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Abstract
Catalysts based on indium and cerium were synthesized using two different methods: the epoxide

addition method and electrospinning technique aiming the study of the morphology effect (nanoparticles and
fibers) and the In/Ce ratio on their catalytic performance. Supported Ni catalysts were also prepared by the
incipient wetness impregnation method using pure metal oxides (In.03, CeO2) or InCe bimetallic oxides prepared
by the epoxide addition method as supports. All catalysts were characterized by XRD, SEM/EDS, BET, H>-TPR and
oxidative dehydrogenation/dehydration of isopropanol to study its acid-base properties. The catalysts were
studied in three main reactions aiming the valorization of pollutant gases, e.g., CO2, N20O, CH4 and production of
value-added hydrocarbons, namely: C2 hydrocarbons via the oxidative coupling of methane and in particular
ethylene via the oxidative dehydrogenation of ethane. The results obtained show that the catalysts are mainly
catalytic active to produce ethylene via dehydrogenation of ethane using N20 as oxidant, compared to those
obtained using CO2 and Oz as oxidants, which was never reported in the literature. The best results were those
obtained over the catalysts prepared by the incipient wetness impregnation method, 25% Ni/InCe(1:1) and 25%
Ni/In203 that presents yields in ethylene almost the triple of those recorded over one of the most promising
catalysts reported in the literature (25% Ni/InCe(1:1); C2He conversion =31%, CiHs selectivity =42% versus

VO,/MCM-41, C2Hs conversion=8.5%, C2Ha selectivity =60%).

1. Introduction
Global industrialization, population growth and the need to produce more and more energy have raised

the levels of carbon dioxide in the atmosphere to worrying levels, with its concentration reaching an
unprecedented level in 2019 (~ 411 ppm) and continuing with a growing trend.[1] The emitted CO2 comes
especially from the use of fossil fuels, the main contribution to global warming. Thereby, it is urgent to mitigate
these emissions, to reduce their atmospheric concentration, fulfilling, for example, the objectives of the Paris
Agreement. [2] Countries must strengthen decarbonization and mitigation measures for the effects of climate
change, some of these measures are the capture and recovery of greenhouse gases, namely CO2, CHs4 and N2O.
Therefore, catalytic reactions such as hydrogenation or electrochemical reduction of CO; are recognized as ways
to solve problems related to this, as they will not only contribute to the reduction of CO2 emissions, but also
convert CO; into chemical products with high commercial value. e.g. methanol (CHzOH) and other longer chain
hydrocarbons (paraffins, olefins) [3]. Thus, the development of efficient catalysts for these reactions is a central
and appealing theme.

The hydrogenation of CO:2 is a very challenging reaction since the CO2 molecule is extremely stable.
Carbon dioxide is a linear triatomic molecule, composed by one carbon atom covalently bonded to two oxygen
atoms. The bond length between C (carbon) and O (oxygen) in molecular CO» is 1.17 A [4] and its dissociation
energy is 803 kJ/mol [5]. The combination of high symmetry, low polarity and high binding energy explains the

chemically inert nature of COz, this characteristic makes its activation energetically demanding. Considering the



data available in the literature, the activity of the studied metals for CO2 hydrogenation and methane production
can be ordered as follows: Ru > Rh > Ni > Fe > Co > Os > Pt > Ir > Mo > Pd, thus the most active catalysts involve
noble metals. Highlighting Ni as an excellent alternative [6].

