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Editorial

Este nuevo Boletin consta de 3 articulos y 3 resefias de tesis doctoral. Con
respecto a los articulos los tres proceden de Latinoamérica, concretamente
de: Ecuador, México y Venezuela. Por su parte, las tres resefias de tesis
doctorales son todas de miembros del GEC que han hecho su tesis en el
INCAR-CSIC, ICB-CSIC y Universidad de Alicante. En este sentido, y haciendo
estadistica resulta interesante el hecho de que el origen de los autores de los
articulos publicados en el Boletin, estd, como muestra el grafico, bastante
compensado entre los miembros del GEC y los que no lo son.

Procedencia de los autores de los articulos Por otro lado, y siguiendo con la
estadistica (disponibles desde el afio
2.008, en este caso) también resulta
interesante ver como, los cambios
realizados, tanto en el formato del
Boletin, como en la nueva pagina
web que lo aloja
(http:/imww.gecarbon.org/boletin.asp),
parecen redundar en un importante incremento en el nimero de descargas
de boletines en el dltimo ano. La indexacion del Boletin del GEC en varias
bases de datos como DOAJ, Latindex, Dialnet, etc. posiblemente contribuyan
a este importante incremento de su difusion.

NO GEC GEC
45 55

Tal y como queda reflejado en la
grafica, casi 12.000 boletines
12.000 descargados en el afio 2.012 dan
10.000 idea de la importante difusién del
Boletin del GEC. Otra forma
interesante de analizar esta difusion
es individualizarla por nimeros del
Boletin. En la grafica adjunta se
puede observar como algunos
numeros son descargados mas de
500 veces por afio. En este Ultimo
analisis es importante recordar que

Descargas totales

8.000
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2,008 2.009 2.010 2.011 2.012 . ,
Afio hasta el namero 18, los boletines

tenian un Unico articulo.

Con todo lo expuesto, y los datos
Boletines més descargados que lo avalan, se podria concluir, sin
WNL N2 N9 B N16 M N19 M N20 FN23 gran temor a equivocarse, que
publicar en el Boletin del Grupo
Espafiol del Carbon, garantiza que
el trabajo, ademas de estar facilmente
accesible a cualquier publico en
cualquier pais y en cualquier
momento, va a tener una
importantisima difusién. La
repercusién que pueda tener
dependera en gran medida de la
calidad de cada trabajo concreto
publicado.
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Sirva pues esta editorial para animaros a que nos sigais enviando trabajos
de calidad que hagan el Boletin del Grupo Espafiol del Carbén cada dia mejor.
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Hybrid TiO2-C composites for the photodegradation of methylene
blue under visible light
Compositos hibridos TiO2-C para la fotodegradacion de azul
de metileno bajo luz visible
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Abstract

Photodegradation of methylene blue (MB) on TiO,
in presence of activated carbons (AC) was studied.
Two different lamps were employed and results were
compared against those obtained on a commercial
TiO,. Apparent first order rate constant for the
degradation of MB was higher in presence of any
AC in comparison of TiO, alone but much higher
under visible light irradiation. It can be concluded
that TiO, enhances its photoactivity by a factor up
to 8.7 in the degradation of MB in presence of AC
and this increase was associated with the surface
properties of AC.

Resumen

En este trabajo se muestra la fotodegradacion de
azul de metileno (MB) sobre TiO, en presencia de
carbén activados (AC). Se emplearon dos tipos
diferentes de lamparas y los resultados se
compararon contra los obtenidos sobre TiO»
comercial. La constante aparente de velocidad de
primer orden para la degradacion de MB fue mayor
en presencia de AC en comparacién a la obtenida
sobre el TiO, solo y mucho mayor bajo irradiacion
con luz visible. Se puede concluir que el TiO,
aumenta su fotoactividad en un factor de hasta 8.7
veces mayor en la degradacién de MB en presencia
de AC. Este aumento fue asociado con las
propiedades superficiales de cada AC.

1. Introduction

An important quantity of the total world production
of azo-dyes is released in textile effluents [1]. Different
technologies for the removal of dyes are adsorption,
bio- and chemical degradation methods including
advanced oxidation technologies as heterogeneous
photocatalysis. Since heterogeneous photocatalysis
with TiO, emerged as an efficient method for purifying
water and air [2,3] several attempts such as ion
doping or metal depositions have been used [4] to
increase its photoefficiency. Another way to possibly
increase the photoefficiency of TiO, consists of
adding an inert co-adsorbent such as activated
carbon (AC) [5,6]. A synergy effect between both
solids has been observed in the photocatalytic
degradation of model pollutants [7,8]. This has been
ascribed to a contact interface that promotes an
appropriated diffusion of pollutants from AC to
photoactive titania and introduce changes in the
semiconductor properties [5-8]. Photocatalysis and
adsorption with activated carbon (AC) have received
an increase attention for the degradation of different
dyes [9-11] and halo phenol molecules [7] where
recently, we have showed that surface
functionalization of AC play an important role on
TiO, photoactivity on 4-chlorophenol degradations
[7]. The objective of this work is to study the
photodegradation of methylene blue (MB) as a model
dye on UV- and visible light irradiated TiO» in
presence of activated carbons with different texture
and surface functionalities.

2. Experimental

Methylene blue (MB) was analytical grade and
purchased from Aldrich. For comparative purpose,
photocatalyst was TiO, P25 (Degussa). H-type AC
were prepared by physical activation of a soft wood
under CO» flow at 800°C (ACco02-800) or by pyrolysis
under Ny flow at 1000°C (ACn2-1000) While L-type
AC were prepared by impregnation with 5% (w/w)
of ZnCly (ACznci2-5%) and H3PO4 (ACH3P04-5%)
following activation under N5 flow at 450°C. Samples
were characterized by adsorption-desorption N
isotherms, infrared spectroscopy (FTIR) and surface
pH (pHpPzc). The experimental set-up [11] consists
in an open to air batch photoreactor of 200mL made
of Pyrex. Irradiation was provided with two different
lamps [11] with different UV proportions. One a Hg
lamp (82.9 W.m-2 UV and 362.6 W.m-2 visible light)
and metal halide (MH) lamp (70.2 W.m-2 UV and
452.5 W.m-2 visible). Photocatalytic tests were
performed at 25°C with 62.5mg TiO, and 6.2mg AC
under stirring in 125mL of MB, 25ppm (78.2umol.L-
1) initial concentration or in 125mL of phenol, 50ppm
(0.5x10-3mol.L-1) initial concentration. Samples were
maintained in the dark by 60min to complete
adsorption at equilibrium before irradiation. After
centrifugation of MB aliquots at some selected
reaction times, samples were analyzed by UV
spectrophotometer at 664 nm.

3. Results and discussion

Table 1 shows textural properties and pHpzc of
photocatalysts. AC developed high surface areas
BET (SeeT) and the main pore width in the the
microporous range. For the hybrid TiO»-AC, SBET
decreases one order magnitude with respect to AC.
This is attributed to a strong interaction between
both solids [12]. Table 1 shows H-type AC have basic
pHpzc while L-type AC have acid pHPZC suggesting
the presence of basic and acid oxygenated functional
groups on the surface of H- and L-type AC,
respectively as can be verified from FTIR spectra in
Fig 1. It can be seen that functional surface groups
principally are basic as cyclic ethers (-C-O-C-) and
quinones (C=0) [7,13]. For the case L-type AC,
these showed acid pHpzc and by FTIR can be
observed that the main functional surface group was
carboxylic acid (C=0).

Table 1. BET surface area (SBET), mean pore diameter (D) and
surface pH (pHpzc).

Tabla 1. Area superficial BET (SBeT), didmetro promedio de poro
(D) y pH superficial (pHpzc).

