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Copper cobalt composite oxide catalysts have been prepared
by co-precipitation method. The prepared samples are charac-
terized by X-ray diffraction, transmission electron micros-
copy, electron diffraction, X-ray photoelectron spectra  and
nitrogen adsorption to determine the specific surface areas
(SBET). The catalytic activity and stability of samples were
investigated for CO oxidation by using a microreactor-GC
system. The results indicate that the copper cobalt composite
oxide catalysts exhibited obviously higher catalytic activity
for CO oxidation than that of individual CuO or Co3O4 with
CO total conversion at 80 ºC and their stability was quite well.
The catalytic activity of the catalysts prepared by co-precipi-
tation increases by increasing the calcination temperature from
150 to 200 ºC and decreases from 200 to 500 ºC. The effect
of the volume of NaOH (2.0 mol/L), ageing time, calcination
temperature, calcination time, the molar ratios of copper to
cobalt and the specific surface areas on the catalytic activity
of the catalysts was investigated in this paper.
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INTRODUCTION

At the present time, the low-temperature catalytic oxidation of CO to
CO2 has became an important research topic for its intensive applications,
such as air-purification devices for respiratory, gas purification in CO2 lasers,
CO gas sensors and control devices for reducing industrial and environ-
mental emission1-4. Precious metal catalysts with high catalytic activity and
stability have long been used as the most efficient CO oxidation catalysts5-9.
But the availabilities of precious metal catalysts were limited, due to the high
cost, sensitivity to sulfur poisoning and needing for complex pre-treatment.
Therefore, the base metal and their oxides catalysts, especial transition



metal and their oxides, were extensively researched for the lower cost and
significant activities10-12. Among the base metal and their oxides, copper
and copper oxides have been explored as a possible substitute for precious
metals for its high catalytic activity for low-temperature CO oxidation13-17.
Cobalt oxide and other metal oxide-based catalysts, including its composite
oxides, show high catalytic activity for low-temperature CO oxidation in
CO/O2 mixtures and have been studied by several groups18-25. Due to the
synergistic effect, the composite oxides of transition metal exhibited obviously
higher catalytic activity on CO oxidation at low temperature than that of
individual transition metal and their oxides26-32. Nano-phase transition metal
and their oxides may potentially provide significantly improved catalytic
activities over non-nano catalysts, due to their small particle size, high
specific surface area and perhaps more significantly, more densely populated
surface activity sites. However, how to control and improve the catalytic
activity of the base metal catalysts is still a fundamental challenge in preparation,
which needs to more detailed research for the interrelation between catalytic
activity and preparation conditions.

To the best of our knowledge, there are few reports on the study of copper
cobalt composite oxide catalysts prepared by co-precipitation method on
CO oxidation at low temperature. Herein, we report the synthesis of copper
cobalt composite oxide catalysts by this method. The catalytic activity and
stability of the catalysts have been investigated. The interrelation between
catalytic activity and the molar ratios of copper to cobalt, the volume of
NaOH (2.0 mol/L), ageing time, calcination temperature, calcination time
and the specific surface areas of the catalysts has been investigated in this
paper.

EXPERIMENTAL

All chemicals obtained from Shanghai Chemical Reagent Ltd. Co. of
China are analytical grade and used as received without further purification.

In a typical procedure, copper cobalt composite oxide catalysts were
prepared by co-precipitation as follows: Aqueous solutions of CuSO4·5H2O
(0.5 mol/L, 3 mL) and CoCl2·6H2O (0.5 mol/L, 15 mL) were pre-mixed.
An aqueous solution of NaOH (2.0 mol/L, 12 mL) was added to the solution
under vigorous stirring at ambient temperature. The precipitate was kept
in the mother liquid for 6 h. Then the precipitate was filtered and washed
with deionized water for several times. After being dried at 90 ºC for 12 h in
air, the samples were calcined at 150, 200, 300, 400 and 500 ºC, respectively,
for 3 h in air.

Characterization method: The phase purity and structure parameters
of the samples were examined by power X-ray diffraction, using a Rigaku
Dmax r-A X-ray diffractometer with graphite-monochromatized CuKα
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radiation (λ =1.5418 Å), by a scanning rate of 0.05°/s in the 2θ range from
10° to 70°, the operation voltage and current maintained at 40 kV and 40
mA. The structure of the samples was further examined with electron
diffraction, transmission electron microscopy with a Hitachi model H-800
(Tokyo, Japan), the accelerating voltage of maintained at 200 kV. The
X-ray photoelectron spectra (XPS) measurements were carried out on an
ESCALAB MK II X-ray photoelectron spectrometer, using MgKα radiation
as the exciting source. The XPS spectra were corrected by adjusting the
C1s peak to a position of 284.6 eV. The thermogravimetry-differential thermal
analysis (TG-DTA) of the sample was conducted on a Rigaku Standard
Model thermal analyzer (in air atmosphere, flow rate: 90 mL min-1; heat
rate: 10 ºC min-1). The specific surface areas (SBET) of the catalysts were
calculated from a multipoint Braunauer-Emmett-Teller (BET) analysis of
the nitrogen adsorption isotherms at 77 K recorded on an Omnisorp 100CX
instrument. The catalytic activity and stability of the catalysts were evaluated
on a small fixed-bed reactor operating under atmospheric pressure and an
online GC using 100 mg sample of 40-80 meshes. The flow rate of the feed
gas was 30 mL min-1. The analysis of the effluent gas was tested with an
online FuLi9790 model gas chromatograph with a Molecular Sieve 5 Å
column and a thermal conductivity detector (TCD). The catalysts were
directly exposed to reaction gas containing 2.5 % (v/v) CO, 10 % (v/v) O2

