IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

On the Dispersed Composition of Ash and Slag Waste from Boiler-
House

To cite this article: S A Chebanova et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 272 022149

View the article online for updates and enhancements.

This content was downloaded from IP address 47.110.130.152 on 09/10/2019 at 13:07


https://doi.org/10.1088/1755-1315/272/2/022149

International science and technology conference "Earth science" IOP Publishing
IOP Conf. Series: Earth and Environmental Science 272 (2019) 022149  doi:10.1088/1755-1315/272/2/022149

On the Dispersed Composition of Ash and Slag Waste from
Boiler-House

S A Chebanova', I V Polyakov’, A B Strelyaeva'

"Volgograd State Technical University, Academicheskaya, 1, Volgograd, 400074,
Russia
2EuroChem—VolgaKaliy, Lenina, 7, Kotelnikovo, 404354, Russia

E-mail: sveta_nes@mail.ru

Abstract. This work is devoted to the investigation of the dispersed composition of ash and
slag wastes of municipal services. Based on the results of the studies, recommendations were
developed to improve the methods for calculating the level of negative impact of urban
services with storage and disposal yards for ash and slag wastes. The relevance of the study is
connected with the assessment of the level of urban air pollution by emissions of fine dust. It
has been experimentally proven that the storage and disposal yards for ash and slag wastes are
sources of particulate emissions of different diameters, including fine particles less than 10 um
(PMjp) and less than 2.5 pm (PM,;s). Recommendations have been developed to improve
existing methods of calculation of emissions of solid particles with the subsequent calculation
of concentration of fine dust. The results of the approximation are presented in the processing
of experimental data on diffraction distribution of the mass of solid particles entering the
atmospheric air from storage and disposal yards of ash and slag wastes.

1. Introduction

Combustion of solid fuel (coal) in boiler units, as well as during storage of coal in open warehouses
and storage of ash and slag wastes, PM10 and PM2.5 fine dust emissions are especially harmful to the
urban environment. The level of atmospheric pollution by boiler plants burning coal as a fuel is
estimated without taking into account the dispersed composition and aerodynamic characteristics of
fine dust of ash. Specific emission standards of pollutants into the atmosphere are established for
sulfur oxides, nitrogen oxides, carbon oxides, fly ash of solid fuel. At the same time, studies of the
effect of fine dust ash dumps on air pollution are practically not carried out [1].

For rational urban planning solutions, studies of the level of atmospheric air pollution by finely
dispersed particles of ash and slag wastes of urban facilities are relevant.

Many researchers have been and are engaged in the dissemination of polluting particulate matter in
the atmosphere contained in the emissions. The results of investigations of many authors are laid in the
basis of the theory of dust dispersion analysis [1-21].

The choice of research direction: investigation of the dispersed composition of fine particles of ash-
and-slag wastes entering the atmospheric air from the ash dump; the choice of a mathematical
apparatus and the processing on its basis of experimental data of dispersion analysis.
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2. Investigation of the disperse composition of ash dumps dust

The authors carried out investigations of the dispersed composition of dust entering the atmospheric
air with emissions from the ash dump of the boiler house according to the method of V.N. Azarov [9],
using the HandHeld 3016 IAQ Combo and CEL 712 Microdust pro equipment. The dust was analyzed
at four points: the ash ash dump (Figure 1), directly in the air of the ash dump (at a height of 1.5 m)
(Figure 2), and at three points at a distance of 50 m from the ash dump: a vertical surface (1.5 m high)
(Figure 3), a horizontal surface (at a height of 2.0 m) (Figure 4). The integral functions of the particle
mass distribution over the diameters are constructed similarly to [1].
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Figure 1. Integral distribution curves opravrticle Figure 2. Integral distribution curves of Upa;rticle
mass D (dp) over the dust diameters of the ash mass D (dp) over the dust diameters of the ash
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Figure 3. Integral distribution curves of particle Figure 4. Integral distribution curves of particle
mass D (dp) over the dust diameters of the ash at mass D (dp) over the dust diameters of the ash at
a distance of 50 m from the ash dump a vertical a distance of 50 m from the ash dump a horizontal

surface (1.5 m high). surface (at a height of 2.0 m).

The results of numerous analyzes carried out by us showed that the dispersion composition of dust
in these emissions does not obey Kolmogorov's hypothesis about the logarithmic normal distribution
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of the particles mass along the diameters [1]. In the probability-logarithmic coordinate system (x, y),
the particle mass transit function D(d,) does not take the form of a single straight line. In this
connection, the relationship between the coordinates in Cartesian (d,, D) and logarithmic-normal
systems (lgd,, y) is expressed as follows (equation 1):

1 ¥ T
D = Py () = 7= e ™ 2dx (1)

As an example, let us consider the results of an approximation for the processing of experimental
data on the fractional integrated mass distribution for dust particles entering the atmospheric air from
the ash dump at a distance of 50 m from the source at a wind speed of 5.0 m / s. Let's compare the
results with the results given in [1] at a wind speed of 4.7 m / s.

