ISSN 2224-5286 Series chemistry and technology. 3. 2020

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.46
Volume 3, Number 441 (2020), 73 - 79

UDC 66.074.1/.2

Zh.B. Rakhimberlinoval A.T. Takibayeval, O.G. Nazaroval,
A.R. Iskakovl G.N. Musinal, I.V. Kulakov?2

Karaganda State Technical University, Karaganda, Kazakhstan;
ZTyumen State University, Tyumen, Russia.
E-mail: kargtu_tss@mail.ru

ACTIVATION METHOD OF CLEANING PROCESS GAS

Abstract. This article presents the results ofjoint 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 SO: (at least 90%), NOx (at least 80%), CO: (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 VV30-500 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 COz2, CO, NOx, and SO: oxides to
elementary substances in the core of the electronic injector.

Reduction of CO2, CO, NOx, and SO: 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, NHs 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 of solving environmental problems is acute throughout the world.
The scientific and technological revolution, the intensive growth of production are the basis of negative
changes in the environment, these include: air pollution; destruction of the fertile layer of the earth;
poisoning and pollution of the rivers, lakes, oceans, etc. As a result of human and industrial activities of
the people more than 200 million tons of carbon monoxide, 151 million tons of sulfur (1V) oxide, and over
50 million tons of oxides nitrogen, more than 50 million tons of 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 of this article is caused by the alarming situation in the ecology of the Republic of
Kazakhstan. The highest level of air pollution is observed in the cities of 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 of 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 of the
total global burden of disease, approximately 7 million cases of premature death are caused by the air
pollution and the indoor air [2].

The main causes ofthe high level of air pollution in the cities of Kazakhstan are as follows:

- outdated production technologies,

- inefficient gas cleaning equipment,

- mismatch of coal fuel to boiler units,

- a huge amount of accumulated and new dumped waste (billions oftons).

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 of 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
(COx, NOx, SOq, H2S, etc.), return to production a part of 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 of the B 30-500 and AP-21 plants, the active factors affecting the chemical
process are as follows:

- high voltage ofthe electric field;

- secondary ionization of substances;

- polarization of molecules, excitation of 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:
COq, CO, SOz, CH4, N2, Oz, H20.

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

In the aggregate, all these processes can lead to the reduction of carbon oxides (CO-), sulfur dioxide
Ne ) and nitrogen oxides (I, 1V).

- CO:

a) occurrence of complete or partial dissociation of carbon oxides:

CO:M C+ 02
COAr CO+ ¥ 0:
CoON CH+ 12 02
CO* + CO*~ C+ CO:

CO: )+ CM”" Co)+ CO(r)
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b) processes of reducing by atomic hydrogen:

CO:+H — C+HO:
CO +2H — C +H20

c¢) carbon oxides interaction with atomic oxygen:

CO:*+ 0~ CO + 02

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

sH +CO2 — CH4 + 2 H20
CO +3H2~ CHs +H20

CHs+ — C2H2, C2H4, C2Hs and others — solid products.
Thus, in the unipolar (negative) charged zone, carbon dioxide dissociation and reduction reactions are

possible.
- SO: -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 of sulfur dioxide molecules

S0 —Sj + O

b) reducing sulfur dioxide by atomic hydrogen

SO2+ 4H* =Sj + 2H20

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

6 H* + SO2=NeS + 2 H20
SO2+ NeS=3Sj +2H20

d) in the reducing gas discharge medium there is also possible the reaction of hydrogen sulfide ~ S

dissociation to free sulfur:
NS — S+ H2[5]

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

N+NO —N:2+0
N + NO2 — 2NO

N +NO2 — N2+ 20
O +NOz2-0:+NO
N20 —=N2 + O2

2NOz2 — N2 + 2 02 [6]

Today, as a result of tremendous work, the industrial unit B 30-500 provides the degree of
purification of process gases of at least: an integrated one 99.7%; from carbon monoxide (CO) 97%; from
sulfur dioxide (SO:) 95%; from nitric oxide (NO:2) 80%; from dust and aerosol particles 99.5%. The data

has been repeatedly confirmed:
1) by specialists ofthe ABsalut Ecology LLP company on German Testo 350 instruments. Using this

device, there can be monitored the operation of 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 of different colors:

- CO (20) - red line, CO2XX (20) - dark green line show the amount of gas at the inlet to the gas
treatment plant, i.e. gas concentration before cleaning;

- CO (17) - pink line, COX (17) - light green line show the amount of gas at the outlet of the gas
treatment plant, i.e. gas concentration after cleaning.

