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ACTIVATION METHOD OF CLEANING PROCESS GAS

Abstract. This article presents the results of joint research of "ABsalut Ecology" LLP with Karstu of industrial 
electrochemical aeroion plants B30-500 and AP-21, capable of cleaning technological gas emissions from toxic 
impurities SO2 (at least 90%), NOx (at least 80%), CO2 (at least 90%) and dust particles (99.9%); with the return to 
production of part of the burned carbon (in the form of fine soot).

It was found that in the discharge zone of the V30-500 and AP-21 installations, the active factors affecting the 
chemical process are: high voltage of the electric field ; secondary ionization of substances; polarization of 
molecules; high temperature; photoionization; microwave radiation; shock wave. Two processes take place 
simultaneously in the reaction zone of the plants: activation and reduction of CO2 , CO, NOx, and SO2 oxides to 
elementary substances in the core of the electronic injector.

Reduction of CO2 , CO, NOx, and SO2 oxides in the reaction zone proceeds simultaneously by various 
mechanisms: catalytic reduction and dissociation. It is established that the catalytic system in the installation is an 
electronic injector, which serves as a source of active particles that determine the rate of chemical reactions. 
Reducing agents CO, NH3 are present in the gas to be treated , and are also formed in the reaction zone of the plant.

As a result of the reactions, elementary substances are formed. The speed constants of elementary processes in a 
discharge strongly depend on the electric field strength, and the speed of individual processes may depend in a non­
linear way on the current density, so by changing these parameters, you can change the selectivity and speed of 
recovery processes in the installation.

It is shown that ionization and dissociative processes with the formation of various radicals and ions are feasible 
in non-equilibrium weakly ionized plasma. The degree of capture of aerosols and dust increases with a decrease in 
the size of dust-like particles, and in dry electric filters, on the contrary, falls to zero.

The ways of increasing the efficiency of technological gas treatment plants (geometric parameters of new 
plants, increasing their productivity, using new high-voltage power sources, flotation and filtration devices, and 
dispatching control systems) were determined.

The efficiency of the gas treatment plant does not decrease when the particle size of the captured aerosols 
decreases, starting from the size of about 5 microns and lower, the cleaning efficiency approaches 100%.

The research results are shown as graphs that show the concentration of gas before and after treatment. The 
degree of air purification from dust particles and aerosol impurities ranges from 60% to 99%.

Keywords: soot, activation, electrochemical installations, air ionization, atmospheric pollution, ecology, 
initiation, carbon conversion, aeroionizers, cyclones, scrubbers, electrofilters.

Introduction. Nowadays the issue o f solving environmental problems is acute throughout the world. 
The scientific and technological revolution, the intensive growth o f production are the basis o f negative 
changes in the environment, these include: air pollution; destruction o f the fertile layer o f the earth; 
poisoning and pollution o f the rivers, lakes, oceans, etc. As a result o f human and industrial activities of 
the people more than 200 million tons o f carbon monoxide, 151 million tons o f sulfur (IV) oxide, and over
50 million tons o f oxides nitrogen, more than 50 million tons o f various hydrocarbons, more than 250 
million tons of fine aerosols are annually emitted into the Earth’s atmosphere [1].
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The relevance o f this article is caused by the alarming situation in the ecology o f the Republic of 
Kazakhstan. The highest level o f air pollution is observed in the cities o f Ust-Kamenogorsk, Shymkent, 
Aktobe, Balkhash, Temirtau.

This problem makes the young generation think about how to return the human environment, our 
Earth, to that perfect natural balance that existed earlier. By lowering the air pollution levels, countries can 
reduce the burden o f diseases such as stroke, heart disease, and lung cancer, as well as chronic and acute 
respiratory diseases, including asthma. In 2012, an estimated 3.7 million premature deaths occurred in 
urban and rural areas worldwide due to the air pollution. According to the recent WHO estimates o f the 
total global burden o f disease, approximately 7 million cases o f premature death are caused by the air 
pollution and the indoor air [2 ].

