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This study reports the effect on catalytic activity resulting from Ni incorporation in Pt nanoparticles
supported on carbon nanotubes (CNTs) for electrochemical methanol oxidation at low temperature in
acidic conditions. Chemical composition, morphology and structure of the Pt;_xNix/CNTs (X = 0, 0.1, 0.2,
0.3, 0.4, 0.5) catalysts were studied by EDS, SEM, XRD, TEM and TGA. The catalytic activity of the prepared
materials in methanol electro-oxidation reaction was investigated by cyclic voltammetry (CV) and
chronoamperometry (CA). The results of catalytic activity of the nanostructured materials showed a
Keywords: volcano-type relationship between the Ni relative concentration current density. The enhancement of
PLNi catalytic activity was attributed to changes in surface electronic structure of Pt nanoparticles that
CNTs impacted in an increment of active sites for methanol dehydrogenation and oxidation processes. On the
other hand, high concentration of Ni (concentration > 30 at.%) in Pt nanoparticles caused a substantial
decrease of the catalytic activity due to a depletion of active sites for the methanol dehydrogenation
process. The highest catalytic activity was observed when the Ni relative concentration reaches 30 at.%.
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1. Introduction

Direct methanol fuel cells (DMFCs) have been used as attractive
devices to convert chemical energy in electrical energy [1]. How-
ever, various drawbacks have limited their performance, such as
poor kinetics of Pt/C catalysts [2,3], low abundance of Pt, and
methanol cross-over from anode to cathode side through the
membrane [4]. Particularly, the poor kinetics of the anodic reaction
is one of the main issues for making DMFCs attractive [5].
Improving the anodic activity through the design of new catalytic
materials combining both high activity in methanol dehydroge-
nation and more tolerance toward CO poisoning is a necessity [6].
However, the presence of Pt in the DMFCs anode cannot be dis-
carded because the electro-oxidation process from methanol to
CO; occurs through an initial dehydrogenation reaction step and Pt
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is an excellent material for performing this essential step [7].
Therefore, research efforts have been devoted to the synthesis of
catalysts combining ultra-low Pt loading with other noble metals
(Ru, Rh, Pd, etc.), or to the formation of Pt-based bimetallic
nanoparticles in form of alloys to increase the catalytic activity
[8—10]. Also, to reduce the cost of Pt catalysts and to improve their
activity, combination with other transition metals such as Fe, Co
and Ni have been made demonstrating that their incorporation in
Pt nanoparticles generally enhance the rate of electro-oxidation
reactions [9—14].

In this respect, Ni addition to Pt nanoparticles has shown an
enhancement of catalytic properties for the methanol electro-
oxidation reaction [14,15], where the catalytic activity depends
on different parameters such as the atomic ratio between the two
metals, changes in crystalline structure and size of Pt-based
nanoparticles [9,16]. These parameter modifications can be ach-
ieved using different synthesis strategies such as galvanic
replacement [15], chemical reduction [17], polyol [18], colloidal
[19] approaches, or Brust—Schiffrin method [20]. In particular, the
Brust—Schiffrin method allows to control chemical composition,
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The NiWO, and CoWO, samples, successfully synthesised by the hydrothermal method, were trea-
ted under NHj to obtain the metal nitride. The SEM micrographs show that this transformation is a
topotactic process. Tungsten trioxide was also treated under NH; at similar operating conditions,
and used as a reference. High nitrogen contents after ammonolysis were calculated, however, the
percentages were below the theoretical values assuming the formation of pure NiWN, CoWN
and WN. The XRD pattern indicates that WON is likely formed after ammonolysis of tungsten
oxide whereas phase segregation was observed on the nickel and cobalt samples. Furthermore,
the reactivity of the nitride samples as function of temperature was measured under argon and
the results show that most of the nitrogen is removed from the cobalt and nickel samples whereas
it was partially released from the tungsten specimen.
© 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Nitridation;
Metal oxides and nitrides

