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Abstract: A modified CuO/CeO2 catalyst was prepared by surfactant-assisted impregnation method and showed better catalytic 
activity for low temperature CO oxidation than that from conventional impregnation method. The physicochemical properties of 
different CuO/CeO2 catalysts were characterized by thermogravimetric and differential scanning calorimetric measurements (TG-DSC), 
X-ray diffraction (XRD), N2 adsorption-desorption, Raman spectroscopy, H2 temperature-programmed reduction (H2-TPR), tem-
perature-programmed desorption of O2 (O2-TPD), and diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS). The re-
sults suggested that the addition of hexadecyl trimethyl ammonium bromide (CTAB) into the impregnation solution could improve 
the dispersion of CuO species, which could facilitate Cu2+ incorporating into CeO2 lattice and strengthened the synergistic effects 
between CuO and CeO2, making the lattice oxygen more active, and eventually resulting in enhanced activity for CO oxidation. 
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CuO-CeO2 mixed oxides have captured tremendous 
attentions recently because of their low costs, high cata-
lytic activities, and wide applications in CO oxidation[1–10], 
preferential CO oxidation in H2-rich stream[11–13], wa-
ter-gas shift reaction[14,15], combustion of volatile organic 
compounds[16], NO reduction by CO[17,18] and so on. In 
particular, the activity of CuO-CeO2 for low temperature 
CO oxidation can even be comparable to that of sup-
ported Pt catalysts[1,3]. The most frequently used method 
for the preparation of CuO-CeO2 catalysts is impregna-
tion[1,2,4,8,10,11,19], because of its simplicity, convenience, 
and high efficiency[2,20]. 

The parameters in preparation process of impregnation, 
such as the metal precursor and content, support, and 
calcination temperature have significant effects on the 
physicochemical properties and catalytic activity of the 
obtained CuO/CeO2 catalyst. The effect of CuO content 
and calcination temperature have been studied by Luo et 
al.[2], and the result show that CuO/CeO2 catalyst pre-
pared by impregnation method with 15% CuO loading 
and calcinated under 650 ºC exhibits excellent catalytic 
activity for CO oxidation. In addition, many attempts 
also have been made to modify the support CeO2 to ob-
tain better CuO/CeO2 catalyst. For example, a series of 
CeO2 supports were obtained by Zheng et al.[8,21,22] via 
sol-gel, alcoholthermal, and thermal decomposition 
methods, and found that CeO2 with smaller particle sizes, 
better crystallinity, and larger surface areas led to the 

formation of more highly dispersed CuO species respon-
sible for high activity in CO oxidation. In another work, 
Gamarra et al.[13] synthesized CeO2 nanocubes, nanorods, 
and nanospheres by hydrothermal, microemulsion, and 
precipitation methods, respectively, and found that the 
CuO/CeO2 nanocubes exhibited the highest activity in 
CO oxidation due to the highly dispersed CuO and the 
strong interaction between CuO and the (100) faces of 
CeO2 support. 

Therefore, it can be concluded from the previous stud-
ies that, enhanced catalytic activity for CO oxidation can 
be obtained by promoting the CuO dispersion and 
strengthening the synergistic effects between CuO and 
CeO2

[1,5,9,13,19]. Considering the results, some studies 
captured our attention. Shen et al.[23] found that catalyst 
prepared by ammonia coordination-impregnation method 
possesses a higher dispersion and lower-temperature re-
ducibility of copper phase. On the other hand, hexadecyl 
trimethyl ammonium bromide (CTAB) usually works as 
a capping agent to tune the crystal size of many metals 
and metal-organic frameworks (MOFs)[24,25]. Hence, we 
considered that the surfactant-assisted impregnation 
method by adding CTAB into the impregnation solution 
of copper nitrate may also play a role in improving the 
CuO dispersion on CuO/CeO2 catalyst. 

Herein, two kinds of CuO/CeO2 catalysts were pre-
pared by surfactant-assisted impregnation method with 
the addition of CTAB in the impregnation solution and 
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conventional impregnation method, respectively. The in-
fluences of the modified impregnation method on the dis-
persion and redox property of the obtained CuO as well 
as the synergistic effects between CuO and CeO2 were 
systematically investigated. CO oxidation was used as a 
probe reaction to compare the catalytic activity of the 
different CuO/CeO2 catalysts. 

