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ABSTRACT

Alumina supported molybdena-ceria catalysts were prepared by sol-gel method and
characterized by X-ray diffraction, N, sorptometry, UV-VIS-NIR diffuse reflectance
spectroscopy, SEM and TEM microscopy. The effect of Mo/Ce ratio, reaction temperature,
steam to glycerol molar ratio and space velocity were investigated, as well as the stability of the
catalysts during the reaction. The results show that the presence of ceria enhances both the
activity and the selectivity toward hydrogen. The best reaction temperature was found to be
500°C for all catalysts, at which the highest hydrogen selectivity of almost 60% was obtained for
an optimum cerium loading of 7wt %; higher ceria loading reduced the capacity to convert

glycerol into hydrogen.
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1. Introduction

In light of concerns related to the environment such as global warming and the
exhaustion of fossil fuel a major effort is dedicated to developing and using of alternative energy
resources. Either of them is represented by hydrogen because its combustion is free of pollutants
[1]. However, hydrogen is not found free in the nature and should be obtained from sources that
contain hydrogen. Nowadays, hydrogen production occurs mainly through reforming of fossil
fuels [2, 3], but the scope of sustainable development requires the use of alternative sources [4].
For instance at European Union (EU) the level of the energy demand is predicted to be at 20%
covered by renewables by 2020 [5]. Therefore, many oxygenated compounds have been used as
model for hydrogen production: acetic acid [6], ethylene glycol [7], acetone, glucose [8], phenols
[9] and also steam reforming reaction of the aqueous fraction of bio-oil to produce H; is very
often reported [10].

In the last decade, catalytic reforming of glycerol, obtained as by-product in the biodiesel
production process (one ton of glycerol is produced to ten tons of biodiesel), starts to became a
conventional method for renewable hydrogen production [11, 12]. Though glycerol is a versatile
product which can be used as raw material to produce a variety of chemicals and
pharmaceuticals, but also for food and beverages [13, 14], a large excess is still on the market
and therefore, is chalenging to find viable processes to obtain products with higher added value
from glycerol.

Lately, development of active and stable catalysts at low temperature for glycerol steam

reforming is an area of intense research. The CO/H, ratio produced by glycerol steam reforming
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depends on the reaction conditions and the formulation of the catalyst employed. Different
catalytic systems were studied for glycerol reforming, and we found that supported platinum
catalysts are the most extensively investigated [15-17], the glycerol conversion being 29% at
250°C, the highest selectivity to reforming (Sco,=45%) and highest yield to H, 20%, but the high
cost of these materials limits their applications. Therefore, many researchers used catalysts less
expensive Ni based such as Ni-Cu-Mg [18] that performed high catalytic activity (90%
conversion) and 92% hydrogen selectivity at 650°C, Ni-Co [19-21] when the hydrogen fraction
reach 77% at 700°C, Mg and Ca incorporated into Ni/SBA-15 [22] the glycerol conversion was
98% and hydrogen yield 53% at 600°C. The disadvantage of these catalysts consists in the facts
that are active at high temperatures.

Iriondo et al. studied supported nickel catalysts on modified alumina with Ce, Mg, Zr and
La to produce hydrogen from glycerol [23] and they found that the selctivity to hydrogen and
stability of nickel phases increases for Ce and La containing samples.

Numerous studies have shown that a combination of two metal oxides on support
provides better activity, due to the positive effects derived from the interactions between the two
metals, and therefore we decided to investigate the steam reforming of glycerol on molybdena-
ceria based catalysts. Ceria is one of the most studied catalysts; an important property being its
reductibility, characterized by the relatively facile change in oxidation state from Ce™ to Ce”™ by
formation of oxygen vacancies or by addition of electrons [24], while molybdenum is one main
component of the catalysts for the selective oxidation, as for example methane [25], propene

[26], etc.
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The literature survey shown that molybdena-ceria on alumina were good catalysts for
water gas shift reaction [27], methanation [28], oxidation [29, 30] or, esterification [31], but no
results on glycerol steam reforming on these materials were yet reported.

In the present paper, we report results obtained in glycerol steam reforming over Mo-
Ce/Al,O3 catalysts. Various techniques including N, adsorption-desorption, X-ray diffraction
(XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM), UV-vis
spectroscopy were performed to characterize the prepared catalysts. The effect of Mo/Ce ratio,
reaction temperature, steam to glycerol molar ratio, space velocity and the catalysts stability
were investigated.