The main causes o f the high level o f air pollution in the cities o f Kazakhstan are as follows:
- outdated production technologies,
- inefficient gas cleaning equipment,
- mismatch o f coal fuel to boiler units,
- a huge amount o f accumulated and new dumped waste (billions o f tons).
From the above-said it follows that the enterprises of Kazakhstan need comprehensive purification, 

which will not only clean up gas emissions, but also make it possible to obtain carbon black products in 
the form o f environmentally friendly compounds.

A scientific-engineering group of the ABsalut Ecology LLP headed by A. Borissenko, Doctor of 
Chemistry, Professor, Academician, developed and introduced into production new electrochemical plants 
of the B30-500 and AP-21 models that not only clean technological gas emissions from toxic impurities 
(СОх, NOx, SO2 , H 2 S, etc.), return to production a part o f the burned carbon (in the form of fine soot), but 
also purify the air in residential premises saturating it with negative air ions and enriching it with oxygen.

In the discharge zone o f the B 30-500 and AP-21 plants, the active factors affecting the chemical 
process are as follows:

- high voltage o f the electric field;
- secondary ionization o f substances;
- polarization of molecules, excitation o f molecules and atoms;
- high temperature;
- photoionization;
- microwave radiation (electromagnetic waves);
- shock wave.
Process gases entering the B 30-500 and AP-21 units have the following component composition: 

СО2 , СО, SO2 , СН4 , N 2 , О2 , Н 2 О.

Experim ental part. In the reaction (discharge) zone, in the presence o f the active factors described 
above, there can take place the reactions o f all components with the formation o f elementary substances 
and various compounds, i.e. taking into account the experimental data obtained in the laboratory o f the 
ABsalut Ecology LLP, it follows that in the near-cathode unipolar charged region o f the B 30-500 and AP- 
2 1  plants, in the conditions o f a non-equilibrium weakly ionized plasma, ionization and dissociative 
processes can occur with the formation o f various radicals and ions [3].

In the aggregate, all these processes can lead to the reduction o f carbon oxides (СО2), sulfur dioxide 
№ )  and nitrogen oxides (II, IV).

- СО2

a) occurrence o f complete or partial dissociation o f carbon oxides:
СО2 ^  С + О2 

СО2 ^  СО + У2 О2 

СО ^  С + ' / 2  О2 

СО* + СО* ~  С + СО2 

СО2 (г) + С(т) ^  С(о) + СО(г)
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b) processes o f reducing by atomic hydrogen:

СО2 + Н — С + НО2 

СО + 2Н — С + Н 2 О

c) carbon oxides interaction with atomic oxygen:

СО2 * + О ~  СО + О2

d) carbon oxides interaction with forming methane, other hydrocarbons and elemental carbon:

8 Н +СО2 — СН4  + 2 Н 2О 
СО + 3 Н2 ~  СН4  + Н 2 О

СН4  — С2Н 2 , С2Н4 , С2Н 3 and others — solid products.
Thus, in the unipolar (negative) charged zone, carbon dioxide dissociation and reduction reactions are 

possible.
- SO 2 - the mechanism of electrochemical transformations is also possible, leading to the reduction of 

sulfur dioxide molecules to elemental sulfur in the dark discharge zone in the solid needle electrode -  gas
-  liquid anode system [4].

a) complete or partial dissociation o f sulfur dioxide molecules

SO2 —— S j  + О2

b) reducing sulfur dioxide by atomic hydrogen

SO2 + 4Н* = S j + 2 Н 2 О

c) reducing by hydrogen sulfide with forming elemental sulfur (hydrogen sulfide is one o f the 
intermediate products that are formed when reducing sulfur dioxide):

6 Н* + SO2 = № S + 2 Н 2О 
SO2 + № S= 3Sj + 2 Н 2 О

d) in the reducing gas discharge medium there is also possible the reaction o f hydrogen sulfide ^ S  
dissociation to free sulfur:

^ S  — S + Н 2 [5]

- NxOy -  here there are also possible electrochemical transformations o f nitrogen oxides to the 
elemental composition (nitrogen).

