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Adsorption Deformation of Nanoporous Materials:
from Single Crystals to Hierarchical Structures

Alexander V. Neimark
Department of Chemical and Biochemical Engineering,
Rutgers University, 98 Brett Road, Piscataway, New Jersey 08854-8058, USA
Email: aneimark@rutgers.edu; Web: http.//sol.rutgers.edu/~aneimark/

Phenomenon of adsorption-induced deformation attracted recently a considerable
attention owing to its relevance to practical problems of mechanical stability and
integrity of novel nanoporous materials and their adsorption properties. Guest
molecules adsorbed in nanopores cause a substantial stress in the host matrix leading
to its contraction or swelling depending on the specifics of host-guest interactions.
Although various experimental manifestations of adsorption-induced deformation have
been known for a long time since Leonardo da Vinci’s studies of water sorption on
human hair, a rigorous theoretical description of this phenomenon is lacking. | will
present a general thermodynamic approach to predicting adsorption stress and
respective deformation in various microporous and mesoporous materials based on
molecular models of adsorption within elastic nanoscale confinements. Examples
include metal-organic frameworks, zeolites, mesoporous crystals, and hierarchical
micro-mesoporous carbons [1-12]. As a topical practical application, | will also discuss
the deformation of coal during CO, sequestration at geological conditions [7,8].

Selected references

1. P. Kowalczyk, C. Balzer, G. Reichenauer, A.P. Terzyk, P.A. Gauden, A.V. Neimark,
Using in-situ Adsorption Dilatometry for Assessment of Micropore Size Distribution
in Monolithic Carbons, Carbon 103 (2016) 263-272.

2. F.X. Coudert, A.H. Fuchs, A.V. Neimark, Adsorption Deformation of Microporous
Composites, Dalton Transactions 45 (2016) 4136-4140.

3. H.S.Cho, H. Deng, K. Miyasaka, Z. Dong, M. Cho, A.V. Neimark, J.K. Kang, O.M. Yaghi,
O. Terasaki, Extra adsorption and adsorbate superlattice formation in metal-organic
frameworks, Nature 527 (2015) 503-508.

4. F.X. Coudert, A.H. Fuchs, A. Boutin, A.V. Neimark, Adsorption Deformation and
Structural Transitions in Metal-Organic Frameworks: From the Unit Cell to the
Crystal, Journal of Physical Chemistry Letters 4 (2013) 3198-3205.

5. G.Yu. Gor, O. Paris, J. Prass, P.A. Russo, M.M.L. Ribeiro Carrott, A.V. Neimark,
Adsorption of n-Pentane on Mesoporous Silica and Adsorbent Deformation,
Langmuir 29 (2013) 8601-8608.

6. A.V. Neimark, F.X. Coudert, C. Triguero, A. Boutin, A.H. Fuchs, I. Beurroies, R.
Denoyel, Structural Transitions in MIL-53 (Cr): View from Outside and Inside,
Langmuir 27 (2011) 4734-4741.

7. K.Yang, X. Lu, Y. Lin, A.V. Neimark, Effects of coal deformation upon CO; adsorption
and sequestration, Journal of Geophysical Research —Solid Earth 116 (2011) B08212.

8. K. Yang, X. Lu, Y. Lin, A.V. Neimark, Deformation of coal induced by methane
adsorption at geological conditions, Energy & Fuel 24 (2010) 5955-5964.
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9. G.Yu. Gor, A.V. Neimark, Adsorption-Induced Deformation of Mesoporous Solids,
Langmuir 26 (2010) 13021-13027.

10. A.V. Neimark, F.X. Coudert, A. Boutin, A.H. Fuchs, Stress-based model for the
breathing of metal-organic frameworks, Journal of Physical Chemistry Letters 1
(2010) 445-449.
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Zeolite-Type Transition Metal/Lanthanide Silicates Adsorbents and
Metal Organic Frameworks

Jodo Rocha
Department of Chemistry, CICECO-Aveiro Institute of Materials
University of Aveiro, 3810-193 Aveiro, Portugal
rocha@ua.pt

| shall review some of the work carried out in Aveiro on nanoporous transition-metal
[1] and lanthanide (Ln) silicates [2] and on Ln-bearing coordination polymers (or metal
organic frameworks, MOFs) [3]. The main focus will be on the design of (nano) materials
for light emission sensing small molecules [4] and temperature [5-8] and for drug
delivery [9], treating bone tissue disorders [10] and use as pharmaceuticals [11].

While nanoporous (zeolite-like) silicates are highly robust (thermal and chemical)
systems, allowing applications in relatively harsh conditions, it is very challenging to
synthesise the desired architectures and modify them post-synthesis. In contrast, MOFs
operate in milder conditions and often lack robustness but they are much more
amenable to ‘rational synthesis’ and post-synthetic modification. Thus, together, metal
silicates and MOFs provide a wonderful playground for chemists and a tool box for
engineering applications.
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Introduction

Nanocomposite systems that combine nanoporous carbon materials, with well-
defined and controlled architectures, and metal nanoparticles properties are of great
importance in many different fields like adsorption, sensing, energy storage, catalysis...
[1-6]. In this work, we have explored the potentialities of the use of light activation to
promote the polycondensation of different precursors for the synthesis of nanoporous
carbons. We have investigated the incorporation of either silver or gold salts to produce
metal-polymer nanoassemblies and Ag/Au-decorated nanoporous. The textural,
structural and chemical properties, as well as the effect of the dispersion of the metallic
nanoparticles within the carbon matrix have been discussed in terms of the
experimental conditions (e.g., light source, pH, electrolyte, chromophores).

Materials and Methods

We selected various polymeric precursors for the photoassisted synthesis of the
nanoporous carbons: gallacetophenone (GA), 2,3-dyhydroxynaphtalene (NP), pyrogallol
(PY) and bisphenol A (BP). The precursors are dissolved in ethanol containing HCI (37%).
Then, the solutions are transferred to glass dishes and at that time they are exposed to
UV light for 60 min. The distance between the light source and the solution was
optimized to avoid heating of the sample during the irradiation (temperature monitored
was constant). For the samples incorporating metals, either AgNOs or AuBrs were added
to the precursor’s mixture (in the presence of an electrolyte and a chromophore) and
the irradiation as indicated above. The nomenclature of the obtained materials along
with selected characteristics is compiled in Table 1. The brownish viscous solids
obtained after the irradiation were dried at room temperature, scratched from the
dishes and further pyrolyzed at 600 C to allow the decomposition of the organic resins
in carbon materials, and the generation of porosity. The textural properties of the
samples were determined by means of gas adsorption/desorption isotherms (i.e., N2
and CO; at -196 °C and 09C, respectively). Before the experiments, samples were
outgassed at 120 °C overnight to constant vacuum (10* Torr). The main textural
parameters such as specific surface area, Sger, pore volumes and distribution of pore
sizes were evaluated from the nitrogen adsorption isotherms. The carbon materials
were further characterized by elemental analysis and surface pH, X-Ray diffraction,
Raman spectroscopy, SEM and TEM.
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Results and Discussion

For all the series and regardless the precursor, the colorless initial solutions become
gradually dark upon 60 min irradiation, either in the absence and presence of metallic
salts. The darkening of the solution was more remarkable when
2,3-dyhydroxynaphtalene was used as precursor, and in the presence of the metallic
salts (either AgNOs or AuBrs). The main textural features of the samples after the
thermal treatment at 600 2C (to render the carbon material) are shown in Table 1. As
seen, all the samples presented as well-defined pore structure with the exception of the
sample prepared using bisphenol A as precursor. Moreover, gallacetophenone lead to
carbon materials with a well-developed mesoporosity, whereas the
photopolymerization of 2,3-dyhydroxynaphtalene resulted in a compact microporous
network. Furthermore, all the samples presented a low surface functionalization, with
quite hydrophobic nature (surface pH between ca. 8-9).

Table 1. Nomenclature and selected physicochemical and textural characteristics of
the synthesized nanoporous carbons.

Precursor Sger Vrorat® Vimicropores® | V mesopores®
[m%g?] | [em?g?] [cm®g!] [em3g?]

gallacetophenone GA 620 0.89 0.20 0.57
pyrogallol PY 720 0.69 0.22 0.46
bisphenol A BP 10 0.006 -- --

2,3-dyhydroxynaphtalene NP 486 0.28 0.19 0.09
gallacetophenone GA-Ag 548 0.49 0.15 0.35
gallacetophenone GA-Au 557 0.58 0.16 0.34

A Total pore volume evaluated from the N, adsorption isotherms at -196 °C at p/po ~0.99.

B Evaluated from the NLDFT-HS method applied to N, adsorption isotherms
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Introduction

Water and zeolites go together in several environmental and industrial applications,
including catalytic processes, water treatment and purification, or ion exchange
softening [1,2]. Therefore, to explore water adsorption in zeolites at the molecular level
becomes relevant. Zeolites are built up from the covalent linkage of TO4 tetrahedra,
where the central atoms (T) are usually silicon or aluminium atoms. In the latter case,
the presence of a trivalent atom instead a tetravalent one induces a net negative charge
which that has to be compensated by introducing cations.

In this work, we have considered Linde Type A (LTA) zeolites to evaluate the effect on
the water mechanisms of the gradual reduction of Al content, from lattices with Si/Al
ratio of 1 (LTA-4A) down to almost pure silica structures. The systems were
charge-balanced with sodium cations. LTA-type zeolites are well known and widely used
in industry due their well-defined structure, large surface area and high porosity.
Alongside, we have comparatively studied how confined water behaves in structures
allowed to relax after the Al/Na* reduction (from LTA-4A initial structure) and in those
where the crystallographic positions were strictly kept.

Methods

We performed Monte Carlo simulations in the Grand Canonical ensemble to compute
adsorption isotherms at 298K, using RASPA [3] code. Crystallographic positions for
non-optimized structures were taken from literature [4], and these structures allowed
to relax were computed using energy minimisations with the shell-model potentials of
Sanders et al. [5]. Structures are consistent with these reported in the literature [6] and
all of them are considered as rigid lattices during the simulations.

The potential energy consists on Lennard-Jones (L-J) and coulombic interactions.
Water was defined through TIP5P/Ew model [7]. Extra-framework cations were defined
as point charges allowed to move by interacting with the lattice and the adsorbate.
Interactions between water molecules, cations and with the zeolite atoms were taken
from literature [8,9,10].

The structure of adsorbed water was evaluated by computing Radial Distribution
Functions (RDFs) and Hydrogen-Bonded (HB) statistics. We used a geometric criterion
[11] to define HB formation.

Results and Discussion

Adsorption isotherms indicate the relevance of letting the zeolite get relaxed. As can
be seen in figure 1.3, this affects, not only to the amount of water adsorbed but also in
the pressure in which the molecules of water enter the structure, especially in the lowest
Al-containing zeolites. The reduction of loading capacity at high pressures is

11
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consequence of volume exclusion by the presence of cations, which shifts likewise the
onset pressures of adsorption to lower values.

a) Adsorption isotherms b) Number of HB
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Fig. 1. a) Simulated adsorption isotherms of water in LTA-type zeolites. b) Average
number of HB per water molecule as a function of pressure. Each color in the shared
key represents a Si/Al ratio.

Although there are different trends depending on loading, not aparent divergences
for water molecules RDF data arise between the non- and optimized structures but it is
clear that hydrogen bonding occurs for all the structures.

For HB analysis we used the optimized structures. We found, for similar water
uptakes, a clear enhancement of hydrogen bonding with increasing Si/Al ratio (figure
1.b).

On the basis of our results, the presence of cations clearly affects the aggregation of
the molecules of water, but makes the structural optimization of simulation lattices is
needed. Therefore, LTA-zeolites could be suitable to tune and even to reverse water
adsorption by adding or removing aluminium atoms to the framework.
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Introduccién

En paises en desarrollo, es comun que las fuentes de abastecimiento se encuentren
deterioradas debido a fendmenos naturales y actividades antrdépicas que aportan
diferentes contaminantes, generando riesgos en los Sistemas de Abastecimiento de
Agua Potable —SAAP si no realizan un adecuado tratamiento [1]. La produccion y uso de
compuestos orgdnicos emergentes-COE como los plaguicidas, generan una gran
preocupacion por la escorrentia y potencial lixiviacion a través del suelo, contaminando
las fuentes de abastecimiento [1]. Estudios han documentado la persistencia de estos
compuestos en los SAAP generando riesgos a la salud humana [1, 2]. La adsorcién
mediante carbdn activado granular —CAG, es considerada como una excelente opcién
de tratamiento de aguas con presencia de plaguicidas, pero este es relativamente
costoso por lo que diversos estudios se han centrado en el desarrollo de carbén activado
de bajo costo a partir de residuos agricolas [3]. Su uso, ha permitido obtener resultados
prometedores en cuanto a la eficiencia de remocién de plaguicidas como la atrazina
[3,4]. Por lo tanto, se planted analizar la obtencidn de carbones activados mediante la
cascara de mangostino bajo diferentes condiciones de activacién para evaluar su
influencia en la remocién de atrazina.

Materiales y Métodos

Materiales de partida Se empled cascara de mangostino (Garcinia mangostana)
adquirida en centros de acopio en Colombia, como residuo agricola para la obtencién
de carbdn activado de bajo costo.

Obtencion de carbones activados Los carbones activados fueron obtenidos de acuerdo
a las condiciones que se muestran en la Tabla 1 (impregnaciones v/v 1:2).

Tabla 1. Condiciones de activacion de los diferentes precursores

Activacién L Activacion o

Precursor Fica Denominacion quimica Denominacion
Ciscarade 100 C/3M N ACM7  700°C/3h; N;40%HsPOs  ACVI74H
mangostino 800°C/3h; N2 ACM8 800°C/3h; N;;40%HsPO, ACM-84H
900°C/3h; N, ACM9 900°C/3h; Ny; 40%H3PO, ACMS4H

13
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Caracterizacion de los carbones activados Los carbones activados se caracterizaron
mediante la toma de isotermas de N; a -196°C, isotermas de CO; a 0°C, Microscopia
Electrénica de Barrido SEM y difraccion de rayos X DRX. En este trabajo se presentan los
resultados obtenidos con las técnicas de analisis termogravimétrico TGA, espectroscopia
infrarroja FTIR [5], titulaciones utilizando el método modificado de Boehm [6], y el punto
de carga cero PZC [7].

Resultados y Discusion

El PZC presento valores que oscilan entre 11,3 y 9,8 unidades. De acuerdo con lo
observado en los FTIR de la Figura 1 para los mismos carbones activados, es de resaltar
que presenta una banda amplia a media que aumenta la tempratura de activacion, la
cual corresponde a grupos —OH y grupos carboxilicos.

% Transmittance

Transmittance
—
e

#%Transmittance

ACM=7 | ACM-8 L ACM-9

Wreenumber fem 11 ] o2

Fig. 1. Espectroscopia infrarroja FTIR carbones activados de Mangostino

Estas carcateristicas quimicas de los carbones son de gran importancia ya que
determinan la capacidad particular de adsorcion del contaminante.
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Introduction

The advent of advanced therapies in the pharmaceutical industry has moved the
spotlight into virus-like particles (VLPs) and viral vectors produced in cell culture, holding
great promise in a myriad of clinical targets, including cancer prophylaxis and treatment.

Currently, the challenge for a widespread application of these new
biopharmaceuticals is the development of bioprocesses where they can be cost-
effectively produced while maintaining their bioactivity. With increasing cell culture
expression levels, the capacity bottleneck in biomanufacturing has shifted from the
upstream to the downstream process.

Although chromatography is currently the workhorse in downstream bioprocessing,
because of its powerful ability to remove contaminants, chromatographic processes
have a few disadvantages. In general, multi-step batch processes exhibit poor
productivity, and in some cases recovery, and this leads to scalability limitations. This
has generated a need to address the limitations of batch chromatography in
biopharmaceutical applications. Moreover, there is an increasing interest in process
intensification through conversion of traditional batch biomanufacturing to that of a
compressed, integrated, and continuous model.

Materials and Methods

We present a computer-aided strategy for the design of (quasi-)continuous
purification platforms of viral vectors and virus-like particles. These platforms combine
batch processing and simulated counter-current (SMB) operation to produce highly
efficient hybrid processes, wherein some columns are dynamically interconnected, so
that non-pure product cuts are internally and counter-currently recycled, while other
columns are short circuited to operate in pure batch mode, and others frozen to
introduce time lags between the positions of the various concentration fronts and
decouple the migrating velocities of the various solutes. This way some fractions can be
separated by a SMB approach (the switching and remixing with the feed keep the mass-
transfer zone inside the system), whereas the separation of other fractions can be
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chromatographic (the mass-transfer zone leaves the system).

Results and Discussion

It is shown that these new process configurations substantially reduce the
chromatographic media volume and buffer consumption per unit of productivity and
increase product recovery. The proposed processes are validated experimentally with
the purification of adenovirus vectors and retro VLPs on different chromatography
media, including gel permeation (Sepharose FF), multimodal chromatography
(CaptoCore 700), and ion exchange (Sartobind STIC PA).
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Ethylene is an important light olefin used to manufacture a wide variety of
commodities. This light olefin is the major worldwide industrial feedstock and it has
widespread use as a precursor for other organic compounds such as polyethylene, that
accounts approximately for 60% of the total use of the olefin [1]. Ethylene is mainly
produced in the petrochemical industry by steam cracking of naphtha, gas oil, propane,
ethane and others derived from crude oil and/or natural gas. For most end uses, and
mainly in the polymer manufacture, ethylene is required at a high purity (>99.9%) [2].

The production of pure ethylene is complex because the ethylene/ethane pair has
similar physical properties. Distillation is still the conventional process employed to
achieve the required high purity of ethylene [3]. The high energy requirements have led
to intense research into new technologies such as pressure swing adsorption (VPSA) and
simulated moving bed (SMB).

This work aims to study the separation of ethane/ethylene mixtures on the copper
based MOF (Cu-BTC beads) synthesized at the Korea Research Institute of Chemical
Technology (KRICT).

The required adsorption equilibrium isotherms of ethane, ethylene, and propane on
the Cu-BTC MOF were previously reported by our group at temperatures of 50, 75 and
100 eC and pressures of 0—7 bar [4]. The adsorbed amount data was regressed against
the Dual Site Langmuir (DSL) model. Dynamic studies were performed to provide
important information, not only for process modelling, but also for the VPSA and SMB
cyclic experiments. Additionally, in the present study, a 5-steps VPSA cycle and a SMB
cycle were proposed and performed experimentally to produce ethylene from 0.50/0.50
ethane/ethylene feed mixture. The SMB cycle was performed at 100 °C using a gas
phase SMB bench unit with eight columns detailed elsewhere [5]. Propane was used as
desorbent and a 2-3-3 configuration, in an open loop circuit by suppressing section IV
was proposed, as can be seen in Figure 1a. The VPSA cycle schemes comprises the
following steps: counter-current pressurization, adsorption, rinse, counter-current
blowdown and purge (see Figure 1b). The VPSA experimental part was carried out, at
100 oC and 1.5 bar, on a single-column VPSA unit described in detail by Da Silva and
Rodrigues [6]. Ethylene purity and recovery obtained are very similar for both
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technologies tested (see Table 1). However, the direct comparison may not be the
fairest, since the results obtained by SMB are experimental ones (may not be the optimal
ones) obtained at bench scale, while the VPSA study reports simulation results with
optimization.
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Fig. 1. (a) SMB internal profile at step half time as function of column number and
(b) zoom to the 10™ VPSA cycle performed. Lines represent the simulation results.

Table 1. Performance parameters of the VPSA and SMB cycles.

Run  Technology PurC2H6/%  PurC2H4/%  RecC2H6/%  RecC2H4/%
1 VPSA 893 978 84.6 410
2 S\VIB 56.5 975 98.7 398
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Introduccién

En las ultimas décadas, el consumo de metano (CH4) como combustible se ha visto
incrementado debido a su alto poder energético y bajas emisiones de gases de efecto
invernadero en comparaciéon con las fuentes tradicionales de energia (carbdn vy
petréleo). Al ser un gas, la tecnologia actual para su almacenamiento basada en
comprimir el CHsa 200 bar y temperatura ambiente, o transportarlo en estado liquido
a-165°C y 1 atm dista mucho de ser la solucion factible debido al riesgo que supone
almacenar gases a alta presién y al elevado consumo energético que conlleva
transportar el CHs liquido[1]. No obstante, en la naturaleza existe una tercera via de
almacenamiento de CHs que aun no ha sido explotada y que consiste en la formacién de
hidratos de gas, en los cuales el CHsse encuentra rodeado por una malla de moléculas
de agua en la relacién 1:5,75. Estas estructuras solidas cristalinas se forman
principalmente en los fondos marinos y en el permafrost en condiciones de alta presién
y baja temperatura. Recientemente se han encontrado grandes depdsitos de estos
hidratos que duplican las reservas actuales de combustibles fésiles [2].

Estudios recientes del grupo LMA (Laboratorio de Materiales Avanzados) de la
Universidad de Alicante han demostrado que, mediante el uso de materiales de carbén
activado con una porosidad muy desarrollada, es posible mimetizar a la naturaleza y
sintetizar hidratos de CHs con una estequiometria idéntica a los naturales, bajo
condiciones mas suaves de presion (40 bar) y temperatura (22C) y, con una cinética de
formacidon muy superior a los procesos naturales. Estos estudios fueron realizados con
carbones activados microporosos [3,4]. En base a estos antecedentes, el objetivo del
presente trabajo es evaluar de forma detallada y con mayor profundidad el mecanismo
de crecimiento de hidratos de CHs en espacio confinado, y mds concretamente, en
materiales mesoporosos de diferente composicién quimica (silice y carbones).

Materiales y métodos

Se emplearon silices mesoporosas ordenadas y materiales de carbdn obtenidos por
replicacion del material de silice anterior. Como se observa en la Tabla 1, la seleccidon de
los materiales se hizo para comprender el efecto que ejercen variables como el tamafio
y forma del poro, naturaleza y morfologia del material y quimica superficial, en el
proceso de formacion de hidratos confinados.
Tabla 1. Caracteristicas de los materiales usados para la formacion de hidratos de CHa

Carbdn Replica Ororo(nNM) Formadel poro
CMIK-3 SBA-15 6 Canales cilindricos y ordenamiento hexagonal
CMK-8 KIT-6 8 Canalesdesordenados y ordenamiento cubico
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Los materiales sintetizados fueron evaluados textural, quimica y morfolégicamente
mediante diferentes técnicas analiticas. Estas incluyen la adsorcién de gases a bajas
temperaturas, mediante isotermas de N,,CO; y vapor de agua; técnicas de microscopia
(SEM y TEM), con el propdsito de observar la morfologia de las muestras a nivel
superficial y atémico, respectivamente, y difraccion de Rayos X (DRX) para analizar la
estructura ordenada de largo alcance del material. La evaluacion de la capacidad de
adsorcion de CHs en forma de hidrato se llevé a cabo a diferentes temperaturas: 0°C, -
5°C y-10°C hasta 100 bar variando la cantidad de agua incorporada en el material.

Resultados y discusién

Las isotermas de adsorcion de CHs se realizaron primero en materiales secos y
después en presencia de humedad. En todos los casos se observd que la capacidad de
adsorcién del CH4 fue mayor en las muestras hiumedas frente a los valores obtenidos en
ausencia de humedad, es decir, procesos convencionales de adsorcion fisica. La
estructura cristalina de estos hidratos fue confirmada mediante radiacién de sincrotrén
(Rayos-X) en el acelerador ALBA (Barcelona) tal y como refleja la figura 1, donde ademas
se obtuvo el difractograma del carbén CMK-3 (propio de materiales amorfos) asi como

la estructura hexagonal del hielo (antes de inyectar el CH4).
4000

=1
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Fig. 1. Difraccion de Rayos X de hidratos de CHs y hielo en CMK-3
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Introduccién

El aumento en la concentracién atmosférica de CO, proveniente del empleo masivo
de combustibles fosiles durante mas de un siglo esta provocando un significativo Cambio
Climatico a escala mundial [1]. Segun ha sefialado el IPCC, la tecnologia de captura de
CO; en grandes fuentes emisoras es una tecnologia clave para reducir las emisiones de
este gas de efecto invernadero [2].

En la actualidad, una opcién prometedora es la adsorcidon de CO, sobre materiales
porosos. Principalmente se han empleado sélidos microporosos como zeolitas, carbones
activos o MOFs, asi como silices y aliminas y mesoporosas. En el caso de los materiales
microporosos, varios autores han obtenido correlaciones satisfactorias entre su
capacidad de adsorcién de CO; y el diametro de poro [3-5]. Sin embargo, en el caso de
los sélidos mesoestructurados los resultados son menos abundantes y concluyentes.
Ademas, hay que tener en cuenta que algunos soportes mesoestructurados han sido
funcionalizados con grupos amino con objeto de incrementar su capacidad de adsorcién
de CO; y ésta ya no se restringe sélo a fisisorcion sino que también presentan
quimisorcion en dichos grupos amino.

En el presente trabajo se ha estudiado la adsorcion de CO, sobre 30 soélidos
adsorbentes mesoporosos diferentes, obteniendo las isotermas de adsorcién de CO;
45 2C y las capacidades de adsorcion de CO; a 1 bar y se han correlacionado éstas con
las propiedades texturales de los sélidos considerados.

Materiales y Métodos

Se sintetizaron sélidos mesoestructurados tipo SBA-15 convencional y de poro
expandido, Al-SBA-15, varios soportes tipo HMS y MCM-41 y un gel de silice comercial.
También se utilizaron materiales funcionalizados con grupos amino por anclaje o
impregnacion, aunque dichos grupos funcionales no presentan afinidad por el CO..

Se realizaron isotermas de adsorcidn-desorcion de CO; a 45 2C entre 0 y 6 bar,
calculando la capacidad de adsorcién a 1 bar por interpolacion. Estas condiciones se
emplearon por ser las tipicas de los gases de post-combustion de centrales térmicas de
carbdn tras la unidad de desulfuracion. También se obtuvieron isotermas de adsorcidn-
desorcion de Ny a 77K, determinando la superficie especifica y el parametro C mediante
el método BET, el diametro de poro mediante el método BJH en la rama de adsorcién y
el volumen total de poros a una presion relativa de 0,98.

Resultados y Discusion
Con objeto de encontrar una posible relacién entre la capacidad de adsorcion de CO;
de los 30 sélidos mesoporosos estudiados y alguna de sus propiedades texturales, se
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realizaron regresiones simples y multiples entre la capacidad de adsorcién de CO, y las
propiedades texturales tales como la superficie especifica, el diametro de poro, el
volumen total de poros y el parametro C de la ecuacion BET. En todos los casos se
obtuvieron coeficientes de correlacion muy bajos, inferiores a 0,58.

Posteriormente, se evalud si la capacidad de adsorcién de CO; correlacionaba con el
producto C-Sget, obteniendo un ajuste adecuado y una correcta dispersién de los datos,
como se observa en la Figura 1. El producto de variables empleado tiene en cuenta la
superficie disponible para la adsorcién asi como su naturaleza quimica [6].

Varias de las muestras consideradas contienen grupos amino que no son activos en
captura de CO,, por lo que la adsorcion de CO; es simplemente fisica, sin que haya
ninguna contribucién de quimisorcién [7]. Esto es coherente con el hecho de que sean
las propiedades texturales y no otras variables como el contenido en grupos amino las
gue correlacionen correctamente con la capacidad de adsorcién de CO2.

La correlacidn entre la capacidad de adsorcién de CO; y el producto C-SBET obtenida
en este trabajo (y=5,37958 + 1,71419 E*x) presenta una gran relevancia ya que
permite conocer a priori cual serd el comportamiento de materiales mesoestructurados
en adsorcion de CO,.
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Fig. 1. Regresion lineal entre C-Sger y la capacidad de adsorcidon de CO;a452Cy 1

bar. Materiales: SBA-15 (M), Al-SBA-15 (®), SBA-15 de poro expandido (A ), HMS (V),
gel de silice (<), MCM-41 (» ), SBA-15-anclaje (X) y SBA-15-co-condensacién (+).
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Introduccién

La consolidacién de los carbones activados (CAs) como adsorbentes versatiles y
eficientes, unido a la creciente preocupacién por el caracter finito de los recursos
materiales y energéticos, han llevado a la busqueda de metodologias alternativas de
produccién de CAs, asi como la mejora de las técnicas de regeneracion de los mismos.

Mediante la regeneracién por oxidacion himeda (RgOxH), el carbén agotado, en el
seno de una disolucidn acuosa, se somete a calentamiento con alimentacién simultanea
de un agente oxidante (generalmente O, o H,0;), bajo temperaturas y presiones
moderadas. De este modo, el adsorbato se desorbe del carbdn y se convierte por medio
de un mecanismo de radicales libres a productos finales intermedios con una reduccién
significativa de toxicidad implicando por tanto una ventaja medioambiental muy
importante en comparacién con otros procesos de regeneracién térmicos.

La RgOxH tiene lugar mediante una secuencia de pasos: 1-2>Inicio del proceso de
desorcion del adsorbato desde el CA y transferencia de masa desde la superficie interna
a la externa; 2> Transferencia de masa desde la superficie externa de la pelicula a la
totalidad del liquido; 3->Transferencia de masa de O desde la totalidad del gas a la fase
liquida; 4-> Reaccion entre el O disuelto y el adsorbato en la totalidad del liquido. Si
bien el mecanismo descrito ha sido propuesto y aceptado por la comunidad cientifica,
no contempla otros modos de oxidacion que el que tiene lugar en la fase liquida.

En este estudio se ha investigado el proceso de oxidacién de p-Nitrofenol (PNF)
comparativamente en los sistemas PNF-O, y CA-PNF-O.. Los resultados de la cinetica de
desorcion junto con la caracterizacién superficial de los adsorbentes permitieron
identificar existencia de reacciones de oxidacién en la interfase sélido-liquido. A partir
de los datos experimentales, el proceso fue modelizado utilizando el software COMSOL,
estimandose diferentes pardmetros energéticos y cinéticos.

Materiales y Métodos

El adsorbente usado ha sido un carbdon comercial, Carsorb (CB) proporcionado por
Chemviron (material microporoso, area superficial 930 m?g™ y punto de carga cero
10,2). Se ha empleado como adsorbato p-nitrofenol (PNF) suministrado por Sigma.

Los estudios de RgOxH se realizaron a T = 140, 160, 180 y 200 °C y P parciales de O,
de 3, 6,9y 12 bar; la velocidad de agitacion se fijé en 600 rpm. Una vez la temperatura
seleccionada era alcanzada se introducia el O, en el reactor y se tomaba como tiempo
cero de reaccion. Previo a ello, CB habia sido saturado con PNF (CBsat).

Todos los experimentos se realizaron en un autoclave PARR (0,5 L de capacidad),
dotado con alimentacion de oxigeno. En dicho reactor, una masa de 0,5 g de carbdn
saturado previamente de PNF se puso en contacto con un volumen de agua de 0,433 L.
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Los ensayos de oxidacion de PNP (0,1 g L™%), sin presencia de carbdn activo se realizaron
en idénticas condiciones.

