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Production of syngas from agricultural wastes by plasma-chemical method

A promising technology for utilization of agricultural waste is chemical plasma technology based on high-
temperature plasma-chemical effects and the decomposition of hydrocarbon products to produce synthesis
gas. Emulsified mixture of cow dung and water was placed into the reactor for producing synthesis gas. On
entering the emulsion is exposed to flame of a gas burner with a combustion temperature of two thousand de-
grees. The plasma-chemical reactor was regularly tested in different modes to find the best mode for the pro-
duction of synthesis gas and its composition. The stability of the voltage at the output of the electric generator
was monitored at various loads. As a result, a stable operation of the gas generator was achieved. Chemical
characteristics of syngas obtained appeared to be high: gas was pure and without dust, CO, content was low,
but content of hydrogen and CO was high, namely 31.62 % and 37.28, respectively. Gas quality was checked
by visual observation of the burner flame and the temperature of the burning gas using an infrared pyrometer.
The stability of the flame and the stability of the temperature of combustion characterize the quality of syn-
thesis gas. It is shown experimentally that the plasma-chemical treatment of hydrocarbons and agricultural
wastes is a highly effective method for producing synthesis gas.
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The development of power industry is based on the use of renewable energy sources and stimulated by
the lack of traditional fuel and energy resources and environmental problems. Currently, there is an increas-
ing interest in creating new environmentally friendly technologies based on plasma processes. One of the
most promising substitutes for classic fuels is synthesis gas, which is formed in the processing and recycling
of oil and gas, coke-chemical, energy industries and agriculture waste [1, 2]. Due to modern developments,
synthesis gas is obtained by gasifying not only coal and oil, but also more unconventional carbon sources, up
to household and agricultural waste.

Synthesis gas is mainly a mixture of carbon monoxide and hydrogen. It is produced industrially by
steam reforming of methane, partial oxidation of methane, plasma gasification of waste and raw materials,
coal gasification [3, 4]. The ratio of components in the synthesis gas varies in a wide range, because it de-
pends both on the raw materials used and on the type of conversion — by water vapor or by oxygen. De-
pending on the method of producing synthesis gas, the ratio of CO: H, in it varies from 1: 1 to 1: 3. Typical-
ly, the percentage of substances in raw crude synthesis gas is as follows, %: CO — 15-18; H, — 38-40;
CHy; — 9-11; CO, — 30-32.

The most promising technology for the disposal of agricultural waste is a plasma-chemical technology.
It is based on a high-temperature plasma-chemical effect on the recyclables to produce synthesis gas and the
complete decomposition of the recyclable waste [5, 6]. The schematic diagram of the laboratory setup is
shown in Figure 1.
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1 — cylinder (propane-butane); 2, 3 — gas meters; 4 — gas outlet; 5 — dephlegmator; 6 — circulation pump;
7 — valve; 8 — reactor; 9 — gas burner; /0 — drain; // — loading of raw materials; /2 — pressure gauge

Figure 1. Laboratory set-up of plasma-chemical waste processing into synthesis gas

An emulsified mixture of cow manure and water was fed into a 8 L metal cell (reactor) to produce syn-
thesis gas. The incoming emulsion was affected by the flame of a gas burner (domestic propane-butane gas)
with a temperature of up to 2000 °C. During the reaction for 15 minutes, the volume of evolved gas amount-
ed to 0.176 m’. The volume of consumed domestic gas in the burner was 0.036 m’.

In this technology, cattle manure was the main material used in the production of synthesis gas. The
composition of manure is greatly influenced by the specific gravity of concentrated feed in the diet and by
the quantity and quality of litter. Manure contains up to 80 percent of water (source of water vapor) and up to
20 percent of organic matter (source of carbon) [7, 8]. The chemical composition of manure is given in
Table 1.

Table 1
The chemical composition of the feedstock
- s
Cattle Nitrogen Fretmies, composiion (0 Iron oxide and
manure | Water | Organic matter (common) (P,Os5) | (K,0) | (CaO) | (MgO) Aluminum oxide (R,05)
Cattle 77.3 20.3 0.45 0.23 0.50 0.40 0.11 0.05

The resulting mixture of gases was collected in plastic containers every five minutes for investigation
(burning temperature, composition, humidity, etc.). The analysis carried out on the Kristall Lux 4000-M gas
chromatograph with a thermal conductivity detector showed a stable gas composition for a long time of
2-5 days. The composition and quantitative ratios between the components of the mixture obtained by means
of a plasma-chemical set-up correspond to the composition of synthesis gas. The composition and volume
fractions of the components of the evolved gas mixture are shown in Table 2.