2. Experimental

2.1. Catalysts preparation

Alumina supported molybdena-ceria catalysts were prepared by a combined sol-gel and gel
combustion method. The reported method consists of gelling and further combustion of an
aqueous solution of salts which contains desired metals and fuel, giving a product with large
surface area.

Aluminum nitrate (AI(NO3)3¢9 H,O from Tunic) was dissolved in distilled water and the
solution (10% concentration) was stirred at 60°C for 30 min. Citric acid (C¢HgO7°H,0, from
Silal, 99.5% purity) was added in the solution, with a molar ratio citrate-to-nitrate of 0.5. Then
aqueous (NH4)sMo070,4°4H,0 (Fluka Analytical) and Ce(NO;3);*6H,0O (from Aldrich) solutions
were added, so as to get a weight percentage of 10% Mo and 3, 7 and 10% Ce on alumina. The
excess of water was slowly evaporated at 80°C to obtain a gel. The gel was rapidly heated at

200°C. Finally, all the prepared materials were calcined in flowing air at 400°C for 2 h and

Page 4 of 27



Page 5 of 27

Catalysis Science & Technology

subsequently at 550°C for 2 h. The catalysts were denoted as function of Ce percentage
deposited on alumina: MoAl, MoCe3Al, MoCe7Al and MoCel0AL.

2.2. Catalysts characterization

Powder X-ray diffraction (PXRD) patterns were obtained with a Philips PW3710
diffractometer equipped with a Cu K, source (A = 1.5405 A), operating at 50 kV and 40 mA.
They were recorded over the 5-80° angular range with 0.02° (20) steps and an acquisition time of
1 s per point. Data collection and evaluation were performed with PC-APD 3.6 and PC-Identify
1.0 software.

The surface areas of the catalysts were measured from the adsorption isotherms of nitrogen
at —196°C using the BET method with a Micromeritics ASAP 2020 sorptometer. The samples
were first out-gassed at 300°C for 4 h in the degas port of the adsorption apparatus. The Barrett—
Joyner—Halenda (BJH) method was applied to the desorption branch to calculate the pore size
distribution, using the Halsey thickness curve, heterogeneous surface and Faas correction for
multilayer desorption. The total pore volume is obtained by applying relative pressure (P/Py)
between 0.004 and 1.

Scanning electron microscopy (SEM) studies were performed on lightly-crushed samples
deposited carbon tape by using an FEI XL-30 Environmental SEM with 5-15 keV
electrons. Before analysis, using a Denton Desk II sputter-coater, the samples were coated with
an Au-Pd (60-40) target for 140 s to deposit a coating of ~ 12 nm.

For transmission electron microscopy (TEM) studies, samples were prepared by dry-
grinding and dusting on to TEM grids. The images were collected on a JEOL 2010F at an

accelerating voltage of 200 kV.
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The UV-VIS-NIR spectra were recorded using UV3600 UV-VIS spectrophotometer with
Shimadzu ISR-3100 integrating sphere attachment having angle of incident light 0-8°
wavelength range 220-2600 nm, two light sources: D, (deuterium) lamp for the ultraviolet range
and WI (halogen) lamp for the visible and near-infrared range. UV-VIS-NIR spectrophotometer
has three detectors, consisting of a PMT (photomultiplier tube) for the ultraviolet and visible
regions and InGaAs and cooled PbS detector for the near-infrared region. The spectra were
recorded in the range of 220-800 nm (the switching wavelength of the lamps is between 282 nm
and 393 nm) with a wavelength step of 2 nm, having the slit width of 8 nm. The UV-VIS spectra
were measured using samples diluted with extra pure barium sulfate (purchased from Nacalai
Tesque).

2.3. Catalytic tests

Glycerol steam reforming experiments were carried out in a fixed-bed quartz reactor (12 mm
internal diameter) at atmospheric pressure over 0.1 g of catalyst. A water/glycerol solution (with
water to glycerol molar ratio 9:1, 15:1 and 20:1) was fed into the reactor by a pump (Verder
peristaltic 2000) with a space velocity between 6.4 - 12.9 g gly/g cat-h and with N, as carrier gas
(30 ml/min). The reaction was performed at different temperatures between 400-500°C; the
evaporation was carried out in the first third of the reactor. The reaction products were analyzed
(every 30 min) with a Thermo Finnigan Gas-Chromatograph equipped with a thermal
conductivity detector (TCD) with an alumina column and GC K072320 Thermo-Quest
chromatograph equipped with FID detector.