Resultados y Discusion

El andlisis de los resultados obtenidos durante la regeneracion hiumeda del carbdn
activado, revelé que el proceso no puede ser descrito como la simple adicién de las
etapas de desorcidn y oxidacidon de PNF. Se encontré que la presencia de carbdn cataliza
el proceso de oxidacion del PNF, disminuyendo la energia de activacidn de reaccién que
inicia el proceso radicalico [1]. A modo de ejemplo, en la Figura 1.a se muestran las
curvas correspondientes a los ajustes realizados a las series experimentales de oxidacién
de PNF (sin CA), para la temperatura de 200 °C. En la Figura 1.b se muestran los datos
experimentales para la muestra RH/200/12 en la que se sometié al CA saturado a
oxidacién. En ambos casos se revela el buen ajuste del modelo.

0,10

----- - Ox/200/3 0.25
008 1¥L - & 0x/200/6 020 0O RH/200/3
A cefiee OX/200/9 ’ 5 < RH/200/6
¥\ A RH/200/9
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- \ T, O RH/200/12
80 )
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0 50 100 150 0 50 100 150
t, min t, min

Fig. 1. Oxidacién de PNP a) en ausencia de carbén; b) carbdén saturado.

Por otra parte, la alimentacién de oxigeno en disolucidn conlleva una mejoria de la
regeneracién, en comparacion con la simple desorcion, logrando eficiencias de
retencidn superiores al 100%. Se dedujo por tanto que ademas de la modificacion del
equilibrio de desorcién debida a “la retirada” de PNF de la fase liquida propiciada por la
oxidacidn, el oxigeno debe acceder a la matriz porosa del carbdn, reaccionando de este
modo con el adsorbato quimisorbido.
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Introduccién

Los Polimeros Porosos de Coordinacion (PCPs) son materiales hibridos formados por
centros metdlicos unidos a través de ligandos organicos, que crean redes de
interconexién porosas [1,2]. La naturaleza porosa del material lo hace especialmente
util en aplicaciones de adsorcién y separacién, siendo la de captura y liberacién
controlada de moléculas de interés biomédico una de las mas recientes y prometedoras.
En este sentido, el PCP debe cumplir una serie de requisitos en cuanto a tamafio y
biocompatibilidad. En este trabajo describimos la sintesis de un PCP compuesto por
Fe(lll) y acido galico, Fe-Galato, que cumple los anteriores requisitos para su uso en
aplicaciones biomédicas. El hierro es un oligoelemento esencial, participa en la catdlisis
oxidativa de biocomponentes, y es fundamental en el transporte de oxigeno y en la
cadena de transporte de electrones [3]. Por su parte, el acido galico, es un polifenol que
destaca por su gran poder antioxidante [4].

La capacidad de adsorcion de Fe-Galato se ha ensayado utilizando fluoréforos
organicos como moléculas modelo.

Materiales y Métodos

La sintesis de Fe-galato se llevd a cabo en condiciones suaves (presion y temperatura
ambiente) por adicidon de una disolucién acuosa de FeCls a una disolucién acuosa de
acido galico ((HO)3CsH2CO2H) cuyo pH se ajustd previamente a 8,7 por adicién de NaOH.
El solido azul obtenido se purific6 mediante procesos secuenciales de
centrifugacion/lavado en agua y se liofilizé (obteniéndose un rendimiento del 60%),
manteniéndose en desecador hasta su posterior uso en ensayos de captacién. Fe-Galato
se caracterizé mediante dispersion dindmica de luz (DLS), espectroscopia de infrarrojo
(FT-IR) y microscopia electrénica.

Los estudios de la capacidad de adsorcidn se realizaron por incubacion acuosa del

PCP Fe-galato con los fluordfos. El perfil de liberacion del fluordforo se realizé a 2, 6, 12
y 24 horas en cultivo celular sobre la linea tumoral A-431 (Carcinoma epidermoide).

Resultados y Discusion

La caracterizacion de PCP Fe-galato se recoge en la Fig. 1. En laimagen A, se muestran
los espectros FT-IR de los precursores y del PCP, observandose la diferencia fundamental
en la aparicion de la banda a 1580 cm™ caracteristica de carboxilatos aromaticos. La Fig.1
B muestra la imagen TEM, donde se observa que las estructuras poseen un tamafio
entorno a los 100nm. El analisis del PCP Fe-galato por DLS revela cierto grado de
agregacion al establecer el tamafio hidrodindmico en 200 £ 20 nm, asi como una buena
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homogeneidad media (Indice de polidispersién de 0,21) y un alto grado de estabilidad
coloidal con un potencial { de -22 mV.

(A1

Transmittance
1

3500 3000 2500 2000 1500 1000
Wavenumber cm

Fig. 1 (A) Espectros de FTIR del FeCls (linea punteada), galato (linea gris) y PCP Fe-
galato (linea negra). (B) Imagen TEM de PCP Fe-galato.
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Introduction

Nowadays, an increasing number of pharmaceuticals is used for the treatment and
prevention of various diseases. These drugs are only partially absorbed by the body,
reaching domestic wastewater and, since the conventional water treatment processes
are ineffective in removing these compounds, they are continuously introduced in the
aquatic system [1]. To solve this problem, advanced technologies, such as adsorption
onto carbon materials, have been developed. However, there are still improvements to
be made in order to make their application more economic and efficient [2]. One way
to achieve this goal is to produce adsorbents from biomass wastes under optimized
conditions to maximize their performance as adsorbents of recalcitrant compounds.

The objective of this work was to prepare activated carbons from the char of apple
tree bark residues, evaluating the influence of different experimental conditions in the
textural properties of the materials. Selected samples were tested as adsorbents of a -
blocker medicine (atenolol) and a veterinary antibiotic (tiamulin fumarate).

Materials and Methods

The activated carbons were produced by impregnation of apple tree bark char, with
K2CO3 and KOH solutions in the weight proportions of 1:3, at room temperature. The
dried samples were activated at 800 °C for 1, 2, and 3 h under N; flow of 5 cm? s
(heating rate 10 °C min), then cooled down under N; flow. The samples were finally
washed with distilled water until pH 7, dried overnight at 100 °C and stored. The
obtained carbon samples are designated by activated agent (C, for K,COs, and H, for
KOH)A800/activation time (h).

The materials were characterized by N, (ASAP 2010 from Micromeritics) and CO;
(conventional volumetric apparatus, equipped with an MKS-Baratron 310BHS-100
pressure sensor) adsorption isotherms at, respectively, -196 and 0 °C. The pH at the
point of zero charge (pHpzc) was also determined, using a microelectrode (Symphony
SP70P pH Meter) following the reversed mass titration procedure.

The removal efficiency of the pharmaceuticals was studied adding 20 cm? of pollutant
solution (120 mg dm3) to 6 mg of carbon (30 °C). Samples were collected after 18 h of
contact time, and quantification of remaining solute was made by UV-Vis
spectrophotometry. For comparison purposes, powdered commercial carbons used in
water treatment were also tested (CP —ChiemiVall CCP 900, NS — Norit NSAE Super).

Results and Discussion
The materials prepared have a very well developed pore network, composed almost
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exclusively by micropores. In any case the micropore volume is higher than those
presented by the commercial samples but one of the commercial samples has a large
mesopore structure that is absent in the lab-made carbons (Table 1).

The samples produced with KOH have Ager values higher than 2000 m? g1, being the
microporosity mainly (and for longer treatments exclusively) composed by
supermicropores. The activation with K,COs produced carbons with less developed
porosity (lower values of Ager and Viotal). As it was already reported for other precursors
[2] this activating agent enables a more controllable development of the porosity than
what is observed with KOH, thus allowing to “design” the micropore network of the final
samples. Regarding the activation yield is interesting to notice that with exception of
sample HA800/1 all the other materials present values around 40 %. The lab-made
samples have a pHpzc value of 5.5, whereas the commercial carbons are basic (10.3 and
8.4 for CP and NS, respectively).

Table 1. Nanotextural properties of the lab-made and commercial activated carbons.
Activation yield (n) of the lab-made samples also presented.

S AgeT Viotal® Vmesob Method s r]C
ample (mz g.l) (cm3 g.l) (cm3 g.l) Vatotal Va ultra ch super (%)
(cm*g?) (cm’g?) (cm’g?)
HA800/1 2029 0.93 0.05 0.88 0.12 0.76 46
HA800/2 2345 1.14 0.08 1.06 0.00 1.06 38
HA800/3 2445 1.24 0.08 1.16 0.00 1.16 22
CA800/1 1169 0.48 0.01 0.52 0.27 0.25 44
CA800/2 1455 0.69 0.06 0.64 0.15 0.49 42
CA800/3 1900 0.91 0.08 0.83 0.09 0.74 38
cp 907 0.43 0.03 0.40 0.16 0.24 -
NS 1065 0.70 0.30 0.40 0.02 0.38 -

3N, volume adsorbed at p/p? = 0.95; ®Vimeso = Viotal — Vi total ; ¢ Activation yield.

The data concerning atenolol adsorption showed that lab-made carbons are highly
efficient since removal efficiencies ~ 90 % were attained against 62 % obtained with
commercial samples. The better performance of the lab-made activated carbons is most
likely due to their high volume of supermicropores. The study will proceed in order to
obtain kinetic and equilibrium data for atenolol and also tiamulin fumarate adsorption.
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Introduccién

Las n-parafinas se utilizan ampliamente en la fabricacion de detergentes. Estos
hidrocarburos lineales pueden separarse selectivamente de fracciones petroliferas
mediante adsorcidn utilizando los adsorbentes apropiados empleando la tecnologia de
lecho mévil simulado (SMB) [1]. Para el desarrollo y el disefio de procesos de adsorcidn,
son necesarios parametros de equilibrio y cinéticos. Estos pardmetros estan disponibles
en la bibliografia para parafinas ligeras en fase vapor, sin embargo, hay poca informacién
para sistemas en fase liquida de parafinas de elevado peso molecular.

El objetivo de este trabajo es el estudio del equilibrio y la cinética de adsorcién de
n-parafinas de cadena larga sobre zeolita 5A. Las parafinas representativas utilizadas son
las siguientes: n-decano, n-dodecano, n-tetradecano, n-hexadecano y n-octadecano.
También se ha analizado el n-pentano, ya que se utiliza como desorbente en el proceso
industrial de lecho moévil simulado (SMB) para la separacién de parafinas. Se ha
desarrollado un modelo tedrico para describir la cinética de adsorcién de los sistemas
estudiados. El modelo se ha incluido en un programa de simulacién de SMB (SMBSIM),
y las predicciones del modelo se han comparado con los datos de la separacion real de
una unidad comercial de SMB que separa n-parafinas de una fraccién de queroseno
hidrotratado [2].

Materiales y Procedimientos

Se han llevado a cabo experimentos de adsorcién de n-parafinas en lecho fijo a 175°C
y a 21 barg empleando como adsorbente un tamiz molecular 5A comercial aglomerado
[2]. Aunque la operacion a escala comercial se realiza en un lecho mévil simulado (SMB),
los parametros cinéticos y de equilibrio necesarios para su disefio deben ser los mismos,
independientemente del sistema utilizado en su determinacion.

El procedimiento experimental consiste en una activacién del adsorbente a elevada
temperatura (3502C), seguida de un acondicionamiento con una mezcla de isooctano-
n-pentano con una proporcion 40-60% en peso. Posteriormente se alimentan las
mezclas de adsorcion constituidas por isooctano que se emplea como disolvente,
trimetilbenceno en una concentracion del 0,5% como trazador y la parafina en
concentraciones variables entre el 0,1y el 10% en peso. Las curvas de rotura se obtienen
por analisis en cromatégrafo de gases de las muestras recogidas peridédicamente a la
salida del lecho mediante un colector de muestras.
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Resultados y discusién

En la figura 1 se presentan a modo de ejemplo las curvas de rotura de n-dodecano
(n-C12). Se ha observado que al aumentar la concentracién de la parafina a caudal
constante, el tiempo de rotura disminuye, mientras que la capacidad de adsorcion
aumenta (kg de parafina/kg de adsorbente).

cic,

i = 0,204
1,0- )225% ) - -
| —
0,8 x % 0,15
| y g .
0,64 % J o
1| ¥4 & —x—TMB (0,5%) < 0,10-
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X :
02]T yA @ —4—n-C12 (2%) 2  n-C16
wi?! —v n-C12 (3%) o
0,0 - R T T T
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Fig. 1. Curvas de rotura de n-C12 a distintas concentraciones (Q=6mL/min).
Fig. 2. Ejemplo de ajustes a la isoterma de Langmuir de las parafinas C12 y C16.

En la figura 2 se presentan las isotermas de adsorcion de n-C12 y n-C16 asi como el
ajuste obtenido empleando el modelo de Langmuir. Todas las parafinas presentan un
comportamiento de isoterma de tipo I. La parafina n-C12 presenta una mayor capacidad
de adsorcién debido a su menor tamafo y mejor acoplamiento en el interior de los poros
de zeolita 5A. Por otra parte, el parametro K, representativo de la afinidad del
adsorbato por el adsorbente, es mayor en el caso de la parafina C16 debido a su mayor
masa molecular.

Ademas, las curvas de rotura se han ajustado empleando un modelo cinético
isotermo basado en ecuaciones de conservacion. Se han considerado tres resistencias
en serie a la transferencia de materia. De los resultados obtenidos se concluye que la
resistencia a la transferencia de materia en los microporos de la zeolita es la etapa
limitante.

Los parametros cinéticos, junto con las isotermas ajustadas al modelo de Langmuir,
se han utilizado para el desarrollo del modelo de lecho mévil simulado, con el propédsito
de optimizar una unidad industrial y predecir los efectos de las variaciones en la
alimentacion al proceso. Se ha validado el modelo con los resultados obtenidos de
bibliografia [2], obteniéndose un error menor del 10% en las concentraciones de
parafinas en el extracto y de isoparafinas en el refinado.
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Introduccién

En la mayoria de las aplicaciones, la eficiencia y selectividad de los materiales porosos
en un determinado proceso (de adsorcidn o de catélisis heterogénea) tiene una relacién
directa con sus propiedades texturales. Esta dependencia ha sido mostrada y estudiada
en diversos trabajos de investigacion para diferentes tipos de aplicaciones, como la
adsorcion de gases, vapores, compuestos organicos, colorantes, proteinas, y
aplicaciones cataliticas diversas, entre otras. Por esta razén es que las propiedades
texturales de los materiales porosos son algunas de las caracteristicas mas importantes
a ser evaluadas, dentro de las cuales estan la superficie especifica, la porosidad y la
distribucién de tamafio de poros. La técnica experimental mas utilizada para estudiar la
textura de los materiales porosos es la adsorcidn de gases, en particular la ads-des de
N2 a 77 K [1,2]. Sin embargo, diversos investigadores [3-5] sostienen que el momento
cuadrupolar de la molécula de N; presenta interacciones especificas con los grupos
silanol superficiales presentes en materiales de silice, causando asi un efecto de
orientacién preferencial a la molécula de N; adsorbida [4], siendo éste el caso de los
materiales mesoporosos ordenados (MMO) de silice. En este sentido, ademas de la ads-
des de Ny a 77 K, el estudio de la adsorcién de otros gases o vapores organicos, seria util
para complementar la informacién de la textura y/o estructura del MMO. Teniendo en
cuenta todo lo anteriormente planteado, en este trabajo se presenta el estudio de la
adsorcién de Ny, Ar, O,, CHs e Hy a 77 K sobre MCM-41, MCM-48, SBA-15 y SBA-16, con
el fin de obtener la informacién mdas completa acerca de la textura y estructura de poro
de dichos MMO.

Materiales y Métodos

Se sintetizaron cuatro tipos de MMO de silice (MCM-41, MCM-48, SBA-15 y SBA-16),
via proceso sol-gel bajo condiciones no hidrotérmicas. Las medidas de ads—des de N,
Ar, O2 y CHs a 77 K, se realizaron en un equipo de adsorcion manomeétrico ASAP-2000
mientras que las de Hy a 77 K hasta 10 atm se realizaron en un ASAP-2050
(Micromeritics). Las muestras se desgasificaron previamente a 150 °C durante 12 h.

Resultados y Discusion

La Fig. 1 muestra las isotermas de ads—des de N3, Ar, Oy, CHs e H, a 77 K para los
distintos MMO de silice estudiados. Dichas isotermas (tipo V) son tipicas de materiales
mesoporos que presentan un alto grado de ordenamiento, debido a que en todos los
casos la etapa de condensacidon capilar estd bien definida. Los resultados mas
importantes del analisis textural fueron: i) Superficie especifica: tomando como
referencia los valores de Sger obtenidos a partir de datos de adsorcidn de Ar a 77 K, se
encontrd que (para que haya un acuerdo entre las Sger determinadas con los otros
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adsorbibles) los valores del area transversal de la molécula adsorbida sobre la superficie
(Am) del N2 y CHa a 77 K varian en funcidon de la cantidad de grupos silanol presentes en
los MMO, sin embargo, los valores de A, del O, a 77 K fueron practicamente constantes
(= 0.123 nm?), sugiriendo que este Ultimo puede ser considerado como un adsorbible
alternativo para la caracterizacion de sélidos porosos; ii) Volumen de poros: usando la
regla de Gurvich y el método as-plot, los cuatro adsorbibles utilizados (N2, Ar, Oz y CHa
a 77 K) proporcionan valores muy similares de volimenes de poro; v iii) Distribucion de
tamano de mesoporos (PSD): utilizando el método VBS y datos de adsorcion-desorcién
de Ny, Ar, O, y CHs a 77 K, se encontré que las PSD son muy consistentes entre si y
ademas concuerdan con el método de NLDFT.
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Fig. 1. Isotermas de ads.-des. de N, Ar, 02, CHs e H; a 77 K de distintos MMO de Si
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Introduction

Carbon gels are porous materials which properties can be tailored by modifying the synthesis
conditions in order to fit the requirements of a specific application [1]. In particular, the
concentrations of reagents are the ones that have the greatest influence on the final properties
of carbon gels [2, 3]. These concentrations are reported in the literature to be related to the pH
of the precursor solution, the dilution ratio (D) and the molar ratio between the main reagents
(resorcinol and formaldehyde (R/F)) [2]. Each of these three variables not only has a significant
effect on the properties of carbon gels but also synergy effects between them must be taken
into account [1, 2, 3]. In these cases, statistical techniques are particularly useful for assessing
the significance of these effects. Among all, there is one powerful and convenient technique
known as Response Surface Methodology (RSM). This methodology allows obtaining
mathematical models from which it is possible to calculate the concentration of each reagent to
be used in order to synthesize materials with the desired properties [4]. In this scenario, the
adsorption techniques allow obtaining the key response parameters for using RSM and hence,
designing bespoke porous carbon xerogels.

Materials and Methods
Accurate and reliable mathematical models were obtained by generating an extensive
database, which was achieved following the scheme shown in Figure 1.

Needed properties

v
Characterization

Microwave-assisted —» (adsorption Response Surface ___ |~ Mathematical model
. e ! f ]
sy:the5|s techniques) Methodology (RSM) {equaltlons)
i 5 e v
:L _______________________ - . Concentration of
k TI reagents calculated
T | e ves  DESIGN OF
Characterized properties = Needed properties ————- > BESPOKE

MATERIALS

Fig. 1. Experimental methodology for design bespoke porous materials.

Carbon gels were obtained by drying and carbonizing organic polymer-based gels. The
Organic xerogels were synthesized by the polycondensation of resorcinol (R) and formaldehyde
(F) using deionized water as solvent and sodium hydroxide as catalyst. Different pH, dilution
ratio and R/F molar ratio values were used to prepare the precursor solutions. These values
ranged from 5.0 to 7.0, from 5 to 10 and from 0.1 to 1.0, respectively; which involves the
synthesis of more than 200 materials. The dried gels obtained were then carbonized in order to
obtain the carbon gels. The syntheses were performed in a microwave oven while the
carbonizations were performed in a horizontal tubular furnace, following the methods described
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elsewhere [2, 3, 4]. All the carbon xerogels were characterized from the point of view of their
porous structure by means of nitrogen adsorption-desorption isotherms. Response Surface
Methodology (RSM) was applied to the characterization results by using the software Design-
Expert 8 trial version.

Results and Discussion

The application of RSM to all the parameters obtained by nitrogen adsorption-desorption
isotherms allows the interaction between the pH, the dilution ratio and the R/F molar ratio and
their effect on the main porous properties to be evaluated. The evolution of mesopore volume
by modifying the concentration of all reagents is shown in Figure 2. However, more information
on the evolution of all the other porous properties can be found elsewhere [2, 3, 4]. A maximum
mesopore volume (0.65 + 0.05 cm?3/g) is obtained by adjusting the pH between 5.6 and 6.0 and
the dilution ratio between 5.5 and 7.0. This range is not altered by a decrease in the R/F molar
ratio below the stoichiometric value (Figure 2b). However, the volume is enhanced by 37% when
the molar ratio is fixed at 0.2. From these results, different mathematical models were obtained,
from which, from now on, the values of the final porous properties within the range of
combinations of pH-D-R/F studied can be determined. Hence, carbon xerogels can be directly
synthesised and tailored to have porous properties that fit specific application requirements.

Violume of mesopores (cm?g) Volume of mesopores (cm®/g)

Dilution Ratio (D)

pH pH
Fig. 2. Contour plot representing the simultaneous effect of pH and D on
mesoporosity when the R/F molar ratio is fixed at 0.5 (a) and 0.2 (b).
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Introduction

Separation of parafins and olefin has attracted important attention since their uses
have several industrial applications such as the production of detergents or of multi-
branched alkanes with high octane numbers (1). However, the separation of short
olefins is particularly complex as it is a highly energy-demanding process. Such is the
case of butene isomers, as all compounds have very similar boiling points their
separation is achieved through extractive distillations and several reactions, making the
process energetically and economically expensive. It is for this reason that the use of
molecular sieves has been study for this separation process (2).

Materials and Methods

Among the variety of materials used as molecular sieves, zeolites are the most
interesting structures due to their low cost, high thermal stability, bulk density, or
adjustable composition. We focus on pure silica structures such as MOR (1D channels),
MFI (intersecting channels), LTA (cavities), FAU (cavities), and RWY (cavities).

Monte Carlo simulations are computed in the Gibbs-, Canonical-, and Grand
Canonical ensemble to obtain vapor-liquid coexistence curves, heats of adsorption, and
adsorption isotherms, respectively, using the RASPA code (3).

Results and Discussion

In this work we approach the separation of butene isomers from the molecular
simulation point of view. With this aim in mind, we provide new models for 1-butene,
cis/trans-2-butene, and isobutene that reproduce experimental properties of the
molecules such as their polarity and vapor-liquid coexistence curves. Pure component
adsorption isotherms and heats of adsorption are calculated and compared to
experimental data to corroborate the accuracy of the interaction force field parameters.
On a third step, the adsorption of different mixtures of both geometric isomers is
analyzed in a variety of zeolites to understand the influence that their topology (MFI,
MOR, LTA) and pore volume (LTA, FAU, RWY) have on the separation process (figure 1).
Finally, all isomers are studied in mixtures to evaluate the effect that their different
conformation has on the adsorption behavior.
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Figure 1: Pore Size Distribution and energy profiles of the zeolites under study. Brown
and blue represent the accessible and the non-accessible parts of the structures,
respectively.
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Introduccién

Debido a su bajo coste de produccidn y excelentes propiedades mecdnicas y de
moldeo, el propileno (PP) es el pldstico mas utilizado en la industria del automovil. De
hecho, mas de la mitad de todos los materiales pldsticos empleados en automéviles son
de PP. Debido a ello, segun datos del afio 2007, sobre cuatro millones de toneladas de
PP, de un consumo total que era entonces de mds de 45 millones de toneladas, tenia
como destino la citada industria del automovil [1]. Las mezclas de PP y el mondémero
etileno-propileno-dieno (EPDM) tienen una gran importancia desde el punto de vista
comercial [2].Tras la vida atil del automdvil, la enorme cantidad generada de este
plastico termina como un material de desecho que es muy dificil de procesar y por tanto
reciclar. Como una posibilidad, dada su constitucion quimica con un contenido muy
elevado de carbono, el citado plastico podria aprovecharse y valorizarse mediante su
empleo como material de partida en la preparaciéon de materiales carbonosos (MC) para
su posterior uso como adsorbentes en tratamientos de descontaminacion del agua. Con
dichas miras, en esta comunicacion se presentan algunos resultados obtenidos al llevar
a cabo la preparacién de MC a partir de goma de PP-EPDM, caracterizacion y uso en la
adsorcidén de tres solutos en disolucidn acuosa. En estudios anteriores, se ha investigado
la utilizacién de la goma de neumaticos usados para la preparacién también de MC [3,4].

Materiales y Métodos

El material empleado, un elastomero pldstico vulcanizado PP-EPDM, fue
suministrado por la empresa regional Catelsa Caceres, S.A, dedicada a la fabricacion de
componentes de automoviles de varias marcas comerciales, con la consiguiente
generacion de residuos plasticos. Los datos obtenidos en los andlisis del producto (% en
peso) son: C, 88; H, 11.8; N, = 0.00; S, 0.37; contenido de cenizas, 0.93. El plastico fue
primero reducido de tamafio hasta 1-3 mm. Después, se procedid a la preparacion de
los MC por el método de activacion quimica con ZnCl,, H3PO4 y KOH. La impregnacidén se
realizd con los agentes activantes tanto en disolucién acuosa como en estado sélido.
Dependendo de dicho agente, la carbonizacion se efectué a 500-600, 500 u 800 °C. Los
MC obtenidos fueron caracterizados mediante adsocidon fisica de N; a -196 °C,
porosimetria de mercurio y espectrocospia FT-IR asi como mediante medida del pH del
punto de carga cero (pHpc). El estudio de adsorcién en disolucidn se llevd a cabo
utilizando alguna muestra seleccionada de los MC como adsorbente; naranja de metilo,
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p-nitrofenol y el ion Cd?* como adsorbatos en disolucién acuosa 103 M, y procediendo
en la forma habitual.

Resultados y Discusion

Los datos obtenidos en el estudio de caracterizacidén de los MC ponen claramente de
manifiesto la existencia de una gran influencia sobre todo del agente activante vy el
método de impregnaciony la temperatura de carbonizacién sobre sus propiedades
texturales y quimico superficiales. A modo orientativo, la Figs. 1 muestra las isotermas
de adsorcién de N; para tres muestras preparedas con ZnCl,, H3POsy KOH. A la vista de
la misma es evidente la presencia de micro- y mesoporosidad en las tres muestras, pero
especialmente en la preparada con KOH. Los volumes de poros varian segin: Wo (por
adsorcion de Ny), KOH > ZnCl; > H3PO4 y Vimep Y Vma-p (pOr porosimetria de mercurio),
KOH > H3PO4 > ZnCl,. Vimap >> Vmep ¥ Wo, y por tanto los MC son sélidos esencialmente
macroporosos. De hecho, Vimap €s 1.55 cm3 g para la muestra de KOH.
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Fig. 1. Isotermas de adsorcion de N, a -196 2C.

El pHpcc sigue el orden KOH > ZnCl, >> H3POa. La cinética del proceso de adsorcidn es
muy rapida con naranja de metilo y con p-nitrophenol y més lenta con el ion Cd?*. La
cantidad rentenida en condiciones de equilibrio varia segin naranja de metilo > p-
nitrofenol > ion Cd?*.
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Introduction

According to the last report about greenhouse gases emissions in 2014 [1], CO;
appears as the highest concentration, reaching 65% of emissions. In the last two
centuries, the concentration of CO; in atmosphere has increased up to reach 402.6 ppm
while prior 1800, atmospheric CO; averaged concentration was 280 ppm. This global
issue has led to the governments to propose laws to minimize the CO; impact. Taking
into account that fossil fuels will continue as the main energy source, avoid the release
of CO; into the atmosphere is vital. CO, adsorption using materials functionalized with
amino groups has been proposed as an alternative to the traditional absorption process
due to minor energy consumption. The aim of this work is the synthesis and
characterization of hollow silica microspheres with a narrow particle size distribution. In
addition, the use of swelling agents such as 1,3,5-triisopropylbenzene (TiPB) and fluoride
species (NH4F) limit the aggregation of silica in the synthetic procedure decreasing
diffusional resistances. Tetraethylenpentamine (TEPA) was incorporated post-synthesis
by impregnation as amino source to improve the CO; capacity.

Materials and Methods

HMS materials were synthesized following the method described by Araujo et al.
(2009) [2] with some modifications as the incorporation of a swelling agent such as TiPB
and NHsF. Thereby HMS, HMS-F, HMS-TiPB and HMS-F-TiPB were synthesized. The
addition of a swelling agent causes an increase of the volume of the hollow silica spheres
due to TiPB moves into the hydrophobic core and enlarges the size of the surfactant
micelle [3]. The impregnation with TEPA was carried out according previous research
[4]. Samples were characterized by N, adsorption/desorption isotherms at 77K. X-Ray
diffraction, scanning and transmission electron microscopy, Fourier Transformed
infrared spectroscopy and elemental analysis. CO, adsorption/desorption isotherms
were obtained up to 1 bar and at 298, 318 and 338K.

Results and Discussion

DRX, TEM and SEM verified the success of the sytnheses. The incorporation of
swelling agents leads to an increase of the size of the hollow silica microspheres and
higher dispersion of them, which causes an increase of the external surface area as can
be observed in Table 1.
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Table 1. Textural properties obtained from N, adsorption/desorption isotherms at 77K.

Sample Seer (M%) Smic (mg™?) (cn:l;:g‘l) (c\r::;lg-l) Po(r:r:;ze
HMS 1119 978 0.94 0.61 3.6
HMS-F 636 436 0.42 0.20 4.1
HMS-TiPB 1227 341 1.63 0.25 5.3
HMS-F-TiPB 1005 227 1.43 0.22 5.1

CO; adsorption/desorption isotherms were measured at three different
temperatures up to 1 bar. No hysteresis loop was observed, which it confirms the
reversibility of adsorption process. Porous material with higher CO; adsorption capacity
was HMS-F (1.05 mmol CO; g at 298K and 1 bar), probably due to its smaller pore
diameter and higher microporous surface in comparison with the other adsorbents.
These facts favor the interaction of the porous silica with the CO; due to a physical
process by van der Waals interactions.

Samples were functionalized by impregnation from 20 to 50 wt % of TEPA. The
incorporation of TEPA molecules improves the CO; capacity at the studied temperature
range. Higher TEPA loadings increase the density of amino species on the HMS surface,
reaching N contents above to 14% for HMS-F-TiPB. The highest CO; adsorption capacity
obtained was 3.4 mmol g at 1 bar and 298K for the before called sample.

