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SORPTION EXTRACTION OF VANADIUM COMPOUNDS 

FROM ACID SOLUTIONS WITH FINELY DIVIDED 

MODIFIED ALUMINOSILICATE
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The possibility is demonstrated of adsorption extraction of vanadium compounds from acid media with mod-

ifi ed aluminum silicate. Very fi ne layered aluminum silicate modifi ed with surfactant cations (didecyldimethyl 

ammonium chloride) were used for extracting vanadium compounds. Sorbent modifi cation proceeds as a 

result of fastening didecyldimethyl ammonium chloride molecules in the space between sorbent layers. As a 

result of modifi cation, the sorbent acquires the property of selective absorption of vanadium compounds from 

solution. In order that the sorbent is not compacted and passes solution without hindrance, it is applied to 

quartz sand with a particle size of 1–3 mm treated with polyacrylamide. Vanadium compound adsorption pro-

ceeds most completely at pH 2.8–3.4, which is connected with the existence in the solution of various polyoxo 

compounds. The possibility is established of repeated sorbent use in adsorption and desorption cycles. The 

constant volume content of sorbent is 0.64 mmole/g, the dynamic exchange capacity is 0.38 mmole/g, and the 

static exchange capacity is 0.26 mmole/g. The solution after the desorption cycle is used for preparing pure 

vanadium pentoxide by hydrolytic precipitation under conditions of achieving the required concentration. 

Results of extracting vanadium compounds from model solutions correspond to vanadium adsorption on 

colloidal modifi ed aluminum silicate from Chusovskoi Metallurgical Plant (ChMZ) washing solutions.

Keywords: adsorption of charge vanadium compounds, vanadium extraction, modifi ed montmorillonite, 

adsorption extraction, dynamic adsorption capacity.

 The main industrial source of preparing vanadium is titanium magnetite ore containing vanadium as an impurity. 

During preparation of vanadium in hydrometallurgical production, it is necessary to separate it selectively from associated 

metal ions that pass into solution with acid breakdown of ore raw material. Vanadium in solution depending on medium con-

centration and pH forms many compounds [1–3].

 Adsorption methods are most widespread in order to extract vanadium from solution [4, 5]. The selective adsorbents used 

normally are ion exchange materials of organic and inorganic nature. With the use of ionite FIBAN AK 22, with a linear solution 

passage rate of 5 m/h the maximum capacity is achieved with respect to vanadium compounds of 93 mg/g (0.51 mmole/g) [6].

 Recently, work has appeared for use of different natural aluminosilicates as adsorbents [7]. Among them in the opin-

ion of authors there is most interest in very fi ne modifi ed aluminosilicates.

 Data are provided in [9] for extraction of vanadium compounds from acid technogenic solutions by adsorption coag-

ulation methods using natural montmorillonite (MM) modifi ed with surfactant cations didecyldimethyl ammonium chloride 

(DDAC). For this, it was necessary to study adsorption of vanadium compounds in an inert charge with the sorbent indicated.
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 Experimental procedure. The natural very fi ne aluminosilicates used were bentonites of the Cherkasskii and Zyrya-

novskii deposits containing up to 95–96% MM of composition (Na,Ca)0.3(Al,Mg)2Si4O10(OH)2·nH2O (Table 1).

 Modifi cation of MM was accomplished in two stages. The fi rst stage is treatment of bentonite with calcined soda 

with the aim of replacing calcium and magnesium ions by sodium ions, (sodium form of MM). Then, 50 g of MM were dis-

solved in 1 dm3 of distilled water and set aside for 24 h. Certain amounts of cationic surfactants were added to 5% aqueous 

MM solution with constant mixing. During adsorbent washing after modifi cation, desorption of the modifi er was absent, 

which points to the strength of its fastening within the adsorbent structure. Very fi ne MM systems were obtained with particle 

sizes of 50–60 nm and pore size of 5–6 nm. Adsorption of vanadium compounds was performed in model solutions of vana-

dium prepared using vanadium pentoxide (chemically pure) and sulfuric acid (especially pure). Adjustment of solution pH 

was carried out with ammoniacal water (28%).