The glycerol conversion in gaseous products is expressed as:

Ncoz2+Nco+NcHa
Xg (%) = ——————-100
3*N(¢3Hg03in

and the gaseous products selectivity is expressed as:
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N;
Ny2+Nco2+Nco+NcHa

Si (%) = -100
where Ny, Ncoz, Neo correspond to produced moles of Hy, CO,, CH4, CO
3. Results and discussion

3.1. Catalysts characterization

The PXRD patterns for alumina supported molybdena-ceria catalysts are shown in Figure 1.
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Fig. 1. XRD patterns of alumina supported molybdena-ceria catalysts

The samples exhibit a broad peak at 20 ~ 20-30° corresponding to amorphous phase of
alumina, which is in agreement with previous reports from the similar synthetic processes [32,
33]. No traces of MoO; or CeO, phases were detected, suggesting that molybdena and ceria are

well dispersed with the amorphous alumina.
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The textural and structural characteristics are shown in Table 1, which also reports amounts
of molybdena and ceria on alumina support as determined by SEM-EDX analysis.
Table 1. Physico-chemical characteristics of the catalysts.
Catalyst Specific  Total Average Average Chemical Chemical
surface  pore pore pore composition composition
area volume width diameter (wt%) by EDX* (at%) by EDX"
(m?*/g) (cc/g) (nm) (nm) Mo Al Ce Mo Al Ce
MoAl 195.4 0.20 4.7 4.1 9.7 612 0 2.4 541 0
MoCe3Al 219.2 0.13 24 2.7 7.7 479 33 1.8 399 05
MoCe7Al 190.5 0.14 3.2 3.2 6.3 39.0 6.9 1.5 31.8 1.1
MoCel0Al 178.8 0.11 2.2 2.7 7.3 40.6 9.1 1.8 347 15

a-

Oxygen in balance

While the Mo content is consistent with the 10% nominal loading for MoAl, the elemental

analysis showed a Mo content between 6.3 and 7.7 % for the Ce-containing catalysts. The

catalysts showed high surface area (> 170 m?/g), and the samples containing ceria showed a

decreased surface area with an increase in cerium content. The nitrogen isotherms (Figure 2a)

show a small hysteresis loop indicating the presence of mesopores. The catalysts show type IV

isotherms and over P/P, = 0.5 samples with ceria adsorb a lower volume of nitrogen compared to

sample without ceria. The total pore volumes and average pore diameters are diminished upon

addition of ceria; from 0.20 to 0.11 cm’/g and from 4.1 to 2.7 nm respectively, suggesting that

the presence of ceria could cause pore closure or pore shrinkage. All samples present small

mesopores (pore diameters 2-10 nm) and the sample with molybdena presents a higher

mesoporosity compared to molybdena-ceria samples (Figure 2b).
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Fig. 2. Nitrogen adsorption—desorption isotherms (a) and BJH pore size distribution (b) of

The results of surface area are in good agreement with the observations from XRD patterns
indicating a very good dispersion of molybdena and ceria on the support. The fact that the

decrease of the specific surface area is not so important as compared to the one of alumina (232

MoCeAl samples

m?/g), confirms the good dispersion of cerium and molybdenum on our support.

The EDX analysis confirmed the percentage of Mo and Ce deposited on alumina during the

preparation (Table 1), suggesting that the sol-gel method used for the preparation of these

materials is an efficient one.

In Figure 3 the SEM images of the samples MoAl (a), MoCe3Al (b), MoCe7Al (c¢) and

MoCel0Al (d) reveal that all the alumina-based catalyst particles exhibit similar morphological

characteristics with irregular shapes and sizes in the range of microns.
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Fig. 3. SEM images of MoAl (a), MoCe3Al (b), MoCe7Al (c) and MoCel0Al (d) catalysts.

Scale bar = 500 um.

The TEM micrographs in Figure 4 are shown for the same respective samples as for SEM in
Figure 3. Two frames are shown for each sample with scale bars of 100 and 500 nm. Images at
the lower magnification on the rights show individual shards of the catalysts, and the contrast

suggests that they are relatively thick in the middle and become thin at the edges. At the higher
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magnification, all the samples show small pores (~ 2 nm) that are evenly dispersed throughout
the surface giving them a sponge-like appearance. Due to the thickness of the particles,
discernable pore size measurement was not possible, although the observed pores are in

agreement with the results from BJH analysis.
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Fig. 4. TEM micrographs of MoAl (a), MoCe3Al (b), MoCe7Al (c¢) and MoCel0Al (d) catalysts.

