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Abstract: The influence of the properties of Angren brown on the process of layered gasification
was studied. The dependence of the calorific value of the resulting gas on the quality characteristics of
coal when using air as a gasifying agent has been established. Methods are shown for increasing the
calorific value of gas obtained during the gasification process when using coal with different moisture
content and different fractional composition. The features of technological processes in the reaction
zones of a laboratory gas generator have been studied. Based on generally accepted methods, the
volume fractions of flammable components, as well as the non-flammable part of the generator gas,
were determined. The slag formation temperature for Angren brown coal was experimentally
determined. The qualitative characteristics of the resulting generator gas were compared with the gas
from the underground gasification of coal of Yerostigaz JSC.

Keywords: Gasification, brown coal, air blast, coal moisture content, coal ash content, particle
size distribution.

Annotatsiya: Angren qo ‘ng ‘ir ko ‘mirining xususiyatlari qatlamli gazifikatsiyalash jarayoniga
ta’siri aniqlandi. Havoni gazlashtiruvchi vosita sifatida ishlatishda hosil bo‘lgan gazning kaloriya
qiymatining ko ‘mirning sifat xususiyatlariga bog ‘liqligi ko ‘rsatildi. Namligi va fraksional tarkibi turli
xil bo ‘Igan ko ‘mirdan foydalanganda, ko ‘mirni gazifikatsiyalash jarayonida olingan gazning energetik
qiymatini oshirish usullari ko ‘rsatilgan. Laboratoriya gazogeneratoridagi reaksion maydonlarida
kechadigan texnologik jarayonlarning xossalari o ‘rganildi. Umumiy qabul gilingan usullar asosida
generator gazining yonuvchi hamda yonmaydigan tarkibiy gismlarining hajmiy ulushlari aniglandi.
Angren qo ‘ng'ir ko ‘mirining suyuq holatga o ‘tish harorati tajribalar orqali aniglandi. Olingan
generator gazi va Yerostigaz AJ dan olinadigan gazning sifat ko ‘rsatkichlari taqgoslandi.

Kalit so‘zlar: Gazifikatsiya, qo ‘ng ‘ir ko ‘mir, havo ta’'minoti, granulometrik tarkib, ko ‘mirning
namligi, ko ‘mir kulligi.

Annomayun:. Hzyueno enusuue ceolcme AnepeHckozo OYpo2o Ha npoyecc Cl0egol
eazuuxayuy. Ycmanoeiena 3asucUMoCmy KAIOPUUHOCIU NOLYHAEMO20 2A3a OM KAYeCHEEHHbIX
Xapaxkmepucmux yeis npu UCHOIb308AHUU 8030YXa 8 Kavecmae azuguyupyroueco acenma. Iloxazansi
CNOCOOBI NOBBIUEHUSL KALOPUTIHOCIMU 2A3d, NOLYYAEMO20 8 Npoyecce 2a3udurayuu npu UCNOIb308AHUU
YVens ¢ pasiudHoOU GIANCHOCMbIO U PA3IUYHBIM QPAKYUOHHBIM cOCmasoM. H3yuenvl ocobeHHoCcmuU
MEXHOI02UYECKUX NPOYECCO8 8 PeaKyUOHHbIX 30HAX 1aO0pamopHo2o eazoeenepamopa. Ha ocnosanuu
00uenpuHAMbIX MEMOOUK onpeoesienbl 06veMHble 00U 20PIOYUX KOMNOHEHMO8, d MAKH#Ce He2opioudsl
4ACTb 2eHEPAMOpPHO20 2a3d. DKCNepUMeHmaibHO onpedeneHa memMnepamypa uiakooopaso8anus s
Amnepenckoeo 6ypoco yena. Conocmasnenvl KauecmeeHHble XAPAKMEPUCMUKU — NOTYYEHHO2O
2EHEePAMOPHO20 2a3a ¢ 2a30M noozemHol 2azugpuxayuu yens AO «Yerostigazy.

Knrouesvie cnoea. [azugpurxayus, Oypviil yeoav, 6030yuiHoe Oymbe, GIANCHOCMb Yeis,
30IbHOCMb Y2Nis, SPAHYIOMEMPUUECKULl COCMA8.

