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Low temperature dry methane reforming (DMR ) using non-equilibrium plasma and catalysts was investigated to eliminate
the need for CO: removal from natural gas and promote the reforming reaction. The deposition of solid carbon, one of the
major obstacles of DMR, was suppressed by plasma-catalyst hybrid operation and the continuous operation was established.
For the better understanding of hybrid operation, temperature distribution of the catalyst bed was measured by infrared

camera. Temperature distribution along with CHs and CO: conversions suggests that DMR consists of consecutive 5 reactions;
decomposition of CHs over catalysts (CH: = C + 2H.), reverse water-gas shift reaction; RWGS (H: + CO: = CO + H.0),
steam methane reforming (CH: + H.O = CO: + 4H:), Boudouard reaction (2CO = C + CO.), and carbon oxidation by H.O

(C+2H:0 =CO: +2H,).
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Fig. 1 DBD-Catalyst hybrid reactor.
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Fig.3 (a) before reforming; (b) just before de-coking process;
(¢c) after de-coking.
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Tablel FHOFEINTR L T AEIE, 2 DRy o filfi)E 1
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1%, CHJ/CO.=1/1 [mol/mol] , 10 kPa DAL T,
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Fig. 4 Time-dependent changes in each component and temperature distribution of catalyst bed: 0-10 min, Steady state; 10-20 min, Thermal
reaction; 20-40 min, Plasma reaction; (a) 6170h", 19 W; (b) 20600h ', 17 W.
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F1 CH: & CO: DfEfb3  (a) 6170h", 19 W ;
(b) 20600h", 17 W.
Tablel CHs and CO: conversions: (a) 6170h”, 19
W; (b) 20600h™, 17 W.

Thermal reaction Plasma reaction

CHs conv. CO: conv. CHea conv. CO: conv.
[%] [%] [%] [%]
(a) 39 (88) 42 (40) 50 (90) 53 (44)
(b) 16 (86) 21 (41) 22 (88) 27 (41)
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B, TR OGREE 2R TE LW TH 5.
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#2 CHs & CO. DEE{LHE (20600h")
Table2 CH:and CO: conversions (20600h").

Thermal reaction Plasma reaction

(W] CHs conv. CO: conv. CHa4 conv. CO: conv.
(%] [%] [%] (%]
40 20 (86) 23 (41) 30 (91) 34 (44)
68 19 (86) 22 (41) 34 (93) 38 (48)
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Fig. 7 Discharge power and endothermic enthalpy.
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Fig. 6 Time-dependent changes in each component and temperature distribution of catalyst bed: 0-10 min, Steady state; 10-20 min, Thermal

reaction; 20-40 min, Plasma reaction; 20600h ', 68 W.
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Fig.8 Digital images of DBD generated in catalyst bed.

F£3 IANVF—RFEDOILIEL : (a) DBD + Ni/ALO; (This work)
(b) DBD + Ni/ALO: [15,16] : (¢) DBD + Ni/ALO; [17] ;
(d) DBD only [18] ; (e) DBD only [19] ; ‘uk’ A<H]
Table3 Comparison of energy efficiency: (a) DBD + Ni/ALO;
(This work); (b) DBD + Ni/ALO: [15,16] ; (c) DBD +
Ni/ALOs [17] ; (d) DBD only [18] ; (e) DBD only
[19], ‘uk’ unknown.

P 0, GHSV SEI n
[W] [em/min] [h'] [ J/em'] [-]
(a-1) 17 2000 20600 0.51 0.44
(a-2) 40 2000 20600 1.2 0.33
(a-3) 68 2000 20600 2.0 0.29
(a-4) 19 600 6170 1.9 0.24
(b) 50 50 263 60 0.052
87.5 50 uk 110 0.032
(¢c) 384 30 1260 77 0.042
(d) 875 16 1230 330 0.0074
105 20 220 315 0.0071
(e) 87 30 15 170 0.041
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Table3 (2T &)V F—#hF D L% 7R 3. SEI (Specific
Energy Input) (BB E ) P, JFR A AjiiE Q. 12 & 13X (8)
TEFREIN, HfEd72) OWBEN* ERT 5.

SEI [J/em'] = P/Q, (8)
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nN7z7ze>Cchs (Figs). FAMETIIME LT
PNVF=REFN12HENR TN D P T2 L D
CO. DF3fE (CO.— CO + 0.50.) DT A)VF—xh# (1 SEI
7% 0.2-1.0eV/molecule = 0.86-4.3J/cm’ (1.0 [eV/molecule ]
= 43 [Jem’] ) TRAL 2B ENHEERTEDY,
DMR 2B\ T3 SEI X 0.86-4.31/cm’ i UL 25#Y) T %
EFEEND. KRWFZED SELIEZ D& & Ela—3 L T
W58, [15-19] 1Z SEI 28 L HTPL B R & <, £
DEL o EEZLNS.
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3045, § b H CH ORHR 10 7218 F2 I 258
Y— 27 %R, (iii) 25-30, 35-40 4312 CO. 257 B HEN
WZHE L, M L5 A X 2 7 CCONHMD B LT 5.
(i) DWESFATNZDOWTIE, ARRFR T 27555 7 fi
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WBEPROEL 25 LA TFHRIND DS, HOFRLE R
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WA EHERI L7, £, CH DOBRERSEL S (3
(2)). Z0#, CO: & H: 12 & ) RWGS 7547 L (X (9)),
AL 727K % E L SMR (Steam Methane Reforming) 7%
HATE 5. 7272 LRI B W T SMR 1E CO Tid 7% < COs
A5 (3 (10)) . FERC Bourdouard FUSAME U
5 (% (). MHEEIKIZEVEL - rEshbZ E
bEzoNns (R (11). ZOEFLOEA, SMR 25
ZhETIRX (2,9 OADORISEER, Ttk (2,9,
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FEE LI TRISLTWA, REZETIE, KOERE 2
—F VPR EN TS, TNSEEET L LRI
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+(11)). AHws \IEEREIRTBIC BT B KISHItAO T 7 )V K
—ZMbERERL, IE (B) ZOWE (B2 [tk 7%,
CHs — C +2H:

AHoss =+ 74.8 kJ/mol (2)
CO:+H.— CO+H:0

AHoss =+ 41.2 kJ/mol 9)
CH: + 2H.0 — CO: + 4H;

AHoss =+ 165 kJ/mol (10)
2C0 — C + CO:

AHbss = =173 kJ/mol (3)
C+2H. 0 — CO: + 2H;

AHoss =+ 90.1 kJ/mol (11)
2CH; + 2C0:; = 3CO + 3H: + H:O + C

AHs =+ 179kJ/mol (12)
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