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Study on Catalytic Activity of the Selective CO Oxidation and
Characterization Using LaosCeosC01xCUx0s-. Perovskite Catalysts
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ABSTRACT

Lag sCeg.sCo1xCuxOs.a(x=0, 0.1, 0.3, 0.5) perovskites were prepared by coprecipitation method at
pH 7 or pH 11 and its catalytic activity of selective CO oxidation was investigated. The characteristics
of these catalysts were analyzed by N> adsorption, X-ray diffraction(XRD), SEM, O--temperature
programmed desorption(TPD). The pH value at a preparation step made effect on particle morphology.
The smaller particle was obtained with a condition of pH 7. The better catalytic activity was observed
using catalysts prepared at pH 7 than pH 11. The maximum CO conversion of 98% was observed over
Lag sCeo5C00.7Cu0303.a at 320°C. Below 200C, the most active catalyst was LagsCeo.sC0p9CugOs.a, of
which conversion was 92% at 200C. By the substitution of Cu, the evolution of a-oxygen was
remarkably enhanced regardless of pH value at preparation step according to O-TPD. Among the
different a-oxygen species, the oxygen species evolved between 400°C and S00C, gave the better
catalytic performance for selective CO oxidation including LagsCeosCoO; in which Cu was absent.

KEY WORDS : sclective CO oxidation(A1 € & ¢l CO 4F3}), Co based perovskite(#] Z H.A~7}o] E),
Cu substitution(Cu X &), O, TPD(AH4 TPD), coprecipitation(%- 3 H)
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Table 1 Names of prepared catalysts

7TLACUO Lap sCeosCo0s.q 7
7LACUIL LagsCeo5C009Cu0.105.q 7
7LACU3 LaysCeo sCo0.7Cu0305-0 7
7LACUS Lag sCeosC00.5Cu0.503.0 7
11LACU1 LagsCen5C06.9CU0.1 5. 11
11LACU3 Lap sCeo.5C00.7CU305. 11
11LACU5 Lag sCeqsCo0.5Cup.sO3.q 11
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Table 2 Specific surface area of LagsCepsCoixCuxOza
prepared at pH 7 and calcined at 600°C

TLACU1 18.6
7LACU3 16.6
TLACUS 9.3
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Fig. 2 SEM photographs of LagsCeosCoiCuxOs.q, prepared at
different pH, (A) pH 7 (B) pH 11 (x5,000)
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Fig. 3 CO, O, conversion and O; selectivity of
Lag sCeq.sCo1.xCuxOs.q prepared at pH 7 for the selective CO
oxidation with 1% O,
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Table 3 CO Conversion and temperature at max. conversion
for selective CO oxidation using LaosCeosCo1CuyOs.a
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Btk 260CostelA= 10°/Ul e

Bow 11LACUSY A% EolstA 230TolA
52069 AEES Eoelour de L% Yelelns

24e wolA W3k 20T 1 Ao 1

Aeed A woppon AE82 40%E dA
ATt
et oz e COdst g2 FA AR A
AgAY HAFEARA oA zzvu—% 1A
o AT E 200To|8ko] 2 Fig. 59 200Tol
A CuX)grgel] mE CoOxEE wstel Ao A
AdEg B 170TA CoOdges =A%
S4a Y ANILKIES =2 M18R M2& 20074 68



Lags5Ce0.5C01xCuxO3-q PerovskiteZS0H2l &8

100 —m— pH7, 200

—o—pH11, 200C
—a—pH7,170°C
—a—pH11, 170

CO conversion (%)

Fig. 5 CO conversion of LagsCeosC01xCuxOs.q at 200C and
170°C prepared at different pH

o} pH 7oA ¥4€ Ea1el 7, 20T 170

A Cwt 01°] 23k 7LACULe| &t W&

£ B3lon, Cud A&Fo] Hordl wet COA
&L Zasgin olg g, pH 11014 &4
ki3 73 , 20T oA FHhak2 LaosCensCoOs % 2.,
CO Agaat2 23%th CO A8 Cud A&
il % Hhol) whe} b 2HAaak oH, 170CellA
€ CO A% wh&d A=A Fyrh