and 87.5 % (v/v) N2.

RESULTS AND DISCUSSION

Structure characterization:  XRD patterns of copper cobalt composite
oxide catalysts calcined at different temperature are shown in Fig. 1. Obviously,
the weak peaks partly overshadowed by the background profiles indicated
a poor degree of crystallization of the samples. The catalysts are amor-
phous when the calcination temperature is below 300 ºC and the catalysts
become more crystalline when the calcination temperature increases from
300 to 500 ºC. The crystallinity of the catalysts increased with the calcination
temperature increasing.

The general morphology of the sample calcined at 200 ºC was investi-
gated by transmission electron microscopy (TEM) and shown in Fig. 2a.
From Fig. 2a, it is can be seen that the most of the sample are nanoplates.
The cluster of needles may come into being from the crinkle of the
nanoplates. The thickness of the plates is filmy which may result in the
large specific surface areas (SBET) of the sample. The corresponding electron
diffraction (Fig. 2b) shows that it is polycrystalline.

Fig. 3 depicts the typical TG-DTA curves of the sample calcined at
200 ºC. The sharp endothermic peak below 100 ºC could be attributed to
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Fig. 1. XRD patterns of the catalysts calcined at different temperature

 

Fig. 2. TEM image (a) and ED pattern (b) of the catalyst calcined at 200 ºC
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Fig. 3. TG-DTA curves of the catalyst calcined at 200 ºC

the loss of surface absorbed water, which was confirmed by a dramatic
weight loss 3 % wt in the TG curve over the corresponding temperature
range. The weight loss 7 % wt between 100 and 500 ºC on the TG curve
could be explained that there is the removal of hydroxyl groups and crystal-
lization process in this region. Correspondingly, there is no obvious endoth-
ermic peak on the DTA curve. Based on the TG-DTA results, it is safely
concluded that the major phase composition of the catalyst calcined at 200 ºC
was copper cobalt composite oxide and hydroxide. On the basis of the
above analysis, it is proposed that the active phase of the catalysts is metal
oxides and hydroxides. As a matter of fact, hydroxide precursors some-
times could show higher activity than the oxides as confirmed by the
reports from Haruta et al.33-36. Although the catalyst calcined at 200 ºC is
not pure CuO and Co3O4, it still exhibits the highest catalytic activity. This
attributes to the related influential factors such as the molar ratios of copper
to cobalt, the specific surface areas and the presence of the more active
hydroxides and so forth.

Investigations by means of XPS were performed in order to illuminate
the surface composition of the studied metal oxides, but also in order to
acquire detailed information on the chemical state of the cations and anions.
Further evidence for the quality and composition was obtained by X-ray
photoelectron spectroscopy (XPS) of the fresh prepared catalysts calcined

Vol. 20, No. 6 (2008) Low-Temperature CO Oxidation  4723



at 200 ºC. The spectra of the Cu 2p and Co 2p binding energies of the
catalyst were shown in Fig. 4. In Fig. 4a, the peaks of Cu 2p3/2 and Cu 2p1/2

were centered at 933.8 and 953.4 eV, respectively. This suggests the presence
of Cu(II) in the catalysts. The binding energy of Co 2p3/2 and Co 2p1/2 are
about 779.2 and 794.3 eV, respectively (Fig. 4b). This suggests the presence
of Co3O4 in the catalyst37.