The study of the CO, adsorption at different temperatures revealed that the
adsorbents without amines species are governed by physisorption (26 kJ/mol). HMS-F-
TiPB impregnated with TEPA showed an increase of CO; capacity at high temperature
(3.6 mmol CO; g at 338K and 1 bar). However, for high TEPA loadings the working
capacity tends to minimize. Hence, with the aim to hold an important working capacity,
it would be necessary the use combined of pressure and temperature with a view to
application of these materials in a continuous adsorption/desorption process

Finally, the stability of the adsorbent under temperature swing was also evaluated.
The CO; capacity remained constant after 5 cycles.
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Introduction

In previous work (AIChE J. 2005;51:1641-1653) we demonstrated that the periodic
state of the simulated-moving-bed (SMB) process is reproduced by a single-column
chromatographic process with a recycle lag of (N-1)xt time units, where N is the number
of columns of the equivalent SMB unit and t is the switching interval. The operation of
this ideal single-column process is formulated by selecting an arbitrary column of the
SMB and following its operation over a complete cycle. To implement the recycle lag in
practice, a special type of plug-flow tube was proposed. It includes internal elements to
make the flow as close as possible to plug flow, and a piston to compensate for the
difference between the inlet and outlet flow rates. This is necessary because the recycle
lag is not a multiple of the overall cycle duration. The proposed system is a more
compact, less expensive, and simpler-to-operate alternative to the SMB. Depending on
the efficiency of the recycle tube, it was shown that the single-column process can
achieve the same purities as the analogous SMB unit while keeping the specific
productivity constant.

Materials and Methods

Here we present an experimental realization of the single-column process with
recycle lag that uses a simplified version of the plug-flow device. The experimental proof
of concept uses the separation of nucleosides by reverse phase and protein capture by
protein-A affinity chromatography as case studies to demonstrate the effectiveness of
the proposed chromatography apparatus.
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Introduction

There is an increasing interest on finding alternatives to fossil fuels, especially in
countries which are energetically dependent on others. Biogas and natural gas in general
(methane) is a cleaner energy source than other heavier hydrocarbons. Nevertheless, in
the case of biogas, the main drawback is its high content on carbon dioxide (it might be
as high as 40% or more) which significantly reduces its heating capacity. Therefore, for
biogas to be used, a previous separation step in order to reduce the CO; content is
needed. Separation can be performed by several techniques, but selective adsorption is
the one with lower energetic requirements for regeneration[1,2].

Materials and Methods

Pine wood pellets for domestic heating applications were used as raw material. Two
samples were obtained; carbonization was performed in N2 (300 cm®mint) and once at
900°C pellets were either kept at this temperature for two hours (PINPEL); or the inlet
gas was switched to CO; and the temperature maintained for five hours in the case of
physically activated sample (PINPEL20).

N, adsorption-desorption isotherms at -196°C and CO; adsorption ones at 0°C, as well
as Mercury Intrusion Porosimetry were performed. Scanning Electron Microscopy (SEM)
microphotographs of sample were also obtained.

After characterizing the samples, isotherms of target compounds (CHs and CO;) were
obtained at 30, 50 and 70°Cin a pressure range from 0 to 10 bar by using a magnetic
suspension balance (Rubotherm, Germany). Breakthroughs were performed in the case
of PINPEL20 at P=1.5 bar, Xxc02=0.6, Xc14=0.4, T=30°C and Q=0.3SLPM.

Results and Discussion

CO; activation generated a large volume of micropores regarding carbonized sample.
An increment on macropore volume measured by Mercury Intrusion Porosimetry was
also observed, and these macropores are similar in size to the ones of the carbonized
sample, so CO; activation made accessible part of porosity which was blocked in the
non-activated sample. Therefore, a reduction on bulk density and an increment on Sger
was observed for PINPEL20 (Table 1).

Once porous texture of samples was characterized, adsorption-desorption isotherms
for the target gases, CO, and CH4 were obtained. Experimental data were fitted with
Langmuir or Toth model depending on the suitability of each one. Figure 1 illustrates the
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CO2 and CHs adsorption-desorption isotherms at 30°C for PINPEL20. From them,
different parameters were calculated and variation of isosteric heat of adsorption with
loading was also obtained by analyzing isotherms at different temperatures.

Breakthrough experiments were performed only with the activated sample PINPEL20
since it was the one with the highest CO,/CHs selectivity. When binary adsorption
breakthrough curves (Figure 2) are analyzed and compared with single component
experiments, several differences are observed. For methane the adsorbed amount
became smaller, due the competition with CO,. Additionally, for CO, the adsorption
front becomes more dispersed. Nevertheless, it was clearly pointed out that PINPEL20
was able to adsorb CO; preferentially regarding CHa, so this sample is a good candidate
to be used as selective adsorbent for biogas upgrading.
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Fig. 1. CO, (A ) and CH4 (m) isotherms at Fig. 2. Breakthrough curves for binary
30°C for PINPEL20 adsorption of CO, (A) and CH4 (m).
Table 1. Textural properties of samples.
Sample Seer/ Mgt Wo(N2) /em3gt  W((CO,) /emig? Lo(CO,) /nm P/ gem’
PINPEL 0 0.00 0.21 0.61 0.83
PINPEL20 561 0.22 0.31 0.84 0.52
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Introduction

The incorporation of carbon materials in carbon/semiconductor composites is an
interesting strategy to attain high photoconversion efficiencies. First investigations in
the field focused on their use as additives to TiO; and the enhanced performance of the
photocatalysts was attributed to the porosity of the carbon support [1]. More recently,
the self photochemical activity of semiconductor-free nanoporous carbons under
different irradiation conditions was demonstrated [2-3], showing their ability to
photogenerate radical oxygen species in aqueous environments, that are capable of
converting high and low energy photons in chemical reactions. This has opened new
perspectives in the field of applied photochemistry based on carbon materials covering
environmental remediation, water splitting, enhanced adsorption/oxidation, or
photoluminescence [2-3]. Aiming to understand the mechanisms governing the
conversion of light in chemical reactions in the pore space of nanoporous carbons, we
report the combined effect of O- and S-doping and nanopore size on the light conversion
efficiency of the studied nanoporous carbons.

Materials and Methods

A nanoporous carbon was selected and modified to obtain i) a series of materials with
well-defined and increasing pore size, and ii) different composition and nature of O- and
S-containing surface. Briefly, the pristine carbon was activated under CO; atmosphere
(i.e., 850 2C, 10 mL/min) for variable periods of time (samples are labelled as F, F1 and
F4, where the number represents the increasing burn-off degree). To introduce S-
containing functional groups, the carbons were exposed to H,S (ca. 1000 ppm balanced
in nitrogen, flow rate 150 mL/min) for 3 h at 800 °C (heating rate 10 °C/min). The
S-doped carbons are labelled F-S, F1-S and F4-S. The photochemical activity of the
carbons towards the photooxidation of phenol in agueous environments was explored
using monochromatic light, to determine the wavelength onset of the photochemical
activity. Further details are given in references 3-5. The experiments were designed to
suppress secondary reactions other than photooxidation in the constricted pore space
by irradiating aqueous suspensions of the carbons pre-loaded with phenol [3].

Results and Discussion

Fig. 1 shows the normalized phenol conversion values of the nanoporous carbons at
different wavelengths. The gathered data has confirmed the photoassisted degradation
of the pollutant retained inside the porosity for all the studied samples and all selected
wavelengths. This is most remarkable considering that carbons are strong light
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absorbers, hence a large fraction of the light is not expected to reach the target molecule
in the adsorbed state. Furthermore, the photooxidation yields inside the porosity of the
carbons are higher than that of direct photolysis from solution, corroborating the
outstanding role of the confinement of the pollutant in enhancing the light conversion
into a chemical reaction. Most importantly, when the adsorbed species commensurate
the average pore size of the nanoporous carbon, the conversion of low energy photons
increased significantly, achieving photochemical quantum yields for photooxidation
reactions upon close to those of high energy photons. Outstanding conversion values
are obtained at 400, 450 and 500 nm when the photochemical reaction is carried out in
the confined carbon pore space. This corresponds to over 100-200 nm redshift in the
wavelength onset for the photochemical reaction compared to photolysis, and clearly
demonstrates the ability of these carbons to convert visible light into a chemical reaction
in agueous medium [4,5].
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Fig. 1. Normalized phenol conversion per incident flux at different wavelengths for
the studied nanoporous carbons.

Acknowledgements

This study is supported by the Spanish MINECO (grant CTM2014-56770-R) and the European
Research Council through an ERC-Consolidator Grant (648161-PHOROSOL). AGB thanks MINECO
for her PhD fellowship (BES-2012-060410).

References

1. Matos J., Laine J., Hermann J-M. Appl. Catal. B Environ. 18 (1998) 281-291.4.

2. Velasco L.F., Maurino V., Laurenti E., Fonseca |.M., Lima J.C., Ania C.O. Appl Catal A 452
(2013) 1-8.

3. Velasco L.F., Lima J.C, Ania C.0., Angew. Chem.Int. Ed. 5 (2014) 4146-48.

4. Gomis-Berenguer A., Iniesta J., Moro A., Maurino V., Lima J.C., Ania C.O. Carbon 96 (2016)
98-104.

5. Gomis-Berenguer A., Seredych M., Iniesta J., Lima J.C., Bandosz T.J., Ania C.0. Carbon (2016)
In press.

46



40? Reunido lbérica de Adsorgdo Evora, setembro 2016

Chemical Warfare Agents S- and R-Sarin Isomers Adsorption and
Separation in Chiral Metal-Organic Frameworks

Francisco D. Lahoz-Martin?, Ana Martin-Calvo®®, Sofia Calero?*

@ Department of Physical, Chemical, and Natural Systems, University Pablo de Olavide,
Seville, Spain

b Department of Chemical Engineering, Vrije Universiteit Brussel, Brussels, Belgium
*scalero@upo.es

Introduction

The wuse and synthesis of the potent nerve agent sarin (isopropyl
methylphosphonofluoridate) have been extremely restricted since the 1920s. However,
its use as a chemical weapon has been reported ever since. [1] There are two isomeric
forms of sarin, S- and R-, being the S-sarin isomer the most neurotoxic variant. In the
human body, these molecules inhibit the action of the acetylcholinesterase (AChE). As
this enzyme eliminates the excess of acetylcholine neurotransmitter, the presence of
sarin results on uncontrolled muscular spasms and possible death. [2, 3]

We explore the use of Metal-Organic Frameworks to adsorb sarin from the air. Our
first approach involves chiral Boron Imidazolate Frameworks (BIFs) such as BIF-8 and
BIF-22. [4] To complete our study, we also focus on novel MOFs with chiral centers such
as a BINOL based MOF [5] and BINAF dMOF [6], studying both the absolute intake of
sarin in different conditions and the differential behavior that both isomers may feature.

Materials and Methods

To understand the behavior of both isomers we employ computational techniques.
We carry out Monte Carlo simulations to study the adsorption loading and selectivity,
as well as Molecular Dynamics to estimate self-diffusion coefficients at 10° Pa and
298 K. Molecular models of sarin isomers are based on a S-sarin model reported by
Sokkalingam et al. [7]. Atomic positions and structure descriptions are derived from
experimental crystalographic work.

Results and Discussion

Our results show differential adsorption behavior for both isomers at 50:50 starting
fractions at 10° Pa and 298 K in BIF-22. Figure 1 shows that this structure favors the
adsorption of S-sarin in mixture with more than 40% of this isomer. The chiral nature of
the structure makes possible the differentiation of both isomers at equimolar
conditions. We also study the presence of sarin in air using vapor mixtures of S- and R-
sarin (3.7%, both isomers), oxygen (20.2%), nitrogen(75.1%), and argon (1.0%). We vary
the relative amount of both isomers and then we compare these results with those
obtained for the binary mixture. As observed in Figure 1, there is a stronger preference
for the S- isomer in BIF-22 from air mixture compared to the binary mixture. The
adsorption of S-sarin remains almost unaffected, while the adsorption of R-isomer is
reduced, increasing therefore the selectivity of the structure towards the S-isomer.
Figure 2 shows the occupation of the framework by S-sarin at different relative fractions
of the adsorbate. We observe a similar behavior for R-sarin, as both isomers compete
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for the adsorption sites inside the structure. Overall, our results stress the importance
of understanding the adsorptive behavior of sarin and other hazardous compounds in
MOFs and highlight the applicability of these structures in adsorption and separation
proccesses.
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Figure 1. Adsorption loading of binary mixtures Figure 2. Location of S-sarin
of S- (red) and R-sarin (black) isomers as a molecules (orange) inside BIF-22
function of the molar fraction of S-sarin at 298 K at different concentrations of the
and 10° Pa in BIF-22. Binary mixtures (empty isomer in air.
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Metal-organic frameworks (MOFs) combine high chemical and thermal stability, large
surface areas and tunable surface properties [7]; thus are good candidates as adsorbents
for several separation processes. Vermoortele et al. reported that MIL-125(Ti)_NH:
presents high p-xylene selectivity in xylene mixtures, in liquid phase [8]. Later it was
reported by Moreira et al. the synthesis optimization of the MIL-125(Ti)_NH>, at the
laboratory scale, in order to be evaluated as powder for the selective adsorption and
separation of xylene isomers including ethylbenzene also in liquid phase, and using
n-heptane as eluent [9].

Although MOFs have not yet found their way into industrial separation applications,
it is clear that they show potential for liquid phase separations [10].

The main objective of the present work was to study the adsorption behaviour of the
xylene isomers on MIL-125(Ti)_NH; in order to evaluate its potential for xylenes
separation. Therefore, a detailed experimental study of binary and multicomponent
adsorption equilibrium of xylene isomers in MIL-125(Ti)_NH, pellets is presented, at
three different temperatures.

Binary (xylene isomers in the presence of the eluent) breakthrough experiments were
performed in order to determine the adsorption equilibrium isotherms for o-, m-,
p-xylene and ethylbenzene at 299 K, 313 K and 343 K using n-heptane as eluent. Several
experiments were carried out in order to screen a wide range of concentrations. In Fig.
1 are presented the adsorption isotherms for p-xylene at three different temperatures.

Multicomponent breakthrough experiments were also carried out and the selectivity
values were calculated. In the presence of ethylbenzene, MIL-125(Ti) NH; have
revealed a p-xylene or an ethylbenzene selectivity depending on the feed mixture
concentration. At low ethylbenzene concentrations, MIL-125(Ti) NH, solid was
para-xylene selective in liquid phase, whereas selectivity was reversed to ethylbenzene
selectivity at higher concentrations.
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Fig. 1. Adsorption equilibrium isotherms on MIL-125(Ti)_NH; for bi-component
mixtures of p-xylene in n-heptane at 299 K, 313 K and 343 K.
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Introduction

Simulated moving bed (SMB) technology is a robust and well-established adsorption-
based separation process which has been increasingly employed in the biotechnology,
pharmaceutical and fine chemistry industries [1], since it allows obtaining large
recoveries of high-purity products. Although the SMB concept has been mainly
employed for liquid-phase separations, recently several studies focusing in gas phase
separations have appeared in the literature, namely in the separation of
olefins/paraffins and volatile inhalation anesthetic enantiomers [2 - 5].

The SMB consists in a counter-current chromatographic process in which N identical
columns are connected in series to build a closed loop. During the process the input and
withdrawal ports are moved one column ahead, in the direction of fluid flow, at fixed
intervals, and this way the counter-current contact of adsorbent and fluid is simulated.
Recent advances in the cycle engineering of liquid phase SMB include the development
of two-column schemes which allow the decreasing cycle complexity, the use of less
stationary phase, and the pressure-drop [6].

In this work, we evaluate the performance of a two-column SMB system for the
separation of CO,/CH4 mixtures, using a new experimental two-column prototype. The
system employed uses recent liquid-phase operation schemes to gas-phase systems,
operating as a relay SMB unit [7]. The two-column scheme performance working in relay
mode is compared with the performance of a classical four-zone SMB process.
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Introduction

Advanced Oxidation Processes (AOPs) appear to be a promising technology for
removing organic compounds that are resistant to conventional treatments. Activated
carbon (AC) has the capacity to improve some AOPs. Photocatalytic processes are well-
known AOPs, which require the use of luminous radiation capable of producing
electronic activation of the catalyst. This process can be improved by the presence of
ACs with adequate physical and chemical properties. In earlier investigations [1-4], it has
been reported that some ACs have an important photocatalytic activity by themselves
under solar and UV radiations, so it is necessary to clarify the action mechanism and
which are the decisive properties of ACs for this behavior.

The main objective of this study was to demonstrate the photocatalytic behavior of
ACs in the presence of UV light and solar radiation analyzing the mechanism of the
photocatalytic processes. For this purpose we studied and analyzed: (i) the influence of
the amount of AC in the process of solar and UV photocatalysis, (ii) the existence of
photogenerated positive holes, (iii) the concentrations of both superoxide and hydroxyl
radicals formed, (iv) the role of dissolved oxygen in the medium and (v) the influence of
the chemical properties of ACs in the concentrations of the radical species obtained.

Materials and Methods

Experiments were conducted in a photoreactor equipped with a low-pressure
mercury lamp (Hg 253.70 nm) Heraeus Noblelight, model TNN 15/32 (15 W), and a solar
simulator, model 1500 Solarbox, equipped with a Xenon lamp (Brand NEURTEK
instruments), in an irradiance of 450 W/m?2. We used a commercial activated carbon
Witco (W) in its original form and the samples obtained after its gamma radiation
treatment in five different experimental conditions [5]. The model of emerging
contaminant used to evaluate the capacity of photocatalytic degradation was sodium
diatrizoate, a contrast media applied in hospitals in radiodiagnostic tests.

Results and Discussion

The presence of activated carbon during the contaminant photodegradation
considerably increased its removal rate when using UV light (UV/AC) and solar radiation
(Solar/AC). The values of band gap (Eg) of ACs showed these materials to behave as
semiconductors and, therefore, as photoactive materials. Our analysis of the hydroxyl
radicals and superoxide anions in these systems demonstrated that activated carbons
act as photocatalyst materials (Fig. 1). Concentrations of superoxide anion and hydroxyl
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radical photogenerated depended on the surface chemistry of the activated carbons and
the hydroxyl radical concentration was favored when their value of Eg was lower.

A) B)

z Il > 35 =
H B <31 < -3
= <2 Z M <8
] <21 Z <7
z <16 2 B <6
b <1 M <5
Il <6
<1

Fig 1. Response surface which connects the hydroxyl radical concentration with the
reaction time and the AC amount in the system. A) Systems UV/AC and B) Solar/AC.
Amount of AC (mg L™%): 35, 100, 170, 235. AC= W, pH =6.5; T = 298 K.

The photocatalytic role of AC was favored by the presence of ester/anhydride groups on
its surface, as well as by a higher percentage of carbon atoms with sp? hybridization. We
have detected that oxygen dissolved in the medium plays a significant role in the
photoactive behavior of the activated carbon, thus, its removal from the solution
favored the recombination of electron-hole pairs, preventing the formation of
superoxide anion and, therefore, annulling the generation of hydroxyl radicals. We also
found that the presence of oxygen on the activated carbon surface promoted the
formation of radical species, thus, carbon with a high surface oxygen content could
result in materials with higher photoactive character.
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Introduction

In recent years, several adsorbent materials have been studied for the selective
adsorption/capture of CO; in order to substitute the classical scrubbing of gases with
aqueous amine solutions. Among the materials that are being developed, amine-
functionalized porous sorbents are the most significant ones as they have high
selectivity and capacity towards CO; at low partial pressures. A large number of works
exists in the literature about the CO; adsorption on amine-modified mesoporous silicas,
although only few are focused on understanding the interaction of the CO, with the
amines and understanding the species formed at the materials’ surface. In the present
work, we use a combination of adsorption of *3C labeled CO> [1], computational models
and adsorption of gases at high pressures to study the adsorption of CO, on SBA-15
functionalized with primary, secondary and mixed amines. We were able to unveil the
complexity of the interactions at molecular level and explain the very high selectivities
in the separation of CO,/CH4 mixtures.

Materials and Methods

SBA-15 was functionalized with [3-aminopropyltriethoxysilane (APTES)], secondary
[trimethoxy[3-(methylamino)propyl]silane (TMMAP)] and tertiary ([3-
(diethylamino)propylltrimethoxysilane (3-DEAPTES)) amines, and also in a diamine
containing primary and secondary amine groups [N-[3-
(trimethoxysilyl)propyllethylenediamine (N-3)] under dry toluene reflux. The materials
were characterized by nitrogen adsorption and TG-DSC.

Adsorption of CO; and CH4 laboratory made stainless steel volumetric apparatus up
to 1000 kPa. DFT cluster calculations have been computed using Gaussian 09 software
considering the molecules in the gas phase, using the hybrid functional M06-2X with the
6-31G(d,p) basis set. 'H and 3C magic angle spinning (MAS) NMR spectra were acquired
on a Bruker Avance Ill 400 and 700 spectrometers operating at By fields of 9.4 and
16.4 T. Before NMR spectra acquisition, samples were prepared in a lab made high
vacuum line capable of heating the zirconia rotors filled with the samples, introducing
13C0; and closing the rotors under controlled environment.
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Results and Discussion

The selectivity of the CO,/CHa binary mixture adsorption on the materials shows that
the functionalization with the primary amine (APTES) increases the selectivity of the
material to values between 10 and 25. The increase is even higher for the secondary
amines TMMAP and N-3, where the values are between 119 and 1114, and between
3300 and 15000, for the former and latter, respectively.

The strong affinity of the functionalized materials for CO; is a consequence of the
reaction of the CO,; molecule with the amines on the surface, forming species that were
identified by NMR. These species were stabilized by strong lateral interactions with
neighboring amine groups, giving rise to different *H and *3C chemical shifts.

The assignment of the observed chemical shifts was supported by cluster model
calculations, for the different studied amine groups. The molecular models obtained
agreed remarkably with the observed chemical shifts (see Fig.1 for the example with
APTES) and depict the importance of the hydrogen bonds with lateral amine groups and
with the surface hydroxyl groups. These complex conjugated hydrogen bonds are
responsible for stabilizing the labile carbamic acid species formed at the surface. These
are however sufficiently unstable to be reversibly removed with vacuum and their
stability was studied by NMR with variable 3CO, pressure.

. 43
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21 ﬁ 2|;|3 3.9 0H7 39 (‘)
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Fig. 1. Comparison of *H (red) and *3C (green) chemical shifts of possible structures
of APTES functionalized silica with and without CO,, obtained from cluster model
calculations. AE (kJ/mol) of the structures in blue
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Introduction

Hierarchical (or mesoporous) zeolites have attracted significant attention during the
last years [1-5]. These materials sustain the physical characteristics of zeolites, adding a
tuneable degree of mesoporosity (see Fig. 1). In this work, we have evaluated
hierarchical zeolites as a molecular sieve for biofuel/water separation using theoretical
and simulation methods.

Materials and Methods

Topology is crucial in the transport of molecules. A variety of strategies have been
used for the theoretical structural modeling of the experimental pore architecture [2,
3]: interconnectivity, pore-size/space distribution, and the mesopore/bulk interface. We
have selected the LTA (3D channel type) and STW (1D) zeolites to model the
microporosity. Monte Carlo (MC) simulations have been carried out with the RASPA
code for reproduce the adsorption of molecules while constant volume Molecular
Dynamics (MD) simulations have been carried out with the LAMMPS program to study
the transport properties. The framework has been modeled as flexible in order to catch
both the intracrystalline distortions and those distortions at the bulk/mesopore
interface, for which the force field of Ramsahye and Bell was used [6]. Water molecule
and biofuel molecules (methanol, ethanol and butanol isomers) were modelled with N.
de Leew and OPLS-AA force field, respectively.

Results and Discussion

In order to characterize the modeled structures we have calculated the void fractions,
PLC and LCD. To calculate the transport properties we have calculated the mean squared
displacement of water, ethanol and butanol isomers through the structures and the self-
diffusion coefficient. We have found differences in the diffusion for the isomers of
butanol (n-butanol, sec-butanol, isobutanol and tert-butanol). We have studied the role
of the hydrogen bonds of water/alcohol in the mesopore/bulk interface and its effect in
the diffusion of molecules. The strong attractive interaction between the oxygen atoms
of the zeolite and the H-bond of water and alcohols exerts a large force on the
framework that is likely to be the cause. There is a complex interplay between structural
flexibility and water molecules, modulated by the presence of these polar adsorbates.

In order to get a better representation of the effect of the mesoporosity, we compare
the results with those of traditional non-herarchical zeolites. We have found that the
mesopore/bulk interface is relevant in controlling the different behavior of the two
cases. The surface resistance, known in the surface diffusion context, plays a special role
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here. We found that the balance between the micro and macroporosity is a simple dial
for tuning the separation behavior.

Fig. 1. Snapshot of water molecules and biofuel molecules crossing the
mesopore/bulk interface.
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Introduccién

En afos recientes se han publicado numerosos estudios donde se muestran el uso de
desechos agroindustriales como alternativa para la preparacién de biosorbentes, los
cuales son baratos y efectivos en la remocidn de iones metdlicos [1]. Los estudios hasta
ahora publicados reportan que empleando estos biosorbentes es posible adsorber
metales en solucidn, sin embargo es necesario realizar tratamientos fisicos y/o quimicos
durante su preparacién para obtener mayores capacidades de adsorcion, incluso
mejores que las alcanzadas por los carbones activados comerciales, razén por lo que
tienen un especial interés como alternativa para resolver problematicas ambientales.
Sin embargo, para que el uso de estos biosorbentes pueda ser factible como tecnologia
de tratamiento de aguas residuales es necesario: a) Que los biosorbentes sean
preparados a partir de materiales facilmente disponibles, b) que presenten altas
capacidades de adsorcidén y c) que el proceso se lleve a cabo en modo continuo,
generalmente en columnas de lecho fijo [2]. Por tal razon, el presente estudio muestra
una nueva metodologia para preparar biosorbentes a partir de cascaras de toronja
(Citrus x paradisi), desechos de la industria alimentaria que tienen problemas para su
disposicion. La preparacion consiste en un tratamiento empleando Descompresion
Instantanea Controlada (DIC). Posterior al DIC se realiza un tratamiento quimico para
acondicionar el biosorbente para la adsorcion de cationes. Con la finalidad de evaluar el
efecto de este nuevo método de preparaciéon en la capacidad de adsorcion del
biosorbente se eligi6 como adsorbato modelo Cu(ll) en solucién acuosa, de tal forma
que los resultados obtenidos pudieran compararse con las modificaciones reportadas
hasta ahora en la literatura.

Materiales y Métodos

Se prepararon materiales biosorbentes empleando cascaras de toronja, muestra GP,
modificadas con: a) un tratamiento quimico empleando Hidrdoxido de Sodio 0.1 M vy
Acido Citrico 0.6 M a 80 °C, muestra GP-AC, b) Descompresidn Instantanea Controlada
(DIC), muestra GP-DIC, y c) la combinacion de DIC con tratamiento quimico, muestra GP-
DIC-AC. Los biosorbentes preparados fueron caracterizados previo y posterior a la
adsorcidn del metal y se evaluaron para la adsorcién de Cu(ll) en solucién en modo batch
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a 25°Cy pH 5 empleando CuSOs-5H,0 como adsorbato para obtener las isotermas de
adsorcién. Los estudios de caracterizacidon consistieron en determinacion de sitios
activos, el pH de punto de carga cero, estudios de microscopia electrénica de barrido,
espectroscopia de energia dispersiva, porosimetria de intrusion de mercurio y
espectroscopia infrarroja. A partir de los resultados obtenidos se discutié el mecanismo
de adsorcidn y posteriormente se estudid la adsorcién en modo continuo empleando
una columna de lecho fijo de 1 cm de didmetro interno.

Resultados y discusion

La Fig. 1 muestra la distribucién de tamafio de poro obtenida mediante porosimetria
de mercurio para cada uno de los biosorbentes preparados. Se puede observar que el
tratamiento DIC otorga al material propiedades adsorbentes tales como mayor
porosidad y en consecuencia existira mayor cantidad de sitios activos disponibles. Las
isotermas de adsorcion de Cu(ll) sobre los biosorbentes preparados en modo batch
muestran un buen ajuste al modelo de Langmuir y las capacidades de adsorcién
obtenidas se encuentran en el orden: GP-DIC-AC, 106.95 mg g* > GP-AC, 87.38 mg g**
> GP-DIC, 76.80 mg g! > GP, 62.04 mg g. La Fig. 2 muestra las curvas de ruptura
obtenidas a diferentes alturas de lecho del biosorbente GP-DIC-AC, se puede observar
que para las condiciones experimentales probadas: flujo 1.3 mL min, concentracion
inicial de 100 mg L'y un condicién de tiempo de ruptura de C/C, = 0.02, todas las alturas
de relleno se obtienen tiempos de ruptura que van desde los 6 min hasta los 130 min
para la altura de 16 cm. A partir de las curvas de ruptura, los datos experimentales se
ajustaron a los modelos de Bed Depht Service Time y Empty bed contact time para
determinar parametros de disefio de las columnas. Se realizaron estudios de adsorcién
a distintas concentraciones iniciales y se determind la capacidad maxima de adsorcién
del lecho fijo en flujo continuo, la cual fue de 52.48 mg g*. Igualmente se realizaron
estudios para evaluar la reutilizacidn del biosorbente, una vez saturado, alcanzando una
regeneracion del 92% y hasta 17 ciclos de adsorcidn - desorcion
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biosorbentes preparados a distintas alturas de lecho: ¢ 4 cm, m6cm, a 12
cm, e4cm

Agradecimientos
Luis A. Romero Cano agrade al CONACyT por el apoyo recibido a través de la beca No. 378307

Referencias
1. Fu, F., & Wang, Q. J. Environ Manage, Vol. 92 (2011), p. 407-418
2. Vijayaraghavan, K. & Balasubramanian, R. J. Environ Manage, Vol. 160 (2015), p. 283-296

60



40? Reunido lbérica de Adsorgdo Evora, setembro 2016

Application of Thermally Exfoliated g-CsN, for a Green Selective
Photocatalytic Oxidation of 5-Hydroxymethyl-2-Furfural

Igor Krivtsov®*, Elisa Garcia-Lépez®, Giuseppe Marci®, Leonardo Palmisano®, José R.
Garcia?, Eva Diaz¢, Salvador Ordoénez¢

9University of Oviedo-CINN, Department of Organic and Inorganic Chemistry, 330086,
Julian Claveria 8, Oviedo, Spain.

bUniversity of Palermo, DEIM, Viale delle Scienze Ed. 6, Palermo 90128, Italy.
‘University of Oviedo, Department of Chemical Engineering and Environmental
Technology, 33006, Julian Claveria 8, Oviedo, Spain.

*uo247495@uniovi.es

Introduction

Catalytic valorization of biomass platform molecules is one of the major challenges in
the field of sustainable chemistry. Conversion of 5-hydroxymethyl-2-furfural (HMF), a
compound deriving from the oxidation of sugars, to 2,5-furandicarboxaldehyde (FDC)
represents a significant interest for biopolymers production. A catalytic reaction
allowing to obtain this molecule is known [1], however the studies describing
photooxidation pathways of its production are almost absent [2].

Photocatalytic process benefits from almost free energy source, the solar radiation,
and it does not demand the application of toxic oxidative agents. Therefore, we present
the application of this environmentally benign method for UV-assisted photocatalytic
oxidation of HMF to FDC in presence of thermally exfoliated graphitic carbon nitride
(g—C3N4).

