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Catalytic Decomposition of N,O over Co-M (M=La, Ce, Fe, Mn, Cu, Cr)
Composite Oxide Catalysts

XUE Li HE Hong*
(State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing 100085, P. R. China)

Abstract: A series of Co-M (M=La, Ce, Fe, Mn, Cu, Cr) composite oxide catalysts were prepared by co-precipitation
method and tested in catalytic decomposition of N,O. The results showed that Co-Ce composite oxide with Ce/Co
molar ratio of 0.05 (CoCe0.05 catalyst) performed best in the N,O decomposition reaction. The presence of NO and O,
in the feed affected the decomposition rate of N,O over CoCe0.05 by adsorption of nitrate or nitrite species on the
active site. The XRD, BET, O,-TPD, and H,-TPR methods were used to characterize the Co-M mixed catalysts. The
analysis results showed that the redox ability of the active site (Co**) was very important for the decomposition of N,O
over these catalysts. The surface decomposition of N,O was accompanied by the oxidation of Co®* to Co**, and the
desorption of surface oxygen was accompanied by the reduction of Co* to Co*. The addition of other transition metal
oxides except CeO, lowered the redox ability of Co*/Co?, and thus lowered the catalytic activities for the decomposition
of N;O. In addition, the rate-determining step of the catalytic N,O decomposition was also influenced by the addition of
various metal oxides.
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Fig.1 Decomposition of N,O over CoM0.2
(M = La, Ce, Cu, Mn, Cr, Fe) composite oxide catalysts
(1) CoCe0.2, (2) Co;0,, (3) CoLa0.2, (4) CoCu0.2, (5) CoCr0.2,
(6) CoMn0.2, (7) CoFe0.2; reaction conditions: ¢(N,0)=0.1%,
©(Ar)=99.9%, 150 mL-min™, W/F=0.2 g*s-mL""
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Fig.2 Decomposition of N,0 over CoCex
composite oxide catalysts
(1) CoCe0.05, (2) CoCe0.1, (3) CoCe0.2, (4) CoCe0.5, (5) CoCe0.03,
(6) Co:0,, (7) CoCel.0; reaction conditions: ¢(N,0)=0.1%,
@(Ar)=99.9 %, 150 mL-min™', W/F=0.2 g-s-mL™"
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Fig.3 Influences of O,, H,0, and NO on the
decomposition of N,O over CoCe0.05 catalyst
reaction conditions: (1) ¢(N,0)=0.1%; (2) ¢(0)=10%, ¢(N,0)=0.1%;
(3) e(H;0)=3%, ¢(N,0)=0.1%; (4) ¢(NO)=0.03%, ¢(N,0)=0.1%;
(5) ¢(NO)=0.03%, ¢(0,)=4%, ¢(N:0)=0.1%; (6) ¢(NO)=0.03%,
©(0)=4%, p(H,0)=3%, ¢(N;0)=0.1%; 150 mL-min™,
W/F=0.2 g*s*mL"
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Fig.4 XRD patterns of CoM0.2 composite oxide
and Co;0, catalysts
(1) Co30,, (2) CoCu0.2, (3) CoFe0.2, (4) CoCe0.2,
(5) CoCr0.2, (6) CoMn0.2, (7) CoLa0.2
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Fig.5 XRD patterns of CoCex composite oxide
and Co;0, catalysts
(1) CoCel .0, (2) CoCe0.5, (3) CoCe0.2, (4) CoCe0.1,
(5) CoCe0.05, (6) CoCe0.03, (7) Co,0,
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Table 1 Surface area of CoM0.2 composite
oxide and Co;0, catalysts and crystallite size of Co;0,

Catalyst Surface area (m?-g™") Crystallite size of Co,0, (nm)
Co,0, 68 224

CoCe0.2 118 11.2

CoLa0.2 123 10.8

CoMn0.2 127 14.6

CoFe0.2 113 10.5

CoCr0.2 93 10.9

CoCu0.2 71 14.5
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Table 2 Surface area of CoCex catalysts
and crystallite size of Co;0,

Catalyst Surface area (m*-g™") Crystallite size of Co;0, (nm)
Co,0,4 68 22.4

CoCe0.03 90 13.4

CoCe0.05 106 11.8

CoCe0.1 119 10.5

CoCe0.2 118 11.2

CoCe0.5 79 12.2

CoCel.O 53 11.5
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Fig.6 O0,-TPD profiles of CoMx composite oxide
and Co;0, catalysts
(1) Co;0,, (2) CoCe0.05, (3) CoLa0.2, (4) CoCu0.2,
(5) CoMn0.2, (6) CoCr0.2, (7) CoFe0.2
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Fig.7 Schematic mechanism of the N,O

decomposition over active site Co*
(a) the oxidation of the active site; (b) the reduction of the active site
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Fig.8 H,TPR profiles of CoMx composite oxide
and Co;0, catalysts

