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Abstract
subsequently employed in the catalytic decomposition of N,0. The NiO-MgO catalyst with 5% MgO content ex-

A series of NiO-MgO catalysts with different Mg contents were prepared by a sol-gel method and

hibited the best activity among the NiO-MgO composite metal oxides. The catalysts were characterized by X-ray
diffraction ( XRD ), H,-temperature-programmed reduction ( TPR ), and X-ray photoelectron spectroscopy
(XPS). The results indicated that Ni’* was the main active site for the catalytic decomposition of N, O, while Mg
enhanced the synergetic effect between Ni and Mg, contributing to the formation of NiO in the catalyst. Further-

more, redox properties were also improved by the introduction of Mg.
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Fig.1 N, O conversions over catalysts with

different Mg content
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Table 1 Proportion of surface oxygen in

different Mg content catalysts

AL A LA/ %
NiO-MgO 2.5% 23.95
NiO-MgO 5% 37.77
NiO-MgO 7.5% 40.19
NiO-MgO 10% 24.88

&2 NiO-MgO RIEAFHLELRAR ILEMEHIAE
Table 2 Surface area, total pore volume and average

pore diameter of the NiO-MgO catalysts

A A tRmRY 5 e/
(m™ - g™) (em” - g7")
NiO 2.7 0.0150 9.0
MgO 287.4 0.471 6 8.1
NiO-MgO 2.5% 11.5 0.050 24 10.2
NiO-MgO 5% 87.7 0.114 7 4.9
NiO-MgO 7.5% 122.1 0.1559 4.8
NiO-MgO 10% 111.8 0.201 5 5.8
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Fig.4 X-ray photoelectron spectra of Ols of

NiO-MgO catalysts

=~ _Ni-Mg7.5%

—_ Ni-Mg2.5%

532 534

/
/L Ni-Mg10%
e . V/WWM
/S
/ Ny Ni-Mg7. 5%
o~ MM e AN AAA
S Ni-Mg5%
PNV v R VN PSSPV VA
N\ Ni-Mg2.5%

N e A wv'*—\/vv ANAAN

44 46 48 50 57 54 56 58 60

ZE5heeV

K5 NiO-MgO RFELLTH Mg2p (9 XPS i &
Fig.5 X-ray photoelectron spectra of Mg2p in NiO-MgO catalyst

Kl th MgO Wy H, m] WL MgO 45 %5 1) 73 e A 1 75
AT . T3 50, Mg B IIAA R 42 w5 AL 0 1 P
R, HIE 2 R A Mg o i 38, LR E



%1

BUH BESE :NiO-MgO &2 & & J& ALY 1L 7 i N, O

6591

FHBE K (A MgO & &3 8] 10% B, B F i
G MgO BHLZE T 3843 FLAB , 5 2 2w AR M i
Fe T AR KR NiO-MgO 7. 5% i Ak 57 5 A 38 B i
G P T Ll 3 TR AN 2 5 A R0 T Y o —
P2 L2 I R R 4 b 390 4 AL F NLO i fit 1k
Gy SN, B Mg AN 80K 6 M 44y 2 gy i
RS L, H Bl 7. 5% F10% B AL P
F MgO &, FRAK 1736 414 1 He B, DT 5
BTG VE T M. rT RE R0 o & Y MgO, 7
U MgO KA R, R FEAR T Ni Fl Mg 2 [H] (4 4 B
VER, BUE AL R WE P T B mifE LBl 2.5% 1)
FEAL R, B TR I, N R Mg 2 ] A AR
B, ANRETTS AL HE NIO AYTE B, S B0 R 10 3%
PR 5 a4 A 0 3 1

454 Mg 1 O ¥ XPS [ ([ 4 F15) ol 1, b &
MgO &=, O M45 & Re 17 & 45 &5 RE W %%, H
FE 5% F17.5% Lo A i Ak ) vh 2218 O & i e, Ut
WITEHEAL R, Mg Ni L O £7 76 58 24 A0 BAE T, 3
S B AR A I B v e Ak R A SEUfk A R fE L A
7T 2% 1 A4 A 0] 1 A T 2
2.4 H,-TPR 4 #7