 

 

Fig. 4. XPS analysis of the catalyst calcined at 200 ºC
(a) Cu spectrum (b) Co spectrum
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Activity and stability tests of the catalysts:  According to the co-
precipitation method as above, the molar ratios of copper to cobalt, volume
of NaOH (2 mol/L), ageing time, calcination temperature and calcination
time was changed respectively while other factors were kept the same. The
catalytic activity of the products was evaluated and the results were shown
in Fig. 5. From Fig. 5 the optimal preparation conditions of the composite
oxide catalysts can be fixed as follows: molar ratios of copper to cobalt
1:5, volume of NaOH (2 mol/L) 12 mL, ageing time 6 h, calcination temper-
ature 200 ºC and calcination time 3 h.
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Fig. 5. The preparation conditions of the catalysts: (a) Cu:Co (mol/mol), (b) NaOH
solution volume (mL), (c) ageing time (h), (d) calcination temperature (ºC),
(e) calcination time (h)
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Among these influence factors, the molar ratios of copper to cobalt
may have important effect on the catalytic activity of the catalysts. From
Fig. 5a, the catalytic activity increased with increasing the molar ratios
form 1:8 to 1:5 and decreased from 1:5 to 2:1. The catalyst with molar
ratio of 1:5 exhibited highest catalytic activity on CO oxidation with lowest
T100%. These results indicated that increasing the copper content in the catalysts
can promote the catalytic activity of the catalysts to some extent, but it is
not always true. These results may be from copper species having more
chance to aggregation after their content attains a certain value. As Tang et al.16

suggest that the catalytic activity of the catalysts is strongly influenced by
the dispersion of the copper species on the catalysts, it is proposed that the
observed changes of the catalytic activity were probably due to the influ-
ence of different copper content in the catalysts, which results in the different
dispersion of copper on the catalysts and probably changes the active sites
on the surface of the catalysts and the catalytically active components of
the catalysts38. Therefore, the optimal molar ratio should be fixed at 1:5 to
obtain the catalyst with high catalytic activity.

The catalytic activity and stability of the catalysts calcined at different
temperature are investigated. The results are presented in Figs. 6 and 7.
Fig. 6 shows that the catalysts calcined at 200 ºC exhibited the highest
catalytic activity on CO oxidation with CO total conversion at 80 ºC. The
catalytic activity of the catalysts increased with the reaction temperature
increasing for all of the catalysts. The catalytic activity of the catalysts
calcined at different temperature increased by increasing the calcination
temperature from 150 to 200 ºC and decreased from 200 to 500 ºC. In Fig. 7,
the reactor temperature was maintained at 70 ºC, all of the catalysts showed
an initial decrease in catalytic activity over first 40 min on line, but after
this steady state period the catalytic activity was maintained over 400 min
test period. The initial deactivation at the start of the catalyst evaluation
may be result from the interaction between the reactants and the oxides,
through which redox balance and stable surface composition were estab-
lished in the initial stage. The steady state was attained after the initial
stage and maintained over 400 min. On the basis of the above experiment
results, it can be concluded that the catalytic activity and stability of the
copper cobalt composite oxide catalysts on CO oxidation at low temperature
is quite high.

For comparison, the individual CuO and Co3O4 samples were prepared
through the same method and their catalytic activity on CO oxidation was
evaluated in the same way. The specific surface areas (SBET) and T100 % of
the catalysts calcined at different temperature and individual CuO and Co3O4

samples are presented in Table-1. The T100 % is here defined as the temperature
where the conversion of CO reaches 100 %. From Table-1, it can be seen
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that the copper cobalt composite oxide catalysts exhibited obviously higher

catalytic activity on CO oxidation than that of individual CuO and Co3O4

samples with lower T100 %. This may be ascribed to a synergistic effect of

the composite oxide caused by the interfacial metal-support interaction39.

The catalysts calcined at 200 ºC exhibited the highest catalytic activity on

CO oxidation with the lowest T100 % and had the largest SBET. The SBET of the

catalysts increases slowly by increasing the calcination temperature from

150 to 200 ºC and decreases rapidly from 200 to 500 ºC. The observed

modifications in the catalytic activity of the catalysts are result from the

modifications of the SBET of the catalysts, which are strongly dependent on

their different calcination temperature. It can be concluded that the catalytic

activity of the catalysts is strongly dependent on the SBET and the calcination

temperature.

Conclusion

In this work, we have successfully prepared the copper cobalt composite

oxide catalysts by co-precipitation method. The products were characterized

by X-ray diffraction, transmission electron microscopy, electron diffraction,

X-ray photoelectron spectra, thermogravimetry-differential thermal analysis

and nitrogen adsorption to determine the specific surface areas (SBET). The

catalytic activity and stability of the products were evaluated. The results

indicate that the copper cobalt composite oxide catalysts exhibited obviously

high catalytic activity on CO oxidation at low temperature. The copper

cobalt composite oxide catalysts exhibited obviously higher catalytic

activity on CO oxidation than that of individual CuO and Co3O4 samples.

The interrelation between catalytic activity and the volume of NaOH (2 mol/L),

ageing time, calcination temperature, calcination time, the molar ratios of

copper to cobalt and the specific surface areas of the catalysts has been

established. This preparation route is simple and low cost, which may offers
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a potential applicability in many aspects, such as the technological potenti-

ality applications for catalysts in place of three-way catalysts in automobiles

exhaust control. This system is now worthy for further investigation.
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