Materials and Methods

Carbon nitride photocatalysts were synthesized via thermal condensation of
melamine in a closed crucible at 520 °C for 2 h. Thermal exfoliation procedure was
carried out by treating the as-prepared g-CsNs in air at 450, 500, 520, and 550 °C in a
muffle furnace during 4 h, the samples were assigned correspondingly as g-C3Na,
TE_450, TE_500, TE_520, and TE_550. The properties of the g-C3N4 were investigated
using XRD, FTIR, SEM, TEM, DR UV, XPS and nitrogen physisorption methods. The
performance of the prepared materials in the selective UV-assisted oxidation of HMF to
FDC in an aqueous phase was evaluated.

Results and Discussion

Thermal exfoliation of g-CsN4 is a simple and powerful mean of enhancing its specific
surface [3]. The dramatic change of this property occurred at treatment temperatures
equal or higher than 500 °C (Fig. 1a). It is worth noting that this oxidative treatment did
not result in the destruction of the g-CsN4 structure, which is confirmed by XRD and FTIR
studies (Fig.1b). However, certain changes in the surface functionalization and electronic
properties, revealed by the spectroscopic techniques, might have a significant impact
on the reaction performance of the photocatalyst. The absorption edge of carbon nitride
suffered a blue shift at the increased exfoliation temperature, thus the band gap energy
changes from 2.8 eV for the as-prepared sample to 3.0 eV for that treated at 550 °C.
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The photooxidation of HMF in the presence of the prepared photocatalysts is
reported in Figure 2. Considering that the reaction was carried out in an aqueous
solution, environment seldom favourable to selective photocatalytic processes, all the
tested samples showed more than a satisfactory selectivity values that were higher than
those previously reported for the case of TiO,-assisted HMF photooxidation [2]. The
lowest treatment temperature applied did not enhance SSA of carbon nitride, hence no
increase of the activity is observed, but at the same time the selectivity towards FDC
formation rises up to 35-40 % (Fig. 2). The HMF conversion rate steadily increased with
the enhancement of SSA of the photocatalysts, while the selectivity reached its highest
values (40-45 %), when carbon nitride was exfoliated at 520 °C (Fig. 2). The increase of
the selectivity could be attributed to the elimination of the uncondensed species and
surface NH»-groups, which is obvious from the FTIR data, where a significant decrease
in the relative intensity of N-H bonds vibration at 3160 cm™ is observed (Fig. 1b).

The obtained results allow to conclude that graphitic carbon nitride is a promising
candidate for selective photocatalytic oxidation reactions in an aqueous media
considering that its selective performance is stable with time and superior to that
observed for inorganic semiconductor photocatalysts [2].
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Fig. 1. (a) N2 adsorption-desorption isotherms and (b) FTIR spectra of g-CsN4 samples.
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Introduction

The presence of pharmaceuticals in water is an environmental emerging concern as
the number of studies reporting their presence in surface, ground and even drinking
waters continues to grow. The development of effective methodologies to be applied in
Sewage Treatment Plants as tertiary treatment is a need to minimize their
environmental impact. Adsorption has been considered as an interesting option due to
its versatility and efficiency; yet, the high costs of commercially available activated
carbons are a disadvantage, motivating the search for alternative adsorbents. In this
context, this work uses primary pulp mill sludge as a new raw material for carbon
production. Globally, the pulp and paper industry generate millions of tons of solid
wastes per year. The use of these wastes as new resources constitutes an innovative
management strategy, transforming a residue into an added value product.

This work evaluates the performance of pulp mill sludge-based carbon for the
removal of 3 psychiatric pharmaceuticals from water (oxazepam (OXZ), carbamazepine
(CBZ) and paroxetine (PAR)), under single and competitive conditions.

Materials and Methods

The paper mill sludge-based carbon (PS800-150-HCI) was produced by the controlled
pyrolysis (at 8002C, 102C/min, 150 min of residence time under N, atmosphere) of
primary pulp mill sludge followed by an acid washing step. PS800-150-HCl and the
corresponding raw material were characterized by means of elemental and proximate
analyses, total organic carbon, specific surface area (N isotherms) and FTIR. PS800-150-
HCl was used in single, binary and ternary batch experiments in order to determine the
adsorption kinetics and equilibrium isotherms of OXZ, CBZ and PAR (Ci=20 pumol L?).

Results and Discussion

For the three drugs, the equilibrium was quickly attained (with maximum equilibrium
times of 15 min) even in binary and ternary systems.

Single component equilibrium data were adequately described by the Langmuir
model, with maximum adsorption capacities of 64 + 2, 70 + 1 and 74 + 1 umol g* for
PAR, OXZ and CBZ, respectively. Multi-component equilibrium data were also best fitted
by the single component Langmuir isotherm. Single maximum adsorption capacities of
each pharmaceutical decreased in the multi-component systems, suggesting the
existence of competition between these pharmaceuticals; however, the decrease in the
individual maximum adsorption capacities between single and multi-component
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systems was not higher than 50% in any case. On the other hand, cumulative maximum
adsorption capacities for binary and ternary systems were consistently higher than the
single maximum adsorption capacities, indicating an actual increase in the total amount
of pharmaceuticals adsorbed by the carbon (see Fig. 1).
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Fig. 1. Cumulative maximum adsorption capacities of PS800-150-HCI for single,
binary and ternary systems.
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Introduction

The intrinsic principle of charge storage in supercapacitors (SC) consists of
electrostatic adsorption of electrolyte ions on the electrode surface and, consequently,
the surface area is the main factor influencing the capacitance. However, suitable
nanostructure, enhancing both electrolyte diffusion and electronic conduction, has also
demonstrated to determine the electrochemical performance of SC electrodes. A
suitable electrode material gathering all these features would consist on coating the
highly conductive surface of graphene sheets with a very thin layer of porous carbon. In
the present work, activated carbon xerogels with a specific cellular morphology were
obtained from hydrothermally carbonized glucose-graphene oxide (GO) hybrids. The
effect of the chemical activation (using KOH) on the nanometer-scale morphology and
the porous texture of the resulting carbon materials was investigated and correlated
with their electrochemical behaviour.

Materials and Methods

The activated carbon xerogels were prepared by a recently reported procedure that
makes use of GO sheets as morphology-directing agents in the hydrothermal
carbonization of glucose, affording hydrothermal carbon xerogels that are then
chemically activated with KOH [1]. Xerogels were denoted as Kx_Ty, were x is the
proportion of activating agent (1 or 4) and y refers to the temperature of activation (700
or 800 9C, T7 or T8, respectively). A control sample, prepared in absence of GO and fixing
the activation parameters, was named as Glu_ K1_T8. The electrode preparation and
the electrochemical cell assembly were also reported in a previous work [2]. The
electrochemical characterization was performed on a PGZ 402 Voltalab potentiostat
(Radiometer Analytical).

Results and Discussion

The xerogels activated with lower KOH amounts (K1 series) showed higher surface
areas (1400-1500 m?/g) and mesopore volumes (0.16-0.30 cm3/g) than those activated
at higher KOH proportions (K4 series). Curiously, Glu_K1_T8 sample presented very low
mesopore volume (0.03 cm3/g). Larger differences were observed in the morphological
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features: K1 xerogels exhibited a cellular morphology, comprising a high density of
rounded voids (~200 and 800 nm) enclosed by very thin walls (15 nm thick, Fig. 1a). In
contrast, K4 xerogels incorporated much larger voids between thicker and loosely
connected platelet-like walls (Fig. 1b). On the other hand, the hydrothermal
carbonization of glucose by exclusion of GO from the production process led to 1-2 um
sized spheres, instead of a xerogel structure (Fig. 1c). Hence, the presence of GO sheets
during the hydrothermal carbonization, as well as the utilization of low KOH proportions
in the activation step, seem to be critical parameters in achieving the peculiar cellular
nanomorphology observed for K1 samples.
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Fig. 1. FE-SEM images of samples a) K1_T8, b) K4_T8 and c) Glu_ K1_T8. d) Evolution
of the specific capacitance with current load by charging-discharging the electrodes up
to 0.8 V from 100 to 3000 mA/g.

The electrochemical performance of the prepared xerogels was tested in a two-
electrode cell. The performance of K4_T7 and Glu_K1_T8 deteriorated significantly with
increasing current density, while K4_T8 showed low capacitance values in the entire
range of studied current densities. In contrast, K1_T8 presented high capacitance values
and retentions when charged from 100 to 3000 mA/g (Fig. 1d). For comparison
purposes, an electrode made from a commercial activated carbon (Norit DLC Supra 50)
was also tested in the same set-up. Despite its much higher surface area (2090 m?/g),
the commercial activated carbon exhibited much lower capacitance and capacitance
retention than the prepared xerogels. The key role played by the nanostructural features
of K1_T8 xerogel on its electrochemical performance was therefore highlighted. Thus,
the presence of very thin and highly accessible porous carbon walls enhancing diffusion,
together with a boosted electronic conduction provided by graphene sheets, address
the performance limitations of conventional SC electrodes derived from purely
microporous activated carbons.
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Introduction

Venezuela has one of the largest oil deposits in the world, characterise by high
contents of asphaltenes, sulphur, metals and others. The upgrading of heavy oil fractions
(ca. thermal cracking), to produce lighter fractions, involves the well-known delayed
coking process, which produces a carbon-rich solid (petcoke). This solid, known as
delayed petroleum coke (DPC), mainly consists in carbon with hydrogen, nitrogen,
sulphur, oxygen, and other trace elements. Venezuelan petcoke production is about
20,000 tonnes per day in 2015. Thus, Venezuelan delayed petcoke represents a large
and inexpensive resource with a great potential in a variety of applications. Depending
on the selected precursor, the preparation of nanoporous carbons usually involves
various steps (i.e., oxidation, pyrolysis, activation), and the porous texture of the final
products is strongly conditioned by the pre-treatments (oxidation and pyrolysis) carried
out on the precursor [1-3]. For instance, coals with thermoplastic properties must be
previously oxidised in order to reduce or eliminate the plastic behaviour, and ensure a
char with suitable porous development during pyrolysis step [3]. Elimination of the
plastic behaviour in the preparation of activated carbons from anthracites is not
necessary, anthracites has a harder structural network leading to materials with
restricted surface areas [2,3]. Due to the DPC characteristics, oxidations may be
necessary. The aim is to fabricate high value carbons with a well-developed pore
structure using Venezuelan delayed coke as precursor; herein it is reported the effect of
chemical and thermochemical modifications on the composition and textural properties
of obtained petcoke-derived materials.

Materials and Methods

DPC was collected from the one of the oil upgrading facilities located in Venezuela.
The as-received material was oxidised at 325 °C in an oven with a forced air circulation
for different periods of time. In order to compare different activating procedures,
materials were further pyrolysed and/or activated to develop a porous structure.
Pyrolysis was performed under nitrogen up to 900 °C. Physical activation was carried out
under CO; (10 mL/min, 900 °C) using different activation times to obtain variable burn-
off degrees. Furthermore, chemical activation was also performed using K2,CO3; and KOH
(in N2, 300 mL/min) at various temperatures, coke:activating agent ratios and
impregnation protocols (wet and dry). Textural characterisation of obtained materials
was carried out by means of gas adsorption-desorption isotherms (i.e., N, and CO; at
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-196 and 0 °C, respectively) on outgassed samples (vacuum at 120 °C for overnight).
Surface areas and total pore volumes were calculated from gas adsorption isotherms.
Oxygen content was determined by difference from elemental analysis.

Results and Discussion

Selected characteristics of DPC used in this study are presented in Table 1; such
characteristics are expected to influence DPC reactivity towards gasification and
activation reactions taking place during porous generation. Also, it has been reported
that oxidation produces important transformations in the composition and textural
properties of bituminous coals [1]. Therefore, an oxidation treatment was applied to
pristine DPC and the effect on the development of porosity, using various activation
procedures, was explored.

Table 1 shows that as oxidation progressed, oxygen content increased significantly,
reaching values around 27 wt. % after 96 h. Data corresponding to pyrolysed delayed
petroleum coke (DPC char) are also included for comparison. The oxidation also led to a
slight opening of the porosity, being more pronounced for the samples oxidized for 48
and 96 hours. Indeed, surface areas values obtained from the analysis of the N;
adsorption isotherms (Sger-N2) slightly increased upon oxidation, showing its positive
effect on the evolution of the porosity. This effect is much more remarkable in the
CO,-derived surface area (Spr-CO;), with rather constant values after 72-96 h. The
oxidation also had a strong influence on the porosity of the corresponding chars, leading
to Sgervalues ranging from 4 to 7 m?/g after the pyrolysis (not shown in Table 1). Despite
of the modest values, this is most outstanding since it confirms the creation of porosity
during the oxidation step. As a result, a noteworthy effect on physical (CO2) and chemical
(KOH or K»COs) activations of DPC precursors may be expected.

Table 1. Selected physicochemical characteristics of the as-received and oxidised
delayed petroleum cokes

Sample Oxygen  Surfacearea,N,, PoreVolume,N; Surfacearea, CO,,
(wt.%) Seer (M7/g) (cm*/g) Sor (M*/g)

Delayed petroleum coke (DPC) 093 03 0001 149
DPC char NA 2 0.001 9

DPC-oxidized 12 hours 10.23 04 0.001 168
DPC-oxidized 24hours 15.80 1 0.001 206
DPC-oxidized 48 hours 20.82 2 0.001 220
DPC-oxidized 72 hours 22.90 2 0.001 221
DPC-oxidized 96 hours 2730 1 0.001 220

NA- Not available
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Introduccién

Los materiales hibridos metalo-organicos MOFs (metal-organic frameworks, en
inglés) son una nueva y prometedora clase de sélidos porosos que han despertado un
creciente interés en el mundo de la nanotecnologia. Los MOFs son materiales hibridos
formados por unidades metdlicas (atomos o agregados metalicos) unidos entre si
mediante ligandos orgdnicos, conformando en su conjunto estructuras cristalinas bien
definidas y ordenadas. Su principal ventaja con respecto a otros sélidos adsorbentes
como el carbdn activado o las zeolitas es su versatilidad para modificar la estructura de
su red cristalina mediante la combinacidon apropiada entre el bloque organico e
inorganico, obteniéndose un grado de porosidad y una quimica superficial ajustable e
idonea dependiendo de su aplicacidn final [1]. Uno de los aspectos mas importantes
para comprender el comportamiento de estos materiales en una aplicacién
determinada es la caracterizacién de su estructura porosa. El tamafio, forma y volumen
de esas cavidades va a condicionar su comportamiento cuando se aplique en procesos
como el intercambio idnico, separacion y almacenamiento de gases, administracion de
farmacos y catalisis heterogénea, entre otros [1,2].

Tradicionalmente la caracterizacién textural se ha evaluado mediante la adsorcién
fisica de una molécula sonda como N; a temperatura criogénica (77 K). Las isotermas de
adsorcién de esta molécula permiten cuantificar parametros texturales como la
superficie especifica, volumen de microporos y volumen total de poros. Paralelamente
se han propuesto nuevas moléculas sonda para complementar la caracterizacion
textural como son el CO; a 273K, el cual permite determinar la porosidad mds estrecha
y el Ar a 87 K, dado que no presenta momento cuadrupolar [3]. A partir de estos
métodos experimentales se han desarrollado modelos matematicos para cuantificar y
estimar la distribucion y tamanos de poro (DFT) en carbones y zeolitas.

Una técnica experimental alternativa también utilizada en la caracterizacion de
solidos porosos es la calorimetria de inmersion. Esta técnica permite estimar el calor de
inmersion o mojado de sdélidos porosos en contacto con disolventes de diferentes
diametros cinéticos. La selecciéon de moléculas sonda de diferente tamano permite
evaluar la distribucién de tamafio de poros del material, siempre y cuando no haya
interacciones de tipo especificas. En base a estos antecedentes, el objetivo del presente
trabajo es evaluar la caracterizaciéon textural de una serie de MOFs, ampliamente
conocidos en la literatura, mediante combinacion de las técnicas mencionadas
anteriormente.
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Materiales y métodos

Se han seleccionado cuatro MOFs diferentes tanto comerciales como sintetizados en
el grupo LMA (MIL-100, UiO-66, ZIF-8 y HKUST-1). Las isotermas de adsorcion de N; a
77 K, Ara 77 Ky CO2a 273 K, se llevaron a cabo en un equipo manométrico. Las medidas
de calorimetria de inmersion, se llevaron a cabo a 30.5°C usando un calorimetro Setaram
Tian-Calvet C80D y empleando como disolventes diclorometano (0. 33nm), n-Hexano
(0.43 nm), 2-Metilpentano (0.50 nm), a-Pineno (0.70 nm) y 1,3,5-Triisopropilbenceno
(0.85 nm).

Resultados y discusién

Los resultados comparados de adsorcién de N2 y Ar a 77 K en estos materiales MOFs
demuestran que a bajas presiones relativas la adsorcién de N3 es superior a Ar debido a
la presencia del momento cuadrupolar N2. Aunque la estimacion de la superficie
aparente para estas dos moléculas da resultados bastante coincidentes en algunos
MOFs, la presencia de interacciones especificas con los centros metalicos expuestos (p.
ej. HKUST-1) y la presencia de alteraciones estructurales (fendmenos de apertura de
ventana) generan incertidumbre en la cuantificacion de estos parametros. Como se
aprecia en la figura 1, el material ZIF-8 presenta diferentes saltos en la isoterma de N,
atribuidos a la presencia de movimientos estructurales del ligando organico, que
dificultan la aplicacion de teorias como BET o Dubinin-Radushkevich [4]. La textura
porosa en términos de tamano de ventana ha podido ser confirmada mediante los
estudios de calorimetria de inmersidn.
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Introduction

Cryogenic environments are necessary on-board spacecrafts for diverse purposes.
For example, the signal-to-noise ratio of several detectors (e.g. IR detectors) or
microelectronics devices (e.g. low-noise amplifiers) benefit from being cooled down to
cryogenic temperatures since this way the noise production can be mitigated.

Nowadays, the Stirling or Pulse tube cryocoolers are widely used for this type of
applications although the commonly used mechanical compressors bring undesired
vibrations that can be harmful for diverse equipment.

Thermal compressors i.e. sorption cooling allows providing low temperatures
without the inherent vibrations and electromagnetic interference of mechanical
compressors. The gas (low pressure) is stored by cooling a sorbent bed and subsequently
released at high pressure by heating the adsorbent. Several adsorbent beds work
cyclically to allow the cooler to deliver continued refrigeration, i.e. while some
compressor elements are desorbing the gas at high pressure (due to the temperature
raise), other part is adsorbing the low pressure gas by cooling the sorbent. Therefore,
the properties of the chosen adsorbent are of paramount importance for the successful
and efficient operation of the cooler.

In this work the adsorption of neon and nitrogen on activated carbons were studied
with the objective of developing a sorption cooler. For this purpose, experimental
measurements and molecular simulation techniques were combined to determine the
properties of the optimum activated carbon to be employed in a sorption cooler for the
desired temperature range.
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Introduction

The hydration of porous materials is relevant for separation, transport, and catalysis
purposes, among others. In this respect, zeolitic imidazolate frameworks (ZIFs) have
received considerable attention since they have shown remarkable resistance to water
[1] as well as to other organic solvents. Studies on water adsorption in ZIFs are however
relatively scarce and primarily focused on the effect of the host composition and
porosity on their hydrophobic or hydrophilic nature. In this work,[2] we explore by using
molecular simulation the microscopic behavior governing the water adsorption process
in ZIF-71 and ZIF-90, which are experimentally known structures reported as
hydrophobic and hydrophilic, respectively. Although the polar functional group in
ZIF-90 leads to adsorption in the gas phase, a following rapid cage filling occurs as in
ZIF-71. A consistent description of this phenomenon is provided in terms of hydrogen
bonding formation between water molecules. In the low-coverage regime, the
preferential adsorption sites are identified and interactions with water comprehensively
characterized.

Materials and Methods

We conducted Monte Carlo simulations using previously validated models and force
fields [3,4] and RASPA code [5] to compute the adsorption performance of water in both
ZIFs at room temperature.

Results and Discussion

Although the radial distribution functions reveal that the interaction of water molecules
with the chlorine functional group C/ in ZIF-71 is remarkable in relation to the remaining
framework atomes, it is weakly polar and water adsorption in ZIF-71 occurs in the liquid
phase (hydrophobic nature). In ZIF-90, the aldehyde oxygen atom Ogq was distinctly
found to be the strongest interacting site surely involving hydrogen bonds with water
molecules, and thus responsible for the water intrusion below the bulk saturation
pressure (hydrophilic nature). The affinity of water to these preferential sites in each
ZIF, Cl and Oq14, was quantitatively evaluated in terms of the adsorption energy and the
average minimum distances in the low-coverage regime from NVT calculations. We
found the heat of adsorption to be 16 kl-mol™in ZIF-71 and 36 kJ-mol™ in ZIF-90,
approximately, and the distance values from a single water molecule to C/ and Oy sites
of about 3.7 A and 3 A, respectively. The abrupt condensation transition observed in the
water adsorption isotherms in both ZIFs was demonstrated, by means of energetic and
structural factors, a consequence of rapid water clustering even in ZIF-90. Instead of
nucleation around the Ogqy high-energy sites, self-association of water dominates the
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adsorption process, as in hydrophobic materials such as ZIF-71 (Figure 1). This suggests
an amphiphilic more than hydrophilic character of ZIF-90. Indeed, the adsorption energy
in the dilute regime was found to be even slightly lower than the heat of vaporization of
water and significantly decreases with water uptake. In the highly hydrated structures,
the hydrogen-bonded properties of water reveal the absence of the tetrahedral ordering
typical of the bulk in both ZIFs and the formation of higher-order water clusters in
ZIF-71 despite its lower accessible space in comparison with ZIF-90 (Table 1). This is
ascribed to the weaker interactions with the pore surface, which enhances hydrogen
bonding formation between water molecules.
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Fig. 1. Average number of hydrogen bonds per molecule nys (in red) together with
the water loading (in black) as a function of fugacity in ZIF-71 (empty squares) and ZIF-
90 (full squares)

Table 1. Hydrogen-bonded statistics (fraction of associated molecules f, of
molecules engaged in i bonds f;, and average number of hydrogen bonds per molecule

nug) of bulk water and of water adsorbed in ZIF-71 and ZIF-90 at 10° Pa

fass f1 f2 f3 fa fs Nyp

Bulk 0.99 3.9 17.4 38.3 38.0 2.4 3.2
ZIF-71 0.97 7.1 23.6 40.9 25.6 2.7 2.9
ZIF-90 0.98 7.8 30.9 43.6 16.4 1.25 2.7
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Introduction

Hydrogen is obtained from the methane steam reforming (SMR) nowadays. Methane
and water react resulting in a gas mixture were the majority compound is hydrogen,
mixed with carbon dioxide, carbon monoxide, methane, nitrogen and water as main
impurities. The adsorption technology based on pressure swing adsorption (PSA)
appears as one of the most efficient techniques, resulting in high hydrogen purity and
low energy consumption. Activated carbon is one of the most extended adsorbents used
for hydrogen purification because it is capable to remove carbon dioxide from the
mixture more easily than other adsorbents. In this work, the purification of hydrogen
from a gas mixture containing H,, CHs, CO and CO; has been studied in a cyclic PSA
process using BPL activated carbon as adsorbent. A model based on conservation
equations has been developed in order to describe the adsorption dynamics in this
process.

Materials and Methods

Pure component isotherms of H,, CO, CO, and CH4 were obtained in a volumetric
equipment (Micromeritics ASAP2000). Breakthrough experiments at a total pressure of
3 bar were performed on a fixed bed. The adsorbate concentration was measured at the
bed exit with a mass spectrometer detector. The adsorption capacity has been
calculated from the mass balance and pure component isotherms have been obtained.
Dynamic and volumetric isotherms have been compared. Breakthrough curves have
been fitted onto a dynamic adsorption model [1] in order to obtain the mass transfer
coeficients of each gas in the adsorbent. Multicomponent gas mixture (H, 75,89%, CO
3,03%, CH4 4,01% and CO, 17,07%) adsorption experiments have been carried out at
three different temperatures. Pure component isotherms and the mass transfer
coeficients were used to reproduce the experimental breakthrough curves.

Finally, experimental Skartstrom PSA cycles in a BPL activated carbon fixed bed have
been done. The influence of different variables (high cycle pressure, step time, gas
velocity) over the amount of hydrogen produced, hydrogen purity and hydrogen
recovery have been studied.

Results and Discussion

Breakthrough curve compared with the equilibrium isotherm obtained in the
volumetric equipment have been compared in Figure 1.a. Figure 1 b presents the
experimental and simulated CO, breakthrough curves at different partial pressures.
Simulations have proven that in the studied experimental conditions mass transfer has
no influence on the shape of the breakthrough curve.

77



40? Reunido lbérica de Adsorgdo Evora, setembro 2016

experimental breakthrough curves

Breakthrough Experiments
m T=208K 109 ... simulated breakthrough curves b)
3.0 ® T=313K u . P=3bar
A T=338K -
25 Volumetric equilibrium isotherms - [ ] ~ 0.84 T=298K
o . . S Q,,=1.5mlis
— L] Y—
> 2.0 O 0.6
= ° a 4 S
2 154 . A 5
é 8 0.4
[ ) U‘:
S 104 A o
) g 0.2
0.5 A a
OO T T T T T T T T
0 100000 200000 30001 0 200 400 600 800 1000
p CO2 (Pa) t(s)

Fig. 1. Adsorption of CO2 onto BPL activated carbon. a) Equilibrium isotherms, b)
experimental and simulated breakthrough curves
0.5

14

1234 5 SrUpuge 1234 5 -
a) byl rion b) 2 PR peszaton
12- 4 ADS adsor| tiog 8 3 AC conditioning
H 5BD blowdoSVn “3 0.4+ g ggsbli(jvs;;\?\}ri]on
104 b1 &
— 2 0.3
= 84 o)
s g
o 6 8 0.2+
4 5
2 0.1
24 L
- 000 N7 B B .
25000 27500 30000 25000 27500 30000
t(s) t(s)
Fig. 2. Skarstrom PSA adsorption cycles. a) pressure, b) CO, concentration in the

effluent
Skarstrom cycles have been performed with a BPL activated carbon fixed bed and the
influence of the operation parameters as the high pressure, depresurization time,
presurization time and feed flowrate have on the hydrogen purity in the light product,
hydrogen recovery and hydrogen productivity have been studied. Hydrogen purity
higher than 99,5% has been achieved at the cyclic steady state after 30 cycles.
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Introduction

Recently, quantum chemistry studies have helped to advance significantly in the
understanding of amorphous materials properties. In general, the computational
modeling of amorphous materials using periodic supercell models is usually considered
as the most relevant approach [1]. Nevertheless, a study carried out has shown that the
experimental characteristic data are well reproduced and nearly identical for molecular
models [2]. In order to achieve a better understanding of structure formation in xerogels
and thus be able to better influence the properties of these materials, which is the key
for most of the applications of this amorphous material, it is of great importance to get
insight into the xerogel structure. In this study, we have chosen the molecular approach
to model the hybrid-xerogel surface structure using the density functional theory (DFT)
on a well-studied silicate-xerogel proposed by some of us in the past [3]. The basic aim
of this work is therefore to understand the structure of the hybrid-xerogel. The evolution
of cluster and the effects in the structure of the organic functional groups incorporated
on the host structure network are investigated using a theoretical spectroscopic study.
Materials and Methods

For all calculations, with Gaussian 03, we have used the PBEPBE density functional [4]
and 6—31G(d,p) basis set for all atoms [5]. Shieldings are calculated using the GIAO
method and 6-311+G(2d,p) basis set for all atoms [6].
Results and Discussion

The most commonly encountered picture about the Vi

sol-gel process is that of an SN; like mechanism with 0\S_ .

a pentacoordinated silicon atom in the transition o o7 \'\°>sii ol o
state and where ring closure reactions are possible H” Si\o‘?\ /° e \0 M
and preferred. In addition, the most stable species in o R'\si\/i\i\\“:o——ﬁ—k'
the following reaction cascade are probably a cyclic \_,0/ ‘\’ ° R-S'Ng_n o
tetramer, the hexagonal prism, and the cubic R/Sl\o——Si\ cl> "
octamer, which is assumed to be the predominant R'/ O\Si/—o\

-0: R=R'= H
starting point of particle growth [7]. In this work, a j:_g;,f‘kfog“k.= cH, |\z

cyclic tetramer was our starting point to perform a !4-70:R=R'=CH,

cage model of hybrid xerogels of Fig. 1. Different Cage models
methyltriethoxysilane (MTEOS) and tetraethoxysilane (TEOS). These models were
optimized for configuration: 0% of MTEQS (J4-0), 30% of MTEQS (J4-3), 70% of MTEQS
(J4-70) (Fig. 1).
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Table 1. Optimized energy

We observed that methyl groups

) Cage- NeofQ, T keal/mol
incorporated on the cage network of the cage Model (x109)
model give structures 0.15 kcal/mol less stable 140 405,605 2 365
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observations that show that the gelation time 1470 3Q3,2Q, 4T, 3T 347
expor.1ent|ally mcreasjes when the organic 14100 2T, 10T 338
functional groups are incorporated [3].
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gas phase shielding calculations for comparison
with solid state NMR.

Finally, the whole set of results discussed
shows that, by combining spectroscopic
measurements  with  appropriate  DFT-
calculations on a cluster model, detailed
interpretation of IR and 2°Si NMR can be
attained with nearly accuracy.
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Introduccién

La contaminacidn ambiental afecta la calidad del aire, agua y suelo, y como
consecuencia, tiene impacto en los ecosistemas y organismos vivos. En forma particular,
la presencia de los contaminantes que emiten las industrias se encuentran en
concentraciones altas y su disposicidn incorrecta en cuerpos de agua causan dafios para
el medio ambiente y la salud del ser humano. En particular, algunas industrias descargan
colorantes, metales pesados y algunos aniones dentro de sus aguas residuales y esta
mezcla dificulta el tratamiento del agua ya que el color persiste aun después de los
procesos de remocién convencionales, y los metales pesados y los aniones son no
degradables (Visa et al., 2010). Es conveniente indicar que es complicado seleccionar
algin método para tratar soluciones de mezclas de dos, tres o cuatro especies
completamente diferentes en cuanto a su estructura quimica, debido a que los métodos
utilizados frecuentemente se emplean para un mismo tipo de contaminante. Sin
embargo, el método de adsorcion empleando diversos tipos de carbones activados es
una alternativa para remover contaminantes, ya sea en soluciones monocomponente
como en mezclas; es por eso que el proceso de adsorcion se considera un proceso
efectivo para la remocion de colorantes, metales pesados y otras especies peligrosas
organicas e inorganicas de soluciones acuosas. En este contexto, diversos investigadores
gue trabajan con el método de adsorcidon buscan constantemente estrategias para
incrementar la capacidad de adsorcion de los materiales adsorbentes. Una de ellas es la
modificacion superficial de los adsorbentes para favorecer las interacciones adsorbato-
adsorbente e incrementar la cantidad adsorbida (Tovar-Gomez et al., 2012). Ademas, se
pueden presentar efectos de adsorcidn antagdnicos, sinérgicos y de no interaccién
durante el proceso de remocién dependiendo de las caracteristicas fisicoquimicas de las
especies presentes en la solucién (Tovar-Gémez et al., 2012; Deng et al., 2013; Luo et al,
2015).

