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RENEWABLE ENERGY SOURCES AND ENVIRONMENTAL PROTECTION

DEVICE FOR CLEANING OF FLUE GASES FROM SULFUR
OXIDES AND CARCINOGENIC RESIN

Author — Mukminov L.
Supervisor —Kogut V., Boshkova I.
Odessa National Polytechnic University

Examines the problem of flue gas from the carcinogenic resin in en-
terprises that uses boilers. Carcinogenic substances present in flue gases
causing cancer in humans are noted. The proposed use of a new innovative
device for cleaning flue gases from carcinogenic resin, which will provide
a significant reduction in air pollution in areas near industrial facilities
with boiler systems. The scheme solutions of flue gas treatment plants and
methods of purification, which given form the basis of their work.

Introduction

Serious influence on human health, vegetation and animals living in
the field of flue gas emission from technological processes of a number of
industrial enterprises is exerted by emission of harmful substances [1 — 4].
As a result, there is a need to control at the present level the content of
these harmful emissions into the atmosphere [5, 6]. The content of sulfur,
nitrogen and carbon oxides in the initial flue gases, which are formed
during combustion of solid or liquid fuels, is a serious environmental
threat. For example, chemical compounds such as sulfurous anhydride SO2
and sulfuric anhydride SOs, nitrogen oxides NO, carbon oxides CO,, when
combined in the atmosphere with steam form acids H2SO;, H,SO,4, HNO;,
HNO,, H,CO; which cause harmful effects on human health, lead to the
death of forests and fruit trees, reducing crop yields [7]. Carcinogenic
resins have a serious impact on the environment [8]. They have the ability
to accumulate in humans and animals, provoke chronic lung disease and
also accumulate in plants [9]. The creation of new effective methods of gas
purification is still an actual task [10].
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The aim of the presented work is to modernize the filtration systems
of flue gases by introducing into the filtration system new units, the use of
which will allow cleaning at a higher quality level.
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The results of the work are proposed to be used for the purification of
flue gases from the combustion apparatus in heat and power industry.

Analysis of the modes of operation of the furnace
of the boiler and especially the flue gases

With the development of industry and the increase of enterprises using
boiler plants in production, the load on the environment is growing. The
problem of creating more efficient methods of flue gas purification is
becoming increasingly important. The largest amount of harmful emissions
into the atmosphere occur when starting, changing the modes of robots and
heating boilers. The composition of flue gases, depending on the fuel type
or combustion mode include many different compounds. The combustion
of organic fuel is accompanied by the release of thermal energy. In addi-
tion, as a result of chemical and physical reactions, smoke is released,
which have various chemical compounds in their composition. Through
uncontrolled release of combustion products into the atmosphere can be
formed smog. This is observed during humid and windless weather. Oxides
congenerous on suspended particles of water, forming a variety of acids.

Consider the mode of burning fuel in the boiler. During the initial
stage, the temperature increases and carcinogenic resins are released from
the fuel after reaching a certain value. Their release occurs until the tem-
perature reaches a value when the resin begins to decay. Graphic represen-
tation of the combustion process is shown in Fig. 1. The line on the chart
shows the dynamics of the growth of temperature in the boiler relative to
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the time of the combustion process. The chart is divided into several zones,
which are characterized by their temperature and exposure.
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Fig. 1 Graph of kindling the furnace

Cleaning performed by operation of the proposed filter shall be per-
formed in the first time zone and in the temperature period t1 and t2. Data
for plotting taken from studies of start-up modes of the boiler. These data
are averaged, as each boiler has its own individual ignition time, which

depends on a large number of factors.

Schematic solutions for flue gas treatment plants

One of the known methods of flue gas purification is the condensation
filter of flue gases. Condensing suction jet filter is designed for condensa-
tion of the carcinogenic tars, which are formed by firing the boilers in a
mixture of low-quality coal fuels, as well as in transient modes. The
required amount of refrigerant can be calculated using the created mathe-
matical model for the processes occurring in the plant. On the chart, shown
in Fig. 2, the flue gas temperature curves relative to refrigerant costs are

given, calculated for different flow values.
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Figure 2 — Graph of temperature of the flue gas relative to the cost of
the refrigerant: 1 — volumetric flow rate of flue gases of 4.05 m’/s; 2 —

volumetric flow rate of flue gases 5,248 m’/s; 3 — volumetric flow rate of
flue gases 6,286 m3/s; 4 — volumetric flow rate of flue gases 7,662 m’/s

