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Co3O4–CeO2–MnOx catalysts prepared by coprecipitation
are very active for CO oxidation at low temperature, and
100% CO conversion is obtained at �70 �C over the best cata-
lyst; Adding a small mount of MnOx in CoOx–CeO2 can improve
the dispersion of cobalt oxide and ceria effectively, which leads
to high CO oxidation activity.

The low-temperature catalytic oxidation of CO is of consid-
erable concern owing to its many application fields such as en-
vironmental pollution control.1 This reaction has also been ex-
tensively studied as a probe reaction for the oxidation mecha-
nism in catalysis. Noble and transition metals such as Pt, Au,
and Cu based catalysts have been widely investigated for low-
temperature CO oxidation.2 However, only nano-gold catalysts
exhibit high activity for CO oxidation below room temperature.

CoOx/CeO2 catalysts were reported to be very active for CO
oxidation.3 In the present work, it is found that MnOx-modified
Co3O4–CeO2 catalysts exhibit very good activity for CO oxida-
tion at around �80 �C, and the activity is much higher than
Co3O4/CeO2.

Co3O4–CeO2–MnOx catalysts were prepared by a copreci-
pitation method. Aqueous solutions of Ce(NO3)3, Co(NO3)2,
and Mn(NO3)2 were mixed at desired ratios. Then this solution
and a sodium carbonate solution were gradually and simultane-
ously added into a continuously stirred flask, maintaining the pH
of the solution within the range of 8.5–9.5. After an aging period
of 4 h, the resultant precipitates were filtered and washed with
hot water several times. Then they were dried at 80 �C for 24 h
and calcined at 350 �C for 5 h. The so-prepared catalysts were
denoted as aCo–bCe–cMn, in which a, b, and c represented
the molar ratio of Co, Ce, and Mn.

Transmission electron microscopy (TEM) analysis was per-
formed using a Philips G2 F-20 microscope equipped with an
energy-dispersive X-ray (EDX) instrument.

The catalytic activity tests were carried out in a fixed bed
flow reactor system under atmospheric pressure at a space veloc-
ity of 20000mL�h�1�gcat�1. Before the measurements, catalysts
were oxidized with the gas mixture of 5 vol% O2/N2 at 300

�C
for 40min. The reactor was cooled to the reaction temperature
before introducing the reactant. The reaction gas mixture was
composed of air and a mixture of CO/N2, containing 1 vol%
CO, 19 vol% O2 and N2 balance. The influence of H2O on CO
oxidation was examined by adding 3.6 vol% H2O into the feed-
ing gases. The reactant had no pretreatment before introducing it
into the reactor. After a running time of 20min at each reaction
temperature, the outlet gas mixtures from the reactor were ana-
lyzed with a gas chromatograph system (GC) equipped with
TCD and FID detectors. In order to make sure it was the catalytic
conversion of CO to CO2, both CO and CO2 in the effluence gas
were detected by GC equipped with 5A molecular sieve column

and GDX column. For enhancing the precision of the detection,
CO and CO2 in the outlet gas mixtures were converted to CH4 by
a nickel catalytic converter. Thus, the limit of CO and CO2 de-
tection was below 10 ppm.

Figure 1 shows the catalytic activity of 8Co–1Ce and Co–
Ce–Mn catalysts with different molar ratios for CO oxidation.
As can be observed in Figure 1, adding a small amount of MnOx

dramatically promotes the catalytic activity of 8Co–1Ce, while
the activity drops with further increasing the proportion of
MnOx. Over 8Co–1Ce–1Mn catalyst, obvious CO conversion
is detected at �100 �C, and full CO conversion can be obtained
at about �70 �C.

The CO oxidation activity at such low temperature over
metal or metal oxide catalysts has been rarely reported, except
for nano-gold catalysts which exhibit the best activity for low-
temperature CO oxidation so far.

During the 14th International Congress on Catalysis (July,
2008), two reports on Co3O4 catalysts for low-temperature CO
oxidation were presented. Shen and co-workers4 found that nano
cobalt oxide rods could catalyze CO oxidation at �77 �C. Yu
et al.5 reported that nano Co3O4 exhibited good activity for CO
oxidation at around �80 �C. In this work, we find that the mixed
oxide of 8Co–1Ce–1Mn exhibits similar CO oxidation activity.