1  Experimental 

1.1  Catalyst preparation 

All chemicals were of analytical grade from Sino-
pharm Chemical Reagent Co., Ltd. (China) and used 
without further purification. The modified CuO/CeO2 
catalyst was prepared by impregnating a commercial 
CeO2 support (SBET=11.1 m2/g) with an aqueous solution 
of CTAB and a calculated amount of Cu(NO3)2·3H2O to 
obtain a Cu loading of 10 wt.%. The amount of CTAB 
was n(CTAB):n(Cu)=2% determined by its dissolvability in 
water. CeO2 support was pretreated at 120 ºC for 4 h be-
fore use to remove the impurity adsorbed on the surface. 
After being impregnated quiescently at room temperature 
(RT) for 24 h, the sample was dried at 90 ºC for 20 h, 
followed by calcination in static air at 500 ºC for 4 h. The 
prepared catalyst was denoted as Cu/Ce(SI). For com-
parison, CuO/CeO2 catalyst prepared by conventional 
impregnation method without the addition of CTAB was 
also synthesized and donated as Cu/Ce(CI). 

1.2  Catalyst characterization 

Simultaneous thermogravimetric and differential scan-
ning calorimetric measurements (TG-DSC) were carried 
out on a NETZSCH STA 449-F3 thermal analyzer made 
in Germany. The experiments were performed under an 
air stream of 50 mL/min from 30 to 500 ºC at a heating 
rate of 10 ºC/min and then hold at this temperature for 
another 4 h. 

Powder X-ray diffraction (XRD) patterns were recorded 
on a PANalytical X’Pert instrument using Ni-filtered Cu 
Kα radiation (λ=0.15406 nm) at 40 kV and 40 mA. Two 
theta angles ranged from 10 º to 90 º with a scanning rate 
of 6 (º)/min. The crystallite size of CuO was calculated 
from the XRD patterns using the Scherrer equation. The 
cell parameter values were calculated by standard cubic in-
dexation method using the intensity of the CeO2 (111) peak. 

N2 adsorption-desorption isotherms were obtained at 
–196 ºC on a Micrometrics ASAP-2020 adsorption ap-
paratus, after all samples were degassed under vacuum at 
300 ºC for 10 h. The specific surface areas (SBET) were 
calculated from the linear part of the Braunauer-Emmett- 
Teller (BET) plot. 

Raman spectra (at 4 cm–1 resolution) were obtained 
with a DXR-Raman microscope (Thermo Fisher Scien-
tific, American) using the 532 nm exciting line (20 mW 

beam), 5 scans for every spectrum. 
H2 temperature-programmed reduction (H2-TPR) was 

carried out in a quartz micro-reactor. Firstly, 20 mg of 
the as-prepared sample was pretreated at 400 ºC in N2 
stream for 1 h before the TPR measurement. Then the 
sample was heated to 500 ºC at a rate of 10 ºC/min under 
a flow of H2 (10 vol.%)/N2 (50 mL/min). The effluent 
gas was analyzed by an on-line GC equipped with a 
thermal conductivity detector (TCD). Before the TPR 
test, the reducing gas H2 (10 vol.%)/N2 (50 mL/min) was 
directly introduced into the GC system for 10 min, then 
the H2 consumption for per unit area can be obtained 
from the amount of introduced H2 and the integral peak 
area. In this way, the actual H2 consumption of different 
samples during the TPR test can be calculated by inte-
grating the area of the reduction peak. 

O2-TPD was performed on the same equipment as used 
in TPR test. 100 mg catalyst was pretreated under He 
flow (50 mL/min) with the temperature ramping from 25 
to 500 ºC at a rate of 10 ºC/min, and then held at 500 ºC 
for 1 h before being cooled down to RT in He flow. The 
next step was O2 adsorption at RT for 1 h, and then the 
gas was swept again with He for 2 h at 50 ºC. Subse-
quently, the sample was heated in flowing He (50 
mL/min) up to 500 ºC at a rate of 10 ºC/min, while the 
desorbed species was detected with a quadrupole mass 
spectrometer (QMS, Balzers OmniStar 200). 