SgeT (M2.9-1) D (A) pHpPzc
452+0.2 577.86 6.5
943+ 3 6.29 85
86.5 £ 0.5 974.01 6.7
644 + 1 5.90 8.9
60.4 + 0.4 1051.78 6.7
689 £ 2 5.89 6.0
925+05 979.03 6.4
247+ 1 5.94 4.0
63.4 +0.4 1034.43 6.3

Sample

TiO, P25
ACco2-800

TiO2- ACc0o2-800
ACN2-1000

TiO2- ACn2 1000
ACznciz-5%
TiO2- ACznci2-5%
ACH3P0O4-5%
TiO2. H3PO4-5%
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Figure 1.FTIR spectra of TiO2, ACC0O2-800, ACH3P04-5%, TiO2-ACC02-800, and TiO2-ACH3P04-5%
Figura 1. Espectro FTIR de TiO2, ACC02-800, ACH3P04-5%, TiO2-ACC02-800, y TiO2-ACH3P04-5%
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Furthemore, cyclic ethers were also detected (-C-
O-C-). Finally, it should be remarked the presence
of phosphates in ACH3zpo4 [7,8]. Fig. 1 shows that
TiO, presented a broader peak in the region of bulk
Titania in presence of AC. Also, the corresponding
peaks in the AC clearly decreased in the binary
materials probably by the coordination from carbon
to the metallic centre in TiO5 [7]. A similar behavior
in the FTIR spectra for the other AC and the binary
materials was found [7]. Fig. 2 shows the XRD
patterns of TiO,, AC and the binary materials TiO»-
AC. It can be seen that no changes in the
corresponding XRD patterns for the case of TiO,-
AC in comparison than that obtained for TiO, alone.
The only change detected in the XRD pattern of the
binary materials was a remarkable decrease in the
main peaks attributed to a dilution effect by means
of AC.

Fig. 3 shows the kinetics of adsorption in the dark
of MB on AC and TiO,-AC. Adsorption occurred
within 30min but to ensure the equilibrium of
adsorption, 60 min of adsorption in the dark was
selected prior to the photodegradation experiments.
The results indicated that there are no additive effects
in the adsorption capacities of both solids after they
are mixed. It can be ascribed to a strong interaction
between TiO, particles and AC [7]. Kinetics of
photocatalytic disappearance of MB in presence of
TiO»-AC under each lamp was performed. Fig. 4
shows an example of the kinetic of MB
photodegradation under UV irradiated TiO», TiO»-
ACc02-800, and TiO»-ACN2-1000 Samples. Assuming
a first-order reaction rate [7], linear transformations
(figure inset Fig. 4) from the kinetic data were
performed to estimate the apparent first-order rate

constant (Kapp).

o AC CO2 800
® TiO2-AC CO2 800
* TiO2

MB adsorbed (umol)

20 40 60 80 100
Time (min)
Figure 3. MB adsorbed in the dark on selected solids.

Figura 3. MB adsorbido en la oscuridad sobre solidos
seleccionados.

—Photolysis Lamp Hg

*TiO2 Lamp Hg
<Ti02-ACN21000 Lamp Hg
®Ti02-AC CO2 800 Lamp Hg

.0 %

Table 2. Summary of kinetics parameters obtained in the
photodegradation of MB.
Tabla 2. Resumen de parametros cinéticos obtenidos en la
fotodegradacion de MB.

Kapp-visX107®
(mint)

Ads? | Kapp-uvx10°

©) | (min?) levisb  @rel-vise

Sample o @euve

TiO2 P25 25 | 12.10 1.0 1.0 4.60 1.0 1.0
ACco2-800 33 | 4.04 --- 0.3 2.59 - 0.6
TiO2- ACco2-800 31 | 59.12 3.7 4.9 39.89 55 8.7
ACnN2-1000 23 3.33 - 0.3 2.24 - 0.5
TiO2- ACn2 1000 28 | 34.48 2.2 2.8 27.80 4.1 6.0
ACznc12-5% 27 1.10 - 0.1 2.54 - 0.6
TiO2- ACznc125% | 26 | 28.85 2.2 2.4 14.63 2.0 3.2
ACH3PO4-5% 14 0.71 - 0.1 1.01 - 0.2
TiO2- H3PO4-5% 23 | 3941 3.1 3.3 13.39 2.4 2.9

apfter 60min of adsorption in the dark. P Synergy defined as I = Kapp-i/(Kapp-Tio2+
kapp-ac). ¢ Relative photoactivity defined as @rel = (kapp-i/kapp-TiO2).

Table 2 contains a summary of the kinetic results of
MB photodegradation. The apparent first-order rate
constant permits to compare the photoactivity relative
to TiO, defined as @rel = (Kapp-i/kapp-Tio2) and the
synergistic effect between TiO, and AC materials
defined by I = [kapp-i/(kapp-Ti02+ kapp-AC)]. It can
be seen from kapp values in Table 2 that binary
materials TiO,-AC have higher photoactivity than
that obtained on TiO, alone and this enhancement
in the photoactivity was clearly higher with the MH
lamp which has higher proportion of visible light with
respect to the Hg lamp with an enhancement in the
photoactivity up to 8.7 and 6.0 times higher than
TiO2 on TiO2-ACco2-800 and TiO2-ACN2-1000. Both
ACco2-800 and ACN2-1000 can be classified as H-
type [5] AC because its surface oxygenated functional
groups are basic in nature as suggest FTIR spectra
(Fig. 1) and basic pHpzc in Table 1. In addition, it
should be pointed out that the photocatalytic activity
of AC is lower than that of TiO2 alone, however, a
clear synergistic effect between both solids was
estimated (Table 2) being much higher under visible
light irradiation. On the other hand, Table 2 shows
that photoactivity of the binary materials TiO>-ACznciz-
59 and TiO,-ACH3pP04-5% were only about 3 times
higher than that on TiO, alone in any of cases of
lamps studied. This fact has been attributed to a
more acidic surface pH and to a lower surface area
of these L-type AC (Table 2) [6,8].

In previous works [5,7] we have showed that
oxygenated functional groups in the surface of AC
play a double role in photocatalytic reactions. First,
these AC can play the role of electron carriers that

#Ti02-AC (02800 LampHg
| oTOLACK 10 LompBg

Ln(Co/Ct)

Time (min)

30 60 20 120 150

180 210 240 270 300 330 360

Time (min)

Figure 4. Kinetic of disappearance of MB on TiO2-AC under Hg Lamp (Al) and lineal regression of kinetic data (al).
Figura 4. Cinética de desaparicién de MB sobre TiO2-AC bajo la lampra de Hg (A1) y regresion lineal de los datos cinéticos (al).




could inhibit the recombination of photoelectrons to
improve the photoactivity of TiO, and secondly, under
visible light irradiation several functional groups on
carbon’s surface are able to excited electrons from
Tto 1t orbital to then be injected into the conduction
band of TiO, [11]. This phenomena has been
described by our group as a photo-assisting process
[12,14]. In addition, our group has been previously
reported for the case of the 4-chlorophenol
photodegradation [5,7] that ACco2 has a stronger
interaction than ACN2 with Ti atoms in TiO,. We have
shown that this interaction occurs by means of a
common contact interface [7,15] spontaneously
created during reaction between both solids by the
coordination the oxygenated functional groups on
ACco2, mainly cyclic ethers and carboxylate anions
(Fig. 1). This interaction is lower between TiO, with
ACnN2 than with ACco2 because ACn2 has lower
oxygen composition, about 7% against 12wt%.

4. Conclusions

Hybrid TiO,-C materials showed a clear increase in
the photocatalytic activity of MB photodegradation
with respect to TiO, alone under the two lamps
studied. This beneficial effect has been attributed to
the properties of H-type AC (high surface area and
basic pHpzc). In general, a model dye-molecule
such as methylene blue can be photodegrated in
shorter reaction times by using hybrid TiO,-C
composites than on irradiated neat TiO».
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Resumen

El objetivo de este trabajo fue analizar el papel que
desempefia el carbén activado en el proceso de
ozonizacion del anién cianuro. Los resultados
obtenidos muestran que el carbdn activado
previamente tratado con amoniaco incrementé
considerablemente la velocidad de eliminacién del
anion cianuro. Los resultados obtenidos mediante
FTIR y XPS muestran un incremento en la
concentracion de grupos carbonilo, los cuales con
la interaccion con el ozono podrian potenciar la
generacion de radicales altamente oxidantes en el
medio justificandose asi los resultados obtenidos.

Abstract

The aim of this study was to analyze the role of
activated carbon on cyanide ozonation in aqueous
phase. The results show that activated carbon
previously treated with ammonia had a marked effect
on the kinetics of cyanide removal. According to the
results obtained by FTIR and XPS techniques,
ammonia treatment increase the superficial
concentration of carbonyl groups, which in the
interaction with ozone could potentiate the generation
of highly oxidizing radicals on the medium, justifying
the results obtained.

1. Introduccién

La creciente demanda de la sociedad para eliminar
los contaminantes a las aguas, materializada en
regularizaciones cada vez mas estrictas, ha
impulsado, en la ultima década, el desarrollo de
nuevas tecnologias de purificacion. En la practica,
la aplicacion de los métodos de tratamiento debe
tener en cuenta, fundamentalmente, la naturaleza
y las propiedades fisicoquimicas de las aguas o
efluentes a tratar [1]. Las aguas contaminadas por
la actividad humana pueden, en general, ser
procesadas eficientemente por plantas de tratamiento
bioldgico, por adsorcién con carbon activado u otros
adsorbentes, o por tratamientos quimicos
convencionales (oxidacion térmica, cloracion,
ozonizacién, permanganato de potasio, etc.).

