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On methods of modifying natural minerals 

Abstract: Recently, more and more attention is paid to the ecological safety of the republic due to the increased threat of 

environmental pollution by radionuclides, particularly by uranium, while the processing of uranium-containing raw materials 

generates a significant amount of liquid industrial waste. The main waste disposal method is a sorption, which requires the use of 

inexpensive sorbents. Such sorbents can be obtained on the basis of domestic natural raw materials. The significant disadvantages 

of natural sorbents are a low sorption capacity, which can be increased by developing effective and relatively cheap methods for 

their modification. The absence of the methods of modification is a limiting factor for the widespread using of natural sorbents for 

environmental purposes. Variants of modification of natural aluminosilicate and coal-mineral raw materials of Kazakhstan by physical 

and chemical methods are considered. The chemical methods include the modification with a mixture of tributylphostat and di-2-

ethylhexylphosphoric acid in kerosene to obtain "solid-phase extractants", a mixture of phosphoric acid and polyacrylamide, and the 

synthesis of organominerals. The possibility of using technogenic raw materials as a modifying reagent has been studied. Zeolite of 

the previously unexplored Kosmurun deposit and shungite of the Koksu deposit were selected for research, and slags of phosphorus 

production were selected as a technogenic raw materials. Their physical and chemical properties have been studied. 
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Introduction 

Recently, more and more attention is paid to the ecological safety of the republic, due to the 
increased threat of environmental pollution by radionuclides, particularly by uranium. While the processing 
of uranium-containing raw materials, a significant amount of liquid industrial waste is formed, the main 
method of the processing is sorption, which requires the use of inexpensive sorbents of complex action. 

There are in Kazakhstan a significant reserves of mineral raw materials, which are of interest in 
natural ion-exchange materials. The availability of mineral and coal-mineral raw materials, their low cost, 
ease of using and existing environmental problems necessitate the production and study of new sorbents 
with a complex of valuable properties for the extraction of radionuclides. 
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Against the background of significant and diverse mineral raw materials with sorption properties, 
shungites and zeolites occupy a special position as the most studied. The significant disadvantages of natural 
sorbents include low sorption capacity, which can be increased by developing effective and inexpensive 
methods for their modification. 

The ability of zeolites and zeolite-containing rocks to effectively absorb and retain radionuclides has 
been shown in many works [1-6]. 

Various options for obtaining sorbents with improved sorption and kinetic properties are used. For 
the formation of new adsorption centers, increasing the sorption capacity and selectivity of the sorbent, use 
inorganic materials modified with amidoxime or iminodiacetate groups, as well as salts of heteropoly acids 
[7, 8]. Sorbents with amidoxime groups on various carriers have shown high efficiency in the extraction of 
radionuclides, as well as good kinetic properties [9-12]. 

Main Research Part 

To isolate radionuclides from complex technological solutions, sorbents with diphyryl, 
aminophosphinate, carbamoylmethyl-phosphinate and other phosphorus-containing functional groups have 
been developed, which are capable of producing stable complexes with radionuclides [13-16]. 

The synthesis of organopolymers takes a special place in the preparation of modified sorbents. This 
is how an organozeolite was synthesized based on natural zeolite-containing tuffs and a water-soluble 
polymer of polyhexamethylguandine, as well as epichlorohydrin as a cross-linking agent, which 
simultaneously exhibits cation-exchange, anion-exchange and bactericidal properties [17]. The sorbent is 
highly selective to oxygen-containing anions and uranium carbonate complexes. 

All described methods were developed using foreign raw materials. Organopolymers for the sorption 
of copper (II), lead, and molybdenum ions have been synthesized on the basis of Kazakhstan [18]. 

At the same time, there are no real methods for obtaining modified sorbents that would have proven 
themselves well in the processes of uranium sorption. In this regard, the problem of obtaining modified 
sorbents based on natural raw materials remains relevant for the nuclear industry. 

We used a previously unexplored zeolite from the Kosmurun deposit and shungite from the Koksu 
deposit as an initial raw material. 

For research, we used chemical, X-ray phase, thermogravimetric, mineralogical methods of analysis, 
as well as the method of electron microscopy. 

According to physicochemical studies, zeolite has the following elemental and phase composition 
(Tables 1 and 2). 