In situ diffuse reflectance infrared Fourier transform 
spectroscopy (DRIFTS) data were collected using a 
Nicolet 6700 FT-IR spectrometer fitted with a MCT de-
tector. The DRIFTS cell (Harrick) was fitted with CaF2 
windows and a heating cartridge that allowed samples to 
be heated to 400 ºC. The sample in the cell was pre-
treated in N2 at 400 ºC for 1 h, and then the backgrounds 
corresponding to different temperatures were scanned in 
the cooling process. After the sample being cooled to 30 
ºC, the reaction mixture (4 vol.% CO, 10 vol.% O2, bal-
ance in N2, total flow rate=30 mL/min) was introduced 
and the IR spectrum of CO adsorbed on the catalyst was 
recorded. When the saturated adsorption of CO was 
achieved, the sample was heated to the next temperature. 
The spectral resolution was 4 cm−1 and the number of 
scans was 64. 

1.3  Catalytic activity tests 

Prior to the catalytic measurements, the catalyst was 
pretreated in a N2 stream (50 mL/min) under 200 ºC for 1 h 
to remove the impurities, and then cooled to RT. The CO 
oxidation activities of the catalysts were measured in a 
fixed micro-reactor (6 mm i.d.) under atmospheric pres-
sure with a gas composition of 4 vol.% CO, 10 vol.% O2 
and 86 vol.% N2 at a space velocity of 9,000 mL/(g·h). 
200 mg catalyst was used for each measurement and was 
sieved to 40–60 mesh so that pressure drop, concentra-
tion and temperature gradients over the catalyst bed 



1270                                                  JOURNAL OF RARE EARTHS, Vol. 33, No. 12, Dec. 2015 
 

 

could be negligible. The temperature of the catalyst bed 
is measured by a thermocouple placed in a tube coaxial 
with the reactor. The products were analyzed by an 
online GC equipped with a flame ionization detector 
(FID). To allow for the detection of CO and CO2 with 
FID, a methanator was inserted between one GC column 
and the FID. 

2  Results and discussion 

2.1  Testing of catalytic activity 

The activities of different CuO/CeO2 catalysts for CO 
oxidation are shown in Fig. 1. It can be seen that the 
Cu/Ce(SI) catalyst prepared by surfactant-assisted im-
pregnation method shows a higher catalytic activity than 
the Cu/Ce(CI) catalyst prepared by conventional im-
pregnation method in the whole temperature range ana-
lyzed; T99 (the temperature for 99% CO conversion) on it 
is about 120 ºC, while that on Cu/Ce(CI) catalyst reaches 
140 ºC. Especially when the catalytic reaction takes place 
at 80 ºC, the CO conversion on Cu/Ce(SI) and Cu/Ce(CI) 
is 65% and 54%, respectively. Thus, the modified im-
pregnation method has a significant effect on improving 
the activity of CuO/CeO2 catalyst for low temperature 
CO oxidation. 

2.2  Thermal behaviors of the sample 

The residual CTAB on Cu/Ce(SI) catalyst surface may 
play a negative role for the catalytic activity by covering 
the active sites; therefore, it is necessary to make sure 
whether some CTAB are still existing after the dried 
samples calcined under static air at 500 ºC for 4 h. Nei-
ther weight loss nor thermal effect can be observed on 
the TG-DSC curves of Cu/Ce(SI) catalyst (not shown), 
suggesting that no CTAB exists on the obtained 
Cu/Ce(SI) catalyst. 

 
Fig. 1 CO oxidation activity over Cu/Ce(CI) and Cu/Ce(SI) 

catalysts 
Reaction conditions: 4 vol.% CO, 10 vol.% O2, balance in N2, 
SV=9,000 mL/(g·h) 

2.3  XRD and BET surface area 

Fig. 2 exhibits the XRD patterns of pure CeO2 and 
CuO/CeO2 catalysts. No CeO2 phase other than cubic 
CeO2 can be observed for all of these samples, indicating 
that the heating process at 500 ºC has a negligible effect 
on the crystal form of support CeO2. When CuO (10 
wt.%) is loaded onto CeO2, characteristic peaks assigned 
to CuO at 35.5º and 38.7º appear on all CuO/CeO2 cata-
lysts, suggesting that bulk CuO has been formed either 
on Cu/Ce(CI) catalyst prepared by conventional impreg-
nation method or on Cu/Ce(SI) catalyst prepared by sur-
factant-assisted impregnation method. 