El carbén en sus diferentes formas juega un papel
importante para la adsorcion de contaminantes de
las aguas residuales industriales. La mayoria de
carbones son producidos a partir de materiales
carbonosos naturales como huesos de frutas, lignitos,
carbon de hulla, turba, etc., a los cuales se les aplica
un tratamiento térmico en ausencia de aire a
temperaturas inferiores a 900°C [2], previamente
impregnados con una disolucién concentrada de
agentes quimicos [3]. Los agentes de activacién
guimica mas utilizados son hidréxido de sodio [4],
sulfato, hipoclorito y fosfato de sodio, fosfato y cloruro
de calcio [5] e hidréxido de calcio, cloruro y sulfato
manganoso, acidos bérico, nitrico [6], sulfdricoy
fosfarico [7], cloruros férrico [8] y de zinc [9], sulfuro,
tiocianato y carbonato de potasio, azufre, diéxido

de manganeso, dolomita, cianuros, peréxido de
hidrégeno [10], etanotiol [11], 8-Hidroxiquinolina [12],
acidos citrico y tartarico, cloruro de bario [5], y gases
como 0zono[13], diéxido de carbono [14], dioxido
de azufre y sulfuro de hidrégeno [15] y cloro [11],
entre otros. La quimica de superficie de los materiales
carbonosos esta basicamente determinada por el
caracter basico o acido de su superficie. Los
tratamientos con agentes oxidantes fijan en su
superficie complejos oxigenados tales como
carboxilos, lactonas, fenoles, cetonas, quinonas,
alcoholes y éteres, adecuados para la formacion de
complejos metalicos [16]. Esta modificacion de la
superficie de los carbones activados va a ser
determinante en la adsorcion de contaminantes
como gases e iones metalicos de plomo [17], cadmio
[11, 12], y otros metales pesados.

La oxidacion de cianuro empleando ozono ha sido
estudiada desde hace varias décadas [18]. La
mayoria de estos estudios han sefialado que el
cianuro es oxidado rapidamente por el ozono,
reaccion que es de orden cero a 1 con respecto a
la concentracién del cianuro, y de primero a segundo
orden con respecto a la concentracion del ozono,
y que cuya velocidad de reaccion esta limitada
principalmente por la transferencia del ozono
gaseoso a la solucion. La revisién de estos estudios
indica que las diferencias observadas en el orden
de reaccién y en las constantes cinéticas de velocidad
dependen de la complejidad del sistema (presencia
de otros compuestos), de la concentracion del ozono
empleada y del tipo y disefio de los reactores usados
para la reaccion.

El uso del carbdn activado como catalizador de los
procesos de ozonizacién se ha propuesto para la
oxidacion de diferentes compuestos dificiles de
degradar. En estos casos, el carbén activado se
emplea para adsorber compuestos inorganicos
(como iones metalicos) y organicos, los cuales
pueden formar compuestos con los grupos
funcionales del carbdn u otros compuestos
adsorbidos, o incrementan el area de contacto de
las fases, favoreciendo su eliminaciéon y/o
incrementando su velocidad de oxidacion. De esta
forma se ha propuesto la oxidacion catalitica del
propanol [19], acido oxalico [20], polifenoles y
nitrofenol [21]. Es importante hacer notar que la
oxidacion o degradacidon de los compuestos
mencionados se puede deber a radicales OH., los
cuales se pueden generar por la descomposicién
del ozono, potenciada por el carbén activado, gracias
a su alta area superficial especifica. Estas
observaciones son retomadas [22] para estudiar la
oxidacion del cianuro con ozono empleando carbén
activado.

El objetivo de este trabajo fue analizar el papel que
desempefia el carbon activado en el proceso de
ozonizacién del anion cianuro. Para ello se
prepararon carbones activados a partir de cascara




de coco (ccc) mediante carbonizacion a 440°C y
una activacion con amoniaco. Una vez modificado
el material carbonoso se estudi6 el papel que
desempefian estos materiales en el proceso de
eliminacién mediante ozonizacién del anién cianuro
en disolucién acuosa.

2. Experimental

Para llevar a cabo la obtencién de los materiales
estudiados, en primer lugar se hace una molienda
y tamizado a los carbones activados hasta alcanzar
el tamafio deseado de particula. Posteriormente se
pone en contacto con las disoluciones de amoniaco
durante 3 dias. Al término de la impregnacion, se
procede a llevarlos a un horno previamente calentado
a 440°C por 3 horas y después del tratamiento
térmico se procede a un lavado de los carbones con
agua desionizada hasta alcanzar el pH constante.
Finalmente, se procede a su calentamiento en un
horno a 110°C para quitarles la humedad durante
24 horas.

Los experimentos de eliminacién de cianuro se
llevaron a cabo en un reactor de 250 mL, con un
dispositivo poroso a través del cual se inyecto ozono,
generado por un ozonizador marca Pacific Ozone
Technology. La disolucion fue preparada con cianuro
de sodio grado reactivo y agua desionizada,
ajustando el pH a 12 con una solucion de NaOH.
En las pruebas con carbén activado, este fue afiadido
(1g) ala solucién, a la cual se le hizo pasar el gas
ozono a un flujo de 300 mL/min. Una vez iniciado
cada experimento, se tomaron muestras a diferentes
intervalos de tiempo, para las determinaciones de
cianuro por titulacion de nitrato de plata (método
APHA-AWWA 4500-CN D); el cianato se determind
indirectamente por medio de electrodo especifico
de amonio. Asimismo, se estuvo analizando
continuamente el caudal ozono a la entrada y salida
del reactor, empleando para ello el método
iodométrico.

Los sitios acidos y béasicos del carbén activado se
determinaron por el método de titulacién acido-base
propuesto por Boehm. El procedimiento usado
consistié en pesar 0.5 g de masa de carbon y
mezclarlo con agua destilada hasta obtener una
dispersion de 100 mL. Posteriormente se toma una
alicuota de 50 mL de la soluciény después se agitar
se coloca en un bafio a temperatura constante a
25°C durante 5 dias para alcanzar la condicion de
equilibrio. Durante este tiempo, se agita manualmente
el recipiente dos veces al dia. Finalmente se toma
una alicuota de 20 mL de la solucién vy se titula
usando el valorador 794 Basic Titrino marca
Metrohm.

3. Resultados y discusion

En la Figura 1 se presentan los resultados al llevar
a cabo la ozonizacion del i6n cianuro en presencia
y ausencia de carbon activado. Los experimentos
de ozonizacién con cianuro en presencia de carbén
mostraron un incremento en la cantidad de cianuro
oxidado con respecto a no usar carbén. La
bibliografia revisada [24-27] muestran que la
presencia de carbdn durante el proceso de
degradacion del anion cianuro potencia la generacion
de radicales del tipo *HO2, que junto con la
produccion del perdxido, debida al oxigeno presente
en el flujo de gas, aumenta la presencia de agentes
oxidantes, favoreciendo la oxidacion de cianuro a
cianato, como se muestra en la Figura 1.

Con el fin de aclarar el papel que desempena la
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caracteristicas quimicas del carbén activado en el
proceso de ozonizacion del i6n cianuro, se llevo a
cabo el estudio en presencia de carbones
modificados quimicamente, observando que el
carbén modificado potencia alin mas la velocidad
de eliminacion del ion cianuro (ver Figura 2).
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Figura 1. Ozonizacion de soluciones de cianuro en presencia
y ausencia de carbén activado y sin carbén.
Figure 1. Ozonization of cyanide solutions in the presence and
absence of activated carbon.

1 [
]

0.9

0.8

0.7

o
o

< cec
A sin C.A
[ cce-modificado =

[CNJo-[CNJf / [CN]o
o o
> [4,]

—

o
w

o
)

I
[

o

0.5 1 15 2 25 3
Tiempo (h)
Figura 2. Efecto del tratamiento con amoniaco sobre la actividad
del carbo6n en el proceso de eliminacién del i6n cianuro.
Figure 2. Effect of ammonia treatment on activated carbon activity
in the cyanide removal process.

