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Abstract: Information concerning gaseous pollutants generated in the 
atmosphere, as a result of fuel incineration processes in thermal power and 
industrial plants, was summarized. The main methods and technologies for 
flue gases purification from the most ecologically hazardous pollutants are 
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1 INTRODUCTION 

Recently, atmospheric pollution become of severe global ecological 
problem because of the expressed tendency in climate changes and the re-
lated subsequences. The atmospheric pollutants can be generated simulta-
neously from natural phenomena and anthropogenic activities. The dis-
charge of enormous amounts of exhaust industrial gases with different 
gaseous contaminants in the atmosphere provokes the development of ef-
fective technologies and reduction in the normative allowed limits [1].  

Taking into account the ecologically hot problems, the efforts have to 
be directed mainly on the reduction of greenhouse and acidic gases, cyclic 
organic compounds and heavy metal vapors emitted from fuel incineration 
in thermal and industrial plants. The category of pollutants includes each 
hazardous component which can be harmful for human health and has 
negative natural impact [1,2].  

The purpose of the present communication is to summarize information 
about the mechanisms for gaseous emission generation at different indus-
trial branches and the established reliable technologies for their removal 
and conversion in useful products.  
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2. ANTROPOGENIC SOURCES FOR AIR POLLUTANTS  

2.1 Air pollutants from fuel incineration processes 

Fossil fuels, which are widely used in the industrial and district heating 
systems, consist of organic (combustible) and mineral (ballast) part. In the 
case of coals, the main constituents of the organic compounds are carbon, 
hydrogen, oxygen, nitrogen, phosphorous, and sulfur, while the inorganic 
part includes: sulfates, sulfides, oxides, carbonates, halogenides, alumosili-
cates, etc. Natural gas is purified from the sulfuric constituents before its 
transportation for the pipeline corrosion prevention. The content of the sul-
fur in the different types of petrol and coals varies in wide limits from less 
than 1 to around 5 %. The all sulfur in the composition of the petrol is in-
cluded in the organic compounds, while coals contain a significant amount 
of inorganic sulfuric compounds, such as FeS2, Fe(SO4)3, MgSO4, CaSO4, 
etc. [3].  

Carbon and hydrogen oxidation, which is accompanied by energy gen-
eration, takes part according to the following reactions in a case of full fuel 
incineration: 

(1)  C + O2→ CO2 + 395 MJ/mol 

(2)  H2 + 1/2O2→ H2O + 287 MJ/mol 

In a case that the oxygen concentration is not enough for the full carbon 
oxidation, reactions for CO formation take place: 

(3)  C + 1/2O2→ CO + 111 MJ/mol 

(4)  C+CO2 → 2CO – 1722 MJ/mol 

Evidently, the generated energy simultaneously with the high levels of 
CO formation is significantly lower. 

During the non-full fuel incineration, which more often performs at small 
municipal ovens, simultaneously with CO, volatile organic compounds 
(VOC) also appear. The concentration of VOC, which are formed in indus-
trial and thermal incineration systems, is rather smaller because they incin-
erate entirely to CO2 and H2O setting on fire from the hot walls of the boiler.  

Sulfur from the coals and petrol oxidizes to SO2: 

(5)  S+O2 → SO2. 

SO2 can be oxidized additionally, as follows: 

(6)  SO2 + O* → SO3,  or 

(7)  SO2 + 1/2 O2 → SO3 + 85 MJ/mol 
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Generally, SO3 percentage in SOx does not exceed 1 % and it is higher 
in the flue gases from installations burning petrol than that with coals, be-
cause of the presence of vanadium oxide catalysts.  

NOx are also generated as incineration gaseous byproducts, as the 
main part from the nitrogen comes from the fuels and small concentrations 
– from the air.  

Formation of NO is described by the help of Zeldovich’s chain reactions: 

(8)  N2 + O
* 
→  NO + N*  - 315 MJ/mol 

(9)  N* + O2 → NO + O + 133  MJ/mol 

In the flame of the boiler systems, NO generation is stipulated from the 
thermally activated oxygen, hydroxide and nitrogen radicals: 

(10)  N* + OH* → NO + H* + 165  MJ/mol. 

At lower temperatures in the incineration systems and in the atmos-
phere by photochemical reactions, NO transforms to NO2. 

2.2 Air pollutants from industrial plants 
The main industrial sources of atmospheric pollution are metallurgy, 

chemistry, petrol processing and food industries [3-6]. 

