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Abstract: Two spinels type catalysts families Nii«MgxA2Os (x = 0.01/0.05/0.1, NiMgx) and Mg1-
xNixAL2Os (x = 0.05/0.1/0.2, MgNix) were synthetized to generate Ni metal particles over a basic sup-
port. These catalysts were characterized by different techniques. Pure structures were obtained with
a suitable surface area. NiMgx catalysts presented the highest surface area values. These catalysts
also showed a higher reducibility and, therefore, the higher Ni content at the surface. The presence
of basic strong sites was observed for MgNix while NiMgx only presented weak and medium basic
sites, then NiMgx catalysts could be used in reactions where medium basic sites are needed.
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1. Introduction

Ethanol steam reforming (ESR) is one of the main processes to obtain H: as energy
source. For each mole of ethanol 6 moles of H: are obtained:

CHsCH20H (g) + 3H20 (g) — 2 CO2(g) + 6H2 (g) 1)

The Ni based catalysts are the most used for ESR because they do not have high
prices as the precious metals and these catalysts have a high capacity to break the C-C
bond [1]. The highly stable spinels structures are widely used as support for the catalysts
in ESR. In spinels structures, after the activation stage, the Ni particles migrate towards
the surface, achieving a nickel-aluminum oxide catalyst with a great interaction of the
particles with the support, so the support plays a fundamental role. Acidic supports, such
as alumina, favor dehydration reactions that produce ethylene as an intermediate product.
Ethylene is easily transformed into carbon thus causing the poisoning of the catalyst. It
has been suggested that the addition of alkaline elements (K, Mg, Ca) neutralizes acidic
sites and reduces carbon formation by suppressing cracking and polymerization reactions,
improving catalyst stability [2]. One of the most studied structure is the MgAl2Os which
also has high thermal stability [3,4].

The aim of this work is to generate Ni particles from a defined spinel-like structure
and to study the properties of the catalysts in order to determine if they are appropriate
for their subsequent use in the ESR reaction.

2. Materials and methods

The spinels type catalysts families NiixMgxAL2Os (x = 0.01/0.05/0.1, NiMgx) and Mg:-
xNixALOs (x = 0.05/0.1/0.2, MgNix) were synthetized by the citrate method [5]. These cat-
alysts were characterized by different techniques such as X-ray diffraction (XRD), specific
surface area (Sser), temperature programed reduction (TPR), temperature programed de-
sorption of CO2 (TPD-CO2) and x-ray photoelectron spectroscopy (XPS).
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3. Result and discussion

As previously stated, the spinel-like solids were synthesized by the citrate method.
This method is known for providing high purity solids with suitable specific surfaces to
be used as catalysts. The purity of the materials was verified by XRD studies, figure 1.
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Figure 1. XRD of catalysts.

For the NiMgx family only the phase NiAl:Os (96-900-1439) was identified. MgAl204
(96-900-5810) phase was observed for MgNix family. In the case of NiMgo.1 spinel, a signal
corresponding to MgO (96-900-6748) was also observed with the presence of the peaks 20
=42.97 and 62.39 °. The MgNix spinels presented patterns with the lower noise. Low noise
is characteristic of solids with a larger crystallite size, as it can observe in the table 1. The
sizes were determined using the Scherrer equation.

Table 1. Crystallite size, Sser, contribution area (%) of catalysts from TPD-CO: results and Ni® con-

tribution from XPS.
Crystallite (% area) (% area) (% area) Contribu-
Catalyst size (A) Sser (m2g1) Range 110 -Range 150 - Range 225 - tion of Ni°
120 °C 185 °C 275 °C (%)
NiMgpo.o1 84 87 49.06 50.94 - 6.44
NiMgo.o5 82 82 62.33 37.67 - 5.60
NiMgo.1 87 75 63.36 36.64 - 6.10
MgNio.os 183 44 54.68 26.6 18.72 3.70
MgNio.1 201 26 45.60 38.19 16.13 3.21
MgNio2 239 26 40.68 35.42 23.9 2.31

Table 1 shows that NiMgo.o1, NiMgo.os and NiMgo. catalysts presented a greater sur-
face area with values between 75 and 87 m?g-! than MgNio.os, MgNio: and MgNio2 catalysts,
which presented values between 26 and 44 m?2g. In addition, it was observed a decrease
of surface area with the increase of Mg content for all synthetized materials.
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Figure 2. TPR profiles of catalysts.