Finalmente, se llevé a cabo la caracterizacion de la
muestra tratada con amoniaco mediante XPS, FTIR.
Ademas, la concentracion de grupos superficiales
fue determinada volumétricamente. Los resultados
obtenidos se presentan en la Figura 3y 4 y Tablas
ly?2.
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Figura 3. Espectro XPS de C1s O1s Yy Nis obtenido para el
carbén activado tratado con amoniaco..

Figure 3. C1s O1s Yy Nis XPS spectrum of ammonia-treated
activated carbon.
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En la Figura 4 se muestra el espectro de IR de la
muestra tratada con amoniaco, los resultados
presentados en la Figura 4 y Tabla 1 indican que la
intensidad de las bandas situadas en 3300 a 3500
es muy débil, lo que podria deberse a una amina
primaria. Las intensidades alrededor de 3000 indica
gue la amina puede estar en forma de ion *NH3 o
también puede ser causado por la presencia del
grupo -COOH. El pico a 1600 también se trata de
sales de amonio, lo que puede estar solapando al
pico C=. Cabe mencionar que se puede notar la
presencia del grupo ciano a 1250-1350 lo que
demuestra que absorbio este grupo durante el
proceso.
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Figura 4. Espectro FTIR del carbén modificado con amoniaco.
Figure 4. FTIR spectrum of modification carbon with ammonia.

Tabla 1. Asignacion de bandas del espectro IR de la muestra
tratada con amoniaco.

Table 1. Bands assignment of IR spectrum of ammonia treated
activated carbon.

Picos Agrupamiento Rangos Observacion

3000 - 3100 N-H 3130 - 3030
2800 -3000 C-H 2850 - 2960
1750 C=0 1750

1600 Cc=C 1600

1470 C-H 1430 - 1470 CH,
1350 C-N 1310 - 1360

1250 C-N 1250 - 1340

Amina primaria
Alcanos

Anillo aroméatico

Para corroborar la modificacion, se hizo una
caracterizacion fisicoquimica por el método de
Boehm y se obtuvo como resultado un incremento
en los grupos superficiales acidos y el valor del pH
del punto cero de carga.

Tabla 2. Caracterizacion del carbén modificado con amoniaco
por el método de Boehm.

Table 2. Characterization of carbon modified with ammonia by
the method of Boehm.

TIPO DE CARBON Grupos
acidos

(meq/g)

Grupos pHpzc
béasicos
(meaq/g)

C. A.inicial 0.1630 0.5097

C. A. modificado con amoniaco 0.4293 0.4442

C. A. modificado con amoniaco No Detecto 0.6218

tras el tratamiento de cianuracion

4., Conclusiones

La presencia de carbén durante el proceso de
ozonizacion de cianuro acelera su velocidad de

eliminacion, debido a la generacién de radicales
altamente oxidantes en el medio. Ademas, el
tratamiento con amoniaco mejora considerablemente
este efecto, debido a la generacién de grupos basicos
sobre su superficie que potencian la generacion de
radicales altamente oxidantes en la interaccion
ozono/carbon activado.
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Resumen

En la determinacion del contenido de carbono
organico total presente en el suelo y la biomasa
(cobertura vegetal) de los paramos de las
comunidades de Chimborazo, con 210ha de paramo
cuya ubicacion es 746667UTM-9825400UTM, y
Shobol Llinllin, con 350 ha de paramo,
754680UTM—-9854678UTM, pertenecientes a San
Juan en Ecuador, se seleccionaron 9 puntos de
muestreo de acuerdo a la variacion, caracteristicas
y altitud del suelo, repartidos para este estudio en
tres pisos altitudinales comprendidos, para el paramo
de la comunidad Chimborazo, entre 3600-3900
msnm y, en el caso de Shobol Llinllin, entre 3600-
3950 msnm.

Las muestras del suelo fueron tomadas a tres
profundidades diferentes de 0-30 cm, 30-60 cm y
60-90 cm. En lo referente a las muestras de biomasa
se extrajeron 4 tipos de muestras: paja, raiz de paja,
almohadilla, y raiz de almohadilla, las cuales se
analizaron mediante el método colorimétrico de
WallKley-Black por la oxidacién del dicromato de
potasio.

Con la diversidad de variables tomadas en cuenta,
los datos obtenidos indican que existe mayor
contenido de carbono orgéanico total en los primeros
estratos de suelo, en la paja y almohadilla; ademas,
existe mayor porcentaje del mismo en los suelos
cuya cobertura vegetal no ha sido intervenida,
incrementandose con la altitud.

Las comunidades de Chimborazo y Shobol Llinllin
al poseer una significativa extension de suelo de
paramo, pueden ser utilizados como una alternativa
para la captura y disminucién de gases de efecto
invernaderomanteniendo intacto el carbono organico
presente en el suelo y en la biomasa.

Palabras clave: suelo, biomasa, carbono orgénico
total, método Walkley—Black.

Sumary

In the determination of the content of the total organic
carbon in soil and biomass of the moors of the
communities of Chimborazo, with 210 ha of moors
whose location is 746667UTM-9825400UTM, and
Shobol Llinllin, with 350 ha of moors, 754680UTM-
9854678UTM, belonging to San Juan in Ecuador, 9
points of sampling were selected according to the
variation, altitude and soil characteristics, divided
for this study in three altitudinal thresholds, in the
case of the moors of Chimborazo community among
3600 and 3900 MSL and among 3600 and 3950
MSL for Shobol Llinllin.

Soil samples were taken at three different depths of
0-30 cm, 30-60 cm and 60-90 cm, and 4 types of
samples of biomass were extracted: straw, root of
straw, pad, and root of pad, they were all analyzed
using the colorimetric method of WallKley-Black
oxidation by potassium dichromate.

With the diversity of variables taken into account,
the obtained data indicate that there is more total

organic carbon content in the first layers of sail,
straw and pad.In addition, there is a greater
percentage of organic carbon in the soils that have
not been intervened and this increase with altitude.

Chimborazo and Shobol Llinllin communities,
possessing a significant extension of moor soils,
can play a role in the capture and reduction of
greenhouse gases while maintaining intact the
organic carbon in soil and biomass.

1. Introduccién

Los paramos, ademas de ser considerados
ecosistemas estratégicos por su oferta de servicios
ambientales, entre los que cabe resaltar la regulacion
hidrica, poseen un importante contenido de carbono
acumulado que no solo se encuentra en la biomasa
(cobertura vegetal), sino también en la materia
organica presente en el suelo, debido a las bajas
tasas de descomposicion en estos ecosistemas.

En Ecuador, el paramo cubre alrededor de 1.250.000
ha, es decir aproximadamente un 6% del territorio
nacional. En términos relativos, es el pais que mas
paramos tiene con respecto a su extension total ya
que sus suelos tipicamente son muy negros y
hdmedos. Los contenidos de carbono en el suelo
dependen principalmente de los factores a largo
plazo relacionados con la formacion del suelo, pero
pueden ser fuertemente modificados, degradados
0 mejorados, por el cambio en el uso y el manejo
de la tierra. Sin embargo, la informacién de base en
este momento es débil, lo cual puede limitar su
fortaleza de negociacion. Si los esquemas de pago
pueden ser implementados, ésta podria ser una de
las pocas opciones de ingresos econémicos para
las comunidades que se asientan dentro de la zona
de incidencia del paramo [1].

La importancia de la presente investigacion radica
en aportar elementos para fortalecer el aporte del
mercado voluntario e incluir en el Protocolo de Kioto,
coberturas fijadoras y retenedoras de carbono.
Razones por las cuales, es importante acrecentar
el conocimiento y los datos de campo acerca de
este ecosistema, se escogio los humedales de las
comunidades de Shobol Llinllin y Chimborazo por
parte de la Escuela de Biotecnologia Ambiental-
ESPOCH para dirigirlos a un uso sostenible. Estas
comunidades estan muy conscientes de la
problematica ambiental, y tienen como objetivo
mejorar la calidad de vida del sector, para ello
cuentan con el aval del convenio ESPOCH-CDF
ITALIA y el Honorable Consejo Provincial de
Chimborazo.

Del estudio efectuado se detectaron valores mayores
de COT en la almohadilla y en sus raices, que en
la paja y raices de paja, sin embargo, se estan
ejecutando estudios similares por la ESPOCH en
otros sectores donde se estudiara esta tendencia.

