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Abstract. Catalytic properties of systems composed of copper loaded Ce02 and Sn02 were examined. 
Catalysts were prepared using a conventional impregnation method. After preparation the samples were 
calcined in oxygen respective reduced in hydrogen. Treatments were carried out at 400 oc resp. 300 °C for 
2 hours. The amount of copper in prepared samples was 8 at. % in both cases. Morphology and particle size 
were observed using Scanning Electron Microscopy (SEM). Crystal phases were characterized by X-Ray 
Diffraction method (XRD). The CO oxidation reaction was performed in a flow micro-reactor in the mixture 
of He, 0 2 and CO, where the catalyst was deposited on a silicon oxide chip ensuring a very reliable catalyst 
temperature control. It can be expected that nano-structured copper loaded oxide catalysts could be used for 
removing CO produced in a wet reforming reaction for fuel cell applications. 
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1. INTRODUCTION 
Oxide supported metallic particles have found wide 

range of applications in the field of catalysis, gas sensing 
or fuel cell materials [1,2]. The reducibility of such 
oxides provides them for taking an active part in the 
catalytic process. Cerium oxide (ceria) supported 
systems have attracted much attention as the CO 
oxidation catalyst in the recent years [1,3-5]. Cerium 
dioxide (Ce02) is an important catalyst in many 
chemical reactions, e.g. the NO reduction under 
oxidation conditions or CO oxidation under reducing 
conditions in automotive exhaust catalysts [1]. 

The remarkable redox ability of Cu0-Ce02 at the 
lower temperature was found to play an essential role in 
CO oxidation reaction [3, 4]. It was shown the catalytic 
behavior of Cu0-Ce02 greatly depends on the 
preparation routes [5]. The catalysts for fundamental 
studies are prepared by various conventional techniques 
such as impregnation, ion exchange, anchoring/grafting, 
spreading and wetting, hydrolysis, and homogeneous 
deposition-precipitation [6]. Presently, it is a new trend 
regarding novel chemical techniques of synthesis that 
can lead to ultra fine, high-surface-area catalysts for 
heterogeneous catalysis [7]. 

Sn02 was still extensively used in gas sensing 
studies and doping by various metals is a common way 
to enhance the sensitivity and/or selectivity of the Sn02 

gas sensors [8-12]. Addition of a small amount of 
suitable metal can increase a number of oxygen 
vacancies, which strongly affects the sensing properties 
of the material [13-15]. The Cu and CuO doped Sn02 

have been frequently studied [16-18] due to the 
exquisite sensitivity of the system towards H2S gas, 
which was shown to be primarily due to a dominant role 
played by the spill-over mechanism [18]. 
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In this paper, copper impregnated Ce02 nano
catalytic system is investigated and compared with 
copper loaded Sn02 system. 

2. EXPERIMENTAL DETAILS 
2.1 Preparation of catalysts 

For preparation powder catalysts we used 
commercial Ce02 powder (99.5 % min, Alfa Aesar, 
John Matthey Company) or Sn02 powder and Cu (11) 
acetate monohydrate ((C2H30 2)2.H20, purity: 99.99+%, 
Sigma Aldrich Company) as starting materials. Cu 
loaded Ce02 and Sn02 were prepared by impregnation 
method. The copper acetate and Ce02 or Sn02 were 
mixed with etahnol in a magnetic stirrer and dried in a 
flow of nitrogen. Then copper impregnated Ce02 was 
calcined in a flow of oxygen or reduced in a mixture of 
hydrogen and helium (10% ofH2 and He in balance) at 
300 °C for 2 hours, copper impregnated Sn02 was 
calcined and reduced at 400 oc for 2 hours. 

Thermogravimetric and differential thermal analysis 
(TG-DTA) of as prepared catalysts was performed with 
TG-DTA 6200 device (Seiko Instruments Company). 
The temperature rate was set up from ambient 
temperature to 1000 oc with the heating rate 5 °C.min"1 

in flowing air atmosphere. The determined temperatures 
for decomposition of starting materials are 300 °C and 
400 oc for copper loaded Ce02 and Sn02 powders, 
respectively. 

