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e The behavior of Ni/LHA is similar to the catalysts with high Ni-support interaction.
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In this work, a hibonite-type Ni/La-hexaaluminate (Ni/LHA) synthesized from an industrial
waste is used and compared as catalyst in the dry reforming of methane (DRM) at 973 K.
The structure, catalytic behavior, and stability during a run time of at least 50 h of three Ni-
catalysts obtained from two commercial supports and two preparation methods were used
for comparison. An aluminum solution (9.40 g/L) obtained from an aluminum saline slag
waste by acid extraction was used to synthesize the hexaaluminate by mixing with a
stoichiometric amount of lanthanum nitrate and methanol/Peg400/PegMn400 under hy-
drothermal conditions at 493 K for 16 h. The Ni/LHA catalyst (10 wt% NiO) was obtained by
impregnation of the synthesized support, calcined previously at 1473 K for 2 h. The
resulting solids were characterized by several techniques as: X-ray diffraction (XRD), N,
adsorption at 77 K, temperature-programmed reduction (TPR), scanning electron micro-
scopy (SEM) and transmission electron microscopy (HR-TEM). In order to compare the
catalytic behavior and properties of the Ni/LHA catalyst, three Ni catalysts obtained from
two commercial supports (y-Al,O3; and SiO,) and two preparation methods (wet impreg-
nation (I) and precipitation-deposition (PD)) were synthesized. Analysis of the TPR patterns
for the catalysts allowed the type of metal support interaction and NiO species to be
determined, with a weak interaction with the support being observed in Ni/LHA and Ni—I/
Si0,. The NiO species observed, with crystallite sizes between 9.7 and 40.4 nm, confirm the
X-ray structural analyses. The Ni/LHA catalyst was found to be active and very stable in the
DRM reaction after 50 h. The catalytic behavior was evaluated from the CO, and CH,4
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conversions, as well as the H,/CO selectivity, with values of 99% over almost all the time
range evaluated. The behavior of this catalyst is comparable to that of Ni—I1/Al,05 and Ni-
PD/SiO,. The results found indicating that the strong interaction of nickel with the support

favors the stability of the catalysts in the DRM reaction.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of Hydrogen Energy Publications
LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The effects of global warming have prompted the search for
technological alternatives to mitigate its impact and thus
avoid the increase in greenhouse gas emissions, with CO, and
CH, representing an important part of the total amount
emitted into the atmosphere. Among these alternatives, the
dry reforming of methane (DRM; CO, + CH, = 2 CO + 2H,) has
been positioned as a technology that can reduce pollution
while also acting as an important energy, source, thus
allowing the development of a comprehensive system for
capturing greenhouse gases [1].

Developing efficient catalysts that allow the application of
DRM on an industrial scale is essential for the implementation
of this technology and to produce synthesis gas that can be
used to obtain synthetic gasoline [2]. As the support plays a
key role in the catalytic activity, it must therefore be carefully
selected to allow full advantage to be taken of its physical and
chemical properties, such as texture, thermal stability, redox
properties, storage capacity, oxygen, and surface acidity-
basicity [3,4]. This improves the metal-support interaction
and increases the dispersion of active metal particles, thus
minimizing the effects of C deposition [5,6]. Noble metals such
as Ir, Rh, Ru, Pt, and Pd have a higher resistance to coke
deposition than non-noble metals. Given that noble metals
are more expensive than non-noble metals, an inexpensive
way to prevent coke formation involves the use of multi-metal
formulations of non-noble metals such as Ni, Co, and Fe with
noble metals [7]. These formulations facilitate metal disper-
sion and generate more active metallic centers [8]. Ni is the
only transition metal that exhibits catalytic properties com-
parable to those of precious metals. However, Ni-based cata-
lysts tend to generate carbon deposits on the catalyst surface
and, subsequently, a loss of catalyst activity. The resulting
poor stability limits the commercial use of Ni-based catalysts
for DRM reactions and, therefore, Ni-based catalysts must be
modified—in terms of the nature of the support and the
preparation method—to improve their performance and
resistance to carbon deposition [4,9,10].

