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INVESTIGATION OF PLASMA-OHMIC
ELECTRIC FURNACES FOR GASIFYING
CARBONACEOUS WASTES

For the first time, the processes of reducing energy consumption of
a plasma-ohmic electric furnace for the gasification of various carbon-
containing wastes (municipal, biological, agricultural, and other organic
wastes) were investigated. The effect of reducing the humidity, morphological
composition of waste on energy consumption during plasma gasification of
carbon-containing materials is shown. The possibility to exclude the process
of preliminary drying from the production cycle of waste gasification has
been revealed.

In the modern world, one of the global trends in technology development
is the continuous increase in the efficiency and environmental friendliness
of carbon-containing waste management methods. The carbon-containing
industrial waste includes: municipal (municipal solid waste (MSW)),
agricultural (vice husk, etc.), industrial (wood waste, coal slimes, etc.) and
biological (medical, biological sludge deposits (BIO) and etc.)

Despite the different nature of this waste, they all consist of the same
chemical elements: carbon, hydrogen, oxygen, nitrogen, chlorine, sulfur, ash
(a complex of inorganic elements and compounds), water (moisture), but
contain elements and compounds dangerous for the environment (pathogens,
heavy metals, etc.). Gasification of carbon-containing wastes is a complex
physico-chemical process with a large number of effects, a complete scientific
explanation of which is far from completion.

Keywords: plasma electric furnace, plasma torch, organic waste, current-
voltage characteristic, energy saving, ohmic heating.
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Introduction

In the modern world, one of the global trends in technology development is
the continuous increase in the efficiency and environmental friendliness of carbon-
containing waste management methods. The carbon-containing industrial waste
includes: municipal (municipal solid waste (MSW)), agricultural (rice husk, etc.),
industrial (wood waste, coal slimes, etc.) and biological (medical, biological sludge
deposits (BIO) and etc.)

Despite the different nature of this waste, they all consist of the same chemical
elements: carbon, hydrogen, oxygen, nitrogen, chlorine, sulfur, ash (a complex of
inorganic elements and compounds), water (moisture), but contain elements and
compounds dangerous for the environment (pathogens, heavy metals, etc.). Gasification
of carbon-containing wastes is a complex physico-chemical process with a large
number of effects, a complete scientific explanation of which is far from completion.

The composition of carbon-containing waste can vary in a wide range, which
requires the creation of a flexible and universal technology. The main technical
problems that are holding back the widespread use of plasma technologies for the
processing of technogenic wastes have not yet been solved, namely, the low life of
the plasma torches and the high energy consumption for their pyrolysis.

The use of plasma technology allows: to significantly reduce the volume of
gas that is subjected to treatment in sewage treatment plants (to reduce the volume
of sewage treatment plants themselves); to melt and vitrify the inorganic part of the
waste in the reactor itself (to obtain inert slag, which can be used in construction);
eliminate the formation of oxides due to the reducing environment in the reactor; obtain
commercial synthesis gas (10-13 MJ/m’) suitable for its subsequent combustion in
power boilers in order to obtain thermal energy for its own needs (heating, hot water
supply, etc.) thermal power 0.5-0.6 5Gcal’h

At present, waste recycling using plasma technology is one of the most secure
techniques. Worldwide, there are only a few small plants testing plasma technology,
the main drawback of which is a very small lifetime of the plasma torch electrodes
(up to 100 hours) and have another drawback, which is manifested in high energy
consumption.

Thus, the task of developing an energy-efficient and environmentally friendly
plasma technology for utilization (gasification) of carbon-containing wastes, the use
of waste as alternative energy sources, and environmental protection lies in the area
of promising and significant research areas.

The development of technology for the processing of technogenic waste requires
the creation of methods that solve the problem of increasing the energy efficiency of
plasma furnaces and increasing the life of the plasma torch.