H,-TPR 58 WK 6., f1 & 6 nl %1, 7£ TPR 1,
B — MgO A 5 2E M rp 3 A B4 J 0, Ui B MgO
FEMAAE T R REMOAR I . B BEIR A E AL e AR
2 A8 T IR 0 S T E B NIO (3R I, 1= il
g g 42 2% NiO Wy Rl i) o8 J5 20 o L DLl TR 4R O T 9K
A FR A i A X G b TR B SR 0 /N 1Y 3 D 0
X PE XRD &5 U5, 7 & B FE b R DL R
it Ni #l NiO2 FpIE 0AF7E o MR EE TR & A Ak 1 ik
JEUE B R A R RE S BB Mg AR K 4R
o HHE AR TR 1 SECAL 8 P BE L L AIESE T XRD H BE 1Y
AR SE NiO JE B 24538 . 5% F1 7. 5% LA i fiE
PTG BRI 30 S0, B B0 1 B AR R ), 3R
PR R IE . BLAR 2. 5% LU G A AL A Bk
W e (R I B 22 0E I, X R T MgO & it
D URBEFT AT K HE NI 5 Mg Z (8] A HAE T, 3 7
XPS v, ] 15 2| UE B .

TE2.5% 5% 7.5% F 10% JLFp AR 86 & 1
FE T, i NiO-MgO 5% B FE 5y B A Bk i
AR SRR, LS AR A E R 1 R LR R TR
TRLEE RIS, X AT BE 2 NI Mg 2 [R] #9 AH B AR 5 3
1, BA B A H T B Be T, T AR A8 7R AR BL 3R
IR I e AT M BRI Oy - AR R i AL

I3 fifp e AE B A A I T B A A L B R AT R 4R
R e AR S B R LE b N—
O SH N 2T 58 B it , B IS SORE L 13 [ 355 PR 07, TF
W — AR

HI & 6 & T A, Mg B &5 & 5 AN W7 T, A AT
AR SRR T A9 4R R, X A2 % NIO IR
U B2 WY A ri) 5 3k 7 1 i B . NiO-MgO 5% ( NiO-
MgO 7. 5% AL i A B & A & i A i Nio
T B o AL T8 Mo PR, 3 B A Mg Xl i Ak 51
HEAL I3 A AL R A B AT AT, R 3 1 Mg 24
il PR A 5] ) 75 A

i
- N Ni-Mgl0%

N Ni-Mg7.5%
/// N _ Ni-Mg5%
/// \\\ B
_/ L NiMg2s%
AN NiO
MgO

2(I)0 360 460 560 660 760 8(‘)0
T JEE/C
K6 NiO-MgO F 465 i H,-TPR 3% &
Fig.6  H,-TPR profiles of NiO-MgO catalysts

2.5 SEXHEMLFELEERRE

— R UL, AL R PR O, JE R N,0 73 fi
MEINR . N T2 %5 0, XA TIE P
S TEHEAL BRIE R S 1% 1) O, , &5 R A 7 pr
™o TEH O, Z&F T, NiO-Mg05 % 1 it fb 1 ¥ T K&
HA W

100

y
i
80t v
/
N / o,
5 60 —— O
5 / 2
S 40t /
z' %i
20 + ;/
/
0 1 1 1 1 1 1
300 350 400 450 500 550
i/ C

Bl 7 NiO-MgO5% 4k 5 7E A A M T A A F T n L i 1
Fig.7 Catalytic activity of NiO-MgO5% catalyst in

aerobic and anaerobic conditions

7E NiO-MgO ZFAEAL T, MgO 5 44 5% (1)



6592 # o T

B’ ¥ i 010 %5

HEAL R R B e 6 1k o 7R A A AE TR AL RS
PGB A2 A, I 2 A 7R 6 S B AT B
Pho JE R Mg B9 Ni 5 Mg 2 [8] (19 #1 5. £F:
P35, 22t NiO-MgO i 1 57 2 17 4 & 2 19 35
AT A i A 57 48k 0 i P B e, 1 A Ak o i
N,O ByiE k. Bbsh, Mg i AGE#E T Ni 7] NiO 1y
Beq, H N7 N, O J3fif i) B PR 4y

2 % x o

[1] TROGLER W. C. Physical properties and mechanisms of
formation of nitrous oxide. Coordination Chemistry Re-
views, 1999, 187 (1) . 303-327

[2] THIEMENS M. H., TROGLER W. C. Nylon production:

An unknown source of atmospheric nitrous oxide. Science,

1991, 251(4996) : 932-934

PEREZ-RAMIIREZ J. , KAPTEIJN F. , SCH? FFEL K. ,

et al. Formation and control of N,O in nitric acid produc-

tion; Where do we stand today? Applied Catalysis B; Envi-

ronmental, 2003, 44(2) . 117-151

[4] KAPTEIIN F., RODRIGUEZ-MIRASOL J. , MOULIJN J.
A. Heterogeneous catalytic decomposition of nitrous oxide.
Applied Catalysis B: Environmental, 1996, 9(1/2/3/4) .
25-64

[5] OHNISHI C., ASANO K., IWAMOTO S. , et al. Alkali-

doped Co, 0, catalysts for direct decomposition of N,O in

the presence of oxygen. Catalysis Today, 2007, 120(2) .