N + NO — N 2 + О 

N + NO 2 — 2NO 

N + NO 2 — N 2 + 2O

O + NO 2 - O2 + NO 

N 2 O —— 2 N 2 + O2 

2 NO 2 — N 2 + 2 O2 [6]

Today, as a result o f tremendous work, the industrial unit B 30-500 provides the degree of 
purification o f process gases o f at least: an integrated one 99.7%; from carbon monoxide (CO) 97%; from 
sulfur dioxide (SO2) 95%; from nitric oxide (NO2) 80%; from dust and aerosol particles 99.5%. The data 
has been repeatedly confirmed:

1) by specialists o f the ABsalut Ecology LLP company on German Testo 350 instruments. Using this 
device, there can be monitored the operation o f an industrial gas treatment plant and recorded the cleaning 
changes in real time.
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Figure 1 - Gas measurements in the reaction zone of the industrial 
gas cleaning plant
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Figure 2 - Gas measurements in the reaction zone of the industrial gas cleaning plant

The graphs are plotted using two Testo 350 instruments: one instrument measures gas at the inlet to 
the gas treatment plant, the other one at the outlet. The graphs show 4 lines o f different colors:

- СО (20) - red line, СО2Ж  (20) - dark green line show the amount of gas at the inlet to the gas 
treatment plant, i.e. gas concentration before cleaning;

- СО (17) - pink line, СОЖ  (17) - light green line show the amount o f gas at the outlet o f the gas 
treatment plant, i.e. gas concentration after cleaning.

To the left and right o f the graphs there are scales o f the СО2 range in percent and CO in ppm.

1) Results obtained by the independent laboratory o f the Tsentrgeolanalit LLP.

Minutes No. EC050517/1. Meteorological conditions: T +3°C, pressure 718 mm Hg, humidity 70%. 
Sampling equipment: Aspirator ABA-180, Gas analyzer DAG-500.
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S02

Suspended matters

Figure 3 - Gas measurements in the process of operation of the industrial gas cleaning plant. Minutes No. EC050517/1

Minutes No. EC061117/1. Meteorological conditions: Т +24°С, pressure 707 mm Hg, humidity 20%. 
Sampling equipment: Aspirator АВА-180, Gas analyzer DAG-500.

Suspended matters
Figure 4 - Gas measurements in the process of operation of the industrial gas cleaning plant. Minutes No. EC061117/1

The introduction and use of the results of these studies allows preparing for the implementation of an 
integrated quality and environmental management system (ISO 9001: 2015, ISO 14001: 2015) at the 
ABsalut Ecology LLP, increasing the efficiency of process gas purification processes, as well as preparing 
a draft program for the use of the materials, obtained as related materials (fullerenes, carbon black, etc.) 
during the operation o f the plants. Based on the results o f these studies, measures were prepared to further 
improving the plant for cleaning process gases and atmospheric air, and the technology of cleaning and 
reducing the purification products.

The plant by A.V. Borissenko is intended not only for purifying nature, but also for obtaining useful 
substances from harmful wastes.

From all the above-said it follows that the scientific and engineering group of the ABsalut Ecology 
LLP headed by Dr. o f Chemistry, Professor, Academician A.V. Borissenko, has developed and introduced 
the technology that uses a new activation method of cleaning industrial and utility gases in the unipolar 
ionized region when exposed to a strong electric field. This technology is patented and has no analogues in 
the world. With its help there can be solved one o f the vital problems o f the mankind: atmospheric air 
pollution.
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ТЕХНОЛОГИЯЛЬЩ ГАЗДЫ ТАЗАЛАУДЫН, АКТИВАЦИЯЛЬЩ ЭД1С1

Аннотация. Бул макалада технологиялык газ шыгарындыларын S02 (кемiнде 90%), NOx (кемшде 80%), CO2 
(кемiнде 90%) жэне шац тэрiздес белшектерден (99,9%) тазартуга кабшетп В30-500 жэне АП-21 енеркэсштж 
электрохимиялык аэроиондык кондыргылардыц КарМТУ-мен "ABsalut Ecology" ЖШС бiрлескен зерттеулерiнiц 
нэтижелерi келтiрiлген.

