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RESULTS OF SCIENTIFIC ANALYSIS OF COAL

ANNOTATION

PROCESSING PRODUCTS

This paper investigated the total concentration of micronutrients in lignite and coals.
In addition, the results of spectrum analysis of SFKM-2 with two sodium salt reagent (HR) and its
complex with non-ferrous metals (Co2+ and Ni2+) (MeR) are presented.

In order to bring the quality of lignite and hard coal to the required level, it is necessary
to create a method of beneficiation. One of these methods is the development and introduction
of chemical processing and beneficiation technology of mined coal, and it is becoming an urgent
problem to create coal production technology that meets the requirements of clean quality. Electron
microscope image of 2BR-B2 Angren lignite before enrichment and its elemental composition results

are also presented.

Keywords: coal, fuel, gravity, flotation reagent, coal ash content, minerals, flotation,
combustion heat, chemical reagent, electron microscope, coal mine.

KO*‘MIRNI QAYTA ISHLOV BERISH NATIJASIDA OLINGAN
MAXSULOTLARINI ILMIY TAHLIL NATIJALARI

ANNOTATSIYA

Ushbu magola gong‘ir tosh va ko‘mirdagi mikroelementlarning umumiy kontsentratsiyasini
o‘rgandi. Bundan tashgari, SFKM-2 ning ikkita natriy tuzi reagenti (HR) va rangli metallar
(Co?* va Ni?*) (MeR) bilan kompleksi bilan spektral tahlil natijalari keltirilgan. Qo‘ng‘ir ko‘mir
va toshko“mir sifatini talab darajasiga yetkazish uchun boyitish usulini yaratish zarur.
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Bu usullardan biri gazib olingan ko‘mirni kimyoviy gayta ishlash va boyitish texnologiyasini
ishlab chigish va joriy etish bo‘lib, toza sifat talablariga javob beradigan ko‘mir gazib olish
texnologiyasini yaratish dolzarb muammoga aylanib bormogda. 2BR-B2 Angren go‘ng‘ir toshining
boyitishdan oldingi elektron mikroskopdagi tasviri va uning elementar tarkibi natijalari ham
keltirilgan.

Kalit so‘zlar: ko‘mir, yoqilg‘i, flotatsiyon reagent, gravitatsiya, ko‘mirning kul tarkibi,
minerallar, flotatsiya, yonish issigligi, kimyoviy reagent, elektron mikroskop, ko‘mir manbai

PE3YJIbTATBI HAYYHOI'O AHAJIN3A ITPOAYKTOB
NNEPEPABOTKH YT JUIA

AHHOTAIUA

B nannoit pabore uccimenoBaHa 00IIasi KOHIEHTpAIUs MHUKPOIJIEMEHTOB B OypoM THUTE
n yrmix. Kpome TOro, mpeactaBieHBl pe3yiabTaThl  criekTpambHoro axHaimmza CDOKM-2
¢ aByxHaTtpueBbiM peareHToM (HR) u ero xomruiekcom ¢ nBeTHbiMu MeTamiamu (C02+ u Ni2+)
(MeR). s Toro uto0bl JTOBECTH KAa4eCTBO OypOro M KaMEHHOTO YISl 10 HEOOXOIUMOIO YPOBHH,
HEe00XO0aMMO CO31aTh CII0CO0 00OoraeHusl.

OaHMM W3 TakUX METOJIOB SIBJISIETCS pa3pabOTKa M BHEAPEHUE TEXHOJIOIMH XUMUYECKOU
nepepaboTKi U oOoramieHusi Jo0OBIBAEMOIo YIJif, U aKTyaJbHOW 3a7auell CTAaHOBHUTCS CO3JaHHE
TEXHOJIOTUU JO0OBIYM YTJIs, OTBevaroniel TpeboBaHusM uncToro kadectsa.llpencraBieHbl Takxke
AIEKTPOHHO-MUKPOCKOMTUYECKOE M300pakeHre aHrpeHckoro 0yporo yris 2bP-b2 no oGoramenus
U pe3yJIbTaThl €ro JIEMEHTHOI'O COCTaBA.

