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Abstract. The Angren lignite basin is a complex coal-kaolin deposit. Here, 

in addition to brown coal, there are large reserves of kaolin clays of two 

types - primary and secondary, occurring respectively in the soil and the roof 

of the coal strata. Secondary clays, in turn, subdivided into gray and 

variegated, which during overburden and mining of coal seams in the bulk 

go to the dump. Gray kaolins currently partially processed at the “Angren 

Kaolin” LLC factory in order to obtain enriched kaolin used for the 

production of building ceramics, etc. 
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1.INTRODUCTION.  

Since a significant increase in the volume of processing of gray and variegated kaolins in the 

production of ceramics and for the production of alumina is planned, it seems appropriate to 

study the possibility of additional enrichment of waste obtained during the enrichment of 

kaolins and representing quartz sand, largely clogged with mineral impurities. The task of 

complex enrichment of sands - wastes of kaolin production included obtaining enriched 

quartz sand in the form of quartz concentrates of sufficiently high quality, as well as pyrite 

and siderite concentrates along the way, which can also be used in industry. Thus, the solution 

of this problem raised the question of the possibility of waste-free use of all the minerals of 

the Angren coal basin. The integrated use of secondary kaolins would increase the 

profitability of production and provide enterprises in Uzbekistan with high-quality quartz raw 

materials. 

2.MATERIALS AND METHODS.  

The study of the material composition of quartz sands - secondary kaolin enrichment waste 

showed that they contain mainly free silica, as well as (in a significant amount) alumina, iron 

oxides, sulfide sulfur and other impurities, which indicates the low quality of the investigated 
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quartz sand, highly impoverished with mineral impurities in Table 1. Granulometric 

analyzes, the construction of summary curves of the granulometric composition and 

distribution curves of the main components by size classes established a uniform 

granulometric composition of sand, as well as a uniform distribution by size classes of the 

main chemical components polluting it - iron oxide, pyrite sulfur, alumina, etc. (Fig.1, 2). 

 

Table 1 

The results of chemical analysis of the average sand sample from the tailings of gray 

and variegated kaolins 

Component 

The content of chemical 

components in the tailings of 

gray kaolin, % 

The content of chemical 

components in wastes of 

enrichment of variegated 

kaolins, % 

SiO2 70,90 86,22 

Al2O3 10,20 6,42 

FeO 2,77 0,14 

Fe2O3 3,98 0,77 

TiO2 0,35 0,33 

Ssum. 2,80 0,00 

Sval. 2,98 0,07 

MnO 0,04 0,00 

MgO 0,67 0,09 

CaO 0,59 1,40 

Na2O 0,27 0,18 

K2O 0,20 0,78 

CO2 1,70 1,23 

BaO 0,15 0,00 

-H2O 0,93 0,21 

+H2O 1,47 2,16 

 

Variegated kaolin waste differs from sulfur kaolin waste in the absence or low content of 

pyrite and siderite. The difficulty of enriching quartz sand is aggravated not only by its 

complex mineralogical composition, but also by the presence of a large number of defective 

grains in it - fine-grained quartz aggregates with inclusions of dark-colored minerals. The 

possibilities of deep enrichment of quartz from waste sands are also limited by the technical 

requirements for the granulometric composition of enriched sand, which should not be too 

thin (at least 0.2 mm). 
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Fig. 1. A) summary curves of the granulometric composition of the original sand;  

B) distribution curves: 1 - by silica size classes, 2 - iron oxide (2), 3 - pyrite sulfur 
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Fig. 2. 1 - total curves of the granulometric composition of the original sand; 2 - sand 

after scrubbing; 3.5 - silica distribution curves; 4,6 - iron oxides. 
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The presence in quartz sand of a large number of various impurities with various physical 

and chemical properties necessitates the implementation of various enrichment processes. 

Flotation, magnetic separation, and gravity methods used to extract iron sulfides from sand. 

First, sand grains had to clean of clay films and impurities, as well as to destroy independent 

aggregate grains and particles of kaolinite - halloysite. This achieved by the methods of 

disintegration and grinding of sands in a ball mill with a small load of small balls, followed 

by the separation of fine sludge from the sandy fraction by washing. Film oxides of the 

surface of quartz grains partially rubbed off, partially dissolved by hydrochloric acid. 

However, due to the complex mineral composition of sand, each of the tested enrichment 

operations was not effective enough and did not provide the desired results when enriching 

its quartz fraction, although for some minerals extracted from sand (for example, pyrite and 

siderite), quite high-quality concentrates were obtained that meet technical requirements. 

3.RESULTS.  

The study of the dressability of waste sands carried out by various methods using simple and 

combined enrichment schemes.  
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Fig.3. Schematic diagram of the enrichment of sands-wastes of enrichment of secondary 

kaolins 
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Fig.4. Gravity-magnetic scheme of sand enrichment 

 

According to all the tested schemes, a quartz concentrate obtained, suitable for use in a 

particular industry. The highest enrichment rates were obtained with a magnetic-gravity 

scheme (Fig. 3), which includes the screening of a coarse fraction (+2 mm class), grinding 

and partial grinding of sand in a metal mill to 0.315 mm, enrichment on a concentration table, 

subsequent refining of the obtained sands and gravity concentrate also on the concentration 

table. Subsequently, the sands were subjected to magnetic separation in a separator for 

weakly magnetic ores (magnetic field strength up to 20,000), and pyrite concentrate in a 

magnetic separator (magnetic field strength up to 10,000). Since the enrichment wastes of 

variegated kaolins contain a small amount of pyrite and siderite, the enrichment scheme for 

them is simplified - magnetic separation is excluded (Fig. 4). 

4.DISCUSSION.  

According to the recommended scheme, quartz concentrates obtained that conditioned for 

fine ceramics, molding sands and other types of industrial products. From the tailings of gray 

kaolins, a quartz concentrate obtained with a content of SiO2 - 95.06% and Fe2O3 - 0.18% 

with a yield of 43.2% pyrite concentrate suitable for sulfuric acid production, with a sulfur 
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content of 47.02% and iron (siderite) concentrate with iron content - 35.76% with a yield of 

5.9%. 

From sands - wastes of enrichment of variegated kaolins, a quartz concentrate obtained 

containing SiO2 - 94.7% and Fe2O3 - 0.23% with a yield of 48.5%. Technological results of 

enrichment according to the developed scheme given in Table 2.  

The use of more expensive operations, for example, hydrochloric acid leaching of a quartz 

product in order to obtain high-quality quartz concentrates, did not give positive results. 

 

 

TABLE 2 

Results of enrichment of waste and variegated kaolins 

 

 

Note. Granulometric composition of quartz concentrates: 67.0% class -0.315 +0.1; -0.1 

+0.044; 3.2% grade -0.44mm 

5.CONCLUSION.  

The conducted studies have shown the complete possibility of obtaining secondary sulfuric 

and variegated kaolins of quartz, as well as pyrite and siderite concentrates suitable for 

industrial use from the tailings. With a large scale of mining planned in the Angren coal 

basin, it is economically feasible and possible to organize waste-free production with the 

production and sale of pyrite and siderite concentrates in addition to currently produced coal 

and kaolin. 
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