The presence of ethane in the atmosphere is not significant, but its levels have also been increasing. [7]
The oxidative dehydrogenation of ethane to produce ethylene is a very important reaction, as ethylene is widely
used in the polymer industry, namely in the production of polyethylene. Ethylene is also used to produce various
chemical compounds such as acetaldehydes, linear alcohols or vinyl acetates, fibers, rubbers and other materials
that are widely used today.[8] Therefore, the growing need for light olefins (C2) and the changing nature of the
raw material has stimulated research to develop new routes for the process but steam cracking remains the most

relevant route from an industrial point of view, responsible for around 97% of the total volume of ethane
produced in the world.[9] However, the oxidative dehydrogenation of ethane (C,Hg +§02 - C,H, +

H,0, AHY5 = —105 kJ /mol) is a more sustainable alternative that enables the production of ethylene at lower
temperatures. Besides Oz, other oxidants have been explored for the dehydrogenation of ethane such as CO:
and N20 (C,Hg+ CO, » C, H, + H,0 + CO, AH%g = —134 kJ/mol and C,Hg + N,0 - C,H, + H,0 +
N,, AHYyg = —187 kJ /mol, respectively) but the results remain at a level not adequate for an industrial
application. The most studied catalysts for the dehydrogenation of ethane were vanadium and molybdenum
oxides [10], due to their redox properties and their efficient performance in the oxidation of other alkanes, such
as butane. Regarding the supports, the most studied has been aluminum oxide, as it allows better dispersion and
facilitates the reduction of active sites increasing the reaction activity and selectivity [11]. The best results were
obtained with V20s/Al;0s, at 550 °C using CO: as oxidant, with 60% ethylene selectivity and 28% ethane
conversion.[11] In addition to these catalysts, other transition metals were further studied, such as Ni, Mo, Cr,
Fe, Co, as they have an excellent ability to adsorb and activate alkanes.[12] For example the catalyst Cr/Al,O3, at
700°C, using N20 as oxidant, converted 43 % of the ethane to an ethylene selectivity of 51%.[13]

Herein, we report the synthesis of indium and cerium-based catalysts using two different methods: the
epoxide addition method and electrospinning technique aiming the study of the morphology (nanoparticles and
fibers) effect. Supported Ni catalysts were also prepared by the incipient wetness impregnation method using
pure metal oxides (In203, Ce0:) or InCe bimetallic oxides prepared by the epoxide addition method as supports.
All catalysts were characterized by XRD, SEM/EDS, BET, H2-TPR and oxidative dehydrogenation/dehydration of
isopropanol aiming the study of its acid-base properties. The study of their catalytic behavior was also
undertaken aiming the valorization of pollutant gases, e.g., CO2, N20, CHs4 and production of value-added
hydrocarbons, in particular ethylene via the oxidative dehydrogenation of ethane using N2O as oxidant.

1.1 Experimental

1.1.1. Catalyst preparation
Bimetallic oxide catalysts containing indium and cerium were prepared by two different methodologies:

the electrospinning technique (as fibers) and the epoxide addition method (as aerogels). The obtained aerogels
were also used as supports to prepare nickel catalysts by the incipient wetness impregnation method.
For the catalysts preparation by the electrospinning technique, 13.2552 g of PVP were dissolved in 40

mL of absolute ethanol (42wt.% PVP/absolute ethanol) and after total dissolution, the appropriate amounts of



indium nitrate (Thermo Scientific, 99.99%) and cerium nitrate hexahydrate (Aldrich, 99,999%) were added in
order to obtain catalysts with the following molar ratios: InCe(3:1), 0.7652 g of In(NO3)3.xH20 and 0.3474 g of
Ce(NO3)3.6H20; InCe(1:1), 0.4251 g of In(NO3)3.xH20 and 0.5789 g of Ce(NO3)3.6H20 and InCe(1:3), 0.2126 g of
In(NO3s)3.xH20 and 0.8684 g of Ce(NOs)3.6H20. These solutions were introduced into a 10 mL syringe with a
stainless-steel needle with an internal diameter of approximately 1.2 mm and pumped at a rate of 1 mL/h after
applying a voltage of 15 kV between the tip of the needle and the target, 10 cm apart. The collected fibers were
subsequently calcined at 800 °C for 2 hours, with a temperature increase of 1 °C.min..