(1) Co,0,, (2) CoCe0.05, (3) CoLa0.2, (4) CoCu0.2,
(5) CoMn0.2, (6) CoCr0.2, (7) CoFe0.2
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Fl CoCu0.2 FIZIA J50& [ = Uik )y B 8y, oA =4~
AR 3% I e B 07 B AR 55 e, RPN Bk CeO,
SN ILE U 4R AR T Co™ %] Co it Ji
P IZ38 S 5 F A Ak T P AR — 3, 156
Co™ 5| Co ik I B F1 -5 3 fift S by IR A T4 LR
BX.

HRYEE 7 Bros (14 5 i LB, Co™ 3] Co* )ik Ji
1o R AR B2 TR AT K, B Co™ 3] Co* 34 J5 T
FERRAS, AR 2R 5. ZEARSEEG , CoCe0.05 fiEfk
FULE BT 25 B2 (A AR ) o HLAT S AR Py 1T WA Ji 7
£, X 578 O, TPD S5 b e BA S AR 1 4805 BT il
JE 485 A — 5, UM IE B Ce MU TIN5 AT LA &
Co™#l| Co* iR I fE 11 ARl SCHRARIE 2, K CeO, I
T = Ab R s, e ] DU B4R 2 (R
A AR I BEL L B 4 J Uk (e e 2, 45 e e
PE. FEASZI o, bl 22 0] o] RE A7 2R A 1,
DK LA AIGE i CeO, 1T LAAT RLFEAR Co,0, B Sk K
/N, AT FE Co,0, I8 JEME R4 5. 5341, CeO, A% B
HA ARG E AR 5, 76 Co* I i Ce™
AEL AT DUfEE Co™ = Co™* B I, fE ik Co* i 1
Oy R, DT 4 o A Ak B 0L 3 . PRI Co-Ce &
A AP R TE AT B I R AL e
71, I [F)iF HA AR 8 3R S RE 1, AEAR R Ak T
AN T Co,0, 15542 5.

Perez-Alonso ZEMENTFE Fe,Ce, 0, B & E /Y
HEAEFIBT & B, BT Fe Fl Ce 22 A7 b ]2
oL, HEAR TR AR VR R 6 PR A Fe HRH G 18 JE Bk 12 F
BRI NLO 43-fiff S5 7 HH 401 ot B e 412 2, DR okt e A ) 1)
G PE1S 342 5. Obalova M & B Ni-(Mg)-Mn 2§
IR A A S S A TS Pk 2 TRl
BHEXR. AT LR 5 AR T G 2 4518 2
—3.

SEA AL O,-TPD \H,-TPR FAE FlfiE 4k,
TEPEM PN S5 5, FATHEN e A R AL NO 43
i 5 N B A A IR R A T AR Ak TE CoCe0.05 FlI
Co,0, fiEfL I b, 1 FIEHEAL Com B FH B R 4
HL B S TLRE T, NLORY R TH A A5 BRIy F2 (1))
AR TR X A bR T WA B 4 P B8 B (B A = 2) A
XA ME AT FE— B TR LA A RENTURIBE R, Al A 4
AR IR . e A ALY AT T
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TAGVEOL A9 45 B T RE ST B FEAR, NLO 4 11 3 A 4
PRI AR Q)RS EEREA T, A B A BN F) 3
TR

3 & it

1E Cos0, VNI [R] 2o % 4 Ja S AR T 1
Co-M E &AWL 7] I, 1k 7 ff NLO Ii& Pk
RAETHBRAA. RE XY R TR A
ARIZER, - H RIS 2] T AR, H
HA Co-Ce KA AWML RA L Cos0, fEIL
B A A AL NLO 43 i S INE ) 15 P . Ce/CoBE 7R HE
0.051 Co-Ce & 5 A AL W 1L 77 (CoCe0.05) BE i 7E
280 CLEASELIXT0.1% NLOK 52414 K. HYO .0, Al
NO T AENE A e A= W B v e £ 350 0 6 1A
PO . AR XA 0] B P R AR 25 SR 1 2 AT,
AT LAE SIS i Ce AT LAFE i fil AL 00 A Lt 2k
TAIRR, 3 AT AR i A 0 A i SR AR S RE T, 3X
JEHAETEYEA B 0 E R . 4N, AT R
£ CoCe0.05 Fll Cos0, HEALF |, NyO 43-fiff A5 3] 1) W
A 4 P B B T RS A e S N R A A 3R s T
TSI U 4 e 0 2 A A AR AR B, BT
PEQL Co* (45 HLFRE T BAR, NO 1Y R 11 43 il 25 BR
AT RERL R S A TR,
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