3. Mathematical processing of results
For mathematical processing of variance analysis results, a variant of the approximation of the passage
function by a three-link linear spline was considered.

As noted in [1], this option was the best - the approximation error did not exceed 20%. The
experimental values of the integral distribution function of the particles mass over the diameters,
sometimes called the passage function, were a three-link spline of three linear sections. The problem
of finding the angular coefficients of these lines (k;, k;, k;) in the probabilistic-logarithmic coordinate
system for given abcissa of the "break" points (xo, yo) and (X., Y.:) Was reduced to the optimal
planning problem. We introduced a vector 8 composed of unknown quantities such that 6t = (y,, k;, ko,
k;) and some matrix F (equation 2):

1 (% —X,) 0 0
1 (x,—X%,) 0 0
1 0 (Xn+1 _Xo) 0 (2)
F=|: : :
0 (X, =%o) 0
0 (ka _Xo) (Xp+l_xkp)
1 0 (Xk‘p - Xo) (XN - ka)

Then, for the known vectors Y and X, composed of the experimental values of the probability
integral quantile from D; and of the particle diameter logarithm d; 1qd;, using the Gauss-Markov
theorem, for each pair (dy, di,) a set of parameters (yo, ki, ko, k3) at which the error value is minimal
was found.

Using this variant of approximation, for each of the four points we obtain the characteristics of the
dispersed composition of dust entering the atmospheric air from the ash dump.

The proposed method for describing the dispersed dust composition in the air emissions from the
ash dump allows to reduce the maximum error to 5-10%, and can be used to estimate the fractional
composition of dust from other dust emission sources, as well as to calculate the concentrations of
particles PM, s and PM, [1].

4. Conclusions

1. It is proved that the dispersed composition of dust in emissions from the ash dump is subject to a
truncated log-normal law. Three-link linear splines are useful for interpolating the function of the
particle mass distribution.

2. The dispersed composition of dust settling on a vertical surface at a distance of 50 m from the ash
dump is described by a truncated logarithmic normal law.
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3. Dust floating in the atmosphere at a distance of 50 m from the ash dump and settled on the
horizontal surface, a truncated normal law may be applicable for particles with an equivalent diameter
greater than 2.5 pm (PM,s). The maximum size of the particles in the air on the territory of the ash
dump is 41 pm, at a distance of 50 m from the ash dump on a vertical surface - 11 um, at a distance of
50 m from the ash dump on a horizontal surface - 27 pm; in the ambient air 16 pm.

4.In all the cases under consideration, the dependences characterizing the integral distribution
functions of the particle mass by the diameters can be obtained on the basis of approximation of the
results of the measurement data by three-link and four-link linear splines.

5. Comparison of the results obtained by the authors with the studies carried out earlier suggests that
the dust settling at a distance of 50 m from the ash dump of the boiler house is smaller (dso = 13 pum,
diax = 16 um) than, for example, from the State District Power Plant (dsp = 21 um, dpax = 31 pm). In
this case, the dust settling on the horizontal surface is larger (dsp = 20 um, d.x = 29 pum) than the dust
settling on the vertical surface (dso = 7.5 pm, d.x = 11 pm).

5. References

[1] Chebanova S A, Poljakov V G, Erohin D A 2016 Engineering Systems of Heat Supply and
Working on Coal as Sources of Air Pollution by Finely Dispersed Dust 2" International
Conference on Industrial Engineering, ICIE 2016 J. Procedia Engineering pp 1989-1995

[2] Azarov V N, Marinin N A, Zhogoleva D A 2011 Ob otsenke kontsentratsii melkodispersnoi pyli
(RM10 i RM255) v atmosfere gorodov J. lzvestiia lugo-Zapadnogo gosudarstvennogo
universiteta 5(38) p 144-149

[3] Azarov V N, Kaliuzhina E A 2011 Ob organizatsii monitoringa RM;o i RM,5 na primere g.
Volgograda J. Vestnik VolgGASU: Stroitelstvo i arhitektura 25(44) pp 398-402

[4] Azarov V N, Tertishnikov | V, Kaliuzhina E A, Marinin N A 2011 Ob otsenke kontsentratsii
melkodispersnoi pyli (RMy, i RM,s) v vozdushnoi srede J. Vestnik VolgGASU: Stroitelstvo i
arhitektura 25(44) pp 402-406

[5] Azarov V N, Tertishnikov V I, Marinin N A 2012 Normirovanie PM10 i PM2,5 kak
sotsial'nykh standartov kachestva v raionakh raspolozheniia predpriiatii stroiindustrii J.
Zhilishchnoe stroitel'stvo 3 pp 20-22

[6] Azarov V N, Barikaeva N S, Marinin N A, Martynova O A 2013 Ob issledovanii
dispersionnogo sostava pyli v vozdukhe zhilykh raionov Collection of Scientific Papers
Fundamental'nye issledovaniia RAASN po nauchnomu obespecheniiu razvitiia arkhitektury,
gradostroitel'stva i stroitel'noi otrasli Rossiiskoi Federatsii (Volgograd) pp 492-495