Introduction [2]. Solving the problems of increasing the efficiency

of coal combustion and reducing harmful

Angren brown coal is the main fuel used in
boiler units of the New-Angren and Angren thermal
power plants [1]. High ash content and high moisture
content of coal are the main factors reducing the
efficiency of fuel combustion in these power plants

atmospheric emissions through the use of coal
enrichment technologies are very capital-intensive
[3-4]. Another promising area for the efficient use of
coal is the use of coal gasification technology [5-7].
Gas generating plants are simple in design and

*Kavkatbekov Murodzhon Mamitbekovich — PhD, Mr.murod_93@mail.ru, https://orcid.org/0009-0002-2249-9925;
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reliable in operation, which is a distinctive quality
compared to direct coal combustion plants [8-9].

Coal gasification is one of the promising
methods of using solid fuel in the energy sector.
During gasification, almost the entire organic mass of
the fuel is converted into gas, which can be burned in
the combustion chambers of combined cycle gas
turbine units or in boiler furnaces [10-11].

Increased attention to research into the laws of
the gasification process is associated with an increase
in the growth of demand for solid fuel. Various
processes of coal gasification were studied in detail in
[12-13]. Despite a lot of work done, there is
practically no data on the process of layered
gasification of Angren brown coal. In addition, the
lack of practical data on the influence of the quality
of Angren coal on the process of layered coal
gasification  requires the determination of
experimental data for the development of gasification
technologies.

Coal gasification makes it possible to obtain
generator gas, the combustion of which significantly
reduces the formation of harmful gases and makes it
possible to generate thermal and electrical energy in
local facilities, which is a very pressing issue [14-16].

Conducting an experiment

The study used brown coal grade B2 from the
Angren deposit (table 1) [17]. The experiment was
carried out on a laboratory bench [18]. To assess the
influence of humidity, coal particle size distribution
and air flow on the characteristics of the direct layered
gasification process, fractions of 3—10, 10-20 and 20—
30 mm were used. Particle sizes are selected to reduce
their thermal resistance in order to ensure maximum
coal reaction speed. A range of changes in air flow
has been selected that provides areas of stable
gasification of the fuel under study: 4.5-5.0 m%hour.

Table 1
Characteristics of the working mass of Angren brown coal grade B2

. Sulfur . Lower
Humidity | Ash content | Carbon oW 4 gw Hydrogen Oxygen Nitrogen calorific
WY, % AY % Cc%, % a % o HY, % ov, % N¥% | value QY,

° kcallkg

345 14.4 39.1 1.3 1.9 8.6 0.2 3210

Depending on humidity, fractional — coal slag formation temperature.

composition of coal and air flow, the following
gasification process data were obtained:

— chemical composition and calorific value of
generator gas;

— distribution of the concentration of
flammable gas components along the height of the
gas generator;

— rate of coal mass loss;

50,0
450
40,0
35,0
30,0
25,0
20,0

Gase concentration, %

15,0
10,0
5,0

0,0
co

In fig. 1. The concentrations of generator gas
obtained experimentally are shown, while the particle
size distribution of the coal was 10-20 mm. The
chemical composition of flammable components, as
well as the calorific value of the generator gas, was
determined on a gas chromatograph «Chromatec-
Krystall 9000» according to the methods given in [19-
20].

SIS A —
h——

H:

K 1-moisture, 16% F42-moisture, 20% B3-mosture, 24% 4-moisture, 28% M 5-moisture, 32%

Fig.1. Concentrations of generator gas at an air flow of 4.6 m%hour
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A series of experiments were carried out for
samples with working coal moisture contents of 16%,
20%, 24%, 28% and 32%. It has been determined that
when using coal with different granulometric sizes at
the same consumption of gasifying agent, the
resulting caloric content of the generator gas will be

1270
-, 1070
870
670

470

Lower heating value of gas, kcal/nm

\\\M

270

1,9 23 2,7 3,1 35

greater for samples with smaller sizes [21-22]. With
a working humidity of coal of 16%, a fractional
composition of 10-20 mm and an air flow rate of 4.4-
4.8 m3/hour, the best indicators were observed in
terms of calorie content and yield of the resulting gas

(fig. 2).