KutoueBble cioBa: yroip, TOIIMBO, TPaBUTAIMS, 30JIbHOCTh YIJISI, MUHEpAIbI, (oTarus,
TEIJIOTa CTOPaHusl, XUMHYECKUI PEareHT, 3JIEKTPOHHBII MUKPOCKOII, YTOJIbHAS II1axTa

Introduction

Nowadays, the world’s leading scientific research centers are conducting scientific research
in the direction of creating economically effective technologies of coal enrichment and creating a new
generation of reagents used in these technologies [1].

In this regard, the selection of suitable raw materials for demineralization of coal with a high
ash level [2]; to determine the technological mode of reducing water consumption in the technologist
[3]; development of alternative conditions of gravity and flotation processes; determining the flotation
ability of the obtained flotation reagents [4]; scientific substantiation of the possibility of using
technological waste as secondary raw materials [5]; it is necessary to develop the technology of
beneficiation of unusable coal based on local raw materials.

Currently, there are small oil reserves in the Republic of Uzbekistan, and the volume of
production does not meet the needs of all sectors of the national economy [6]. In this regard, there
was a need to develop new methods of obtaining alternative fuel by processing coal resources located
on the territory of the republic [7], [8].

As a result, coal became the most important source of energy needed for the development of
industry and transport in a short time to meet the energy needs of the society [9]. Lignite 2BR-B2 and
2BOMSh-B2 brands, which have 1 million tons of reserves in the Angren coal mine in Uzbekistan,
remain unusable due to poor quality and low combustion heat, and this issue is becoming an urgent
problem [10].

Therefore, the aim of the research is to develop low-cost and high-efficiency beneficiation
methods for high-ash coals [11], [12].

For the last 30 years, the global energy supply generally falls into nuclear, hydro, wind, solar,
biofuels and waste, natural gas combustion, coal combustion, and oil combustion [13].
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Although clean energy (nuclear, hydro, wind, solar, biofuels, and waste) draws more and more
attention considering environmental problems, fossil fuels (oil, natural gas, and coal) accounts for
around 80% of the energy supply around the world due to high heat value and low costs, implying
that the consumption of fossil fuels will stay high for quite a long time [14], as shown in Fig. 1.

Figure 1. Current global energy supply ratio (IEA, 2019a)

It would be desirable to develop cheap and highly efficient methods of beneficiation of high-
ash coals. It is through beneficiation of coal that the raw material can be turned into a commercial
product that can compete with oil and gas in the organic energy market. This allows to expand the
use of coal, because enrichment removes slag and ash from the fuel, improves the quality of coal,
which is more economical for the consumer and prevents environmental pollution. It refers to the
requirements for the quality of coal by foreign consumers. Thus, today in all industrialized countries
from 70% to 90% of all mined coal is enriched, in particular in Germany - 95%, in Great Britain -
75%, in the USA - 55%. In particular, the world leaders in coal enrichment are South Africa and
Australia, where exported coal is 100% enriched [15].

Experimental

Method of determination: 2 ml of sulfanol and SFCM-1 reagent solution, 5 ml of universal
buffer solution pH=6.0, 50 pg/ml Ni(II ) solution was taken in a flask and mixed with distilled water
and brought up to the mark. The light absorption spectrum of the resulting new complex compound
was measured in a spectrophotometer "UV-1800" using standard quartz and glass cuvettes with a
thickness of 1-1.0 cm compared to the reference solution. of the reagent swallowing spectrum while
distilled to water relatively received. The results are presented in Figure 1. In this given swallowing
spectrum according to sulfanol and SFCM-1of the disodium salt reagent Ni (1) complex maximum
optical density light swallow branch | comp = located at 550 nm, 2,4-dinitro- sulfanol and SFCM-1
disodium salt reagent maximum optical density light swallow lower wave length in the field ie
Observed at A nm =440 nm ( AA= 110 nm). Harvest has been complex don’t join the highest optical
density from the value using (I=550 nm in sphere) (¢) molar turn off coefficient ¢ k value using the
following formula determined:

e k=A/C*| = 43500

Here: € « .ot the beam molar turn off coefficient;