Hexaaluminates are an excellent choice as DRM catalytic
supports due to their thermal stability [11]—they exhibit high
thermal resistance above 1873 K. The general formula for
hexaaluminates is AB,Al;, v O19, Where AB represents a large
cation such as Ba, La, Na, etc. and a transition (Co, Cu, Fe, Mn,
Ni, etc.) or noble metal (Ir, Pd, Rh, Ru, etc.). These materials
have been used as catalysts for high temperature applications,
superionic conductors and luminescent laser materials, ce-
ramics, and matrices for immobilization of radioactive

elements, amongst others [12,13]. In recent years, several
synthetic methods for the production of hexaaluminates have
been developed, including lyophilization, nitrate decomposi-
tion, solid-state reaction, sol-gel, coprecipitation, inverse
microemulsion, and hydrothermal synthesis [11]. The most
widely used synthetic method is coprecipitation, in which the
precursors are homogeneously mixed in the form of ions and
precipitated simultaneously. In recent years, this method has
been the object of studies aimed at improving the textural
properties of the materials synthesized. In this regard, un-
conventional drying methods, as well as the use of noncon-
ventional sources of raw materials, such as industrial
inorganic waste, have been explored.

Wastes known as aluminum saline slags are generated
during aluminum recycling. These slags contain metallic Al,
various oxides, and flux brines as main components, with
variations in the percentages thereof depending on the nature
of the material to be recycled [14,15]. Due to their limitations
for final disposal in controlled landfills, these slags have been
used recently to synthesize various materials, including
alumina, calcium aluminate, layered double hydroxides, mo-
lecular sieves, microporous aluminophosphate, zeolites, pil-
lared clays, and hexaaluminates [15—34]. The objective of
these works is to synthesize materials with an application and
that, therefore, can contribute to the recovery of industrial
waste. The objective of the work would be framed within the
so-called Circular Economy [38]. Logically, it is necessary to
compare these new materials with the materials that are
being used in these applications, to reduce and control the
new emissions of pollutants generated and, if they can be
applied, to analyze economically this route of recovery of
inorganic industrial waste.

In this work, a hibonite-type Ni/La-hexaaluminate syn-
thesized from an industrial waste is used and compared as
catalyst in DRM. The structure, catalytic behavior, and sta-
bility during a run time of at least 50 h of three Ni-catalysts
obtained from two commercial supports and two prepara-
tion methods were used for comparison.

Experimental
Materials, reagents, gases, and aluminum extraction

Lanthanum(IIl) chloride heptahydrate (99.9%, Sigma-Aldrich),
nickel(I) nitrate hexahydrate (99% Panreac), polyethylene
glycol 400 (Merck), polyethylene glycol monolaurate 400
(PegMn400, Aldrich), and methanol (99.8%, ACS) were used as
materials and reagents for the synthesis of the hexaaluminate
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and supported catalysts. Carbon dioxide (99.996%, Praxair),
helium (99.999%, Praxair), hydrogen (99.999%, Praxair),
methane (99.5%, Praxair), and nitrogen (99.999%, Praxair) were
also used in the characterization and catalytic-performance
studies.

Aluminum was extracted from the saline slag using a
previously reported procedure [33]; briefly, 50 g of saline slag
was added to 750 mL of an aqueous reagent solution (HCl
2 mol/dm?) in a reflux system consisting of a 1000 cm?® Erlen-
meyer flask with tube condenser, thus avoiding volume los-
ses. The slurry was heated to 373 K and kept at that
temperature for 2 h. The solution was then allowed to cool and
separated by centrifugation. The most important constituents
of the filtered solution were determined by ICP-OES using a
VARIAN ICP-OES VISTA MPX with radial vision: Al (9.40 g/
dm?), Ca (1.19 g/dm?), Fe (1.03 g/dm?) and Si (0.33 g/dm?).

