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Experiment and Mechanism of Carbon Dioxide on Promoting Chemical Looping Methane
Decomposition Based on Activated Carbon Catalysts
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ABSTRACT: Small amounts of CO, impurities contained in
natural gas affect the efficiency of chemical looping methane
decomposition for hydrogen production. 8-16 mesh coconut
shell activated carbon (AC) was used as a multifunctional
carrier, and the effect of 0-7.2% CO, on methane
decomposition efficiency was studied at temperatures of 850,
900°C and 950°C. The results show that CO, at different
concentrations could improve the decomposition efficiency of
methane, among which the 4.8% CO, concentration was the
most favorable. Further studies on the mechanism of CO; in
promoting the efficiency of methane decomposition revealed
that positive impact of CO, was mainly manifested in the early
stage of AC. Studies also showed that CO, was difficult to react
with deposited carbon, and its role in deposited carbon
elimination was not obvious. Materials Studio software was
used to simulate the effect of CO, on the adsorption of methane
molecules on AC at high temperatures, and the results showed
that CO, had no significant effect on the adsorption process.
Further characterization and analysis showed that although the
addition of CO, did not change the type of oxygen-containing
functional groups, it could effectively increase the
concentration of oxygen-containing functional groups, which
was beneficial to the increase in active sites, thereby improving

the catalytic performance of AC
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Table 1 CO; concentration in major gas fields in China
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Fig.1 Schematic diagram of the experimental setup
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Fig.2 Comparison chart of methane conversion
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Fig. 3 Comparison chart of average conversion of

methane within 90 min

PERRC2SVRIGE R %t A0 e AR LA
22 GEMIREERRIE
22.1 SEM

A BT BB AT 1 900°C RIE MR
RERT G RIS, Pl fr R mg iR L. W
K 4 pon, BEEEERE A(e)REDLH, AT
B, FLIRIEMT . SR 8min f&5, 2 AL TR (L
K 4(a)- (c))RmEILIA L5 E s 17— =K, B
BEYEZR HARBEIEREL, BB SR K
ANFEHT % [ B: 90min J& i P % (b) FH(d) IR THI
BRI, HERREF AR, & PR FLIF
RE IR L .

(€) BrbhiE s
E 4 RNAIEEMER SEM B

Fig. 4 SEM image of ACs before and after reaction
222 BET

R 2 U T IR LR AR AL R R A A
Ble B3R 2 A%, BTGt R m AL A s o5
S 8min & i MR LR AR A B, FEIAL
B E BTN . R BTG M R 1 EG 3 T AR A
777.2m%/g, N 8min &, 900-0. 900-7.2 %1 F %
I (35 1 2 L 2 IR 23 59 642.6m*/g AT 610.6m°/
g, BIERBRIEIERNL, 900-7.2 M4 NiEMER LR



518 1

PR AR IR RR R Ak 2 B T e SR 8 o) SRR ) S B AN LRI 7 6325

F2 EMRMELERERMILLES
Table 2 Surface area and pore width of ACs
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Fig. 5 XRD spectrum of

activated carbon before and after reaction
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Fig. 6 Concentration of gas at the outlet
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Fig. 10 XPS image of Ols
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Forcite RIS BIRE 45, Hen T NIEN
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Fig. 11 Optimized CHy, CO, and

activated carbon molecular model
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Table 3 Adsorption heat of CO, and

CH, on activated carbon kJ/mol
CO, 900°C 1000°C 1100°C
R CH4 CO, CH, CO, CH4 CO,
0 17.966 0 18.769 0 19.401 0
24 18.083 19.008 18.761 20.255 19.376 20.611
4.8 18.003 19.389 18.744 19.690 19.602  20.733
72 17.961 19.326  18.661 20306 19.456  20.737
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Ft, UL CO, FHAR T H e B 25 & s MR W it « 5
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AR bR PR B TG B L R

FT BRI, CO, $&FHE MR fEAL B e R A
MEREEERVIEAN: COBANE, HASHK
a3 [E R PR ZE V& o R T R LR, ELAS e FR
BRI MRS BT ORISR E, -
A RARBR Y B TEVE TR R, CO, S5iEMHERAIAR
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