[7] Azarov V N, Barikaeva N S, Lopatina T N, Marinin N A 2013 O zagriaznenii melkodispersnoi
pyl'iu vozdushnoi sredy gorodskikh territorii J. Biosfernaia sovmestimost': chelovek, region,
tekhnologii 1 pp 30-33

[8] Kaliuzhina E A, Nesvetaev G V, Azarov V N 2012 Issledovanie znachenii RM10 i RM2,5 v
vybrosakh v atmosferu i rabochuiu zonu pri remontno-stroitel'nykh rabotakh J. Internet-Vestnik
VolgGASU. Seriia : Politematichekaia 1(20) p 24

[9] Azarov V N, Koshkarev S A, Nikolenko M A 2015 Ob Snizhenie vybrosov sistem
obespylivaniia s ispol'zovaniem dispersionnogo analiza pyli v stroiindustrii J. Inzhenernyi
vestnik Dona 1 part 2

[10] Azarov V N, lurk"ian V lu, Sergina N M, Kovaleva A V 2004 Metodika mikroskopicheskogo
analiza dispersnogo sostava pyli s primeneniem personal'nogo komp'iutera (PK) J.
Zakonodatel'naia i prikladnaia metrologiia 1 p 46-48

[11] Azarov V N, Barikaeva N S, Nikolenko D A, Solov'eva T V 2015 Ob issledovanii zagriazneniia
vozdushnoi sredy melkodispersnoi pyl'iu s ispol'zovaniem apparata sluchainykh funktsii J.
Inzhenernyi vestnik Dona 4

[12] Azarov V N, Bessarab O |, Kabaev O V 2010 Teoreticheskie issledovaniia skorosti osedaniia
melkodispersnoi pyli v vozdushnoi srede rabochikh pomeshchenii predpriiatii mashinostroeniia
i stroiindustrii J. Vestnik VolgGASU: Stroitelstvo i arhitektura 17(36) pp 102-105



International science and technology conference "Earth science" IOP Publishing

IOP Conf. Series: Earth and Environmental Science 272 (2019) 022149  doi:10.1088/1755-1315/272/2/022149

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

Azarov V N, Bessarab O | 2009 Teoreticheskie issledovaniia skorosti osedaniia
melkodispersnoi pyli dlia predpriiatii  mashinostroeniia i stroiindustrii  Proc. XVI
mezhdunarodnoi nauchno-tekhnicheskoi Conf. Mashinostroenie i tekhnosfera XXI veka
(Donetsk: DonNTU) p 30-33

Azarov V N, Esina E lu 2008 Ob ogranichennosti primeneniia logarifmicheski normal'nogo
zakona raspredeleniia dlia opisaniia dispersnogo sostava pyli v inzhenerno-ekologicheskikh
sistemakh J. Vestnik Volgogradskoi regional'noi ekologicheskoi akademii 1 pp 136-145

Azarov V N, Gorbunova M E 2005 O riske prevysheniia kontsentratsiei chastits do 10 mkm
zadannogo urovnia Proc. VII mezhdunarodnoi nauchno-tekhnicheskoi Conf. Ekonomika,
ekologiia i obshchestvo Rossii v 21-m stoletii (Sankt-Peterburg) p 98-100

Azarov V N, Poliakov V G, Kuznetsova N S 2005 O metodike otsenki kompleksnykh
pokazatelei bezopasnosti i ustoichivosti regiona J. Ob"edinennyi nauchnyi zhurnal 2 pp 68-71
Azarov V N, Azarov D V, Grobov A B 2003 Dispersnyi sostav pyli kak sluchainaia funktsiia J.
Ob"edinennyi nauchnyi zhurnal 6 pp 62-64

Azarov V N, Golovanchikov A B, Kuznetsova N S 2003 Sovershenstvovanie sistem
aerodinamicheskogo razdeleniia pylevidnykh otkhodov Proc. VII mezhdunarodnoi nauchno-
tekhnicheskoi Conf. (Volgograd) p 130-135

Azarov V N, Golovanchikov A B, Kuznetsova N S 2001 O raschete skorostei vitaniia
nekotorykh pyliashchikh materialov v stroitel'stve Proc. mezhdunarodnoi nauchno-
tekhnicheskoi Conf. Problemy okhrany proizvodstvennoi i okruzhaiushchei sredy (Volgograd)
p 108-113

Chebanova S A 2014 Ob issledovanii aerodinamicheskikh kharakteristik pyli zoly v vozdukhe
gorodov J. Vestnik VolgGASU: Stroitelstvo i arhitektura 35(54) pp 207-211

Chebanova S A, Seimova G V, Nikolenko M A 2014 Issledovanie znachenii PM;q i PM, 5 dlia
vybrosov promyshlennoi pyli v atmosferu gorodov J. Vestnik VolgGASU: Stroitelstvo i
arhitektura 37(56) pp 178-184