Table 2
The composition of the synthesis gas, depending on the operating time of the reactor
The operating time Composition of the output gas, %
of the reactor, min H, 0O, CO, N, CO
10 14 8.6 3.6 55.0 17
15 25 4.0 4.5 15 23
20 45 0.0 6.5 0.5 43
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As it seen from Table 2, an increase in the operating time of the reactor leads to improving qualitative
composition of the output gas, because the content of CO,, O,, N, decreases, and the content of CO and H,

increases.

Figure 2 shows the program window of the NetChrome chromatograph, where one of the results of the
chromatographic analysis of the output gas is shown.
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Figure 2. Synthesis Gas Chromatogram

The plasma-chemical reactor was regularly tested in different modes to find the best mode for the pro-
duction of synthesis gas and its composition. The stability of the voltage at the output of the electric genera-
tor was monitored at various loads. Gas quality was checked by visual observation of the burner flame and
the temperature of the burning gas using an infrared pyrometer. The stability of the flame and the stability of
the temperature of combustion characterize the quality of synthesis gas. The presence of water vapor, me-
chanical impurities at various burner modes with different ratios of air supplied and synthesis gas was con-
stantly monitored. As a result, a stable operation of the gas generator was achieved. The composition and
volume fractions of gas obtained in a steady mode of operation are presented in Table 3.

Table 3

The composition and volume fraction of the gas mixture
obtained by the plasma-chemical method from cattle manure

Processing time, min

No. | Gas components 3 | 15
gas composition, %
1 H, 25.04 31.62
2 0O, 0.18 0.74
3 CO 35.69 37.28
4 CO, 1.23 11.75
5 N, 5.99 4.91

The gas mixture obtained processing of 15 minutes contained 31.6 hydrogen and 37.28 carbon monox-
ide (1: 1 ratio). During this time, the ratio of consumed and obtained synthesis gas amounted to 1:30. The

78

BecTHuk KaparaH,DMHCKOFO yHuBepcuteTta



Production of syngas from agricultural wastes...

amount of both consumed and released gas was measured by gas meters. The released synthesis gas was
burned with an tranquil flame and had a good caloric effect (burning temperature in air 2500 K).

The synthesis gas was pumped out by a pump-compressor. The compressor pumps synthesis gas into
the tank-gasholder (2000 L) until pressure reaches 8 atmospheres. The pressure in the gas-holders is con-
trolled by gas manometers; the gas tanks are equipped with gas reducers and gas cranes. The quality of the
synthesis gas was checked using an electric generator, which operated in the gas fuel mode. After filling the
gasholders, the synthesis gas was supplied to the gas generator «Interskol EBG-5500» to generate electrical
energy. It worked steadily for 1 hour, with a load capacity of 2 kilowatts.

As a result, a method for producing synthesis gas from agricultural waste was proposed with the help of
processing cattle manure by a plasma chemical method. It has been experimentally shown that plasma-
chemical processing of hydrocarbon and agricultural wastes is a highly efficient method for producing syn-
thesis gas, which will be used as a fuel for heating and producing electricity at a gas power station. The de-
veloped plasma-chemical set allows processing not only agricultural waste, but also any waste containing
organic components.

Advantages of the technology are follows:

— there are no polluting emissions compared with direct combustion methods;

— high velocity gasification and the availability of liquefied gas and electricity at power stations;

— utilization of hydrocarbon waste and production of fertilizer from agricultural waste.
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Hﬂa3MaXI/IMHH.]'I]>IK GI[iCl'leH aybllImiapyamiblbIK KAJAbIKTAPbIHAH CUHTE3-TA3 aJ1y

