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Abstract. The article is devoted to the issues of reducing the negative impact on the environment of the produc-

tion of soda ash, which is achieved by reducing the formation of gas and dust emissions, as well as their deeper clean-

ing. The problem of cleaning gas emissions from the production of soda ash is solved by using hollow vortex devices, 

their comparison with operating apparatus is given. The advantages of multi-stage vortex-type apparatuses for clean-

ing large volumes of industrial gas emissions are noted. The article states that the task of cleaning of industrial gas 

emissions is significantly complicated by their large volumes, which makes it difficult to use traditional treatment 

equipment. Most of the devices currently used to clean gases from gaseous, liquid and solid impurities are character-

ized by low throughput due to small maximum permissible gas velocities in the apparatus. 

The necessity of using multistage vortex devices for cleaning gas emissions from ammonia and soda dust is sub-

stantiated. The advantages of the apparatus of this group are noted - low hydraulic resistance, high efficiency and low 

energy and metal capacity. The comparison of vortex devices with other active gas cleaning devices according to 

fractional efficiency is given. The scheme of purification of gas emissions from soda dust, with its further utilization, 

is proposed. The efficiency of submicron particle deposition in a vortex apparatus with intensive phase interaction 

may exceed 95 %. 

Keywords: industrial gas emissions, cleaning, mass transfer, vortex apparatus, investigation of cleaning processes, 

ammonia, soda ash dust. 

1 Introduction 

Waste-free and low-waste technologies represent one 

of the current trends in the development of industrial 

production and are associated with the need to eliminate 

the harmful effects of industrial waste on the environ-

ment. Wasteless production involves the development of 

technological processes that ensure the integrated pro-

cessing of raw materials. This makes it possible to effec-

tively use natural resources, process waste into commer-

cial products, and also reduce the amount of waste and 

their negative impact on ecological systems. 

Wasteless and low-waste technologies are used in all 

industries, developing in the direction of developing and 

implementing fundamentally new technological processes 

that reduce the amount of waste; development and intro-

duction of methods and equipment for waste processing 

into commercial products; creation of drainless water 

recycling systems in which water purification is carried 

out and the efficiency of gas phase cleaning is improved. 

To reduce the level of environmental pollution, save 

raw materials and energy, re-use of material resources, 

namely their recycling, is of great importance. 

A set of measures to minimize the amount of hazard-

ous waste and reduce their impact on the environment 

include: 

─ development of drainless process systems and water 

cycle systems based on wastewater treatment; 

─ the development of systems for processing waste 

products into secondary material resources; 

─ creation and release of new types of products, taking 

into consideration the requirements for its re-use; 

─ the creation of fundamentally new production process-

es that make it possible to exclude or reduce the tech-

nological stages at which waste is generated. 

The initial stage of these complex measures aimed at 

creating in the future non-waste technologies is the intro-

duction of circulating, down to completely closed techno-

logical systems. 

Turnover water supply is a technical system that pro-

vides for the reuse of waste water in the production (after 
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treatment) with very limited discharge (up to 3 %) into 

water bodies. 

A closed cycle of water use is a system of industrial 

water supply and sanitation, in which the repeated use of 

water in the same production process is carried out with-

out the discharge of sewage and other water into natural 

water bodies. 

Progress of new technological schemes of water sup-

ply is determined by the extent to which the water con-

sumption, the amount of sewage and their contamination 

decreased compared to earlier ones. The presence of a 

large amount of sewage at an industrial facility is consid-

ered an objective indicator of the imperfection of the 

technological schemes used. 

The development of non-waste and anhydrous techno-

logical processes is the most rational way of protecting 

the environment from pollution, which allows to signifi-

cantly reduce anthropogenic load. 

The complete transfer of industrial and agricultural 

production to wasteless and waterless technologies is 

associated with complex organizational, technical and 

financial problems. 

The concept of non-waste production provides for the 

need to include the consumption sphere in the cycle of 

using raw materials. Thus, products after physical or 

moral deterioration should be returned to the production 

sphere, methods of neutralization, utilization, processing 

or disposal of waste should be improved. It should be 

noted that non-waste production involves the cooperation 

of industries with a large amount of waste (the production 

of phosphate fertilizers, thermal power plants, metallurgi-

cal, mining and concentrating industries) with the produc-

tion-consumer of this waste. 

