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Influence of Alkaline Earth Metals on Cobalt-Cerium Composite
Oxide Catalysts for N,O Decomposition

LIU Chang XUE Li HE Hong*
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Abstract: Catalysts of cobalt-cerium composite oxide doped with series of alkaline earth metals were prepared
using the citrate method. Results of catalytic activity tests showed that the addition of alkaline earth metals enhanced
the efficiency of N,O decomposition according to the following order: Mg <Ca <Sr,Ba. Characterization of these
catalysts was done using X-ray diffraction (XRD), Brunauer-Emmett-Teller (BET) surface area measurement, X-ray
photoelectron spectroscopy (XPS), oxygen temperature-programmed desorption (O,-TPD) and hydrogen temperature-
programmed reduction (H,-TPR). Results indicated that the addition of alkaline earth metals did not change the crystal
structures and specific surface areas of catalysts, but did enhance the electron donation ability of the active site (Co*).
The surface reaction of N,O with Co** involved electron donation from Co?* to the anti-bonding orbital of N,O that
resulted in the release of N,. The desorption of residual oxygen leads to the regeneration of the active site (Co**)
through the donation of electrons back to Co*. We conclude that the addition of alkaline earth metals promotes surface
reactions of N,O with Co** by facilitating electron donation from the active site. This process is the rate-determining
step for pure cobalt-cerium composite oxide catalysts and the catalytic activity for the decomposition of N,O is thus
improved.
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Fig.1 Conversion of N,0O over alkaline earth metals doped Co/Ce composite oxide catalysts
(a) MgCox; (b) CaCox; (c) SrCox; (d) BaCox (x=0, 0.005, 0.01, 0.02, 0.05, 0.07, molar ratio of M/Co); reaction conditions: F=150 mL-min™;
W/F=0.2 g+s-mL™" (W: mass of catalyst; F: total flow); ¢(N,0)=0.1%, ¢(Ar)=99.9%
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Table 1 Compare of T, and Ty, of alkaline earth
metals doped Co/Ce composite oxide catalysts
MCo0 MgCo0.05 CaCo00.02 SrCo0.01 BaCo0.005
Ts/C 359 349 328 310 311
Tw/T 397 387 376 357 362

T and Ty, are the temperatures needed to reach 50% and

90% N,O conversion, respectively.
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(a) MCo0; (b) MgCo0.05; (c) CaCo0.02; (d) SrCo0.01; (e) BaCo00.005
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Fig.4 O,>TPD profiles of different alkaline earth
metals doped Co/Ce composite oxide catalysts
pretreatment condition: ¢(N;0)=2%; ¢(Ar)=98%; F=30 mL-min™;
WIF=0.4 g+s-mL™
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Fig.5 H,-TPR profiles of different alkaline earth
metals doped Co/Ce composite oxide catalysts

g, B Co* 3| Co 1A Jtad A& (an Jr A2 X (4) i 7 ) 2224,
C0,0,+H,—3C0o0+H,0 (3)
3C00+3H,—3Co+3H,0 (4)
Xif HEJLAMEAL Y Py -T0 38 S5 v LUE ), 5

MCo0 EALFIAH L, W InA% 1= 42 J8 J5 AL ) Py 1T

TR DU A A S 2 A Ak, S D g e i A 06 7 ‘B

AR, XUk A 1 48 AR I Co™#l] Co* ()

I 55 TR O AT S T 4 s B ) ) A AR

Co™ %I Co* Iy il Jiiad 2, P11 3 Jirt W [ IR J 1) &

Az A A, SR LB AL AR L Tt 4

F4) A
254y O, TPD Il HeTPR [RMELE Tk F, HIR

B8t 4w IR AR BAE U Co™ 3] Co*AYid R 2, 1

W IR R TIGTEAL Co Y4 T-RE ). 1Edl4Hi &2

A B ALY AL R AL NLO A 1 B2 T, AR IR TR

NLO W T 43 AL R BN Co> 4 i o T84kl Co™Hiy

TR A A IR, A 4 E A A G P R AR

P TIPS W RE g, T e T

BRIEAT, Rt & T 8 2 A S e e

6 . 6T He B+ 48 S04 IR B A AL &

PR, AR A R v T 6 4 T R T A

FTE P, (R0 + 48 A RBE IF Co> 44 L 193

2, T4 8 U)X Co™ 3] Co™ bk Ji it o A5 12 .