The synthesis of La-hexaaluminate-support was per-
formed with a La/Al molar ratio of 1:11 using a previously
reported and optimized method [33]. The slag solution was
concentrated to one third of its initial volume to obtain a
yellow liquor. A microelmulsion was then prepared using
Methanol/Peg400/PegMn400/Al solution in a volumetric ratio
of 1/0.8/0.4/0.6. The lanthanum chloride was mixed with the
aluminum solution at 353 K, with vigorous stirring. After
10 min, the methanol was added slowly, the mixture stirred
for a further 10 min, then Peg400 and PegMn400 were added
and the temperature increased to 373 K. This mixture was
kept under these conditions for 20 min prior to digestion in
the autoclave. The resulting final mixture was heated in a
stainless steel autoclave at 493 K for 16 h, drying in an oven
until the liquid matrix had been eliminated, then calcined at
673K for 1 h and 1473 K for 2 h, in both cases using a heating
ramp of 10 K/min (Ni/LHA). Wet impregnation of the La-
hexaaluminate support synthesized was carried out using
10 wt% of NiO, then the catalyst with the impregnated
metallic phase was calcined at 673 K for 2 h. For comparison,
the same method is used to prepare the Ni/LHA catalyst but
using aluminum nitrate nonahydrate (>98%, sigma-Aldrich)
as aluminum source [34]. Three reference catalysts were
prepared using two methods, namely wet impregnation (I)
and precipitation-deposition (PD), starting from two com-
mercial oxides, y-Al,0; (Rhone-Poulenc) and SiO, (AF125,
Kali Chemie), as supports (Ni—1/Al,03, Ni—1/SiO, and Ni-PD/
Si0,) [39].

Characterization techniques

The structural phases were analyzed using an X-ray diffrac-
tometer (model Siemens D5000) equipped with a Ni-filtered
CuKo radiation source (A = 0.1548 nm). The main textural
properties of the solids were determined by nitrogen adsorp-
tion at 77 K using two Micromeritics ASAP (2010 and 2020 Plus)
adsorption analyzers. Prior to the adsorption measurements,
0.3 g of sample was degassed at 473 K for 2 h at pressures
lower than 0.133 Pa. The BET surface area (Sger) was calculated
from the adsorption data obtained over the relative pressure
range 0.05—0.20. The total pore volume (Vp) was calculated
from the amount of nitrogen adsorbed at a relative pressure of
0.99. Temperature-programmed reduction (TPR) studies were
performed using a Micromeritics TPR/TPD 2900 equipment

instrument. TPR tests were then performed from room tem-
perature to 1273 K under a total flow of 30 mL/min (5% H, in Ar,
Praxair). Finally, the morphological analysis and chemical
composition of the samples were carried out using a SEM
Phenom XL desktop (Mode: 15 kV - Map, Detector: BSD Full)
and HR-TEM (JEOL JEM 2100F, Accelerating voltage: 200 kV,
Detector: X-Max).

Catalytic performance

DRM was carried out at 973 K using an automated bench-scale
catalytic unit (Microactivity Reference, PID Eng&Tech). The
reactor was a tubular, fixed-bed, downflow type, with an in-
ternal diameter of 0.9 cm and a length of 30 cm. Catalyst
samples (25 mg) were mixed with an inert material (SiC, VWV
Chemicals-Prolabo) to dilute the catalyst bed and avoid hot-
spot formation. The reaction mixture consisted of CH, and
CO, with a molar ratio of 1:1 (concentration of 12% in the feed),
with helium as equilibrium gas up to a total feed flow of
40 cm®/min, thus achieving a gas hourly space velocity (GHSV)
of 9.6:10* cm?®g h. Before the reaction, the catalyst was
reduced in situ using 30 cm>®/min of H, at 973 K for 2 h. The
reagent and product streams were analyzed using an Agilent
6890 gas chromatography system.

Results and discussion

The nitrogen adsorption isotherms for the supports and cat-
alysts were of type Il and IV in the BDDT classification [40] (see
Fig. 1). The specific surface area (Sger) and total pore volume
(Vp) derived from the experimental adsorption results are
summarized in Table 1. A decrease in textural parameters for
the supported catalysts with respect to their corresponding
support can be seen. In the case of the precipitation-
deposition preparation method, reduction of the textural
properties compared to the properties of the catalyst obtained
by impregnation was not so important, and can be related to
the formation of a talc-like nickel phyllosilicate structure
during synthesis of the catalyst. This structure that is formed
has been previously reported by our research group [41]. The
incorporation of nickel through the wet impregnation
method, and its subsequent drying and calcination to obtain
NiO, causes the clogging of the porous structure. Under these
conditions, the textural properties of the catalyst, specific
surface area and pore volume are reduced, with a decrease
from 304 to 225 m?/g and from 0.840 to 0.615 cm?®/g. In the case
of the precipitation-deposition preparation method, the
textural properties are practically maintained to those corre-
sponding to those of the support precisely due to the forma-
tion of the talc-like nickel phyllosilicate structure.