By disposing of sulfur dioxide contained in the exhaust 

gases, heat and power engineering and metallurgy, it is 

possible to obtain a large amount of sulfuric acid by in-

creasing the production of this valuable product of chem-

istry. Sulfuric acid, used in agriculture to make neutraliz-

ing composition, can find an unlimited market for soils of 

soda salinity. 

Technological measures to protect atmospheric air 

from pollution also involve the creation of waste-free and 

low-waste technologies and technological means for the 

integrated use of raw materials, the disposal of industrial 

waste, the organization of technological industrial com-

plexes with a closed system of material balance of sub-

stances, including production waste. 

The most effective measure of atmospheric air protec-

tion is the construction of enterprises operating on the 

principle of non-waste technologies, with closed techno-

logical processes, with the elimination of emissions of 

tailings and tail gases into the atmosphere. The introduc-

tion of even partial recirculation of gases, replacement of 

coal and fuel oil with natural gas give a good ecological 

and economic effect. The change in technology follows 

the path of reducing the amount of emissions and reduc-

ing the costs of gas cleaning per unit of output. 

One of the promising directions for the development of 

wasteless and low-waste technologies is the introduction 

of gas cleaning with the use of a catalytic afterburning 

system, which is used for cleaning solvent vapors of 

paints containing organic and non-oxidized substances: 

esters, hydrocarbons, toluene, xylene. 

Considerable practical importance for gas purification 

is also provided by preventive measures, consisting in 

improving fuel combustion conditions, improving the 

design of filters and other gas, dust-collecting equipment, 

and sealing technological lines. 

The main criteria of technologies for waste processing 

are environmental safety and economic efficiency, ex-

pressed in the cost of processing one ton of waste. Tech-

nologies for recycling production wastes can be classified 

as follows [1]: 

─ thermal technologies; 

─ physicochemical technologies; 

─ biotechnology. 

The development of waste-free and water-free pro-

cesses - the most efficient way to protect the environment 

from pollution, which drastically reduce the human pres-

sure on the environment. 

Effectively solve the problems of environmental pro-

tection and rational use of natural resources is possible 

only by improving the methods of neutralization, utiliza-

tion, processing or disposal of waste. 

2 Analysis of recent research 

The chemical industry complex lays the foundation for 

long-term and stable development of the country and has 

a significant impact on structural changes in the econo-

my. The branch of chemistry and petrochemistry is char-

acterized by a wide range of types of products that are 

used in virtually all industries, the national economy and 

in everyday life. Analysis of the structure of consumption 

of soda ash showed that about 49 % of soda ash is used 

for the production of glass, about a quarter for chemicals, 

13 % for soap and detergents, 11 % for purposes such as 

cellulose and paper, refining metals and oil, tanning skin 

and water purification, and the rest goes on sale. On Fig. 

1 the structure of consumption of soda ash in Ukraine is 

presented. 
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Figure 1 – The structure of consumption of soda ash in Ukraine 
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The growth in industrial production caused an increase 

in emissions to the environment, and the development of 

a large number of new technological processes led to an 

increase in the number of toxic substances entering the 

atmosphere. The total amount of harmful substances in 

emissions is small, but due to the location of soda plants 

in regions with chemical plants and the proximity of resi-

dential areas, concentrations in the residential area and at 

the boundaries of sanitary zones of plants are higher than 

the maximum allowable concentrations. 

The reasons for this situation are manifold, but the 

main one is that the cleaning of industrial gas emissions 

has not only been neglected for a long time, and the atti-

tude to the issue has implied the ability of the environ-

ment to unlimited self-cleaning. 

3 Identification of previously unsolved 

problems 

Improvement of soda production until recent years has 

been aimed at improving technology and upgrading the 

equipment of the main production cycle. The creation of 

equipment for the protection of the environment was not 

given much attention. Gases and liquids were cleared 

only of ammonia to the limits substantiated economically, 

and not sanitary norms.  

Only recently, systems for cleaning emissions and uti-

lizing the heat of secondary sources have been developed 

and implemented. This, in turn, requires the development 

of scientific principles for the design of devices for clean-

ing gas emissions of soda production. In addition, the 

introduction of traditional systems and installations for 

cleaning industrial emissions require large capital and 

operating costs. 

