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Fig.1 Front view and top view of FeCo@CNTs catalyst model
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species on FeCo@CNTs surface
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Table 1 Adsorption energy (eV)of CH;OH and related species
on the surface of CNTs and M@CNTs

Species CH;0HCH,;0 CH,OH CH;
clean CNTs 0.11 -1.68 -1.67 -2.54
Fe@CNTs 0.09 -2.18 -1.74 -2.13
Co@CNTs 0.09 -2.39 -2.04 -2.86
Ni@CNTs 0.11 -2.23 -2.04 -2.80
Cu@CNTs 0.13 -1.87 -1.86 -2.88
Fe,@CNTs -0.04 -2.98 -2.82 -3.09
Co,@CNTs 0.15 -2.38 -2.24 -2.42
FeCo@CNTs 0.18 -2.54 -2.66 -2.87

22 CH,OH 7£ M@CNTs RHEBI¥ S 547

43 35T CNTs 2R 1 Al M@CNTs 3% [l CH,-
OH W15 24 1 R N REFNTE ALEE | B T CH;OH 4)
M B FIER AR . LA FeCo@CNTs g ffi] |, {4k
1 CH,0H #1280 2 w1 & (1S ), TS, A8 (FS)
AR LN 3 B . T 1 N RE TG AL RE 115
g TR2 .
2.2.1 CH;OH 7£ CNTs RE MWL 24 R1: CH,-
OH— CH,0 + H. CH;OH 437 W fff 7 CNTs 21, C —
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Fig.3 The most stable configuration of IS, TS and FS in the initial cleavage reaction of CH;OH on the FeCo@CNTs surface

% 2 CNTs. M@CNTs 3R H CH,;OH ZLfEHIHHE Xk K Rz e FnidE 1L s
Table 2 Related reaction and activation energy of CH;O0H cracking on the surface of CNTs and M@CNTs

CH;OH — CH,0+H CH;OH — CH,OH+H CH,OH — CH,+OH
Reactions
AH/eV Ea/eV AH/eV Ea/eV AH/eV Ea/eV
CNTs 0.35 1.60 0.17 1.97 0.28 3.84
Fe@CNTs -0.06 1.10 0.34 3.92 -0.38 3.23
Co@CNTs -0.10 1.11 0.06 1.87 -0.43 3.02
Ni@CNTs 0.05 1.38 -0.31 1.82 -0.11 3.10
Cu@CNTs 0.26 1.57 -0.35 1.69 -0.27 3.51
Fe,@CNTs -0.37 1.06 -0.65 1.97 -0.86 3.17
Co,@CNTs -0.50 1.00 -0.73 2.01 -0.53 2.79
FeCo@CNTs —-0.58 0.76 -0.44 2.18 -1.05 3.11
23 itig R PDOS Al d 510> . M@CNTs (M=Fe, Co. Ni,

2.3.1 DOS Zr#rfndardt 31HE T M@CNTs f#
1k O — H ST 20 T v B 11 4 R RN RR B2 110 PR 4
J& d B A R S (PDOS ) K H: d A ol
B4 il 0 SO POKRAEYL , 2 AN B 90k 4 il

Cu) 48 d LA R DOS & — MR K, 3t
B d HL 7 AH R % R 38 ; M@CNTSs ( M=Fe, . Co,.
FeCo) MNEER d PUBEAFAHEIEE RN ES
RPN E 8 Z R EU A BEAEA . & 4 7T L
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Fig.4 PDOS and d-band center of d orbital of metal atom on the M@CNTs
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Fig.5 The relationship between the activation energy of CH;OH
on the surface of CNTs and M@CNTs for O—H bond breakage
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The Study of the Mechanism of Methanol Cracking
on the M@CNTs by DFT

PANG Ke, WANG Wan-nan, REN Rui-peng, LU Yong-kang"
( Key Laboratory of Coal Science and Technology of Ministry of Education and Shanxi Province,
Taiyuan University of Technology, Taiyuan 030024, China )

Abstract: Density functional theory ( DFT ) is used to study the adsorption and initial cracking mechanism of CH;OH
on the surface of M@CNTs ( M=Fe, Co, Ni, Cu, Fe,, Co,, FeCo ) . There are three possible paths of CH;OH cracking
on the surface of M@CNTs: C — H, C — O and O — H. The adsorption energy of CH;0H and intermediates on CNTs
surface and M@CNTs surface were calculated, and the relevant reaction energy and activation energy under three
possible paths were calculated. The calculation results show that CH;OH is physically adsorbed on the surface of
CNTs and M@CNTs, and O — H bond cleavage is the most favorable path. The order of activation energy on different
catalyst surfaces is CNTs ( 1.60 eV ) , Cu@CNTs ( 1.57 eV ) , Ni@CNTs ( 1.38 eV ) , Co@CNTs ( 1.11 eV ) , Fe@
CNTs (1.10 eV ) , Fe,@CNTs (1.06 eV ) , Co,@CNTs ( 1.00 eV ) , FeCo@CNTs ( 0.76 eV ) , namely FeCo@
CNTs can be used as an effective catalyst for the initial cracking of CH;OH.

Key words: M@CNTs; methanol; initial cracking; DFT