AybITIapyamblIblK  KaJABIKTAPBIH TOJBIKTAH BIIABIPATY apKbUIbl CHHTE3-Ta3 ana OTBIPHIN, >KOIOJBIH
HEPCIEKTUBTI 9Jlici KOFaphITEMIIepaTypaibl INIa3MOXUMUSIIBIK dCepre HEri3[eNreH TEeXHOJIOrHs OOJbln Ta-
Obutazbl. CHHTE3-Ta3/(bl ally YIUIH PEaKTOPFa CHBIPIBIH KOHI MEH CY KOCIACBIHBIH 3MYJIbCHSCHI CAJIbIHIBL.
OMyJbcusiFa €Ki MbIH Tpaxyc TeMIlepaTypaMeH ocep eTUIHl. AJIBIHFaH CHHTE3-T'a3[blH XUMMSIBIK CHIIAThI
JKOFaphl OONIBL: ra3 Tasa, mIaHCh3, KypameiHaa CO, a3, ax cyreri meH CO Memmepi >KOFaphl colKeciHIIe
31,62 % sxone 37,28 %. CunTe3-ra3apl OHAIPY/l ’KOHE OHBIH KYpaMbIH >KaKcapTy YIIH IDTa3MaXHMHSIIBIK
peaKTopra opTYpINi pPEXUMIEpAE CBHIHAK KYPTi3inii. DIeKTpreHepaTOphIHIAFbl KEPHEYIIH TYPaKTHUIBIFBI
TYpJI KyKTemenepae OaxbuiaHabl. HoTmkecinzme ra3 reHepaTOPBIHBIH TYPAKTHI KYMBICBIHA KOJDKETKI3LUIi.
3eprTey KYMBICHIHBIH HOTIDKECI OOHBIHIIA KOMIpCYTeK MEH aybUIIapyallbUIBIK — KAJABIKTapBIH
IU1a3MaXUMUSUTBIK OHJICY CHHTE3-T'a3 allyAbIH JKOFapbl opi THIMAI 9/1ici OOJbIT TaObLIa b
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Kinm ce30ep: nna3MoXuUMUsl, CHHTE3-T'a3, CyTeri, KOMipTeri TOTHIFbI, aybUILIaPyallbLIbIK KJIABIKTAPhl, KaiiTa
eHJIEY.
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HO.]'Iy‘IEHI/le CHHTEe3-Tra3a U3 ceJIbCKOX03SiCTBEHHBIX 0TX0a10B
NJasMOXUMHYEC€CKUM METOAOM

[lepcnekTHUBHON TEXHOJOTHEN YTUIM3aLUU CEJIbCKOXO3IMCTBEHHBIX OTXOJOB SIBJISIETCS IJIa3MOXMMHUYECKas
TEXHOJIOTHs, OCHOBAHHAs HA BBICOKOTEMIIEPATYPHOM IIA3MOXUMHUYECKOM BO3ICHCTBUU U MOJHOM PA3IOKe-
HUU YTJIEBOJOPOJIHBIX IPOAYKTOB C MOJIyY€HHUEM CHHTEe3-Tra3a. J{Js mojrydyeHust CUHTe3-ra3a B peakTop 1oja-
BaJIl AMYJIBIUPOBAHHYIO CMECh KOPOBBLETO HaBO3a M BOJbL. Ha mocrymaroiryio sMyJbCHIO BO3/E€HCTBOBAIH
IJIJaMEHEM Ta30BOM TOPEJIKU ¢ TeMIEpaTypoil TOPEeHuUs 10 ABYX THICSY I'paaycoB. PerynspHo npoBoauiu uc-
MBITAaHKS TDTA3MOXUMHYECKOTO PEAKTOpa B Pa3HBIX PEXHMMaX U MMOWCKA JYYIIErO PeKUMa MPOU3BOJCTBA
CHHTE3-Ta3a U ero cocrana. [IpoBoIMIICS KOHTPOIb CTAOWIBHOCTH HAINPSDKEHUS TOKA Ha BBIXOJE JJIEKTpOre-
HepaTopa MpH Pa3IMYHbIX Harpy3kax. B pesynprare ObLI ZJOCTUTHYT YCTOMYMBBIA PEXXUM pabOThI ra3oreHe-
paTopa. XMMHUYECKHE XapaKTCPUCTUKU IMOJYYEHHOI'O0 CHHTE3-Ta3a OKa3aJluCh BBICOKMMM: Ia3 YHCTBIH U 0e3
LM, conepkanne CO, — HusKkoe, a Bogopona 1 CO — Beicokoe, a uMeHHo 31, 62 % u 37,28 % cooTBer-
cTBeHHO. KauecTBo raza npoBepsuioch Mpy BU3yaILHOM HAOIIOJICHUY 32 IUIAMEHEM TOPEITKU B TeMITePaTypoit
TOPSIIIETO Ta3a C MOMOIIBI0 HHPPAKPACHOTO MHPOMETPA. Y CTOHYMBOCTD IUIAMEHU U CTAOMIBHOCTH TEMITEpa-
TYpBl TOPEHHS XapaKTePU3YIOT Ka4eCTBO CHHTe3-raza. TakuM o0pa3oM, SKCIEPHMEHTAIBHO MMOKAa3aHO, YTO
IDIa3MOXUMHYECKask 00paboTKa YriIeBOJOPOIHBIX U CEIbCKOXO3SIMCTBECHHBIX OTXOJIOB SIBISIETCS BBICOKOA(-
(EKTUBHBIM METOJIOM IMOJTYUCHHUs CHHTE3-Ta3a.

Knrouesgvie cnosa: mia3sMoXuMus, CHHTE3-Ta3, BOAOPOJI, MOHOOKCH]] YIIIEpO/id, CeIbCKOXO3sHCTBEHHBIE OTXO-
IIbl, IepepaboTKa.
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