From the technological cycle of soda production are 

output: gas streams, liquid industrial effluents and solid 

sludge. When 1 ton of soda ash is produced, the follow-

ing substances are removed from the technological cycle 

[2]: 

1. Components of gaseous streams: 

─  ammonia – 1.5 kg; 

─  carbon monoxide – 27 kg; 

─  oxides of nitrogen – 0.8 kg; 

─  sulfur dioxide – 5.6 kg; 

─  dust – 0,4 kg. 

2. Liquid industrial effluent: 

─ water from water rotation – 5 m
3
; 

─ weakly mineralized runoff – 2 m
3
; 

─ flushing water with calcium chloride and sodium chlo-

ride – 2.3 m
3
; 

─ clarified distillation liquid – 9.8–10 m
3
. 

3. Solid slimes: 

─ brine cleaning mud (containing calcium carbonate, 

magnesium hydroxide, sodium chloride, calcium sul-

fate and water) – 25 kg; 

─ small waste of quenching (containing calcium oxide, 

calcium carbonate and others) – 81 kg; 

─ distillery slurry (containing calcium carbonate, magne-

sium carbonate, calcium oxide, sodium chloride, calci-

um chloride, calcium sulfate and water) – 250 kg. 

Annually, soda enterprises withdraw about millions m
3
 

of liquid industrial effluents and gaseous substances, 

millions of tons of solid waste and dust from the techno-

logical cycle. [2]. And in the future it is expected to con-

tinue rapid growth in the world scale of industrial produc-

tion of soda ash, which will inevitably lead to an increase 

in the amount of waste generated [3]. 

In comparison with other chemical and petrochemical 

enterprises soda plants discharge large amounts of harm-

ful emissions into the atmosphere, mainly not related to 

particularly toxic (dust soda, carbon dioxide, ammonia). 

Carbon monoxide and a small amount of hydrogen sul-

phide are also present in the emissions. The emissions 

from the boiler unit of the soda plant usually contain 

oxides of nitrogen and sulfur. 

4 Research 

The task of cleaning industrial gas emissions is signifi-

cantly complicated by the fact that their volumes are doz-

ens, and sometimes hundreds, thousands of m
3
/h, which 

makes it difficult to use traditional cleaning equipment. 

Most of the devices currently used to purify gases from 

gaseous, liquid and solid impurities are characterized by 

low capacity, due to the small maximum allowable gas 

velocities in the apparatus. This is the reason that high-

performance devices have large overall dimensions (for 

example, the diameter of absorption columns can reach 

10–12 m), and the costs of their manufacture, installation 

and transportation are prohibitive. 

The concentration of ammonia in the gas discharge is 

within the range of 0.1–0.2 g/m
3
, and the maximum al-

lowable concentration is 50 mg/m
3
. The main source of 

gas emissions of ammonia is the gases after the process 

of carbonization of the ammoniated brine. At the same 

time, at the factories there are 4 to 13 second column gas 

washers. 

The traditional bubble gunner of second column gas 

washer consists of eight elements, bottom and lid [2]. The 

main mass-exchange element of the apparatus is a bub-

ble-pin device, which is installed inside the contact plate. 

On each plate there are 17 bubble devices and one nozzle 

for flooding the liquid through a water jacket on an un-

derstated plate. In total, in the bubble gunner of second 

column gas washer in practice, 8 working plates with 

bubbling devices are used. 

Multi-stage vortex devices are perspective equipment 

for cleaning large volumes of industrial gas emissions, 

including ammonia [1, 4]. 

A comparative analysis of the parameters of the opera-

tion of devices for gas cleaning testifies to the use of 

hollow vortex devices with low hydraulic resistance, 

fairly low energy and metal capacity. 
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This makes it very promising to use for cleaning large 

volumes of gas emissions from vortex-type devices. The 

use of centrifugal separation in vortex devices removes 

the restriction on the maximum permissible gas velocity 

and makes it possible to carry out the processes at medi-

um-velocity gas velocities reaching 20-40 m/s. The high 

throughput of vortex devices in the gas phase causes their 

small overall dimensions. In addition, the advantages of 

these devices include low metal consumption, relatively 

low specific energy costs, stability of operation in a wide 

range of loads in liquid and gas, and ease of manufacture. 

Despite the fact that the principles of designing vortex-

type devices have been developed quite a long time 

[4, 5], their widespread use in industry is hampered by 

the lack of reliable and valid methods for calculating the 

efficiency of gas purification processes taking place in 

them. 