В30-500 жэне АП-21 кондыргыларыныц разрядтык аймагында химиялык процеске эсер ететш белсендi 
факторлар мыналар болып табылады: электр ерiсiнiц жогары кернеуц заттардыц кайталама иондалуы; 
молекулалардыц поляризациясы; жогары температура; фотоионизация; СВЧ-сэулелену; соккы толкыны.

Кондыргыныц реакциялык аймагында бiр уакытта екi процесс етедi- СО2, СО, NOx, SO2 оксидтерiн 
активтендiру жэне электрондык инжектордыц белсендi аймагындагы Элементарлык заттарга дейiн калпына 
келтру. Реакциялык аймакта СО2, СО, NOx, SO2 оксидтерiн калпына келтiру эр тYрлi тетiктер бойынша бiр 
мезплде етедi: каталитикалык калпына келтiру жэне диссоциация. Каталитикалык жYЙе кондыргысында химиялык 
реакциялардыц жылдамдыгын аныктайтын белсендi белшектердщ кезi болып табылатын электрондык инжектор 
болып табылады. СО, NH3 калпына келтрпштер тазартылатын газда болады, сондай-ак кондыргыныц реакциялык 
аймагында курылады.

Реакциялардыц е ^  нэтижесiнде карапайым заттар пайда болады. Электр ергсшщ кернеулiгiне, сондай-ак 
жекелеген процестердщ жылдамдыгына электр ергсшщ кернеулiгiне катты байланысты, токтыц тыгыздыгына 
байланысты болуы мYмкiн, сондыктан осы параметрлердi езгерте отырып, селективтiлiктi, кондыргыдагы калпына 
келтiру процестерiнiц жылдамдыгын езгертуге болады.

Эр тYрлi радикалдар мен иондардыц пайда болуымен ионизациялык жэне диссоциативтж процестердiц етуi 
жYзеге асырыла отырып, элсiз ионизирленген плазма жагдайында керсетiлген. Аэрозольдар мен шацды устау 
дэрежесi шац тэрiздес белшектер мелшершщ азаюымен артады, ал кургак электр сYзгiлерiнде керiсiнше нелге 
дейiн темендейда.

Технологиялык газдарды тазарту бойынша кондыргылардыц тиiмдiлiгiн арттыру жолдары аныкталды (жаца 
кондыргылардыц геометриялык параметрлерi, олардыц ешмдЫпн арттыру, жаца жогары вольтты коректену 
кездерiн, флотациялык-сYзу курылгыларын, диспетчерлiк бакылау жYЙелерiн пайдалану жэне т.б.).

Газ тазарту кондыргысыныц тиiмдiлiгi 5 микрон жэне одан темен мелшерден бастап ауланатын аэрозольдер 
белшектерiнiц мелшерiн азайткан кезде темендетiлмейдi, тазарту тиiмдiлiгi 100%- га жакындап келедi.

Зерттеу нэтижелерi тазартканга дейiн жэне кейiн газ концентрациясын керсететiн графиктер тYрiнде 
келпршген. Ауаны шац тэрiздес белшектерден жэне аэрозоль коспаларынан тазарту дэрежесi 60%-дан 99%-га 
дейiн ауыткиды.