2. Metodologia

Se evaluaron los paramos de las comunidades
Chimborazo y Shobol Llinllin (Tabla 1) entre los




meses Mayo-2011 y Diciembre-2011. En el Paramo
de Chimborazo con una estacion portatil se registré
por 15 minutos y se obtuvo promedios tomados
entre las 09H0O0 -13HO00: de temperatura 9.01°C,
punto de rocio 6.3%, humedad del 87.3%, velocidad
de viento del 14.7 Km/h y con un pluviometro la
precipitacion promedio mensual de 193.4 mm. En
el Paramo de Shobol Llinllin: temperatura 8.8°C,
punto de rocio del 6.9%, humedad del 88.01%, un
valor promedio velocidad de viento del 16.3 Km/h
y precipitacién promedio mensual de 197.1 mm.

Tabla 1. Comunidades de Chimborazo y Shobol Llinllin.
Table 1. Communities of Chimborazo and Shobol Llinllin.

Coordenadas (UTM)
X Y

Extension de Limites

Comunidad
paramo (n) [*Norte Sur Este Oeste

Habi

Cerro Campamento
Comuna

Shobol Lin lin| 754680 | 9854678 30 | Guabo | 'desa | oW camento

Chimborazo

Comuna 4
Chimborazo | 746667 | 6825460 Jerge " |Machiurco de Santa e
Isabel

Se establecieron 9 puntos de muestreo dependiendo
de la variacion, caracteristicas y altitud del suelo,
repartidos para este estudio en tres pisos
altitudinales: para el paramo de la comunidad
Chimborazo entre 3600-3900 msnm (Figura 1) y en
el caso de Shobol Llinllin de 3600 a 3950 msnm
(Figura 2).

Los puntos de muestreo establecidos son muy
diversos por lo tanto la toma de muestra debe
realizarse considerando las condiciones particulares
del lugar, procurando respetar los protocolos de
muestreo establecidos.

En el muestreo (Método unificado OLSEN para la
red de laboratorios de suelos, RELASE), se considera
una superficie del suelo de aproximadamente 2 cm2,
se toma la muestra en zigzag a una profundidad de
0-30 cm, 30-60 cm y 60-90 cm. Seguidamente se
homogeniza la muestra y se separa 1 kg para los
analisis fisicoquimicos y 10 g para los anélisis
microbiolégicos.

Para el muestreo de la biomasa: COBERTURA
VEGETAL (Método unificado OLSEN para la red de
laboratorios de suelos, RELASE), se toman cuatro

Yshcurumi=
opq ! OAS

CH-A: 3600 -3750 msnm.

CH-A1: paja y almohadilla;

CH-A2: alImohadilla junto camino de tercer orden;
CH-A3: cobertura vegetal minima;

CH-A4: pajonal junto bosque de pino;

CH-A5: bosque pino y paja.

CH-B: 3730-3770 msnm.: paja, almohadilla y labores de pastoreo.
CH-C: 3770- 3900 msnm.

CH-C1.: paja, almohadilla, no existe intervencion
CH-C2: suelo intervenido, cultivo de habas
CH-C3: pajonal.

Figura 1. Puntos de muestreo en el paramo de la comunidad
Chimborazo.
Figure 1. Sampling points in the Chimborazo community.
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tipos de muestras diferentes en los puntos
determinados del suelo: (i) paja de 0-50 cm sobre
el nivel de suelo, (i) raiz de paja 0-5 cm bajo el nivel
del suelo, (iii) almohadilla 0-7 cm sobre el nivel del
suelo y (iv) la raiz de almohadilla 0-8 cm bajo el
nivel del suelo.

En la determinacion del Carbono Orgéanico Total,
COT (Método colorimétrico de Walkley-Black. Bajo
la norma NVN 575), se pesa la muestra de suelo
recolectada y seca (0,5-1,0 g), seguidamente se
pasa por un tamiz de 2 mm de malla. A esta muestra
tamizada se agrega 5 mL de dicromato de potasio
1N y se rota suavemente, se agrega 10 mL de acido
sulfdrico al 97-98 % y se agita 5-10 segundos.
Finalmente se deja reposar por 30 minutos y se
agrega 50 mL de agua destilada, se mezcla y se
deja reposar durante toda la noche. La solucién
sobrenadante se introduce en las celdas foto-
colorimétricas y se mide el porcentaje de
transmitancia en un foto-colorimetro, a la longitud
de onda de 590 nm. El porcentaje de carbono
organico se determina por la ecuacion de regresion
de la curva de calibracion determinada previamente,
a partir de los patrones primarios de glucosa o
sacarosa, preparados en un rango de concentracion
de 0,00 a 0,04 % de carbono, sometido al mismo
proceso de las muestras, y leidos a la misma longitud
de onda [2].

3. Resultados y Discusién

Como se puede observar en la Tabla 2 y en la Figura
3, en la comunidad de Chimborazo, donde existe
intervencion con labores agricolas CH-C2 y cobertura
vegetal minima CH—AS3, es notoria la disminucion
del contenido de COT en la capa superficial. Por el
contrario en las zonas donde la cobertura vegetal
es mayor aumenta su contenido hacia los estratos
superiores. En relacion al primer piso altitudinal no
existe variacion significativa en todas las variantes
gue mantienen cobertura vegetal de paramo:
almohadilla, paja e incluso en especies introducidas
como pinos. Sin embargo los andlisis fisico—quimicos
realizados en los suelos, muestran un contenido en
humedad del 28%, mientras que el bosque de pino

0| Uu‘llucha
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SH-A: 3600 -3700 msnm.
SH-A1: suelo intervenido, siembra de habas.
SH-A2: suelo en recuperacion
SH-A3: suelo intervenido, siembra de vicia
SH-B: 3700 — 3950 msnm.
SH-B1: pajonal y almohadilla
SH-B2: pajonal alto
SH-B3: bosque de pino, paja y almohadilla
SH-B4: paja.
SH-C: 3800- 3900 msnm.

Figura 2. Puntos de muestreo en el paramo de la comunidad
Shobol Llinllin.
Figure 2. Sampling points in the Shobol Llinllin community.
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presenta un 16%. En el segundo y tercer piso
altitudinal se manifiesta un incremento del contenido
de COT, en las zonas con cobertura vegetal, con la
altitud.

Tabla 2. Carbono Organico Total (COT) del suelo del Paramo
de la Comunidad Chimborazo.

Table 2. Total Organic Carbon (TOC) for soils in the community
of Chimborazo.

Puntos de muestreo
Altitud msnm

COT (%)
(90-60) cm | (60-30) cm|(30-0) cm
CH-A1 Paja+almohadilla 47 54 6.7

CH-A2 Almohadilla (junto 57 6.7 76
camino)

CH-A
Cobertura vegetal
3600-3750 CH-A3 minima cobertura 64 65 a7

CH-A4 | Paja (junto Bosque pino; 51 5.6 6.6
CH-A5 Bosque pino+paja 5.6 5.9 6.3
Paja+almohadilla con 66
pastoreo
CH-C1 Paja+almohadilla 6.5 7.2 81
a75os00  lerc2 Cultivo 68 65 58
CH-C3 Pajonal alto 7.1 7.8 8.7

Cadigo Caracteristicas

cH-B CH-BL

3730-3770 71 79

Promedio del % Carbono Organico

(Chimborazo)

10,0

9,0

8,0

7,0

6,0

5,0 " (90-60)cm
40 ¥ (60-30)cm
3,0 -
2,0
1,0
0,0

== (30-0)cm

% de Carbono Orgénico

Figura 3. Carbono Organico Total (COT) del suelo del Paramo
de la Comunidad Chimborazo.

Figure 3. Total Organic Carbon (TOC) for soils in the community
of Chimborazo.

Tabla 3. Carbono Organico Total (COT) del suelo del Paramo
de la Comunidad Shobol Llinllin.

Table 3. Total Organic Carbon (TOC) for soils in the community
of Shobol Llinllin.

Puntos de muestreo|

COT (%)

P Caodigo Caracteristicas
Altitud msnm (90-60) cm | (60-30) em| (30-0) cm

SH-A1 Cultivo de habas 59 6.3 5.0

36(?(;—! 5’900 SH-A2 | Suelo en recuperacion 6.3 71 79

SH-A3 Cultivo vacio 6.1 6.6 54

SH-B1 Pajonal+almohadilla 6.9 7.6 8.7

SH-B2 Pajonal alto 7.7 9.0 95

SH-B
3700-3950 Bosque Pino+Paja+
SH-B3 almohadilla 74 7.8 9.3

SH-B4 Paja 85 96 101

SH-C SH-C1 | Sin Cobertura Vegetal 7.3 7.8 6.5

3800-3900 SH-C2 Pajonal alto 74 8.0 9.0

Promediode % de Carbono Orgénico (Shobol Llin llin)
10,1

3/‘ 96 0

7.8A

12,0
- 959,

(90-60)cm
¥~ (60-30)cm

% de Carbono Organico

=A—(30-0)cm

Figura 4. Carbono Organico Total (COT) del suelo del Paramo
de la Comunidad Shobol Llinllin.