1. Introduction

Metal nitrides are of interest due to their electronic and mag-
netic properties, their hardness and their application as cata-
lysts (Oyama, 1996; Alexander and Hargreaves, 2010). In
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terms of catalysis, much interest has centred upon the possibil-
ity of using certain metal nitrides as potential replacements for
precious metal based catalysts, although caution should be
exercised when drawing analogies with the activity of noble
metals and nitrides should be recognized as interesting cata-
Iytic materials in their own right. Recently, attention has been
focused upon the possibility of using certain interstitial metal
nitrides as nitrogen transfer reagents wherein lattice nitrogen
derived species could be directly transferred to organic target
molecules potentially by-passing the requirement of ammonia
as an intermediate reactant and indirectly utilizing N, as a re-
agent (Mckay et al., 2007, 2008; Hargreaves and Mckay, 2009;
Cairns et al., 2010). Such processes would be very attractive

1319-6103 © 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Herein reported are the synthesis and the photocatalytic activity of MWCNT/TiO, heterojunction pho-
tocatalysts obtained by microwave-assisted method using titanium butoxide as precursor. The obtained
materials were characterized by XRD, Raman, SEM, TEM, UV-vis, FTIR, surface area (BET) and photolu-
minescence. The characterization results showed that the addition of MWCNT did not provide structural
changes on TiO;. The photocatalytic activities of the synthesized materials were investigated using acid
blue 9 dye as a model molecule. The results indicate an enhancement on photocatalytic activity by the
addition of low amount of MWCNT (1 and 3 wt%). The improvement is attained to the synergic effect
between TiO, and MWCNT which reduces the electron-hole pair recombination according with the pho-
toluminescence study. In this way, a proposed schema for the enhanced photoactivity of the MWCNT/TiO,
heterojunction photocatalyst is discussed.
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1. Introduction

Toxic, recalcitrant, and/or dyed organic compounds can be elim-
inated by various advanced oxidation processes. They are based
on reactive oxygen species (ROS) production as hydroxyl radicals
(OH*), which are effective for organic contaminants degradation
[1]. The production of ROS in heterogeneous photocatalysis is based
on the irradiation of semiconductors. The preferred semiconduc-
tor used in photocatalysis is titanium dioxide (TiO;) [2-4], due
to its chemical stability, superhydrophilicity, long durability, non-
toxicity and low cost [5]. Unfortunately, the rapid recombination
of photogenerated electron-hole pairs in the bulk semiconductor
decreases the efficiency of photocatalytic reactions [6,7]. Several
attempts have been made to increase the photocatalytic activ-
ity of semiconductors such as: controlling the morphology and
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crystal phase; doping with transition metals or nonmetal ele-
ments; or coupling with secondary semiconductors/conductors
[6,8-10]. Unfortunately, these methods involve compounds that
are either thermally unstable, difficult to modify or even toxic.
Another possible approach is by coupling TiO, with multiwall
carbon nanotubes (MWCNTSs), which provide a synergistic and
cooperative effect that leads to enhancement of the overall pho-
tocatalytic performance [6,7,9,11]. In this regard, the improvement
is attributed to the enlarged absorption region of TiO,, the incre-
ment of surface area and the enhancement of electronic transfer;
therefore, a reduction of electron in the TiO, bulk is achieved
[12-15]. Different synthesis methods have been used to obtain
the TiO,~-MWCNT materials (composites, hybrids, heterojunctions)
[3,7,9,16-19]. Nevertheless, most of these methods require long
preparation times (several hours or a day), involve multiple steps
and have high thermal costs, which often result in structural dam-
ageinthe MWCNT|[14,15]. Moreover, microwave assisted synthesis
is a novel technique that offers several advantages, such as sim-
ple and fast synthesis procedures, reduces the reaction time, offers
faster kinetics, higher yield, uniform heating and minimal struc-
tural damage [20,21]. This method has been widely used to obtain
pure TiO,; nevertheless, there are few reports where microwave
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W-doped TiO, and Mo-doped TiO, photocatalysts were synthesized by EISA method and were character-
ized by different techniques. The photoactivity of these materials was evaluated by the degradation of 4-
chlorophenol without oxygen supply. The catalysts exhibited only anatase crystalline phase and high
specific surface areas of about 179 m? g~'. The amount of dopant cations in TiO, was a key parameter