X PR E R A AS [R)Ks B 285 ) B AR A R, Rt

g A= 4 JE B A AL AR TS AR T 48 15 2

PEAR T AT 1

3 & it

Bl -4 & o] B S AR Rl L A S A A SR i
1k NO 43t (18 1, f BERIOR S5 0 4= 42 T8 1 R I
I8 B YA 56, R BaCo0.005, SrCo0.01>
CaCo0.02>MgCo0.05. 7 Bt Ak 551 (1) FAIE 25 5 % 21,
RTI4TN NS 2 Ak 0 B RS A 1 )
AR S5 A T 22 1) 5 O B S A T R, (LR
14 R EIXFHEAL FIE PR Co/Co™ i AL I 5t 2
H—ER . 8t 48 REUE R M AL 7] R A B T Y
A2 FREE, AT & 4 S TG P, Co™ I Za TR
FERL I 2 A F AL AL R AL NLO 43 i 1 S 1 v,
N,O+Co*—Ny+Co™-O N H 5B, 1d + 48 1t 5
B EE B = T IS LI A R, (R E T



No.6 X WASE 4 B X il A SR A AL R AL NLO 43+ 1521 1039
WAL BRI HE T, T i 1 4l 525 A Ak WAk 75:167
?ﬂj B/‘J(ﬁ‘l‘i 13 Xue, L.; Zhang, C. B.; He, H.; Teraoka, Y. Catal. Today, 2007,
126: 449
14 Xue, L.; He, H.; Liu, C.; Zhang, C. B.; Zhang, B. Environ. Sci.
References Technol., 2009, 43: 890
Trogler, W. C. Coord. Chem. Rev., 1999, 187: 303 15 Ohnishi, C.; Asano, K.; Iwamoto, S.; Chikama, K.; Inoue, M.
2 Thiemens, M. H.; Trogler, W. C. Science, 1991, 251: 932 Catal. Today, 2007, 120: 145
3 Pérez-Ramirez, J.; Kapteijn, F.; Schoffel, K.; Moulijin, J. A. Appl. 16 Dean, J. A. Lange's handbook of chemistry. 15th ed. New York:
Catal. B, 2003, 44: 117 McGraw-Hill, 1999: 318-322
4 Tzitzios, V. K.; Georgakilas, V. Chemosphere, 2005, 59: 887 17 Okamoto, Y.; Nakano, H.; Imanaka, T.; Teranishi, S. Bull. Chem.
5 Burch, R.; Daniells, S. T.; Breen, J. P.; Hu, P. J. Catal., 2004, 224: Soc. Jpn., 1975, 48: 1163
252 18 Liotta, L. F.; Carlo, G. D.; Pantaleo, G.; Venezia, A. M.; Deganello,
6 Pérez-Ramirez, J.; Kapteijn, F.; Mul, G.; Moulijn, J. A. J. Catal., G. Appl. Catal. B, 2006, 66: 217
2002, 208: 211 19 Damyanova, S.; Bueno, J. M. C. Appl. Catal. A, 2003, 253: 135
7 Pérez-Ramirez, J.; Kapteijn, F. Catal. Commun., 2003, 4: 333 20 Liao, J. X.: Yang, C. R.; Zhang, J. H.; Fu, C. L.; Chen, H. W.:
8 Yan, L.;Ren, T.; Wang, X. L.; Ji, D.; Suo, J. S. Appl. Catal. B, Leng, W. . Appl. Surf. Sci., 2006, 252: 7407
2003, 45: 85 21 Polini, R.; Falsetti, A.; Traversa, E.; Schéf, O.; Knauth, P. J. Eur.
9 Yan, L.;; Ren, T.; Wang, X. L.; Gao, Q.; Ji, D.; Suo, J. S. Catal. Ceram. Soc., 2007, 27: 4201
Commun.. 2003, 4: 505 22 Harrison, P. G.; Ball, I. K.; Daniell, W.; Lukinskas, P.; Céspedes,
10 Pérez-Ramirez, J.; Overeijnder, J.; Kapteijn, F.; Moulijn, J. A. M.: Miro, E. E.: Ulla, M. A. Chem. Eng. J., 2003, 95: 47
Appl. Catal. B, 1999, 23: 59 . 23 Bahlawane, N.; Rivera, E. F.; Kohse-Hoinghaus, K.; Brechling, A.;
11 que, :L.; He, H. {ctf Phys. -Chim. Sin., 2007, 23: 664 [f% i, Kleineberg, U. Appl. Catal. B, 2004, 53: 245
B RS, 2007, 23: 6641 24 Lin, H. Y.; Chen, Y. W. Mater. Chem. Phys., 2004, 85: 171
12 Xue, L.; Zhang, C. B.; He, H.; Teraoka, Y. Appl. Catal. B, 2007,



