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Abstract The article provides information on determining the suitability of the Khiva mine for use in glass production by
enrichment of feldspar quartz sand. Based on complex physical and chemical analysis, it was found that quartz sand mainly
belongs to quartz and feldspar, as well as a small amount of hematite, chlorite and calcite minerals. It was found that the
chemical composition of quartz sand consists of 86-87% silicon oxide, but iron oxide, which has a negative effect on glass
production, is up to 1.25%. Based on the selected enrichment technology, reduction of iron oxide from 1.25 to 0.05% and

other harmful additives from 10.05% to 1.82% was achieved.
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1. Introduction

In the production of inorganic materials on a global scale,
great attention is being paid to the development of
technologies for the enrichment of raw and man-made
resources and the production of low-cost, high—quality
products. The quality indicators of the used raw materials are
considered to be the main factor, and it is noted that the
reserves of high quality raw materials are decreasing, and the
quality indicators of the new mining raw materials do not
meet the standard requirements. The glass products produced
on the basis of raw materials are becoming one of the
most important industries worldwide and determine the
development of a number of production sectors. Based on
this, it is important to produce glass products based on
concentrates obtained from inorganic and man—made raw
materials using enrichment technologies [1,2].

However the large numbers of siliceous raw materials,
which are considered important for the production of silicate
materials, there are few mines that use them without
enrichment for the production of glass and glass products [3].
The quality of glass and ceramic products depends on the
chemical and mineralogical properties of the raw materials
used [4]. One of the main problems of processing silicate
materials is the high consumption of energy in the processing
of raw materials.
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Currently, a number of researches are being carried out in
the world on enrichment of low—quality raw materials and
man-made waste, acceleration of technological processes in
the production of inorganic materials, and improvement of
their properties and characteristics. In this regard, in the
production of glass products, special attention is paid to the
production of glass with high transparency, the development
of new effective compositions, and the introduction of
innovative technologies that save energy and resources [5,6].

This article describes the research on the enrichment of
quartz sands of the “Khiva” deposit which is located in
Khorezm province of the Republic of Uzbekistan, as well as
their use in the silicate industry.

2. Material and Methods

The quartz sands of the “Khiva” deposit, located in the
Khorezm region, were studied as a research object.

IR transmission spectra of glass samples were obtained at
room temperature in the wavelength ranges of 4000-400
cm-1 and 4000-300 cm-1 using a SPECORD M-80 (Carl
Zeiss JENA) spectrophotometer with a spectral resolution of
4 cm-1. The research analysis is based on the principle of
two—beam measurement with the determination of the
electrical zero point and double interruption [7].

To identify the phase composition of the component used
and the obtained samples, X—ray phase analysis was used on
a LABX XRD-6100 SHIMADZU diffractometer using
CuKa radiation (B—filter—Ni, wavelength 1.5418 A, current
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mode and tube voltage 30 mA, 30 kW) [8].

The granulometric, chemical, chemical-mineralogical
composition of raw materials was determined by physical—
chemical analysis [9-11].

3. Results and Discussions

“Khiva” mine, in the upper part of the earth’s surface, the
depth is from 2.0-3.0 m to 20.7 m, in some places the height
of the piles reaches 10-25 m. Mineral deposits in the mine
belong to the group of eolian sands and are located in the
form of mine plast. The color of the sand grains is light
yellow and it belongs to quartz sand according to its
composition [12-13] (Figure 1).

The chemical and chemical-mineralogical composition of
quartz sand of the Khiva mine was studied. It was found that
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the chemical composition consists mainly of silicon oxide up
to 86.54 percent and there are also small amounts of
aluminum, calcium, sodium potassium and iron oxides. The
chemical composition is given below: SiO,-86.54;
Al,03-2.78; Fe,03-1.25; CaO-1.50; Mg0O-0.32; K,0-1.72;
Na,0-1.91; TiO,-0.02; SO4-0.50 and LOI 3.11.

In order to determine the mineralogical composition of
raw samples, X-ray phase analyzes were carried out (Figure 2).

The results of the X—ray phase analysis showed that quartz
sand contains mainly quartz mineral diffraction lines
(d=0.425; 0.334; 0.245; 0.228; 0.223; 0.212; 0.197; 0.181;
0.167; 0.138; 0.137 nm) and feldspar minerals (d=0.4
02; 0.384; 0.376; 0.346; 0.324; 0.318 nm). It was also
determined that there are small amounts of hematite
(d=0.366; 0.228; 0.145 nm), chlorite (d=1.051; 0.710; 0.647
nm) and calcite (d=0.302; 0.289; 0.228 nm) minerals with
low intensity.