At fig. 3 presents the scheme of installation for flue gas cleaning from
tar carcinogenic [11]. Through this device passes the flue gas from the
boiler furnace, which contains a carcinogen resin. Passing through the
eductor, the gases are accelerated in the constriction, where a special
chamber in the flow of introduced liquid refrigerant, which evaporates,
lowers the temperature of the stream. Carcinogenic resin thus precipitated
and removed in suspension with the flow in the removable tank, where the
drops of the substance deposited on the walls. Next, the gas flow is dis-
played with the filter.

2

1

%»%%?}H

Figure 3. Scheme of installation for purification of flue gas from
carcinogenic resins: 1- gas blower; 2-coolant supply; 3-mixing chamber;
4 — spray nozzle; 5 — liquid separator
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At fig. 4 the improved scheme of installation of purification of flue
gas is resulted. The flue gas flow through the nozzle 3 is fed to the mixing
chamber 2, where the supercharger also serves 1 air from the environment
at a speed of 10...20...20 m/s. the Mixing of ambient air with the flue gases
is carried out to oxidize the oxides of the contaminants contained in the
flue gas and reduce the temperature. The formed mixture at a speed of
10...15...15 m/s is served in the confuser 11 of the first HEE 4 accelerate to
the speed of 60...70 ... 70 m / s. A liquid cooling agent (e.g. nitrogen) is
injected into the stream through the first nozzle 6. As a result of contact
with a fine-dispersed cooling agent, an instant mixing occurs with a de-
crease in the flow temperature to the starting temperature of the pollutant
release reaction. The cooled stream is fed into the confuser 13 of the
second heat exchanger-the ejector HEE 7, where it is accelerated to
70...80 ... 80 m / s, fed into the mixing chamber 14, where the stream
through the nozzle 9 injected water.

g 10

Figure 4. An Improved scheme of the installation for flue gas treat-
ment: 1- gas blower; 2-mixing chamber; 3-a nozzle from the flue gas
supply to the mixing chamber; 4-the first heat exchanger-ejector (HEE);
5-a container for the cooling agent; 6-the first nozzle; 7-the second heat
exchanger-ejector; 8-a container for water; 9 — the second nozzle; 10-a
liquid separator; 13-a confuser; 15-a diffuser; 14-a mixing chamber

Upon contact of the flow of flue gas, which contains oxides of pollu-
tants, such as SOs, CO,, NO,, fine sprayed water, the reaction occurs with
the formation of acids whose molecules congenerous microparticles of
dust, forming the nucleus:

SO5;+H,0=H,SO,,
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2NO,+H,0=HNO3;+HNO,,
C02+H20:H2CO3.

Then the flow enters the liquid separator 10, where the acid conden-
sate is separated and the flue gases are released into the environment.

The starting temperature of the hydration reaction (release of pollu-
tants from flue gases) is 400...500 °C. As usual, the temperature of flue gas
supply to the cleaning device is 600 ... 700 °C, i.e. much higher. Therefore,
the proposed device provides for cooling of flue gases before cleaning in
the previous cooling unit.

Schemes of devices for storage and supply of refrigerant are shown in
Fig. 5 and Fig. 6.

Figure 5. Diagram of the device for storing and handling refrigerant

with a high vacuum cryogenic pipeline: 1-cover; 2-insulated container

with liquid nitrogen; 3-high vacuum cryogenic pipeline; 4 — shut-off and
regulating device; 5 — nozzle; 6 — ejector-heat exchanger

These devices require special attention because storing and pumping
liquid refrigerant requires some technical modifications of the pipeline. To
ensure the stable operation of this scheme, a reliable method of regulating
the supply of the working fluid is needed. Conventional shut-off valves are
not suitable for such purposes. A special shut-off valve is required, de-
signed for working environments such as low boiling point liquid refriger-
ants.
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— 4

Figure 6. Diagram of the device for storing and handling refrigerant:
1-cover; 2-insulated container with liquid nitrogen;
3 — cryogenic overflow device; 4 — shut-off and regulating device;
5 —nozzle; 6 — ejector-heat exchanger

It is also envisaged to purify flue gases from sulfur oxides. It should
be noted that the modes of operation of the filtration system and cleaning
methods will vary, as they are used at different stages of the boiler. So, flue
gases cleaning from resins is carried out at the initial stage of the boiler
operation, and oxides cleaning should take place during the active mode of
the boiler operation.

