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Abstract: The paper presents the results of the synthesis of the xerogel of vanadium in the interaction of vanadium pentoxide and 
ammonium. It is shown that as a source of vanadium pentoxide can be used successfully vanadium carbonaceous - siliceous shales. Using 
obtained vanadate ammonium in receiving technology of vanadium xerogel  is more cost effective process than the use for this purpose the 
chemical reagent. Integrated use of this unique raw material is a critical component of modern waste-free and environmentally friendly 
technologies to highlight not only the connection of valuable components, but also the raw material for the production of vanadium xerogels. 
Synthesized by sol-gel method based on vanadium oxide xerogels with partially ordered highly layered structures already are widely used in 
various fields of science and technology due to their unique properties. Scope xerogels vanadium: production photocatalysts, composites, 
membranes and ion exchange materials. 
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1. Introduction 
Vanadium compounds are of great interest in terms of their 

use in processes for the preparation of anisotropic morphologies. [1] 
So-precipitated vanadium pentoxide in the presence of the template 
in the synthesis of compounds with highly complex structure, on 
which is formed a xerogel metal. 

In practiced technology, vanadium pentoxide and its 
compounds which is raw material basis for the synthesis of the 
xerogel is derived from ammonium vanadate by its drying and 
calcination.  

The source of ammonium vanadate in the Republic of 
Kazakhstan can serve as a carbon-siliceous shales Big Karatau 
deposit with reserves of hundreds of millions of tons of [2-3]. 

Organization of processing of uranium-bearing shale will 
not only comprehensively used in the mineral extraction along with 
uranium and vanadium, but also to solve environmental problems, 
as the vanadium compounds are relatively toxic reagents. 
Furthermore, the use of ammonium vanadate obtained xerogel 
vanadium technology will be more economical process than the use 
for this purpose the chemical reagent of the compound. 

The elemental composition of the useful components shale 
besides uranium and vanadium are listed in Table 1. 
 

Table 1: The elemental composition of carbon-siliceous shales 
Karatau 

 
Components Contents, % mineralogical 

consist 

Structure 

 

Si 

 

47,00 

 

SiO2 

 

Amorphous 

 

C 

 

10,06 
carbon  

Amorphous 
 

O 

 

35,00 
– – 

 

V 

 

0,60 

 

VO2 

 

Cubic 
 

U 

 

0,03 

 

UO2 

 

Cubic 
 

Mo 

 

0,02 

 

CaMoO4 

 

Orthorombic 
 

REE 

 

0,10 

 

REE 

 

Sphere 

 
The ratio of the basic components of oil shale is shown in 

Figure 1. 
 

 
1– SiО2; 2 –  С; 3 – Fe2О3; 4 – Al2О3; 5 – CaО; 6 – V2O5; 7 – BaО;                             

8 – P2О5;  9 – MgО; 10 – MnО; 11– other 
Fig. 1 The ratio of the basic components of oil shale 

 
Integrated use of this unique raw material is a critical 

component of modern waste-free and environmentally friendly 
technologies to highlight not only the connection of the components 
but also the raw material for the production of vanadium xerogel, 
which represents the prospect of using both scientific and practical 
interest. 

In the development process for the synthesis of the xerogel 
vanadium as the starting vanadium compound, ammonium 
metavanadate was selected, resulting in the processing of oil shale 
Greater Tau. The source was ammonium metavanadate 
crystallization process. After the crystallization process X-ray 
analysis has shown [4] that it contains 99,6% NH4VO3. 

Further, to obtain vanadium pentoxide as a raw material for 
the synthesis of the xerogel vanadium we used the ammonium 
metavanadate, highlighted earlier. X-ray analysis of the source of 
vanadium pentoxide, which is prepared from the vanadium solution 
has shown [5-6] that it comprises 98% V2O5 and 2% oxide of 
tetravalent vanadium VO2. 

It is found that the analyte vanadium compound substance 
has a pronounced crystalline structure. 