33 44 s=2 (M2 TPD)

LaosCensCor-xCuxOs-0 8] A4 TPD A#E Fig.
6o VFEFUIGITE Perovskite® AM3HE-o] AbAEhzE
54L& 2A F 7] 492 UroAE o=
g4 Ad?, shbE 29y 150~720TolA
QA EAste Y22 -0tz Ao, gud
ol Eo EA18t= oxygen deficiencyol] &2
A A Fo| g3ste] YA Foly, 720T o]
de] oA LAEE AAES B-Oitn A3}
] AEE AxppzoA dAstE AAToz o
#HA 9l 7TLACUL(Fig. 6 (c))= 700T °]3}tail A
ok 260°C9F 400TCAtel9) Herg Hefo] sz}
500CHZolA FaE Rolx 9lom, 70T
AME AbAhFo] WAL glo] oAy AFAH
o % Rgaa Ao LLACULFig. 6 (b)e) 7
-, 230C e 650 CHZo A Z+2} 9|2 E Holal 9
t}. Kaliaguine 52 LaCoi-xCuxO38 AFsHEo) A

Ja
'®)
@)
rz
o
s
0l0
ne
Jm
0x
AL
X
=)
1t
o
e
4

)

Signal

b)

a)

T T T T T T T
100 200 300 400 500 600 700
Temperature('C)

Fig. 6 Temperature-programmed desorption of LagsCeosCorx
Cu, 05, (a) x=0(pH 7), (b) x=0.1(pH 11), ¢) x=0.1(pH 7)

700Colstol A TAEE 0-0pF AT WAL
%o wet 474 FHIT EAE 5 Qg 2R

AT AeA codshksAe AAY, =
2 B S AT AFAEL 400T ~500TA
ol A A= a-OpFol AY4 COAtshbe &
dol Feqst & B3 & AFsHE AL FolH

T3

I8 it Cu7]' ZetE A 92 LagsCensCoOs
(Fig. 6 (@) Z$ol% 450TC FZAA YERtE
a-OpF 3 700C o ellA EAstE B-OvFo] &
AHEd ole La 91X Cg @yFoaH
A E oxygen deficiencydll ]3] HAs= Ao 2
AWe 4 9JoH Kirchnerova %9 sy =
A 237t RaEAYY. LasCensCoOs® A8
A CO W84S Holal 3len, o]& 450 Tl A

AT e 48 Aoz 22T 5 Yo
4.8 E

LagsCepsCor-CuOs-oit8tES Cud X343
I8 Al pHE WA 719A A93 COAshaks
o fig Zujdds Hrletgoh FAHL %)
@ Zol9) FUAE o 10~20 mYgolR e
o] Wgl= SEM#EAd QJzke] A7) <
FRom pH 7oA #4% Zul7}t pH 11614 3
A Zufol b8 w2 WSS UeRigith A
g4 CO Atshab-gol tigh vl &A1& pH 7914 &
3% LapsCensCongCuoiOs-a%t LaosCeosConrCuiosOs-a

Trans. of the Korean Hyarogen and New Energy SocietA2007.6), Vol. 18, No. 2 121



s
—

=2 &4& Yehlen, LagsCensCongCuniOs o
= 200Col8tl A LapsCeosCoorCuosOs o= 200T 0]
Aol A Blud 22 A4S B} A4 TPDZA

e WS TAL 400T ~500TARo| o4 WAastE
0-0:8 gHo] 9 Aoz AZHo)A T §]

L I

o] =22 2006 d&Hdigta A A o

Asdetn 24 FEATY FA7|EATAH A
Aol o o] FoiHFUTh

1™
1) C. S. Song, "Fuel processing for low-

temperature and high-temperature fuel cells
challenges, and opportunities for sustainable
development in the 21st century”, Catalysis
Today, Vol. 77, 2002, pp. 17-49.

2) I. H Son and A. M Lane, "Promotion of Pt/I’
-AlO; by Ce for preferential oxidation of CO
in Hy", Catalysis Letters, Vol. 76, No. 3-4,
2001, pp. 151-154.