Scale bar = 100 nm (left) and 500 nm (right).

The UV-VIS spectra for all studied catalysts are shown in Figure 5.
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Fig. 5. UV-VIS spectra of MoAl and MoCeAl catalysts
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In the literature, the bands at 210-250 and 300-335 nm are due to charge transfer
transitions from p orbitals of oxygen to d orbitals of molybdenum (0 — Mo®") in monomeric
tetrahedral and polymeric octahedral Mo-oxo species [34, 35]. 0% - Ce*" (from p orbitals of
oxygen to f orbitals of cerium) charge transfer bands are centered at about 280 nm and inter-band
transitions are located at 340 nm [36, 37]. Among our samples, MoAl exhibits a band at 240 nm,
while MoCe3Al shows two bands at 260 and 290 nm, MoCe7Al and MoCel0Al have four bands
located at 260 (250), 290 (280), 320 (310) and 340 (340) nm.

For all the samples with ceria, the band corresponding to tetrahedral coordination of
molybdenum is shifted to longer wavelengths from 240 to 260 nm. The 240 nm band of the
catalyst MoAl indicates the presence of only tetrahedral molybdenum species, as indicated in the
previous report for the low Mo loading [38, 39]. The red shift of the absorption band for the Ce-
containing samples may be due to the presence of ceria that induces the change in molybdenum
coordination, to octahedral. For MoCe7Al the intensity of the band at 320 nm corresponding to
octahedral molybdena is more intense compared with the band at 340 nm from ceria, while for
MoCel0Al those two bands have the same intensity.

In a tetrahedral Mo system like (M0O4)*(monomers), (M0,0,)* (dimers) or (Mo3O10)*
(trimers) have a higher negative charge density in comparison to octahedral Mo species (MoO3
or [M07024]%) [40]. Since alumina support has a positively charged surface, the more negatively
charged tetrahedral Mo species are stabilized preferably on this support. Incorporation of ceria in
the catalyst led to a weaker interaction between the alumina support and the molybdate clusters,
as observed for the catalysts with ceria wherein Mo is octahedrally coordinated. It is also worth
mentioning the presence of two different ceria species: dispersed and bulk. The first are most

probably Ce**-like species and the second are bulk CeO, crystallites with size less than 4 nm that
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are not detectable by XRD [41]. In any event, the existence of synergetic interaction between Ce
and Mo is evidenced from UV-VIS spectroscopy by splitting and shifting of the bands in the
range of 250-350 nm. This interaction might occur between the molybdate monolayer and the Ce
incorporated in the molybdate monolayer or possibly in bilayer.

3.2. Steam reforming of glycerol

This research has as main objective to study the effect of operating conditions over Mo-Ce-
Al catalysts. The experiments were carried out by varying the following parameters: temperature,
glycerol to steam molar ratio and space velocity. Glycerol steam reforming for hydrogen
production is following the reaction (eq 1):

C3H;s05 + 3H,0 = 3CO, + 7H, AH’ = +123 kJ/mol (1)

which is the result of the combination of glycerol decomposition (eq 2) and Water Gas Shift
reaction (eq 3)

C3Hs05 = 3CO + 4H, AH’ = +245 kJ/mol 2)

CO +H,0=CO0, + H, AH® = -41 kJ/mol (3)

It was demonstrate by DFT calculation [42] that the catalyst must promote the cleavage of
C-C, O-H, and C-H bonds in steam reforming reaction, in order to favor H, production and CO,
and facilitate the water gas shift reaction to remove adsorbed CO from the surface as CO; (eq 3),
conversely to the cleavage of C-O bonds leading to alkanes.

From termodinamic studies on steam reforming of glycerol [43] it was concluded that
optimal conditions for hydrogen production were a temperature of 650 - 700°C and a
water/glycerol ratio of 9-12 at atmospheric pressure. Unfortunately, glycerol has low thermal
stability and associated with its high oxygen content it is very difficult to perform the reaction at

such a high temperature because high reaction temperatures lead to the formation of a variety of
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products and severe coking of catalyst. Therefore, reforming the glycerol at lower temperatures
is an important challenge for this study, and the influence of the reaction temperature over the
catalytic activity was evaluated further.