2.2 Evaluation of catalytic activity 
The CO oxidation reaction was examined using 

a micro catalytic flow reactor composed of a copper 
base plate with built-in heating system and 
thermocouple. The amount 2 mg of tested powder 
catalyst was placed on a silicon chip (~15xl5 mm2 in 
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size), soluted by several drops of ethanol and then 
carefully dried to create homogeneous layer. The wafer 
is covered by a sealing and quartz glass with two gas 
inlets, into which gas input and output is connected. 

During reaction experiments, the sample was heated 
from room temperature up to 300 °C with the heating 
rate 10 oc per minute. For the measurements of the 
activity of catalysts we used the mixture of oxygen with 
helium ( 4 % of 0 2 and He in balance) and carbon 
monoxide. The flow rates, controlled by Omega 
FMA6500 digital mass flow controllers and mixed 
before entering the micro reactor, were as follows; 
CO: 3 ml.min- 1

, 0 2 with He: 37.5 ml.min-1
. It means the 

flow rate of 0 2 was 1.5 ml.min-1
, we used the 

stoichiometric ratio of C0:02 2: I and the total flow rate 
was 40.5 ml.min-1

. The output of the micro reactor with 
outlet gas is connected by a needle valve with the UHV 
(Ultra High Vacuum) chamber equipped by a Pfeiffer 
Prisma QME200 Quadrupole Mass Spectrometer for gas 
analysis. 

2.3 Structure observation 
Particle morphology and nanostructure of obtained 

powders were observed by two field emission SEM 
instruments (S-4800 and S-5000, Hitachi). SEM 
observations were performed with the gun voltages of 
10 kV resp. 20 kV. Prior to SEM observation, powder 
samples were dispersed into ethanol ultrasonically, with 
the suspensions on to a thin layer of aluminium foil. 
A small portion of the foil with the sample on it was cut 
and placed onto a sample plate with carbon sticker. 

Crystal phases of specimens were analyzed by 
XRD (RINT 2500 HF, Rigaku X-ray diffractometer, 
operated condition: 40 kV, 300 mA, and Cu-Ka 
radiation). The crystallite size was calculated using 
Sherrer's formula, defined as follows: 

D=(KA-)/(Bcos8) (1) 
where D is the crystallite size, K is the constant 
depended on crystallite shape (we used 0.9), A is the 
wavelength of the incident X-rays (0.15406 nm), B is 
full width of half maximum (FWHM) of integral 
breadth and 8 is the diffraction angle. 

3. RESULTS AND DISCUSSION 
3.1 Crystalite size and crystal phases 

Copper loaded Ce02 samples 
Fig. 1 shows XRD patterns of copper impregnated 

Ce02 samples calcined and reduced at 300 °C for 2 
hours. The XRD spectra containing characteristic 
fluorite peaks of Ce02 point to well crystallized 
powders. From the Sherrer's formula (1) and FWHM of 
(Ill), (200), (220), (311) and ( 400) peaks, we 
determined the crystallite size of Ce02. The calculated 
Ce02 particle size of the calcined and reduced samples 
at 300 oc was approximately 56 nm and 51 nm, 
respectively. After calcination procedure the XRD 
spectrum shows CuO patterns, while in the case of the 
reduced sample there are metallic copper peaks. The 
CuO average particle size calculated from (Ill) and 
(-111) peaks is 25 nm (see Fig. 1 b) and Cu average 
particle size in calculated from (111) and (200) peaks is 
arround 62 nm (see Fig. I a). 
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Fig. 1 X-ray diffraction patterns of copper loaded Ce02 
(a) reduced in hydrogen and (b) calcined in oxygen; all 
treatments were carried out at 300 °C for 2 hours. 

Copper loaded Sn02 samples 
The XRD data from the copper impregnated Sn02 

sample, after calcination (a) and reduction (b) 
procedures are presented in Fig. 2. After calcination 
procedure the sample contains nano-crystalline particles 
of CuO. In the case of reduced sample patterns of the 
Cu-Sn alloys - concretely Cu3Sn and Cu6Sn5 species -
were found in the XRD spectrum. 
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Fig. 2 X-ray diffraction patterns of copper loaded Sn02 
(a) calcined in oxygen and (b) reduced in hydrogen; all 
treatments were carried out at 400 °C for 2 hours. 