 On loading an adsorption column, washing out of sorbent and its compaction in the course of adsorption and deso-

rption operation were excluded. For this purpose, the adsorption column was previously fi lled with quartz sand (d = 1–3 mm)

treated with polyacrylamide. The very fi ne modifi ed MM was added to the column in weight ratio with sand of 1:10.

 Then, 200 ml of water was passed through the column in order to remove solvent particles not secured within the 

volume of the column. Then, 2 liters of vanadium solution with a concentration of 30 mg/dm3 were passed with a linear rate 

TABLE 1. Composition of Cherkasskii and Zyryanovskii Deposit Bentonite

Components (in terms of oxides)
Montmorillonite (Ca-form)

Cherkasskii Zyryanovskii

SiO2 51.9 54.9

Al2O3 17.1 16.1

Fe2O3 7.92 6.3

MgO 1.18 1.6

CaO 1.53 2.2

Na2O 0.21 0.38

K2O 0.26 0.69

H2O 8.78 8.50

Rest impurities 10.26 9.33

Fig. 1. Adsorption column fundamental layout: 1) vessel with starting solution; 

2) peristaltic pump; 3) adsorption column; 4) overfl ow opening; 5) vessel for 

solution after adsorption; 6) quartz sand granules; 7) adsorbent.
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of 18 m/h. In the course of the process, samples 50 ml in volume were collected in order to monitor vanadium concentration 

in the fi nal solution after passage through the column. After saturation of the whole volume of sorbent, desorption of vanadi-

um compounds was carried out with ammonium chloride solution with concentration of 100 g/dm3. The fundamental layout 

for the adsorption unit is given in Fig. 1.

 The kinetics of the adsorption process for vanadium compounds on a column are characterized by the relationship 

shown in Fig. 2.

 The fi rst linear section of the dependence of vanadium equilibrium concentration on volume of solution passed (see 

Fig. 2) was used for determining the static (equilibrium) volume capacity (SVC) of adsorbent “up to breakthrough”, i.e., up 

to development of the fi rst appearance of vanadium ions in fi ltrate. The SVC of modifi ed MM was 0.26 mmole/g.

 The next inclined section of the curve for the dependence was used for calculating the dynamic volumetric capacity 

(DVC) equal to 0.38 mmole/g. The sum of the DVC and SVC refl ects the overall volumetric capacity (OVC) of sorbent equal 

to 0.64 mmole/g, which may also be calculated from the results of sorbent regeneration.

 The DVC specifi es action of sorbent with constant adsorbent-regeneration cycles and points to its effi ciency. This 

parameter depends directly in medium pH, regenerating agent concentration, column construction, and sorbent content time 

with solution. The OVC for each sorbent is a constant value representing the number of active adsorption centers (functional 

groups) related to dry sorbent weight.

Fig. 2. Dependence of vanadium equilibrium concentration on its 

volume in solution passing through column.

Fig. 3. Dependence of amount of ammonium chloride washing solution 

on vanadium concentration in adsorbent.
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 The SVC is a process parameter specifying the ratio of solution volume and sorbent weight. This index depends on 

ion concentration and medium pH and is used in calculating actual process parameters.

 It been demonstrated in [9] that reaction of modifi ed MM and vanadium poly-anions proceeds according to the ionic 

associate type, and therefore during sorbent regeneration replacement of a vanadium poly-anion by a chloride-ion proceeds 

without any diffi culty. A considerable advantage of the process is the possibility of increasing the vanadium concentration in 

process solution by more than a factor of three (100 mg/dm3) compared with the original (30 mg/dm3). The curve for desorp-

tion of vanadium compounds by ammonium chloride is shown in Fig. 3.