To the left and right ofthe graphs there are scales ofthe CO: range in percent and CO in ppm.

1) Results obtained by the independent laboratory ofthe 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: T +24°C, pressure 707 mm Hg, humidity 20%.
Sampling equipment: Aspirator ABA-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 ofthe plants. Based on the results ofthese 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. of 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 of the vital problems of the mankind: atmospheric air
pollution.
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'KaparaHgbl Mem/IeKeT/IK TeXHUKa/bLL, YH1BepeuTeT” KaparaHpl, KasakcTaH;
2T1oMeHb MEMIEKETTIK YHUBEPCUTETI, TroMeHb, Peceli

TEXHOJTIOIANbL, FTA3AbI TASANNAYbIH, AKTUBALWABL, 341C1

AHHOTaums. byn mMakanafa TeXHONOrMANbIK ras LWbirapbiHabiapsiH S02 (kemiHae 90%), NOx (kemwge 80%), CO2
(kemiHge 90%) >kaHe Lwau, Tapisgec GenwektepaeH (99,9%) TasapTyra kabwetn B30-500 »a3He AlN-21 eHepKaCLUTX
ANEKTPOXUMMS/IbIK a39POMOHABIK KOHAbIPrbinapabil, KapMTY-meH "ABsalut Ecology" YXLLUC 6ipneckeH 3epTTeynepiHiL
HITUXKENepi KeNTipinreH.

B30-500 »aHe AlN-21 KOHAbIPrblapbIHbIL, Pa3pAATLIK aiMarbiHAa XUMUSbIK MPOLECKe 3cep eTeTll GenceHpi
thakTopriap MblHanap 60/bIN Tabbladbl: 3MEKTP  epiCiHIL, >Korapbl KepHeyl, 3aTTapfbll, KaiTanama WOHZaybl;
MO/IeKyanappliL, NoNApU3aLyAChl; Xorapbl Temreparypa; oTonoHu3aums; CBY-caynenieHy; COKKbl TOMKbIHbI.

KOHAbIprbiHbIL, peakums/biK aiMarbiHga Oip yakbiTTa eki mpouecc etefi- COz, CO, NOx, SO: okcuarepiH
aKTVBTEHLIPY XX3HE 3MEKTPOHAbIK WHXEKTOpAbIL, 6enceHfi aimarbiHgarbl OneMeHTap/blK 3aTTapra AeliiH KanblHa
KenTpy. Peakumsnbik aiiMakta CO, CO, NOX, SO OKcvATepiH KanmnblHa KenTipy ap TYpai TeTiktep 6oliblHWA 6ip
Me3nniae eTefi: KaTaNMTUKabIK KanMbiHa KeMTipy XaHe AUccoLmaLys. KaTanmTukanbik XYV KOHAbIPrbiChIHAA XUMUAbIK
peakumanapablL, XblaaMabIrbiH aHbIKTaiTbiH 6enceHai GenLiekTepaL, kesi 60/1bin TabblnaTbiH 3/IEKTPOHAbLIK MHXEKTOP
60nbin Tabbinagbl. CO, NHs KannblHa KenTpnwuTep TasapTbliarbiH rasga 60/afbl, COHAaV-aK KOHAIPTbIHbIL, PEaKLMANbIK
alimarbiHAa Kypbliagbl.

Peakumsnapgbil, € N HITWKeCIHAE KapanaibiM 3aTTap naiiga 6onafdbl. DNeKTp eprcLull, KepHeyniriHe, CoHpal-ak
YKEKENEreH MPOLECTePALL, XblNgamMapIrbiHa 3MEKTP eprciull, KepHeyniriHe KarTbl 6ainaHbICTbl, TOKTbIL, ThiIrbI3gbIrbiHa
6alinaHbICTbl 60MYybl MYMKIH, COHAbIKTaH OCbl NapameTpepai e3repTe OTbIPbIM, CENeKTUBTINIKTI, KOHABIPrblAarsl KasnblHa
KenTipy NpoLecTepiHiL, XXblnaaMabIrbIH e3repTyre 6onampl.

3p TYpni paguKangap MeH MoHAApAbIL, Naiga 60/ybIMEH MOHM3ALMATBIK XK3HE AMCCOLMATVBTK NPOLECTEPAIL, eTyi
XY3ere acblpblia OTbIPbIM, 3/CI3 MOHW3MPEHTEH MNnasma >karfaibiHAa KepceTinreH. A3po3onbfap MeH Luaubl ycray
[apexkeci Wwa, Tapisfec GeflekTep MesLlepLuLl a3atobIMeH apTafbl, &l Kyprak anekTp cY3rinepiHge KepiciHwe Henre
[ieliiH TeMeHaeliaa.

