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Effect of Different Feeding Modes on CO, Reforming of CH, by
Thermal Plasma
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Abstract: CO, reforming of CH, was investigated using binode thermal plasma at atmospheric pressure. The
experiment was conducted in two modes. One was to introduce the feed gases (CH, and CO,) into the discharge region
between the first anode and the second anode of the plasma generator as plasma forming gas; the other was to
introduce the feed gases into the discharge region and also into the plasma jet from the exit of the plasma generator.
Experimental results show that the conversion of feed gases and the selectivity of products by the former mode are
higher than that by the latter. However, the energy conversion efficiency was less because of the larger feed flux and
the higher amount of synthesis gas produced in the latter mode. Furthermore, during discharge in both modes, the
discharge power was affected only by the feed flux into the plasma generator but the feed flux into the plasma jet, and
oxidation on the cathode and anode or carbon deposition in the plasma generator was not observed in any experiments.
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Fig.1 Schematic diagram of binode thermal
plasma generator
(1) gas inlet I; (2) gas inlet II; (3) cathode; (4) the first anode;

(5) the second anode
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Fig.2 Process flow diagram of the experiment
(1) Ar; (2) CHy; (3) COs; (4) gas inlet I; (5) gas inlet II; (6) gas inlet ITI;
(7) direct current power supply; (8) cathode; (9) plasma generator;
(10) the first anode; (11) contactor; (12) the second anode;
(13) graphite tube reactor; (14) collector; (15) gas outlet
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Fig.3 Dependence of discharge power (P) on feed
flux into generator in both feeding modes
flow rates: 2.4-5.0 m’+h™, Vey/Vo,=4/6, discharge current: 135 A,

d,=0.4 cm, d=6 cm
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Fig.4 Dependence of conversions (a) and selectivity (b) on @ in the first feeding mode
flow rates: 2.4-5.0 m*+h™, Ven/Veo,=4/6, P=18.0-32.4 kW
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Fig.5 Dependence of conversions (a) and selectivity (b) on @ in the second feeding mode
flow rate into the generator is 2.4 m’+h™, flow rates into the reactor are 0, 2.0, 3.0, 4.0 m*+h™ in turn, Vey/Veo,=4/6, P=18.0 kW
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Table 1 Comparison of the energy conversion efficiencies with different plasmas
X (%) S (%)
Plasma form Fl(m*h™)  Vay,/Veo, PIKW n (%) Ref.
CH, CO, CO H. C.H, C.H, coke

corona discharge 2.58x107 1/1 0.046 624 478 66.8 70 15.8 1.5 - 12.80 [5]
DC corona discharge 3.6x107 1/2 0.063 94.1 779 97.1 694 - - 2.39 21.14 [6]
DBD+zeolite A 1.2x107 11 0.400 51.53 2932  42.69 - 12.66 12.66 - 2.82 [9]
DBD+Ni/AlO; 1.8x107° 111 0.130 55.71 33.48 609 5192 10.12 10.12 - 2.52 [10]
microwave discharge 1.2x107 3/2 0.120 70.8 68.8 75 - 17.8 4.1 - 24.97 [13]
gliding arc discharge 6.0x10* 1/1 0.190 ~40.00 ~31.00 ~62 ~50 ~12 - - 27.72 [14]
thermal plasma (H,) 1.3 4/6 8.5 8798 84.34 8227 43.48 - - 17.66 35.73 [18]
thermal plasma (N.) 1.8 4/6 9.6 89.82 80.14  88.37 68.60 - - 11.63 48.04 [19]
thermal plasma (N»)+Ni/Al,O; 2.0 4/6 9.6 9232 82.19 90.15 75.43 - - 9.85 54.33 [19]
binode thermal plasma 4.4 4/6 18 78.71 64.80 96.79 82.85 - - 3.21 57.22  this work
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