to increase the photoactivity. The results obtained show that with low dopant concentrations the degra-
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dation is improved, and this can be attributed to an increase in the lifetime of the photogenerated charges
due to that dopant cations may easily trap electrons decreasing the recombination rate. Doped photocat-
alysts degraded 95% of 4CP, three times faster than Degussa P25. 69% reduction of total organic carbon
(TOC) content was achieved by 1 wt.% W-doping.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The degradation and mineralization of organic pollutants in
water and air by photocatalysis with TiO, has been addressed by
many researches [1,2]. The photocatalytic activity of titania is
highly dependent on its crystal structure and on its ability to gen-
erate hole (h*)/electron (e™) pairs on the catalytic surface. In addi-
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tion, TiO, in its anatase crystalline phase is activated only with
ultraviolet (UV) light with a band-gap energy of 3.2 eV. Therefore,
modification of titania by doping with transition metals has been
of great interest to improve its photocatalytic activity and extend
its light absorption capacity towards the visible light region [3].
While this is true, the decrease in recombination rate between
excited hole/electron pairs should not be completely left aside.
The objective of this work is to present the effect of the incorpora-
tion of transition metals tungsten (W) or molybdenum (Mo) on the
photoactivity of nanocrystalline anatase TiO,.

dx.doi.org/10.1016/j.fuel.2016.10.005
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A group of hydrodesulfurization (HDS) catalysts, based on transition metal sulfides (Co-Mo-W) and sup-
ported on mechanically-mixed mesoporous silicas (SBA-15 and SBA-16), have been synthesized and
characterized by physicochemical methods (DRS-UV-vis, Micro Raman spectroscopy, XRD, SEM, HRTEM,
EDS and catalytic activity). It has been demonstrated that the use of a mixture of silicas with two different
porous structures has an advantage with respect to the use of the SBA-15 and SBA-16 separately for the
preparation of supported catalysts for hydrodesulfurization reactions of refractory sulfur compounds,
such as dibenzothiophene. This is because the presence of different porous structures has a positive
effect over the diffusion processes of the precursors of the active phases on the support, and the whole
result is a higher catalytic activity for the HDS reactions of dibenzothiophene, even more than that of
the commercial catalyst used as a comparative model; this activity is also related with the stage of the
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synthesis process in which the mixture is done.
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1. Introduction

Currently, oil and its derivatives, natural gas and coil are the
main sources of primary energy worldwide and this tendency will
not change in the next two decades according to recent studies in
energy topics.

Currently, oil and its derivatives are, along with natural gas and
coal, the main sources of primary energy worldwide and, accord-
ing to recent studies, this tendency will continue for the next two
decades [1]. It involves a great quantity of challenges related to the
separation of the fractions in the oil, specifically those associated
with the removal of undesired elements such as nitrogen, oxygen,
sulfur and metals, because of the environmental effects of those
compounds. Hydrodesulfurization (HDS) focuses in the removal of
sulfur-containing molecules in oil, typically by the use of catalytic
materials. In the recent years, the research in this topic has focused
its efforts in the development of new catalysts, which has to be
effective in the removal of molecules of complex compounds of
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sulfur such as thiophenes and benzothiophenes which are difficult
to remove with conventional commercial catalysts.

The most of the catalytic materials used in hydrotreatment pro-
cesses are based on transition metal sulfides, typically those of
molybdenum and tungsten, promoted by cobalt or nickel and sup-
ported in inert materials. Alumina is the most common support
material for HDS reactions for their mechanical properties, low cost
and easy regeneration; however, this material has several disad-
vantages, mainly related to the presence of undesired interactions
between transition metal and support which has promoted the
research of alternative materials such as titania and silica, which
latter have demonstrated alumina equally advantageous properties
in terms of physical and chemical properties. Numerous previous
studies have reported the convenience of using mesoporous sili-
cas with cubic (SBA-16) or hexagonal (SBA-15) mesostructure as a
support material for active species to be used in the hydrodesulfur-
ization reactions since they have shown outstanding performance
for the removal of sulfur atoms within the molecular structure of
thiophenes and benzothiophenes.