Multistage vortex devices are a heat and mass ex-

change column with contact vortex stages. The contact 

stage of multi-stage devices is executed in the form of a 

single vortex stage inside which counter-current motion 

of phases is realized. In general, in the apparatus phases 

move the in countercurrent mode. 

Features of the technology for cleaning gas emissions 

from ammonia, as well as the operating principle and 

design of a multi-stage vortex device are described in 

detail in the following works [6, 7]. 

A feature of the vortex apparatus is the presence in the 

working space of a highly developed surface of mass 

exchange, which includes a drop, film, and foam interface 

[6]. High relative phase velocities and constant renewal 

of the phase interface ensure high efficiency of the devic-

es of this design. The coefficient of heat and mass trans-

fer of the apparatus is an order of magnitude higher than 

in known industrial apparatuses used for the same pur-

poses. This allows you to get the desired result with min-

imal overall dimensions and metal capacity. 

Also, among the most important problems of soda 

production, the process of which is related to storage, 

processing, packaging, etc., first of all, pollution of air, 

industrial premises and territories with soda dust. Such 

technological processes, as loading, unloading, overfill-

ing, sorting are accompanied by the release of dust. 

Technology dust is very diverse in chemical composition, 

size, shape and density of particles. The density of the 

particles of soda ash varies, generally, from 1 000 to 

3 000 kg/m
3
. It contains particles of 3–50 μm in size. The 

formation of fine soda dust is facilitated by the processes 

of its mechanical processing, as well as various loading 

and unloading operations, transportation and storage [8]. 

To clean the gas of large dust, a washer is usually 

used, which is a chordal apparatus that is watered. To 

clean the gas of fine dust it is sent to an electrostatic pre-

cipitator, a foam washer or a Venturi scrubber [8]. 

According to the current schemes for cleaning gases 

from a solid dispersed phase, there are difficulties associ-

ated with cleaning the precipitation electrodes during the 

operation of the electrostatic precipitator from the settled 

dust. The main drawbacks of scrubbers when capturing 

solid dust particles are a large flow of irrigating liquid, a 

short residence time of phases in the contact zone and a 

high hydraulic resistance [8]. In addition, existing con-

ventional dust-collecting equipment does not effectively 

capture particles smaller than 10 μm, and they are largely 

carried away with the gas stream. These factors necessi-

tate the transition of gas purification systems from the 

substantial amount of a solid polydispersed phase con-

tained in it to a fundamentally new technology. 

Comparative dependence of the capture efficiency on 

the fractional composition of solid particles and aerosols 

in the gas stream for different types of equipment is given 

in Table 1. 

To intensify the trapping of dust, it is necessary to use 

an intensive mode of interaction of phases with a high 

turbulence of the streams. Fine dust particles have low 

inertia, so the cleaning process is possible only in devices 

with an intensive hydrodynamic mode of operation, for 

example, such as hollow vortex devices. 

In a vortex dust collector, as in a cyclone, dust separa-

tion is based on the use of centrifugal forces. In vortex 

dust collectors, a very high purification efficiency is 

achieved – 99–99.5 % and higher. The device can be used 

for cleaning gases with a temperature up to 700 °С.  

Table 1 – Efficiency of dust trapping by various designs of gas 

cleaning equipment 

Type of  

equipment 

O
v

er
al

l 
 e

ff
ic

ie
n

cy
, 
%

 Efficiency of capture,% 

< 5  

μm 

5–10  

μm 

10–20  

μm 

20–40  

μm 

> 40  

μm 

Dust  

settling  

chamber 

58.6 7.5 22 43 80 90 

Cyclone 65.3 12 33 57 82 91 

Cyclone 

with  

elongated 

cone 

84.2 40 79 92 95 97 

Electrofil-

ter 
97.0 72 94.5 97 99.5 100 

Hollow  

scrubber 
98.5 90 96 98 100 100 

Venturi  

scrubber 
99.5 99 99.5 100 100 100 

Hose filter 99.7 99.5 100 100 100 100 

Vortex  

scrubber 
99.8 99.9 100 100 100 100 

 

In the vortex dust collector there is no wear of the in-

ternal walls of the apparatus, which is due to the peculiar-

ities of its air regime. The device is more compact than 

other designs of dust collectors. The use of hollow vortex 

devices  in  this  method  of  cleaning  gas  emissions will 
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Figure 2 – The apparatus for studying the work parameters  

of a vortex apparatus: 1 – vortex device; 2 – the working  

section, 3 – the droplet separator, 4, 5 - the tangential swirler;  