Figure 4. Total Organic Carbon (TOC) for soils in the community
of Shobol Llinllin.

En la comunidad Shobol Llinllin, Tabla 3 y Figura 4,
los estratos intervenidos con cultivos SH-Al y SH-
A3y en el suelo en recuperacion (minima vegetacion)
SH-C1 se puede notar la disminucion del contenido
de COT en las capas superficiales. En todos los
demas, con cobertura vegetal e introducida, estos
valores aumentan hacia los estratos de menor
profundidad. Ademas se evidencia que mientras
mas alto es el piso altitudinal, el contenido de carbono
aumentan en los tres estratos del suelo, como SH-
B4 que se encuentra a 3950 msnm.

Sin embargo, podemos observar en los datos
presentados en el Anexo, que los valores de
humedad son relativamente parecidos, incluso en
el punto SH-B3 donde tenemos la presencia de
pino. Probablemente, esto es debido a que este
bosque no es tan copioso como el localizado en la
comunidad de Chimborazo y ademas se trata de
arboles en su etapa inicial de crecimiento.

Relacién % C.O. en Biomasa Vs Altura

| - — 26,3c «
24,35 4,1 7 355

% C.0. en Biomasa

(3600- [EFELE (3770-
3750)msnm 3770)msnm 3900)msnm

CH-A CH-B CH-C

= Paja | 24,7 ‘ 24,2 [ 26,7

= Paja Raiz [ 23,3 ‘ 23,2 ' 25,55

= Almohadilla | 25,7 ‘ 25,3 [ 29,7

= AlmohadillaRaiz| 24,1 ‘ 24,4 [ 28,5
Figura 5. Variacion de Carbono Organico Total (COT) en la
biomasa con relacion a la altura para el paramo de Chimborazo.

Figure 5. Relationship between the Total Organic Carbon (TOC)
in the biomass studied with the altitude for Chimborazo.

El porcentaje de COT contenido en la biomasa: paja,
raiz de paja, almohadilla y raiz de almohadilla del
paramo Chimborazo (Figura 5) en los puntos CH-
Ay CH-B no tienen mucha variabilidad, ya que se
encuentran en una altitud similar. En el punto CH-
C, con una altitud mayor, se registra un incremento
del 15% en almohadilla, 18% en raiz de almohadilla,
8% en paja y 9% en raiz de paja.

Relacion % de C.0. en Biomasa Vs Altura

22550 208 A9 261

% de C.O. en Biomasa

(3600~ [ (3700- [ (3800-
3700)msnm 3950)msnm 3900)msnm
SH-A SH-B SH-C
™ Paja 24,2 27,4 28,8
~ Paja Raiz 22,9 25,9 27.3
= Almechadilla 27.4 29,1
| ™ Almohadiila Raiz | 24,8 26,1 | ]
Figura 6. Variacion de Carbono Orgéanico Total (COT) en la
biomasa con relacion a la altura para el paramo de Shobol Llinllin.

Figure 6. Relationship between the Total Organic Carbon (TOC)
in the biomass studied with the altitude for Shobol Llinllin.

El porcentaje de COT almacenado en la biomasa
(paja, raiz de paja, almohadilla y raiz de almohadilla)
del paramo Shobol Llinllin (ver Figura 6) se
incrementa conforme aumenta la altitud. En el punto
SH-B, con una altitud elevada, se registra un
incremento del 6% en almohadilla, 5% en raiz de
almohadilla, 13% en paja y raiz de paja. Mientras




gue en el punto SH-C presenta un incremento del
19% en paja y raiz de paja. Todos estos datos en
relacién con el punto SH-A que es la zona de méas
baja altitud.

4. Conclusiones

Se observa que el contenido de carbono organico
total, determinado en las dos zonas de humedales
investigadas, tiende a incrementarse con la altitud
(entre 3600—3950 msnm, que es el rango de este
estudio), tanto el almacenado en el suelo, como en
la biomasa, posiblemente causado porque a mayor
altura la temperatura disminuye y la captacion de
la lluvia aumenta.

En la gruesa capa de suelo el contenido en carbono
organico total, COT, aumenta con la profundidad.
En este caso, la variacion esta relacionada con el
tipo de cobertura vegetal y de intervencion en el
suelo. El contenido COT es mayor en los suelos
con cobertura de vegetacion nativa de paja o
almohadilla.

Con relacién a la biomasa, se detectaron valores
mayores en la almohadilla y en sus raices, que en
la paja y raices de paja, sin embargo, se estan
ejecutando estudios similares en otros sectores
aledafios donde se estudiara esta tendencia.

Bol. Grupo Espafol Carbon
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6. Anexo

Porcentaje de Humedad del suelo del Paramo
de Chimborazo

Porcentaje de Humedad del suelo del Paramo
de Shobol Llinllin

) Humedad
Caigo | Profundidad e S TeHM2-5 | CH-M3-S

(cm) % % %

Punto de
Muestreo

Promedio

Profundidad Humedad

Punto de

M o SH-M2-S | SH-M3-S

%

Cédgo Promedio

(cm)

90-60 30 27 32 30
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300 28 25 30 27
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300 27 26 28
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CH-A3 60-30 32 28 31
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300
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30-0 19 18
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CH-C1 60-30 35
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SH-B1 60-30 26

300 27
90-60 28
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Objectives and novelty

The use of coal in power plants generates a large
amount of CO2, which is the chief contributor of
global climate change. A diverse power generation
portfolio including Carbon Capture and Storage
(CCS) technologies and renewable energies is
needed to reduce atmospheric CO2 to below 1990
levels. Oxy-coal combustion is one of the most
promising CO2 capture technologies since it could
be adapted to both new and existing pulverized coal-
fired power stations. During oxy-coal combustion,
coal is burnt in a mixture of oxygen and recycled
flue gas (mainly CO2 and H20), to yield a rich CO2
stream. Successful implementation of oxy-coal
combustion depends on fully understanding the
difficulties arising from replacing nitrogen by a mixture
of CO2 and water vapour in the oxidizer stream.
Thus, the first objective of this thesis was to study
the influence of the combustion atmosphere, i.e., air
or oxy-firing conditions, on several combustion
aspects such as coal devolatilisation, particle ignition,
char reactivity or pollutant formation in an entrained
flow reactor (EFR) of 30 kWh.

Computational Fluid Dynamics (CFD) models have
been widely used as a design tool for coal fired
power stations. Those CFD models include several
sub-models (e.g., char and volatile combustion, heat
transfer, etc.) which are perfectly established and
developed for air-firing conditions. With the
accumulated knowledge on the fundamental
differences between air-fuel and oxy-fuel conditions,
an important effort has been gone into developing
and validating sub-models for the new environment.
Thus, the second objective of this thesis was the
development of a CFD model which adequately
described overall combustion behaviour in both air
and oxy-firing conditions.

Results

First, the influence of the devolatilisation environment
on volatile and nitrogen yield, for coals of different
rank, was studied at 1000 °C in the EFR. In all cases,
the apparent volatile yields measured after
devolatilisation under CO2 were greater than those
obtained in N2, probably caused by char-CO2
gasification reaction. In addition, the volatile-N yield
for the CO2-chars was found to be higher than that
for the N2-chars. The devolatilisation atmosphere
also affected the structure and the subsequent
reactivity of the char. The thermal reactivity and
kinetics of the N2-chars and CO2-chars in 30% O2
/ 70% CO2 was studied using a thermobalance, and
three nth-order representative gas-solid models were
employed to describe the reactive behaviour of oxy-
char combustion. It was found that the N2-chars
presented a slightly higher reactivity over the CO2-
chars.