The XRD patterns of the supported nickel catalysts are
presented in Fig. 2. In the case of the hexaaluminate, a very
complex diffractogram was obtained. Based on the synthesis
methods used and the presence of La and Ca, the most prob-
able hexaaluminate structure appears to be magnetoplumbite
(hibonite-Ca, pattern # 00-007-0785). The hexaaluminate ob-
tained presents crystalline characteristics and different pha-
ses, as indicated in Fig. 2. The patterns of the samples
prepared by wet impregnation reveal the presence of NiO. In
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Fig. 1 — The N, adsorption-desorption results at —196 °G
for: alumina based catalysts (A), and silica based catalysts

(B)-

Table 1 — Physico-chemical characteristics of the
catalysts.

Sample SBET VP NiO dcrystallite
(m?/g) (cm®/g) (Wt.%) (nm)
LHA 45 = = =
Ni/LHA 42 = 10 18.5
Al,03 185 0.426 = =
Ni—I/Al,05 108 0.348 12.69 9.7
Si0, 304 0.840 = =
Ni-PD/SiO, 296 0.663 4.79 40.4
Ni—1/Si0O, 225 0.615 9.12 25.2

the case of the hexaaluminate, the structure of the support
remains perfectly stable, without modification. Logically,
supports with a higher specific surface area will favor the
dispersion of NiO, which can favor the catalytic behavior of
these materials. The pattern of the sample prepared by the
precipitation-deposition method corresponds mainly to that
of the silica support. The possible formation of talc-like nickel
phyllosilicate compounds has been reported previously

A) Ni/LHA

B) Ni-I/AL,0;
€) Ni-PD/SIO,
D) Nifsi0,

Intensity (a.u.)

10 20 30 40 50 60 70 80

2 theta (°)

Fig. 2 — XRD patterns of Ni/LHA (A), Ni—1/Al,03 (B), Ni-PD/
SiO, (C) and Ni-1/SiO, (D).* = NiO-PCPDFWIN card, File 01-
001-1239; = SiO,-PCPDFWIN card, File 01-083-2470; =
Si0,-PCPDFWIN card, File 01-080-0369; = Al,03-
PCPDFWIN card, File 01-001-1308; = NiO-PCPDFWIN card,
File 01-073-1519; = Al,0; - PCPDFWIN card, File 00-035-
0121; = CaAl,,0,5-PCPDFWIN card, File 01-076-0665.

[39,41]. The crystallite sizes of NiO determined using the
Scherrer equation can be found in Table 1.

The TPR analysis provides information about the interac-
tion between NiO and the support. Depending on the reduc-
tion temperatures, the degree of interaction of the NiO species
can be classified into four different types: a, 81, 82 and v [42].
The TPR patterns and TCD curves of the supported NiO cata-
lysts are included and compared in Fig. 3. A comparison be-
tween the TPR data and the main regions of this classification
has also been included in Fig. 3 A). The maximum peak tem-
peratures and fraction of the total area represented by each
can be found in Table 2. Fig. 3 also shows the deconvolution of
overlapping peaks using a Gaussian fit for determination. In
the case of Ni/LHA, a single peak appears and then undergoes
a complete reduction in the region of weak or poor NiO/sup-
port intercations, representing 100% of the total peak area.
The peak found is not totally symmetric (maximum reduction
temperatures at 612 and 652 K), thus suggesting that two types
of NiO particles are present and that they may interact with a
different surface that makes their reduction rate slightly
different. A reduction behavior similar to the previous one can
be seen in the case of Ni—I/SiO,, but in this case it also en-
compasses the next interaction stage (81). This behavior could
be related to NiO particles dispersed on the surface of the
easily reducible support (651 K) and other particles occluded in
the porous structure, which are more difficult to reduce. The
area of the first peak corresponds to 44%, whereas the other
peak accounts for 56% of the total. A shift of the TPR peaks to
higher temperatures is observed for the samples prepared by
the precipitation-deposition method (NiO-PD/SiO,) and
considering Al,05 as support. In these two cases the temper-
atures of the reduction maxima are shifted to 871 and
981-1044 K, respectively. These catalysts exhibit four peaks
with maximum peak area percentages of 71% (Ni-PD/SiO,) and
74% (Ni—I/Al,05) in the interaction stages 1 and $2. The main
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TCD signal (a.u.)

Temperature (K)

Fig. 3 — TPR patterns of the nickel oxide-supported catalysts calcined at 823 K (A). Peak deconvolution for Ni-PD/SiO, (B).
Peak deconvolution for Ni—I/Al,03 (C). Peak deconvolution for Ni—1/SiO, (D). Peak deconvolution for Ni/LHA (E).