145-150

HENDERSON M. A., SZANYI J., PEDEN C. H. F.

Conversion of N,0 to N, on TiO, (110). Catalysis Today,

2003, 85(2/3/4) : 251-266

[7] KUMAR S., TERAOKA Y., JOSHI A. G., et al. Ag pro-

(6]

moted La, ( Ba, , MnO; type perovskite catalyst for N,O de-
composition in the presence of 0, , NO and H,0. Journal of
Molecular Catalysis A; Chemical, 2011, 348(1/2) . 42-54

[8] PAN Yanfei, FENG Ming, CUI Xian, et al. Catalytic ac-
tivity of alkali metal doped Cu-Al mixed oxides for N,O de-
composition in the presence of oxygen. Journal of Fuel
Chemistry and Technology, 2012, 40(5) : 601-607

[9] ZHOU Haibo, HUANG Zhen, SUN Chao, et al. Catalytic
decomposition of N,0 over Cu,Ce, O, mixed oxides. Ap-
plied Catalysis B: Environmental, 2012, 125. 492-498

[10] FANNING P. E., VANNICE M. A. A DRIFTS study of

Cu-ZSM-5 prior to and during its use for N,O decomposi-

tion. Journal of Catalysis, 2002, 207(2) : 166-182
[11] PIRNGRUBER G. D., ROY P. K. A look into the sur-
face chemistry of N,0 decomposition on iron zeolites by
transient response experiments. Catalysis Today, 2005,
110(3/4) : 199-210
[12] QIAN Min, ZENG H. C. Synthesis and characterization
of Mg-Co catalytic oxide materials for low-temperature
N,0 decomposition. Journal of Materials Chemistry,
1997, 7(3) : 493-499
YAN Liang, REN Tong, WANG Xiaolai, et al. Excellent
catalytic performance of Zn Co,, Co,O, spinel catalysts for
the decomposition of nitrous oxide. Catalysis Communica-
tions, 2003, 4(10) : 505-509
YAN Liang, REN Tong, WANG Xiaolai, et al. Catalytic

decomposition of N,0 over M Co,, Co,0,(M = Ni, Mg)

[14]

spinel oxides. Applied Catalysis B: Environmental,
2003, 45(2): 85-90

[15] WANG Yongfan, QU Fengdong, LIU Juan, et al. En-

hanced H,S sensing characteristics of CuO-NiO core-shell

microspheres sensors. Sensors and Actuators B; Chemi-

cal, 2015, 209 515-523

ZAMUDIO M. A., BENSAID S. , FINO D. , et al. Influ-

ence of the MgCo, O, preparation method on N,O catalytic

decomposition. Industrial & Engineering Chemistry Re-

search, 2011, 50(5) : 2622-2627

WU Zhongbiao, JIN Ruiben, LIU Yue, et al. Ceria modi-

fied MnO /TiO, as a superior catalyst for NO reduction

with NH; at low-temperature. Catalysis Communications,

2008, 9(13): 2217-2220

[18] WANG Jian, FENG Ming, ZHANG Haijie, et al. Catalyt-

ic decomposition of N,0 over Mg-Fe mixed oxides. Jour-

nal of Fuel Chemistry and Technology, 2014, 42 (12) .

1464-1469

YAN Liang, REN Tong, WANG Xiaolai, et al. Catalytic

decomposition of N,0 over M _Co, , Co,0, (M = Ni,

[19]

Mg) spinel oxides. Applied Catalysis B: Environmental ,

2003, 45(2): 85-90

SUN Laizhi, TAN Yisheng, ZHANG Qingde, et al. Tri-

reforming of coal bed methane to syngas over the Ni-Mg-

710, catalyst. Journal of Fuel Chemistry and Technology,

2012, 40(7) : 831-837

[21] SWAMY C. S., CHRISTOPHER J. Decomposition of
N, O on perovskite-related oxides. Catalysis Reviews: Sci-

ence and Engineering, 1992, 33(4) . 409-425



