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Fabrication of mesoporous mixed oxides 
containing copper and cerium by using substituted 

anionic clays as precursors 

G. CARJA*, S. DRANCA, G. CIOBANU, E. HUSANU, I. BALASANIAN 

Faculty of Chemical Engineering and Environmental Protection, 
 Technical University “Gh. Asachi” of Iasi, Iasi 700554, Romania 

Copper and cerium partially substituted anionic clay was synthesized by the coprecipitation method. 
The XRD analysis and N2 adsorption at 77 K indicated that calcination destroys the layered matrix of the 
clay, giving rise to mixed oxides having a high surface area and mesoporous characteristics; SEM analy-
sis showed that the new formed mixed oxides consist of ensembles of highly agglomerated, intercon-
nected nanoparticles. It results from XPS that copper and cerium both contribute to establish the specific 
redox properties on the surface. 
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1. Introduction 

Nowadays, continuous efforts have been made to develop new and superior cata-
lytic systems for removing toxic environmental pollutants, CO being one of the most 
dangerous of such pollutants. A selective oxidation seems to be the simplest way to 
remove it [1]. Recently, reported results show that a cost effective and promising cata-
lytic system for the selective oxidation of CO is based on copper–cerium mixed oxides 
[2]. Not only the composition but also textural and surface properties are important to 
establish the catalytic performance of mixed oxides containing copper and cerium; the 
specific ensembles of the catalyst nanoparticles, more precisely their shape, size and 
the configuration pattern giving rise to tailored nanoporous properties and high surface 
areas are important for the practical applications of these materials [3]. Represented by 
a general formula [MII

1–xMIII
x (OH)2]x+ [Am–

x/m · nH2O]x–, layered double hydroxides 
anionic clays (LDHs) are built up of sheets of edge sharing metal octahedra, where in 
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comparison with brucite M(OH)2, part of the MII is replaced by MIII metal cations; the 
excess positive charge is counterbalanced by exchangeable anions Am–, located as 
water molecules, in the interlayer space [4]. The large variety of compositions that can 
be developed by altering the nature of the divalent and trivalent cations (MII, MIII), the 
interlayer anions (Am–) and the stoichiometric coefficient (x), give rise to a large diver-
sity of layered, anionic, clay like structures, [5]. The thermal decomposition of hydro-
talcite-like materials around 773 K gives rise to stable homogeneous and highly dis-
persed mixed metal oxides with a high surface area and specific acid–base/redox and 
textural properties with well known applications as catalysts [6–8]. Based on this data, 
we have synthesized copper and cerium partially substituted hydrotalcite-like anionic 
clays and further used them as precursors to obtain, for the first time to our knowl-
edge, copper and cerium containing mixed oxides of specific mesoporous properties. 
We also present here the textural and surface properties of the new material. 

2. Experimental 

Sample syntheses. The hydrotalcite like samples were synthesized by the coprecipita-
tion method in low saturation conditions [9], at 313 K, under a bubbling, constant flow of 
nitrogen and under vigorous stirring.  

CuCeLDH: the precipitants NaOH, Na2CO3 and metal salts used as precursors: 
Mg(NO3)2·6H2O (0.015 mol), Al(NO3)3·9H2O (0.005 mol), Cu(NO3)2·3H2O (0.015 mol), 
CeNO3· 6H2O (0.005 mol) were added dropwise together in such a way that the pH of 
the synthesis medium was kept at a constant level of 8.9 ± 0.2. The resulting light blue 
precipitate was aged at 305 K for 8 h under mild stirring, separated by centrifugation, 
washed extensively with warm, deionized water until sodium free, and dried under 
vacuum at 338 K.  The CuCeLDH sample was calcined in air at 723 K (the tempera-
ture was raised at 8 K·min–1 to 723 K, maintained there for 7 h and then cooled slowly 
in nitrogen) is denoted as cCuCeLDH. 

MgAlLDH: 100 cm3 of aqueous solution of Mg(NO3)2·6H2O (0.03 mol), Al(NO3)3 
·9H2O (0.01 mol) and aqueous solution of the precipitants NaOH, Na2CO3 were added 
dropwise together in such a way that the pH remained constant (pH = 9.5). The result-
ing white precipitate was aged at 338 K for 24 h under stirring, separated by centrifu-
gation, washed extensively with warm deionized water until sodium free and then 
dried under vacuum at 338 K.  

Characterization. The chemical compositions of the synthesized samples were de-
termined by X-ray fluorescence spectroscopy (Rigaku RIX2000 sequential X-ray fluo-
rescence spectrometer).  