It is known that most of the nanomaterials may be regarded 
as nanostructured materials having a hierarchical structure, and 
polyfunctional [7]. As noted above, the strategic direction of the 
preparation of such materials is the use of the principles of self-
organization and self-assembly, allowing to achieve fast and 
efficient form of nanomaterials. The key to this approach is the use 
of different templates - intermediate controlling interaction at some 
level, and contributing to structural elements of a complex system 
in a certain way to self-organize. 
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2. Experimental procedure  
 

In this paper, in order to synthesize a vanadium-containing 
gel as a template was used ammonia, which is participating in the 
formation of ammonia complex with vanadium-oxygen framework 
[8], contributes to the formation of developed structure of the 
nanomaterial. 

Since the new generation of advanced structural 
morphology conducted under the entire contact surface of the 
components to occur at the atomic level, the addition of vanadium 
dissolved in the template should be carried out under intensive 
mechanical activation (at least 600 rev / min). 30% ammonia was 
added to the vanadium-containing solution according to 0.2-0.4 ml 
of a solution at a temperature of ± 22 ° C. 

Every 10 minutes the pH was measured and an aliquot of 
the test solution to determine the concentration of vanadium. When 
calculating the concentration of vanadium into account the dilution 
of the solution when introduced into a template. 
 

3. Results and discussion  
The results of the experiments are given in Table 2. 
 Upon reaching pH 3.4 the solution slowly begins to thicken 

with the image-vaniem sol vanadium compound with ammonia, 
rolling in the gel. 

Cintezirovanny gel vanadium compounds should have the 
spatial development structure with a vanadium-oxygen framework 
[9]. 

Table 2: Results of experiments on the synthesis gel based 
ammonia complex of vanadium 

τ, min VNH3,ml pН 

solution 

Cv2o5, 

g/l 

10 0,2 2,13 25,4 

20 0,2 2,42 23,1 

30 0,2 2,79 21,9 

40 0,3 2,96 20,3 

50 0,3 3,08 19,99 

60 0,4 3,28 19,43 

70 0,4 3,4 19,32 

80 0,4 3,92 19,29 

 
Controlling the gelling process we carried out by visual 

observation of external changes in the vanadium-containing 
solution in stages (Figure 2). 

 

 
       Solution                   Sol                       Gel                     Xerogel 

Fig. 2 The sequence of formation of vanadium xerogel 

 
In order to study the composition and structure of the 

synthesized gel vanadium material was selected physical and 
chemical analysis of X-ray diffraction, electron microscopy, atomic 
force, infrared spectroscopy and thermogravimetric methods in 
comparison with the results of the analysis of raw materials [4]. 

On the basis of physical and chemical methods of 
investigation found that the use as a template ammonia involved 
because of the electron-donor properties of nitrogen atoms in the 
formation of ammonium vanadium complex [(VO2)x(OH)y·nNH3]y-

xс vanadiumoxygen frame vanadium compound, and to achieve pH 
~ 3.5 resulting in the formation of the sol. Formation of the latter is 
due to the replacement of OH-groups in dekavanadium ion 
(VO2)10(OH)-6

16  ammonia. With further increase in the pH (~ 4) 
appears coagulation contact between particles, leading to the 
structuring of the material. In the process of aging and drying of the 
gel is removed and partially hygroscopic crystalline hydrate water, 
there is a transition of crystal water connections for connections of 
OH groups. Crystallization water not completely removed, resulting 
in a high degree of order in the films associated with the location of 
each of the water molecules opposite short double bond V = O. 
Consequently, the growth of the chains occurs preferentially in the 
plane OH-equivalent groups. Most VO-H groups consist of 
vanadium –oxygen layers, the width of which amounts to about 12-
18 nm. The layers have a morphology "whistle", in which the group 
VO-H characterized by significant structural flexibility. As a result 
of the transformation of the gel lost bond disappears and the 
template is formed xerogel having a porous mixed-layered, twisted, 
spatial development structure. 
4. Conclusion  

Thus, the creation of large-scale low-cost methods for the 
preparation of nanostructured materials - is one of the most difficult 
tasks facing science as its solution is necessary to use the results in 
technological processes. 

Despite the rapid development of nanotechnology, 
information on nanomaterials based on vanadium oxide require 
further development. Research towards the synthesis of 
nanomaterials based on vanadium oxide and studying their 
properties is of great importance for the development of not only 
the scientific bases of nanotechnology and nanomaterials industrial 
applications due to their unique properties. 
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