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a  b  s  t  r  a  c  t

PtFe,  PtCo,  PtNi,  Ni  and  Pt-based  �-Al2O3 catalytic  systems  were  prepared  using  the  acid  sol–gel  method
and  characterized  by  appropriate  techniques.  Their  catalytic  activities  in  glycerol  APR  for  H2 production
were  investigated,  and  the  most  significant  results  will be fully  discussed  in this  paper.  The  effect  of
operating  conditions,  the influence  of  different  non-noble  incorporated  metals,  the  interesting  promoting
effect  between  Pt and  Ni  and  their  dispersion  effect  on the  catalytic  performance  have  been  the main  focus
of this  research.  The  analyses  by TPR-H2, XRD,  XPS  and  TEM/EDX  techniques  confirmed  high Pt  and  Ni
dispersions  and  the  promoting  effect  between  both  elements.  All this  explains  the  best  catalytic  activity
of  PtNiAl(SGA) catalyst,  especially  at moderate  temperature/pressure  reaction  conditions.  Highly  dispersed
Pt/Ni  and  Pt  spillover  effects  were  the  key  for obtaining  high  H2 production.  The  Pt  monometallic  catalyst
recorded  lower  conversions  but  fairly  stable  activity,  while  the  Ni-containing  catalysts  recorded  higher
conversions,  but some  initial  deactivation  until  steady  state  was  reached.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Fossil fuels have been the main resources used to meet energy
demands all over the world. However, the use of large quantities of
fossil fuels is causing the depletion of their reservoirs, global warm-
ing and climate change [1],  as well as damaging the environment
[2]. All these drawbacks in the use of fossil fuels have generated
increasing interest in new sustainable and renewable clean fuels.
In this sense, hydrogen is considered one of most promising future
clean energy vectors.

Over the past decade, hydrogen generation from biomass-
derived products and by-products has been considered one of
the best alternatives when compared to traditional methods of
hydrogen production, which use fossil fuels as raw materials. The
conversion processes of biomass-derived materials, by contrast,
present environmental benefits, as the CO2 produced is absorbed
during biomass growth, providing a neutral CO2 balance [3–5].
One of the processes for producing hydrogen from biomass-derived
products [6–8], namely, the aqueous phase catalytic reforming pro-
cess [9–11] developed by Dumesic and co-workers, has received
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considerable attention because of its advantages: (i) low tempera-
ture, thereby reducing energy consumption because the feed needs
not to be vaporized; (ii) limited decomposition reactions; (iii) the
production of a gas stream rich in H2 and CO2 and very poor in
CO in a simple chemical reactor. This last characteristic of the gas
produced renders it suitable for use in fuel cells [5].

As reported in the literature [9–14], many aqueous solutions
of oxygenated compounds have been used as feeds in aqueous
phase reforming (APR). However, the aqueous solution of glycerol
is widely used due to the possibility of revalorizing this by-product
of biodiesel production through the transesterification of fats from
biomass, as only small amounts of this glycerol can be absorbed by
its traditional markets [15].

During the APR process, apart from the ideal reforming reaction
(C3H8O3 + 3H2O → 7H2 + 3CO2) [2],  other reactions take place, such
as water-gas-shift (WGS), methanation or Fischer–Tropsch ones to
produce alkanes, partial cracking of C C/C H/C O bonds, dehydro-
genation and dehydration/hydrogenation [9–13]. In the case of C O
bond cleavage, this reaction leads to diol and alkane production and
is favored by catalyst acidity [16]. Moreover, the dehydrogenation
and dehydration/hydrogenation of glycerol also generate diols [16].
The APR process therefore includes many reaction pathways that
are highly dependent on the catalyst used [6].  Thus, it is important
to develop an active catalyst for C C/C H bond cleavage and WGS
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reaction in order to increase the selectivity toward H2 production,
while the parallel and consecutive reactions are either limited [5]
or the intermediate products they generate fully reformed.

According to the literature [17,18], catalyst activity is highly
influenced by the preparation method used. Conventional prepara-
tion methods, such as incipient wetness impregnation, also called
wet impregnation, commonly produce active phase agglomeration
on the support used. This phenomenon, which is attributed to large-
sized particle formation, occurs especially when high contents of
metal precursors are incorporated [17,18].  However, the sol–gel
method presents some advantages when compared with impreg-
nation methods, such as higher active metal dispersion, great
thermal resistance to sintering and low deactivation rate [17–23],
thus can lead to more stable catalysts [17]. Moreover, this method
allows a better control of catalyst preparation via various parame-
ters, such as: temperature, type and concentration of the alkoxide,
the solvent, and the pH of the preparation medium. Therefore, vary-
ing these factors allows a more flexible control of the catalysts
textural properties, such as surface area, pore size distribution and
metal dispersion [23].