The catalysts preparation by the epoxide addition method, starts by dissolving the metal salts, cerium
chloride heptahydrate (Aldrich, 99.9%) and indium nitrate monohydrate (Thermo Scientific, 99.99%), in the
respective proportions (as already mentioned in the electrospinning technique) in absolute ethanol until the
complete dissolution of the salts, followed by the addition of propylene oxide (PO; Acros Organics, 99.5%), 3.8
mL, drop by drop with stirring. Then, the solution is allowed to stand at room temperature until complete
gelation, which occurs in a few minutes. For example, in the case of the InCe(1:1) bimetallic oxide, 1.1177 g
(3mmol) of CeCl3.7H20 and 0.9565 g (3 mmol) of In(NO3)3.1H20 were dissolved in 6.3 ml of absolute ethanol and
subsequently added 3.8 ml (55 mmol) of propylene oxide. The gel obtained was aged in absolute ethanol for 48
h at 50 °C and dried by the organic solvent sublimation method (OSSD), successively using solutions of 50, 80 and
100% acetonitrile/ethanol (v/v), each for 24 h at 50 °C and 24 h of drying at the same temperature. Finally, the
aerogel obtained was calcined at 800° C for 2 h, with a heating rate of 1 °C.min"l. The solid obtained was
subsequently sieved at 200 mesh (75 um).

To prepare catalysts by the incipient wetness impregnation method, e.g., 25wt.% nickel supported
catalysts, 165.2 mg of nickel nitrate hexahydrate (Scharlau, extra pure) dissolved in distilled water was added to
100 mg of support under vigorous stirring. Then, the mixture was taken to dryness in a sand bath at 60°C under
constant agitation, subsequently calcined at 500°C for 2 hours, with a temperature increment of 1°C.min and

sieved at 200 mesh (75 um).

1.1.2. Catalyst characterization
The catalyst’s crystalline structure was characterized by X-ray diffraction (powder) using a Bruker

D2Phaser diffractometer (Cu, monochromatic radiation ka, A=1.5406 A). The operational settings were
voltage=30 kV; current = 10 mA; 26 over a range of 20—-80° using a 0.03° step with 3.5 s per step. SEM-EDS
measurements were performed at the Microlab of Instituto Superior Técnico using a ThermoScientific benchtop,
Phenom ProX G6 model, with CsB6 filament scanning electron microscope aiming samples morphology studies
and determination of their surface chemical composition.

To study their reducibility, Temperature programmed reduction analysis (H2-TPR) was carried out using
the ChemiSorb 2720 -ChemiSoft TPx device from Micromeritics with a 10% mixture of Hz in argon, total flow of
20 mL/min, at a heating rate of 10 ° C/min from room temperature to 1050 °C. Based on prior calibration
measurements with NiO powders (Aldrich, 99.99995% purity), the integration of the experimental H2-TPR curves
allow to assess quantitative Ho-uptakes.

The specific surface areas of the catalysts were measured using the Brunauer-Emmett-Teller method,

involving the adsorption of nitrogen at the temperature of liquid nitrogen and determination of the surface area



through the consumption of nitrogen corresponding to the formation of the monolayer. For this purpose, the
Micromeritics ChemSorb 2720 multifunctional device was used, using a mixture of 30% Nz in He (Liquid Air,
99.9995%): P/Po = 0.3 and a total flow of 20 mL.min! and specific Pyrex reactors provided by the brand. All
samples were submitted to to 3 cycles of N2 adsorption (using liquid nitrogen, negative peaks) and desorption
(when the liquid nitrogen is removed and the sample is allowed to return to room temperature, positive peaks).

Finally, to assess the acid-base properties of the catalysts, studies using a model reaction, the
dehydrogenation/dehydration of 2-propanol (isopropanol) were undertaken. The tests were performed in a
fixed-bed U-shaped Pyrex reactor at atmospheric pressure, in a temperature range between 175 to 275 °C. The
reaction was conducted under a continuous flow of a mixture of 0.25% (v/v) of isopropanol in air N2/02:80/20
(v/v) (Air Liquide, 99.9995% purity) with a Gas Hourly Space Velocity (GHSV) of 1012 mL/gcatalysth and a Oz to
isopropanol molar ratio of 10. Gas chromatography was used to analyse the composition of the reactor outlet
gas. An Agilent 7280D chromatograph equipped with a flame ionization detector (FID) and a capillary column
HP_PLOT_U, L=25m, ID =0.32 mm was used for such purpose. From the ratio between the selectivity of acetone
(vA) and propene (vP), a relative scale of basicity (vA/vP) was built.