An increase in the energy efficiency of plasma furnaces is currently possible
using combined plasma-ohmic heating for the gasification of carbon-containing waste.
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In real conditions, the humidity of the CCW reaches 60 %. During gasification,
CCW get wet into the loading zone, waste remains wet only within the drying zone.
Further, as you move down the mine, getting into the pyrolysis zone of the plasma
electric furnace, the waste should be dried. Therefore, it is advisable to organize
additional ohmic heating in the drying zone.

The proposed work is the development of research in the direction of creating
energy-efficient plasma electric furnaces for gasification of USO and is dedicated to
the development of methods for reducing the energy consumption of plasma electric
furnaces for gasification of waste.

Materials and methods

To organize the best plasma gasification process for carbon-containing wastes, it
is necessary to organize an additional process for drying wastes, leading to additional
energy consumption.

According to research [1], waste has a specific electrical resistance of 3 to
5 Ohm m with natural humidity. Given this feature of waste, the drying process is more
expedient to carry out ohmic heating. This type of heating has an efficiency of 100 %.

The process of drying waste can be organized directly in the electric furnace itself.

In fig. 1 shows a diagram of a shaft plasma-ohmic electric furnace for the
gasification of carbon-containing waste.
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Figure 1 — Diagram of a plasma-ohmic furnace:
1 — electrodes; 2 — plasma torch; 3 — discharge of liquid slag

In the simulation, it was taken into account that the waste will contain moisture
only in the loading zone and within the drying zone until all moisture evaporates
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from them under the influence of temperature. Because of this, ohmic heating with
an industrial frequency current can only be carried out in the drying zone. Waste
enters the pyrolysis zone as dehydrated and with low moisture content.

When organizing a continuous technological process, an established gas-
dynamic and thermal regimes are formed in the furnace chamber. Therefore, the
processes of heat and mass transfer in such a process in the system of counter
flows of the solid and gas phases can be considered stationary. And as a result of
heat and mass transfer, a temperature field is formed in the charge and gas phase.

The work of automatic process control system (APCS) is based on the
principle of generating the control actions on actuating mechanisms by processing
the data (temperatures, current, voltage, etc.) obtained from the measuring
instruments and sensors. The controller of the control system forms, according to
the algorithm of technological process control, the necessary control signals for
the voltage regulator ensuring regulator switching on or off, or generates a signal
to the rheostat when the plasmatron power changes.

All APCS equipment is located in the control cabinet (Fig. 2). To prevent
dust, splashes and other foreign objects from entering the cabinet, and prevent
unauthorized access to the equipment of the cabinets, cabinet operation is allowed
only with the door closed and locked securely. The door is equipped with a seal and
it provides adequate protection of equipment in the cabinet from dust and humidity.
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Gaskets through which the supply and signal cables are fed into the cabinet
are also sealed.

The cabinet housing is securely grounded by connecting the protective earth
conductor to a special bolt located on the mounting panel of the cabinet and fixing
it with a nut.

The control cabinet of hydraulic drive is equipped with a controller <OVEN»,
built into the general network of automatic control.

The modular programmable controller, designed for constructing the
automation systems of low and medium complexity, modular design, work with
natural cooling, ability to apply local and distributed I/O structures, extensive
communication capabilities, many functions supported at the operating system
level, ease of operation and maintenance provide the opportunity to obtain cost-
effective solutions for constructing automatic control systems in various areas
of industrial production. The ability to use several types of CPUs of different
performance, availability of a wide range of I/O modules of discrete and analog
signals, function modules and communication processors facilitate the effective
use of controllers.