Table 1 summarizes the CuO crystallite size calculated 
by the Scherrer equation on different CuO/CeO2 samples. 
It is clear that, the CuO crystallite size on Cu/Ce(SI) 
catalyst (18 nm) is significantly smaller than that on 
Cu/Ce(CI) catalyst (26 nm), suggesting that the surfac-
tant-assisted impregnation method can inhibit the growth 
of CuO bulk during the sample preparation. The reason 
may be that the long hydrophobic hydrocarbon chain of 
CTAB binds to the surface of the seeds for CuO precur-
sors in aqueous solution and acts as capping agents to 
slow down the crystal growth in the crystallization proc-
ess[24,25]. As a consequence, the smaller seeds lead to the 
formation of smaller particles of CuO. Even though the 
amount of CTAB used in our study is limited, the sig-
nificant role of it has been reflected consistent with the 
result of Pan et al.[25], who found that the addition of 
0.0025 wt.% CTAB to the synthesis solution can have an 
influence on decreasing the mean particle size of ob- 

 
Fig. 2 XRD patterns of CeO2 and different CuO/CeO2 catalysts 

Table 1 BET surface area, grain size, lattice parameter and 
full width at half maximum (FWHM) of F2g vibra-
tion band of different samples 

Sample 
SBET/ 

(m2/g) 

DCuO
*/ 

nm 

Lattice 

parameter/nm 

FWHM / 

cm−1 

CeO2 11.0 – 0.5414 11 

Cu/Ce(CI) 8.7 26 0.5412 13 

Cu/Ce(SI) 9.7 18 0.5401 19 
* The particle size of CuO is the average value of the calculated values based 

on CuO (002) and CuO (111) 
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tained material. Additionally, Cu/Ce(SI) catalyst exhibits 
a larger BET surface area than Cu/Ce(CI) catalyst; this 
result is related to the better CuO dispersion resulting 
from the smaller CuO size and may be one of the reasons 
that Cu/Ce(SI) catalyst possesses the higher catalytic ac-
tivity, because the catalyst with higher surface area can 
provide more active site for CO oxidation[26]. 

On the other hand, it can be seen from the inset in Fig. 2 
that the diffraction peak of CeO2(111) on Cu/Ce(SI) 
catalyst shifts to a higher angle compared with that on 
pure CeO2 and Cu/Ce(CI) catalyst. This phenomenon 
suggests that lattice constriction (the lattice parameter of 
CeO2 on different samples is shown in Table 1) has taken 
place on Cu/Ce(SI) catalyst prepared by surfac-
tant-assisted impregnation method. According to previ-
ous studies[7,14,15], the lattice constriction on CuO/CeO2 
catalyst may be due to the Cu2+ ions (0.072 nm) incorpo-
rating into CeO2 lattice and substituting the Ce4+ (0.097 
nm) to form the Cu–O–Ce solid solution. The generated 
Cu–O–Ce solid solution has two roles in CO oxidation: 
on one hand, it can promote the CO adsorbing on the 
catalyst surface (Cu+); on the other hand, it can improve 
the redox properties of the catalyst. Both factors are 
beneficial to enhancing the activity of CuO/CeO2 cata-
lyst[19]. The smaller lattice parameter on Cu/Ce(SI) cata-
lyst (0.5401 nm) indicates that more Cu2+ ions have in-
corporated into the CeO2 lattice to form the Cu–O–Ce 
solid solution, which may result from the better CuO 
dispersion and is responsible for its higher catalytic ac-
tivity. 

2.4  Raman analysis 

Raman analysis is a potential tool to obtain additional 
structural information of CuO/CeO2 sample, because it is 
sensitive to the crystalline symmetry and oxygen lattice 
vibrations[27] in contrast to the XRD result. The Raman 
spectra of support CeO2 and different CuO/CeO2 cata-
lysts are shown in Fig. 3. A strong peak at about 465 
cm−1, corresponding to the F2g Raman vibration mode of 
fluorite CeO2

[12,13,19,28], can be observed on all samples.  

 
Fig. 3 Raman spectra for CeO2 and CuO/CeO2 catalysts pre-

pared by different methods 

Once CuO is introduced, two new peaks at about 265 and 
590 cm−1 appear on the CuO/CeO2 catalysts (inset in Fig. 
3). The weak band at 265 cm–1 is attributed to the dis-
placement of oxygen atoms from their ideal fluorite lat-
tice positions[12], and the broad band at 590 cm−1 is often 
related to the presence of oxygen vacancies in the CeO2 
lattice caused by the incorporation of Cu2+ into CeO2 lat-
tice, which must be accompanied by formation of oxygen 
vacancies for charge balance (Ce4++O2–↔Cu2++VÖ; VÖ 
being a doubly ionized oxygen vacancy)[13,19,26]. No ob-
vious peaks linked to CuO can be found on the Raman 
spectra of the CuO/CeO2 catalysts. It may be due to the 
fact that the Raman diffuse reflection of CuO is too weak 
to be distinguished under this scale; similar phenomenon 
was also observed by Li et al.[12]. 