2.2.1 Non-Ferrous Metallurgy  
The processing of the Cu, Pb and Zn sulfide ores is the second source 

for SO2 emitting after the fuel incineration. The raw ore for copper produc-
tion is preliminary subjected to oxidation for partially removing of the sulfur 
content, as the SO2 concentration in the exhaust gases is about 8 vol. % 
(Fig. 1). The obtained mixture composed of Cu and Fe oxides and sulfides 
is melted in screen oven together with flux additives. The melt surface is 
covered with Cu and Fe sulfides, and the volatile gases contain 1-3 vol.% 
SO2. The sulfide mixture obtained on the top of the melt is heated addition-
ally in the converter, where oxidation of Fe and the residue S is occurred 
and the concentration of SO2 in the exhaust gases is 3-5 vol. %.   

In similar technologies, sulfide ores are also used for Pb and Zn pro-
duction, such as PbS (galena), ZnS (galena false), etc. The ores are sub-
jected to roasting in furnaces with movable grids or in pseudo-fluidized bed 
layer. The exhaust gases containing up to 6 % SO2 are used for H2SO4 
production. The main problem that occurs at this manner for SO2 utilization 
is the presence of As2O3, HCl and HF in the roasting gases, which are cata-
lytic poisons of SO2 to SO3 oxidation.  
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Fig. 1: Technological scheme of copper production as a source for SO2 formation.  

 

2.2.2 Ferrous metallurgy 
High thermal reduction of the ferrous oxide ores leads to formation of 

Fe-C alloy with up to 6 % C. This process is carried out in ballast-furnaces 
which are simultaneously loaded with ore and coke. Various stills are pro-
duced from the obtained cast iron by the reduction of carbon concentration 
and blending. The mining, ore processing, agglomeration and loading of the 
ballast-furnaces create serious problems with dust pollutions in air. Moreo-
ver, the exhaust gases from the ballast-furnaces contain high concentration 
of CO. The cast iron is converted to still in converters which are scavenged 
by oxygen flows and the resulted gases contain high levels of CO and CO2.  
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2.2.3 Petrol processing industry 
Except of hydrocarbons the raw petrol contains alkaline and rare earth 

salts, different organic and inorganic sulfur–enriched compounds. Sulfur 
concentration in the raw petrol varies from 0.5 to ~5 %. The main pollutions 
during the petrol processing are generated from the incineration of petrol or 
its low-quality fractions for thermal supporting of distillation and rectification. 
High quantity of black carbon can be emitted during the crаcking and re-
generation of the catalysts.  

2.2.4 Chemical industry 
The mining of row materials (coals, sand, break stone, etc.) from earth 

womb uses different explosives which liberate in the atmosphere hazardous 
gases (CO, CO2, SO2). Glass industry utilizes as raw products soda, sand, 
limestone and old glass and the exhausted gases from their melting contain 
carbonates, fluorides, nitrates and chlorides, which are air pollutants.  

The H2SO4 production is based on the catalytic oxidation of SO2 to SO3 

in reactors at 450-600 °C. Despite of the reliable equipment about 2 % of 
SO2 go into the atmosphere.  

The synthesis of phosphorous fertilizers and electrolytic deposition of Al 
are accompanied by liberating of fluorine-containing gases, while the paper 
and cellulose industry is a potential source оf H2S and mercaptans.   

3 METHODS AND TECHNOLOGIES FOR REMOVAL OF 

GASEOUS EMISSIONS  

According to their aggregate state, the air pollutions can be divided in 
two main groups: (i) gases and vapors, and (ii) aerosols. The pollutants 
from the first group are characterized with molecular sizes and generally 
they form homogeneous solutions with air, while those from the second 
group are small in size particles from condensed matter (solid or liquid) with 

a diameter ≤100 µm.  

3.1 Methods for aerosol removal 
Gaseous flows are passed though cameras in order to remove the dis-

persed solids by the help of gravity, electrostatic, thermal, centrifugal or in-
ertial forces [2,3,6]. The equipments for aerosols removal are schematically 
presented in Fig. 2.  
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Fig.2.: Equipments for flue gases purification from aerosols : a) dust removal cam-

era; b) inertial camera with vertical bafflers; c) sloping screen precipitant; d) cyclone;  
d) electrostatic filter; 1-row gas; 2-clean gas; 3-dust products. 

