 

on the magnetic activity of MС 

 

LS consumption 

(g LS/g Fe) 

MA (after 60 min), mg  

25 °С 40 °С 50 °С 70 °С 

0 10 21 48 88 
0.35 64 126 206 247 

0.70 97 176 224 262 

1.05 63 105 186 242 

 

The greatest magnetic activity is observed when the LS consump-

tion is 0.7 g LS/g Fe in the investigated temperature range. At the 

same time, as the synthesis temperature increases, the magnetic 

activity increases over the entire range of LS expenditure. 

The magnetic properties of MC were studied using the magnetic 

granulometry method on samples synthesized at the optimal LS 

consumption (0.7 g LS/g Fe) or without LS to assess their role. In 

order to do that, hot (70…80 °C) solutions were mixed in a glass 

beaker: 50 mL of ferrous sulfate (8.75 g) solution, 50 mL of sodi-

um LS (2.24 g) solution or 50 mL of hot water, with 50 mL of a 

solution of potassium chromate (2 g, 10.3 mmol of Cr) or potassi-

um dichromate (1.52 g, 10.3 mmol of Cr). Condensation was car-

ried out by 60 mL of 2M sodium hydroxide solution. The resulting 

suspension was centrifuged for 5 min at 5000 min-1. The precipi-

tate was washed by decantation to neutral medium, and dried to 

constant weight. The results of determining the magnetic charac-

teristics are given in Table 2. 

 
Table 2: Characteristics of magnetic properties 

 

Sample 
Reagent consumption, g σr 

(emu/g) 

σs 

(emu/g) 

Hc 

(Oe) K2CrO4 K2Cr2O7 

1 (without LS) 2 - 1.4 18.8 36.0 

2 2 - 1.7 13.0 61.0 

3 (without LS) - 1.52 1.8 18.2 41.0 

4 - 1.52 2.1 16.9 60.0 

FeSO4 consumption was 8.75 g 

 

Thus, the synthesized MC samples are ferrimagnets. The use of 

LS allows to achieve a higher magnetic activity and coercive force 

MC. To carry out the redox reaction, both chromate and potassium 

dichromate can be used. 

4. Conclusion  

It has been shown experimentally that the interaction of iron(II) 

cations with chromate-anions passes with the formation of an 

water soluble intermediate without redox transformations in a 

weakly acidic medium (pH 3.4). The ratio of chromate-ions and 

Fe(II) cations in the intermediate is 1:2.33. The intermediate solu-

tion is stable for a long time. MC is formed when the solution is 

alkalinized. Synthesized MC samples are ferrimagnets. The use of 

LS and the synthesis with heating can achieve a higher magnetic 

activity of MC. The LS consumption of 0.7 g LS/g Fe is optimal. 
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