Results and discussion

In the process of drying, under the action of resistive heating, moisture
from the waste evaporates, decreasing from (60+50) % to 20 %. As shown in
[2], waste with a minimum humidity of 20 % contains all the chemical elements
necessary for their complete gasification. Resistive heating, like direct heating,
in this plasma-resistive furnace is highly efficient. Its efficiency (excluding heat
losses through the lining) is close to 100 %. At the same time, the heating of the
drying zone by the gas stream by the indirect method from plasmatrons, whose
power is transferred to plasma-forming gas with an efficiency of = 80 %, will be
less effective than with resistive gas.
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Figure 3 — The dependence of the specific energy consumption
pyrolysis of 1 kg of waste from their moisture
1 — there is no plasma-forming air flow, 2 — air flow rate of
0.15 g/s per 1 kg of waste per hour, experiment symbols

In fig. 3 that when the moisture content of the waste decreases from 50 to 30 %,
the specific energy consumption for their gasification decreases significantly (almost
twofold, from 0.75 to 0.4 kWh/kg). When combined plasma-resistive heating
of carbon-containing wastes is implemented, a significant reduction in specific
energy consumption is achieved using heat supply only from the plasma torch to
the processing of 1 kg of man-made waste — less than 0.4 kWh/kg (see Fig. 3).

Let us consider a specific example of the influence of ohmic heating of the
CCW on the energy of a plasma-ohmic electric furnace.
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Figure 4 — Effect of plasma torch power for gasifier capacity.
Solid waste moisture: 29 (1), 45 (2), 50 (3) %

As can be seen from the calculated and experimental data, Fig. 4 [3], the
gasification of organic waste with a humidity of 50 % with a furnace capacity of
GM =100 kg / h requires a plasma torch capacity of about 120 kW. Reducing waste
moisture to 29 % reduces the power of the plasma torch to 50 kW. Therefore, the
introduction of additional power through resistive heating P = 120-50 = 70 kW
in the drying zone allows to reduce the power of the plasma torch by 58 % for a
given performance of the electric furnace.

In the process of numerical and experimental studies, the morphological
composition influences the energy consumption of waste gasification. The
inorganic part of the composition of MSW in the process of gasification of waste
takes about 0.09 kW of energy per 1 kg for heating and remelting. With the
exclusion of the inorganic part of the waste, energy consumption is reduced by
9 kW at an electric furnace capacity of 100 kg/h.

With a long-term (in time) technological process of TCR gasification, there
is a significant energy saving.

Reducing the required power of the plasma torch allows you to significantly
increase the resource characteristics of the plasma unit of the installation, switching
to plasma torches with lower operating currents while increasing the service life
of the electrodes.

Operational parameters of the electric furnace are determined by the stable
operation of its constituent elements. One of the main, of course, is the plasma
torch. Below are the results of its experimental characteristics.

12
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Study of electric arc plasma torch

To maintain a high temperature in the furnace chamber, an arc plasma torch
is used. For the smooth operation of the installation requires reliable long-term
operation of the plasma torch. In this regard, on the basis of numerical studies, a
plasma torch with a power of 50 kW (Fig. 5) was designed and manufactured and
tested with supply of various plasma-forming air flow (3 + 6) « 10-3 kg/s with a
change in current from 120 A to 200 A.

The current-voltage characteristic (VAC) of the arc is the most important
electrophysical and energy characteristic of an arc plasma torch. It determines the
area of steady arc burning when changing the defining parameters: current strength,
flow rate and type of plasma-forming gas, pressure of the medium, geometrical
dimensions of the discharge chamber of the plasma torch. According to the type
of current-voltage characteristics and the level of achievable values of voltage
and current of the arc, the parameters of the power supply source are determined
to ensure reliable operation of the plasma torch in a continuous mode.

° ‘,\ y
7} - |
. . /

Figure 5 — Photograph of the plasma torch in operation

Figure 6 shows the experimental current-voltage characteristics of the arc as
a function of the plasma-forming gas flow.

13
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Figure 6 — Current-voltage characteristics of the plasma torch arc

One of the defining parameters that determine the efficiency of the plasma
torch, is its thermal efficiency. In electric arc plasma generators, electrodes perceive
heat from arc radiation, convective heat exchange between an arc discharge,
plasma-forming gas and electrode walls, conductive heat exchange, and finally,
from cathode and anode arc spots. Heat from the outside of the electrodes is
removed by cooling water. The magnitude of the measured heat flux is determined
by the efficiency of the plasma torch. In this case, the integral heat fluxes entering
the electrodes and other water-cooled structural elements are determined, without
dividing them into components. The method of measuring heat fluxes is standard:
it is necessary to know the flow rate and temperature difference of water at the
entrance to the plasma torch and at the exit from it.