Schematic geological section of the Western section of the
Khiva dune sand deposit
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Figure 1. The scheme of the geological section of the western division of the Khiva deposit
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Figure 2. X-ray of quartz sand sample
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According to the results of the analysis, it was found
that these sands belong to the group of fine—grained
quartz—feldspar sands, and the main mineral in the
composition is high—grade oblong—cylindrical a—quartz. The
main part of the examined Khiva sand quartz is transparent,
its bulk density is 1.42—-1.49 g/cm?, its actual density is 2.63
g/em?, and the amount of grains larger than 5 mm in the sand
content is up to 0.15%. It was determined that the amount
of clay or dusty mixtures in the sample is equal to 25-26%.
In the process of granulometric analysis, the residue on the
0.8 mm sieve was 1.61% and the residue on the 0.1 mm sieve
was-0.11%. This indicator partially meets the requirements
of GOST 22551-77.

21

Based on preliminary studies, it was determined that
enrichment of these sands is required to obtain colorless and
transparent glass enamel frits from this raw material.

In the process of beneficiation of quartz feldspar sand of
the Khiva mine, studies were initially carried out using
traditional technologies. Based on the results of the analysis,
it was scientifically proven that the existing traditional
technologies are not effective for this resource.

Due to the specificity of the composition, it was found
appropriate to use combinations of methods of enrichment—
washing, gravity, classification (by size-0.8+0.1 mm),
scrubbing, sorting in the electromagnetic field, flotation.

Table 1. The chemical composition of quartz sand obtained by enrichment of raw samples
The changes in the amount of basic oxides Sand stamp according to
Samples in the composition, % GOST 22551-2019
sio. | ALO, | Fe0, |  others
Initial sample
D-0 | 806 | 264 | 125 | 1005 |
Sand sample after classification
D-1 | 895 | 15 | oo | 805 | -
A sample of classified, flotation and scoured sand
D-2 | o5 | 13 | o4 | 715 |
A sand sample that has been classified, flotation, scoured and subjected to an electromagnetic field
D-3 | oro7 | 106 | o005 | 182 | B-100-2
q=42 q=2.0
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Figure 3. The image of EPR analysis of Khiva quartz feldspar sands. 1-unenriched sample; 2—sample after enrichment
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Figure 4. X-ray image of an enriched sample quartz sand of Khiva deposit
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The amount of the main components (SiO,, Al,O; and
Fe,03) in the samples taken on the account of raw material
enrichment was determined based on the established
normative documents (Table 1).

Electron paramagnetic resonance (EPR) analyzes
were conducted in order to determine the valency and
coordination state of iron compounds in the sample sands
(Figure 3).

It is known [14] that iron ions (Fe**, Fe*") in crystalline
and vitreous solids are formed when the EPR spectrum lines
have values of spectroscopic separation factors equal to
g-2.0 and g-4.0. CdO-ZnO-Fe,03-R,05-Si0O, system
glasses (where R-V, Al, Ga) and SaO-MgO-Fe,05-SiO,
according to the results of the analysis, the lines in the
interval g=4.1 x+4.3 are in the coordination state [FeOy]
belongs to, and when g=2.0 it corresponds to octahedral
groups [FeOg].

The results of the analysis based on these given data were
also consistent with the data presented in this source for the
quartz sand of the Khiva mine under study. It was found that
the intensity of the EPR lines was high in non—enriched
sands, and decreased in intensity in enriched samples.

X-ray phase analyzes of the sample taken as an object
in the research work after enrichment of sands were carried
out. The results of the analysis show that in these samples
before enrichment (Figure 2), the intensity of diffraction
peaks of minerals decreased, in particular, chlorite (1.051;
0.710; 0.647 d, nm), calcite (0.385; 0.303; 0.289; 0.228 d,
nm), hematite (0.366; 0.228 and 0.145 d, nm) peaks were
completely lost (Figure 4).

As a result of a large number of researches, a unique
technology of beneficiation of Khiva quartz sand with
optimal technological parameters has been developed.

4. Conclusions

The quartz sand of the “Khiva” mine was subjected to a
comprehensive physical and chemical analysis. Based on
complex physical and chemical analysis, it was found that
quartz sand mainly belongs to quartz and feldspar, as well as
a small amount of hematite, chlorite and calcite minerals. It
was found that the chemical composition of quartz sand
consists of 86-87% silicon oxide, but iron oxide, which has a
negative effect on glass production, is up to 1.25%. Based on
the selected enrichment technology, reduction of iron oxide
from 1.25 to 0.05% and other harmful additives from 10.05%
to 1.82% was achieved.
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