XRD: X-ray powder diffraction patterns were recorded with a Philips PW 1840 dif-
fractometer using monochromatic CuKα radiation (λ = 0.154 nm), operating at 40 kV and 
30 mA over a 2θ range from 4 to 70 degree. N2 adsorption isotherms were measured 
on a Coulter SA 3100 automated gas adsorption system. Prior to the measurements, 
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the samples were heated under vacuum at 383 K for 5 h in order to expel the interlayer 
water molecules. Microcomputer processing controlled the analysis. The BET specific 
surface area (SBET) was calculated by the standard Brunauer, Emmett and Teller 
method based on adsorption data [10]. Pore size distributions were calculated from the 
desorption branches of the isotherms by the Barret, Joyner and Halenda method [11] 
and the corrected Kelvin equation. Pore volume (Vp) values were determined by the 
De Boer t-plot method [12]. X-ray photoelectron spectra (XPS) were recorded using a 
Perkin Elmer model 5500-MT (ESCA/MC/SAM) surface science instrument equipped 
with a magnesium anode (1253.6 eV) operating at 15 kV and 20 mA. A microcom-
puter processor controlled the spectra acquisition and data handling. Samples were 
analyzed as powders dusted onto a double sided sticky tape in an analysis chamber, 
typically operating at 10–9 Torr. All binding energy values were determined with re-
spect to the C 1s line (284.6 eV) of the carbon overlayer, and the standard deviation of 
the peak position was within ± 0.1 eV. The surface (XPS) concentration of each ele-
ment, expressed as surface atomic ratios, was calculated from the corresponding peak 
areas using specific atomic sensitivity factors, with the integral subtraction of the 
background noise [13]. A Hitachi S-800 scanning electron microscope was utilized for 
scanning electron microscopy (SEM). 

3. Results and discussion 

The results of chemical analyses of the samples are given in Table 1; the experi-
mental XRD results are coincident, within experimental errors, with those of the start-
ing mixed aqueous solutions.  

Table 1. Chemical compositions, lattice parameters and porosity characteristics of the studied samples 

Sample 
Lattice parameters [Å] Molar fraction SBET 

[m2/g] 
CBET 

Vp 

[cm3/g] 
% 

μpA a c Mg Cu Ce Al 
MgAlLDH 3.059 23.37 0.74 – – 0.25 94.5 27.9 0.431 - 
CuCeLDH 3.067 22.79 0.37 0.34 0.14 0.15 69.3 16.7 0.177 - 
cCuCeLH - - 0.34 0.35 0.17 0.14 134.4 401.9 0.381 14 

 
Figure 1 shows the powder XRD patterns of the as-synthesized and also thermally 

treated (723 K and 1173 K) copper and cerium containing layered double hydroxides. 
For CuCeLDH, the diffraction peaks are typical of a double layered hydroxidestruc-
ture [4] with sharp and symmetric reflections of the basal (003), (006), and (009) 
planes and broad, less intense, asymmetric reflections for the nonbasal (012), (015) 
and (018) planes; the XRD reflections were indexed using a hexagonal cell with 
a rhombohedral symmetry ( 3 ),R m  commonly used as a description of the LDH struc-
ture. The parameter a, calculated as 2d(110), is a function of the metal–metal distance 
within the layers, pointing out the cations stacking in (003) planes, while the c parame-
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ter, calculated as 3d(003), is a function of the average charge of the metal cations, the 
nature of the interlayer anions and the water content of the hydrotalcite like sample. 

 
Fig. 1. The XRD patterns of CuCeLDH: * – cooper oxide,  
● – cerium oxide, ° – MgAl2O4 spinel like phase, × – MgO 

The XRD parameters are shown in Table 1. The value of the lattice parameter a is 
equal to 3.059 Å for MgAlLDH, but the corresponding value increases to 3.067 Å for 
CuCeLDH. The increase in the parameter a for CoCeLDH indicates that Ce3+ ions 
replace Al3+ ions in the brucite-like layers, and that is because the ionic radius of Ce3+ 

(Shannon ionic radius 1.01 Å [14]) is larger than the ionic radius of Al3+ (Shannon 
ionic radius 0.53 Å), while a correspondence exists between the ionic radius of Cu2+ 
hexacoordinate (Shannon ionic radius 0.73 Å) and the ionic radius of Mg2+ hexacoor-
dinate (Shannon ionic radius 0.72 Å). The decrease in the c parameter can be attrib-
uted to the modified electrostatic interactions between the layer and the interlayer 
network when copper and cerium ions are introduced in the LDH layer. After calcina-
tion at 723 K, the hydrotalcite structure completely collapses and the new reflections 
indicate the presence of poorly crystallized mixed oxides, characteristic of the LDHs 
calcined at this temperature [1, 3]. The XRD pattern of the samples, calcined at 
1173 K for 8 h, gives information about the evolution of the newly formed mixed ox-
ides; the corresponding XRD pattern (see Fig. 1) shows strong peaks characteristic of 
a well defined phase of CuO (JCPDS file 5-0661) and also low intensity peaks charac-
teristic of the CeO2 phase [15]. 
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Fig. 2. The SEM image of cCuCeLDH  