Different mesoporous silica materials have been studied as
supports for hydrodesulfurization catalysts, such as MCM, HMS
and SBA materials, because of their ordered porous structure and
high surface area. Particularly, many studies have been published
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dation is improved, and this can be attributed to an increase in the lifetime of the photogenerated charges
due to that dopant cations may easily trap electrons decreasing the recombination rate. Doped photocat-
alysts degraded 95% of 4CP, three times faster than Degussa P25. 69% reduction of total organic carbon
(TOC) content was achieved by 1 wt.% W-doping.
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1. Introduction

The degradation and mineralization of organic pollutants in
water and air by photocatalysis with TiO, has been addressed by
many researches [1,2]. The photocatalytic activity of titania is
highly dependent on its crystal structure and on its ability to gen-
erate hole (h*)/electron (e™) pairs on the catalytic surface. In addi-
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tion, TiO, in its anatase crystalline phase is activated only with
ultraviolet (UV) light with a band-gap energy of 3.2 eV. Therefore,
modification of titania by doping with transition metals has been
of great interest to improve its photocatalytic activity and extend
its light absorption capacity towards the visible light region [3].
While this is true, the decrease in recombination rate between
excited hole/electron pairs should not be completely left aside.
The objective of this work is to present the effect of the incorpora-
tion of transition metals tungsten (W) or molybdenum (Mo) on the
photoactivity of nanocrystalline anatase TiO,.
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W-doped TiO, and Mo-doped TiO, photocatalysts were synthesized by EISA method and were character-
ized by different techniques. The photoactivity of these materials was evaluated by the degradation of 4-
chlorophenol without oxygen supply. The catalysts exhibited only anatase crystalline phase and high
specific surface areas of about 179 m? g~'. The amount of dopant cations in TiO, was a key parameter

to increase the photoactivity. The results obtained show that with low dopant concentrations the degra-

Keywords:
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Photocatalysis

dation is improved, and this can be attributed to an increase in the lifetime of the photogenerated charges
due to that dopant cations may easily trap electrons decreasing the recombination rate. Doped photocat-
alysts degraded 95% of 4CP, three times faster than Degussa P25. 69% reduction of total organic carbon
(TOC) content was achieved by 1 wt.% W-doping.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The degradation and mineralization of organic pollutants in
water and air by photocatalysis with TiO, has been addressed by
many researches [1,2]. The photocatalytic activity of titania is
highly dependent on its crystal structure and on its ability to gen-
erate hole (h*)/electron (e™) pairs on the catalytic surface. In addi-
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gmail.com (R. Natividad).
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tion, TiO, in its anatase crystalline phase is activated only with
ultraviolet (UV) light with a band-gap energy of 3.2 eV. Therefore,
modification of titania by doping with transition metals has been
of great interest to improve its photocatalytic activity and extend
its light absorption capacity towards the visible light region [3].
While this is true, the decrease in recombination rate between
excited hole/electron pairs should not be completely left aside.
The objective of this work is to present the effect of the incorpora-
tion of transition metals tungsten (W) or molybdenum (Mo) on the
photoactivity of nanocrystalline anatase TiO,.
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ANALISIS DE CONTAMINACION Y PROPUESTA DEL USO DE BIOGAS
PARA UN DESARROLLO ENERGETICO SUSTENTABLE EN MORELIA,

MICHOACAN, MEXICO

José Juan Alvarado Flores!

Jaime Espino Valencia®

RESUMEN

En este estudio, se analiz6 como afecta el grave problema de la contaminacién actual en agua,
aire y suelo debido a actividades antropogénicas de la ciudad de Morelia, Michoacan de
Ocampo. Se ha realizado un analisis del estado actual de la tecnologia de celdas de
combustible, identificAndose a la celda de combustible de 6xido sdlidos (SOFC), como un
excelente candidato. Esto permitiria determinar la posibilidad de utilizar una celda SOFC como
generador de energia eléctrica a partir de biogas compuesto principalmente de metano y
bi6éxido de carbono como combustible.

PALABRAS CLAVE: Desarrollo energético sustentable, Biogas, Celda de combustible

1. INTRODUCCION

La contaminacién del aire, agua y suelo contribuye a la generacibn de enfermedades
cardiovasculares y cancer de pulmén (Kinzli et al 2000, Pope Ill, 2000, Sram et al 2005 y
Schwela, 2000). Hasta 2007, el relleno sanitario de la ciudad de Morelia se mantenia como un
tiradero a cielo abierto, a partir de diciembre de ese afio entr6 en operacion el Relleno Sanitario
de Morelia, en el cual se contienen hasta el momento cerca de once millones de toneladas, s6lo
en una primera celda de doce que se planean realizar en el lugar. El relleno sanitario de Morelia