The obtained experimental data are shown in Figure 7. As can be seen, the
value of thermal efficiency at certain small air flow rates is about 80 %.
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Figure 7 — Thermal efficiency of the plasma torch depending on the arc current
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Conclusions

Analysis of the calculated results obtained shows that the organization of ohmic
heating of wet waste in the upper part of the electric shaft furnace is analogous to the
preliminary technological process of drying the waste before loading it into the furnace
to reduce the specific energy consumption for gasification of the organic component
of the mixed waste. As shown in [5], reducing the load on the plasma torch can
significantly increase the resource characteristics of its work.

With a long-term (in time) technological process of TCR gasification, there is a
significant energy saving. Also with a decrease in the power of the plasma torch there
is an increase in the resource characteristics of the electrodes.

In the experiments, the specific energy consumption for the gasification of waste
exceeds the calculated by 15-20 %. This is due to errors in the efficiency of the plasma
torch and the installation as a whole.

Summarizing the above, it should be noted that the organization of resistive
heating of wet waste in the upper part of the electric shaft furnace is an analogue of
the preliminary technological process of drying the waste before loading it into the
furnace to reduce the specific energy consumption for gasification of the organic
component of mixed waste.

REFERENCES

1 Jimenez, H. M. Possibilities of the radio magnetic magnetotelluric method
in solving environmental problems // Questions of geophysics. Issue 40. Scientific
notes of St. Petersburg State University Ne 440. — St. Peterburg : Publishing house of
St. Petersburg State University, 2007. — P. 101-109.

2 Cherednichenko, V. S. «Plasma electrotechnologies» in Plasma
electrotechnological installations. — Novosibirsk, Russia : NSTU, 2011. — P. 340-506.

3 Messerle, V. E. Plasma gasification of carbonaceous wastes : thermodynamic
analysis and experiment, T and A, Vol. 23. — No. 4. — P. 613-620. — Jul. 2016.

4 Faleev, V. A. Thermodynamic analysis of gasification of renewable
carbonaceous materials of natural and artificial origin in plasma electric furnace,
Tand A, Vol. 24. — Ne 4. — P. 615-620. — Jul. 2017.

5 Kitaev, B. I. Heat and mass transfer in a dense layer. — Moscow : Metallurgy,
1972.-315p.

6 Lyubina, Yu. L. Study of the process of plasma gasification of solid organic
substances in a shaft reactor // Thermal Engineering, 1999. — No 11. — P. 64-67.

7 Lupi, S. Induction and direct resistance heating : theory and numerical modeling :
monograph. — Heidelberg : Springer, 2015. — 370 p.

8 Camacho, S. L. Plasma Pyrolysis of Hydrocarbon Wastes. — Oxford, England,
25-27 September, 1990.

15



TopaiireipoB yHuBepcuTeTiHiH Xabapubickl. ISSN 2710-3420. Onepeemuranvix cepuscul. Ne 3. 2021
9 Hazardous Waste Treatment Using High Temperature Gasification (HTG) //
VZA Voest. — Alpin Indastrialagenbanks. — Bins, 1987.
10 Kakizaki Takashi. Kanke gudzyzu (Environ. Couserv. Eng.). — 1991. —20.
—Ne 11. - P. 688—693. 50.

Material received on 28.08.21.

*A. C. Anwaros'?, I1. B. Jomapoé®, A. U. Anugpepos’, B. A. Darees’
135KyTarenanse atbiHaarsl Tepmodusnka nHCTHTYTBI PFA,

Peceii ®eneparmsicer, Hoocioip k.,

2*HoBOCHOMPCK MEMIIEKETTIK TEXHUKAJIBIK YHUBEPCHUTETI,

Peceit denepanmsicsr, HoBociOip k.

Marepuain 28.08.21 6acrnara TYCTi.

