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Introduction’

Essential obstacle in a way of development
of hydrogen energy there is a problem of storage
and transportation of hydrogen. For this reason
perspective to reception of hydrogen from cheap
and accessible kinds of raw material in mobile and
small-sized technological installations directly on a
place of consumption. In the given work as fuel
methane, the basic component of natural gas was
considered, thus the intermediate stage of
conversion of methane in hydrogen syn-gas (a mix
CO and H,) was. The further enrichment of this
mix by hydrogen is made by means of shift
reaction CO+H,0 = CO,+H, and is not a theme of
the presented work.

One of approaches to a considered problem
is realization of reaction in plasma of the electric
discharge. The urgency of a choice of the
microwave discharge is caused by that in previous
works the big efficiency of the energy input from
the microwave discharge was found out in
comparison with thermal heating for process of
pyrolysis of methane [1].

In work two types of the microwave
discharge were used: stationary torch discharge
and pulsed-periodic discharge. The purpose of the
work was research of efficiency of plasma input of
energy in relation to thermal input of energy in
system.

Experimenal installations
Stationary installation

Installation consists of the plasmachemical
reactor, the block of reagents preparation and the
exhaust block. The scheme of the microwave
radiation input in the plasmachemical reactor is
shown on figure 1. As a source of microwave
radiation generator KIE-5 (2,45 GHz) with
adjustable output power in a range 1 - 5 KW is
used. Absorption of the microwave power from
magnetrone by the discharge with the help of
adjustment of the mathing was possible up to
values more than 90% i.e. practically full
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absorption was achieved. The length of an internal
conductor of a coaxial line can be easily changed
even then discharge is burning, achieving the
discharge zone overlapping with the burning zone.
Input mix of fuel and air was carried out through a
ring collector and "belt" of 60 apertures in
diameter of 2 mm in a wall of the discharge
chamber. Typical values of the air flow rate
through the reactor in experiments was
6 - 7 (N)m’/hour (near 2 1/s).

Pulsed-periodic installation

As a source of the microwave radiation the
pulsed generator with adjustable average output
power in a range 40 - 160 W, duration of a pulse 1
us, frequency 1 kHz is used. The discharge in this
system burned in the form of narrow channels (a
microwave - streamers directed on to electric field)
on a sharp edge of an internal metal tube in
diameter of 2 sm, and absorbed more than 90% of
falling microwave power. The discharge did not
demand special initiation, and lighted up itself.
Filling by plasma formations of all cross section of
a reactor was achieved by rotation of a plane of
polarization of the microwave radiation. Values of
the fuel and air mix flow rate got out such to
provide same plasma energy input, as well as on
stationary installation.

Results and discussion

During experiment energy input in
preliminary heating of reagents, the energy
absorbed by the discharge, a ratio between fuel and
an oxidizer (S=[CH4)/2[O,]=1 in a case) were
supervised. In a case when S<1 reaction of partial
oxidation goes in plenty of oxidizer that results in
full combustion of a part of fuel (and to entering
additional thermal energy input). The term a
relative degree of conversion - o” in this case was
entered, representing expression for a degree of
conversion of that part of fuel which participated in
reaction of partial oxidation. The structure of a mix
on an output received as a result of the gas analysis
was processed by specially developed technique
submitted in detail in [2]. Dependences of a
relative degree of conversion o were analyzed
from plasma and thermal energy inputs.



The data for comparison of their efficiency are
given on fig. 2.

Dependences given on fig. 2 were
achieved at constant value of external energy input
about 5 kl/sm’, at power of the stationary
discharge up to 4,5 kW and at average power of
the pulsed-periodic discharge up to 150 W with
preliminary heating up to 900 °C. In experiments
with stationary installation preliminary heating
reagents was not used, therefore it is possible to
make comparison of efficiency of only two types
of energy input: from the discharge and from
change of a ratio of reagents S.

Theoretical interpretation of the results
achieved was carried out in the assumption of
partial dissociation of methane in plasma of the
microwave discharge that results in generation of
CH;'radicals. Presence of additional radicals
results in essential kinetic acceleration of partial
oxidation reaction of the methane, proceeding on
the radical-chain mechanism. The good consent of
calculation with the experiment with stationary
installation was achieved for a degree of methane
dissociation 0.25%.