A variety of catalytic systems have been described in the
literature for aqueous phase reforming of glycerol and other
biomass-derived products [1,2,5,6,9–13,15,24–26].  These catalytic
systems are based on Pt, Ni, Cu, Pd or Co monometallic catalysts
and PtRe and PtNi bimetallic catalysts. Pt metal phase is usually
used in both monometallic and bimetallic catalysts because of
its high activity for C C/C H bond cleavage and WGS  reaction,
and low selectivity toward methane production via the metha-
nation reaction [4].  According to Huber et al. [9],  Pt/Al2O3 SiO2
catalyst recorded higher activity in the APR of ethylene glycol
than other silica-supported Group VIII metal catalysts. A similar
conclusion was reached by Iriondo et al. [15], whereby both glyc-
erol conversion and gaseous products increased when Pt and Ni
were combined on �-Al2O3 and �-Al2O3 La2O3 supported cata-
lysts. They concluded that Pt catalyst activity can be improved by
the addition of Ni, Co and Fe.

Based on this background, and consistent with our previous
research work [26], the main objective here is to study new
Pt/transition-metal (Fe, Co and Ni) catalysts prepared via sol–gel
method under acid conditions (SGA) and compare their catalytic
activities and stabilities with those obtained using similar Pt/Ni
catalysts prepared by sol–gel under basic conditions (SGB) and
incipient wetness impregnation (IWI), which have been published
in a previous work [26]. In fact, the selected catalytic systems con-
sist of �-Al2O3 with PtNi, PtCo and PtFe as active phases. Pt and
Ni monometallic catalysts supported on �-Al2O3 were also pre-
pared for both comparative purposes and better understanding of
the properties of PtNi catalyst and their influences on catalytic
activity, as commented in Section 2.3. To facilitate a comparison
between the results reported in this work and those shown in
[26], all the parameters and the operating conditions remained
unchanged. This research aims at the development of new cata-
lysts for the aqueous phase reforming of glycerol, and therefore it
investigates their catalytic activity and stability in order to max-
imize glycerol conversion, especially to gaseous products, and to
maximize H2 yield.

2. Experimental procedures

2.1. Catalyst preparation and reactants used

As mentioned above, PtFe, PtCo, PtNi, Ni and Pt-based �-Al2O3
catalysts were prepared by the SGA method following a modified
preparation procedure as described in [17–20,23,26].
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Fig. 1. Schematic flow of the methodology used to prepare the catalysts by the acid
sol–gel method.

First, aluminum isopropoxide (AIP) Al[OCH(CH3)2]3
(Sigma–Aldrich 99.995%) was hydrolyzed at 40 ◦C, using a
molar ratio H2O/AIP of 100. This solution was  then peptized
by adding HNO3 to adjust the pH at 3.5. This pH was chosen
to be under acid conditions while the preparation took place.
This plays an important role in the evolution of the hydrolysis
reaction [23]: H3O+ ions (acid medium) and OH− (basic medium)
do not have the same influence. The H3O+ cations, attracted by
oxygen, facilitate the substitution of the groups O CH(CH3)2
and, therefore, hydrolysis, while the OH− anions attracted by the
electronegative metal M favor the formation of M O M clusters
by condensation. As a result pH selection will be decisive to
determine the final texture of the materials prepared [23]. At the
same time, another solution was  prepared using absolute ethanol
as solvent and the salt precursor (H2PtCl6·xH2O (Sigma–Aldrich,
99.99%), Ni(NO3)2·6H2O (Sigma–Aldrich, 99.99%), FeCl3·6H2O
(Panreac, 99.5%) and CoCl2·6H2O (Quimivita)) as solute. The metal
concentration in the precursor solution was  selected to obtain
3 wt%  of Pt and 10 wt% of Ni, Co or Fe. This salt solution was
added to the AIP-derived alumina sol at 40 ◦C and the mixture was
vigorously stirred. After this, the sol formed was  placed in ultra-
sound equipment for 30 min. The alcoholic solvent was  removed
by drying at 40 ◦C for 24 h. The rigid solid materials obtained by
the SGA method were dried under air at 100 ◦C overnight and
then calcined at 550 ◦C with a temperature ramp of 2 ◦C/min for
6 h. The calcination procedure was carried out under an air flow
of 2 L min−1 g−1

cat. The preparation procedure described above is
schematically described in Fig. 1.

2.2. Catalyst characterization techniques

In order to understand the catalytic behavior of the tested cata-
lysts, their physicochemical properties were examined at calcined
state using different characterization techniques. The catalysts pre-
senting the best performances were also characterized at their
reduced state to get a better understanding of their functionalities.

Specifically, calcined catalysts were characterized by induc-
tively coupled plasma atomic emission spectroscopy (ICP-AES),
N2 adsorption–desorption isotherms at 77 K, temperature pro-
grammed reduction (TPR-H2), X-ray powder diffraction (XRD) and



Download English Version:

https://daneshyari.com/en/article/65924

Download Persian Version:

https://daneshyari.com/article/65924

Daneshyari.com

https://daneshyari.com/en/article/65924
https://daneshyari.com/article/65924
https://daneshyari.com

