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Experimental and theoretical research of the process of low-temperature transformations of mixture ethanol/water in
nonequilibrium plasma of the electric discharge in gas channel with fluid wall was carrying out. The gas channel in
liquids was created by two counter airstreams in liquids and vapor of the liquids. The gas chromatography and mass-
spectrometric techniques for investigation of stable gas-phase conversion products were used. The power inputs on
conversion of mixture in synthesis — gas were measured. The values of efficiency, coefficient of energy transformation,
specific energy requirement of system were calculated. Experimental results indicate the possibility and efficiency of
plasmachemical conversions of ethanol in syntheses-gas in such plasma-liquid system of the atmospheric pressure.
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1. INTRODUCTION

Plasma reforming of hydrocarbons is used by several
experimental groups. Conversion of heavy hydrocarbons
(HC) into the free hydrogen (H,), carbon monoxide (CO)
and other easily burning fractions allows improving
efficiency of combustion and reducing atmospheric air
pollution [1]. Research on alternative bio-fuels which can
replace traditional fossil fuels, petrol and natural gas is
also very actual due to environmental and energy saving
problems [2]. The first trial in comparison of all existing
technologies of plasma reforming system belongs to CEP
[3]. In this article they provide an overview of the setting
up, feasibility and efficiency of the existing technologies.
The aim of this work was to calculate coefficient of
energy transformation and efficiency for the conversion
of ethanol in the poorly investigated electrical discharge
in the gas channel with a liquid wall (DGCLW).

2. EXPERIMENTAL SET-UP

Experimental set-up for conversion of ethanol in
synthesis — gas is shown on Fig. 1. It consists of a
cylindrical quartz test-vessel (1) sealed at the top and at
the bottom by duralumin flanges (2) with a built-in
electrode system (3). The cooper rod electrodes (3) were
inserted into the quarts tubes (4) and installed coaxially
one opposite other. The tubes (4) served also for the gas
(air) inlet. A compressed atmospheric air was injected
along electrodes (3) through the open nozzle ends (4) and
formed a stable counter-flow gas channel surrounding by
liquid ethanol (6). The electric discharge (5) was burned
in the gas channel between the immersed electrodes
where an electric breakdown occurred. The ethanol/water
solution (5 mole of ethanol: 1 mole of water) was filled
into the reactor through the drain pipe (7) at the bottom
flange. The outlet connections (8) and (9) at the top flange
were connected with a system of communicating vessels
allowing control of the liquid level and pressure in the
reactor.
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Fig. 1 Experimental set-up for conversion of ethanol in
synthesis — gas.

The outlet pipe (9) served for transportation of the
synthesis gas products from the reactor to the condensing
vessel and further to the gas analysis. Because of the
electric-discharge heat release and heating of plasma-
treated solution in the reactor, an auxiliary cooling was
provided by the water-cooled jacket (10). The temperature
of work solution in the reactor was measured by the
immersed thermocouple.

The mass-spectrometric and gas chromatography
techniques for investigation of stable gas-phase
conversion products were used. The monopole mass-
spectrometer was used for the mass analysis.

The different modes of operations setting were
investigated: the mode when “+” put to the electrode
mounted in lower flange, and “-” put to the liquid
(“liquid” cathode); the mode when “-” put to the electrode
mounted in lower flange, and “+” put to the liquid
(“liquid” anode); the mode with two solid electrodes.
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On Fig. 2 shows typical current-voltage characteristics
of the DGCLW in ethanol-water solution 5:1 for three
different modes.
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Fig. 2 Current-voltage characteristics of the
DGCLW in ethanol-water solution.

3. RESULTS AND DISCUSSIONS

Comparison of calculations with experimental data is
shown on Fig. 3. One can see that in case of T = 323K (as
measured by thermocouple) calculated concentrations of
most components are close to experimental values, while
in case of T = 355 K some components essentially differ.
At the same time, concentration of H, does not vary very
much, because, on one side, content of water vapours in
the reactor increases leading to the H increasing, and,
therefore, to increasing of H,; on the other side, the time
of air flowing through the reactor decreases, therefore, H,
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Fig. 3 Component content of syngas
products.

yield decreases. Under the influence of complementary
factors content of Hj is steady-state.

On the grounds of calculation of coefficient of energy
transformation - o (Fig. 4) and parameter of efficiency - n
(Fig. 5) with use of thermochemical constants [4] is carry
out comparison of plasmachemical efficiency of
conversions of liquid ethanol in electric discharge in gas
channel with liquid wall for different modes.

Coefficient of energy transformation was numerically
calculate according following expression:
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Fig. 4 Coefficient of energy transformation.

Parameter to efficiency was defined on [3]:

IPE +Y,c x LHV (HC) ’

2

here IPE is the input plasma energy, Y is the molar
fraction and LHV is the lower heating value of syngas
components, HC is the hydrocarbon fuel (ethanol). The
formula (2) assumes that CO can be totally transformed
into H,.
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Fig. 5 Energy efficiency of ethanol reforming.

