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ARG SE 1777 X~ il & B A &2 i e s C MR ) S L, BB NY 7Tik#E (Dielectric Barrier
Discharge; DBD) * Ni/ALOs flliiAH B AERIC & 5 A 7 VR SOSMEERIEAAZ HNE L, &5 EPLKD,

F1E T i, ARXTRRE LI A X VEBNIETH D A X D KT A %E (CHs + CO2 — 2H2 +2CO)
WZBI L TR L, DBD 2B KNICERT2ER EMFEEENEZLR D, N7 A4 KEHIFREBNRIBEHRETATH
BHAH L TR FE R KT L —BRLIRB O BT AT BRI TH Y, B AL CLLF LIS 7o
T ARIZ LY BRERRINIRENCIS I CTX 5, A X & TLIRBIIHAREZ R LY — (XA T HR) THLHD,
ZTOTD KT A WEITIRERE S A PeHEHIN & B4 TRET R X — O @M (L &2 R KR35 & LT
fFINTn5d, Lo, ERIGIE 800 °C UL EO@IRKIC G ELEE T 5720, RITABED L 5 72 KHE
AR R ERRE LT TIIREIA # 0 DF) 3 BIZBRBESETWD, AN T AFBUENNES L, £, A4
VIBEBARWN T E SRR ST, REER LB L LAWRIETHWE AT O MR D D, AWFIETITE T L F
—D—¥% DBD IC L W ER TR —%2 G125 2 & TRET S, DBD DIERICEAREEHEZHNDZ LT
BHNEIRAEREIO X ) 2@ = ANV F—BEOLFT R X — I CEH}TE, PR - kttidm ET& 5, T2 T
%2 Cid DBD 2MEIRE  (400-600 °C) T T 2 MR EME ORI 2 B L L,

F 28 77 XSS KD 3A AT AE OHERERRE) T, N7 A SEOIERFFEZMIT L, (RS
NARISBROMEEZ B E Lz, ZD72DI2 CHY/CO2 L% 0.5-2 ORI T L &8, fIEIRE 550 °C I2BWTK
IRZMEIT o, RIAWEITZA X o DORBKERIGIT & 5 EERREN H 2, 8RR R EHT B3l 2 2k S
w5, £IT, AXOMHE%E /L RIRIC ON/OFF % #: 0 ik L ENIRFET 5 2 & TRz Eit L=, T0
FES, DBD IZ XY RBEHTHME X4, KFE - —ERLRIEOBIEDR 10 %A 32 2 B3 0ho7-, "B
TR L EL T Enh, “LRFBSLRIMOSIC L W AR T 5 KEKN DBD I X VI &b Z & THF
HiRFEOEBL - BREEZEELTZEEZEX OGNS,

%3 E [ - DBD OFMAEH ] TIiX, 22 ETHL NI -7 DBD I L 2 ERRFEHNT H ORI L
BEEE, ZOAN=RLORAZANE LIz, 207512, DBD BT MG L B s a2 hEE L, 79 X~
b AE FL VR 2 i U7z, ARBERLEE Y 460630 °C 128\ T, IRFEAHTHIT 5 Sk T ZATVY, Kifk 3 mm Ofh
BNV TE O HHRBS M2 BT —T~ A 70T F T4 P L ik Lz, BS CIR MR R 3 3 filk
ALy FUDEIE S BICHTHE L7272y, IREEICE U I~ L v b ORA & L CEVITHER S
Mno7=, DBD # A5 &, MllErFLORFBHT D 50 %Ll KB L 72, £72, XL v FAuLE CIEES & RIE O
RFEBBHTH Liz—TJ7, MLy MR TR T T 7 7 ZAIROREZBTH L, KRBT DBD IC L B8
DR SN, ZhiE, XLy NHLEBTIE T T A=A BAEH 237220026 2o & TR BT M 23l < /-
ZLEERLTWS, XUy MEANRICB W CROSIMERE SRR, AN ~IERT 2 L0 b3 < SOS 524
L, XLy MBS E Lo ez &EE 26N 5,