Figure 2 shows the influence of H2O on CO oxidation over
8Co–1Ce and 8Co–1Ce–1Mn samples. Adding water into the
feeding streams leads to a significant decrease of CO conversion
over both 8Co–1Ce–1Mn and 8Co–1Ce catalysts.

Figure 3 presents TEM images of 8Co–1Ce and 8Co–1Ce–
1Mn samples. From Figures 3A and 3B, it can be observed that
the crystal sizes of Co3O4 in 8Co–1Ce are between 10 and
15 nm, consistent with the calculated results from XRDmeasure-
ments.6 Comparing Figure 3B with Figure 3C, it is seen that

-100 -80 -60 -40 -20 0 20 40

0

20

40

60

80

100

 8Co−1Ce
 8Co−1Ce−1Mn
 6Co−1Ce−2Mn
 4Co−1Ce−4Mn

C
O

 c
on

ve
rs

io
n 

/%
Temperature /°C

Figure 1. Variation of CO conversion with reaction tempera-
ture over 8Co–1Ce, 8Co–1Ce–1Mn, 6Co–1Ce–2Mn, and 4Co–
1Ce–4Mn catalysts.
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adding MnOx into 8Co–1Ce sample leads to an obvious decrease
of Co3O4 crystal size, consistent with XRD results.

For a typical TEM image of 8Co–1Ce oxide (Figure 3B), the
EDX results indicate that CeO2 particles congregate inside the
black circle of Figure 3B and no cerium could be detected out-
side the circle.6 This suggests that Co3O4 and CeO2 particles
are not mixed uniformly and that a large part of Co3O4 particles
congregate themselves and have no contact with ceria. There-
fore, although ceria is beneficial for improving the dispersion
of Co3O4 and for decreasing the particles size of Co3O4,

3 CeO2

and Co3O4 are not well mixed in the Co3O4–CeO2 sample, and a
large portion of cobalt oxide has no interaction with ceria ac-
cordingly. With the addition of MnOx, the dispersion of Co3O4

and CeO2 is largely improved, as shown in Figures 3C and 3D.
In the black circles of Figure 3D, nanocrystalline CeO2 particles,

which can be distinguished by the typical space distance be-
tween crystal face of ceria, are dispersed evenly. Thus Co3O4

particles can intimately contact ceria.
Pure Co3O4 has been found to show high activity for CO ox-

idation at low temperature.4,5 Separate experimental results have
shown that MnOx, CeO2, and 1Ce–1Mn and Co–Ce–Mn mixed
oxides with high Mn or Ce proportion are much less active for
CO oxidation. So it is proposed that the high activity of Co–
Ce–Mn oxide catalysts should be ascribed to Co3O4 as the active
component.

Kang et al.3 found that CoOx/CeO2 catalysts prepared by
coprecipitation exhibited good activity for CO oxidation at
about 150 �C, and they attributed the high activity to the interac-
tion between CoOx and CeO2 which resulted in finely dispersed
CoOx and higher Co3þ/Co2þ ratio. Shen et al.4 suggested that
the Co3þ species in Co3O4 and the high dispersed Co3O4 in
Co3O4/CeO2 should be responsible for the high CO oxidation
activity at low temperature. In this work, we find that with add-
ing MnOx to 8Co–1Ce sample, the congregated Co3O4 particles
are replaced by finely dispersed Co3O4 which are in compact
contact with ceria. Thus the interaction between Co3O4 and
CeO2 is enhanced significantly, which leads to higher Co3þ/
Co2þ ratio (confirmed by XPS6 and TPR, not shown here).
Therefore, it is proposed that the high activity of Co–Ce–Mn cat-
alysts for CO oxidation at low temperature should be attributed
to the highly dispersed Co3O4 particles which interact with
CeO2. The promoting effect of MnOx on the activity of
Co3O4–CeO2 is due to the fact that MnOx largely improves
the dispersion of ceria and Co3O4, which results in the enhance-
ment of the interaction between Co3O4 and CeO2 accordingly.
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Figure 2. Influence of H2O in the feeding gases on CO conver-
sion over 8Co–1Ce ( ) and ( ) and 8Co–1Ce–1Mn catalyst ( )
and ( ).

Figure 3. TEM micrographs of 8Co–1Ce catalyst (A and B)
and 8Co–1Ce–1Mn catalyst (C and D).
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