Comparison of plasmachemical efficiency of
conversions of liquid ethanol in electric discharge in gas
channel with liquid wall with other known
plasmachemical methods is shown on Fig. 6.

129



4. It was shown that electric discharge in gas channel
604 M, % 050 mA with liquid wall have high power efficiency and
B 100 mA efficiency of the non-equilibrium plasma processes
50 1 200 mA comparable to other known gas-discharge plasma sources
40 1N I 0300 mA of the atmospheric pressure such as diaphragm and arc
400 mA types.
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KOHBEPCHS 3TAHOJIA B JUHAMUWYECKOM IJIA3SMEHHO-)KUJIKOCTHOM CUCTEME

B.B. IOxumenxo, M.A. Beposuyk, C.B. Onvuwesckuii, B.5l. UYepnax, B.A. 3payncesckuii, B.Il. /lewuuna,
B.C. Kyopaeues, A.U. Il]eopun, /1.C. Jleéxo, B.B. Haymoes

[IpoBOOMIOCE  JKCIEPUMEHTAIBHOE M TEOPETHYECKOE HCCICIOBaHHE IIPOLECCOB  HH3KOTEMIIEPAaTYPHOTO
NpeBpalIieHHss CMECH 3TaHOJ/BOJAa B HEPaBHOBECHOW IUIa3Me SJIEKTPHYECKOTO paspsiia B ra30BOM KaHaje C YKHIKOMH
CTEHKOH. ['a30BBII KaHAJ B >KMIKOCTH CO3JaBajcCs OBYMsS BCTPEYHBIMHM IIOTOKaMH BO3/1yXa B JKHIKOCTH M Iapax
KuAKocTH. Jlns WccnenoBaHMS CTaOWIIBHBIX Ta30-(a3HBIX INPOAYKTOB KOHBEPCHH HCIIOJB30BAIUCH Ta30Bas
XpomaTorpadusi U Macc-ClIieKTpOMETPHYECKask METOAMKA. V3MepsInch SHepro3aTpaTsl HA KOHBEPCHUIO CMECH B CHHTE3-
ra3. PaccunthiBamich 3@ dekTHBHOCTh, KoddduimeHT TpaHchopMmalyuy SHEPTUM W YAENbHOE TOTpeOlieHHe dHEprHu
cucTeMbl. Pe3ysbTaThl SKCIIEPUMEHTOB IOKa3ald BO3MOXKHOCTh U A(P(PEKTUBHOCTH IMJIa3MOXUMHYECKOW KOHBEPCHU
3TaHOJIa B CUHTE3-Ta3 B TAKOH IJIa3MEHHO-KUAKOCTHOH CHCTEMEe aTMOC(HEPHOTO aBICHUA.

KOHBEPCISI ETAHOJIY B JTUHAMIYHIN IJIA3MOBO-PIIMHHINA CUCTEMI

B.B. Oxumenko, M.O. Bepoguyk, C.B. Onvwescokuii, B.Al. Yepnax, B.A. 3pascescokuii, B.II. /lewuuna,
B.C. Kyopsasues, A.1. Ieopun, /1.C. Jleeéxo, B.B. Haymos

[IpoBoamioCh eKCcriepUMEHTaIbHE Ta TEOPETHYHE JOCIIJUKEHHS IPOLECiB HU3bKOTEMIIEPaTypHOTO NEpPETBOPEHHS
CYMIIII €TaHOII/BOJIa B HEPIBHOBAXHIN TNIa3Mi €JICKTPUIHOTO PO3PAIy B Ta30BOMY KaHANi 3 PIAKOIO CTiHKOIO. ['a30Buit
KaHaJI B PiIWHI CTBOPIOBABCS ABOMA 3YCTPIYHMMH MOTOKAMH TIOBITPS B PiIuHI Ta mapaxX pigmHU. s DOCITiHKEeHHS
cTabLTbHAX Ta30-(pa3HUX MPOIYKTIB KOHBEPCii BUKOPHCTOBYBAIMCH T'a30Ba XpoMaTorpadis Ta Mac-CIIeKTpPOMETpUIHA
MeTonuKa. BHUMIpIOBAIMCh €HEProBUTPAaTH Ha KOHBEpCiI0 cymiln B cuHTe3 ra3. OOpaxoByBaluch €()EeKTHBHICTD,
KoedimmieHT TpaHchopMaii eHeprii Ta MUTOME CIIOKWBAaHHS €Heprii cucTeMu. Pe3ynpTaTi eKCIieprMEHTIB MOKa3alu
MOJKJIMBICTh Ta €(EKTHBHICTh IUIa3MOXIMIYHOI KOHBEPCii €TaHONy B CHHTE3-Ta3 B TaKii IJIa3MOBO-pIAMHHIN cucTeMi
aTMOC(EepHOTO THUCKY.
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