Summary

From the given experimental data it is
visible, that plasma of the microwave discharge
renders not only thermal influence on reagents. In
case of the stationary discharge it is visible, that
effect from action of energy input by plasma
stronger, rather than from same on size thermal
energy input. In a case of the pulsed-periodic
discharge a little effect can speak lower efficiency
of radicals generation, and also high relative
energy losses connected with the small flow rate of
fuel and air mix.
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Fig. 1 Plasmachemical reactor of the
stationary installation

O r—+
ars o
or
055 1+ : :
G statonary umf"
Dm T . . N |
o5 ,"'f =t~ Pulsed-periodic unit
DA% # 2
o4 "g
=g
03+
3 a 5 & T . B ] i i 12
Tatal energy input, J/sm?
Fig. 2. Experimental dependences relative

degree of conversion from total energy input.
Curves on the left side — stationary installation,
curves on the right side — pulsed-periodic
installation.

¢- Dependence from plasma energy input,
others maintained the constant

o, A, m — Thermal energy input.
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BBenenne

CYHICCTBCHHBIM HpeHSITCTBI/IeM Ha nyTn
pPa3BUTHS  BOJOPOJTHOW DHEPTeTUKUA  OCTaeTCs
npobiaemMa  XpaHEHHS HW  TPAHCIIOPTHPOBKH

Bosopona. [lo 93Toif mpuuYMHE MEPCIEKTHBHBIM
CTaHOBUTCS cIOcO0 TIONydYeHHs BOXOpoJa U3
NEeMeBbIX ¥  JOCTYNHBIX BHJIOB CHIpbS B
MOOWIBHBIX M MAJIOTa0apUTHBIX TEXHOJIOTHIECKUX
YCTAaHOBKAaX  HEMOCPEACTBEHHO  HA  MECTe
norpebnenus. B maHHOW paboTe B KadecTBe
TOIIMBA  pAcCMAaTpUBAJICS METaH, OCHOBHOH
KOMIIOHGHT  TMPHPOJHOTO  ra3a, MpH  ITOM
MPOMEKYTOYHBIM 3TAallOM KOHBEPCHHM METaHa B
Bojmopox Owbur cuHTe3-raz (cmeck CO m Hy).
JHanbHelee oborameHne TOH CMECH BOIOPOIOM
MPOM3BOJUTCS MPH MOMOIIH peakuuu casura CO +
H,0 = CO, + H, u He sBageTCcs TEMOM HACTOSIIEH
paboTHI.

OpHUM U3 MOIXOAOB K PacCMaTpUBAEMOM
mpoOiieMe  SBISETCS TPOBEIACHHE peakiuu B
I1a3Me DJIEKTPUYECKOro paspsiaa. AKTyalTbHOCTh
BEIOOpa nMeHHO CBUY pa3psma oOyciioBieHa TeM,
4ro B MpedmecTByromux paborax  Oblna
oOHapykeHa OobImas 3¢ (heKTUBHOCTD
SHEPTOBKJIaZa OT MHKPOBOJHOBOTO pa3psia IIo
CPAaBHEHHIO C TEPMHYECKUM HarpeBOM Ui
npoiiecca Nupoau3a Merana [1].

B pa6orte ncnons3zoBamuck asa tuma CBY
paspsifia: CTallMOHAPHEIN (haKeTbHBIH U UMITYJILCHO
nepuoandeckuit. llempto  pabGoThl  OBLTO
nccnenoBanne  dOPEKTUBHOCTH  TUIA3MEHHOTO
SHEPTOBKJIAZa 10 OTHOIICHUIO K TEPMHUYECKOMY
BBOJIy SHEPI'UHU B CUCTEMY.

IKCIepUMEHTAIbHbIC YCTAHOBKH
Cmayuonapuas ycmanosxa.