Discussion of the advantages of a new method of gas purification
In comparison with other methods of flue gas purification, the pro-
posed devices are characterized by a relatively simple technical execution,
so that their reliability is significantly increased. In this case, the most
suitable contact heat exchanger due to the fact that it has a developed heat
exchange surface. Condensation on droplets of water-sprayed oxides of
pollutants, such as SOz, CO,, NO,, followed by the formation of acids,
followed by their release when using inexpensive and non-deficient mate-
rials is an effective way of purification of flue gases, which can be used in

thermal power plants using coal as fuel, liquid fuel or a mixture thereof.

Summary
The application of the proposed method of flue gas purification will
almost completely eliminate the flow of flue gases from pollutants from
the group of carcinogens. This need arises due to the transition to low-
quality fuels and a high percentage of emissions at the time of transitional
operation of boiler plants.

661



RENEWABLE ENERGY SOURCES AND ENVIRONMENTAL PROTECTION

References

1. Gilbert SF. Mechanisms for the environmental regulation of gene
expression: ecological aspects of animal development // J Biosci. — 2005. —
30 — :65-74 pp.

2. YukeneBa WM. B., AOyszsposa 1O. B. Copnepxanue TKEIBIX
METAJUIOB B IMOOOYHOH MPOIYKLIMH TIOJNEBBIX KYJIbTYp B YCJIOBHSX
TeXHOTeHHOTO Bo3neicTBus // M3sectust OTAY. — 2011. — Ne 4 (32). —
C. 280-282

3. PeBuu, b. A. K onenke Bausgaus nestenbHoctr TOK Ha kauecTBO
OKpyXKaromieii  cpempl ®  3m0poBbe  HaceneHus // I[IpoOiemsr
nporHosuposanus. — 2010. — Ne4. — C. 87-99.

4. Maxkosenkas [.A., CasupoBa T.FO., I'epacumoa O.H. Posb
IKOJIOTHYECKOTO (pakTOpa B (HOPMUPOBAHUU 37I0POBbSI JICTEH // DKOJIOTHS U
3JI0pPOBbE YeNIOBeKa. Te3UChl 2-01 HAYIHO-TIPAKTUICCKON KOH(EPESHIINN. —
Camapa, 1995, c. 61-62.

5. Kakapexa C.B. VYmpasieHue kauecTBOM BO3JIYIIHOH Cpelbl H
LEJIEBbIC  TIOKA3aTeNId  COJACP)KAHMS  3arpsa3HAIONIMX — BEIIECTB B
atMocdeproM Bozayxe // Ilpupononons3osanue. 2008. Brim.14. C. 5-10.

6. Kun H. O., Hukenera U. B. K uzydeHuio copepkaHus THKEIBIX
METaJUIOB B KYJNBTYPHBIX pacTernsx Opcko-HoBoTpoumkoro mpomysia
OpenOyprckoit  obmactu // Tpymsr XI Bceepoccuiickoro KoHrpecca
«DKoJIOTHsL M 370pOBbE dYeloBeka», 5—7 nexadbps 2006 r. — Camapa,
2006. —C. 109-112.

7. TamgenoB [O. TII. BuausHue ypoBHEH 3arpsi3HEHUS TOYB
¢dTopugaMu Ha YpOKAHHOCTE W 3arps3HCHHE CEIbCKOXO3SHCTBEHHBIX
kyabTyp // Bectauk Kpacl'AY. —2007. —Ne 2. — C. 131-138.

8. Ibarluzea JM, et al. Breast cancer risk in the combined effect of
environmental estrogens // Cancer Causes Control. — 2004. — Vol. 15: —
591-600 pp.

9. Soto, A. M., Sonnenschein C. Environmental causes of cancer: en-
docrine disruptors as carcinogens // Nat Rev Endocrinol. — 2010. — 6(7). —
363-370.

10. Heinsohn, R.J.; Kabel, R.L. (1999). Sources and Control of Air
Pollution Engineering. Prentice Hall, Upper Saddle River, New Jersey. —
554 p.