The SEM image of the cCuCeLDH is presented in Fig. 2. It indicates a high crys-
talline material formed by enough uniform and highly interconnected particles with an 
average diameter equal to 110 nm. The nitrogen adsorption isotherms of CuCeLDH 
and cCuCeLDH are shown in Fig. 3. Their different appearances suggest differences 
in the porosity characteristics after thermal treatment. For the CuCeLDH a type IV 
isotherm with a type H3 hysteresis loop and no limiting adsorption at p/p0 values close 
to unity is obtained. The broadness of the hysteresis loop reveals highly non-uniform 
pore-size and/or shape. This result indicates that Cu and Ce containing LDH consists 
of aggregates of plates or edged particles forming slit shaped pores, which are charac-
teristics of LDH like materials. 

 
Fig. 3. N2 adsorption–desorption isotherms of:  

▲ – CuCeLDH and Δ – cCuCeLDH 
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For cCuCeLDH, the multilayer adsorption at p/p0 values close to zero, as well as 
for a high value of the C constant in the BET equation (see Table 1) indicate that some 
microporosity features developed in the sample [16]; furthermore, a much lower ad-
sorption value at p/p0 close to unity shows that larger mesopores and macropores are 
absent in this sample. In general, in the LDHs, mesopore formation is through inter-
particle packing, while the distribution of pores is influenced by the crystallite size and 
packing arrangement of crystallites [17, 18]. In the case of the mixed oxides, obtained 
after subjecting the LDHs to thermal treatment at 723 K, the loss of interlayer water 
and interlayer anions (e.g., 2

3 3CO , NO )− −  by a cratering mechanism during calcination 
[9] allows the formation of micropores and gives rise to an important increase in the 
surface area and pore volume, as results from Table 1. 

 
Fig. 4. Pore size distributions of: ▲ – CuCeLDH and ° – cCuCeLDH 

Pore size distribution (PSD) is further used to study the sample porosity. The PSD 
curves presented in Fig. 4 also indicate the change in the porous features of CuCeLDH 
after thermal treatment. The PSD curve of CuCeLDH is defined by two maxima at 34 
and 57 nm. For cCuCeLDH, the PSD curve is shifted to the left with two maxima at 
21 and 27 nm, thus indicating clearly the decrease in the pore sizes after the thermal 
treatment. This behaviour is characteristic of hydrotalcite like materials [17, 18]. The 
data of Table 1 reveal that the SBET value of MgAlLDH reaches 94.5 m2/g, though the 
corresponding value for CuCeLDH is equal to 69.3 m2/g. Calcination gives rise to a 
slight increase in the SBET value, to 134.4 m2/g, for cCuCeLDH, though the corre-
sponding value of the calcined MgAlLDH reaches 167 m2/g. Pore volume (Vp) de-
creases after Cu and Ce were introduced in the layered clay, reaching 0.381 cm3/g for 
cCuCeLDH, in comparison with 0.483 cm3/g for the calcined MgAlLDH. 
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Fig. 5. XPS pattern of cCuCeLDH 

The nature of the active species present on the surface is important for establishing 
the properties of the catalytic samples. Taking this into account, XPS analysis was 
performed in order to obtain information about the surface composition of the Cu–Ce 
mixed oxides derived from copper and cerium substituted hydrotalcite-like samples.  

 
Fig. 6. Cu 2p XPS spectra in cCuCeLDH sample 

The corresponding XPS pattern of cCuCeLDH, presented in Fig. 5, shows that all 
the elements are present on the sample surface. A closer look at the Cu 2p XPS spectra 
(Fig. 6) reveals the presence of shake-up satellite features for both Cu 2p3/2 and Cu 
2p1/2, thus indicating that Cu2+ ions [19] are present on the surface of cCuCeLDH. 
The pattern characteristic of the Ce 3d XPS spectra (Fig. 7) suggests that a redox cou-
ple Ce4+/Ce3+ [20, 21] is present on the sample surface; the state of the surface copper 
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together with the different contribution of the surface Ce4+ and Ce3+ point to specific 
surface features of mixed oxides obtained from LDH containing copper and cerium. 

 

Fig. 7. Ce 3d XPS spectra in cCuCeLDH sample 

4. Conclusions 

Copper and cerium substituted layered double hydroxides were used as precursors 
for obtaining mixed oxides with specific textural and surface properties. XRD analysis 
demonstrates the formation and evolution of an LDH layered structure, after the ther-
mal treatment, to the mesoporous mixed oxides. The SEM image shows the formation 
of overlapped, highly agglomerated nanoparticles, irregular in size and/or shape and 
with an average diameter equal to 110 nm. The presence of Cu2+ and the redox couple 
Ce4+/Ce3+ on the surface contribute to design-specific surface properties for the newly 
formed mixed oxides. Further works aim to test this material as a catalyst in CO selec-
tive oxidation. 
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