The effect of temperature on glycerol steam reforming is illustrated in Figure 6 for all

prepared samples at a steam to glycerol molar ratio of 15:1.
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Fig. 6. Effect of temperature during the steam reforming of glycerol on MoCeAl catalysts:
glycerol conversion (a), H, (b), CO (c) and CO, (d) selectivity (reaction conditions: steam to
glycerol molar ratio 15:1, space velocity 9.2 g gly/g cat-h)
The main gas products obtained are H,, CO, CO, but were also observed small amounts of

CHy4. Methane formation may proceed from methanation reaction of CO or CO, with H, (eq 4

and eq 5)
CO + 3H, = CH,4 + H,0 AH® = -206 kJ/mol (4)
CO, + 4H, = CH4 + 2H,0 AH® = -165 kJ/mol (5)

For all temperatures studied, the activity increases when ceria is added and is directly
proportional with ceria content (Fig. 6a). Concerning the selectivity to the reaction products as a
function of the reaction temperature, no matter the catalyst studied, the following trends were
observed: 1) the hydrogen selectivity increased (Fig. 6b), while CO selectivity decreased (Fig. 6¢)
with the temperature increasing from 400 to 500°C; ii) the CO; selectivity reaches a maximum at
500°C (Fig. 6d); iii) the molar ratio H,/CO increases and molar ratio CO/CO, decreases with
temperature increasing.

The global reaction of glycerol reforming can be also described as:

C3;HgO3 + xH, 0 — (3-x)CO + xCO;, + (4+x)H, (6)

The reaction shifts to glycerol pyrolysis when x=0, to glycerol reforming when x=3 and to
syngas production between the two stoichiometries of x [44]. In case of our catalysts, from the
data presented in Figure 6, x=0.6-1.2 for MoAl and x=2.4-2.9 for catalysts with ceria suggesting
that these materials are more selective in glycerol steam reforming and syngas production. The
best reaction temperature was found to be 500°C for all catalysts, at which the highest hydrogen

selectivity of almost 60% was obtained for an optimum cerium loading of 7wt %, for MoCe7Al
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sample; higher ceria loading reduced the capacity to convert glycerol into hydrogen. These
results are in agreement with one obtained by Iriondo et al. [23] which investigated the effect of
ceria promotion over Ni/Al,O3 and showed that the incorporation of low ceria loadings enhanced
the catalytic activity but the increase of ceria amounts reduced the selectivity to hydrogen. The
literature survey shown that Dave et al [45] have studied Ni-Zr/CeO, catalysts and obtained
conversion between 37-68% and hydrogen selectivity 73-78% at 600°C. Also, in our previous
work [46] was studied glycerol steam reforming over molybdena supported on alumina and the
hydrogen selectivity was between 52-68% at a conversion of 40-58% at 500°C. Adhikari [47]
achieved a conversion of 94% and hydrogen selectivity of 70% on Rh/CeO,/Al,O5 catalyst at
900°C. Therefore, the results of the present study indicate that Mo-Ce oxide catalysts are very
promising for glycerol reforming reaction.

Useful information can be obtained from the values of the H,/CO, and H,/CO ratios.
Therefore, MoAl catalyst has a H,/CO, ratio at 400°C very closely to theoretical ratio of 2.33
(our result is 2.1), while at 500°C H,/CO ratio is close to theoretical ratio of 1.33 (our result is
1.24). These results suggest that on MoAl sample at low temperature, steam reforming and water
gas shift reaction are favoured reactions and at higher temperature decomposition of glycerol
into syngas is favoured [41]. For the samples containing ceria the results are different: MoCe3Al
catalyst has a H,/CO, ratio of 2.1 and H,/CO ratio of 1.1 at 450°C; MoCe7Al catalyst has a
H,/CO; ratio of 2.35 and H,/CO ratio of 1.7 at 450°C while MoCel0AlI catalyst has a H,/CO,
ratio of 2.1 and H,/CO ratio of 1.4 at 500°C suggesting that on these catalysts all reactions occur
simultaneously. To summarize, at 500°C, the presence of Ce in the catalyst promotes the water-
gas-shift reaction increasing the H, production and decreasing the selectivity of CO, with an

optimum for MoCe7Al sample. According with the literature data [48], the role of CeO, is to
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activate H,O and to provide the required oxygen for the oxidation of glycerol. The addition of
ceria improved the ability to store, release, and transfer oxygen species of the catalyst, resulting
in an enhanced catalytic activity.