TexHonoruAnbIK ragapabl Ta3apTy GOMbIHLLA KOHABIPrblapabIL, TMIMAINIFIH apTThipy XKO/Aapbl aHbIKTangbl (>kaua
KOHAbIPTbINApAbIL, TeOMETPUS/bIK MapameTpriepi, onapdpll ewmablnH apTTbipy, )Kaua Xorapbl BOMbTTbI KOPEKTEHY
Ke3gepiH, hoTaumsibik-CY3y KypblUrbiiapbiH, AncrneTyepnik 6akbiiay YVIenepiH nainganaHy >xsHe T.6.).

"a3 Ta3apTy KOHABIPrbIChIHbIL, TUIMAINITT 5 MAKPOH X3He oflaH TeMeH MesLepeH 6actan aynaHaTblH a3po30sibaep
GenLweKTePIHIL, Me/LWepiH a3aifTKaH Ke3ae TeMeHAEeTiIMelal, TasapTy Tnimainiri 100%- ra >xakbiHgan Kenegi.

3epTTey HaTwkenepi TasapTKaHra [feiiH >k3He KeiliH ra3 KOHLEHTPauusiCbiH KepCeTeTiH rpadmkTep TYpiHIe
KennpLureH. AyaHbl Lual, Tapi3gec GenLUeKTepaeH XXaHe aspo3o/ib KochanapblHaH TasapTy Aspexkeci 60%-gaH 99%-ra
AEViH aybITKAdD!.

TYVIH ce3gep: 9neKTPOXUMMUAMBbIK - KOHABLIPTbUIAP, ayaHbl WOHARY, aTMOCKepaHbll, flacTaHybl,  3KOMOorus,
HacTamalLblIbIK Xacay, KeMipTeKTi KOHBepCHs/ay, asporoHm3aTopap, UMKIoOHAaP, CKpyboepnep, anekTp CY3rifepi.

X.B. PaxumbepnnHoBal A.T. Takmnbaesal O.I. Hazaposal
A. P. Nckakosl I".H. MycuHal, .B. Kynakos2

IKaparaHAMHCKUIA FOCYfapCTBEHHDIA TEXHUYECKWIA yHMBepcnTeT, KaparaHga, Kasaxcrak;
2T HOMEHCKWIA roCcyAapCTBEHHLIN yHMBEPCUTET, TroMeHb, Poccuns

AKTUBALMOHHbI METOA OYNCTKW TEXHOIOMMYECKOIO FA3A

AHHOTauus. B paHHOl cTatbe MpuBefeHbl pesynbTaTbl COBMECTHbIX uccnefoBaHnin TOO «ABsalut Ecology» ¢
Kapl'TY NpOMBbILLNEHHBIX 3IEKTPOXMMUYECKNX a3POMOHHBIX YCTaHOBOK B30-500 m AlM-21, CMOCOGHbIX O4MLATb
TEXHO/IOrMYECKUE Ta30Bble BbIGPOCHI OT TOKCUYHBIX NpuMeceit SO (He meHee 90%), NOXx (He meHee 80%), CO: (He MeHee
90%) v nbineBUaHbIX Yactuy, (99,9%) C BO3BpaLLEHVEM B MPOM3BOACTBO YaCTb COMOKEHHOrO yrnepoga (B Buge
MENIKOANCIEPCHON CaXM).

YCTaHOB/IEHO, YTO B PaspsigHOii 30He ycTaHoBOK B30-500 1 AlM-21 akTuBHbIMM (hakTOpamm, BO3AEWCTBYHOLLMMIA Ha
XUMWYECKUIA NPOLIECC, SBMAKOTCA: BbICOKOE HaMPsKEHWE 3MEKTPUYECKOrO MOAs; BTOPUYHAS WMOHM3AUWA BELLECTB;
nonapu3aLIga MOJIEKy; BbICOKas TeMreparypa; hoTonmoHmsauws; CBY-usnyyeHwe; yaapHas BoHa.