es uno de los cinco que a nivel nacional cuentan con la certificacion Internacional 1ISO 14001-
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Las celdas de combustible convierten permanentemente sustancizs quimicas en electriddad a traves de
ma serie de reacciones electroquimicas. Son similares a las batenas de los automoviles que producen
comiente eléctrica. El problema con las baterias, es que su tiempo de vida util es limitado y terminan
disfumcionales. Lz celds de combnstible, es un sistemna muy sendllo, tipicamente ests compuesto de un
anodo v un catodo, donde se introduce prindpalments hidrogeno v oo geno respectivements. En ellos ze
presentzn dos rescciones quimicas; oxidecion del combustible (Ho) en el anodo v reduccion del orxdgeno
en el catodo. Entre estos dos componentes se encuentra un tercero, el electrolito, encargado de condodr
los iomes de oxageno al electrodo anodico para su reacdon v produccion de elecirones gue pasan por un
circuito externo conductor. Asodado a la eleciricidad producida, tambien se genera agua 1009 pura ¥
calor, que se producen como resultado de las rescciones quimicss en el anodo v catodo 2l utilizar
hidrogeno. Las celdes de combustible tienen una efidencia de hasta ol 60% v, con algunas
modificaciones tecnolégicas al utilizar sktemas de co-generadon, pueden alcanzar hasts un 80%. En
comparacion, las furbinas tienen wma efidenciz de entre el 40 y el 509, v todaviz es mas baja en los

motores de combustion interna de entre el 10 y el 25%.

El uso de celdas de combustible raducirz la dependencia del petroleo en el mundo. La contaminadion,
que principalmente esta compuesta de CO» y produce el efeco imvemnadero, se veria redudda
drasticamente, debido a que el combustible utilizado (hidrogenc), no generaria emisiones contaminantes,
v se obtendria muy probablemente de gases como butzno, propano ¥ metano. Cabe resaltar el uso del
metano, que, de entre ogas fuentes, puede obtenerse de la descompesicion organica de los rellenos
szmitarics, pirolisis de biomesa o residuos zgricolas, v utilizarse de maner directa en wna celdz de
combustible. Actuslmente, en el mercado exasten dversos tpos de celdas de combustibles, sin embargo,
lz= celdas de dxidos salidos (SOPC), son los sistemas de generacion eleéctrica mes atractivos por su alta
eficiencia y durabilidad en operacion. Ademas, son mejoradas dia a dia v podran ser introducidas en muy
poco tiempo para reducir &l costo de la produccion de energlz eléctrica bre de contaminantes. Se pueden
fahricar desde pequefios dispositives de 0.2 W hastz centrales de 50 MW, Las investisacionss achuales,
pretenden dessrmollar compaonentes para este tipo de celdas que fimcionen 2 temperaturas menores a los
1000°C.
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Physicochemical Characterization of Water Hyacinth
(Eichhornia crassipes (Mart.) Solms)
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Water hyacinth (Eichhornia crassipes) is an aquatic flowering plant that
belongs to the Pontederiaceae family. The plant is a freshwater
hydrophyte that grows in subtropical and tropical regions of the worid. The
objective of this study was to determine the physicochemical
characterization of roots, stems, and leaves of E. crassipes. The pH, ash,
1% alkall solubility, extractives, lignin, holocellulose, tannins, and calorific
value were determined. Our results showed that the mineral content is
relatively high, whereas that for lignin and tannins is low. The pH is
moderately acid, and the soluble substances easily dissolved in alkali or
organic solvents. Potassium, calcium, and silicon are the major
constituents present in the ash of this plant. The determined calorific value
was approximately 14.4 MJ/kg.

Keywords: pH; Ash; Extractives; Lignocellulosic material; Calorific value
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INTRODUCTION

The water hyacinth (Eichhornia crassipes (Mart.) Solms) is an aquatic flowering
plant that belongs to the Pontederiaceae family. The plant is a freshwater hydrophyte that
grows in subtropical and tropical regions of the world. Sometimes the water hyacinth is
considered an undesirable weed; but various studies have reported its uses, such as in the
production of ethanol (Manivannan et al. 2012; Awasthi er al. 2013; Fileto-Pérez et al.
2013; Manivannan and Narendhirakannan 2014); as an adsorbent for heavy metals present
in polluted water (Murithi et a/. 2014); for phytoremediation (Vijetha ef al. 2014); as a raw
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