43 4,7 5,1 55 59

Air flow, m*h

— l-moisture 16%  —2-moisture 20%

—3-moisture 24%

—4-moisture 28%  —5-moisture 32%

Fig.2. Dependence of the caloric content of gas on the moisture content of coal with an
average particle diameter of 10-20 mm

The size of fuel particles is one of the main
factors affecting the calorific value of the generator
gas (fig. 3). In [23-26] the dependence of the yield of

Lower heating value of gas, kcal/nm?

70

generator gas per unit mass of fuel on the size of fuel
particles is described, which is confirmed by
experimental results.

970 I
70 %
770

670

570

470

370

270

170

43 4,7 5.1 5.5 59 6.3

1,9 23 2,7 3,1 3,5 3.9
Air flow, m*h
—1-particle diameter 3-10 mm —2-particle diameter 10-20 mm —3-particle diameter 20-30 mm

Fig.3. Dependence of gas caloric content on fuel size at an average operating humidity of 28%

A fractional composition of 3-10 mm at the
same air flow rate is characterized by a rapid loss of
coal mass (fig. 4). This is explained by the removal of
moisture and  volatilization of combustible
components from a smaller surface area of the coal

particle [27-28]. The combustion of coke residue
from coal at such air flow rates led to slag formation
(fig. 5), hence a disruption of the gasification process.
Slag formation of the studied samples was observed
in the temperature range 900 — 1000 °C.
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=+ 0,05
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Coal mass loss rate, kg
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1
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Air flow, m*/h

— 1-particle diameter 3-10 mm

—2-particle diameter 10-20 mm

—3-particle diameter 20-30 mm

Fig.4. Dependence of coal mass loss on air flow

Fig. 5. Solid slag formed at a temperature in the
combustion zone of 900-1000 ° C

The discussion of the results
With an increase in air flow above 5.0 m3/hour,
the gasification process gradually turned into the
process of complete combustion of coal.
Figure 6 shows the distribution of indicators
for the formation of flammable components of the
generator gas along the height of the laboratory

bench. Coal size is 10-20 mm, coal moisture content
is 24%, air flow is 4.4-4.8 m3/hour.

60 / \
5 50 L
240
o)
]
=30
= 6
20

10

0
0 10 20 30 40 50 60 70 80

Gas concentration, % vol.
—1-N: —2-CHs —3-H: —4-C0O2: —5-CO —6-02

Fig.6. Composition of generator gas at an air flow
rate of 4.6 m*/hour

One of the main goals of studying the process
of gasification of Angren brown coal is to assess the
technical and economic feasibility of obtaining
generator gas and using it as an alternative fuel to the
gas of underground coal gasification of Yerostigaz
JSC [29], which is used for lighting on the boiler
equipment of the JSC «Angren TPP». In table 2
shows a comparison of the quality of the obtained gas
and the gas from the Yerostigaz JSC.

Table 2

Comparison of quality indicators of generator gases

Producer gas CO, | COs | CHy | Hy | Os | Moy Specigllg o I;?W:}r:ecrzlt%rrm;sv?)%e
g % | % | % | % | % | % yierd, g 9as, Cu,
nm*/kg kcal/nm?
JSC «Yerostigaz» 7 23 6 20 1 50 2 800
Experimental 26 | 7 3 | 16 | 05| 47 | 30-35 950 - 1000
installation

Technical science and innovation. Ne2/2024
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Conclusion

The process of layered gasification with direct
air blast for Angren brown coal of grade B2 has been
studied. The influence of the qualitative
characteristics of coal such as humidity, fractional
composition, as well as air flow on the performance
of the gasification process is considered. Rational
indicators of air consumption have been determined
to obtain the highest energy values of the generator
gas. The features of technological processes in the
reaction zones of a laboratory gas generator have
been studied. The use of the results obtained will help
improve the efficiency of layered gas generators
using Angren brown coal using air blast.
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