B peakLyOHHOIi 30He YCTAHOBOK NPOTEKatOT Of|HOBPEMEHHO /Ba NPOLIecca - akTMBaLMA U BOCCTAHOB/EHWE OKCU0B
COz, CO, NOX, SO: [0 aneMeHTapHbIX BELLUECTB aKTVMBHOW 30HE 3/IEKTPOHHOIO MHXEKTopa. BoccTaHOBNEHME OKCMAoB
COz, CO, NOxX, SO: B peakuMOHHOI 30He MPOTEKAKOT OLHOBPEMEHHO MO Pa3/UYHbIM MEXaHW3MaM: KaTa/IMTUYECKoe
BOCCTAHOB/IEHME W AMCCOLMaUMs. YCTaHOB/IEHO, B YCTAHOBKE KaTa/MTUYECKOW CUCTEMON SBNAETCA 3MEKTPOHHbIN
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WHXXEKTOP, KOTOPbIA CMYXXWT WCTOYHUKOM aKTVBHBIX 4acTul, OMPEeenstolyX CKOPOCTb XMMUYECKUX PEaKLMiA.
BoccTanouTenm CO, NHs npucyTCTBYHOT B OUULLIGEMOM rase, a Takke 06pa3ytoTcs B peakLOHHOW 30He YCTaHOBKM.

B pesynbTate npoTeKaHUs peakuuii 00pasytoTCs 3/ieMeHTapHble BellecTBa. KOHCTaHTbl CKOPOCTEN 3MeMeHTapHbIX
MPOLLECCOB B Pa3psje Pe3Ko 3aBUCAT OT HaNPsXXEHHOCTY 3/1EKTPUYECKOrO MOJs, a TakKe CKOPOCTU OTAE/bHbIX MPOLECCOoB,
MOrYT He/IMHENHbIM 00pa3oM 3aBMCETb OT M/IOTHOCTU TOKa, MO3TOMY M3MEHSIi 3TW MapaMeTpbl MOXHO W3MEHSTb
Ce/IEKTMBHOCTb, CKOPOCTb BOCCTAHOBUTE/IbHbLIX MPOLIECCOB B YCTaHOBKE.

MokasaHbl B YC/IOBWSIX HEPABHOBECHOM CMabOMOHM3MPOBAHHOW MN/1a3Mbl, OCYLLECTBMMO MPOTEKAHNE VOHM3ALMOHHBIX
N OMCCOLMATVBHBIX MPOLECCOB C 06pasoBaHMEM Pas/iNYHbIX PafuKanoB M MOHOB. CTeneHb Y/aB/MBaHUA aspo30/iei u
MbIN YBEIMUMBAETCA C YMEHbLLIEHVEM Pa3MEPOB MbIEBUAHLIX YaCcTUL, a B CyXMX 3M1eKTpotnbTpax, HaobopoT, nafaeT o
Hy/iA.

OnpegeneHbl NyTU MOBbILLEHUA 3PEKTUBHOCTY YCTAHOBOK MO OUMUCTKE TEXHOOMMYECKUX ra30B (reoMeTpuyeckue
napameTpbl HOBbIX YCTAHOBOK, YBE/IMYEHME WX MPOU3BOAUTENBHOCTM, WCMOMb30BAHWE HOBbLIX BbICOKOBOJBTHBIX
VCTOYHUKOB NUTaHWA, I0TaLMOHHO-(TETPALIMOHHBIX YCTPOICTB, CUCTEM AUCMETHEPCKOTO KOHTPOAA U Mp.).

AbheKTMBHOCTb Ta3004MCTHOM YCTAHOBKWM HE CHWDKAETCA MPW YMEHBLUEHUM pa3Mepa YacTul, YNaBvMBaeMbIX
a3po30/1eld, HauMHasA C pa3mepa OKO/I0 5 MUKPOH U HIDKE, 3hPEKTUBHOCTb OUNCTKM NprbnmkaeTcst K 100%.

PesynbTaTbl MCCe[0BaHN MPUBEAEHbI B BUAE TPauKoB, KOTOPble MOKa3bIBAOT KOHLEHTpauWs rasa Ao W mocrne
ouncTKU. CTeneHb OUMCTKI BO3AyXa OT MbIIEBUAHBIX YaCTWLL 1 a3p030/IbHbIX MpuMeceli Konebnetcs ot 60% ao 99%.

KntoueBble cnoBa: CaXa, aKTMBaUMs, 3MEKTPOXUMUYECKME YCTAHOBKW, WOHW3aUMs BO3AyXa, 3arpssHeHue
atMoc(epbl,  3KOMOMWs,  WHULMUPOBAHWE,  KOHBEPCWSt  YIepofa,  aspovOHM3aTopbl,  LMK/IOHBI,  CKPy66epsl,
ANeKTPONBLTPBI.
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