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Introduction 
Then in order to produce H2 by ethanol steam reforming (ESR) reaction, the 

catalysts must show high thermal stability, as well as high selectivity to H2 production. Several 
studies have been made with supported noble metals such as Ir, Pt, Pd, Ru or Rh [1], or 
inexpensive metals such as Co [2], Ni [3], or bimetallic materials [4]. 

Some, supports such as: MgO, ZnO, SiO2, Al2O3, La2O3 or CeO2, among others, are 
the most commonly used to support the active metals [5]. In this study, we have chosen the so-
called hydrotalcite-like compounds as supports having Mg2+ and Al3+ cations, also known as 
layered double hydroxides (LDHs) [6].The active metals Ni and Co were coprecipitated with 
the support, characterized and evaluated in the ESR reaction. 
 
Materials and Methods 

The catalysts were made by coprecipitation using two salt solutions as precursors. 
The first solution was prepared with Mg(NO3)2 and Al2(NO2)3 (J.T. Baker) with a molar ratio 
of 2:1 and the second solution having Na2CO3 (5%) and NaOH (pH = 10) (Carlo Erba). These 
two solutions were added simultaneously drop by drop to a third solution having Ni(NO3)2, 
Co(NO3)2 and (NH4)12W12O41•5H2O, (Aldrich) in a stirred reactor at 70°C. After aging the 
precipitate for 24 h the resulting solid was washed, dried and calcined at 450°C for 5h. The 
solids were characterized by X-ray diffraction (XRD) in a Phillips X´ Pert instrument, by N2 

physisorption at 77 K (Micromeritics 2000), by scanning electron microscopy (SEM) using a 
microscope with high-resolution (Jeol model JFM 6701 F)-EDS and UV-vis spectroscopy 
(Varian Cary 5E). The catalytic reaction was made in a stainless steel fixed bed reactor. The 
reactants were ethanol and steam of water and the molar ratio of H2O to CH3CH2OH was 4/1 in 
a N2 stream. The analysis of the reactants and all the reaction products were carried out online 
by gas chromatography (Gow-Mac 550 apparatus). H2, CO, CO2 and CH4 were identified using 
a column of silica gel 12 grade 60/80 (18´x 1/8”) with a thermal conductivity detector. Ethanol, 
acetaldehyde, and ethylene were analyzed in a second chromatograph (Varian 3380). 
 
Results and Discussion 
 The surface area of the hydrotalcite, decreases when Ni and Co compounds were 
impregnated by coprecipitation and the pore diameter distributions were mesopores and 
macropores (Table 1). By XRD the presence of hydrotalcite, MgNiO2, Periclase (MgO), κ-
Al2O3 and Bunsenite (NiO) were observed. In the hydrotalcite sample, particles with diameters 
between 20-55nm were observed by SEM having a lamellar shape. In the catalysts with Co and 
Ni, particles between 20 to 70 nm are observed. In the case of Ni and Co samples, particles 

having a semi-cubic form were observed (Figure 1). High H2 selectivity and conversion were 
obtained at 450°C (Table 2) and no CO was observed in the bimetallic catalysts: Ni/Co-1 to 
Ni/Co-3. 
 
Table 1. Characterization of Ni-Co-hydrotalcite-WOx catalysts prepared by coprecipitation. 
 
Catalyst Ni  

wt%  
Co  
wt%  

ABET 
[m2/g] 

Dp 
[Å] 

XRDa 
Compounds 

SEM 
Particles 

EDS 
Elements 

HTA  0 0 226 578 H,P,A 20-55nm Mg,Al 
Ni-10 10 0 152 108 H,M,P,N, 20-70 Mg,Al,Ni 
Co-18 0 18 220 64 H,P,A 30-66 Mg,Al,Co 
Ni/Co-1 10 4.5 200 84 H,M,P,N, 20-45 Mg,Al,Co,Ni 
Ni/Co-2 7.5 9 160 88 H,M,P,N, 20-65 Mg,Al,Co,Ni 
Ni/Co-3 5 13.5 117 107 H,M,P,N, ----- ---- 
Ni/Co-4 2.5 18 142 84 H,M,P,N, ----- ---- 
a H=hydrotalcite, M=MgNiO2,P=Periclase(MgO),A=κ-Al2O3,N=Bunsenite(NiO). 
 
Table 2. Hydrogen selectivity and conversion of ethanol at 450°C    
 
Catalyst H2 CO2 CH4 CO Conv,% 
 HTA  21 57 4 18 100 
Ni-10 67 20 3 10 100 
Co-18 89 10 1 0 100 
Ni/Co-1 91 8 1 0 100 
Ni/Co-2 84 10 6 0 100 
Ni/Co-3 81 10 8 0 100 
Ni/Co-4 89 9 1 1 100 
        Figure 1.SEM of the Ni/Co-1catalyst 
Significance 
 The bimetallic catalysts of Ni-Co-hydrotalcite-WOX showed high selectivity to H2 
and total conversion of ethanol. These catalysts did not produce CO and tungsten oxides 
(WOx) provided better thermal stability to the support. 
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