85 4 B OTARENZ XA TEPEREO @ E b & ROMEEE ] TIE, 5 3 ECORBINE L v NESMRIZI T D G
REEF NV OMEEEZ BB E Lz, £ 2T, ZMbRFICL 0 A 2E L, i1 v MRS R0 258) 4 3
Nz, ZEMUIRSE TR AL L, B Raman /3 E0TIC & 0 RIS L o RTINS B Ni BR{L) O 5345 % 78
N7, BRGTIE, gLy b OGRS L O O WIS Ni BBEISRERE S o 7=, DBD 12X
AR5 &, Ry MR 20 pm DIRICB W TEMEAMERE S, 2L v L ERIZERM LA HERR S e h
o, T, FI3ETHRINAHRFEOZ(OFH L BT 5, MEMLOY A XTI 1um LT THY,
AWFRIZEBIT D8y e I =< AR 200 um, 7 /31 B 1-100um TH D Z L 25 x5 &, HIFLNIZE T 5 DBD
DI FLO T AL S 4172 DBD ASHIFLINER~MREAT D Z L IZREETH D, D7 D% D & DBD D20
FT-, BSISTHE, “BLRFEOMUEEAEZE L, BT 5700, ABEORRCIIWAE-DiBEOBTHIC KB XD,
DBD ZFIHT 2% &, Bt Sz ZEMLIRFBIC XL 0 =L MRIMNERIC Ni B LSRR S Ay, W35 -l oo BOE-fi %
BA T ER PR SND, RIALWE DL, TOMEBFE TN A X 2 MFLNEBICHEET 2 B b L,
Ny MR TG E e S %, DBD IEBIEREY T X~ Th Y IEMEREE ISV, L LR s, JEMHREN
it ic BT b SNEHMET 2 2L T, HEEREBOSFORIEHIRESNTZEEZOND, TOD, FEMS
TR THoTHT T A<l AAERNBEEL L, &2 B CTITRIREN/N 10 %M L L, £728 3 T CIRREN
HIA3 50 %Ll _EIl S i,

% 5% Ui TiX, DBD LT 577 A~ lffl AAEA A 1= X K& & L o=, DBD AR mE EC
BENDZ LT, ARSI NIRRT SN D, T UM NREIZERTERBICER SN D RE)
FHRFLIX AR TIEISMEICZ Lnb oo, fililftic L0 EELIND Z LT, filitoiEtEsE L mE3E5, £
kv, HEREBONTORIGE bIetE L, BHE R UMEE R 2R 5,

i3« FRSCE BRI, FI3L 2000 2 & 9530 300 34 1 BT ORI T 52, b L <ITTEL 800 554 1 HRH LT 720y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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Thesis Summary (approx.300 English Words )

This thesis, entitled “Reaction enhancement mechanism in plasma-catalyzed methane conversion”, is
investigating the reaction enhancement mechanism induced by dielectric barrier discharge (DBD) and
Ni/Al,O3 catalyst and consists of 5 chapters.

In the chapter 1 “Introduction”, the dry methane reforming (CH4 + CO, — 2H, + 2CO) targeted
reaction in this thesis is introduced. Then the meaning of hybridizing DBD to the catalytic reaction and
purpose of this research are mentioned.

In the chapter 2 “Basic characteristics of biogas reforming in plasma-catalyzed reaction”, the basic
characteristics of plasma-catalyzed DMR was investigated to reveal the reaction processes enhanced by
DBD. Hydrogen and carbon monoxide selectivity were increased by 10 % and the deposition of solid coke,
undesired byproduct, was suppressed. This indicates solid coke removal was enhanced by DBD excited
COz and HzO.

In the chapter 3 “Interaction between DBD and porous catalyst”, the mechanism of suppression in solid
coke deposition was investigated in detail. Thermal reaction utilized catalyst pellets entirely and coke was
deposited at the center of the pellets. In the plasma-catalyzed DMR, coke deposition at the center of the
pellets was decreased by 50 %. For the coke morphology of plasma-catalyzed DMR, coke on the pellet
center was mostly identical with coke deposited by thermal reaction. On the other hand, the external
surface of plasma-catalyzed DMR had amorphous coke compared with thermal reaction. This indicated
that reactions on the external surface of pellets (3 mm dia.) were greatly enhanced and completed before
diffusing into the pore, then pellet center wasn’t involved in the reaction.

In the chapter 4 “Reaction enhancement and activated species fixation by catalyst”, reaction
enhancement on the external surface of pellets was verified by investigating the catalyst oxidation by CO».
In the plasma oxidation, only external surface of pellet was strongly oxidized. In the thermal oxidation,
neither external surface nor center of the pellets was oxidized. Catalyst pore size (below 1 pum) is smaller
than the Paschen minimum (200 pum) and Debye length (1-100 um), therefore only the external surface
was oxidized by plasma oxidation. Plasma-catalyzed reaction up-takes oxygen atoms on the catalysts
beyond the Langmuir isotherm by forming NiO. During plasma-catalyzed DMR, not only excited CH4 but
also ground state one was oxidized rapidly at the oxidative external surface. Therefore, apparent reaction
enhancement was obtained by DBD, even though weakly ionized plasma.

In the chapter 5 “Conclusions”, DBD-induced plasma-catalyst interaction was summarized. DBD was
formed over the external surface of pellets and supplied excited species to catalyst. Vibrationally excited
species, which were produced more than radicals, have relatively small reactivity, however, fixation of such
species on the catalyst markedly improved catalyst activity. Therefore, reactions of ground state molecules
were promoted. Although DBD is weakly ionized plasma, fixation of DBD-derived excited species enables
remarkable reaction enhancement.
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