1.1.3. Catalytic tests

All catalytic tests were performed continuously and at atmospheric pressure. The composition of the
gas leaving the reactor was analyzed online by gas chromatography, using an Agilent 4890D chromatograph,
equipped with a thermal conductivity detector (TCD) and a Restek ShinCarbon column (L=2.0m, ® =1/8in, ID
=1 mm, 100/200 mesh), for the detection of reactants and products. Injection is performed using a 6-port valve
with a 250 pL internal loop, pneumatically actuated. To avoid contamination of the column with water, the
output stream is cooled in an ice-water bath in a trap.

A U-shaped quartz reactor was used, with an internal diameter of 9 mm and 1 mm of thickness, with an
internal volume of approximately 7 cm?3. The reaction temperature was controlled by a thermocouple placed
near the catalytic bed. In terms of ratio oxidant/C2Hs=10 was used (after optimization), and the effect of GHSV
was studied between 3500 and 15000 mL/gct.h and the later chose to prevent any diffusional problems, an
optimized catalyst mass between 10-20 mg was used. To control each gas flows, mass flows controllers (Aalborg
series A) were used. For the reactions with Oz and N20, temperatures of 350 to 550°C were used, whereas for
the reaction with CO: the temperatures were from 500 to 700 ° C. Conversions, selectivity’s and yields were
calculated from the following equations. All reported results represent catalytic activity values at steady state
after 1 hour of reaction.

[CxHy]f

[C2 He 1i—[C2 He I ¢ _
[z Heli-[C2 He 1

C, Hg Conversion (%) = . %X 100, CyH, Selectivity (%) = x 100
2 e 1
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CeH,, Yield (%) = —

2. Results and discussion
Figure 1 shows the X-ray diffractograms obtained for the indium-cerium bimetallic oxides prepared by

the epoxide addition method (Figure 1a) and for the Ni supported catalysts (Figure 1b), after calcination at 800°

C. The diffractograms obtained for the fiber’s catalysts were very similar to those of the aerogels, so they are not



presented. For the bimetallic oxides (Figure 1a), two cubic oxide phases were identified, In203 and CeO.. For the

supported Ni catalysts (Figure 1b) three cubic oxide phases could be identified, CeO., In203 and NiO.
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Figure 1 - X-ray diffraction patterns obtained after calcination for the bimetallic oxides (a) and for the Ni supported catalysts
(b).
Figure 2 shows the diffractograms obtained after H2-TPR for the catalysts synthesized by the epoxide

method and those obtained by the incipient wetness impregnation method (Figure 2a and b, respectively).
Compared to Figure 1 diffractograms, the samples analyzed after H2-TPR are more crystalline, which can be
attributed to the high temperature reached during this study (> 1000 °C). The observed phases for the aerogels
are metallic indium ascribed to the complete reduction of indium oxide (In3 — In°) and CeO,, indicating that
CeO: only reduces partially or that at the time of the XRD analysis, Ce203 (Ce®*) may have already been oxidized
to Ce*. For the compounds obtained by the incipient wetness impregnation method Figure 2b not only metallic
indium and cerium oxide were detected but also metallic Ni from the complete reduction of NiO and some
intermetallic phases InNi (InaNiz, InNi and InNi2). The formation of these intermetallic compounds is known from
the literature [14] and depends on the amounts of In and Ni present in the samples: the trigonal phase In3Niz
was identified in the samples 25% Ni/In203, 5% Ni/InCe(1:1), 15% Ni/InCe(1:1) and 25%Ni/InCe(3:1); the
hexagonal phase InNiz (greater amount of Ni), was identified at 15% and 25%Ni/InCe(1:1), 25%Ni/InCe(3:1) and
25%Ni/InCe(1:3) and the InNi phase (same amount of In and Ni) was only identified in 25%Ni/InCe(3:1).
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Figure 2 - X-ray diffraction patterns obtained after H,-TPR study for the bimetallic oxides (a) and for the Ni supported
catalysts (b).
Figure 3 shows representative SEM images of the catalyst’s morphology. The catalysts obtained by the

