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Plasma assist high temperature partial oxidation pyrolysis of ethanol was investigated. The energy efficiency vs.
pyrolysis chamber temperature and vs. ethanol-to-oxygen molar rate was obtained. The best regimes for highest energy
efficiency were obtained. The outflow syngas components were investigated.

PACS: 52.50.Dg
1. INTRODUCTION

From physics and chemistry of fuel combustion it is
known that addition of light inflammable gases (H,, CO)
essentially improves ignition/combustion of heavy oil and
bio-fuels [1]. Therefore hydrogen is considered as one of
the most prospective energy sources for the future that
can be renewable, ecologically clean and environmentally
safe [2]. Among possible technologies for free hydrogen
production, including steam reforming and partial
oxidation of bio-fuels [3], a low-temperature plasma-
assisted fuel reforming is believed to be a good alternative
approach [4,5]. Also the use of fuel reforming can solving
two basic tasks: the presence of quickly combustible fuel
on board of aircraft and the maintenance of cooling of
aircraft systems. The possible approach to the decision of
these tasks can be on-board reforming of fuel (for
example, kerosene), i.e. its conversion into H, and CO,:
hydrogen can be used for combustion and carbon dioxide
- for aircraft cooling purposes.

For plasma fuel reforming, various methods using
thermal and non-thermal plasma are known [6]. Thermal
plasma, which is thermodynamically equilibrium, has
characteristics of high ionization by higher energetic
density. This has merits of good rate of fuel
decomposition but demerits of poor chemical selectivity
and high specific energy consumption. Non-thermal (low-
temperature) plasma, which is kinetically non-
equilibrium, has characteristics of low ionization but
benefits of high reactivity and selectivity of chemical
transformations providing high enough productivity at
relatively low energy consumption; this can be obtained
by high voltage discharge in a flow at low or high
atmospheric pressures [7,8]. The reforming output —
syngas is an important intermediate for various
synthesizing chemicals and green fuels. Better way for
syngas obtaining with help of plasma is using plasma
system with postdischarge pyrolytic chamber, but
different reforming processes (dry reforming, partial
oxidation, steam reforming) produce different H2\CO
molar ratios which is very important for synthesis
procedure.

For reforming with plasma support it is preferable to
utilize the high plasma flow rate generators: the pulsed
systems and systems on the base of TORNADO discharge
type [9] etc. Thus, in work ethanol reformation at high
temperature partial oxidation pyrolysis with pulsed
plasma assist was investigated.

2. EXPERIMENTAL SETUP AND ANALYSE
METHODS

The pyrolysis of ethanol after initial plasma-assisted
ethanol reforming was studied by using the pulse
DGCLW. The unit with pulse DGCLW is shown in
Fig. 1.
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Fig. 1. Schematic of ethanol pyrolysis after plasma-
assisted reforming of ethanol in the DGCLW

The installation consists of two main parts: 1) electric
discharge plasma reactor, which generates a pulsed
discharge in gas channel with liquid ethanol, and 2)
pyrolytic reactor, which treats ethanol-air vapours mixed
with products generated by plasma reactor, where (1) is a
Teflon insulator around the steel pins, (2) are steel pins
through which voltage is applied, (3) are copper electrodes,
conical bottom and top cylinder, (4) is a discharge plasma
zone between electrodes, (5) is a bubble between
electrodes, (6) is a bubbling zone in the liquid, (7) is a work
liquid (solution of 96% pure ethanol and distilled water),
(8) are mixing inlet and outlet chamber, (9) is a steel
pyrolytic chamber; (10) are electric heaters, (11) is a
casing; (12) are thermocouples for temperature control,
(13) is a glass vessel (0.5 1) for syngas collection. For gas
analyse gas chromatography (GS) by chromatograph 6890
N Agilent and masspectrography (MS) by monopolistic
mass-spectrometer MX 7301 methods were used.