The relative concentration of oxygen vacancies on dif-
ferent catalysts is usually calculated from the area ratio 
of peaks at 590 and 465 cm−1 (A590/A465)[9,12]. However, 
the intensity of peak at 590 cm−1 is too weak to accu-
rately achieve the A590/A465 in our study. So, it is un-
workable to obtain the relative concentration of oxygen 
vacancies on different catalysts from the peak at 590 
cm−1. Nevertheless, it is worth noticing that a small red 
shift and broadening of the F2g band (FWHM, Table 1) 
can be observed on Cu/Ce(SI) catalyst compared with 
pure CeO2. According to the literatures[12,28,29], this phe-
nomenon also acts as an evidence of the incorporation of 
copper into ceria lattice and the generation of oxygen 
vacancies, which induce the CeO2 lattice to distort. 
Therefore, from the shift and broadening extent of the 
F2g band (shown in Table 1), it can be inferred that more 
oxygen vacancies have been generated on Cu/Ce(SI) 
catalyst, consistent with the microstrain values obtained 
from XRD analysis. The reaction mechanism of CO 
oxidation on CuO/CeO2 system is proposed to involve a 
redox reaction involving lattice oxygen and oxygen va-
cancies[12,29]. Therefore, the relative higher intensity of 
oxygen vacancies on Cu/Ce(SI) catalyst may make an 
important contribution to its better catalytic activity[12,19]. 

2.5  H2-TPR 

H2-TPR experiments were conducted to investigate the 
reduction properties of CuO/CeO2 catalysts. From the 
inset in Fig. 4, it can be seen that CuO obtained by ther-
mal decomposition of copper nitrate at 500 ºC for 4 h 
shows a single reduction peak at around 260 ºC, attrib-
uted to the complete reduction of Cu2+ to Cu0; CeO2 has 
two reduction peaks at about 565 and 860 ºC, ascribed to 
the reduction of surface and bulk oxygen species, respec-
tively[30]. 

Fig. 4 displays the H2-TPR curves of CuO/CeO2 cata-
lysts prepared by different methods. Four reduction 
peaks can be seen on the H2-TPR curve of the Cu/Ce(SI) 
catalyst, the former three peaks at lower temperatures 
corresponding to three different types of copper species 
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Fig. 4 H2-TPR curves for CuO/CeO2 catalysts prepared by dif-

ferent methods 
 
entities differing in their degree of interaction with the 
support CeO2

[2,12,13,19]. More specifically, peak α (180 ºC) 
is ascribed to the reduction of finely dispersed copper 
species strongly interacting with the CeO2 support; peak 
β (240 ºC) is assigned to the reduction of larger particles 
of copper species; peak γ (265 ºC) is attributed to the re-
duction of bulk copper species interacting weakly with 
the CeO2 support[13,19]. The higher temperature peak at 
about 300 ºC (peak δ) is related to the reduction of Cu2+ 
in CeO2 lattice, which is proposed to be the most difficult 
to reduce[13,28]. However, only two reduction peaks as-
signed to larger CuO particles and bulk CuO can be ob-
served on the H2-TPR curve of the Cu/Ce(CI) catalyst. 

In addition, a quantitative attribution of the TPR peaks 
to different species has been calculated and the results 
are shown in Table 2. It is clear that there are 2% of CuO 
which is finely dispersed and another 3% of Cu2+ which 
has incorporated into CeO2 lattice on Cu/Ce(SI) catalyst. 
This result further indicates that the addition of CTAB 
can improve the dispersion of CuO and facilitate Cu2+ 
incorporating into CeO2 lattice, in agreement with the 
results obtained from XRD and Raman analyses. On the 
other hand, the H2 uptake is calculated by integrating the 
area of the reduction peak. During the TPR test up to 500 
ºC, the actual H2 consumption of CuO/CeO2 catalysts is 
higher than that required for full reduction of copper spe-
cies, indicating that surface ceria reduction must also 
contribute to the observed reduction peaks. According to 
previous study, stronger synergistic effects between CuO 