6, 7 – the contact sections; 8 – gas inlet; 9 – gas outlet;  

10 – the sampling pipe; 11 – measuring cup; 12–14 – manome-

ters; 15 – fluid inlet; 16 – tank; 17 – centrifugal pump;  

18 – flowmeter; 19, 20 – valves; 21 – gate valve; 22 – dia-

phragm; 23 – gas blowers; 24, 25 – heating element;  

26 – psychrometer 

reduce the consumption of liquid for wet cleaning. By 

adjusting the speed of the gas at the inlet to the apparatus, 

it is possible to ensure optimum operation in the vortex 

apparatus. 
The design of equipment for the study of the parame-

ters of the vortex apparatus is shown in Fig. 2.The flow 
of liquid enters the apparatus through the gas-phase con-
nection. From the holes in the sprinkler, the liquid is 
sprayed into the working area of the apparatus. The swirl-
ing flow of gas interacts intensely with the liquid. Rotat-
ing together with the gas-liquid flow, dust particles move 
to the surface of liquid droplets. Under the action of the 
centrifugal force, the liquid precipitates on the wall of the 
apparatus and flows down along it in the form of a film. 
This creates an additional contact zone of the gas and 
liquid phases. The gas, passing through the droplet layer, 
is cleaned of solid impurities, after which it is removed 
from the apparatus through the upper nozzle. The used 
liquid is removed through the lower nozzle. 
The main advantages of this device are high throughput 
in the gas phase and low hydraulic resistance. These fac-
tors necessitate the joint use of already installed cyclones 
at the enterprises simultaneously with vortex devices for 
gas purification from cleaning matter in soda plants. In 
order to pre-clean the large particles of soda, the gas is 
supplied to the apparatus for trapping large particles, for 
example, a cyclone. After that, the gas enters the vortex 
apparatus for wet cleaning from small dust particles. The 
liquid in the vortex device comes from the condenser. 
The spent liquid from the dust trap is taken to the evapo-
ration apparatus, where the concentration of the solution 
is taken, which is then taken to the crystallizer to separate 
the soda crystals. Water vapor is then fed to the conden-
ser, and then returns to the hollow vortex device (Fig. 3).

 

Figure 3 – Scheme of cleaning the air flow from the soda dust:  

1 – cyclone; 2 – dust collector; 3 – vortex apparatus; 4 – evapo-

rator; 5 – condenser; 6 – input of a dusty gas; 7 – cleaned gas 

outlet; 8 – outlet of the evaporated solution; 9 – air outlet to the 

atmosphere; 10 – input of heating steam; 11 – outlet of conden-

sate of heating steam 

The proposed gas purification method can also be used 

in other industries to purge from soluble dust crystals.The 

use of hollow vortex sludge devices in this method will 

reduce the consumption of liquid for cleaning from dust. 

Also, adding a small amount of liquid to the swirler by 

spraying it, makes it possible to lower the hydraulic re-

sistance of the apparatus. 

Thus, it is advisable to use the proposed apparatus in 

this technological scheme. The efficiency of deposition of 

submicron particles in a device with intensive phase in-

teraction can exceed 95 %. 

5 Conclusions 

The use of the modernized two-stage purification 

scheme allows efficient air purification from dust of sus-

pended solids. The use of hollow vortex devices in this 

method will eliminate the problem of clogging equipment 

and communications with sediments. In addition, the 

main advantages of vortex devices is the simplicity of 

manufacturing, installation and maintenance, small over-

all dimensions, large phase contact surface, high efficien-

cy of trapping fine particles and high gas phase produc-

tivity. Using a recycled liquid will result in a lower power 

consumption of the installation. This makes the installa-

tion promising for practical use to improve economic and 

environmental performance. 

For the soda industry, the necessity of introducing 

fundamentally new compact and highly efficient absorb-

ers, capable of working at high L/Q ratio, has been long 

overdue, providing not only the intensification of gas 

absorption processes but also the solution of a number of 

environmental problems of soda production. 

Thus, the main result of the work is updating of the 

technology of ammonia and dust emissions, development 

a new construction of equipment, which contributes sig-

nificantly to the improvement of soda production as an 

important sub-sector of the chemical industry. 
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