TYЙiн сездер: электрохимиялык кондыргылар, ауаны иондау, атмосфераныц ластануы, экология, 
бастамашылык жасау, кемiртектi конверсиялау, аэроионизаторлар, циклондар, скрубберлер, электр сYзгiлерi.
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АКТИВАЦИОННЫЙ МЕТОД ОЧИСТКИ ТЕХНОЛОГИЧЕСКОГО ГАЗА

Аннотация. В данной статье приведены результаты совместных исследований ТОО «ABsalut Ecology» с 
КарГТУ промышленных электрохимических аэроионных установок В30-500 и АП-21, способных очищать 
технологические газовые выбросы от токсичных примесей SО2 (не менее 90%), NOx (не менее 80%), CO2 (не менее 
90%) и пылевидных частиц (99,9%) с возвращением в производство часть сожжённого углерода (в виде 
мелкодисперсной сажи).

Установлено, что в разрядной зоне установок В30-500 и АП-21 активными факторами, воздействующими на 
химический процесс, являются: высокое напряжение электрического поля; вторичная ионизация веществ; 
поляризация молекул; высокая температура; фотоионизация; СВЧ-излучение; ударная волна.

В реакционной зоне установок протекают одновременно два процесса -  активация и восстановление оксидов 
СО2, СО, NOx, SO2 до элементарных веществ активной зоне электронного инжектора. Восстановление оксидов 
СО2, СО, NOx, SO2 в реакционной зоне протекают одновременно по различным механизмам: каталитическое 
восстановление и диссоциация. Установлено, в установке каталитической системой является электронный
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инжектор, который служит источником активных частиц, определяющих скорость химических реакций. 
Восстановители СО, NH3 присутствуют в очищаемом газе, а также образуются в реакционной зоне установки.

В результате протекания реакций образуются элементарные вещества. Константы скоростей элементарных 
процессов в разряде резко зависят от напряженности электрического поля, а также скорости отдельных процессов, 
могут нелинейным образом зависеть от плотности тока, поэтому изменяя эти параметры можно изменять 
селективность, скорость восстановительных процессов в установке.

Показаны в условиях неравновесной слабоионизированной плазмы, осуществимо протекание ионизационных 
и диссоциативных процессов с образованием различных радикалов и ионов. Степень улавливания аэрозолей и 
пыли увеличивается с уменьшением размеров пылевидных частиц, а в сухих электрофильтрах, наоборот, падает до 
нуля.

Определены пути повышения эффективности установок по очистке технологических газов (геометрические 
параметры новых установок, увеличение их производительности, использование новых высоковольтных 
источников питания, флотационно-фильтрационных устройств, систем диспетчерского контроля и пр.).

Эффективность газоочистной установки не снижается при уменьшении размера частиц улавливаемых 
аэрозолей, начиная с размера около 5 микрон и ниже, эффективность очистки приближается к 100%.

Результаты исследований приведены в виде графиков, которые показывают концентрация газа до и после 
очистки. Степень очистки воздуха от пылевидных частиц и аэрозольных примесей колеблется от 60% до 99%.

Ключевые слова: сажа, активация, электрохимические установки, ионизация воздуха, загрязнение 
атмосферы, экология, инициирование, конверсия углерода, аэроионизаторы, циклоны, скрубберы, 
электрофильтры.

Information about the authors:
Rakhimberlinova Zh.B., Candidate of Chemical Sciences, Karaganda State Technical University, kargtu_tss@mail.ru, 

https://orcid.org/0000-0002-3326-0998;
Takibayeva A.T., Candidate of Chemical Sciences, Karaganda State Technical University, mail: altynarai81@mail.ru, 

https://orcid.org/0000-0003-0536-0817;
Nazarova O.G., Master student, Karaganda State Technical University, nazarova_olga_pochta@mail.ru, 

https://orcid.org/0000-0003-4166-0905;
Iskakov A.R., Master student, Karaganda State Technical University, arnur2397@mail.ru, https://orcid.org/0000-0003-4303- 

0894;
Musina G.N., Candidate of Chemical Sciences, Karaganda State Technical University, gulnaz_musina@mail.ru, 

https://orcid.org/0000-0003-4683-2868;
Kulakov I.V., doctor of chemistry, Professor Tyumen State University, ivanku1@mail.ru, https://orcid.org/0000-0001-5772-

2096

REFERENCES

[1] Borissenko A.V. New technologies for gas purification from suspended solid and liquid particles, vapor and gaseous 
impurities in questions and answers: Monograph / A.V. Borissenko. Karaganda State Technical University. Karaganda: KSTU 
Publishing House, 2018. 178 p.