KOMIPTEI'T KAJIIBIKTAPBIH 'A3JAHJABIPYFA APHAJIFAH
IVIASMAJIBIK-OJIEKTP IIEIITEPIH 3EPTTEY

Aneaws pem xemipmeei 6ap op mypii KaioblKmapovl (KOMMYHAIOBIK,
OUONO2UANBIK, AYBIIULADYAWDBLIbIK JHCOHe 6AcKa 0d Op2aHUKALbIK
Kanoblkmapowvl) 2a30aHobipy YULiH NIA3MANbIK-OMObIK JJeKmMp NeuliHiy
9Hepeust WbleblHbIH azatimy npoyecmepi 3epmmendi. Kypamuvinoa kemipmezi
bap mamepuanoapobl nIAIMAbIK 2a30aHObIPY Ke3iHO0e SHEP2Usi UiblebiHbIH
bLI2ATIObLILKMbL, MOP@PONOSUANBIK KYPAMbIH MOMEHOemyOiy ocepi
Kkepcemineer. Kanovikmapowt 2az30anobipyObly OHOIPICMIK YUKIIHEH ANObIH
ana Kkenmipy npoyecin aivin macmay MyMKIHOIZL AuibLIObL.

Kaszipei aremoe mexronocusinapost damviniy vty 1cahaHobix ypoicmepiniy
Oipi kemipmezei bap KandbiKmapovl dackapy 90icmepiniy muimoiniei MeH
IKONOSUANBLIBIZLIH YHEMI apmmulpy 601bin mabdwiiadsl. Kypameinoa
Komipmezi 6ap OHepKoCINMIK KALObIKMAp: KOMMYHANObIK (Kammul
mypmoicmuik Kanovikmap (KTK)), ayeun wiapyawbliviasl (Kypiut KAybi3bl HCOHE
m.6.), GHEPKACINMIK (a2aut KalObIKMapbl, KOMIP UIamMOapbl JcoHe m. 6.) HeoHe
OUONOUATBIK, (MeOUYUHATBIK, buonocusiiblk wezinoiep (BHO) scone m. 6.).

Byn kanovikmapowiy op mypai cunamvlna Kapamacmau, oaapobvly
bapnvizbl OIpoeli XUMUSIILIK, dTeMEHmMmepOeH mypaovl. Kemipmezi, cymee,
ommeczi, azom, xaop, Kykipm, kyn (Bellopeanuxanvix snemenmmep MeH
KOCBLIbICIAp Kewleri), ¢y (vlrean), oipax Kypamvinoa Kopuazan opmaza
Kayinmi sfiemenmmep MeH KOcwlavicmap 6ap (Ko30vipaviuumap, aywip
memanoap dcone m.0.). Kypamoinoa xemipmeei 6ap Kanovixkmapobvi
2a30anobIpy — Kypoeui (OU3UKa-XUMUSIbIK, NPOYECC, OHbIH MOJIbIK 2blIbLMU
MYyCIHOIPMECT AKMAny2a HCaAKbiH.
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UCCJEJOBAHME IUIASMEHHO-3JIEKTPUYECKNAX NEYENA
JUIA TABUOUKATIIMA YTJIEPOJHBIX OTXO10B

Bnepesvie uccredosanvl npoyeccovl CHUNCEHUS IHEP2O3AMPam
NAA3ZMOIMUYECKOU ICKMPONneyU 0N 2a3U@uKayuy pasiuiHblx
yenepoocooepicamyux omxo0oe (bvimoevix, OUONO2UYECKUX,
CeNbCKOXO3AUCMBEHHBIX U OpYyeUXx OpeaHuyeckux omxooos). Ilokazarno
GNUSAHUE CHUNCEHUSL GNIAICHOCIU, MOPPONIOSULECKO20 COCMABA 0OMX0008
HA SHEP203ampamol NP NIA3MEHHOU 2a3UMUKAYULL YeePOOCOOEPICAUUX
mMamepuanog. Buisgnena 603modcHocms uUcKIOUeHUs npoyecca
npedsapumenvHoll CyuwKy U3 NPOU3600CMEEHHO20 YUKLA 2a3udurayull
0mx0008.