YcTaHoBKa cocTosla W3 IIIA3MOXHMHYECKOTO
peaktopa, 0JoKa MOATOTOBKH PEeareéHTOB M OJOKa
BBIBE/ICHUS MPOJYKTOB U3 peakropa. Cxema BBOJa
CBUY wu3nydeHus B INIa3MOXMMHUYECKUI peakTop U
€ro ycTpoicTBO mMoka3aHbl Ha puc 1. B kauecTBe
HUCTOYHUKA CBY-uznyuenus HCIIOJIb30BaH
regepatop KMUD-5 (2,45 I'Tu) c perymupyemoit
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MOIIIHOCTBIO BbIXOZa B nuamazoHe 1 - 5 KBrT.
[Tormomenne pazpsmom CBY  momHOCTH OT
MarHeTpoHa ¢ MOMOLIBI0 HACTPOUKHU COTIaCOBAHMUS
JOBOAWIOCE J0 3HaueHHH Oomee 90%, T.e.
JIOCTUTATIOCh TPAKTUYECKH TIOTHOE TOTJIOIICHHE.
JnvHy BHYTpEHHErO0 NPOBOAHHKA KOAKCHUATIBHOM
JIMHUU MO>KHO JIETKO U3MEHATD JaXKe MPU TOpsIEeM
paspsne, JocTurasi COBMEIIEHUS 30HBI paspsia ¢
30HOM ropeHus. BBoa TOMIMBO - BO3AYIIHOU
cMecHu OCYILECTBJISUICSL  4epe3  KOJIbLIEBOU
KOJIJIEKTOP M «1osAc» u3 60 oTBepcTUil TraMeTpoM
2 MM B CTEHKE paspsaHoil Kamepbl. TumuyHble
3HAUCHUSA pacxo/la BO3IyXa uepe3 peakTop B
SKCIIEPHMEHTAX COCTABLUIE 6 - 7 M (H)/d
(okomo 2 1/c).

Hmnynvcno-nepuoouneckasn ycmaHosxa.

B xauectBe ucrounuka CBY wuznydenus
UCTONBb30BaH  MMITYJIbCHBIH  TIeHepaTtop  C
perynupyeMoil cpeiHel MOIIHOCTBIO BBIXOJAa B

nuamasone 40 160 BT, IIHTEIBHOCTHIO
uMmmynbca 1 mke, wacrota ciuemoBanus 1 K.
Paspsin B aroit cucteme ropen B (opMe Y3KHX
kaHaioB (CBU-ctpuMepoB HampaBIEeHHBIX I10
JNEKTPUYECKOM TIOJI0) Ha OCTPOH  KpOMKe
BHYTPEHHEH METaNIMYeCKOW TPYOKU IHaMeTpoM
2 cm, u noryomain Oonee 90% mnaparomeii CBY-
MomHOCTH. Pa3psm He TpeboBanm crenuaIbHOMN
WHULAALM, a 3aropajics caMm. 3amojgHeHue
IJIa3MEHHBIMU 00pa3oBaHUSIMU BCETO
[IONEPEYHOTO CEYEHHsI peaKkTopa JIOCTUTaJOCh
IyTeM BpalleHus IIockocTu nongpusanun CBY —
M3IIy4eHHsl.  3HA4YeHUsT  pacxofa  TOILIUBO-
BO3QYIIHOW  BBEIOMpATUCh  TaKUMH,  YTOOBI
00ecITeYnTh TaKOW K€ TUIa3MEHHBIM YHEPTOBKIA,
KaK ¥ Ha CTallHOHAPHOU yCTaHOBKE.

Pe3yabTathl u 00cyxaeHue

B xoxe sxcnepuMeHnTa KOHTPOJIHUPOBAINCH
MOIIIHOCTh MPEIBAPUTEIILHOIO HArpeBa PearcHTOB,
MOIITHOCTb, TTOTJIOIIEHHAS paspsaom,
COOTHOIICHHE MEXIY TOIUIMBOM U OKHCIHUTEIIEM
(S=[CH4]/2[0;]=1 B ciydyae mapIUaIbHOTO
okucnenus). B cmywae, xorma S<I peaxmus
MapIUATBHOTO OKUCICHHUS HWIAET ¢ HU30BITKOM



OKHCJIUTEIIS, YTO TMPUBOJUT K TOJTHOMY CTOpPaHHUIO
YaCTH TOIUIMBA (M BHECEHHIO JOIOJHUTEIHHOTO
TEIUIOBOTO JHEProBKIaaa). B 3Tom ciywae ObLl
BBEIEH TePMUH OTHOCHTEJIbHAS CTENEeHb
KOHBEpPCUU - oc*, MIPEJICTABIIIOMUN  co0oi
BBIPOKCHHE IJISI CTEMEHW KOHBEPCHW TOH YacTH
TOTUIMBA, KOTOPOE ydYacTBOBAJO B  pEaKIHH
napuuajgbHOro OKucieHus. [lomydeHHBIN B
pe3yabTaTe Ta30BOTO aHalM3a COCTaB CMECH Ha