[2] Borissenko A.V. Scientific fundamentals and practical aspects of electrochemical processes in the gas phase in the dark 
electric discharge zone between the needle cathode and the “liquid” anode. Karaganda: Publishing house of KSU, 2007. 238 p.

[3] Borissenko A.V., Mustafina G.A., Fazylov S.D., Muldakhmetov Z.M., Zhurinov M.Zh. Physical and chemical processes 
in the reaction zone of the gas treatment system by Borissenko A.V. // Bulletin of the NAS RK. 2001. No. 2. P. 17-23.

[4] Livshits M.N. Aeroionification. Practical application. M.: Stroyizdat, 1990. 169 p.
[5] Developing modern laboratory and manufacturing test gas purification equipment: report on research (No. 3. V. 29) / 

Karaganda State Technical University/ Borissenko A.V., Ibrayev M.K., Voronkov V.V., Prikhodko B.I., Novik D.V., 
Yurchenko S.V., Ovsisher L.V. Karaganda: KSTU Publishing House, 2014. 168 p.

[6] Developing a modern laboratory and manufacture of test gas purification equipment: report on research (No. 2. V.28) / 
Karaganda State Technical University/Borissenko A.V., Ibrayev M.K., Voronkov V.V., Prikhodko B.I., Brusenko A.P., Novik 
D.V., Yurchenko S.V., Ovsisher L.V. Karaganda: KSTU Publishing House, 2013. 344 p.

[7] Таkibayeva А.Т., KulakovI.V., SydykovaD.M., КаpbassovaА.S., RakhimberlinovaZh.B. Selecting optimal modes of 
knotweed raw materials pressing out and developing technology for obtaining dry extract // News of the National Academy of 
sciences of the Republic of Kazakhstan. Series chemistry and technology. 2019. № 5. P. 82-87. 
https://doi.org/10.32014/2019.2518-1491.57

[8] ТаkibayevaА.Т., KulakovI.V., КаpbassovaА.S., SydykovaD.M., Rakhimberlinova Zh.B. Optimization of methods of 
quantitative determining flavanoids in knotweed raw material// News of the National Academy of sciences of the Republic of 
Kazakhstan. Series chemistry and technology. 2019. № 5. P. 88-91. https://doi.org/10.32014/2019.2518-1491.58

[9] Rakhimberlinova Zh.B., Mustafina G.A., Таkibayeva А.Т., Kulakov I.V., Iskakov A.R., Nazarova O.G. Synthesizing 
nitrile- containing glyconitrile (co) polymers// News of the National Academy of sciences of the Republic of Kazakhstan. Series 
chemistry and technology. 2019. № 6. P. 42-48. https://doi.org/10.32014/2019.2518-1491.7

77

mailto:kargtu_tss@mail.ru
https://orcid.org/0000-0002-3326-0998
mailto:altynarai81@mail.ru
https://orcid.org/0000-0003-0536-0817
mailto:nazarova_olga_pochta@mail.ru
https://orcid.org/0000-0003-4166-0905
mailto:arnur2397@mail.ru
https://orcid.org/0000-0003-4303-
mailto:gulnaz_musina@mail.ru
https://orcid.org/0000-0003-4683-2868
mailto:ivanku1@mail.ru
https://orcid.org/0000-0001-5772-
https://doi.org/10.32014/2019.2518-1491.57
https://doi.org/10.32014/2019.2518-1491.58
https://doi.org/10.32014/2019.2518-1491.7