Materiales y Métodos

En este trabajo se reporta la modificacidon quimica de un carbon comercial utilizando
HNOs. 1 g de carbon se puso en contacto con 10 mL de HNOs concentrado (69-70%w), y
en agitacién por 5 min a 40°C. Enseguida se lavd con agua desionizada y finalmente se
secd a 110°C durante 24 h. Una vez modificado el carbon, se utilizé en la adsorcién de
mezclas binarias de 4 contaminantes: Procion Red MX-5B (RR2), Brilliant Green 1 (BG1),
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cadmio (Cd?*) y Cr®* en forma de cromato (Cr0O;~). Los estudios de adsorcién se
realizaron en sistema monocomponente y binario, siendo la variable de respuesta la
capacidad de adsorcidn. La concentracion inicial de los colorantes RR2 y BG1 fueron de
60, 125, 250 y 500 mg/L; de 25, 50, 100 y 200 mg/L para el Cd**, y de 12.5, 25,50y 75
mg/L para el Cr®. Las mezclas binarias fueron RR2+Cd?*, RR2+ Cr0Z~, RR2+BGl1,
BG1+Cd?*, BG1+ Cr0Z~ y Cd%+ Cr0;~. Los tubos de vidrio que contenian 0.0200 g de
carbén modificado y 10 mL de solucién de cada contaminante, se mantuvieron a 30°Cy
en agitacién durante 24 h. La concentracién de los colorantes y del Cr0Z~ se determiné
con un espectrofotometro UV-Vis DR5000; mientras que para el Cd** se utilizé un
espectrofotémetro de absorcidn atémica Perkin Elmer AAnalist 100.

Discusion y Resultados

Los resultados de los estudios de adsorcién muestran que para la mezcla RR2+Cd?*, la
capacidad de adsorcion de ambos contaminantes incrementa con respecto a su
adsorcion en solucion monocomponente; es decir, se presentan efectos sinérgicos. Algo
similar ocurre para la mezcla RR2+ Cr0Z~, ya que se observa que conforme aumenta la
concentracién inicial de ambos contaminantes, la capacidad de adsorcidn también
incrementa, observandose efectos sinérgicos. Sin embargo, cuando el colorante RR2
esta presente en solucion con el colorante BG1, la capacidad de adsorcidon de ambos
colorantes disminuye conforme la concentracion inicial aumenta; es decir, se presentan
efectos antagdnicos. Por otra parte, en la mezcla BG1+Cd?*, los resultados indican que
cuando el BG1 se encuentra en mezcla con el Cd%*, la adsorcidn del colorante BG1 no es
afectada, es decir, se observa efecto de no interacién; por el contrario, la presencia del
colorante BG1 afecta la adsorcidn del Cd?*, presentando efecto antagdnico. Referente a
la mezcla BG1+ Cr0, , el colorante BG1 presenta efecto antagdnico ya que la adsorcion
BG1 disminuye al estar presente el Cr0f~; sin embargo, al CrOZ~ le beneficia la
presencia del BG1 ya que conforme aumenta la concentracién del BG1, la capacidad de
adsorcién del Cr0OZ~ incrementa. Finalmente, la mezcla Cd?*+ CrO}~ muestra que
ambos contaminantes son favorecidos con un incremento en la capacidad de adsorcion,
es decir, se observan efectos sinérgicos. Lo anterior es debido a las interacciones
electrostaticas, ya sea de atraccidn o repulsion, entre las diferentes especies presenten
en las mezclas: catidon-cation, cation-anion, anidon-anion.
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Introduction

Carbon materials are currently used as adsorbents, as catalysts or catalyst supports
in the fields of renewable energy (storage and generation) and environmental
technologies (oxidation/remediation/adsorption). The ability to tune their
physicochemical properties by suitable thermal or chemical post-treatments provides a
major asset for these applications [1]. Furthermore, the increasing role assumed by
carbon nanomaterials in recent decades is intrinsically linked to the better
understanding of the carbon surface chemistry, as a result of reliable methods of
analysis. Several techniques are available to explore the chemical and structural
properties of carbon nanotubes (CNTs): scanning tunneling microscope (STM),
transmission electron microscopy (TEM), X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), infrared (IR) and Raman spectroscopies, chemical titration methods,
electron energy loss spectroscopy (EELS), temperature programmed desorption (TPD),
thermogravimetry [2-4]. Some techniques do not allow quantitative characterization,
others require relatively large amounts of sample and are time consuming or difficult to
implement as a routine analysis. In some cases, data interpretation is quite subjective
[4].

In the present work, the surface characterization of oxidized CNTs is studied using a
combination of relatively accessible analytical techniques, namely the interpretation of
the relevant XPS spectra and peak-fitting of the profiles of gases evolved during TPD
analysis. For that purpose, commercial multi-walled carbon nanotubes were modified
by different chemical and thermal treatments, different surface groups being
incorporated onto the pristine carbon nanotubes. The systematic study of the
presence/absence of such groups allows a less ambiguous interpretation of the data,
and improved characterization of the carbon surface chemistry.

Materials and Methods

Commercial multi-walled carbon nanotubes (CNT-O) purchased from NANOCYL™
(NC3100 series) were oxidized by a liquid-phase treatment with nitric acid followed by
thermal treatments at different temperatures in order to modify the original surface
properties. 4 g of the CNT-O sample was treated with a 7 M nitric acid solution at boiling
temperature during 3 h, resulting in sample CNT-N. In order to obtain samples with
successively lower acid character, portions of the CNT-N sample (1 g) were heated at
10 °C min! under N, flow (100 cm3min?) up to selected temperatures (200, 400, 600
and 900 °C) and kept at the desired temperature for 1 h. Samples were labelled
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according to the treatment temperature: CNT-N200, CNT-N400, CNT-N600 and
CNT-N900.

Textural and chemical properties of the prepared samples were investigated using
suitable methods: N, adsorption isotherms determined at -196 °C, temperature
programmed desorption (TPD) analysis, X-ray photoelectron spectroscopy (XPS), point
of zero charge (pHp:c), thermogravimetric analysis (TGA) and elemental analysis (EA).

Results and Discussion

The chemical and thermal treatments applied to the pristine CNTs promote
modifications in their textural and surface chemical properties. Oxidation with nitric acid
results in an increase of the surface area, as well as the consequent thermal treatments.
Large amount of oxygenated surface groups are introduced onto the carbon surface:
carboxylic acids, carboxylic anhydrides, lactones, phenols and carbonyls. The thermal
treatments applied to CNT-N remove selectively those surface groups. Thus, the sample
treated at 200 °C presents less carboxylic groups than the CNT-N sample, such groups
being completely absent in sample CNT-N400. After the treatment at 600 °C, the surface
only contains phenols and carbonyl groups, all groups being removed at 900 °C. Those
modifications are also observed in terms of the decrease of the volatiles released during
TGA analysis, of the change in the acidity/basicity of the carbon surface measured by
the pHpz, of the oxygen content determined by a direct oxygen analyzer, through the
samples composition determined by elemental analysis and by analysis of the XPS O1s
spectra of the samples. The combination of these techniques allows a clear
interpretation of the different data leading to a rigorous characterization of carbon
nanotubes with different surface chemistries, the qualitative and quantitative
assessment of the surface groups being possible using small amounts of sample.
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Introduction

Titanium dioxide is the most widespread photocatalyst, which is due to its low-cost,
non-toxicity and chemical stability. Presently the researchers’ attention is focused on
the formation of complex architectures, one of such is TiO, spheres. Submicron- and
micron-size spheres provide a desirable form for a solid catalyst facilitating its
reusability, while dealing with TiO, of nanometric sizes causes difficulties with recovery
of the nanosized catalyst from aqueous suspension. However, the preparation of
spherical titania particles demands special experimental setups or expensive (and
occasionally volatile and toxic) organic structure-directing agents. Peroxo method is a
good alternative to alkoxide-based or template-assisted procedures, since no toxic
organic solvents or inert atmosphere are necessary. In the present study we apply
peroxo-mediated procedure for preparation of TiO; spheres with controlled particle size
and porosity, which is achieved by regulating a type of solvent used for the synthesis
and by post-synthetic treatment.

Materials and Methods

The photocatalysts have been prepared via the modified previously reported solvent-
exchange method [1]. The interaction between titania peroxo complexes and some
organic solvents leads to the formation of amorphous TiO; precursor, which is
crystallized under reflux or heat treatment. The as-prepared materials as well as the
those calcined at 500, 650 and 800°C have been characterized using XRD, N;
physisorption, SEM, TEM analysis. Both the prepared TiO, materials and commercial
Aeroxide P25 have been studied in the reaction of photodecomposition of MPET under
UV irradiation. The evaluation of MPET concentration and determination of its
decomposition products have been carried out by means of GC-MS analysis.

Results and Discussion

The formation of titania spherical particles is achieved by tuning the earlier described
synthetic method [1]. The size and porosity of the spheres are easily controlled
synthetically as well as via post-synthetic procedures. The carbon chain length of an
alcohol used for precipitating the hydrous titania from the peroxo complex determines
the size of spherical aggregates. A spheres size in case if methanol is used is only
50-100 nm, while for n-propanol this value reaches 400 nm. Furthermore, the proposed
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technique favors formation of titania particles having high thermal stability of the
photocatalytically active anatase phase. High-temperature treatment promotes the
increase of the photocatalytic activity of the titania spheres, despite the reduction of
surface area to 11-33 m?/g. A nonporous character of the prepared spherical aggregates
having pore volume of only 0.03 cm3/g can be modified by applying a post-synthetic
treatment procedure. The N, adsorption-desorption isotherm of the sample that
underwent post-synthetic treatment shows prominent hysteresis loop of H1l-type at
P/Po 0.65-0.9, indicating the presence of the mesopores likely to be attributed to the
internal particle porosity (Fig 1A). The post-synthetic treatment leads to the formation
of the mesopores with a mean size of 10 nm and enhances pore volume up to
0.14 cm3/g, which presence appears to play a crucial role in the improved photocatalytic
performance of the titania spheres.

It has been established that the nonporous TiO, spheres possess moderate
photocatalytic activity, while commercial photocatalyst Aeroxide P25 and the
synthesized mesoporous TiO; spheres within 6-8 h of irradiation totally decompose as
MPET (Fig 1B), as well as toxic intermediate (p-cresol). However, considering the total
organic carbon (TOC) removal, P25 shows significantly better mineralization ability.
Nevertheless, the prepared materials have an advantage over P25, since they are easily
separated from the reaction mixture and can be reused in many consecutive
photocatalytic cycles without losing activity contrary to P25, which is composed of
nanometer-sized particles.
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Fig. 1. A - N, adsorption-desorption isotherms and average pore size distribution of
porous (a) and nonporous titania spheres (b) calcined at 500 °C; B - Photocatalytic
degradation of MPET in presence of: nonporous titania spheres treated at (a) 500°C,
(b) 800°C; and porous spheres calcined at (c) 500°C, (d) 800°C; (e) Aeroxide P25.
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Introduction

The global awareness of changes in biosphere has increased considerably in recent
years, especially concerning the problematics of climate change. The majority of climate
researchers agree that this phenomenon is associated with the high concentration of
greenhouse gases in the atmosphere, particularly carbon dioxide [1]. Carbon
sequestration, a relatively new concept, has been proposed to reduce atmospheric CO;,
especially from stationary sources. Technology may be relatively complex but the basic
idea is to separate the CO, from flue gas streams and to trap it in oceans, terrestrial
ecosystems, and geological formations including depleted gas, oil, and coal formations.
Also, the use of CO; as a raw material in chemical processes has been investigated [1,2].
Amine modified materials have been proposed for CO, adsorption, since the amounts
of CO; adsorbed are known to increase due to the specific interaction with amine groups
[3].

In the present work, and in the search for low-cost sustainable materials for carbon
dioxide adsorption, and for the separation carbon dioxide /methane, clay based
materials were prepared by the intercalation of a montmorillonite with amino acids.

Materials and Methods

A montmorillonite from Wyoming, USA was used as starting material. The clay was
intercalated with aqueous solutions of glycine (Gly), arginine (Arg) and Histidine (His) at
two different pH values (5 or 7). The materials were characterized by XRD, TG and N2
adsorption at -196 °C.

The adsorption isotherms of carbon dioxide and methane were measured up to 1000
kPa (10 bar), at 25 and 45 °C. These experiments were carried out on a custom made
volumetric apparatus, made-up of stainless steel, which is comprised a pressure
transducer (Pfeiffer Vacuum, APR 266) equipped with a vacuum system that allows a
vacuum better than 10-2 Pa.

Results and Discussion

The obtained carbon dioxide adsorption isotherms are exemplified in Figure 1a. The
intercalation at pH = 5 revelled to better to prepare materials with higher adsorption
capacity than at pH =7.

The materials were also evaluated for the CO,/CH4 separation and the results are
exemplified in Figure 1b with a phase diagram. The presence of amino acids in the
materials increased the selectivity for CO, adsorption in CO,/CH4 separations.
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Figure 1 (a) Adsorption isotherms of CO; at 25 °C for montmorillonite intercalated
with the indicated amino acids at pH=7; (b) Phase diagram for the CO,/CH4
separation for montmorillonite intercalated with Arg at pH =7.
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Introduccién

En los dltimos afios, la contaminacidon ambiental de las fuentes de agua y efluentes
industriales por los productos quimicos conocidos como disruptores endocrinos ha
despertado un creciente interés. Entre estos productos quimicos antropogénicos se
encuentra el bisfenol A (BPA), usado ampliamente en la industria del plastico. Muchos
paises, incluido Espafia, han regulado ya el uso de este compuesto, y en la mayoria de
los casos (latas, biberones de plastico, resinas epoxi) el BPA ha sido sustituido por
bisfenol S (BPS), encontrandose estos productos etiquetados como “BPA-free”. Sin
embargo, estudios recientes han demostrado que el BPS presenta una toxicidad similar
a la del BPA [1]. El objetivo de este trabajo ha sido estudiar la eliminacion de estos
bisfenoles del agua mediante procesos de bioadsorcion, usando para ello la bacteria
Escherichia coli soportada en una tela de carbdn activada y su correspondiente oxidada
(TCA y TCAox, respectivamente) con objeto de relacionar este proceso de eliminacion
con las caracteristicas quimicas y texturales de los soportes empleados. A continuacién
se presentan algunos de los resultados obtenidos con BPA.

Materiales y Métodos

La tela empleada en este estudio fue suministrada por Kynol Europe. Dicha muestra
fue oxidada con una disolucidon de (NH4)2S,0s en H;SOs 1M. Estos adsorbentes se
caracterizaron por adsorcién de N; a 77 K, analisis elemental y valoracidon
potenciométrica. El BPA se caracterizd por valoracion potenciométrica y medidas de su
tamano molecular. Previo a la obtencién de las isotermas de adsorcion, se llevo a cabo
el estudio cinético, pH disolucion y 298 K, con objeto de determinar la velocidad de
adsorcién del BPA sobre TCA. Para ello, se emplearon diferentes masas de adsorbentes
(0.01g — 0.04g) y 100 mL de disolucion. Las isotermas de adsorcion se determinaron a
298 K empleando 0.04 g de carbdn y 200 mL de disolucion de BPA (20 a 200 mg/L). En el
caso del estudio de adsorcion en régimen estatico en presencia de bacterias, éstas
fueron previamente inmovilizadas en ambas telas [2]. Las concentraciones de equilibrio
del BPA se determinaron espectrofotométricamente a A = 276.5 nm.

Resultados y Discusion

En la Tabla 1 se recogen las caracteristicas de los adsorbentes empleados. La TCA-ox
presenta una menor area superficial y menor porosidad que la muestra TCA, lo cual se
atribuye a la destruccion de las paredes de parte de los microporos durante la oxidacion.
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El proceso de oxidacién también produce un aumento del contenido de grupos acidos
en la tela oxidada y, por tanto, un pHecc acido (3.3).

Tabla 1.- Caracteristicas de las telas de carbdn activadas

Carbon SeeT Sext Wo Vmeso Eo Lo PHecc
m?/g m?/g cm3/g cm3/g  ki/mol nm
TCA 2128 40 0.91 0.02 15.2 1.69 8.0
TCA-ox 1636 94 0.71 0.03 14.6 1.80 3.3

La aplicacion del modelo difusional a las curvas de decaimiento de la concentracion
de BPA sobre TCA reveld que este modelo interpreta adecuadamente los datos
experimentales y que el coeficiente de difusién molecular de BPA sobre la tela de carbdn
es independiente de la masa de BPA adsorbido, siendo Dep = 6.16x10° cm?/s.
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Fig. 1. Bacteria Escherichia coli soportada Fig. 2. Isotermas de adsorcién de BPA sobre
(adsorbida) sobre TCA los diferentes soportes empleados a pH = 7

En la Figura 1 se muestra una microfotografia de las bacterias adsorbidas en la tela
original. Las isotermas de adsorciéon de BPA obtenidas con los diferentes adsorbentes
(Fig. 2) muestran como el adsorbente mas eficaz fue TCA. De acuerdo con el diagrama
de distribucidn de especies del BPA a pH~7 [3], éste se encuentra como especie neutra
y la superficie de TCA estara cargada positivamente y la de TCAox negativamente, por lo
gue predominaran las interacciones no electrostaticas. Por ello, la mayor capacidad de
adsorcién de la TCA es debida a su mayor area superficial. En la Figura 2 también se
muestra claramente el efecto de la mejora de la capacidad de adsorcién en ambos
adsorbentes debido a la presencia de las bacterias inmovilizadas sobre ellos.
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Introduction

Activated carbons are unique materials due to their high adsorption properties,
tunable pore size distribution and rich surface chemistry, being so crucial in various
industrial processes. However, the sustainability, stability and versatility of these
materials still stimulates continuous efforts in the development of improved or new
synthetic routes leading to better performances or even new properties. Particularly,
the synthesis of mesoporous carbons has had significant advances in the last decades,
due to their importance in applications involving large molecules, such as, adsorbents
for dyes, catalyst supports for biomolecules, or as electrodes for biosensors [1,2].

A recent study reported the synthesis of highly mesoporous carbons from biomass
using a eutectic salt mixture KCl/ZnCl; [3]. The control of the activation conditions
allowed to produce materials with total pore volumes up to 2.7 cm? g?
(Ager ~ 1300 m? g!) with more than 90 % of mesopores. The present work aims to
explore the potentialities of alkaline and zinc chlorides mixtures (in eutectic and
non-eutectic conditions), as porogens for the control of the mesopore size distribution
in glucose-derived activated carbons.

Materials and Methods

Glucose was used as carbon precursor for the preparation of the mesoporous
carbons. The activation was made with eutectic and non-eutectic mixtures of LiCl/ZnCl,,
NaCl/ZnCl, and KCl/ZnCl,, designated, respectively, by LiZn, NaZn and KZn, and also only
with ZnCl; for comparison purposes. Briefly, 1 g of glucose was milled with 3 g of the salt
mixture and was activated under N, flow (5 cm® s) with the following heating scheme:
from room temperature up to 240 °C at 10 °C min’?, this temperature was maintained
during 2 h, further increased up to 800 or 1000 °C (10 2C min), and final held for more
2 h. The furnace was cooled (N; flow), the resultant mixture was ground, washed with
distilled water until no detection of chlorine ions in the supernatant, dried and stored.

Characterization of the carbon materials was made by SEM, N, and CO; adsorption
isotherms at, respectively, -196 and 0 °C, elemental analysis, ash content, determination
of the pH at the point of zero charge (pHrzc) and apparent density, DRIFT and DRX.

Results and Discussion

The use of salt mixtures as porogens during the carbonization of glucose allowed to
obtain porous carbons with yields between 23 and 31 %. Salt mixtures play a crucial role
in the porosity development as illustrated in the N, adsorption isotherms shown in
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Fig. 1. All curves belong to the type 1V(a) according to the IUPAC classification [4], being
characteristic of mesoporous solid materials. Hysteresis loops close at p/p° = 0.4, but
while samples obtained with the eutectic salt mixtures LiZn and NaZn present type H2(b)
loops associated with pore blocking and large size distribution of neck widths, sample
prepared with KZn has a type H4 loop usually found in micro-mesoporous carbons.
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Fig. 1. Textural characterization of materials obtained at 800 °C with the mentioned
eutectic mixtures (a) N2 isotherms; (b) textural parameters (bars: volumes; line: Ager).

Fig. 1(b) summarizes the textural parameters obtained from the N, adsorption data.
In all cases superactivated carbons were obtained since total pore volumes (Viotal) are
higher than 1.0 cm?® g'! and apparent surface areas (Ager) range from 1000 to 2000 m? g,
The materials present well developed micro and mesopore networks, with Vmeso
accounting to 45-60 % of the Victal When LiZn and NaZn were used as porogens, and
reaching 80 % when KZn was employed. Sample prepared only with zinc, in the same
amount of zinc used in the eutectic mixture KZn, has the double of the Ager but only
18 % of mesopores, proving that, in fact, alkaline chlorides play a fundamental role in
the development of micro and mesopores thought this methodology.

The results obtained so far reveal that the mesopore size distribution can be tuned
by the salt mixture: LiZn leads to materials with high volume of mesopores with
diameters in the range of 2 — 10 nm; NaZn originates mesopores up to 20 nm, and KZn
results in high volume of large mesopores (20 — 50 nm). The work will proceed to
evaluate the effect of other salt mixture compositions and these results will be
correlated with morphological and surface chemistry data.
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Introduction

The efficiency of combustion engines is related to the amount and type of isomers
present in the fuel. Some hydrocarbon isomers are likely to be present while other
decrease the efficiency of the process. For this reason, the separation of isomers of
alkanesis an important process with high interest in the petrochemical industry. To carry
out this separation by adsorption is a challenging task due to the similar chemical nature
of the species. Differences between isomers are practically reduced to the length of the
chain, shape, and size.

Metal-organic frameworks offer a huge variety of topologies and pore geometries. In
addition they can be tuned! to achieve specifics features. The MAF-6 framework has
RHO based topology? and relatively long linkers resulting on a topology of big cavities
connected by straight channels, that can be suitable for dealing with the separation of
long chain molecules.

Materials and Methods

We performed Monte Carlo simulations in the Grand Canonical Ensemble to obtain
adsorption isotherms of pure components. Based on these isotherms we used Ideal
Adsorption Solution Theory to predict the adsorption of binary and multi-component
mixtures. Additional Monte Carlo simulations for mixtures had also been performed to
contrast the predictions from IAST. All simulations have been carried out using the
RASPA code3.

Results and Discussion

In this work we study the viability of MAF- 43 hexane
6 as a potential candidate for separation ~ *°[ T M
processes involving alkanes of four, five, and _ 35 [ ——22-0m8
six carbon atoms. Our study not only E:S'D o
explores  the  separation  between £ &5
hydrocarbons of different length but also ég'o
between their isomers. ST
Our computational results show that the Loy 7/
adsorption of pure n-butane and isobutane is 0 ) ,_/
practically equal in MAF-6. Nevertheless in ~ “%0° 102 107 100 107 107 10°
the case of Cs isomers there are some Pressure [kPa]
differences. The adsorption of the three Fig. 1. Adsorption isotherms of pure Cs
considered isomers is almost the same at low isomers in MAF-6.
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Fig. 2. Adsorption isotherms of binary
mixture of hexane — 2,2-dimethylbutane
in MAF-6.

pressure, but the saturation for 2,2-
dimethylpropane is significantly lower. This
is consequence of the better packing of the
more linear isomers. For the C¢ isomers we
also find interesting results. As can be seen in
figure 1, the adsorption of all Cs
hydrocarbons is similar except for the 2,2-
dimethylbutane isomer, and just at
saturation pressure the adsorption of this
isomer is slightly lower than for the rest. In
striking contrast and in spite of the small
differences in the pure isotherms, we obtain
an unexpected trend in the adsorption of the
binary mixture. In figure 2, we can observe
that MAF-6 favors the adsorption of 2,2-

dimethylbutane at low pressure while at high pressure the most adsorbed component
is hexane. A further anaylsis of the adsoption selectivity and the distribution of
molecules in the structure provides insights on the potential of this material as selective
adsorbent of Cs isomers at certain conditions.
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Introduction

Carbon Capture and Storage (CCS) is a mid to long term strategy for cost effective CO;
capture [1]. An alternative to the energy intensive amine scrubbing is adsorption
processes using solids for CO; capture [2], such as Pressure Swing Adsorption (PSA) [3].

A proper adsorbent for CO; capture is vital for the applicability of CCS adsorption
processes. The topical adsorbents for CO, capture are usually in the form of powder.
Examples of these solids are Metal Organic Frameworks (MOFs). MOFs are coordination
polymers made by metal clusters (inorganic building blocks) and organic linkers, which
give to these solids nanometer-sized(50-90% porosity), high crystallinity, highly ordered
geometries with fine-tuned functionalities and large surface areas (1000-8000 m?/g),
thus having high potential for gas separation/storage by adsorption[4]. Despite this fact,
it is impractical to pack a MOF powder into fixed-bed adsorption columns due to heavy
pressure drops raised by using such small particles.

Formulation and shaping of MOFs from porous powders into a macroscopic shape
enables an enhanced structure with high mass transfer, low pressure drop, good heat
management, high mechanical, chemical and attrition stability to be used as an
adsorbent in a PSA process at large-scale level. Yet, shaping MOFs into mechanically
robust particles with efficient adsorption capacity for CO; removal by PSA is still scarce
in open literature [5], which opens a window for topical research in this field.

Materials and Methods

MOFs densification is proposed by using two approaches: binderless mechanical
compression and binder-containing extrusion. The effect of compression force (0.5, 1
tnf) and binder (Polyvinyl alcohol, PVA aqueous solutions)/MOF ratio were studied,
along with CO; sorption equilibria on the formulated samples at 309C, using a
volumetric/manometric unit [4]. Two MOF were used: i) ZIF-8 (Zeolitic Imidazolate
Framework, 2-methylimidazole zinc) and ii) MIL-53(Al) (hydrophilic aluminum
terephthalate), powders made by BASF SE. Mechanical, structural and physico-chemical
analyses were done to compare the formulated solids with their original powder.
Similarly, the CO; sorption equilibria were compared for the two forms.

Results and Discussion

The results obtained (Fig. 1) for MIL-53(Al) show that the binderless granules
compressed at 0.5 tnf show the most promising results with approx. 20% adsorption
capacity loss (above 4 bar) in comparison with the original powder, whereas pellets with
less percentage of binder exhibit higher adsorption CO; capacity, but lower mechanical
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resistance compared to samples with more than 5% of PVA in MIL-53(Al). The
binder-containing pellets show approx. 30% less adsorption capacity towards CO;
(above 4 bar) when compared to the respective powder. Despite the adsorption capacity
losses, due to binder blockage of the micropores and the compression effect in the
crystalline structure, the best formulated solids can pack a column to perform fixed-bed
experiments targeted for the advance of PSA processes using MOFs as adsorbents.
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Fig. 1. Top: formulations of MIL-53(Al): a) binder-containing pellets, b) binderless granules. Bottom:
sorption equilibria results of CO, at 302C on MIL-53(Al) original powder (e), pellets with 2% PVA binder (m)
and binderless granules with 0.5 tnf (A). Filled/empty symbols denotes adsorption/desorption data.
Dashed lines are guides to the eye.
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Introduccién

El crecimiento exponencial de la poblacidon junto con el cambio climatico esta
provocando un aumento drdstico en la demanda de agua a nivel mundial. Las actuales
reservas hidricas se agotan y, por tanto, son necesarias nuevas estrategias que
incentiven la produccién de agua limpia a partir de fuentes alternativas, como la
desalinizacién de agua de mar o aguas salobres [1]. El proceso de osmosis directa (FO)
ha ganado interés en el tratamiento de aguas, debido a su baja energia de operaciény
a la baja desactivacién de sus membranas. Sin embargo, las actuales membranas
impiden que el proceso de FO sea competitivo comparado con la osmosis inversa. Por
otro lado, los materiales de carbdn tales como, los nanotubos de carbono y el grafeno
han demostrado tener un enorme potencial para mejorar las propiedades de las
membranas aplicadas en desalinizacion [2-3]. En este trabajo, membranas de
polisulfona (PSf) con 6xido de grafeno (GO) se prepararon por el método de inversion
de fase, estudiando parametros de sintesis como la carga de material y la composicion
del bafo de coagulacion. Las membranas de PSf fueron usadas como soportes de
membranas de compuestos de ldmina delgada (TFC), cuyo comportamiento fue
estudiado en FO de agua salada con diferentes configuraciones de membrana.

Materiales and Métodos

Las membranas de PSf (9 % peso) con diferentes contenidos (0.05 — 0.20 % peso) de
GO fueron preparadas por el método de inversidn de fase, empleando agua destilada
(DI) o agua/isopropanol (70:30) como bafios de coagulacion. La caracterizacion fisica-
guimica de las membranas fue analizada por diferentes técnicas tales como, microscopia
electréonica de barrido (SEM), medidas de porosidad, FTIR, termogravimetria y
determinacién del angulo de contacto. La permeabilidad de las membranas de PSf fue
determinada por medidas de filtracion con agua DI a una presion de 0.5 bar. Finalmente,
las membranas de PSf fueron usadas como soportes de membranas de TFC, las cuales
fueron preparadas por el método de polimerizacién interfacial [3]. Las membranas de
TFC fueron analizadas usando agua DI y una solucion acuosa de NaCl (0.6 M) como
disoluciones de alimentacién y permeado, respectivamente, estudiando diferentes
configuraciones: capa activa de la membrana orientada hacia la disolucion de permeado
(modo PRO) y orientada hacia la alimentaciéon (modo FO).

Resultados y Discusion
Las membranas de PSf presentaron una estructura tipica asimétrica formada por una
capa superior delgada-densa y una sub-capa porosa (Fig. 1a). La adicion de cualquier
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cantidad de GO a las membranas de PSf provocé cambios en sus propiedades fisicas y
quimicas. En general, membranas con GO presentaron una estructura mds porosa
compuesta por poros en forma de dedos (Fig. 1b), mientras que sélo macrohuecos
fueron mayoritariamente observados en la membrana de PSf pura (Fig. 1a). Ademas de
mejorar la estructura de las membranas, la adicion de GO produjo membranas con
menores angulos de contacto y consecuentemente, una mayor hidrofilicidad superficial.
Por otro lado, las membranas obtenidas con bafio agua/isopropanol presentaron una
porosidad mayor que aquellas formadas con sdlo agua. Estos cambios estructurales
inducidos tanto por el uso de GO como isopropanol, podrian ser justificados por las
diferentes velocidades de intercambio disolvente/no-disolvente producidas durante la
formacioén de las membranas. La estructura porosa con poros en forma de dedos vy la
mejor hidrofilicidad superficial de las membranas de GO produjeron permeabilidades
superiores que membranas de PSf pura en los ensayos de filtracion.
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Fig. 1. Imagenes de SEM de las membranas de a) PSf puray b) con 0.1% de GO.
c) Flujo de agua (Jw, L h* m™) y flujo inverso de soluto (Js, g ' m™) obtenidos en modos PRO
y FO para algunas membranas de TFC.