Table 2 — Maximum temperature and fraction of the peak areas of the TPR curves for the catalyst.

Catalyst Tmax (K); Peak area fraction (%)

* p1 B2 v
Ni—I/Si0, 651, 672 44, 29 737 27 = = = =
Ni—1/Al,03 608 6 805 14 981 74 1044 6
Ni-PD/SiO, 605 3 730, 865 9,71 948 17 =

Ni/HLA 612; 652 32; 68 = — - = — —
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difference between the two catalysts is that the reduction
temperatures found for the Ni—I/Al,O5 catalyst are shifted to a
higher temperature. Indeed, the highest temperature of one of
the reduction peaks in this case is 1044 K. These results
confirm the findings of the X-ray structural analyses, namely
that the formation of various nickel compounds makes it
more difficult to reduce than the NiO metallic oxide. These
results are in according to the degree of interaction/reaction of
nickel with the surface of the SiO, and Al,05 supports, aspects
previously referenced in the literature [41]. The structure of y-
alumina and the size of Ni** allow the formation of Ni—Al
spinel, especially if it favors temperature. Under these con-
ditions, the reduction temperature of nickel increases
considerably when compared to the reduction of NiO particles
dispersed on a support. This is the situation observed in Ni—1/
LHA and Ni—1I/SiO,. When the preparation method is modified
so that the degree of nickel interaction with the support sur-
face (Ni-PD/SiO,) increases, the reduction temperature also
increases, precisely because of the presence of this strong
interaction.

Catalytic performance

The DRM reaction (CO, + CHy = 2 CO + 2H,) is affected by
several parallel reactions that occur during the catalytic pro-
cess: methane decomposition (CHy = C + 2H,), the reverse
water-gas shift reaction (RWGS; CO, + H, = CO + H,0), the
Boudouard reaction (2 CO = C + CO,), CO, hydrogenation
(CO2 + 2H, = C + 2H,0), CO hydrogenation (CO + H, =
C + H,0), and steam reforming (CH, + H,O = CO + 3H,). The

conversion and ratio of CO, and CHy,, as well as the selectivity
with respect to hydrogen (H,/CO), can give an idea of the
prevalence of these reactions during DRM.

The conversion (CO,—CH,), selectivity (H,/CO), and carbon
balance (CB) results obtained for the catalysts during a long
50 h catalytic test are presented in Fig. 4. The carbon dioxide
and methane conversions [X];, selectivity [H,/CO] and carbon
balance (CB) were calculated using the following equations:

Xlen, =—[CH4]EHC IjI [}CI—L;]M Equation 1
4lin

Xlco, :7&02]‘{&5 []COZ]O'" Equation 2
2in

H [HoJoue
Selectivity [é} :% Equation 3
CHaln +COZT
_ [CO2]out + [Co]out + [CH4]out :
CB= (CH, + [CO3., Equation 4

In the case of Ni—1/SiO,, this catalyst showed a very different
thermodynamic behavior from the rest, with the conversion
of CH, and CO, and selectivity decreasing during the DRM
reaction, with slopes of 4Xcor=-— 6%, AXau=- 14%,
AXcua= — 7 % (see Fig. 4 A) B) C)) and, therefore, an increasing
slope for the CB during the first 35 h (3%), subsequently stabi-
lizing to a mean value of 98%. This behavior can be related to a
high deposition of coke, which explains the low catalytic
performance as a result of deactivation of the catalyst at a

Carbon dioxide conversion

Methane conversion

Selectivity

Carbon balance

a0 03 Li] 3 20 25 30 33 20 4

time (h)

Fig. 4 — CO, conversion (A). CH, conversion (B). H,/CO selectivity (C). Carbon balance, to differents catalyst in DRM at 973 K