B cospemennom mupe 00HOIU u3 2n06aNbHBIX MEHOCHYUI PA36UmMus
MeXHON02UTl AGNAEeMC sl NOCOHHOe NOGbluLeHUe dpdexmusHocmu u
IKONOSUUHOCIIU MEMOO08 0OPAWEHUSL C Y2TIEPOOCOOEPHCAUSUMU OMXOOAMU.
Venepoocodepaicaujue npomviuiiertble 0mxodbl GKIOYAIOM. KOMMYHATbHbIE
(meepovie bvimosvie omxoowt (TBO)), cenvcroxossiicmeennvie (pucosas
wenyxa u m.o.), nPOMbIULIHHbIE (OpesecHble OMX00bl, Y2OlbHble WIAMbL U
m.0.) u buonocuueckue (Meduyurckue, buonocudeckue ocaoku (bUO0O) um.o.).

Hecmompsi Ha paznuunyio npupody 3mux omxo008, 6ce OHU COCMOSIM U3
OOHUX U MeX HCe XUMUUECKUX TIEMEHMO8. Y2liepood, 6000p00a, KUCIOpood,
asoma, xnopa, cepoi, 3016l (KOMIIEKCA HEOPSAHUYLECKUX DJIEMEHINOE U
COeOUHeHULL), B00bL (811G2U), HO COOEPIHCAM JTIEMEHNMbL U COCOUHEHUS], ONACHbIE
01 OKpyJicaroujell cpeovl (NAmo2eHHble MUKPOOPSAHUSMbL, MIANCELbLE
Memannsl u m.o.). I azugpuxayust yerepoocooepicauux omxo008 — CLONCHbIL
uUKO-XUMUYECKULL nPOYecc ¢ OOTLUIUM KOTUYECMEOM 3P DeKmos, NoaHoe
HAYUHOEe 00BACHEHUE KOMOPO20 OABKO 0N 3A6EPUICHUSL.

Kmiouesbie cnosa: niazmenHas siekmponeys, niasMompoH, Opeanuieckue
0mMX00bl, ONIM-AMAEPHAS XAPAKIMEPUCTUKA, FHEPSOCOEPENCEHIUES, OMUYECKULL
Hazpes.
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Tepyre 28.08.2021 . xki0epinai. bacyra 11.09.2021 k. Ko KOHBUIIHL.
OneKTpoHBIK Oacna
2,69 Mb RAM
[MlaptTe! 6acna Tabars! 8,11. TapansiMer 300 nana. Baracs kemiciM GoibIHIIA.
Kommnerorepae 6erreren: 3. C. Mckakopa
Koppekrop: A. P. Omaposa
Tanceipsic Ne 3847

Cnano B HaOop 28.08.2021 r. [Tognucano B neyats 11.09.2021 r.
OIEeKTPOHHOE U3aHHUE
2,69 Mb RAM
Ve neu. 1. 8,11. Tupax 300 sk3. Llena qoroopHasi.
Komnerorepnas Beperka: 3. C. MckakoBa
Koppekrop: A. P. Omaposa
3aka3 Ne 3847

«Toraighyrov University» 0acriacbiHaH 0aCBUIBII IIBIFAPEUTFAH
«TopalifbIpOB YHUBEPCUTET
KOMMEPIHSUIBIK €MEeC aKIIMOHEPIIiK KOFaMbl
140008, ITaBnoxap K., Jlomos k., 64, 137 kab.

«Toraighyrov University» Gacracer
«TopalifbIpOB YHUBEPCUTET
KOMMEPIHSUIBIK €MeC aKIIMOHEPIIiK KOFaMbl
140008, ITaBnoxap K., Jlomos k., 64, 137 kab.
8 (7182) 67-36-69
E-mail: kereku@tou.edu.kz
www.vestnik-energy.tou.edu.kz
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