Table 1 – Elemental composition of the original zeolite 

SiO2 Al2O3 Fe2O3 Na2O CaO К2O MgO P2O5 MnO TiO2 Other 
impurities 

SiO2 / Al2O3 

62,2 13,4 5,9 1,6 5,3 6,5 2,2 0,4 0,2 0,5 1,8 4,6 

Table 2 – Phase composition of the original zeolite 

Name Formula Zeolite 
Clinoptilolite (Na, K, Ca)6(Si,Al)36O72.20H2O 21.5 
Quartz SiO2 21.3 
  Albite Na(AlSi3O8) 19.4 
Diopside Ca(Mg,Al)(Si,Al)2O6 13.9 
Hematite Fe2O3 9.3 
Lomontitis Ca(H2O)2.8(Al2Si4O12)(H2O).5 7.8 
Erinith ((Fe+2,Fe+3,Al)3Mg3(Ca,Na)4(Si13.5Al4.5O42) (OH)6)·11.3H2O 6.8 

Figure 1 shows the results of a thermogravimetric study of a sample of the original zeolite. 
DTA analysis shows that an endothermic effect with extrema at 236 ° C, 364 ° C and an exothermic 

effect with a peak at 749.5 ° C were recorded, which can be interpreted as a manifestation of harmotom 
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zeolite - Ва[Al2Si6O16]. The first two effects reflect the stepwise dehydration, the exothermic effect - the 
destruction of the lattice, amorphization of the decay products. The combination of the endothermic effect 
with maximum development at 236 ° C (dDTA curve) and the exothermic effect with a peak at 822.8 ° C (dDTA 
curve) may reflect the presence of chabazite zeolite - (Са,Na2)(Al2Si4O12)6Н2О.. In the area of the development 
of the endothermic effect, the process of dehydration takes place, and in the area of the exothermic effect, 
the process of destruction of the crystal structure with the formation of an X-ray amorphous phase. The 
combination of an exothermic effect with a peak at 464.6 ° C (DTA curve) and an endothermic effect with a 
maximum development at 236 ° C (dDTA curve) may be a manifestation of calcium-type clinoptilolite - 
Са[Al2Si7O18]6Н2О. 

The endothermic effect with a maximum development at 582.8 ° C (DTA curve) could manifest itself 
as a result of the implementation of various processes in various phases. The dDTA curve shows that this 
effect breaks down into two effects - with extremes at 553.5 ° C and 573.4 ° C. There are also two minima on 
the DTG curve - at 555.9 0С, 571.7 0С. Therefore, in the area of its development, dehydration of the analcime 
zeolite - Na2[AlSi2O6]ꞏ2Н2О is possible. Also, dehydration of impurities of some clay minerals is likely here - 
illite (hydromica) (Са, Na) Al2[(ОН)2AlSi3O10] (Н2О)2, afrosiderite (ferrous chlorite) - 2SiO2Al2O3(FeO)ꞏН2О. In 
superimposition, the endothermic effect with a maximum development at 573.4 ° C may be a manifestation 
of the polymorphic transformation of quartz (SiO2). The endothermic effect with the maximum development 
at 721.7 ° C can be a reflection of the dissociation of calcite, and the endothermic effect with the maximum 
development at 853.3 ° C (dDTA curve) is a reflection of the transition of the calisilite impurity 
(K2OAl2O3ꞏnSiO2) from the hexagonal to the rhombic modification. This same effect, in overlay, can reflect 
the decay of the illite lattice. The endothermic effect with an extremum at 788.1 ° C can be a manifestation 
of dehydration of an admixture of finely dispersed muscovite - K2O3Al2O36SiO2ꞏ2Н2О. A weak exothermic 
effect with a peak at 995.6 ° C may reflect the crystallization of illite lattice decomposition products. 

In superimposition, a combination of endothermic and exothermic effects in the temperature range 
of 100 - 600 ° C can be a manifestation of iron hydroxides - goethite, lepidocrocite, amorphous hydroxide. 

Figure 1 -  Zeolite thermogram 

Deep mineralogical studies, as well as data obtained with the JXA-8230 electron probe microanalyzer 
from JEOL, also showed a complex composition and noted the structural features of the initial raw materials. 
In particular, comprehensive physicochemical studies have confirmed that the mineral belongs to the 
calcium-type zeolite, which is not typical for the studied zeolite raw materials of Kazakhstan; it is 
distinguished by structural features inherent in calcium-type clinoptilolite. 

Shungite is a unique natural formation, lying in the form of shungite rocks and representing a 
compacted mechanical mixture, the main components of which are finely dispersed phases of noncrystalline 
carbon and silicon dioxide, which form a single composite system. The elemental composition of shungite is 
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presented in Table 3. According to X-ray phase analysis, the shungite of the Koksu deposit consists of quartz, 
siderite, muscovite, albite and clinochlore.  

Table 3 - Shungite composition 

С К Al Si Fe S Na Mg P Ca Ti V О Mn 

15,0 0,83 3,52 14,9 2,9 0,05 0,12 0,90 0,26 16,43 0,26 0,16 43,2 0,12 

Natural shungite, like zeolite, has a low sorption capacity for uranium. 
In the process of research, three options for the technology of shungite beneficiation by flotation 

were proposed and tested. The optimal variant was turned out to provide for froth flotation of shungite rock, 
preliminarily crushed to a fraction of 71 microns, with the addition of lime to create a pH of the medium 
equal to 8.0-9.0 and water glass for depression of gangue minerals. Kerosene was used as a collector, and T-
80 was used as a blowing agent. The composition of shungite concentrate is shown in Table 4. The flotation 
scheme is shown in Figure 2. 