electrospinning technique have a fiber morphology (Figure 3a) that in some points are more brittle, short, and
thin, which is partly attributable to the high calcination temperature used to remove the PVP, which serves as a
matrix for fiber structure. The fibers have diameters close to 1 um. Through Figures 3b and 3¢, it’s noticeable the
clusters of nanoparticles of various sizes with a spongy aspect. The SEM images for the other ratios InCe are very

similar to Figures 3b and 3c.



Figure 3 — SEM images of InCe (1:1) obtained from electrospinning (a), epoxide method (b) and dry impregnation with 25% of
Ni (c), after calcination. Ampliation 10000 X.
The H2-TPR profiles obtained are presented in Figure 4, for the bimetallic oxide aerogels (Figure 4a) and

fibers (Figure 4b) and for the Ni supported catalysts (Figure 4c), the H2-TPR profiles obtained for the fibers are
very similar to the aerogels. Pure oxides are also shown and have only one peak, for the In,0s at 650 °C,
corresponding to the total reduction of In,0s to metallic In, equation 1, and for CeO; at 784 °C, that may be
attributable to the partial or total reduction of Ce* to Ce®*. Although the Ce20s phase does not appear in XRD
patterns, the quantification after H2-TPR (Figure 2a), considering the equation 2, seems to confirm the
partial/total reduction of the Ce* to Ce3*. Regarding the bimetallic oxides, there are a more intense peak at
higher temperatures (500-600°C) that reflects the reduction of indium (equations 3 to 5) and a less intense peak
at the lower temperature (200-300 ° C) that normally corresponds to the reduction of surface oxygen, but
considered part of indium reduction process [15]. The less intense peak appears at temperatures above 700°C
and is attributed to the reduction of CeO2to Ce203 [16].

Figure 4c shows the H2-TPR profiles obtained for different loadings of Ni supported on InCe (1:1)
bimetallic oxides aerogels. The reduction profile is now composed by one part that contains that corresponding
to the reduction of NiO (= 400 °C, blue area) and other that is linked to the reduction of In,0s present in the
InCe(1:1) bimetallic oxide (500-600°C, yellow area). The CeO:; still has no total reduction, but its profile is clearly
seen at =700 °C. The profile part linked to the reduction of NiO is complex since the addition of nickel facilitates
the reduction of indium oxide, moving its Tm to lower temperatures but this complexity is also related to the
reduction of Ni and In and formation of intermetallic compounds InNi (InNi2, InNi, In3Ni2) that increase with the

amount of Ni [14].
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Figure 4 - H,-TPR profiles obtained for catalysts synthesized by the epoxide addition method (a) and by the electrospinning
method (b) and by the incipient wetness impregnation (c).

The experimental consumption of H2 moles was calculated through the equations 1 to 5 and a good
match was found between the experimental and theoretical consumption of Hz, which ratio varies between 0.9
and 1.1, regardless of the preparation method, except for the pure oxide CeO: (ratio obtained 0.5).