3) Y. Minemura, M. Kuriyama, S. Ito, K
Tomishige, and K. Kunimori, "Additive effect of
alkali metal ions on preferential CO oxidation
over PYALOs", Catalysis communications, Vol.
7, No. 9, 2006, pp. 623-626.

4) A. Parinyaswan, S. Pongstabodee, and A.

Luengnaruemitchal, "Catalyﬁc performances of

Pt-Pd/CeO; CO

oxidation”, International Journal of Hydrogen

Energy, Vol. 31, No. 11, 2006, pp. 1942-1949.

A. Holmgren, F. Azarnoush, and E. Fridell,

"Influence

catalysts for selective

5)

of pre-treatment on the low-

activity of Pt/ceria”", Applied
Catalysis B: Environmental, Vol. 22, No. 1,
1999, pp. 49-61.

6) W. Deng, J. De Jesus, H. Saltsburg, and M.

temperature

122

o

0
e

Flytzani-Stephanopoulos, "Low-content gold-ceria
catalysts for the water-gas shift and preferential
CO oxidation reactions", Applied Catalysis A:
General, Vol. 291, No. 1-2, 2005, pp. 126-135.
7) A. Luengnatuemitchi, D.T.K. Thoa, S. Osuwan,
and E. Gulari, "A comparative study of
AuwMnO, and AuwFeOy the
catalytic oxidation of CO in hydrogen rich

catalysts  for
stream”, International Journal of Hydrogen
Energy, Vol. 30, No. 9, 2005, pp. 981-987.

8) C. K. Rhee, and H. L. Lee, "CO oxidation on
LaCoOs of
Chemical Engineering, Vol. 11, No. 1, 1994,
pp. 48-54.

9) H. Tanaka, N. Mizuno, and M. Misono,
"Catalytic activity and structural stability of
Lag.sCeo.1Coi-4FexO3

emissions

perovskite", Korean Journal

perovskite catalysts for
automotive control", Applied
Catalysis A: General, Vol. 244, No. 2, 2003,
pp- 371-382.

10) Y. Zhang-Steenwinkel, J. Beckers, and A.
Bliek, "X. Wu, and L. R. Radovic : “Surface
properties and .catalytic performance in CO
oxidation of cerium substituted lanthanum-
manganese Applied Catalysis A:.
General, Vol. 235, No. 1-2, 2003, pp. 79-92.

1) AY 3, o]F, o]3 %, “LaCoO; perovskite
Zoj o] NO#QRke”, 38 38, Vol. 29,
No. 5, 1991, pp. 596-605.

12) 7, o] Y, €49, “LaCeixCoyCuiyOsa
PerovskiteZj o] delZ CO Atslukgo]
B AT, BFFL D AU =8,
Vol. 18, No. 1, 2007, pp. 32-39.

13) R. Zhang, A. Villanueva, H. Alamdari, and S.
Kaliaguine, "Catalytic reduction of NO by

LaCoi«CuO;  perovskites

synthesized by reactive grinding", Applied

Catalysis B: Environmental, Vol. 64, 2006, pp.

220-233.

oxides",

propene  over

A 2 ANUXIEE =28 H18A H25 20074 6¥



Lao5Ce05C01xCuxO3-o PerovskiteZ02l HA&1H CO 4HtEIE U SH A0 28 2P
14) N. Tien-Than, H. Alamdari, M.H. Zahedi-niaki, "Evidence of phase cooperation in the
and S. Kaliaguine : "LaCo;CuOs.s perovskite LaCo0;-Ce02-Co304  catalytic  system in
catalysts for higher alcohol synthesis", Applied relation to activity in methane combustion",
Catalysis A: General, Vol. 311, 2006, pp. Applied Catalysis A: General, Vol. 231, 2002,

204-212. pp. 65-80.
15) J. Kirchnerova, M. Alifanti, and B. Delmon :

Trans. of the Korean Hydrogen and New Energy Socieb(2007.6), Vol. 18, No. 2 123