Las membranas de TFC obtuvieron mayores flujos de agua (Jw) en la configuracion
PRO que FO (Fig. 1c). Este comportamiento se debe al mayor efecto de concentracion
de polarizacion interna cuando la capa activa de la membrana esta orientada hacia la
disolucién de alimentacion (modo FO). En general, las membranas con GO presentaron
mayor Jw y menor flujo de soluto inverso (Js) que las respectivas membranas de PSf pura,
independientemente del tipo de bafio usado y de la configuracion estudiada. La
membrana de TFC mas eficiente fue aquella preparada con un soporte de PSf con 0.1 %
de GO y formada en un bafio agua/isopropanol.
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Introduccién

El uso y desecho inadecuado de medicamentos genera que moléculas con actividad
biolégica aparezcan en aguas residuales, subterraneas y potables; aunque en
concentraciones bajas se considera que no representan un riesgo toxicoldgico las
propiedades fisicoquimicas de las moléculas permite su acumulacién en tejidos
corporales y suelos, elevando sus concentraciones a niveles que pueden generar
actividad bioldgica [1].

El carbon activado es un adsorbente utilizado para el tratamiento terciario de aguas
residuales debido a su porosidad, alta area y quimica superficial; este ultimo factor
adquiere relevancia para el proceso de adsorcion de moléculas de uso farmacéutico
teniendo en cuenta el caracter anfétero de los principios activos de los medicamentos
[2]. Una forma de conocer las interacciones que tienen lugar entre soluciones acuosas
de los farmacos y el carbén activado es la determinacién de la entalpia de inmersién.

Materiales y métodos

Se emplearon dos carbones activados con diferente quimica superficial como
adsorbentes, un carbdn activado granular preparado a partir de cascara de coco y
activacion fisica con CO,, CAG, y un carbdn activado reducido a 1173 K en atmoésfera de
N>.

Los carbones activados se caracterizan de forma fisica y quimica por adsorciéon de
Nitrogeno a -77 Ky acidez y basicidad total respectivamente.

Las isotermas de adsorcion de los farmacos desde fase acuosa se realiza por
adsorcion en batch; la concentracion en equilibrio se determina por espectroscopia uv-
vis @ 296 nm para el acido salicilico y 268 nm para el Fenol, el tiempo de equilibrio se
determind previamente.

La calorimetria de inmersién se llevd a cabo en un calorimetro tipo Calvet de
construccion local; se pesaron 100 mg de carbdn activado en una ampolleta de vidrio de
vidrio de pico fragil, se realizdé desorcion a 200 °C y 10* mmHg, y posteriormente se
realizo la inmersidn en soluciones de farmaco de diferentes concentraciones. Se realiza
calibracion eléctrica.

Resultados y Discusion

En este trabajo se compara la entalpia de inmersidon de carbones activados en
soluciones acuosas de diferente concentracién de acido salicilico y fenol a tres valores
de pH, 2, 7 y 11, debido a que tanto el carbdn activado como los farmacos presentan
diferencias en su carga eléctrica a diferentes pH.
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La Figura 1 muestra una curva calorimétrica obtenida para la inmersion de carbén
activado granular en soluciones de 100 mg L' de acido salicilico y fenol a pH 7.

Los valores de entalpia de inmersion del acido salicilico se encuentran entre 7.53 y
22.5) g, yparaelfenol entre 9.48y 23.7 ) g.

Los resultados obtenidos permiten evidenciar que la entalpia de inmersidén varia con
el pH debido a cambios en las interacciones carbodn activado-farmaco.

0.00 000 -
0.00 000 -
;0.00 000 - e CAG-AcSc
w e CAG-Fen
0.00 000 -~
0.00 000
0 tiempo (s) 500

Fig. 1. Curva calorimétrica obtenida de la inmersion de acido salicilico y fenol en
carbdn activado granular a pH7
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Introduction

In the search for alternative fuels to petroleum, biodiesel has gained expression in
the market and its production has been increasing steadily. In fact, biodiesel production
through transesterification reaction of triglycerides (vegetable oils and animal fats) is
rapidly increasing due to strong governmental policies and incentives. Sustainable
biodiesel production requires optimization of the production process and drastic
increase in the utilization of glycerol, the principal by-product of the process. With the
introduction of large volumes of glycerol coming from biodiesel production, it is
imperious to find new applications for this chemical; otherwise the economic feasibility
of the biodiesel as a renewable fuel can be impaired [1,2]. Recent studies report the use
of glycerol for the production of chars [3,4] so in the present study we aim to synthetize
glycerol-based activated carbons via a two-step procedure involving carbonization
followed by activation, and test them as adsorbents for the removal of the
pharmaceutical compounds from aqueous solution.

Materials and Methods

Glycerol-based activated carbons were prepared by combination of acid
carbonization and chemical activation following the methodologies reported,
respectively, in ref. 3 and 5. Two glycerol samples were assayed: sample GC (87%, Analar
Normapur) and sample Gl (84 %) supplied by a biodiesel producer (lberol — Portugal).
Briefly, glycerol and concentrated sulfuric acid were mixed in a flask and stirred at room
temperature for 30 min until foaming ceased. Afterward, the mixture was heated in an
autoclave at 180 °C for 6 h. The obtained char was washed several times using distilled
water and dried at 100 °C. Thereafter, the char was impregnated with potassium
carbonate solution for 2 h at room temperature, then dried at 100 °C. The mixture was
activated in a horizontal furnace at under N flow (5 cm?s?t). The temperature was raised
(10 °C min!) up to the activation temperature and kept for 1 h. After cooling, under N>
flow, the sample was thoroughly washed with distilled water and dried at 100 °C.
Different char:K,CO3 weight ratios and activation temperatures were assayed.

The textural properties were investigated through N, adsorption-desorption
isotherms; and the chemical properties were discussed based on pHpzc, elemental
analysis and Fourier transform infrared (FTIR). The morphological characterization of the
materials was performed by SEM.
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Results and Discussion

The morphological analysis performed by SEM (Fig. 1(a)) reveals that the char
prepared from commercial glycerol (sample GC) is constituted by interconnected
spheres with diameters of * 2 um. The N, adsorption isotherms of the char revealed its
incipient porosity development since according to the IUPAC classification [6] a type Il
isotherm was obtained (Ager = 10 m? g'%). The activation of the glycerol-derived char with
K2COs allowed to prepare activated carbons with apparent surface areas higher than
1000 m? g'* and presenting type | isotherms (Fig. 1(b)) revealing the presence of a well-
developed micropore network.
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Fig. 1 (a) SEM photograph of the char prepared from sample GC and (b) N; isotherm at
-196 °C of activated carbon prepared using 3 g of K,COs per gram of GC-char and 800 °C
during 1h for the activation (closed symbols are desorption points).

The FTIR and pHpzc data reveal numerous functional groups distributed on the carbon
surface. Considering all the above facts, glycerol-derived activated carbons will be tested
as adsorbents for pharmaceutical compounds in liquid phase.
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Introduccién

La contaminacién del agua por arsénico es un problema global que afecta a millones
de personas. Debido a su peligrosidad, la OMS lo ha catalogado como uno de los diez
elementos quimicos mads téxicos y cancerigenos, recomendando una concentracién
maxima de 10 pug-L™ en aguas de consumo [1]. Su presencia en el medio acuoso se debe
tanto a fuentes naturales como antropogénicas y se encuentra comunmente en sus
formas inorgdnicas arsenito, As(lll), y arseniato, As(V), dependiendo del pH y potencial
redox del agua [2].

Generalmente el tratamiento de aguas contaminadas con arsénico se lleva a cabo
mediante una primera etapa de oxidacion de As(lll) a As(V), seguida de la posterior
eliminacidon de As(V) mediante adsorcion, co-precipitacién, coagulacién, filtracion, o
intercambio idnico [2,3], ya que la especie reducida es mas dificil de eliminar de forma
directa. En nuestro grupo de investigacion se esta estudiando la viabilidad de emplear
un sistema combinado de didxido de titanio (TiO2) y hierro metalico (Fe®), eliminando
As(lll) y As(V) simultdneamente mediante oxidacion fotocatalitica y adsorcion. Dentro
de este trabajo global, el objetivo del presente estudio es estudiar el proceso de
adsorcion de As(lll) y As(V) en disolucién acuosa utilizando como adsorbentes TiO,,
hierro metalico y el sistema combinado de TiO; con hierro metalico. Para ello se ha
evaluado la influencia de la concentracion de arsénico en disolucion, el pH inicial de la
disolucién de arsénico y la relacion mdsica entre los dos adsorbentes.

Material y métodos

Los experimentos de adsorcion de arsénico se llevaron a cabo en un reactor
discontinuo de un litro de capacidad, en presencia de oxigeno y con agitacién magnética.
Las disoluciones acuosas de As(lll) y As(V) se prepararon a partir de NaAsO; y
NazHAsO4-7H,0 (90% Aldrich) respectivamente, ajustando la concentracion inicial entre
10 - 30 mg-L!. La cantidad de TiO, P25 (Evonik) se mantuvo constante (0,25 g) y se
modificé la cantidad de Fe® (97%, Aldrich) entre 0 - 0,20 g para dos valores de pH inicial
(pH=9 y pH=3). La concentracion de arsénico en disolucion se determind a partir de un
método colorimétrico basado en la formacién del complejo molibdato-arsénico (V)
empleando un espectrofotometro UV-vis JASCO V-630.

Resultados y discusion

El estudio del proceso de adsorcién se ha llevado a cabo analizando la disminucién
de la concentracion de As(lll) y As(V) durante 3 horas, observando diferencias
significativas entre las capacidades de adsorcién de los tres sistemas investigados. La
Figura 1 muestra los porcentajes de adsorcién de As(lll) y As(V) obtenidos para
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10 mg-L* a pH 9 y pH 3, utilizando 0,25 g/L de TiO; y 0,1 g/L de Fe®. Como puede
apreciarse, en general la adsorcidn es mayor en el sistema mixto (TiO,+Fe?), siendo mas
significativa a pH acido.

En medio basico el porcentaje de adsorcidn de As(lIl) sobre TiO, es mayor (20%) que
el de As(V) (10%). Sin embargo, en condiciones acidas la tendencia se invierte
presentando valores de un 3% y un 15%, para As(lll) y As(V), respectivamente. Estas
diferencias se atribuyen a los cambios de carga neta superficial que sufre el TiO, (punto
isoeléctrico a pH 6,8) y a la especiacidn tanto de As(l1l) como de As(V) en funcidn del pH.
A pH bésico la especie predominante de As(V) estd cargada negativamente, HAsO4%,
siendo repelida por la superficie negativa del TiO,, mientras que la especie neutra de
As(lll), H3AsOs3, se ve menos influenciada por lo que se adsorbe mayor cantidad. Por el
contrario, a pH 4acido se adsorbe mayor cantidad de As(V), ya que su forma idnica
H,AsOs presenta mayor afinidad por el adsorbente con carga neta positiva que la
especie neutra de As(lll) [2 ,4].

El empleo de Fe® como adsorbente a pH bésico no presentd adsorcidn significativa de
ninguna de la especies de arsénico. Sin embargo, a pH acido la adsorcion fue de 48% vy
56% para el As(lll) y As(V), respectivamente. En el sistema combinado (TiO,+Fe®)
también se aprecia un aumento significativo en la adsorcion cuando el proceso se lleva
a cabo a pH 3, llegando a eliminar un 69% vy 79% de As(ll1) y As(V), respectivamente. Este
aumento se debe a la formacion de oxidos/hidroxidos de hierro en la superficie del
adsorbente producidos durante la corrosion del hierro metalico [3]. Generalmente,
estos Oxidos presentan una carga positiva a pH 6 [4], lo que favorece la adsorcion de
As(V) con respecto al As(lll).
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Fig. 1. Porcentaje de adsorcion de As(l11) y As(V) mediante TiO,, Fe(0) y (TiO,+Fe(°)) a pH
9y pH 3 (Co= 10 mg/L).
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Introduction

Zeolites are a type of nanoporous materials of great industrial and natural
importance. Its frameworks are characterized by their regularity, and, due to this, they
are typically modeled as rigid. However, these structures vibrate and generate infrared
spectra showing some bands that are sensitive to structural details, such as topology,
channel system, or chemical composition.

Moreover, the flexible force field used to model the zeolite might have an effect on
the vibrational patterns obtained by simulation, depending on its accuracy and/or the
target group of zeolites for which it was parametrized. Thus, the computation and
comparison of infrared spectra can be an interesting tool to detect unexpected
behaviors among a group of analogous zeolites or predict similar patterns in zeolites
with different compositions.

Materials and Methods

Molecular Dynamics (MD) simulations were performed in the NVT ensemble at 298K
with a time step of 0.5 fs to obtain the computational infrared spectra of 216 zeotypes.
Keeping in mind that some zeotypes have different chemical compositions the
corresponding minimised all-silica framework, whose crystallographic data is reported
in the Database of Zeolite Structures [1], was taken as representative of each zeotype.
These frameworks were modeled using the force field defined by Nicholas[2], which has
been assessed to reproduce experimental infrared spectra [3]. Finally, the similarities
and differences between several spectra were studied through the similarity index,
explained in a previous work [3], and relationships were established using an algorithm
based on graph theory [4]. Details on how best to perform this novel analysis will be
given.

Results and Discussion

A total number of 216 infrared spectra were obtained, whose bands span from
frequency values of 200 to 1400 cm™. In general terms, the vibrational pattern in the
range of 900-1400 cm™ involves Si-O bonds, while below 900 cm™ the vibrational
contribution belongs to tetrahedra bendings and external linkages.

The study of pairwise similarities over the 216 spectra results in a wide variety of
values from 0.30 to 0.99 for pairs of zeolites. As an example, figure 1 shows the infrared
spectra of the zeotypes AFG and LIO which share a similarity of 0.99, a similar chemical
composition with a Si/Al ratio of 1, similar tiling arrangement and topology. On the
contrary, CZP shows a similarity value around 0.3 against AFG or LIO. CZP is a very
different, chiral topology obtained experimentally for a zincophosphate that has
different tiling and a much more complex channel system. The network based on
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pairwise relations suggests the existence of different communities generally related to
chemical composition, topology and structural complexity.

Afgmawe —— AFQ ze0type ——
CZP zectype CZP zeotype o

200 300 400 500 600 700 800 900 900 950 1000 1050 1100 1150 1200
Frequency {em™ Frequency (cm’™)

Fig. 1. Computational infrared spectra of all-silica framework corresponding to
zeotypes AFG, LIO and CZP.

Among possible applications, this partitioning of the zeolites in communities based
on zeotype and on composition (aluminosilicates, germanates, silicogermanates, and
frameworks with any other composition) might give clues on the feasibility of the
synthesis of a hypothetical framework/composition combination.
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Introduction

Cork transformation is one of the most important and sustainable industries in the
Portuguese and Mediterranean region economies, producing several materials beyond
the traditional ones, from agglomerates to composites, applied in a series of end
products. The manufacturing process originates a set of by-products, as is the case of
granules of expanded corkboard, among many others.

Integrated in a previous QREN project, industrial expanded corkboard granules were
explored as precursors for the preparation of activated carbons at the lab-scale which
proved to perform as efficient adsorbents for pharmaceutical compounds from liquid
phase [1]. In the present study we investigate the performance of the activated carbon
obtained from the scale-up of the patented activation methodology [2]. The
potentialities of this material in liquid phase assays are herein evaluated, aiming a future
application in synthetic and real water matrixes, in the context of project LIFE Impetus
“Improving current barriers for controlling pharmaceuticals compounds in urban
wastewater treatment plants”.

Materials and Methods

The preparation of carbon S800/Lab was reported elsewhere [1]. Briefly, granules of
expanded corkboard (obtained from Amorim Isolamentos, Portugal) were used as
precursor, being activated at 800 °C for 1 h, with steam generated in a bubbler half full
with distilled water at 90 °C and carried to the sample by a N, flow in a quartz reactor
placed in a vertical furnace (Thermolyne, model 21100). Carbon S800/Scale-up was
obtained from the scale-up of this procedure, involving the preparation of 10 activation
batches of 15 dm? of expanded corkboard granules in a 50 dm?3 rotating stainless steel
reactor. The potentialities of the prepared activated carbons as liquid phase adsorbents
were evaluated through screening assays with six pharmaceutical compounds:
ibuprofen (lbu), paracetamol (Para), acetylsalicylic acid (ASA), caffeine (Caf), clofibric
acid (Clof), and iopamidol (lop). The removal efficiencies, after a contact time of 24 h
(6 mg of carbon for 9 cm? of each pharmaceutical solution of 120 mg dm=3), were
determined using UV—vis spectrophotometry (Genesys 10S).

Results and Discussion
The nanotextural parameters of the activated carbons show that the scale-up has led
to a less developed porous network. Actually, compared to lab-prepared carbon, sample
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$800/Scale-up has half of the supermicropores volume and a quarter of the mesopore
volume.

Table 1. Nanotextural properties of the studied activated carbons.

Sam p le AZB Ei Vtotal Vmesg Vomtal Vautra Vosuper
(m?%g™)  (ecm’g™)  (em’g™)  (emPg?)  (ecm’g?)  (cm’g™)

S800/Lab 750 0.50 0.22 0.28 0.09 0.19

S800/Scale-up 590 0.44 0.05 0.18 0.10 0.08

Regarding the results of the screening assays for the removal of the pharmaceutical
compounds, the efficiencies obtained using both carbons are displayed in Figure 1. The
performance of carbon S800/Scale-up for most of the pharmaceutical compounds is
similar or slightly inferior regarding the lab-made carbon (S800/Lab).
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Fig. 1. Removal efficiencies for 24 h of the mentioned pharmaceuticals by carbons
S$800/Lab and S800/Scale-up.

An accentuated negative impact of the scale-up of the process is reflected only in the
case of clofibric acid and iopamidol removal. The lower removal for iopamidol is
certainly related with the smaller volume of supermicropores and mesopores of carbon
$800/Scale-up, that causes diffusional constrains to this molecule, since the presence of
agglomerates was reported in the studied experimental conditions [3]. However, from
the perspective of an application in environmental conditions, it is expectable that
S$800/Scale-up material may reach similar iopamidol removal to that of lab-made
carbon, since in the concentration range detected in real samples iopamidol is present
as a monomer.
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Introduction

Cyanide species (including thiocyanates) are formed in several industrial processes
such as gold mining activities and the production of coke in steel factories. Although
thiocyanates are less toxic than cyanides (in the mining industry they may be
deliberately produced as a harmless form of cyanides for their disposal), they are more
stable and difficult to destroy, and both pose a major environmental and health issue
concern as they can be generated in high concentrations in the industrial effluents. With
more stringent environmental regulations coming to force, the search of new and more
effective methods to reduce the concentration of both cyanides and thiocyanates down
to acceptable limits becomes a priority [1,2]. In this regard, much interest is currently
being paid to the application of advanced oxidation processes (AOPs) as clean and
efficient technologies for wastewater treatment, since they can promote the
mineralization of pollutants through the generation of highly oxidative species. The
objective of this work to investigate the oxidative destruction of cyanide species from
wastewater effluents generated by the mining industry, using chemical and
photoassisted oxdiation. The simultaneous degradation of cyanides and thiocyanates
(and their mixtures) will also be envisaged.

Methods

Chemical oxidation was carried out using potassium permanganate as oxidant, as
described elsewhere [3,4]; briefly, different amounts of KMnO4 were put in contact with
100 mL of a solution containing ca. 25-500 ppm of cyanides (pH was adjusted to 12-14
with lime) and allowed to react under vigorous stirring for 20 min. The photoassited
oxidation was carried out using cyanide (500-25 ppm) and thiocyanate (200 ppm)
aqueous solutions in a batch reactor (250 mL) illuminated by a UV-Vis lamp (300 W] with
a sunlike radiation spectrum, vertically suspended above the reactor. The
photooxidation was explored in the absence and presence of catalysts (i.e.,
semiconductors). The catalysts suspensions (ca. loadings of 0.5 g/L) were initially
equilibrated under mechanical stirring (900 rpm) and darkness, and then irradiated for
120 min providing a constant air flow of ca. 50 mL/min to ensure a constant oxygen
concentration. During the irradiation, small aliquots of the solution (~¥1 cm3) were taken
out at predetermined time intervals and analyzed by flow injection analysis using a
colorimetric method. All the experiments were done in duplicate with deviations below
5% in all cases; reported data represent the average values.
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Results and Discussion

In this work, we have explored the effect of thiocyanates in the oxidation rate and
conversion of cyanides from solution, comparing chemical and photoassisted methods.
Figure 1 shows the dependence of the cyanides concentration with the dosage of
permanganate (as oxidant) for the chemical oxidation of thyocianates. As seen, the
concentration of cyanides in solution increases with the amount of permanganate used
in the reaction; interestingly, the trend follows a plateau at dosages of permanganate of
1 mmol and above. This suggests that along with cyanides, permanganate is capable of
inducing the breakdown of thiocyanates themselves, which has to be taken into account
for the evaluation of the conversion when both species are simultaneously present in
the solution. Also, the appearance of the plateau suggests that the rate of the chemical
oxidation of thiocyanates is slow, compared to that of cyanides [3,4].

18 -
16 -
14 -
12 -
10 -

[CNT, ppm

0 0.5 1 1.5
[KMnO,4], mmol

Fig.1. Dependence of the cyanides concentration with the amount of KMnO, for the oxidation
of 0.35 mmol of thiocyanates.
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Introduccién

Los minerales de la arcilla son materiales muy versatiles con una gran variedad de
aplicaciones principalmente en el campo de la adsorcién y la catalisis [1]. Las
propiedades texturales de estos materiales pueden mejorarse modulando sus
propiedades fisicoquimicas como el area superficial y el volumen de poro mediante la
adicion de pilares entre dos ldminas adyacentes. La metodologia mas usada es la
incorporacion de polioxocationes en el espaciado interlaminar. Otra estrategia sintética
es la incorporacién de un cation voluminoso que expande el espaciado basal y la
posterior formacidén de pilares dando lugar a materiales de elevada alta area superficial
y gran estabilidad térmica en comparacién con los tradicionales polioxocationes [2,3].

En el presente trabajo estos materiales de origen natural se han evaluados en
procesos de adsorcion de CO;. Para ello, tanto la montmorillonita natural como las
heteroestructuras porosas basadas en montmorillonita han sido modificadas con la
incorporacion de grupos aminos mediante el anclaje de aminopropiltrietoxisilano o
mediante la impregnacién con polietilenimina o tetrapentilenimina.

Materiales y Métodos

Tanto la montmorillonita natural como las heteroestructuras porosas basadas en
montmorillonita, asi como los materiales funcionalizados con grupos aminos se
caracterizaron por difraccion de rayos X, espectroscopia de infrarrojo adsorcidn-
desorcion de N2 a -196 2C y andlisis elemental para evaluar el contenido de nitrégeno de
los materiales funcionalizados con grupos aminos.

Las isotermas de adsorcion de CO; se midieron con un equipo Micromeritics ASAP
2020, mediante un analisis volumétrico a 25 2C. Previamente al analisis, los materiales
sintetizados fueron desgasificados a 115 2C y una presién de 10* mbar durante toda la
noche [4].

Resultados y Discusion

Los difractogramas de rayos X muestran como las reflexiones basales desaparecen
cuando se forma la heteroestructura porosa basada en montmorillonita mientras las no
basales se mantienen, lo que confirma la formacién de una estructura pilareada a lo
largo del eje c.

Las isotermas de adsorcion-desorcién de Nz a -196 2C muestran un incremento area

111



40? Reunido lbérica de Adsorgdo Evora, setembro 2016

superficial desde 116 m?g?! para la montmorillonita hast 625 m?g! para la
heteroestructura porosa basada en montmorillonita, lo que indica la formacién de una
estructura de alta porosidad tras el proceso de expansidn del espaciado basal y posterior
pilareado.

La adsorcién-desorcion de CO; a 25 oC (Fig. 1) de la heteroestructura mesoporosa
basada en montmorillonita muestra una mayor capacidad de capturar CO; (0.62 mmol
g') que la montmorillonita de partida (0.11 mmol g?). La incorporacién de grupos
aminos en la heteroestructura porosa basada en montmorillonita produce un progresivo
aumento de la adsorcidn de CO,, obteniéndose unos valores maximos de 1.14 mmol g*
para PCH-20A, 1.45 mmol g para PCH-60P y 1.64 mmol g para PCH-60T.
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Fig. 1. Isotermas de adsorcion de CO; a 25 2Cy 1 bar para la montmorillonita y las
heteroestructuras basadas en montmorillonita funcionalizados con grupos aminos.
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Introduction

Pollution of surface and ground waters causes risk to human health because of the
potential health hazards of its contents in organic and inorganic compounds [1-3].
Pesticides belongs to this group of hazardous compounds that may pollute water due to
their extensive application in agriculture, in particularly in developing countries like
Timor Lorosa’e. In the other side, concerning the solids wastes, mainly the synthetics
polymers, same restrictions affect the recycling possibilities and push them into the bin.

Carbon materials production is one of the areas with greatest interest of the scientific
and industrial communities and in particular the possibility of using mixtures of waste
materials as precursors for activated carbon (AC) production, which is environmental
and economical favourable. Most AC are referred as an effective adsorbent for the
separation and removal of unwanted compounds or substances from waste effluents,
once they exhibit a developed porous structure, can be produced from a variety of
carbonaceous raw materials and present also the possibility to be regenerated and
reused [1-2]. In practice, coal, agricultural by-products or lignocellulosic materials are
the main sources for the commercial AC production. Nevertheless, AC can be prepared
from a wide variety of relatively low cost, natural or synthetic precursors by chemical or
physical activation where the wastes can be economically valorised. The main innovative
aspect of this work is the production of high porous AC, by physical or chemical
activation, using CO; and the K,COs as activating agents respectively, from a synthetic
polymeric mixture, with polyethyleneterephthalate (PET) and polyacrylonitrile (PAN) as
precursors, for pesticides removals, such 4-chloro-2-methylphenoxyacetic acid (MCPA),
from the aqueous phase.

Materials and Methods

AC have been produced from PET and PAN separately or in a mixture, by physical
activation with carbon dioxide and chemical activation, with K2COs, with a ratio of 2, at
1073K. All AC were chemical and structurally characterized using the most used
techniques, such: determination of the point of zero charge (pzc), FTIR, elemental
analysis and by nitrogen adsorption at 77 K. Selected AC were tested on the MCPA
removals from the liquid phase, in an acidic medium, at 298 K. A fixed amount of
adsorbent was added to a flask containing the same volume of aqueous solutions with
different initial known concentrations of MCPA. The tests were completed with an
equilibrium time of 1 day. The residual concentrations of MCPA were determined by
UV-Vis spectrophotometry, at an appropriate wavelength.
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Results and Discussion

The production of AC was achieved using the most common industrial and consumer
solid waste, namely PET, alone or blended with another synthetic polymer such as PAN.
The PET-PAN mixture (1:1 W/W %) was subjected to carbonization, with a pyrolysis yield
off 31.9%, between that obtained with PET (16.9%) or PAN (42.6%) separately. By mixing
PET, as a raw material, with PAN (different ratio), an improvement in the final yield of
the AC production, for the same activation time, with CO,, was found. An increase of the
basic character, with a pzc around 10.5 and some characteristic bands on the FTIR
spectra were identified on these AC. Some textural properties were enhanced and all AC
revealed high apparent surface area getting 1400, 1230 and 1117 m?g* and pore volume
of 0.46, 0.56 and 0.50cm3g™ and an external surface area of 399, 20 and 13 m?%g?,
respectively with PET, PAN and PET-PAN. The PET-PAN chemical activation, with K;CO3
allows to produce AC with a microporous structure well developed, presenting a higher
surface area (superior to 2000 m?g™) and micropore volume (0.95 cm3 g%, when
compared with those prepared by physical activation.

Selected AC were tested on the MCPA removals from the liquid phase. Those
prepared by physical activation exhibit a MCPA adsorption varying from 1.0 mmolg™ on
PET-PAN-1:1-81200, 1.2 mmolg* on PAN-8960 and to 1.7 mmolg™® on PET-8300. Those
prepared by chemical activation presented a very high MCPA adsorption capacity,
varying from 1.9 mmolg™ on PET-K,COs3, 3.5 mmolg™* on PAN-K>CO3 and 3.8 mmolg™ on
PET-PAN-1:1-K,COs. Concerning these adsorption systems, the controlling factor seems
to be the porous volume and the mean pore size rather than the apparent surface area.

As a remarkable result is the use of different synthetic polymers wastes, which are
often found mixed in the environment, as precursors for the AC production, with
exceptional potential application on pesticides removals from the liquid phase.
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Introduccién

Los materiales porosos, incluyendo carbones activados y MOFs, han sido
ampliamente propuestos en la literatura como adsorbentes prometedores en el
almacenamiento de metano a altas presiones [1,2]. Mientras que los materiales MOF
son capaces de alcanzar el nuevo valor fijado por el DOE de EEUU (263 v/v), a presiones
moderadas (alrededor de 5 MPa en el caso especifico de HKUST-1), materiales de carbén
de alta superficie requieren presiones mas grandes (cerca de 10 MPa) para llegar a este
objetivo [1,2]. A pesar del comportamiento prometedor de los MOFs en comparacién
con los carbones activados, estos materiales presentan como inconveniente su baja
estabilidad mecanica cuando se someten a una etapa de conformado, asociada a dafos
estructurales irreversibles. Estudios recientes de nuestro grupo de investigaciéon han
demostrado que la capacidad de adsorcién de CHs en HKUST-1 puede disminuir hasta
un 50% después de una etapa de conformado a 1,5 toneladas. Contrariamente a los
MOFs, los carbones activados se caracterizan por una elevada estabilidad estructural y
rigidez mecanica, de tal forma que estos materiales preservan sus excelentes
propiedades de adsorcidn después de un conformado.

Con estos antecedentes, el presente trabajo plantea la sintesis y caracterizacién de
materiales hibridos MOF@AC preparados mediante nucleacién y crecimiento de
nanocristales de MOF en las cavidades de un carbdn activado perfectamente disefiado
para este fin [3]. En una segunda parte del trabajo también se evalud la nucleacidn de
cristales de MOF en las cavidades de un monolito de carbén activado, con el fin de
obtener monolitos hibridos.

Materiales y métodos

Para la sintesis de los materiales hibridos MOF@AC y para los monolitos se selecciond
como material huésped el MOF “HKUST-1", debido que este MOF presenta una elevada
capacidad de adsorcion, pero a su vez experimenta una disminucion drastica de su
capacidad cuando es sometido a una etapa de conformado.