In,05 + 3H, - 2In + 3H,0 (1)
2Ce0, + H, - Ce,03 + H,0 (2)



In203.2C602 + 3H2 d 21n2C802 + 3H20 (3)
3177,203. ZCQOZ + 9H2 d 61n.2C602 + 9H20 (4)
In203.6C602 + 3H2 - 2In. 6C802 + 3H20 (5)

The study of catalysts acid-base properties was accomplished using the dehydration/dehydrogenation
reaction of isopropanol as a model reaction. The results are presented in Figure 5. The least basic catalysts are
pure oxides (indium and cerium) in aerogel form. In the case of the bimetallic oxides, the basicity increases with
the amount of cerium and the most basic bimetallic oxides are those with the lowest InCe molar ratio (InCe ratio

(1:3)) obtained either by the epoxide addition method or by electrospinning technique.
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Figure 5 - Relative basicity of the InCe bimetallic oxides and respective pure oxides obtained by the epoxide addition method
(blue line) and electrospinning (orange line) and impregnated with 25% Ni (green line), at T= 300 °C.

It is also possible to state that the fibers are less basic than the aerogels. In the case of the catalysts
obtained by the impregnation method, there is again an increase in basicity with the increase in the cerium
content in the support and, comparing the three preparation methods, the nickel catalysts obtained by
impregnation are the most basic.

2.1. Catalytic tests

2.1.1. Oxidative Dehydrogenation of Ethane
The oxidative dehydrogenation of ethane was studied, and key experimental parameters optimized,

namely: oxidant nature, molar ratio between oxidant and ethane and the pre-reduction of the catalysts (Figure
6). The results obtained show that the pretreatment enhances the production of ethylene (Figure 6a) and nitrous
oxide is the most appropriate oxidant (Figure 6b), whereas a molar ratio of 10 ratio is the better commitment
between ethane conversion and ethylene selectivity (Figure 6c). Indeed, the reaction was studied with an
appropriate GHSV to avoid diffusional problems of mass or heat and it was possible to concluded that with N20O,
in the tested temperatures, the catalysts present has always higher ethylene yields than those obtained with the
remaining oxidants (02, COz). CO2 gives intermediate values, whereas the poor results were those obtained with
0. For what concern the effect of the molar ratio between N20 / ethane on catalytic activity, Figure 6¢c shows
that there is an increase in the conversion of the ethane with the increase in the ratio, while ethylene selectivity
decreases. However, it was concluded that the 10 ratio has a better commitment between ethane conversion
and ethylene selectivity, since for higher ratios there is a significant decrease in ethylene selectivity. Thus, the

ratio of 10 and N20 with pretreated catalysts were chosen for the remaining catalytic tests.
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Figure 6 - Influence of the pretreatment (a) influence of the oxidant on ethylene yield (b) and influence of the ratio N,O /
ethane (c) for the aerogel InCe (1:1) catalyst. Reaction Conditions: N,O / C;Hes = 10, GHSV = 7500 ml C,Hg / gcat.h), with
reduction pretreatment.

After these preliminary optimization studies, the effect of the reaction temperature was also

undertaken (Figure 7). As can be seen from Figure 7a, except for In20s, all other prepared oxides have a positive
influence on the reaction as they present higher conversions than those obtained during the blank test. It is also
possible to observe that the reaction thermodynamics represented by the blank test (blank curve) has a great
influence on the conversion of ethane only for temperatures > 600°C. Thus, any comparison in the kinetic regime

must be done using values obtained at lower temperatures, lower than 600°C, which was done.
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Figure 7 — (a) C;Hs conversion (%), (b) selectivity of ethylene (%) as a function of temperature for catalysts in aerogel and fiber.
N>0 / CoHg = 10, GHSV = 7500 ml C>Hs / gcat.h), with reduction pretreatment.
Figure 8 show the effect of the morphology on the catalysts’ performance. It is possible to verify that,

in general, using fibers higher ethylene yields can be archived that increase with the increase in the amount of
cerium in the catalyst (Figure 8a). Which also happens over the aerogels. Figure 8b correlates the ethylene yield
with CeOz crystallites sizes. For clarity reasons, the In2Os crystallites sizes are not presented in the chart but follow
the same trend. Therefore, it can be said that the yields in ethylene increases with the crystallites size, which is