The purity of these materials can be also analyzed from TPR results. This technique
is also usefull to know the nature of Ni metallic particles generated. The reduction profiles
of all materials are shown in figure 2. All the spinels had a main reduction signal, which
would correspond to the Ni reduction from the spinel structure [6]. Ni reduction signals
presented a maximum value around 800 and 840 °C for NiMgo.o1, NiMgo.os and NiMgo. .
These signals also present shoulders which could indicate the presence of Ni outside the
spinel structure but with a high interaction with the support. Dieuzeide et al [6] reported
reduction signals above 750 °C corresponding to the reduction of Ni from the NiAl:Os
spinel. The reducibility of Ni in MgNio.os, MgNio.1 and MgNioz spinels is lower, as it can be
observed a small reduction signal could be detected at almost at 1000 °C. In general, the
maximum temperature of reduction increases slightly with the increase of Mg content. By
this way, it is demonstrated that the increase of Mg in the structures increases the material
stability as reported by Jang et al [7].
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Figure 3. Ni2p3/2 spectra of catalysts.

Figures 3a and 3b show the Ni2p3/2 spectra of the materials previously reduced at
500 °C for 1 h in a mixture of H2/N2 (5 %). Three components were determined from the
Ni2p3/2 signal. The main signal at 856 eV was attributed to Ni from the spinel or NiO
species. A Ni satellite peak at 861 eV as also detected. NiMgo.o1, NiMgoos and NiMgo.1
clearly showed the presence of a peak at 852 eV corresponding to surface Ni¢ [8-10]. This
signal is less intense for MgNix catalysts but a small shoulder can be noticed at this bind-
ing energy. Table 1 presented the contribution of Ni° in the Ni2p3/2 signal. It can be seen
that a higher contribution of Ni° was found in NiMgx than in MgNix spinels. These results
indicate a lower reducibility of the Ni species in the MgNix catalyst as observed by TPR,
which could affect the efficiency of this catalyst in ESR reaction.
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Figure 4. DTP-CO: of catalysts.

As it was mentioned above, one of the precursors of carbon is ethylene, which is pro-
duced by the presence of acidic sites on the catalyst. For this reason, it was decided to
study the incorporation of a basic cation, Mg, in the different synthesized solids. The ba-
sicity of the materials was determined by DTP-COs, figures 4a and 4b. CO2 desorption
signals of NiMgx spinels could be deconvoluted into two peaks in the temperature ranges
of 110 - 120 °C and 150 - 185 °C corresponding to weak and moderate basic sites respec-
tively. MgNix spinels presented, in addition to those signals, the contribution of another
signal in the temperature range of 225-275 °C, demonstrating the existence of strong basic
sites on surface [11,12]. Table 1 shows the area (%) that represents the contribution of the
signal from each temperature range to the overall signal for each compound. In general,
it is evident that the basic properties of catalysts increased as the Mg content of in the
compounds increased.

Although the MgNix is the family that presents strong basic sites, NiMgx has mod-
erate basic sites in addition to the weak sites. In general, it is evident that as the content of
Mg in the compounds increases, the basic properties are also increased. The results ob-
tained in this work, are in concordance with the study carried out by Di Cosimo et al [11].
In addition, NiMgx family presented higher surface areas, better Ni reducibility and there-
fore a greater amount of surface Ni°. According to the results obtained in this work, it
could be assumed that the NiMgx family catalysts would be more suitable to be used in
ESR

4. Conclusions

Ni particles were generated after a reduction step from high purity solids with a de-
fined spinel-like structure. Pure structures were obtained in all cases with a suitable sur-
face area. NiMgx catalysts presented the highest surface area values. These catalysts also
showed a higher reducibility and, therefore, the higher metallic Ni content at the surface.
The presence of basic strong sites was observed for MgNix while NiMgx only presented
weak and medium basic sites, then NiMgx catalysts could be used in ESR.
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