3.2 Methods for gaseous emissions removal 
The gaseous pollutants removal from gas-carrier medium is based on 

the general aspects of the gas diffusion into the bulk or on the adsorbent 
surfaces. The pollutants are kept by adsorption on solid or liquid surface 
and thereafter they are catalytically transferred in less toxic or even com-
mercial products. Another approach is the oxidation, dissociation or reduc-
tion of the emissions to harmless air components.  

3.2.1 SO2 removal 
SO2 has acidic reaction and low solubility in water, that is way for its 

removal alkaline solution or solid bases are used. The most used sorbents 
are limestone (CaCO3), quick lime (CaO) or dolomite (CaCO3.MgCO3). The 
following chemical reaction can occur: 

(10)  CaO + SO2 + 1/2O2 → CaSO4 

The obtained dry powder is separated from the gas flow by cyclones or 
filters, or in scrubbers like semidry product in a case of wet process. The ef-
fectiveness of the dray process is 40 – 70 %, while of the wet is over 90 %.  

The rest middling slime from non-ferrous metals processing containing 
CaO and MgO is used for SO2 removal: 

(11)  MgO + SO2 → MgSO3 

Gaseous NH3 can be used as an effective reagent of SO2 neutralization 

at 150 °C (USBM-process) [2,3]: 
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(12)  2NH3 + SO2+H2O → (NH4)2SO3 

(13)  NH3 + SO2+H2O → NH4HSO3 

NH3 can be regenerated by the help of NaOH, CaO or ZnO. The effective-
ness of this process exceeds 95 %.  
 Pure water can also be a reagent for SO2 capture followed by catalytic 
(coal, MnO, Na2S) oxidation to sulfuric acid: 

(14)  SO2+H2O → H2SO3 

(15)  H2SO3 + 1/2O2→ H2SO4 

Direct oxidation of SO2 to SO3 can be performed, which is well-known cata-
lytic process in H2SO4 production. Full oxidation with high velocity is en-

sured at 450 – 600 °C.  
Another technological possibility is SO2 absorption with NH3 followed by 

disproportion of the obtained NH4NSO3 and (NH4)2S2O3 under high pressure 

(1.4 MPa) and 170 °C [3]: 

(16)  2NH4HSO3 + (NH4)2S2O3→2(NH4)2SO4+2S+H2O 

The eutectic melts from carbonates can also be used for SO2 chemical 
attachment: 

(17)  SO3+MeCO3→Me2SO3+CO2 (Me=Li, Na, K), 

followed by sulfite oxidation and reduction with carbon at 800 °C. 

3.2.2 H2S removal 
H2S is with acidic behavior and combines easily with NH3, CH3NH2 and 

C2H5NH2, and can be removed more effectively than SO2. The used amines 
can be easily recovered with water vapors, and the captured H2S is utilized 
for S production.  

Fe2O3 is broadly used for reagent for gases purification from H2S. Fe2O3 
water suspension and flue gases are passed through absorber, reacting to 
ferrous sulfide: 

(18)  Fe2O3 + 3H2S → Fe2S3 + 3H2O 

Fe2O3 regeneration performs at 800 °C in air and the liberated SO2 can 
be used in H2SO4 production.  

3.2.3 NH3, amines and pyridines removal 
NH3 and amines are well soluble in water and strong oxidation media 

giving ammonium and alkylammonium ions, but their solubility diminishes 
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with temperature increase. Practically, two-stage purification of row gases is 

applied, as during the first stage gases are cooled up to 30-50 °C in а heat-
exchanger, and at the second – they are rinsed with water in a wet-
scrubber. 

Another technological decision includes pollutants dissolution in an ab-
sorber with injected water followed by crystallizer with injected H2SO4, at 
which ammonium sulfate crystallizes on the bottom. This method is broadly 
used for the removal of pyridine and its derivatives. 

3.2.4 NOx removal 
NOx transforms to inert N2 by reduction with NH3 and/or (NH4)2CO3 un-

der high temperature or over catalysts. 

3.2.5 Fluorine and fluorides removal 
HF can be easily absorbed by water in wet scrubbers, while in the pres-

ence of fluorine instead water 5-10 % NaOH solution is used: 

 (19)  2F2 + 4NaOH → O2+2H2O +4NaF 

4 CONCLUSIONS 

The most problematic and global air pollutants, such as SO2, H2S, NOx, 
NH3, amines, fluorides, pyridines, as well as their industrial generation 
sources are summarized. The established reliable technologies for gaseous 
emissions reduction are briefly discussed. The most effective and ecologi-
cally compatible are the technologies converting emissions in commercial 
and harmless products and those with sorbent recovery. 
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