The effect of the combustion atmosphere was
evaluated for coals of different rank at different levels
of oxygen excess at 1000 °C in the EFR, as shown
in Figure 1. The fuel equivalence ratio, defined as
the ratio between the coal mass flow rate and the
stoichiometric value, was used to asses the oxygen

excess during the combustion. A worsening on coal
burnout was observed when replacing N2 for CO2
for the same oxygen concentration, due to difference
in gas properties. Also lower NO emissions were
observed during oxy-fuel combustion.
Complementary to combustion experiments, ignition
tests were also carried out. A significant ignition
delay was observed when nitrogen was replaced by
CO2, not only due to the higher heat capacity of the
COg, but also to the persistence of a thick volatile
cloud around the particle which prevented its ignition.
While for oxy-firing conditions with oxygen content
up to 30 or 35%, better ignition and combustion
properties than those for air-firing conditions were
observed. This is due to the higher mass flux of
oxygen promotes the consumption rate of volatiles,
providing extra heat feedback to the coal particles
to enhance their ignition and combustion.
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Figure 1. Burnout values and NO emissions of coal HVN (semi
anthracite) vs. fuel equivalence ratio during its combustion in air

and oxy-fuel atmospheres with 10% H>O(v) and different oxygen
content.
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Finally, a CFD model for oxy-coal combustion was
developed for both air and oxy-firing conditions. The
inputs for volatile yield and nitrogen partitioning
between char and volatiles were those determined
during the devolatilisation experiments, and the
kinetics implemented in the char combustion sub-
model were based on the values previously obtained
for each char. For the CFD model the calculation
domain is the reaction zone of the entrained flow
reactor. A three dimensional structured grid consisting
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Figure 2. (a) Predicted temperature (K), (b) char burnout rate (kg s-1) and (c) NO emissions (%) inside the entrained flow reactor
during SAB (high-volatile bituminous coal) combustion for each atmosphere: 21%02/79%N2 (1), 21%02/79%CO2 (I1), 30%02/70%N2
(1) and 35%02/65%N2 (1V). Length scale for (a), (b) and (c) is 40 cm.

of ~75,000 cells was employed to describe a quarter
of the total volume. The boundary conditions, mass
flow inlets and wall temperatures were established
using measurements made during the experimental
tests. Figure 2 presents the temperature contours,
char burnout rates and NO emissions in the mid
plane of the reactor during SAB (high-volatile
bituminous coal) combustion.

As can be seen in Figure 2 (a) and (b), the
temperatures and the burning rates, dropped
significantly when N2 is replaced by CO2 for the
same oxygen concentration (cases | and Il), due to
the higher specific heat of CO2. To counteract the
negative effect of CO2 on temperature and burning
rate, the oxygen concentration in the CO2 mixture
must be up to 30 or 35% (cases Il and IV). The NO
simulations were carried out as a post-processing
stage once a solution for the global combustion
problem was obtained. As observed during the
experimental tests, lower NO emissions were
produced in the oxy-fuel environment with 21%
oxygen in comparison to those for air-firing conditions.
An increase on NO production was observed with
increasing oxygen concentrations, due to the higher
fuel-N conversion to NO. Coal burnout values and
NO emissions were predicted and compared with
the experimental values. A good agreement between
both experimental and predicted values was found,
evidencing the accuracy of the model.

Conclusions

The overall combustion behaviour for coals of different
rank was experimentally and numerically studied in
air and oxy-fuel conditions in an entrained flow
reactor. High CO2 concentrations seemed to affect
volatile yield and nitrogen distribution, and also the
subsequent char reactivity. To obtain similar or better
ignition and combustion properties under oxy-firing
conditions to those attained in air, the oxygen
concentration in the CO2 and H20(v) mixture must
be about 30%. During oxy-fuel combustion, lower
NO emissions were produced in comparison with
air-firing conditions, although an increase on fuel-N
conversion to NO was observed when increasing
the oxygen concentration. The experimental findings
related to coal burnout and NO emissions were used
to test the accuracy of the CFD model developed
for oxy-coal combustion. The CFD model predicted
accurately oxy-coal combustion in the entrained flow
reactor, and it was a useful tool for describing the
differences in temperature, species concentration
and burning profiles, during the combustion of

different coals in both air an oxy-firing conditions.
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Objectives and novelty

Highly porous carbon supports play a key role on
the performance of fuel cell electrocatalysts. Carbon
black is the most commonly used material for these
applications, in particular Vulcan XC-72R, which
combines good electrical conductivity and high
surface area. Carbon nanocoils (CNCs) have recently
received great attention as catalytic support in fuel
cell electrodes due to the combination of their good
electrical conductivity, derived from their graphitic
structure, and a wide porosity that allows the
diffusional resistances of reactants/products to be
minimized.

In this work, the catalytic graphitization was proposed
as the synthesis procedure for CNCs; this way,
carbon materials containing graphitic structures can
be obtained at low temperature. A study of the
physicochemical properties of carbon nanocoils,
giving particular attention to the variation of these
characteristics depending on the synthesis conditions
was carried out. Furthermore, it was reported for the
first time a study of different oxidation treatments on
carbon nanocoils, in order to modify their surface
chemistry, increase the specific surface area and
develop a higher porosity.

As an application, CNCs were used as support
material for electrocatalysts to be used in fuel cells.
Mono and bimetallic catalysts supported on the as-
prepared carbon nanocoils. The influence of the
support (compared with the commercial carbon black
Vulcan XC-72R) and the synthesis method on the
electrocatalysts’ properties for CO and alcohol
oxidation were studied. It was reported for the first
time the influence of different preparation methods
on the behaviour of Pt based electrocatalysts in the
ethanol oxidation reaction.

On the other hand, the improvement of the catalysts
can either be reached by the development of
inherently more active binary or ternary alloy catalysts
or by improving the “Pt economy” of known alloys.
The latter may be achievable by effectively removing
the “un-used” Pt from the core of the metal
nanoparticles by fabrication of core-shell
electrocatalysts, in which Pt or Pt alloy is distributed
on the surface of a nanoparticle core composed of
another (ideally less expensive) metal. For this
reason, a first attempt to explore new and novel
configurations for the development of active and
stable catalysts with a core-shell nanostructure for
the electrooxidation of alcohols in DAFCs was
executed.

Results

The synthesis of carbon nanocoils (CNC) was studied
varying the molar ratios of the reactants used. The
synthesis involved the heat treatment of composites
formed by a carbon precursor (resorcinol-
formaldehyde gel), silica, and a transition-metal salt
(a mixture of cobalt and nickel salts). The
characterization of these materials by means of
different techniques allowed determine the textural
and structural properties and the morphology of the
synthetic carbon materials, confirming their high
surface area, well-defined porosity, and good

crystallinity. The surface of carbon nanocoils can be
modified by using different oxidation agents in liquid
phase. CNC-3 was chosen, and carboxylic groups,
lactones, phenols and quinones were created,
increasing their number with the severity of the
treatments. Carboxylic groups are stable only at low
temperatures and increase the wettability of the
carbon, facilitating the interaction of the metal
precursor and the carbon during the impregnation
stage. On the other hand, phenols and quinones are
stable at high temperatures and act as metal
anchoring sites, which hinder the redistribution and
agglomeration of metal during the reduction stage.
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Figure 1. HRTEM image of CNC-3 NcTa2 (a); and TEM image
of a Pt/CNC electrocatalyst (b).

From the functionalization study, the material treated
with concentrated nitric acid at room temperature
for 2h (CNC-3 NcTa2) was selected to prepare
supported platinum and platinum-ruthenium catalysts
by different synthesis procedures. The same routes
were used to prepare nanoparticles supported on
Vulcan for comparison. In general terms, higher
average particle sizes were obtained using CNC as




support, due to the lower number of nucleation sites
(in graphitized carbons, only the surface defects can
function as nucleation sites). A strong influence of
the synthesis method and the carbon support was
found on the particle size. CO oxidation on Pt and
Pt-Ru electrocatalysts was favoured by using CNC
as support; COads oxidation peaks were obtained
at lower potentials than using Vulcan. However, in
the case of Pt, this improvement did not aid methanol
oxidation, obtaining higher current densities when
Vulcan was used as support. This could be attributed
to a higher formation of by-products on CNC samples
(observed by Differential Electrochemical Mass
Spectroscopy analysis) that could poison the metal
particles to a large extent. On the contrary, an
improvement in the ethanol oxidation reaction was
produced when CNC were used as support. As the
key step in the EOR is the cleavage of the C-C bond,
it can be deduced that Pt-CNC interactions favour
this reaction.