C- of nickel (II). concentration (mol /I);

I- absorbing layer thickness (cm);

A- complex don’t join comparison solution relatively measured optical density value.
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Work developed of the method Sendel according to sensitivity indicator pg /cm?in units of
0.001 light swallowing using the following formula is:

. ©Q-1-0.,001 40-1.0-0,001
0. = = 0,00367mkg/sm2

C —
4.25 0,435 - 25

Sendel according to sensitivity values was determined. Received analysis from the results so
to the conclusion to arrive possible reaction somewhat to contrast (I= 110 nm) and average has
sensitivity (SBS 0.00367 pg /cm?.

Results and discussion

After the coal processing process the obtained minerals are dissolved with non-ferrous metals

and surfactants in the solution and it optical density results analyzed.
Sample-2

AbsobmeaAbe)

o znn ey -

W avealenszthinm)

Figure 2. SEFKM-2 is prepared by disodium salt reagent (HR) and his colorful metals
(Co ?* and Ni 2" with spectrum of the complex (MeR)

After the coal processing process the obtained minerals are dissolved with non-ferrous metals
and surfactants in the solution to the situation past colorful metals and in solution surface active
substance and with him mutually harvest did complex light repetition in a spectrophotometer was
measured results the following in the picture presented (Fig. 1).

When the absorption spectra of the organic reagent in solution and the absorption spectra
measured after immobilization on a solid fibrous sorbent were compared, the results were observed

to be identical.

Table 1
Spectral description of complexes formed by nickel (1) ion
Complex pH |HR l, Mr Ni2* SCo", A Sendel
color nm MeR ng Mol/ | according to
sensitivity pg /
cm?

Light red 6.0 440 550 110 50 2,62-107 0,435 0.0 0367
5
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So, after the coal processing process the obtained minerals are dissolved with non-ferrous
metals and surfactants in the solution and in solution surface active substance and with him mutually
harvest ion is stable complex harvest to do also work developed method high sensitivity have that
let’s see can.

Scanning electron microscope (SEM) analysis

Morphological studies and elemental composition of the substance were carried out using
SEM-EVO MA 10 (Zeiss, Germany) scanning electron microscopy. In the sample prepared for the
analysis, the non-ferrous metals and the surface active substance in the solution and the complex that
interacted with the dissolved non-ferrous metals contained in the minerals extracted during coal
processing were placed in the medium and taken after 5 minutes. ngra was examined under a scanning
electron microscope.

The results are presented in Figures 2 and 3.

The condition of the surface of Angren lignite of 2BR-B2 brand, obtained before enrichment
and as a result of enrichment, was studied using an electron microscope. From the electron
microscope images obtained during the study, it was found that the surface of Angren lignite before
enrichment is flat because the pores on the surface are not opened (see Figure 3).

Ca; 1,07%
K;0,27%
S;0,72% Fe; 0,80%
Si; 13,98% W; 0,83%

Al;
10,21%

Mg;

; 0; 26,39%
0,75% & \

Figure 3. Electron microscope image of 2BR-B2 Angren lignite before
enrichment and its elemental composition

SEM analysis shows that in the samples before enrichment, the surface of the coal part is not
clear in the image due to the inclusions in the Angren lignite brand 2BR-B2. It is known from the
composition of elements that the amount of carbon is 45%, aluminum is 10% and silicon is 14%.
It can be seen that the content of silicon and aluminum is high and the content of carbon is low.

In the research work, Angren lignite was treated by various physical, mechanical and chemical
methods, and the surface of the coal samples was observed under an electron microscope.
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C; 75,71%
0; 21,46%
. 0
Mo; 0,21% Na: 0,20%
Ca; 1,43% Mg; 0,24%

Si;
S;0,11% 0,29%

Al; 0,34%

Figure 4. Electron microscope image of 2BR-B2 Angren lignite
after enrichment and its elemental composition

From the obtained results, it can be said that Angren greatly improves the surface morphology
of lignite, that is, it significantly reduces the flatness (see Figure 4). This is because Angren forms
pores on the surface of lignite and removes excess substances. As a result, the combustion of Angren
lignite is improved. For lignite used as a solid fuel, an important indicator is the heat of combustion
and the level of ash. Therefore, by reducing the level of ash and increasing the heat of combustion,
quality coal is obtained.