In Figure 7 are depicted the glycerol conversion and selectivity to H, as a function of Mo
and Ce surface density, as calculated from EDX analysis. The surface density of molybdenum
and cerium, defined as the number of metal atoms present per specific surface area unit, is
expressed by the following equation:

wt% Molybdenum/Cerium loading - 6.023-10%3

Molecular Weight of Molybdenum/Cerium-100-Surface Area

Surface density (Matoms/nmz) =

It was found that a higher glycerol conversion is related to ceria content, increasing with the
cerium surface density. Conversely, for the hydrogen selectivity it exist an optimum cerium
distribution which corresponds to a cerium loading of 7%; for this sample molybdenum surface
density has the lowest value. Higher amount of cerium determine the decreases of the hydrogen
selectivity due probably to a higher tendency of ceria to interact with alumina and/or molybdena
[49]. Synthesizing, the hydrogen selectivity can be attributed to the kind of molybdena species
and to their surface densities, more octahedral molybdena species and lower density on the

surface leading to higher selectivity.
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Fig. 7. Correlation between Mo and Ce surface density, and hydrogen selectivity, glycerol
conversion (reaction conditions: 500°C, steam to glycerol molar ratio 15:1, space velocity 9.2 g

gly/g cat-h)

As mentioned previously, the steam to glycerol molar ratio plays an important role on the
efficiency to H, production. Therefore, we studied the effect of steam to glycerol molar ratio
(between 9:1 and 20:1) for all prepared samples on glycerol conversion and products selectivities
at 500°C, and the results are presented in Figure 8. For all tested samples, glycerol conversion
(Fig. 8a) increased significantly by decreasing glycerol concentration in the feed. The highest

value of almost 85% is obtained for MoCe7Al for a steam to glycerol ratio of 20:1.
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Fig. 8. Effect of steam/glycerol molar ratio during the steam reforming of glycerol on MoCeAl
catalysts: glycerol conversion (a), H, (b), CO (c) and CO; (d) selectivity (reaction conditions:

500°C, space velocity 9.2 g gly/g cat-h)

The hydrogen selectivity (Fig. 8b) increased also significantly by decreasing the glycerol

concentration in the feed, while CO (Fig. 8c) and CO, (Fig. 8d) selectivities decreased
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accordingly. Thus, it is obvious that high water content in the feed facilitates H, production, but
it is worthy of note that a higher water-to-glycerol ratio in the feed will result in higher energy
requirement for the evaporation of higher amounts of water. Therefore, the experiments
performed in this study were done at lower steam to glycerol ratio.

The glycerol conversion and selectivity at different space velocity (6.4, 9.2 and 12.9 g gly/g

cat-h) on MoCe7Al catalyst are shown in Figure 9.
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Fig. 9. Influence of space velocity on glycerol conversion and hydrogen selectivity over

MoCe7Al catalyst (reaction conditions: 500°C, steam to glycerol molar ratio 15:1)

Conversion and hydrogen selectivity decrease slightly with the increase of the space
velocity. The results suggest that, at lower space velocity the steam reforming into H, and CO; is
favored. By increasing the space velocity, the amount of CO increased slightly as well as CHy4
selectivity, indicating the occurrence of the glycerol decomposition (eq 2), together with the CO,

methanation (eq 5) in this reaction conditions.



The catalyst stability in a catalytic process represents an important goal to be taking into
account, in order to assess the practical use for the new catalytic systems. Therefore, the stability
was evaluated for glycerol steam reforming at 500°C on MoCe7Al sample, this being the most

selective and the results are shown in Figure 10.

Fig.10. Stability test for 10 h on stream over MoCe7Al catalyst (reaction conditions: 500°C,

steam to glycerol molar ratio 15:1, space velocity 9.2 g gly/g cat-h)

The conversion and the selectivity of H, decrease only very slowly during the 10 h of

stream, suggesting that our catalytic system present a good stability for at least 10 h of time on

stream.

Conclusion
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Molybdena-ceria supported on alumina is a promising catalyst in steam reforming of
glycerol an interesting way to achieve environmentally friendly hydrogen. The catalytic activity
of the studied samples indicated clearly the important catalyst properties necessary to carry out
steam reforming of glycerol: 1) it was found that a higher activity to glycerol steam reforming is
related to ceria content and a higher selectivity to hydrogen with a lower molybdena density on
the surface; ii) the molybdena-alumina catalyst has only tetrahedral molybdena species on the
surface while upon ceria addition the presence of octahedral species of molybdenum was

evidenced, contributing to increasing both activity and hydrogen selectivity.
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