Initial material 

Agitation -5 min. 
Kerosene 500 g/t 
Т-80 60 g/t 

___________  Flotation 15 min  ___________ 

concentrate wastes 

Figure 2 - Shungite flotation scheme 

Table 4 - Shungite composition of the Koksu deposit after flotation 

Product name Out
put, 
% 

Content, % recovery, % 

C O Al Si S K Fe C O Al Si S K Fe 

Test №3 

Concentrate 43,2 21,0 40,9 3,29 14,8 0,05 0,77 3,1 60,5 40,8 40,3 42,9 47,9 39,9 46,1 

Wastes 56,8 10,4 45,0 3,7 14,9 0,04 0,88 2,8 39,5 59,2 59,7 57,1 52,1 60,0 53,9 

Ore 100 15,0 43,2 3,52 14,9 0,05 0,83 2,9 100 100 100 100 100 100 100 

It follows from the table that in the process of flotation shungite enrichment in carbon is observed, 
in the resulting concentrate the carbon content increased to 21%. X-ray phase studies have shown that with 
the enrichment of shungite, the content of quartz decreases, dolomite is almost completely transformed, the 
content of siderite, microcline, albite and muscovite increases, and new phases appear, such as clinochlore 
and epidote. 

As mentioned above, natural minerals have a low sorption capacity [19, 20, 21], which can be 
increased by modification. 

In the course of our research, we have developed and tested physical and chemical methods for 
modifying natural minerals. 

Ultrasonic activation is one of the modern ways to accelerate the course of various chemical 
processes. Analysis of literature data shows that ultrasonic treatment of sorbents in a liquid medium 
contributes to the emergence of cavitation, which is one of the main reasons for the acceleration of 
physicochemical processes, which leads to the intensification of the sorption extraction of components from 
a liquid medium. However, in some cases, the effect of ultrasound on the sorbent can be one of the reasons 
for reducing its mechanical strength, especially of natural sorbents. In this regard, it was proposed to act not 
on sorbents, but on a liquid medium (chemical reagents) with their subsequent activation of natural materials 
[22, 23]. 
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Chemical methods of modification included the treatment of natural minerals with organic 
extractants, phosphoric acid in combination with polyacrylamide by the method of obtaining "solid-phase 
extractants", as well as the synthesis of organominerals based on natural sorbents and organic compositions. 
Organic compositions were formed on the basis of dimethylformamide (DMF), glycidyl methaacrylate (GMA), 
and a solution of oxyethylene diphosphonic (OEDP) acid in the presence of a catalyst of 0.02% benzoyl 
peroxide (PB). All three options have proved to be good in uranium sorption tests. 

The uranium content in waste solutions, as a rule, is 5-15 mg / dm3. In this regard, we have adjusted 
the productive solution in accordance with the given uranium concentration and studied the sorption process 
by modified zeolite and shungite. The kinetic dependences of the sorption of uranium in a static mode from 
the imitate showed that it is possible to extract uranium by more than 90% with modified sorbents already 
in the first 45 - 50 minutes. 

These modified sorbents can be used for analytical purposes, as well as in low-tonnage production 
conditions. Their widespread use for the disposal of large volumes of liquid uranium-containing waste is 
unprofitable. Currently, work in this direction continues. In order to reduce the cost of modified sorbents, 
studies are being conducted on the possibility of using technogenic raw materials as modifiers, in particular, 
phosphorus slag, which is a waste of the phosphorus industry and is formed during the electrothermal 
production of yellow phosphorus. According to the conducted physicochemical studies, the main phase of 
the phosphorus slag - calcium silicate - is represented by the amorphous phase of volostanite. The slag also 
contains small amounts of calcite and ankerite, phosphorus is present in the form of lazulite. 

Studies in the field of calcium silicate synthesis have shown that rational and environmentally friendly 
options include methods based on the interaction of initial components in an aqueous medium at elevated 
temperatures and, in some cases, pressure, i.e. hydrothermal method. The hydrothermal method allows not 
only the synthesis of hydrosilicates, but also affects their structure and particle morphology. Hydrothermal 
conditions simulate the formation of minerals in the earth's interior. As the aqueous phase, calcium salts and 
sodium chloride are usually used. 

Conclusion 

To sum up, it was found that during the hydrothermal treatment of slag in a carbonate medium, with 
an increase in temperature, the amorphous phase is transformed into a crystalline phase, and the 
morphology of particles also changes: the conglomerates existing in the initial sample gradually change their 
shape and turn into particles of an acicular structure. During the hydrothermal treatment of phosphorus slag 
with sodium chloride, its amorphous structure is retained. 

Several options for modifying natural minerals have been developed. An indicator of one or another 
modification method is the sorption process. 

Studies have shown that the sorption capacity of modified sorbents increases when natural minerals 
are dressed with phosphoric slag, activated in a chloride medium, and iron in a carbonate medium. This 
technique can be used to separate them. 
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