 The sorbent total volumetric capacity (TVC) was determined using the data obtained (see Fig. 3). The value of TVC 

equals the area beneath the curve (0.64 mmole/g), which coincides with the value of TVC calculated as the sum of DVC and 

SVC. The volume of modifi ed MM with the column version of vanadium adsorption is less than the volume by a factor of 2.5 

obtained by the volumetric method. The main factor affecting divergence of results obtained by different procedures is diffu-

sion of vanadium compounds to active sorbent centers. If the fl ow rate is gradually reduced, the amount of sorbent is increased 

by a ratio with respect to inert carrier these values with converge asymptotically.

 After regeneration, the sorbent may be used again for extracting vanadium compounds. The solution after regenera-

tion contains ammonium vanadate and ammonium chloride, i.e., vanadium may be separated from solution by hydrolytic 

precipitation [2]:

 6VO3
3– + 6H+ = H4V6O17↓ + H2O.

 Previously solution was acidifi ed with hydrochloric acid to pH 1.6 since in fact with this value of pH reaction of 

hydrolytic precipitation proceeds more completely (the process temperature was 80°C). Polyvanadium acids were separated 

from solution in the form of a reddish-brown deposit. With creation of optimum hydrolysis conditions, the residual content of 

vanadium in solution after precipitation is 0.03–0.05 g/dm3.

 Polyvanadium acid on heating to 300°C breaks down into vanadium pentoxide and water. An IR-spectrum of residue 

obtained after washing sorbent, concentration, and drying at 60°C is given in Fig. 4.

 The main part of the hydration water is molecular water with hydrogen bonds for which there are typically different 

energies (Fig. 4). Therefore, in the spectrum intense regions are present for absorption of 2800–3600 cm–1, typical valence 

oscillations and less intense regions of absorption 1610–1640 cm–1, typical for deformation oscillations [10].

 For vanadium, there are typically intense adsorption bands in the short-wave region. Within the spectrum for vana-

dium poly-acids, absorption bands should be observed at 760 and 530 cm–1 [11], which corresponds to deformation oscilla-

tions (V–O···H) and deformation oscillations (V–O–V). The absorption bands are present in the spectrum in Fig. 4. However, 

the spectrum in the short-wave region is complicated to analyze since it is nit separated into individual peaks that most prob-

ably is connected with the combined deposition of a number of vanadium poly-acids: 3V2O5·2Н2O (H4V6O17), V2O5·Н2O 

(HVO3), V2O5·2Н2O (Н4V2O7), V2O5·3Н2O (H3VO4), V2O5·0.5Н2O (Н2V4O11), Н6V10O28. Within the structure of these 

compounds, there is a considerable amount of hydration water, which is removed at 300°C.

Fig. 4. Deposit IR-spectrum obtained after vanadium deposition from acid solution.
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 Sorbent MM after regeneration was transferred again into a highly dispersed conditions and was suitable for repeated 

use. After fi ve cycles, the absorption properties did not deteriorate.

 The high effi ciency of vanadium compound absorption on modifi ed MM is confi rmed by results of studies in treating 

washing water of the Chusovskoi Metallurgical Plant (ChMZ). With an original vanadium concentration of 0.18 g/dm3, ex-

traction of vanadium was 95.5%. The fi nal product contained phases V2O5 (95.2%) and MnV2O6 (4.8%). The weight content 

of vanadium in terms of pentoxide was 99.01%.

 Conclusions
 1. The possibility has been demonstrated of modifying sorbent based on montmorillonite (MM) for selective extrac-

tion of vanadium from solution.

 2. Good effi ciency has been established for absorption of vanadium compounds on modifi ed MM. Absorption is due 

to the formation in surface layers of compounds of vanadate ions with amines of the ionic associate type.

 3. During sorbent regeneration, vanadate ions are replaced by chloride ions by an ion exchange mechanism, and 

vanadium anions are removed from the sorbent surface by washing in a solution of ammonium chloride.

 4. During absorption of vanadium compounds on modifi ed MM, the value of total volume capacity is 0.64 mmole/g 

with a linear solution passage rate of 18 m/h, which is 20% better than the capacity of ionite AK-22 (0.51 mmole/g with a 

linear solution passage rate of 5 m/h).
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