By growing metallic films on a foreign substrate, the
structure of the d-band, which plays an important
role in the catalytic activity of metal, can be modified.
For this reason, Au-Pd core-shell structured
nanoparticles were prepared. The influence of the
Pd-shell thickness was studied, as well as the
influence of the support. As the nanostructures were
already formed, this approach allowed decoupling
effects of the support on particle growth from specific
chemical interactions linked to the reactivity of the
metallic centres; Vulcan and In-doped SnO,
electrodes (ITO) were used. It was demonstrated
that the reactivity of Au-Pd core-shell nanostructures
towards CO and HCOOH oxidation is not only
determined by the composition and structure of Pd
overlayer, but also by the interaction with the support.
Analysis of the CO stripping voltammograms in acid
solution concluded that the CO coverage is strongly
linked with the average lattice strain of core-shell
particles, while the carbon support affects the onset
potential for CO oxidation. HCOOH oxidation also
exhibits a strong dependence on the support.
Particles supported on Vulcan exhibit a significantly
slower deactivation rate in chronoamperometric
measurements, in comparison to those assembled
on ITO. Furthermore, core-shell nanoparticles with
thicker Pd layers, presented higher current densities
than pure Pd nanoparticles for HCOOH oxidation.

| —ue Carbon supported NPs
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Figure 2. Current density at 750 seconds associated with HCOOH
oxidation at 0.60 V (vs. RHE), on the various metallic

nanostructures assembled on ITO (red) and supported on Vulcan
(black), in 0.5 M H2SO4 + 2 M HCOOH.
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Conclusions

The properties of CNC as well as their surface
chemistry can be tuned by an adequate choice of
synthesis conditions, favouring the formation of
surface oxygen groups. Platinum-based catalysts
have been supported on CNCs through different
synthesis methods and their catalytic activity has
been proven. These results prove that CNCs are
promising candidates as alternative to replace Vulcan
in order to improve the performance of the direct
alcohol fuel cells.

In addition, it can be affirmed that the reactivity of
Au-Pd core-shell nanostructures toward CO and
HCOOH electro-oxidation is not only determined by
the composition and structure of Pd overlayer but
also by interaction with the support.
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Objectives and novelty

The object of the presented PhD Thesis is, on the
one hand the development of catalytic systems
based on metallic nanoparticles supported on a
broad variety of supports, including nanostructured
materials, which present good catalytic properties
both in terms of activity and selectivity. With the aim
to design new catalysts the synthetic procedures for
both nanoparticles and nanostructured materials will
be integrated to give rise to a new family of catalysts.
These will be employed in a selective hydrogenation
reaction in order to determine their catalytic behavior.
The second objective of this PhD Thesis is to
synthesize thin zeolite films on carbon materials for
their use in the separation of gases with similar sizes
for processes such as air or hydrogen purification.
From 2000, the Carbon Materials and Environment
research group (CME) of the Inorganic Chemistry
Department at the University of Alicante has carried
out an intensive study on the synthesis of zeolite
membranes and the application of nanoparticles in
catalysis.

As with the objectives, the novelty of this PhD Thesis
is two-fold: first, the combined synthesis of a
nanostructured material in the presence of metallic
nanoparticles yielded a new series of materials which
are synthesized by a simple one-pot route. These
new composites have been successfully applied in
selective hydrogenations with outstanding results.
Secondly, the development of carbon-supported
zeolite membranes using the seeding procedure
known as electrophoretic deposition employing
colloidal suspensions of nanocrystalline zeolite seeds
has yielded composites that possess good
permeation properties combined with moderate
O,/N, separation factors.

Results

This PhD Thesis represents a landmark in catalysts
preparation for the development of highly active,
selective and robust systems. The combination of
a nanostructured material synthesis with metallic
nanoparticles incorporated in the same synthesis
vessel yielded materials with a markedly different
porous structure and particle size distribution (Figure
1). This novel methodology called “simultaneous
synthesis” not only simplifies the preparation of
heterogeneous catalysts, but also broadens the

scope of applicability of both mesoporous materials
and metallic nanoparticles. The synthesized colloids
have been also deposited on a large selection of
inorganic supports, from carbon materials with
different structures and porous textures, to ceramics
with different chemical nature.

The prepared materials were screened for their
catalytic properties in the semihydrogenation (i.e.
selective hydrogenation) of phenylacetylene, yielding
very interesting results:
- The TurnOver Frequency (TOF) of the Pd
nanoparticles supported on “classical” inorganic
materials (i.e. alumina) was not significantly
different from the value found for the homogenous
catalysts.
- Carbon materials are good supports for Pd
nanoparticles, although samples with a low external
surface area present significant agglomeration of
the catalyst.
- Mesoporous materials do not differ markedly
from microporous inorganic oxides such as zeolite
or commercial alumina in the semihydrogenation
of phenylacetylene.
- The prepared catalysts are stable for 5 catalytic
cycles, thus showing their robustness.
- Phenylacetylene conversion and selectivity
towards styrene values ranged from 90 to 98%,
clearly showing the potential of the prepared
systems.
- TOF values for the samples prepared following
the “simultaneous synthesis” protocol were the
highest for all the catalyst series, indicating that
the chosen reaction may be structure sensitive.

In this PhD Thesis the preparation of zeolite
membranes on carbon supports by seeding of the
supports by electrochemical methods based on the
electrical/conductive properties of carbon has been
analysed. In this manner, by using the carbon support
as an electrode in an electrophoresis process, we
have managed to deposit a coating of colloidal
zeolite crystals on the carbon starting material, in
such a way that the process that takes place is an
ElectroPhoretic Deposition (EPD). These crystals
act as seeds or crystallization nuclei so that the
synthesis of continuous layers of zeolite on our
support by hydrothermal treatment is significantly
improved. Hydrothermal synthesis is performed on
the resulting materials giving rise to a continuous

Figure 1. HR-TEM micrographs of (a) Pd nanoparticles impregnated on a nanostructured MCM-41 support and (b) Pd nanoparticles

prepared on MCM-41 by “simultaneous synthesis”.




zeolite layer covering to totality of the surface of the
carbon support. The resulting composites have been
tested for their permeation properties in a Wicke-
Kallenbach cell (Figure 2), showing both high
permeation fluxes and good O2/N2 separation factors.
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Figure 2. Scheme of a Wicke-Kallenbach cell. MFC: Mass Flow
Controller; PG: Pressure Gauge; GC: Gas Chromatograph; MS:
Mass Spectrometer.

Conclusions

A novel methodology has been developed for the
direct incorporation of metallic nanoparticles inside
mesoporous matrices, which we have named
“simultaneous synthesis”. The prepared catalysts
have shown excellent activity and selectivity in a
selective hydrogenation reaction (phenylacetylene
semihydrogenation). Catalysts prepared following
the simultaneous synthesis protocol showed the
highest activity values (expressed as TOF) for all
the analyzed samples, which clearly reveals the
importance of not only the support, but also the
catalyst preparation method.

Focusing on the improvement of membrane
characteristics, from the preparation of the first
membrane reported in our research group, our
interest focused on the improvement of the
preparation of these materials, applying the
secondary growth methodology, which consists on
the seeding of the support with zeolite crystalline
seeds prior to hydrothermal treatment. Nevertheless,
the way this seeding was applied was by the
electrophoretic deposition of colloidal LTA (i.e. zeolite
A) crystals, thus not only opening new possibilities
with regards to the preparation of membranes, but
also making it possible to better control the conditions
under which it was possible to grow continuous
layers of zeolite on carbon discs. Furthermore, when
the carbon support is seeded prior to hydrothermal
treatment, the oxidation of the support is no longer
a critical issue to obtain a zeolite membrane, having
the composites good membrane properties.
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A& cruro
Como todos sabéis, este afio se celebrara en Madrid la XIl Reunion

I ESPANOL del GEC, organizada por la ETSI de Minas de la Universidad
Politécnica de Madrid y la Seccién Departamental de Ingenieria

t CARBON Quimica de la Universidad Auténoma de Madrid y que tendra lugar
del 20 al 23 de Octubre. Al término del plazo de pre-inscripcion y

envio de resiimenes de comunicaciones el pasado 1 de Marzo,

se han recibido mas de 100 preinscripciones y casi el mismo ndmero de resimenes. Desde la organizacion
gueremos daros a todos las gracias por vuestra respuesta a la invitacion a participar, especialmente en
esta época de crisis y austeridad, la cual afecta de un modo particular a la investigacion.

Estimados compafieros del GEC:

En proximas fechas se asignaran los nimeros de comunicacion y la forma de presentacion (oral o péster),
tras lo cual pasaremos a la fase de confirmacion de inscripciones (mediante envio del justificante de pago)
y envio de comunicaciones definitivas.

De nuevo, transmitiros nuestro agradecimiento por vuestra masiva participacion, que de seguro convertira
en un éxito la XII Reunion.

El Comité Organizador.
http://www.gec2013.org

Socios protectores del Grupo Espaiiol del Carbon

Industrial Quimica del Nalén, 5.4. TEENOVAC

MNalani hem s DE waclo S0

RONTAL



http://www.nalonchem.com/es/
http://www.tecnovac.es/
http://www.grontal.es/