Table 2 Results of H2-TPR analysis 

Reduction temperature/ºC 

(relative intensities/%)* Sample 

α β γ δ 

Total H2 

consumption/ 

(μmol/g) 

Excess H2

consumption/

(μmol/g) 

Cu/Ce(CI) – 236 (55) 266 (45) – 1289 64 

Cu/Ce(SI) 180 (2) 231 (51) 263 (44) 298 (3) 1359 134 

* The data in parentheses represent the percentage of the respective peak area 

in total area 

and CeO2 are believed to enhance their individual re-
ducibility[9,30]. Thus, the larger amount of excess H2 up-
take (134 μmol/g) achieved on Cu/Ce(SI) catalyst sug-
gests more active lattice oxygen and stronger synergistic 
effects on it, which may contribute to the higher catalytic 
activity[9]. 

2.6  O2-TPD 

O2-TPD is a good technique to provide more informa-
tion about the lattice oxygen and oxygen vacancies. The 
O2-TPD profiles of the Cu/Ce catalysts prepared by dif-
ferent methods are shown in Fig. 5. In the temperature 
range, an O2 desorption peak at about 325 ºC can be ob-
served on Cu/Ce(SI), while it is invisible on Cu/Ce(CI). 
According to the literatures[31,32], this peak is attributed to 
the surface chemically adsorbed oxygen species, which 
shows more mobility than the bulk lattice O2– species and 
is indispensable for the superior catalytic activity of 
CuO-CeO2 catalyst for CO oxidation. So, Cu/Ce(SI) with 
larger amounts of surface adsorbed oxygen species re-
sulting from plentiful surface oxygen vacancy[32] shows 
better reducibility (more excess H2 consumption in H2- 
TPR analysis) and catalytic activity for CO oxidation. 

2.7  In situ DRIFTS study 

In situ DRIFTS experiments were conducted to further 
investigate the influence of different impregnation meth-
ods on the CO adsorption property of CuO/CeO2 cata-
lysts. As shown in Fig. 6, both Cu/Ce(CI) and Cu/Ce(SI) 
show a strong peak at about 2105 cm–1, assigning to the 
linear CO chemisorbed on Cu+ sites (Cu+–CO)[9,12,19,33], 
and a series peaks related to formate, carbonate or car-
boxylate species absorbed on catalyst surface in the 
wavenumber region of 1000–1700 cm–1. 

In particular, when the spectra was collected at 30 ºC, 
the intensity of the Cu+–CO band on Cu/Ce(CI) catalyst 
is about two times weaker than that on Cu/Ce(SI) cata-
lyst. This could be caused by the absence of highly dis- 

 
Fig. 5 O2-TPD profiles of CuO/CeO2 catalysts prepared by dif-

ferent methods   
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Fig. 6 DRIFTS spectra for different CuO/CeO2 catalysts recorded at 30 ºC (a) and 80 ºC (b) after introducing the reaction mixtures (4 

vol.% CO, 10 vol.% O2, balance in N2, total flow rate=30 mL/min) 
 
persed CuO, which is probably as the origin of Cu+ under 
the stronger synergistic effects[19]. Additionally, as shown 
in Fig. 6(b), a broad band at about 1506 cm–1, attributed 
to inorganic carboxylate species resulted from CO2 in-
teracted with CeO2 surface[34], can be observed obviously 
on Cu/Ce(SI) catalyst, while it is invisible on Cu/Ce(CI) 
catalyst. This phenomenon indicates that noticeable 
amounts of CO2 have been generated on Cu/Ce(SI) cata-
lyst at 80 ºC as a consequence of its excellent catalytic 
activity at this temperature. 

3  Conclusions 

In summary, we successfully prepared a modified 
CuO/CeO2 catalyst by the surfactant-assisted impregna-
tion method, which exhibited better catalytic activity 
than that from conventional impregnation method. The 
higher activity was mainly due to the improved disper-
sion of CuO through the addition of CTAB into the im-
pregnation solution. The highly dispersed CuO could 
provide active sites (Cu+) for CO adsorption and facili-
tated Cu2+ incorporating into CeO2 lattice to form 
Cu–O–Ce solid solution, which made the lattice oxygen 
more active. 
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