Respecto a la matriz de carbdn se escogido el material LMA726, procedente de
activacion quimica con KOH de un residuo de petrdleo. Este carbdn se caracteriza por
una buena resistencia mecdnica, una superficie aparente elevada (superior a 3000 m?/g)
y una estructura porosa muy desarrollada (contiene micro / meso y macroporos). En
la formacion de los monolitos hibridos también se utilizé una brea de mesofase como
fuente de carbdn, debido que estas breas tienen la propiedad de auto-sinterizacién, es
decir, permiten obtener monolitos sin necesidad de un agente ligante. La sintesis de los
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materiales MOF@AC se realiz6 modificando la sintesis del HKUST-1 realizada por J.T.
Hupp y colaboradores [1]. En concreto, se afiade el carbdn activado inicialmente junto
con el linker, después de 15 min se afiade el precursor metdlico y se utiliza agitacion
durante toda la sintesis. En la segunda parte del trabajo, los monolitos hibridos se
sintetizaron confinando los cristales de HKUST-1 sin agitacién y estudiando el efecto del
etanol en la formacion de los cristales confinados. Los materiales hibridos se
caracterizaron mediante SEM, DRX, TG e Isotermas de adsorcién de nitrégeno a 77K.

Resultados y discusién

Los estudios de adsorcién de Nz a 77 Ky de difraccidon de rayos-X confirman que los
materiales hibridos MOF@AC sintetizados en este trabajo son capaces de soportar una
elevada compresion mecanica, preservando al mismo tiempo las excelentes
propiedades de adsorcién del MOF confinado y la estabilidad estructural (Figura 1).
Estudios de adsorcion de metano a 252C demuestran que tras el conformado los
cristales confinados son capaces de mantener las propiedades de adsorcidn del material
MOF original.

—MOF - —— MOF@AC50
- —— MOF (0,5T) — 222 —— MOF@AC50 (0,5T)
N —— MOF (1,0) < —— MOF@AC50 (1,0T)
- e ——MOF (1,5T) =2 —— MOF@ACS0 (1,5T)
o 5
57} [1-]
S S
w w
= e
= =
10 20 20 4z 50 1 20 20 40 i
28 28

Fig. 1. Difraccidn de rayos X del MOF original y conformado, asi como del hibrido
con el 50% de carbén (MOF@ACS50) original y después de conformar.

En la segunda parte del trabajo, los monolitos hibridos presentan una buena
distribucién de cristales de MOFs tanto dentro como en el exterior del monolito, y se
caracterizan por tener una buena capacidad de adsorcién, asi como propiedades
mecanicas mejoradas con respecto al monolito de carbdn original.
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Introduction

Pentanol isomers, also known as amyl alcohols, form a group composed of
1-pentanol (1P), 2-pentanol (2P), 3-pentanol (3P), 3-methylbutanol (3MB),
2-methylbutanol (2MB), 3-methyl-2-butanol (3M2B), 2-methyl-2-butanol (2M2B) and
2,2-dimethylpropanol (22DMP). They are often generated as side products in the
chemical, pharmaceutical or biochemical industries. Their physicochemical similarities
make the purification of these compounds difficult and require a multi-step process,
which is economically and energetically costly, polluting and time consuming. Thus,
alternative options for the purification of these isomers are highly desirable. In this
study, we explore specifically the separation by adsorption with a specific, promising
adsorbent material.

ZIF-77 is a framework from the Zeolitic Imidazolate family that is not based on any
zeolitic topology [1]. The combination of zinc atoms and nitroimidazol generates a 2D
system of channels which has been able to demonstrate high selectivities in
hydrocarbons [2]. We used molecular simulations to evaluate the suitability of this
structure for the separation of pentanol isomers and unravel how the adsorption
selectivity is related to molecular structure.

Materials and Methods

Configurational bias Grand-Canonical Monte Carlo simulations yielded adsorption
isotherms of each compound and equimolar mixtures, at room temperature and in a
range of fugacities up to 100 kPa.

Results and Discussion

For a material to be an acceptable adsorbent, the first hurdle is that the guest
molecule must be able to enter the structure and move within the structure. To illustrate
the accessible part of the structure for each alcohol, the diffusion trail of a randomly
inserted molecule is recorded (Figure 1). 1P is able to access both the z-channels and the
narrower x-channels, 2P and 3M2B molecules are restricted to the z-channels, whereas
22DMP (and 2M2B) would only fit in the central region of a pore cavity due to their
bulkiness. Therefore, the latter molecules cannot enter the structure and are discarded
from further consideration. The preferential order of adsorption in ZIF-77 was
determined based on permselectivities (Table 1): 1P >> 2P > 3P > 3MB > 2MB >> 3M2B.
Two permselectivities are especially high, 1P over 2P, and 2MB over 3M2B.

For the sake of the discussion, the structural isomers of pentanol can be divided in
four categories based on their heavy-atom skeleton: 1P would therefore be a linear
molecule, 2P, 3P, 3MB and 2MB monobranched molecules, while 3M2B, 2M2B and

117



40? Reunido lbérica de Adsorgdo Evora, setembro 2016

22DMP would be dibranched molecules. We find it useful to separate the latter three
into molecules dibranched on different carbon atoms (3M2B) or on the same carbon
atom (2M2B and 22DMP). Molecules from different categories can be separated very
effectively, whereas molecules of the same category have similar permselectivities.

Fig. 1. Molecular dynamics trajectories of adsorbates within the framework in zx-
view for four adsorbates: 1P, 2P, 3M2B and 22DMP.

Table 1. Permselectivity for alcohol molecules

Molecule i Moleculej Permselectivity
1P 2P 500
2P 3VB 40
3P 2MB 25
3VB 2VB 46
2MB 3M2B 39
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Introduccién

El carbon activado es cada vez mas utilizado como adsorbente catalizador y soporte
de catalizadores. El material de carbono puede prepararse a partir de una variada gama
de materiales de partida por los métodos de activacion fisica y activacidon quimica [1].
En este segundo caso, los agentes quimicos mas utilizados son H3POa, ZnCl, y KOH. La
seleccion del agente quimico mds apropiado para un fin determinado es fundamental
ya que determina no solo el rendimiento del proceso, sino también, y lo que es igual o
mas importante, las propiedades texturales y quimico superficiales del producto
obtenido. Y también puede influir en el tamafio de particula de producto final. KOH ha
sido utilizado con bastante frecuencia como agente activante [2]. Con KOH, un factor
esencial en relacion sobre todo con el desarrollo textural conseguido es la forma de
efectuar las impregnacion, bien con el producto en disolucién acuosa o en estado sdlido.
Los resultados obtenidos suelen ser discrepantes en ambos casos aun cuando cabe
suponer que la impregnacion del sustrato, ya sea en la etapa de carbonizacién o en la
etapa de carbonizacion segln el caso, tenga lugar mediante sucesivos procesos de
mojado e imbibicidn. Aunque hasta la fecha se han publicado numerosos mecanismos
de reaccion [3-5], aun no esta suficientemente claro las diferencias observadas en la
generacion de porosidad de distinto tamafio. Debido a ello, como comienzo en el
desarrollo de una nueva linea de investigacion sobre la activacién con KOH, en esta
comunicacion de presentan los resultados preliminares obtenidos en el estudio de la
influencia del método de impregnacion de huesos de cereza sobre el comportamiento
térmico de las muestras.

Materiales y Métodos

En este estudio se han utilizado huesos de cereza (HC) proporcionados en la
Agrupacion de Cooperativas del Valle del Jerte (Valdastillas, Caceres). Los huesos fueron
primero secados al aire y depués reducidos de tamafio y tamizados, seleccionandose la
fraccién de particulas de tamafo comprendido entre 1y 2 mm. Para HC, los datos de los
analisis aproximado (base seca) y elemental son: humedad, 5.4%; materia volatil, 75.8%;
cenizas, 0.25%; carbono fijo, 23.9; C, 51.1%, H, 6.5%, N, 0.4%, S, 0.02%; O, 42.0%. La
impregancion de HC se llevo a cabo por via himeda y via seca. En el primer caso, la
impregnacion con KOH tuvo lugar a 25, 45 y 85 2C. Ademas, a la disolucion de
impregnacion se incopord NHs o HCl y, con fines comparativos, también se utilizé una
disolucién de KCI. En el segundo caso, tan solo se emplearon KOH y KCI. El analisis de
HC, KOH y de las muestras de HC impregnados se realizd por termogravimetria-
espectrometria de masas (TG/DTG-EM) en una termobalanza Setaran, Setsys
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Evolution-16, acoplada a un espectrometro de masas Omnistar, Pfeiffer Vacuum,
calentando entre 25 y 900 2C a una velocidad de 10 2C/min en atmdsfera de helio (50
mL/min). Los gases analizados a la salida de la balanza fueron H,0, CO, y CO.

Resultados y Discusion

Los resultados obtenidos en el anadlisis de las muestras ponen de manifiesto la
existencia de notables diferencia en el comportamiento térmico de las muestrasy en la
composicion de la mezcla de gases salientes, sobre todo cuando se emplea KOH sélido
en comparacion con KOH y KOH con HCl en disolucién, y KCl; a diferencia de lo que
sucede con NH3 y efectuando la impregnacion a distintas temperaturas. En relaciéon con
los cambios de composicién, se ha de tener presente que los mismos son atribuibles
tanto a la degradacion térmica de HC y KOH como al efecto de activacidon quimica debida
KOH. Los gases liberados son H,0, CO, y CO a bajas temperaturas y CO también a
temperaturas mas altas. Ademas, la cantidad de este Ultimo gas es mucho mas elevada
solamente cuando se utiliza KOH sdlido en el tratamiento de impregnaciéon, como
muestra la Fig. 1. Por otra parte, el nimero efectos térmicos que ocasionan liberacién
de gas es mayor para H,0 y CO que para COa.

Muestra C4

20

Intensidad Gas (u.a.)
TG/ mg

T T T
0 200 400 600 800
Temperatura / °C

Fig. 1. Comportamiento térmico de la muestra preparada con KOH sélido. Variacién
de la masa de muestra y de la composiciéon quimica de la mezcla de gases con la
temperatura.
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Introduction

The hydrothermal carbonization can be considered an environmental friendly
process for the production of carbon materials with tailored properties, such as regular
porous structure and specific surface chemistry. This process is easy to perform and uses
mild temperatures without the use of solvents or gases, which results in a positive
environmental balance when compared with the usual pyrolysis process [1]. Diabetes
affects more than 152 million people in Europe and is on the rise all over the World.
Metformin is one of the most used drugs to treat type 2 diabetes. This drug is an
endocrine disruptor with a potential negative impact in the environment due to the fact
that metformin is almost not metabolized in the human body and the incorrect disposal
into the domestic garbage. Another relevant aspect is the danger of overdose intake of
the drug that can lead to lactic acidosis, which in extreme cases can be lethal. The work
now reported study the in vitro adsorption of metformin onto activated carbons using
simulated gastric and intestinal fluids.

Materials and Methods

The precursor chitosan (Agros Organics) was submitted to a hydrothermal
carbonization process using an autoclave heated in an oven at 2002C for 24h using a
water:precursor ratio of 1:6. The resulting char (Q200-24) was then activated in a
horizontal furnace with carbon dioxide at 8002C for 1, 3 and 5h (AC-1, AC-2, AC-3) and
by chemical activation with CaCOs3 by impregnation with a ratio 1:10(w/v) followed by
pyrolysis at 8002C for 1, 3 and 5h (ACa-1, ACa-2, ACa-3). The sample AC-5 was oxidized
with nitric acid at 9002C for 1h (AC-50x). All materials were characterised by SEM, FTIR,
elemental analysis and nitrogen adsorption isotherms at 77K. The metformin adsorption
was done at 379C using gastric and intestinal simulated fluids with pH 1.2 and 7.5,
respectively.

Results and Discussion

The results of the samples’ characterisation can be seen in table 1. Regarding the
elemental analysis we can see a notewhorthy nitrogen content, between 6 and 10%,
which is attributed to the precusor used, naturally rich on nitrogen. The porous structure
was well developed with apparent surface area (Ager) within the range 420-1400m?g™*
and pore volume and external area, as estimated by the alfa-S method (Vs and Aex,
respectively) in the range 0.18-0.69cm3g?! and 21-224m?g?l. All activated carbon
samples have basic properties with point of zero charge (pzc) superior to 8. The
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oxidation with nitric acid has lead to a decrease of the pzc value but without any
significant change on the porous structure. By FTIR it was possible to identify the
presence of several surface functional groups, namely hydroxyl, amines, carbonyl and

lactones. The sample AC-50x shows the presence of carboxylic acid and ester.

Table 1. Characterisation of the samples

Elemental analysis / % Porous structure
Sample PHpzc Ager Vs Aext Vo
¢ N i © /m’g! | [emig! | /m’g! | [em3g?
Chitosan - 40.38 | 7.72 | 7.81 |33.70 - - - -
Q200-24 6.01 | 59.62 | 10.07 | 4.97 | 16.42 10 - - -
AC-1 9.34 | 7594 | 5.80 | 1.23 | 8.73 423 0.18 24 0.17
AC-3 8.76 | 83.20 | 5.23 | 0.25 | 10.69 | 1095 0.44 21 0.42
AC-5 8.77 | 81.08 | 593 | 1.00 |11.92 | 1023 0.41 18 0.39
ACa-1 - 80.06 | 592 | 0.87 | 9.13 642 0.29 19 0.28
ACa-3 - 81.13 5.25 1.04 | 10.47 852 0.36 22 0.34
ACa-5 - 85.32 5.45 0.93 | 12.85 1432 0.69 222 0.54
AC-50x 2.54 | 44.02 3.22 0.77 | 23.92 1034 0.46 36 0.38

The metformin maximum adsorption capacity in gastric (FG) and intestinal (FI) fluids is
shown in table 2. We can see that adsorption is higher when Fl is used. This difference
cannot be only explained with the porous structure of the materials but also with

chemical interactions between the nitrogen
functional groups and metformin, reason why the
adsorption onto sample Q200-24 is so high. The
adorption mechanism seems to include also the
electrostatic interactions that can explain the low
adsortion in FG, where metformin is totally ionised
aquiring a positive charge like the surface of the
activated carbon samples.
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Table 2. Metformin adsorption
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Introduccién

Las emisiones de diéxido de carbono procedentes de los combustibles fdsiles
conllevan a una gran preocupacién debido a su importante impacto en el ambiente. Se
han propuesto varios métodos de captura de CO,. Un amplio rango de materiales
porosos adsorbentes se ha utilizado para este propdsito, tales como, sélidos
mesoestructurados, zeolitas, oéxidos metdlicos, materiales MOF (“Metal-Organic
Framework”). Como es sabido, los grupos amina pueden mejorar potencialmente la
quimisorcion de CO,. Ademads, los materiales nanoporosos se pueden modificar con
grupos amina y, potencialmente, pueden mejorar el rendimiento de esta interaccién [1,
2].

En este trabajo materiales nanoporosos de base silicica, MCM-41 y SBA-15, han sido
elegidos como material de partida para su funcionalizacidon con diferentes aminas,
posterior caracterizacion, y evaluacion como adsorbentes de CO..

Materiales y Métodos

Se ha utilizado el método “grafted” o de injerto para incorporar 3-
aminopropiltrimetoxilane (APTMS), introduciendo grupos amino por reaccién quimica
entre los grupos silanoles de la superficie de los materiales nanoporosos y aminosilanos.
Los materiales sintetizados se van a denominar: MCM-41(x) o SBA-15(x) donde “x”
representa los milimoles de APTMS por g de soporte.

Ademas, se ha utilizado el método de impregnacidon hiumeda con polietilenimina (PEI)
de bajo peso molecular. Los materiales sintetizados se van a denominar: PEI-MCM-41(y)
o PEI-SBA-15(y) donde “y” representa el porcentaje de PEl incorporado en el soporte.

La evaluacién y el analisis de la adsorcién de CO; fue llevado a cabo por dos métodos.
En el primer método, se han llevado a cabo isotermas de adsorcién-desorcion de CO;
puro a 298K con una presion entre 0-1 atmaosferas (at), en un equipo Micromeritics ASAP
2010. Antes de cada analisis se llevd a cabo la desgasificacion de las muestras a 383K,
bajo vacio durante 6h. También se han realizado estudios de captura de CO; a 298K
utilizando un equipo Setaram Setsys Evolution-1700 de termogravimetria (TG) con
diferentes relaciones de concentracion N,/CO,. Paralelamente, se evalué la idoneidad
de las muestras para un uso ciclico. Un aumento de masa en las muestras durante el
experimento es considerado como la capacidad de adsorcién de CO; de las mismas.
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Resultados y Discusion

A partir de los datos de la Tabla 1 se observa que la adsorcién de CO; para los
materiales funcionalizados presentan un comportamiento diferente al de los materiales
de partida de silice nanoporosa (MCM-41 y SBA-15). Para la mayoria de los materiales
funcionalizados la diferencia de captura de CO; es pequeia independiente del intervalo
de presidn utilizado, indicando un proceso de quimisorcion [3]. Sin embargo, los valores
de captura de CO; de los materiales de partida (MCM-41 y SBA-15) se aprecian que
existe una gran diferencia dependiendo del rango de presion, y también una completa
reversibilidad del proceso de desorcién debido a un mecanismo de adsorcion fisica.

En la Tabla 2 se encuentra la captura maxima (porcentaje en peso) de CO; obtenidos
por TG para dos ciclos ensayados. Aunque estos valores son menores, son consistentes
con los obtenidos a partir de las isotermas, considerando que aquel era un proceso
estatico con CO; puro y ahora es flujo dindamico con una relacién del 10% de CO,. Por
otra parte, se observa que en los materiales amino-funcionalizados la captura de CO; es
siempre menor en el segundo ciclo que en el primero. Este hecho indica que la
regeneracion no es completa debido a que la contribucién del proceso de quimisorcién
impide la regeneracion total.

Tabla 1. Capacidad de adsorcion de CO; de las muestras a 1.0 y 0.1 atmdsferas (at),
obtenidas a partir de las isotermas de adsorcion de CO;a 298K.

Muestra  CO,(1.0 at) CO,(0.1 at) Muestra CO,(1.0at) CO(0.1at)

/cm3/g /cm®/g /em*/g  [emi/g
SBA-15 20.8 3.5 MCM-41 20.7 2.1
SBA-15(4) 45.5 34.3 MCM-41(5) 29.5 22.1
SBA-15(20) 23.2 15.2 MCM-41(7.5) 33.5 27.6
SBA-15(40) 3.1 0.9 MCM-41(10) 39.1 29.4
PEI-SBA-15(20) 9.9 5.7 PEI-MCM-41(20) 6.3 4.1
PEI-SBA-15(40)  34.4 29.0  PEI-MCM-41(40) 7.0 4.4

PEI-SBA-15(60)  22.3 18.0  PEI-MCM-41(60) 18.1 11.9

Tabla 2. Porcentaje de captura de masa de CO; (%) por TG en el primer y segundo ciclo.

Muestra CO2 (%) CO2 (%) Muestra CO2(%) CO2(%)
Ciclo1 Ciclo 2 Ciclo1 Ciclo 2
SBA-15 0 0 MCM-41 0 0
SBA-15(4) 4.3 4.2 MCM-41(7.5) 4.2 4.0
PEI-SBA-15(40) 4.7 4.5 PEI-MCM-41(60) 1.9 1.8
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Introduccién

El crecimiento continuo del mercado de carbones activados (CAs) ha movido a la
comunidad cientifica a intensificar la busqueda de nuevos precursores renovables y de
bajo costo, que puedan servir para la produccién de materiales adsorbentes altamente
porosos, con alta capacidad de adsorcidn, versatiles y con grupos funcionales “a la carta”
para diferentes aplicaciones. Asi, en el marco de los materiales lignoceluldsicos, son
muchos los estudios conducentes a estudiar la potencialidad de cascaras, huesos o
maderas de diversos tipos.

En este trabajo, se han preparado diferentes carbones activados (CA) a partir de
semilla de Aguaje, un fruto muy abundante y consumido en paises del centro y norte de
Sudamérica. Mediante procesos de activacion fisica (AF) y quimica (AQ), asi como por
hidrocarbonizacion (HC), se prepararon materiales adsorbentes carbonosos, con
diferencias en su porosidad y quimica superficial. Su aplicabilidad en el tratamiento de
aguas fue estudiado con dos compuestos organicos: el farmaco Acido Nicotinico, y el
tinte, Azul de Metileno.

A partir de las isotermas de adsorcién y su correspondiente modelamiento se
determinaron los pardmetros caracteristicos de cada adsorbente y se estudid el
mecanismo de adsorcién implicado.

Materiales y Métodos

Los adsorbatos empleados han sido el acido nicotinico (CsHsNO,, Sigma Aldrich S.A),
y azul de metileno (C16H1sCIN3S, Panreac). El precursor utilizado fue la semilla de Aguaje,
procedente de la regién amazdnica del Pera.

Se prepararon cinco tipos de CAs, tres por AF (C-steam Mediante vapor de agua a
850 °C, 12 min.; Cco2 mediante CO; a 850 °C, caudal de 40 mL mint, 10 min.), uno por
HC (Crc, obtenido a 220 °C, 20 horas) y dos por AQ empleando acido fosfdrico al 80%
con una relacion 0,75 guspoa/ Eprecursor (Chem-60 durante 60 min y Chem-90 durante
90 min.)

Para caracterizar los CAs se utilizaron las técnicas de adsorcion de N, a 77K
(AUTOSORB-1, Quantachrome) y punto de carga cero (mediante volumetria).

Los ensayos de adsorcién en equilibrio siguieron el método de inmersién
manteniendo en contacto en régimen de agitacién y temperatura constantes, una
determinada cantidad del sélido con un volumen de disolucion de cada adsorbato de
concentraciéon conocida hasta alcanzar el equilibrio. La concentracion de las
suspensiones fue determinada mediante espectrofotometria UV-Vis. (UNICAM, HeAios).
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Resultados y Discusion

Los resultados del andlisis de porosidad de los CAs mostraron que el tipo de
tratamiento condiciona claramente el desarrollo de la porosidad obtenida en el
material. Asi, los carbones preparados mediante AF y AQ fueron microporosos, y el
carboén obtenido mediante HC presentd escasa porosidad, concentrada en la zona de
mesoporos. Ademas, la AQ condujo a mayores valores de la superficie especifica del
carbdn (valores de Sger de hasta de 938 m?2/g) comparado con la AF, la cual, a su vez, fue
mas efectiva cuando se utilizé vapor de agua. Se encontraron asimismo diferencias
significativas en cuanto a la quimica superficial de los adsorbentes. De este modo, los
carbones preparados por AQ fueron muy acidos, los de AF, muy basicos, y el HC presento
un punto de carga cero cercano al pH neutro.

Las mencionadas disimilitudes afectaron de forma diferente a los procesos de
adsorcidén, en funcidn del adsorbato empleado. En la Fig. 1 se presentan las isotermas
de adsorcion. En dicha representacién, la linea continua muestra el ajuste de los
resultados experimentales obtenidos mediante la aplicacion del modelo de Langmuir en
su forma no lineal.

Azul de Metileno Acido Nicotinico
200 150 -
e Chem-80 & Chem-60 o Chem-90
800 1 ,c.steam -c-cO2 >Chem-50 .
4 L-2>team
700 mHC ce02
600 -

100 { ®HC L
500 t
400 -
300 -
200 -
100

0

Geq: Mg g7

0 100 200 300 400 500 0 100 200 300 400 500

Ceqmg L Ceqmg L
Fig. 1. Isotermas de adsorcién obtenidas para los adsorbatos estudiados

Como puede observarse, para bajas concentraciones de Azul de Metileno el CA que
presenta mayor afinidad es el C-Steam, poniendo de manifiesto que las interacciones
mas influyentes son las M-M para los CA basicos. En cambio, para concentraciones
mayores del adsorbato se observa que las curvas de C-co2 y Chem-60 siguen creciendo
mostrando mayor capacidad de adsorcion y presentando mayor afinidad.

En el caso del d4cido nicotinico las isotermas con mayor pendiente son las
pertenecientes a los CA quimicamente, comportamiento que se atribuye al caracter
acido de dichos CA, teniendo en cuenta que la molécula se encuentra protonada en esas
condiciones. También se aprecia que un aumento del tiempo de contacto en la AQ no
favorece la afinidad con el adsorbato (posiblemente debido a una posible obstruccién
de los poros que se observé en este caso).
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Introduction

Mitigation of global climate change requires urgent and drastic reduction of carbon
dioxide emission from the combustion of fossil fuels [1]. Among various technologies, a
number of solid sorbents including zeolites, functionalized porous silica, metal-organic
frameworks (MOFs), and carbonaceous materials have proved to be effective for carbon
dioxide capture and storage [2]. There is no ideal adsorbent, and each one possesses
particular advantages and drawbacks. However, the use of carbon-based materials is
especially promising because of their relatively low cost and easy regeneration. Hence,
the objective of this work was to synthesize and characterize activated carbons using a
plastic waste as precursor, and to explore their potentialities towards CO, capture
considering different emission scenarios.

Materials and Methods

PET wastes were used as precursor to synthesize nanoporous carbons. Details on the
experimental conditions have been reported elsewhere [3,4]. Briefly, the plastic wastes
were pyrolyzed under a N; flow at 10 mL min™ (i.e., 120 °C for 1 h, followed by 300 °C
for 2 h and then 500 °C for 2 h) to produce a char. Subsequently, the char was activated
under CO, atmosphere (i.e., 925 °C at 10 mL min') for 12 and 24 hours to generate
samples with different burn-of degrees. The samples were labelled as ACPX-Char (after
carbonization), and ACPX-t being t the time of activation in hours. The textural
characterization of the prepared carbon materials was carried out by means of N, and
CO; adsorption isotherms at, respectively, -196 and 0 2C. The distribution of pore sizeds
(PSD) was obtained using the 2D-NLDFT-HS model applied to the nitrogen adsorption
isotherms [5]. Further characterization was carried out by helium density,
thermogravimetric analysis, surface pH and elemental analysis. The CO, capture was
evaluated at equilibrium and dynamic conditions at 20-100 °C.

Results and Discussion

Figure 1 shows the N, and CO; adsorption/desorption isotherms of the prepared
samples. The corresponding main textural parameters obteind from the gas adsorption
data are compiled in Table 1. As seen, the char resulting from the carbonization of the
PET waste at high temperature exhibits a rather high porosity (i.e., apparent surface are
of 450 m2/g). The activation under carbon dioxide atmosphere incresed significantly the
porosity (as expected), giving rise to the formation of new pores and the enlargement
on the existing narrow micropores (as inferred from the CO; adsorption isotherms).
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Table 1. Main textural parameters of the prepared carbon materials obtained from
gas adsorption.

SgeT Caer Vroracrores®  Wo, N2®  Wo, CO; €
[m?g?] [cm3 gt [em?g?]  [em?g]
S.T.P.]
ACPX-Char 450 - 106 - 0.234
ACPX-22 985 1120 264 0.367 0.367
APCX-41 1365 490 380 0.502 0.495

ATotal pore volume, evaluated at relative pressure of 0.99
B Evaluated from the NLDFT method

€ Evaluated from Dubinin-Stoeckli method
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Figure 1. N, and CO; adsorption isotherms obtained, respectively at -196 and 02C of

the synthesized carbons.
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Introdugao

As questGes ambientais e de salde publica estdo cada vez mais presentes na agenda
internacional. Em particular as consequéncias indesejadas da utilizacdo de pesticidas na
agricultura, em paises em desenvolvimento, sdo um dos tépicos de maior atengdo tanto
ao nivel politico, social como cientifico [1].

Entre as técnicas mais utilizadas para a redu¢dao ou remocgao destes poluentes a partir
de dguas contaminadas (naturais, consumo ou residuais) estd a adsorgao recorrendo a
carvles ativados [2]. Esta estratégia ganha importancia quando é possivel valorizar os
desperdicios de recursos endégenos de cada regiao.

Este trabalho segue esta linha, pela via do aproveitamento de desperdicios
lenhocelulésicos de origem angolana na produgdo de carvdes ativados para utilizagdo
na remogdo de um pesticida de largo espectro de aplicagdo na agricultura.

Materiais e Métodos

Os carvdes ativados foram produzidos a partir de desperdicios de dois tipos de
madeira caracteristicos da regido de Benguela, o Embondeiro e a Candeia. Os
adsorventes foram preparados por ativacado fisica com diéxido de carbono (CO;) num
forno horizontal, em condicGes térmicas ajustadas e tempos de ativacdo distintos, de
forma a obter materiais com propriedades estruturais distintas.

O precursor e as amostras preparadas foram caracterizadas quimica e
estruturalmente, recorrendo as técnicas mais comuns neste tipo de ensaios,
nomeadamente, termogravimetria, FTIR, andlise elementar, pcz e adsorcdo de
nitrogénio a 77 K.

Algumas amostras selecionadas foram testadas na adsorcdo do pesticida Diuron,
3-(3,4-Dichlorophenyl)-1,1-dimethylurea, em solucdo aquosa a 298 K. Ensaios cinéticos
iniciais permitiram estabelecer um tempo de equilibrio para estes sistemas de 24 h. A
determinacdo da concentracdo do pesticida foi efetuada por UV-Vis a um comprimento

de onda carateristico.
Cl
)@
Cl NI Nldk

Ho GH,

Fig. 1. Molécula de Diuron.
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Resultados e Discussao

A caracterizagdo das amostras produzidas permitiu verificar o potencial destes
precursores para a produgcdao de carvoes ativados. Estes apresentam propriedades
estruturais e quimicas semelhantes a outros que surgem na bibliografia da especialidade
[3]. Os materiais produzidos sdao essencialmente microporosos tendo-se observado que
um incremento do tempo de ativagao com CO; leva a um aumento da area superficial
especifica, do volume poroso e pequenas variacdes da area superficial externa. Os
valores obtidos com o precursor Embondeiro mostram valores de area superficial
aparente na ordem dos 1148 m?g™, volume poroso de 0,52 cm3g™! e uma area externa
de 64 m?gl, para uma amostra com um grau de queima, GQ, intermédio de 64%. Em
termos de quimica de superficie todos os carvées ativados mostram um caracter basico.

Amostras selecionadas foram testadas na adsorcdo de Diuron com desempenhos
distintos que podem ser explicados essencialmente pelas suas diferencas estruturais.
Observa-se um incremento da quantidade adsorvida do pesticida quando a drea
superficial e o volume poroso aumentam. A titulo de exemplo, para a amostra com um
GQ de 64% alcangou-se uma quantidade adsorvida de ~350 mg por grama de
adsorvente, para uma concentracdo de equilibrio de ~10 mgL™.

400

350

300

< 250
(=]
£ 200+ —>—MEMB - 63
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—O0—MEMB - 16

—O— M EMB Carb
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Ceq/mg L™
Fig. 2. Isotérmicas de adsorgao de Diuron numa série de amostras preparadas a
partir de Embondeiro.
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Introduction

Foams can be defined as the materials formed when a liquid or a solid encloses
gaseous regions, and they are a type of porous materials of increasing interest. In
particular, metal foams are solid metal structures in which a large percentage of their
structure is hollow, so that gas molecules can stay within, or diffuse through, the
material. A number of possible applications of metal nanofoams (foams in which the size
of the pores is of the order of nanometers) have been investigated[1]. The search for
new materials has yielded interesting results regarding nanofoams.

