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Fig.1 Front view and top view of the NiCu;-B, N, catalyst
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Fig.2 The stable configuration of C;Hg and related species on
NiCus-B,,Nyg surface
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% 1 C3H3 &*H ;é % %EP 7:‘_: Nixcuy'BMst ;E EH"J u& Bﬁ‘ﬁ\}g ( eV)
Table 1 Adsorption energy(eV) of C;Hg and related species on the
surface of Ni,Cu,-B,;Nyg

NiCus- Ni,Cu,- Ni;Cu-
Species Ni By, Nog
B,yNyg B,uNyg B,yNyg
CH,CH,CH, 0.22 0.03 0.19 -0.03
CH,CH,CH,;  -3.55 -3.25 -3.32 -3.40
CH,CHCH;  -3.38 -3.20 -3.11 -2.94
(010(0) 0.29 0.10 0.26 -0.04
HOCO -3.52 -3.51 -3.60 -3.28
OCHO -1.76 -1.81 -1.75 -1.75

C;H, (x =7~8) Y W B : CiH, W B 75 HI £
MBI Co-N-Cu W) — e M EAEH , H
£ Ni,Cu,-B, Ny 2 11 W B e £ 8 I 4548 )2 € — C
e LT SRR Cu — N #5747, H Y
BRI B} . CH,CH,CH, 3 3 CoHg fARRAY C — H 2T
S4B SRR W BRER S R 3 A AP e R B A T A7
A EE R TR, PR E A H, R
391 2% T G I B BE LE CoH KRS %, Ak W

TS-3 CH,CHCH,+OCHO

CH,CHCH,+OCHO

CH,CHCH; i CiHg B9 C — H B2 AR B, 8
Ik e I B A £k 55 2 1A T1 A A5, CH,CHCH,
5 CH,CH,CH; 25181, #BAZ A= .

H,CO, (x = 0~1) Y : CO, M FfF7E T2 {37 53
(7, HAE NiCu,-B,, N 2 11 W8 PR R G 1Y 254
J& CO, 1Y C IR T T A2 N Ry Fr, B
A CO, SRR E I 150 F] 45° AR}
AR, SEYHE . 0CO ) C JEF8E CiH, By
H 72 A s OCHO Hrji)fk | st o 7 S5k
FIFM N Z B A AR, Az BHE Ni Cu,-
B,,Nys 1 . OCO i it 5 CiH, B e i) H 745 &
A HOCO, FRTEIA HOCO 5 OCHO 210, #RJ21k
2.2 C;H, #1 CO, 7E Ni,Cu,-B,,N,, REIHIHE S LT 72

FIH VASP #3158 T Ni,Cu,-B,yNog £ CO,
Al CiHg Nl 45 40 B8 0 ) o ARG AL g . 7E
NiCus-B,Nyg AL ZR AT , CO, Ak CHy S 3 45
HBREIRIACIS ), L EARCTS ), A&(FS) ByHy 5
W 3 s . HE Ni,Cu,-ByyNog I NiCus-B,uNog
1S, TS, FS B RIZARL , AHI Y S HRTIG fL fig

C CH,CHCH,+OCHO

B3 NiCus-B,yNos 1M1 CO, %A CiHg AP FRAYIS . TS| FS AR EF LA
Fig.3 The stable configuration of IS, TS and FS of the rate-controlling step of the oxidation of C;Hg by CO, on the NiCus-B,,N,s surface
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A REERAER 251, B AR N RN Y72 CHg F1CO, THIRHI AR,

R,: CiHe+CO, — CH,CH,CH,+HOCO. C,H, 7£
NiCuy-B,,Nys 28 I 19 9 1 S8 Ak 4 - CiH F1 CO, 43 F
H I B . C3Hg 9 C— CHE S SR ITFAT, CO, 53K 2
45° iR, 1E N RN RIPITER R 1Y . CHg BRI 4R
FALA S AKEAR, /e C(1) —0(1), €(1) —0(2),

Zat CH A A5 CO, M 0454, Bt C(1) —
0(1) 4 4 i CH,CH,CH, A1 HOCO. CH,CH,CH, F11
HOCO i & C it 43 0l 5 A6 ) R T 19 T1 . T2 457
JEOREE % N R -2.09 eV, 1 ALBE M 1.73 eV.

R,: CHg+CO, — CH,CH,CH,+OCOH. C,Hg 111 B

C(1) —=C., C(2)=0(), CQ2) —0Q2) MCQ) —CHLE  BLAWAT LI CO, M5 — NG04 &, Bl C
%2 Ni,Cu,-B,,N, R CO, B CH, F= 5 BRI K I B AN TE L BE
Table 2 Related reaction heat and activation energy of the rate-controlling step of the oxidation of
C;Hg by CO, on the surface of Ni,Cu,-B,,Ny
NiCuis-ByyNog Ni,Cuty-BoyNog Ni;Cu-ByyNayg Ni,~BoNog
Reactions