not so common since normally an inverse correlation can be found in the literature [17].
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Figure 8 - Catalytic Ethylene Yield results (a) and its correlation with the crystallites size (b), T=550°C, N2O / C;Hg= 10, GHSV =
7500 ml C;Hg / gcar.h), with pre-treatment reduction.
Figure 9 shows the effect of the catalyst’s basicity (relative basicity, vA/vP) on the production of ethylene

over aerogels and fibers. Regarding the aerogels (Figure 9a), the increasing tendency of the ethylene yield is in



accordance with the growing trend of basicity, except in the InCe (3:1). For the fibers (Figure 9b), the same effect

is observed, the ethylene yield is enhanced by the catalysts’ basicity.
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Figure 9— Correlation between ethylene yield and basicity to (a) aerogels and (b) fibers, T = 550° C, N2O / CoHg = 10, GHSV=7500
mL CoHs/ geat.h), with pretreatment.

Finally, Figure 10 presents the catalytic results for the supported Ni catalysts at 500°C. Again, the ethane
conversion increases with the increase of content of cerium, except for the 25%Ni/In.0s3, while ethylene
selectivity has the opposite behavior (Figure 10a). Catalysts 25%Ni/In203 and 25%/InCe (1:1) exhibit very similar

results that represent the most appropriate commitment between conversion and selectivity.
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Figure 10 — Ethane conversion (%) and Ethylene yield (%) and selectivity (%) for the Ni supported catalysts (a). Correlation
between ethylene performance and basicity (b) and crystallites (c) for the Ni supported catalysts, T= 500" C, N2O/C,Hs=10,
GHSV=7500 mL C;Hs / gcar.h), with pretreatment.

Regarding the effect of relative basicity (vA/vP) and the crystallites size (In203, NiO) on the activity of
these catalysts, Figures 10b and 10c show the influence of both on ethylene performance. The obtained results
do not show a specific trend with the increase of ethylene yield, in the case of the catalysts with bimetallic
supports the more active is the more basic, 25% Ni/InCe(1:1), however the catalyst 25% Ni/In203 which has a
slightly higher yield is the least basic. Whereas for what concerns the In203 crystallites size it follows the expected
inverse direction of increased ethylene yield. Regarding the NiO (CeO: crystallites size are not presented in the

figure, as they have very similar values), the values are very close, which unable any conclusion.

3. Conclusions
In the present work indium-cerium bimetallic oxide catalysts with different morphologies and Ni

supported catalysts were prepared, characterized, and tested to produce ethylene via the oxidative
dehydrogenation of ethane. The results obtained show that the best results were obtained with N20 as oxidant,
which was never reported in the literature. Moreover, the best results were those obtained over catalysts
prepared by the incipient wetness impregnation method, 25% Ni/In203 and 25% Ni/InCe(1:1) that presents yields
in ethylene almost the triple of those recorded over one of the most promising catalysts reported in the literature

(25% Ni/InCe(1:1); C2Hs conversion =31%, C2Ha selectivity =42 versus VO,/MCM-41, C2He conversion=8.5%, C2Ha



selectivity =60%). The main factors that seem to contribute to catalysts’ performance are the oxygen lability
(catalysts reducibility) and their acid-base properties. The catalysts’ reducibility is very similar for the aerogels
and fibers morphologies: In203 reduces completely to metallic In and CeO2 reduces only partially but maintains
its structure. In the case of Ni supported catalysts, indium and nickel oxides reduce to the metallic forms with
formation of intermetallic compounds (InsNiz, InNi, InNi2), which presence negatively influence their catalytic
behavior. In general, the catalysts are basic, and their basicity strength influences positively their catalytic
properties. Aerogels have a higher basicity than the fibers and Ni supported catalysts have the highest basicity
and in general are the most active. In conclusion, indium - cerium-based bimetallic oxide catalysts and Ni
supported catalysts on ceria and In203 could be a real alternative aiming the production of ethylene via oxidative

dehydrogenation of ethane using nitrous oxide as oxidant.
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