3. RESULTS

Typical voltage and current oscillogrammes presented in
Fig. 2. There you can see that discharge current was about
hundreds of Ampere when voltage was about thousand
Volts and pulse duration was about few microseconds.
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Fig. 2. Discharge current and voltage oscillogrames

The ethanol postdischarge pyrolysis studies results after
initial plasma-assisted ethanol reforming are presented in
Figs. 3, 4. The parameters in the system were following:
pulsed discharge frequency of 400 Hz, air flow rate of
17...28 cm’/s, time of treatment (measurements) up to
10 min (600 s); the temperature in the pyrolytic chamber
varied from 0 to 870 K. Fig. 3 shows the H, intensity
obtained by mass-spectrometry and the partial H, content
in syngas products measured by gas-chromatography after
the treatment. One can see a good correlation between gas
chromatography and mass-spectrometry data.
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Fig. 3. H, intensity (MS) and partial H, content in syngas
products (GC) after the ethanol reforming versus
postdischarge pyrolytic chamber temperature

Fig. 4 shows the values of energy efficiency a in the
system depending on temperature in the postdischarge
pyrolytic chamber. It is seen an energy efficiency increase
with increasing temperature.

Some modes with the change of air flow modes
(correspond to additional air supply into the pyrolytic
chamber compared with an air supply in the discharge)
have lower energy efficiency than the mode with a
constant air flow because of varying partial output of
isobutene ;C,4Hj,.
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Fig. 4. Energy efficiency of ethanol reforming versus
temperature in the postdischarge pyrolytic chamber

Energy efficiency calculation formula:

> Syngas, x LHV (Syngas;)

a =
IPE

In this formula LHV means syngas component low
heat value when IPE means electrical power for plasma.
The next Fig. 5 shows the rates of syngas generation in
the system. One can conclude that the investigated
combination (electric discharge + postdischarge
pyrolysis) reforming of ethanol demonstrates smart
efficiency of this approach.
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Fig. 5. The rate of syngas generation versus temperature
in the pyrolytic chamber

Fig. 6 shows LHV of syngas that depends from
ethanol/oxygen-in-air molar rate due to stehiometric

ethanol partial oxidation formula:
1

CHOH+ /O — 3H 1 +2CO1.
25 2 2 2

So we can see the LHV enhancement
ethanol/oxygen-in-air molar rate moving to 2.

when
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Fig. 7. H, intensity (MS) plasma reforming and partial
oxidation pyrolysis versus pyrolytic chamber temperature

PE®OPMHUPOBAHUE 3TAHOJIA B INTASMEHHO-XAJIKOCTHON CUCTEME C HOCTPA3PSTHON
BBICOKOTEMITEPATYPHOI NUPOJIMTUYECKON KAMEPOI
C.M. Cuoopyk, B.A. Yepnsax, C.B. Onvwuesckuii
HccnenoBaH BBICOKOTEMIIEPATYPHBIN MUPOJIN3 YACTHIHOTO OKHCIEHUSI 3TaHOJA C MOJAEPKKOH ma3Mel. [TomydeHst
3aBUCHMOCTH DJHEPreTHYecKOr 3((EKTUBHOCTH OT TEMIEpaTypbl IHPOIUTHYECKOM KaMepbl M OT MOJISIPHOTO
COOTHOILIEHUSI 3TaHOJa K BO31yXy B IoAaBacMoM cMecu. McciienoBaHbl pPeXHMMbl C HaMBBICIIEH 3HEPreTHUUYECKOM
3(1)(1)CKTI/IBHOCT}JIO CUCTCMBI, a TAKXXC KOMIIOHCHTBI CHHTC3-Ta3a Ha BBIXOJIC CUCTCMBbI.

PE®OPMYBAHHS ETAHOJIY B IUIA3MOBO-PIIMHHIA CUCTEMI 3 TOCTPO3PSTHOIO
BUCOKOTEMIIEPATYPHOIO MIPOJITUYHOIO KAMEPOIO
C.M. Cuoopyk, B.A. Yepnsax, C.B. Onvuescokuil

JlocmiIKeHO BUCOKOTEMITEPATYPHHI MIPOJIi3 YaCTKOBOTO OKHCICHHS €TaHOJY 3 MIATPUMKOI Iuia3Mu. OTpuMaHo
3aJIeKHOCTI SHepPreTH4HOi e()eKTUBHOCTI BiJ| TEMIEPATYpH IMipOJITHYHOI KaMEPU Ta BiJ| MOJIIPHOTO CITiBBiJHOILIEHHS
€TaHoJIy JI0 NOBITPSl B BUXIJHIA MaJMBHIN cyminn. J[ociipkeHO peXUMH 3 HAWBUILOI €HEPreTUYHOK eEKTUBHICTIO
CHCTEMH, a TAKO’K KOMIIOHEHTH CHHTE3-Ta3y Ha BUXOJ1 CHCTEMH.
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