AH/eV Ea/eV AH/eV Ea/eV AH/eV EaleV AH/eV Ea/eV
1.C;H+CO,— CH,CH,CH,#HOCO ~ -2.09 1.73 -1.23 2.12 -1.26 3.37 -0.44 3.57
2.C,H+CO,— CH,CH,CH,+#0COH  —2.10 1.85 -1.33 1.61 -1.34 2.38 -1.16 1.64
3.C;Hg+CO,— CH,CH,CH;+OCHO ~ -0.11 1.68 0.33 3.38 0.78 3.50 1.74 2.56
4.C;Hg+CO,— CH;CHCH;+HOCO -2.19 1.96 -1.41 2.17 -1.33 1.93 -1.07 2.25
5.C;Hg+CO,— CH;CHCH;+OCOH -2.09 1.42 -1.37 1.57 -1.35 1.62 -0.18 1.75
6.C;H+CO,— CH,CHCH,+OCHO ~ -0.10 2.37 0.76 2.90 0.49 2.59 1.77 2.07

(1) —0(2) B2 4= i CH,CH,CH, 1 OCOH, % J Ji i
210 eV, FHrillk 1.85 eV I fEL . HIG L BEAH XS
TC() —0() BRI m, I STRRZ AR
JE

Ry: C;Hg+CO, — CH,CH,CH,+OCHO. C,H, 111 %
WA A DL 5 Co, I C 454, BlidE T (1) —C AR
55 1.68 eV I fiE 22, 4 A CH,CH,CH, f1OCHO. 1]
UL C(1) —C B PR RS AL RERE AL T C (1) —O(1) %
12, P Z MAF e BB R s 4 (1.68 L 1.73 eV), H
[IERIE B

R, C;Hg+CO,— CH,CHCH,+HOCO. CH A A LA
R A S AR CO, I 0454, %t FRh
N FFRCA ~2.19 eV, H 75 5k 1.96 eV [HE22 , 18
it C(2) —0(1) #4241 CH,CHCH, FIHOCO. #4 H:
AR A 3 4B AT L, KB R, AR K A N
AIHEAR AR .

Rs: C,He+CO, — CH,CHCH,+OCOH. C,H, i i
i it & 28 TS I 1% CH,CHCH, F11 OCOH 1 3% 1k fig
H1.42 eV, VT -2.09 eV. HHEZ 2 T TEILAE
Bdlg, LU IRAE NiCuy-B,uNog R 1, C(2) —0(2) %
12 NPT A G A BE A, HAGF [ E% AR T A9 NiyCu,-
BNy Ni3CU'Bz4N28 2 & Nig-ByyNog %% i} > lﬂ: HI 'ﬁz

h A AT RE R AR B AR, X5 22 TR A 5T 4 SR —
£ Gl

Re: C,Hg+CO, — CH,CHCH,+OCHO. C,H fif #%
JREIN C(2) —C R RE & A, Zad B -0.10
eV, IH1LAE N 2.37 eV. 4 i CH;CHCH, f1OCHO A9 7%
fk.fie T T4 )i CH,CHCH, F1 OCOH f4 7% fL RE , 1381
C(2) —0Q2) AR A ).

i 3 P 4 AT LLR B, NiCu,-B, Ny fiE 1L CO, 45

1.8
1.7 +
= R’=0.96918
Eﬂ 1.6
3
£
o
2
s 15 kL
= "
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1.3

Catalyst

Fig.4 The relationship between the activation of the first C—H
bond for C;Hy on the surface of Ni,Cu,-B,4Nyg
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Fig.5 The PDOS and p-band center of p orbital of carbon atom and nitrogen atom on the surface of Ni,Cu,~B,,Nyg
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The Study of the Mechanism of the Rate-Controlling Step of C;H; by
CO, on the Ni,Cu,-B,/N,; Surface

LU Jia-yuan, REN Rui-peng, LU Yong-kang
( 1. State Key Laboratory for Clean and Efficient Utilization of Coal Energy Jointly Established by The Ministry of
Science and Technology and Shanxi Province, Taiyuan University of Technology, Taiyuan 030024, China;
2. Shanxi-Zheda Institute of Advanced Materials and Chemical Engineering, Taiyuan 030024, China )

Abstract: Density functional theory (DFT) was used to study the adsorption and the mechanism of the rate-controlling
step of C;Hg and CO, on the surface of Ni,Cu,-ByNyg (x+y=4, x =1, 2, 3, 4). We calculated the adsorption energy
of C;Hg, CO, and other corresponding intermediates on the surface of Ni,Cu,-B,Ny;, and calculated the relevant
reaction heat and activation energy under the six possible paths. The calculation results showed that C;Hg and CO,
are physically adsorbed on the surface of Ni,Cu,-B,,Ny, C;Hg+CO, — CH;CHCH;+OCOH was the most favorable
path, and its activation energy sequence on the different catalyst surfaces was NiCuy-B,,Ny (1.42 V), NiyCuy-B,,Nog
(1.57 eV), Ni;Cu-ByNy (1.62 V), Ni;-By,No (1.75 V). It is concluded that the Ni,Cu,-B,;Nyg catalytic system used
for the oxidation reaction of C;Hg by CO,, the content of Cu directly affects its catalytic activity, that is, NiCuz-B,Nyg
is more advantageous for catalyzing the oxidation of C;Hg by CO,.

Key words: Ni,Cu,-B,;Ny; C;Hg; CO,; preliminary oxidation; DEFT