11.Koryr B.E., Byrosckuit E.[l., BymmanoB B.M., XmenbuiokM.T".
3ammTa OKpYXaromel Cpeapl OT KaHIEPOTCHHBIX CMOJ TIPH PO3KHUTE
OTONHUTEILHBIX cucTeM // XonoamiibpHa TeXHIKa Ta TeXHoorist, 201551 (4),.
c. 45-52.

662



DEVELOPMENT OF A GRAPHICAL USER INTERFACE FOR EGG
QUALITY ASSESSMENT BASED ON A COMPUTER VISION SYSTEM
Author — Zhelezarova P., Paskova N., Supervisor — Georgieva T........c..ccccevernnnn 567

DYNAMIC PROPERTIES OF PROVIDING CYBERSECURITY PROCESSES
AT THE EXAMPLE OF CYBERSECURITY'S AUDIT
Author — Kozlova O., Supervisor — Kononovych V. ..........cccocociiiiininininininnn. 573

5. RENEWABLE ENERGY SOURCES
AND ENVIRONMENTAL PROTECTION 598

MODELLING OF PHOTOVOLTAIC SOLAR CELLS BY MODIFYING

FINS CONFIGURATION OF THE AIR-COOLED HEAT SINKS

FOR POWER GENERATION

Author — Siarova A., Supervisor — Shixue Wang ..............cccccoiiiiiiiin 598

THE PROSPECTS OF APPLICATION THE GENERATORS WITH
PERMANENT MAGNETS FOR SMALL WIND POWER PLANTS
Author — Sergienko I., Supervisor — Shevchenko V. ... 614

COMPARISON OF VARIOUS METHODS FOR REDUCING

GASOLINE LOSSES DURING STORAGE USING ECOLOGICAL

AND ENERGY CRITERIA

Author — Oleksenko O., Supervisor — Volhusheva N. ..o 636

DEVICE FOR CLEANING OF FLUE GASES FROM SULFUR OXIDES
AND CARCINOGENIC RESIN
Author — Mukminov 1., Supervisor —-Kogut V., Boshkova L.........cccccovriiiniininnnnnnn. 654

THE IDENTIFICATION OF PLANTS-INDICATORS OF POLLUTION

OF TERRITORIES BY HEAVY METALS IN THE ZONE OF EFFECTS

OF HEAT-ELECTRICAL POWER STATIONS

Author — Konopelko O., Supervisor — Pozniak A............ccccoiiiiiiiiiinininencene 663

INTENSIFICATION OF THE MATERIAL DRYING PROCESS WITH USE
OF THE MICROWAVE FIELD ENERGY
Author — Mykhailova O., Supervisor — Boshkova L.......cccccccovviiniiiinninienieeee 676

ECOLOGICAL SAFETY OF FOOD PRODUCTS GROWN WITHIN
THE URBOHEOSYSTEM
Author — Medvedeva Yu., Supervisor — NeKos A. .....coceveeverviiniiniinenicnecieceee 690

OBTAINING OF Cu,ZnSnS, THIN FILMS AS AN ACTIVE LAYER
OF SOLAR CELL
Author — Musharovskyi O., Supervisor — Hilchuk A.........ccccooiiiiniininiiieiee 710

ELECTRIC PASSENGER TRANSPORT VEHICLES:
TECHNICAL CHARACTERISTICS AND ENERGY EFFICIENCY
Author — Ivanov R., Supervisor — Koev K. ........ccoconiiiiiiiniiiiiieeeeee 725

825



Hayxose 6uoanmus

MixkHapoaAHNH KOHKYPC CTYIeHTCbKMX HAYKOBUX POOIT

BLACK SEA SCIENCE 2018

Marepianu

Bepcrka — H.M. KoBanbuyk

®opmat 60x84/16. I'apritypa Times New Roman.
YmMoBHO-/1pyK. apk. 48,07. Tupax 300. 3amoBnenHs Ne 0518-105.

BumaBHUITBO 1 ApyKapHS — BumaBamumii nim «I empBeTnka
73034, m. XepcoH, Byin. [TapoBo3na, 46-a, odic 105
Tenedon +38 (0552) 39 95 80
E-mail: mailbox @helvetica.com.ua
CBiI0OIITBO Cy0’€KTa BUIABHHYOI CIIPaBH
JIK Ne 4392 Bin 20.08.2012 p.