The Sn02 particle size calculated using Sherrer's 
formula (I) from (110), (101), (211), (200) and (220) 
peaks was about 45 nm. The particle size of Cu5Sns 
species calculated from (-113) peak was about 75 nm. In 
the case of Cu3Sn species the particle size calculated 
from (002c) and (083c) was about 73 nm. 

3.2 Particle morphology 
For characterization of obtained samples, the particle 

morphologies were observed using Scanning Electron 
Microscopy (SEM). 
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Fig. 3 SEM image of copper loaded Ce02 calcined at 
300°C for 2 hours. 

Fig. 4 SEM image of copper loaded Ce02 reduced in the 
mixture of hydrogen and helium (10 % H2, He in 
balance) at 300 °C for 2 hours. 

The SEM images of the calcined and reduced copper 
loaded ceria are displayed in Fig. 3 and 4, respectively. 
The calcined ceria powder (see Fig. 3) contains the 
elongated particles and particles of non specific shape. 
From the previous work we know that these eloongated 
particles are created by copper oxide [19]. The diameter 
of elongated particle is about 30 nm which corresponds 
very well with the size calculated from XRD data. 

In the case of copper loaded Sn02, between calcined 
and reduced sample there is almost no difference in 
particle size and shape as can be seen in Fig. 5 and 6. 
This uniform particle size of calcined and reduced 
copper loaded Sn02 sample is in a good agreement with 
XRD results. 

3.3 CO oxidation reaction 
The results of investigation of the catalytic 

properties for CO oxidation reaction over copper 
impregnated Ce02 and Sn02 catalysts are displayed in 
Fig. 7. All lines in this graph are calibrated to the partial 
pressure of helium. 

Fig. 5 SEM image of copper loaded Sn02 calcined at 
400°C for 2 hours. 

Fig. 6 SEM image of copper loaded Sn02 reduced in the 
mixture of hydrogen and helium (10 % H2, He in 
balance) at 400 oc for 2 hours. 

In the case of copper loaded Ce02 system, the CO 
oxidation starts at much lower temperature than in the 
case of copper loaded Sn02. Also the activity of reaction 
is higher over the first mentioned system. In both cases 
the powders calcined in oxygen show better properties 
(start of the reaction at lower temperature and higher 
activity) than reduced samples; over copper loaded Sn02 

this difference is even more evident. 
The reaction curves in Fig. 7 can be characterized by 

the reaction temperature T 50 at 50% yield of C02 in CO 
oxidation reaction. For calcined and reduced copper 
impregnated Ce02 powders T50 is about 190 °C, and the 
reaction curves start to increase below 100 °C. 

For the copper impregnated Sn02 powders it is 
difficult to determine the characteristic temperature, 
because the curves do not reach the maximum. The 
temperature of increasing signal C02 is bellow 200 °C 
and about 240 °C for calcined and reduced, respectively. 
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Fig. 7 The CO oxidation reaction over copper loaded 
Ce02 catalysts ( •) calcined in 02> (D) reduced in H2 and 
copper loaded Sn02 catalysts (.A.) calcined in 0 2 and (V) 
reduced in H2. 

4.SUMMARY 
We prepared nano-sized copper loaded Ce02 and 

Sn02 catalytic systems using impregnation method. The 
obtained powders were characterized using XRD, SEM 
and reaction experiments. 

The calcined copper impregnated Ce02 powder 
contains elongated particles - CuO - of 25 nm in 
diameter, while in the reduced sample copper is in 
a metallic form. The copper loaded Sn02 after 
calcination contains nano-crystalline particles of CuO. 
In the reduced copper impregnated Sn02 catalyst we 
found two types of Cu-Sn alloys - Cu3Sn and Cu6Sn5. 

No Cu-Ce or Cu-Sn species were observed in the 
calcined samples. 

To characterize obtained catalysts, CO oxidation 
reaction over prepared systems was examined using 
a micro catalytic flow reactor. The temperature of 50 % 
C02 yield in CO oxidation reaction over copper loaded 
Ce02 catalyst is around 190 °C, whilst in the case of 
copper loaded Sn02 system T50 is over 240 °C. We 
suppose that for the low temperature CO oxidation 
reaction it is responsible the interaction between copper 
and cerium oxide. For CO oxidation reaction, the copper 
loaded ceria system is more suitable than copper loaded 
Sn02 system. 
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