The 0-30 cm fractional samples of lignite 2BR-B2 and 2BOMSSh-B2 located in the Angren
coal mine of Uzbekcoal OJSC were enriched in the created pilot equipment. For this, the coal samples
were first injected with water under pressure and passed through a vibrating screen. Vibrating screens
consists of 0.3-1.0 cm sieve, 80 cm wide and 100-120 cm tall.

When water is pumped into the vibrating screen under pressure, the mineral content and small
fractional coal from the coal pieces are mixed and fall into the gravity drum. Surface-active substance
(SAS) is added to the coal and mineral fraction falling into the gravity drum and mixed at low speed
18-25 times per minute.

The resulting suspension is separated into two parts and the heavy part settles. The coal is
mixed with water and transferred to the flotation reactor in the state of suspension. At this stage, the
coal is divided into classes depending on the size of the coal particles and the presence of mineral
additives. The basis of the method of gravity enrichment of coal is a method based on the separation
of coals based on the difference from each other due to the density and speed of movement of various
particles in air or water. But through a small suspension, the mineral part can be swallowed with
a small amount of liquid. To avoid this, secondary enrichment by flotation is more effective.

The flotation method is based on the properties of mineral particles: at this stage, based
on water and surfactants, coal adheres to the surface of air bubbles, heavy parts sink to the bottom.
Special machines (pneumatic, mechanical or mechanopneumatic) are used to enrich coal with this
method (see Figure 5).

Pulp, that is, a suspension of coal and water is loaded into the device, air bubbles are sent from
the bottom through the barbatage through the flotation reactor - surfactants form a foamy emulsion,
and only coal grains stick to them. The heavy part sinks to the bottom of the flotation reactor and the
waste is separated through the bottom tap.

14
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Figure 5. A pilot plant designed for beneficiation of coal

The efficiency of the process depends on the properties of the flotation agents used. Flotation
agents create favorable conditions for flotation of enriched coal particles. As a flotation agent in the
enrichment process, collectors and foaming agents are used together as a complex reagent.

Foam formers are organic surfactants that form an adsorption film on the outer layer of the
foam and increase the stability of the foam. Collectors are organic substances whose molecules are
composed of non-polar (hydrocarbon) and polar (carboxyl, hydroxyl, etc.) parts. These substances
are adsorbed on the surface of coal with their polar part and dramatically increase the hydrophobicity
of coal. As a result, hydrophobic coal particles accumulate on the surface of the bubbles and float to
the surface of the liquid. The resulting concentrate is separated and dried.

Angren lignite grade 2BR-B2 had a mineral content of 52% before beneficiation (see Figure
5). The amount of minerals when enriched with water on the first stage sieve was 25.7%. The size of
the fraction is between 3-100 mm and the moisture content is 27-35%. After the second stage gravity
drum enrichment, the amount of minerals was 30.9%. Moisture was 26.5% after filtering the coal
samples. the amount of minerals decreased to 25.7% and the moisture content was 24-30% when
enriched in the third stage flotation reactor. The coal suspension is filtered and dewatered in a simple
way.

Conclusion

The physico-mechanical properties and chemical composition of lignite were studied, the
main parameters of beneficiation and optimal conditions for demineralization in an aqueous
environment were determined. Factors affecting the heat of combustion were studied.

On the basis of the developed technology, for the first time, Anrgen lignite with an ash level
of 50-55% was reduced to 20-30%, as a result, the combustion heat was increased from 1500 kkal to
7000 Kkkal.

Optimum conditions for acceleration of the gravity process were determined, where 18
rotations per minute and enrichment of 100 kg of coal in 300 | of water for 20 min were determined.

As a flotation reagent, a new composition was created on the basis of sulfanol, which was
created on the basis of local raw materials. It was found that the optimal conditions of use during the
enrichment process are to use 50 ml of the composition for 20 min.
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