for 50 h (D).
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constant rate, practically during the entire test run. The
blocking effect of the active sites could be attributed to the
morphological transformations that the support and metallic
phase undergo during the reduction stage, as an effect of a
weak interaction (type o) in which the nickel nanoparticles are
practically free and/or weakly fixed on SiO,. This situation
causes a high rate of diffusive migration on the surface of the
catalyst, thereby greatly benefiting the sintering and growth of
the NiO grains. This effect is induced by the thermal gradient
and the differences between the calcination and reduction
temperature before the DRM test, as well as the impregnation
method used for deposition of the metallic phase. In the case of
Ni-PD/SiO, and Ni—I/Al, 03, the catalytic behavior of these cat-
alysts is much more stable than for Ni—1/SiO,, with a slight
increase in the case of Ni-PD/SiO, with respect to Ni—I/Al,Os.
The CO, conversion presents mean values of between 73% and
75% (see Fig. 4 A)). The CH,4 conversion also maintains the same
thermodynamic regime for both catalysts with average values
of between 82% and 85%. With regard to the H,/CO selectivity
(see Fig. 4C)), Ni-PD/SiO, presents an average value of 98%
versus 94% for Ni—I/Al,0s, and in the case of the CB (see Fig. 4
D)), in the first 40 h they show different behaviors, with Ni—I/
Al,O5 presenting an increasing behavior, stopping at 85% and
stabilizing at around 95%, whereas Ni-PD/SiO, remains at
around a mean value of 98%. Over the last 10 h, both catalysts
essentially stabilize in the same thermodynamic regime. The
precipitation-deposition method (PD) allows a significant

improvement in the catalytic performance for Ni-PD/SiO,
compared to Ni—1/SiO,. These results seem to indicate that the
strong interaction of nickel with the support favors the stability
of the DRM reaction. The hexaaluminate catalyst (Ni/LHA)
exhibited the best catalytic performance in terms of yield and
stability, with CO, conversion values of 80% at the beginning of
the reaction and 75% at the end (4X = —2%). CH, (opposite
behavior to that of CO,), in turn, presents an increasing slope of
4% up to a final value of 85%, a behavior which is better than
that of the aforementioned catalysts at all times (see Fig. 4 A),
B)). With regard to H,/CO selectivity and CB (see Fig. 4C), D)), Ni/
LHA continues to show a consistent thermodynamic behavior,
with mean H,/CO selectivity values of 99% and a CB of 76%, thus
exhibiting the best H,/CO ratio and the lowest rate of deacti-
vation by coke deposition. Similarly to the strong interaction of
nickel with the support, the presence of Al in the catalyst also
seems to favor the stability of the reaction.

SEM, TEM, and TEM-HAADF images for NiO/LHA are shown
in Fig. 5 before the reduction stage and after the catalytic test.
The morphology of the catalyst (see Fig. 5 A) and B)) shows
spherical agglomerates of NiO/LHA for the fresh catalyst and a
rosette-like morphology for the used catalyst. The carbona-
ceous deposits generated during DRM, which were identified
as filamentous carbon and carbon nanotubes (see Fig. 5 B) E))
that displace the Ni’ grains (distribution in the range
dp = 10—50 nm, see Fig. 5 F)) from the catalyst surface, are also
found. Although these forms of coke still block the active

S CarbOll TS me se
S - .

Nanotul
10/1

Fig. 5 — SEM, TEM and TEM-HAADF images of NiO/LHA catalyst fresh and used after 50 h in DRM at 973 K. Fresh catalyst
[A)-SEM, C)-TEM, D)-TEM_HAADF]; used catalyst [B)-SEM, E)-TEM, F)-TEM_HAADF].
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metallic sites, they are the least harmful, thus allowing this
catalyst to maintain great stability and excellent performance
in DRM at 973 K. Another important aspect to highlight is that
the amount of carbon produced is much lower than the crit-
ical concentration necessary to completely exhaust the cata-
lyst and cause it to lose its catalytic ability compared to other
catalysts, which in turn exhibit better textural properties.

Conclusion

A Ni/La-hexaaluminate catalyst has been synthesized using
an aluminum saline slag—a hazardous waste generated in
aluminum recycling—as aluminum source in the synthesis of
the La-hexaaluminate used as catalytic support. The catalysts
were synthesized by impregnation. This method generated
two types of morphologies, namely rosettes and clusters of
amorphous tables, which allow a good distribution of the
metallic nanoparticles on the support, as determined by SEM
and HR-TEM. The catalyst showed excellent stability after 50 h
of DRM reaction at 973 K. The conversion of CH, is higher than
CO, and the H,/CO selectivity is about 99%, thus suggesting
the predominance of the Boudouard reaction over the RWGS
reaction. The behavior of this catalyst is comparable to that of
Ni—I/Al,O3 and Ni-PD/SiO,, which is related to both the Ni-
support interaction and the presence of alumina.
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