BBIXOJE  oOOpalaTbiBajics MO  CIEIMAIBHO
paspaboTaHHON METOJNKE HoApOOHO
NpEeACTaBICHHOH B [2].  AHaIu3MpOBAIUCH

3aBUCHUMOCTH OTHOCHUTEIBHOM CTENEHH KOHBEPCUH
o OT IUIA3MEHHOTO M TEIUIOBBIX JHEPrOBKIAOB.
Hannple s cpaBHeHUS UX JPPeKTUBHOCTH
MIpUBEIEHBI Ha pUC. 2.

[lpuBenéHHble Ha pHC. 2 3aBUCHUMOCTH
CHUMAJIUCh MPHU MOCTOSHHOM 3HauY€HUH BHEIIHETO
SHEProBKIaNa okono 5 KJIx/cM’, Ipu MOIMIHOCTH
cranuoHapHoro paspsana 4,5 KBt u npu cpenneit
MOIITHOCTH HUMITYJIbCHO — IIEPHOANYIECKOTO pa3psaia
150 Bt ¢ npenBapurensHbsIM HarpesoM 10 900 °C.
B skcnepumeHTax Ha CTallMOHAPHOW YCTaHOBKE HE
HCTIOJIBb30BAJICS IpeaBapUTEIbHBIN Harpes
peareHToB, TIO3TOMY BO3MOXHO IIPOU3BECTH
cpaBHeHHE 3(PPEKTHBHOCTEH TONBKO ABYX THIIOB

SHEProBKJIAJa: OT paspsga W OT H3MCHEHHS
COOTHOIIICHHSI PEareHTOB S.

Teoperuyeckas WHTEpIpETaIsI
MONMYYCHHBIX  PE3yJbTATOB  MPOBOIWIACH B

MPEIOI0KECHIUY YaCTUYHON TUCCOIMAIIMYA METaHa
B IUla3M€ MHKPOBOJHOBOTO  pa3psia, dTo
HPUBOAUT K reHepanuu paaukanos CH;'. Hamuuue
JOTIOJIHUTENIbHBIX ~ PagUKaJoB  MPUBOAUT K
CYHIGCTBGHHOMY KI/IHCTI/I‘-IGCKOMY YCKOpeHI/I}O
peakiuu  TapUUAIBHOTO OKHUCIICHUS  METaHa,
MpoTeKaroIIeh o paTUKaIBEHO-TICITHOMY
MeXaHM3My. Xopolllee corjacue pacuéra ¢
SKCIIEPUMEHTOM Ha CTaIl[MOHAPHOM YCTaHOBKE
OBUTO JOCTHTHYTO JJsI CTCMEHH JTUCCOIMAIMH
meTana 0.25%.

BriBoabI

W3 mpuBeAEHHBIX JKCIIEPUMEHTATBHBIX
JAHHBIX BUJHO, YTO ILJJa3Ma MHKPOBOJHOBOI'O
pa3psijia OKa3bIBacT HE TOJBKO YUCTO TEPMUUYECKOL
BO3JICHCTBME  Ha  peareHT. B ciyuae
CTAITMOHAPHOTO paspsnaa BUIHO, 9TO APDEKT OT
JNCHCTBHS IJIa3MEHHOTO SHEProBKiaga Ooiiee
CHJIBHBIH, HEXKEIH OT TaKOro K€ M0 BETHYHHE
TEmIoBOro. B ciaywyae ke  UMITYJIBCHO-
MEPUOAMYECKOT0  paspsaa Mainocth  dddekra
MOXKET OOBSCHATHCS bonee HU3KOM
3G GEKTUBHOCTBIO TeHEPAIMK PAUKAIIOB, a TaK¥Ke
BBICOKUMH  OTHOCUTEIBHBIMH  TEIUIOTIOTEPSMH
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OCTaJIbHBIE MTOAIEPKUBAIOTCS TIOCTOSTHHBIMH.
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