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Performance study on simultaneous tar removal and bio-syngas methanation by
combining catalysis with nonthermal plasma
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Abstract: In this work, simultaneous toluene removal and syngas methanation using the combination of packed-bed
dielectric barrier discharge and Ni/y-Al,O; catalyst were conducted with the research object of simulated gasification
gas (SGG) containing toluene. The effects of reaction temperature, H,/CO ratio and H,O addition on the reaction
performances of both toluene removal and SGG methanation were investigated. The results show that high-
efficiency simultaneous toluene removal and SGG methanation can be achieved at 400°C under plasma catalysis
treatment. When the H,/CO ratio is 3.2, the toluene removal rate and the tar removal rate are close to 100% and
97%, the CO conversion rate and CH, selectivity approach about 88% and 97%, and the energy efficiencies in
toluene removal and SGG methanation processes can reach 9.7 g/(kW-h) and 17.3 mol/(kW-h). Both the high H,/CO
ratio and the H,O addition can promote toluene removal and SGG methanation, and reduce the amount of carbon
deposition but increase its graphitized degree. Moreover, high H,/CO ratio can rise the heating value of SGG and
achieve higher energy efficiencies in both toluene removal and SGG methanation processes, while the H,O addition
is difficult to obtain high CH, selectivity to increase the heating value and is not conducive to the promotion of
energy efficiency in SGG methanation process. In addition, for these two simultaneous processes, the SGG
methanation process exerts a significant inhibiting effect on toluene removal, but process of toluene removal has less
influence on the other process due to the lower concentration of toluene.
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Figure 1 Schematic diagram of the experimental setup
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Figure 2 Toluene removal (a) and SGG methanation (b) under plasma alone treatment
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Figure 3 Toluene removal (a) and SGG methanation (b) under plasma catalysis treatment
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Table 1 Surface oxygen species derived from O 1s spectra

Oxygen concentration/%

Proces 0 o 0. O'y/Og ratio
Fresh catalyst 41.45 42.72 15.83 1.03
Catalyst alone 45.49 39.39 15.13 0.86

Plasma catalysis ~ 41.53 42.40 16.07 1.02
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Figure 6 Effect of H,O addition on toluene removal ((a), (b)) and SGG methanation ((c), (d))
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Table 2 Amount of carbon deposition on the catalysts reacted
under different conditions for 60 min

Process Carbon deposition w/%

SGG 1.38
HyCO=1.5 0.57
Hy/CO =22 0.16
H,/CO=3.2 0.10

10 % H,0 addition 0.17
20 % H,0 addition 0.12
30 % H,O addition 0.03
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Figure 8 Raman spectra of the catalysts reacted under different H,/CO ratio (a) and H,O addition (b) conditions



5% 7 T Mo e 0 B T R O B Tl B B 4 2 00 R AR T b AL PERE T 5 975

2.6 SGG #EMTL

FRE 2 A 5 A ) RS O Y EE AR A, S
SEfENL S e T 2 R0 AR S R B . 55
BT URR A AR IR B ORI BR 5 SGG WY Befb it
i, PR S i AR R A T R 4 LA K SGG 4 43 [
KR — RN, K51 & SGG 4l 4 i 3 K AR
b, S BOAE A BAE o 25 i 31 S 5 3k T A
AR AR, A LR D, R A B S R
/I, SGG A T AR 4 Hoo CO M CH, Y& i
PEATIHEE . F 34T 400 C AR T F KN #

HEH TR B BB . 2 3 T AL Ho/CO HEXTS
TR A 52 i A K, IV DR/ B B 3 B A TR IR
Hy/CO L T4, BB A 2 SGG 1 Ho/CO HL A1,
AT H e Ak 5 0 AT, A A /b i CH, X2
THIAAE AR AN TR) B LAt 1) B2 1 1 % 268 530
PRSI B R, i CO iAo Bifi% Ho/CO L
(R38N, 5 2 i Hy RS AR oF T W e Ak R B, K
i CH, 94 4 7 AR #E, > Ho/CO b Ry
3.2 WF, J gt A SR 3 K K 18.1%.

F3 400 C ARIIATHI SGG HRERESME

Table 3 LHYV of SGG and energy efficiencies under different conditions operated at 400 C

H,/CO ratio H,0 addition/%

0.8 1.5 22 32 10 20 30
=3
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-3

Outlet/(MJ-m ) 4.06 5.06 6.01 7.49 3.97 3.83 3.72
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. -1

Energy efficiency Eotene/ (g (kW-h) ) 8.8 9.4 9.6 9.7 9.4 9.4 9.3
-1

Ecp,/(mol(kW-h) ) 43 9.6 13.7 17.3 6.1 5.0 3.1
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