There are several techniques with which to synthesize metal nanofoams, such as
dealloying[2], sol-gel synthesis, nanosmelting, combustion synthesis, templating,
etc[3]. With the help of appropriate templates it is possible to develop new nanoporous
materials with unique structures, morphologies and properties[4]. One drawback of the
metal nanofoams that have been investigated so far is that they have disordered
pores[5], with sizes of the order of several nm[6,7]. In this work, we study a new type of
metal nanofams, in which the pores are highly ordered and their sizes vary from 0.5 nm
to less than 4 nm.

Materials and Methods

As templates for the formation of nanofoams with a range of porosities we have
employed materials with different topologies, namely zeolites and Metal-Organic
Frameworks (MOFs). A crystalline bulk metal structure is then superimposed with the
template. We consider the sum of the metal Van der Waals radii and depending on the
structure, the sulfur one or the hydrogen one. According to this, all metal atoms that are
closer than this distance to a framework atom are removed.

We have constructed different zeolites using the cristobalite and the sodalite as
initial structures. These ones are non-porous polymorph of quartz, but it is possible to
synthesize highly porous zeolite structures with these topologies, but instead of having
SiO4 tetrahedra in the T sites, having tetrahedral structures composed of four SiOa
tetrahedra, called T2 supertetrahedra. We named this material is named ST2. The
porosity can be further increased by using T3 supertetrahedra, which are structural units
built up by arranging four T2 supertetrahedra to form a larger tetrahedron, and
consequently T4 supertetrahedra are composed of four ST3 supertetrahedra. The
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structures are named ST3 and ST4 respectively. It is clear that ST3 is more porous that
than ST2, but less than ST4. The use of supertetrahedra Tn clusters to form zeolite-like,
3D open-framework chalcogenide materials has been studied experimentally[8]. The
tetrahedral sites of the zeolites are then substituted (employing the code
TOBUNPOROUS[9]).

We carried out a simulation study of all these nanofoams, for five different metals,
focusing on the influence that the level of porosity has on the mechanical properties of
these materials. The first property we have focused on is the thermal stability of the
structures. In order to predict which materials might be synthesized, we minimised the
as-generated structures, and carried out MD simulations for increasing temperatures.

Results and Discussion

We found that some of the structures collapse right at the beginning of the MD
simulations, but there are very stable topologies, for which the nanofoams can
withstand very high temperatures and keep the crystallinity, such as SOD-ST3, SOD-ST4
and CRI-ST3 and CRI-ST4. We have also studied their thermal expansion coefficient
within the range of temperatures where they are stable. In order to be used in gas
separation of catalysis applications, the stable structures should be able to allow the
flow of molecules. We therefore studied the diffusion of four relevant molecules
(benzene, ortoxylene, metaxylene and paraxylene), within four of these materials,
namely Ag-CRI-ST3, Pt-CRI-ST3, Pt-PCN6p and NDC-MIL101.
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Introduction

Zeolites are crystalline microporous aluminosilicates that have been widely used as
heterogeneous catalysts and also as adsorbents, due to a combination of properties
such as high thermal and mechanical stability, well defined pore sizes and intrinsic
acidity. However, in the presence of large molecules, the diffusion limitations hinders
the use of these materials. In this sense, efforts have been made to incorporate
mesopores into zeolites. Recently, Garcia-Martinez et al. [1], proposed an alkaline
treatment in the presence of surfactant molecules in order to generate hierarchical
zeolite materials with controlled size mesoporosity. In the present work Y zeolite (FAU
structure) was submitted to alkaline treatment with NH4OH in the presence of CTAB
surfactant, under autogenous pressure. The influence of the pH of the reaction mixture
in structural and textural properties of the obtained materials was investigated.

Materials and Methods

The parent material Y zeolite was supplied by Zeolyst (CBV500; lot. 50006N00322B),
that according with the technical report has a SiO,/Al,03 = 5.2. The samples were
prepared according to the procedure described in [1]. The parent material was
submitted to a pre-treatment with citric acid (1 mmol of acid per gram of zeolite) to
obtain sample HY. To promote the envisaged textural changes, 0.35 g of HY was
suspended in 21.3 mL of a 0.37 M solution of NH4OH containing 0.25 g of cetyltrimethyl
ammonium bromide (CTAB), under stirring for 30 min. The mixture pH was adjust at 10
and 11 using, when necessary, HCl 1M. The mixture was heated at 150 °C under
autogenous pressure during 12 h. The solid was recovered by centrifugation, washed
and dried at 60 °C overnight. To remove the occluded surfactant samples were heated
in a N2 atmosphere from room temperature to 500 °C (5 °C min™), then the atmosphere
was switched to air and the temperature increased to 550 °C and kept for 8 h.

The samples where characterized by X-ray powder diffraction on a Pan’Analytical
PW3050/60X’Pert PRO with automated data acquisition, the diffractograms were
obtained between 5° to 40° 26, using a monochromatized CuK as incident beam. The
textural characterization was made by N; adsorption isotherms at -196 °C measured in
an automatic apparatus Micromeritics ASAP 2010, before the isotherms acquisition the
samples were outgassed for 2h at 300° C, under vacuum better than 10”2 Pa.

Results and Discussion

The obtained results (Table 1) clearly show that the alkaline treatment assisted with
CTAB surfactant had no severe impact on the zeolite crystallinity but produced changes
in the textural properties of Y zeolite. In fact, the adsorption isotherms presented in
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Figure 1 prove that the treatments made on HY zeolite transformed a fundamentally
micropore sample (type | isotherm) into a hierarchical structure (type IV isotherms). The
influence of the pH on the development of mesoporosity is also shown since, between
p/p° of 0.4 and 0.5, a somewhat steeper curve is observed in the case of sample
HY/NH4OH 11, what results in a higher volume of micropore + narrow mesopore
(Vimicro+meso), @s estimated by the analysis of the data by as method.

Table 1. Percentage of mass loss, degree of crystallinity, Cxsp, and textural parameters evaluated from N,

adsorption isotherms — micro+narrow mesopore (Vmicro+meso) and wider mesopore volumes (Vieso) and
external area (Aex) — of the samples

Sample Mass loss Cxrp Vimicro +meso” Vimeso Aot

(%) (%) (cm’g™)  (em’g™) (m’g’)
HY - 100 0.29 0.08 51
HY/NH,OH 10 38.5 83 0.32 0.08 69
HY/NH,OH 11 29.5 79 0.36 0.04 38

2Volume of micro + narrow mesopore estimated back extrapolation of the o plot linear region defined
by the high relative pressure points (os >1).

® Volume of wider mesopores: Vieso = Viotal — Vimicro+meso, CONsidering Viotal @s the volume adsorbed at
p/p®=0.95
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Fig. 1. Nitrogen adsorption-desorption isotherms at -196 °C on HY (0) and modified
samples HY/NH4OH 10 (o) and HY/NH4OH 11 ()

The promising results obtained so far encourage us to extend the study by changing
other experimental parameters such as: duration of the treatment, other bases (e.g.
NaOH), or the ratio base: surfactant in the reaction mixture.
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Introduction

Thermal stimulated solid-state reactions are commonly described by the equation
da

E
T=Aew (-o) f@ @
where t (s) is the time, T (K) the temperature, R (Jmol1K?) the universal gas constant, A
(s) the pre-exponential factor, £ (Jmol?) the activation energy, « the extent of
conversion and f(«a) the reaction model function [1].

In order to determine the so called kinetic triplet (A, E, f(«)), model fitting methods
consider a particular reaction model function which is assumed to represent the
conversion dependence on the reaction rate, but, as has been reported, these methods
present uncertainties and their use is not recommended [2,3].

As an alternative, isoconversional methods allow calculating values of the activation
energy as a function of the extent of conversion without knowing the pre-exponential
factor or the model function [4]. The methods of Friedman, KAS and Vyazovkin are
probably the most used [5] to perform kinetic analysis. In any case, the values of the
activation energy should be checked before being accepted. An elementary test consists
on solving the differential equation (1) and to compare the solution with the
experimental data. But, apart from E, the knowledge of A and f(«) is required and these
parameters are not computed in the isoconversional methods. The aim of this work is
to propose a method to test the activation energy.

Materials and Methods
The compounds, CriFe1-xNH4(HPOa),, were hydrothermally synthesised in a stainless
steel Teflon-lined vessel at 453 K under autogenous pressure. After 7 days and a molar
ratio C/P = 0.25 and P/Fe = 10 the pale pink crystals of x = 0 solid were obtained. When
the molar ratio was C/P = 0.25 and P/M = 15 (M = Cr, Fe) and after 10 days, the pale
green x = 0.34 crystals were obtained. Five different heating rates were used for the
kinetic analysis.
Eqg. (1) can be written in the form
da ¢ E
7= (-m) @
where ¢, = Af (@) and B is the constant heating rate. Considering different heating
rates, for a fixed value of , E,, is computed by a isoconversional method. To check these
values, we use Eq. (2) and then, by fitting to the experimental data, the coefficient c,
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can be obtained. Now, for a given heating rate and since all quantities in the right hand
side are already known, a numerical method can be applied to find the solution of the
differential equation (2).

Solving Eq (2) for the same heating rates A, i = 1, ..., n as in the experimental
measures, theoretical curves of the extent of conversion are obtained which can be plot
and compared with the experimental ones. This procedure has the advantage of being
independent of the method used to compute the activation energy.

All computations in this study have been implemented in MatLab.

Results and Discussion

The procedure has worked efficiently in two theoretical simulations and it was
applied to the thermal decomposition of CriFe1xNH4(HPOa4), , x = 0, 0.34. The agreement
between the calculated and the simulated/experimental curves is generally good. This
has been carried out by comparing the @ — T plots and analysing the sum of the square
errors given by

R?=1- ii—i ,where SSE = % . (af —a;)*and SST = % (e —a)?* (3)

with a; the calculated values, a; the simulated/experimental valuesand @ = Y/~ a; /n
the average. When R? = 1 all points lie on the curve with no scatter.
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Introduction

Activated carbon (AC) has proved to be an effective adsorbent for the removal of an
assortment of organic and inorganic pollutants from aqueous or gaseous media.
However, the pursuit for more effective and cheaper AC is still very active and a diversity
of textural and chemical treatments are described as a way to expand their applications.
It is well known that the surface area and surface chemistry of AC strongly affect their
adsorption capacity [1-3]. In particular, an increase in the nitrogen content has been
related to an increase of the basic character and also to the development of the porous
structure. In most published work this was achieved through an AC post treatment,
including either a reaction with nitrogen containing reagents, such as ammonia, nitric
acid, or a diversity of amines. However, the AC prepared directly from a nitrogen rich
precursor through a physical or chemical activation is referred to as presenting the best
characteristics, namely high nitrogen content, high basic character, low nitrogen
leaching and also good thermal stability [4].

To improve the adsorption capacities of AC, prepared from cork or
poly(ethyleneterephthalate) (PET) precursors, for acidic pesticide removal from the
aqueous phase, we intend to improve the porous structure and to introduce nitrogen
containing groups directly in the AC matrix by chemical activation with potassium
hydroxide and using different co-adjuvant activating agents as nitrogen sources.

Materials and Methods

Highly activated AC have been produced by chemical activation, at 973 K, from PET
or cork using a mixture of KOH with a co-adjuvant activating agent. The co-adjuvant
agents were substances which contain nitrogen, namely urea, (2-hydroxyethyl)urea,
2-chloro-4,6-diamino-1,3,5-triazine and polyethylenimine. The precursors were dry
mixed with KOH and a co-adjuvant agent, in a fixed mass ratio, and each mixture was
submitted to pyrolysis, in a steel container, for 30 min at a final temperature of 973 K
achieved using a heating rate of 10 K min!, with a flow of dry nitrogen of 85 cm?®min™.

The characterization of the AC involved determination of the pH of point of zero
charge (pHpzc), elemental analysis, thermogravimetric analysis and nitrogen adsorption
at 77K. Selected AC were tested for the removal of the pesticide
4-chloro-2-methylphenoxyacetic acid (MCPA) from the liquid phase. In the present work
fixed amounts of AC were added to aqueous solutions of known pesticide
concentrations in an acidic medium. The equilibrium was attained after one day and the
residual pesticide concentration was determined by UV-Vis spectrophotometry.
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Results and Discussion

The experimental procedure used in this work allowed direct introduction of nitrogen
into the AC matrix, reducing nitrogen leaching and improving the AC thermal stability
determined by thermogravimetric analysis. The AC produced from cork with the four
co-adjuvant agents presented basic character, as shown by an increase of the pHp:c
when compared with the cork AC activated without a co-adjuvant. With PET, this feature
was not observed and the AC presented mainly neutral character.

All AC were characterised by nitrogen adsorption at 77 K and the adsorption
isotherms obtained were characteristic of microporous materials. A really large
improvement of the textural properties was observed when any of the four co-adjuvants
were used with both cork and PET. The co-adjuvants interact in different ways with the
two precursors. Nevertheless, an increase in the apparent specific surface area and pore
volume was also accompanied by a widening of the mean pore size. The AC tested for
the removal of MCPA from the liquid phase presented excellent adsorption capacity,
reaching values as high as 3.7 mmolg? with four of the samples. Those which exhibited
a higher MCPA adsorption capacity, also presented highest micropore volume and
broader mean pore size. It should be highlighted that the co-adjuvants tried in this work
can be used as a way to improve considerably the apparent specific surface area and the
pore volume and the AC performance in specific applications.
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Introduction

Carbon materials obtained from polymers are more and more frequently used. The
main advantage of these materials is the possibility of tailoring porosity depending on
the application, since synthetic methods are highly reproducible. From them, resorcinol
formaldehyde carbon gels have been largely studied since Pekala patented the first one
[1] due to the easiness and versatility of the process; several variables such as catalyst,
solvent, resorcinol to catalyst and resorcinol to solvent ratios, drying or shape can be
modified to obtain materials with very different properties. Moreover, similarly to
traditional carbon materials obtained from natural sources, activation or
functionalization with heteroatoms can be performed in order to modify surface
chemistry and porosity. In our work, a carbon xerogel obtained by polymerization
catalyzed by Cs;COs, thermal drying and carbonization was employed as CO; selective
adsorbent for biogas upgrading.

Materials and Methods

A carbon xerogel was obtained by carbonization of a polymer made by resorcinol and
formaldehyde. The recipe used to obtain this xerogel was very similar to one already
published by our group(2]. Briefly, resorcinol and formaldehyde in a 1:2 molar ratio were
dissolved in water (R/W=0.07), then the polymerization catalyst, which was
Cs2C0O3(R/C=300), was added. Once reactants and catalyst were totally dissolved,
solution was transferred to cylindrical glass moulds with 6 mm of inner diameter, and
moulds were sealed. Then, a temperature program was selected to perform the
gelification and curing of the RF hydrogel (1 day, 25°C; 1 day, 50°C and 5 days, 80°C). The
polymeric precursor was then removed from glass moulds, cut into pellets of 2-3 cm and
dried in a furnace at 110°C till constant weight to obtain the organic xerogel. This xerogel
was carbonized at 900°C (1.5°C min™) on nitrogen. The sample was labelled as XCsP6.

Textural properties of the sample were obtained from the analysis of N, adsorption-
desorption isotherms at -196°C and CO; adsorption ones at 0°C, as well as bulk density
by Mercury Intrusion Porosimetry. Scanning Electron Microscopy (SEM)
microphotographs were also obtained.

After characterizing the samples, isotherms of target compounds (CH4 and CO;) were
obtained at 30, 50 and 70°C in a pressure range from 0 to 10 bar using a magnetic
suspension balance (Rubotherm, Germany). Breakthrough experiments were
performed under different conditions to test the adsorptive behaviour of this sample.
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Results and Discussion

XCsP6 is a micro-mesoporous solid with a relatively high Wy (N2) and Sger (Table 1). It
presents a large volume of macropores very regular in size (around 100nm) determined
by Mercury Intrusion Porosimetry, and, therefore, a low bulk density.

Once porous texture of samples was characterized, adsorption-desorption isotherms
for the target gases, CO, and CH4, were obtained. Experimental data were fitted with
Langmuir or Toth model depending on the suitability of each one. Figure 1 illustrates the
CO, and CHa adsorption-desorption isotherms at 30°C for XCsP6. Breakthrough
experiments were performed under different conditions, by changing composition of
the inlet gas and pressure. All of them were conducted at 30°C. Figure 2 shows the
breakthrough curves obtained at atmospheric pressure for a 20% CH4 10% CO; mixture
(dilution was performed by adding He to the mixture). XCsP6 presented a very promising
behaviour as CO; selective adsorbent for CO,/CH4 mixtures.
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Fig. 1. CO2 (A ) and CH4 (m) isotherms at Fig. 2. Breakthrough curves for binary
30°C for XCsP6. adsorption of CO, (A) and CHs (m).

Table 1.Textural properties of XCsP6.

Sample Seer/ Mgt WoNo) /em>gt Wo(COp) /cmig? Lo(COz)/nm Pl gem?

XCsP6 591 0.23 034 0.73 0.58
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Introduction

One of the most promising CCS post-combustion technologies is the Ca-looping cycle
process, which endeavours to scrub CO; from flue gases by using CaO-based sorbents
[1]. This regenerative cyclic process is based on the well known capacity of CaO in
reacting with gaseous CO; at high temperatures (600-750°C) by forming solid CaCOs3
[1,2]. Natural sorbents, such as limestone and dolomite, have been considered by
several researchers as suitable candidates due to their low price, availability and re-use
as feedstock for the cement industry [3], though they become less reactive upon cyclic
operations due to sintering, during the high temperatures calcination step [1,3].

Up-to-date there are no studies in literature on the use of natural waste marble
powder (WMP) resources, as cheap sorbents for Ca-looping cycle CO; capture. The high
volume of marble production is associated with considerable amounts of WMP
generated as by-product during cutting and polishing procedures, that negatively
impacts the surrounding environment. A recent study by these authors demonstrates
the ability of WMP to be used as possible cheap and effective CaO-based sorbents with
high carrying capacity efficiency upon Ca-looping cycle CO, post-combustion capture
process. Multiple carbonation-calcination cycles over the WMP sorbents are
characterized by a gradual decay of the CO; sorption capacity. The main goal of this
study consists in investigating the evolution of the textural properties of WMP samples
used as CaO-based sorbents in the Ca-looping cycle CO; capture, with multiple cycles of
carbonation-calcination.

Materials and Methods

Two natural WMP samples (WMPyand WMPg) collected from two Portuguese marble
producer plants in the region of Estremoz were used as precursors of CaO-based
sorbents. The as-received WMP samples were manually grinded in powder form and
sieved through CISA sieves (sizes of 63, 125, 250 and 355 um) and different particle size
fractions were obtained. The samples were oven dried at 120 °C. The composition of the
fresh WMP samples was determined by chemical analysis.

The BET surface area (Sger) and the pores size distribution (PSD) of the fresh dried,
calcined and used (after 10 cycles of carbonation-calcination) samples were determined
by N2 sorption, at -196 °C, using a Micromeritics ASAP 2010 apparatus. Before
measurement, the samples were outgassed under vacuum at 90 °C for 1 h and then at
350 °C for 4 h. The total porous volume (Vp) (excluding macropores volume) was
calculated from the adsorbed volume of nitrogen for a relative pressure P/PO of 0.99.
Surface areas were calculated by applying the BET equation, while PSD was obtained by
using BJH method (desorption branch).
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Results and Discussion

The presence of CaCOs; (calcite) as the main compound of the fresh non calcined
WMP, and WMPg sorbents dried at 120 °C, was confirmed by chemical elemental
analysis and by XRD patterns. In addition to Ca, C and O, the chemical elemental analysis
of both WMP sorbents show the presence of other elements in trace amounts including
Si, Mg, Al and Fe, with a molar ratio of trace element/Ca lower than 0.05, being Si the
major trace element for both WMP sorbent samples.

The pores size distributions curves from BJH desorption branch from 50 A to
ca. 1000 A for the different samples, show that the WMP fresh calcined sorbents have
low porous volume but very large mesopores (maxima centered at ca. 950 A for WMP,
samples and ca. 550 A for WMPg samples). The isotherms obtained for the used samples
WMPa-10cycles; WMPB-10¢ycles, and WMPg.250-355-10¢ycles, COrrespond to type IV with a type
H1 hysteresis, both typical of mesoporous solid materials. During the multiple
carbonation-calcination cycling process of the WMP samples, there is an increase of V,
mainly due to the formation of mesopores with smaller d, than in the initial fresh
calcined sorbents. This increase of mesopores volume with smaller d, can explain the
observed unexpected increase of the Sger with increasing number of carbonation-
calcination cycles for these WMP sorbent samples. The results obtained for sample
WMPg_3¢ycles, Show that this unusual increase in Sger and Vp is gradual with the increase
of the number of cycles.

Typical results found in literature for nitrogen sorption analyses of natural limestones
sorbents show that CO; cycling of the original sorbent leads to a decreased surface area,
which is usually accounted for by sintering and loss of pores surface area due to
shrinkage of smaller pores, usually accompanied by growth of macropores [4].

The new and unexpected result highlighted by this work in the case of WMP sorbents
with non—differentiated particle sizes WMPy, and WMPg and with the higher range
particle sizes WMPq.250-355, is that along with a significant increase of the Sger and of the
mesopores volume with smaller d, observed with the increasing number of carbonation-
calcination cycles, there is a decrease of the CaO carbonation conversion. This apparent
contradiction can be explained by a deactivation mechanism of blocking of the small
pore mouths in the case of narrow bottleneck pore mouths, by the formation of CaCO3
with density significantly lower than that of CaO during the fast stage of the CaO
carbonation step at a pore mouth, which makes the CaO sites inside the pores
unavailable for the progress of the reaction with CO2 during carbonation.
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Introduction

The development of carbon materials remains, at present, one of the areas of great
interest within the scientific and industrial communities [1]. Special attention is given to
the valorisation of industrial residues of low economic value, trying in this way to solve
problems of managing large quantities of waste [2]. Of particular note we highlight the
potentially dangerous wastes according to data from the Food and Agriculture
Organization of the United Nations (FAO) [3].

The development of new materials for the furniture industry, wood substitutes, has
generated an enormous diversity of products but also of waste. The most common are
composite materials, among them particle board (PB) and medium density fibreboard
(MDF), which have registered an increase of consumption in Europe of 1.3% and 4.3%,
respectively, even in times of economic crisis such as the one we are going through [3].

The objective of the present work is to study the potential of these residues for the
production of activated carbons (AC) in monolithic forms, generating a product with a
high added value and innovative characteristics for subsequent application in adsorption
processes.

Materials and Methods
The precursors for the production of activated carbons were modelled according to Fig. 1 in
order to obtain mechanically stable structures with large area external to the micropores.

e

H

Fig. 1. Model of the monoliths produced, scaling and 3D rendering.
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The adsorbent materials were produced by physical activation with carbon dioxide in
a horizontal tubular furnace at a final temperature of 1073 K, varying the time of
activation in order to obtain AC with distinctive porous structures.

The characterisation of each of the samples involved adsorption of N, at 77 K, X-ray
diffraction, Fourier transform infrared spectroscopy, CHNSO elemental analysis,
determination of pH of point of zero charge (pHp.c) and determination of ash content.

Results and Discussion

The samples produced retained the shape of the precursor, with a decrease of
volume and mass, characteristic of the activation process, but in most cases maintaining
mechanical integrity.

It can be concluded that the increase in the degree of burn-off of the materials results
in an overall increase of the porous structure of the adsorbents, reaching maximum
values of apparent BET area of 1259 and 1349 m? g, for AC prepared from MDF and PB,
respectively. The elemental analysis results are characteristic of materials produced
from lignocellulosic precursors, there being noticed an increased carbon content with
the activation process, while the levels of the other heteroatoms decreased during this
process. An increase in the percentage of ash and in the pHpc,, dependent on the degree
of burn-off of the AC produced from MDF and PB, was also found.

The materials produced in the form of monoliths demonstrate very interesting
qualities for applications in the field of adsorption from gas and liquid phases, in line
with those prepared in powder form [4].
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Introducao

O gerenciamento de residuos especialmente da industria téxtil tem sido um
desafio nos dias atuais (Oliveira, 2015). Os corantes utilizados nos processos de
tingimento tém propriedades complexas o que dificulta seu tratamento e disposicao
final. Apesar dos varios métodos de remediacdo de efluentes utilizados atualmente
(coagulacdo, floculagdo, separa¢do por membranas etc) todos eles esbarram em alguma
limitacdo como ndo resolver o problema totalmente e/ou o alto custo de operacgdo.
Dentre estes processos as técnicas de adsor¢do tém se destacado pela sua eficiéncia e
facilidade de manuseio e operacdo (Kanchi, 2013). Quando se trata de alternativas
tecnoldgica nos ultimos anos 0s nano materiais tém sido considerados de grande
importancia incluindo os derivados do carbono, dentre eles destaca-se o grafeno por
suas importantes propriedades (Martinez, 2013)

Este estudo teve como objetivo o estudo do processo de adsorgdao em batelada,
utilizando como adsorvente o grafeno xGnP® para a remoc¢ao do corante sintético —
Amarelo Direto Chrysophenine.

Materiais e metodos

O grafeno utilizado como adsorvente neste estudo foi adquirido comercialmente e
consiste em nanofolhas de grafite esfoliado (xGnP®). Adsorvato — Corante amarelo
direto Chrysophenine foi obtido comercialmente pela empresa Sigma — Aldrich®.

Caracterizagéo do adsorvente: O material foi caracterizado por de microscopia
eletrénica de transmissdao (MET) das nanofolhas. A caracterizacdo de grafeno também
foi realizada por microscopia de forca atébmica (AFM) além da difracdo de raio X e a
determinacdo do ponto de carga zero (pHpcz).

Planejamento Fatorial: Foirealizado um planejamento factorial experimental 23 para
avaliar a influéncia das varidveis independentes (massa do adsorvente, concentracao do
corante e tempo) sobre a variavel resposta (quantidade adsorvida), a fim de determinar
as melhores condicGes de trabalho e para avaliagbes futuras sobre o processo. A
variavel resposta ou varidvel dependente corresponde a quantidade adsorvida (mg g*?)
do corante no adsorvente esta representada na Equacdo 01:

(C _Ce)V
qe = ——— (O1)

m
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ge € a quantidade adsorvida no equilibrio (mg g?), Co concentragio inicial do corante
(mg L), Ce a concentracdo do corante no equilibrio (mg L?), V o volume da soluc3o do
corante (L) e m a massa do adsorvente (g).

Resultados e discussao

Quando o sistema alcanga o equilibrio, o grafeno comporta-se como um tampao, e
isto ocorre em um pH final entre 3,6 a 3,9. O ponto de carga zero foi determinado
realizando-se uma meédia aritmética desses valores, obtendo-se o valor de 3,78,
indicando entdo o pHpcz do grafeno. O difratograma de raio X da amostra de grafeno,
mostrou pico em 20 igual 26,48 e 44,34, planos de difracdo caracteristicos de grafite.

As imagens de MET mostraram que as nanofolhas de grafeno estavam, em sua
grande maioria, empilhadas ou dobradas umas sobre as outras. A dimensdes da area
lateral (didmetro médio) das amostras analisadas (~20) variam em torno de 1-2 um.
Através das analises de AFM foi possivel estimar que a espessura média correspondeu
ao indicado pelo fornecedor. O planejamento experimental mostrou as varidveis que
interferiram no processo de adsorcdo, estdo ilustradas na figura 1, mostrando que a
concentracdo e massa exerceram influencia positiva ao passo que o tempo nao foi
significativo:

Pareto Chart of Standarized Effcts; Variabe: DV 1

2"(3-0) design; MS Residual=7,865881
DV:DV 1

(1C(mg/h 13,88425

(2m(g) -4,44624

U

1by2 -3,78661

U

2by3 ! 2,954057

i

0] || 200

1by3 | -2,76865

||

p=,05
Standardized Effect Estimate (Absolute Value)

Fig. 1. Grafico de pareto das variaveis que influenciam no processo de adsorc¢ao do
corante amarelo direto chysophenine
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Introduction

Tannic acid (TA) is a natural product belonging to the family of polyphenols, which
exerts multiple effects against cancer [1,2]. The role of TA in cancer therapy is especially
promising in those types of cancer that overexpress the epidermal growth factor
receptor (EGFR), as TA modulates its activation and downstream signaling pathways,
triggering programmed cell death [3].

We have developed a method that generates stable TA nanoparticles (TAN) in a single
step [4]. Our nanoparticles were shown to take up extremely high amounts of TA, and
were only toxic for the tumoral cells. The uptake assay demonstrated that they were
able to enter the cells through a receptor-mediated mechanism. In addition, fluorescent
markers could be grafted on the nanoparticles, endowing them with simultaneous
imaging and therapeutic applications.

Materials and Methods

TA nanoparticles were synthesized by self-assembly of TA with a neutral polymer
(poly(vinyl alcohol); PVA) through hydrogen bonding in aqueous medium, and
characterized by dynamic light scattering, Fourier transform infrared spectroscopy and
scanning electron microscopy. Nanoparticles were then coated with polyethylene glycol
(by a liquid-state adsorption process) and subsequently with protein G, and conjugated
to an antibody to EGFR.

Results and Discussion

The physicochemical characterization of nanoparticles showed that they are
spherical with a hydrodynamic diameter of 211 nm, a zeta potential of -21 mV and an
entrapment efficiency of 92% TA, which is remarkably high and makes our synthesis very
effective and compliant with green chemistry principles. The presence of both
components, TA and PVA, in the nanoparticles was confirmed by FTIR (Fig. 1).

The cytotoxicity assay showed that our nanoparticles are not toxic for the
non-tumoral HDF cell line whereas they are markedly toxic for the tumoral epidermoid
carcinoma cell line A431, a cell line widely used as model to study the effect of
therapeutic approaches directed to EGFR (Fig. 2).
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Fig. 1. FTIR spectra of PVA, TA and TA nanoparticles.
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Fig. 2. Dose-dependent cytotoxicity of TAN-Ab nanoparticles in A-431 (black) and
HDF (grey). n=3. *P<0.05.

To analyze the cellular uptake of our nanoparticles, a set of nanoparticles was labeled
with a water-soluble fluorescent marker, propidium iodide, which is not able to cross
intact cell membranes itself. Our results shown that TAN nanoparticles are able to enter
the cells through a receptor-mediated mechanism.
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Introduction

Carbon aerogels are a remarkable form of electrically conducting monolithic carbon
which have a number of advantages over other forms of carbon material. They are most
frequently prepared by sol-gel polymerisation of resorcinol and formaldehyde followed
by supercritical drying and carbonisation of the resulting organic gel. The particle size
and aggregation can be controlled during the sol-gel synthesis and retained during the
drying and carbonisation steps with the result that the final product can have a very high
specific surface area and extremely high and homogeneous mesoporosity [1], which
makes them interesting materials for use in a diverse range of applications related to
energy and environmental technologies. These include fuel cell components,
supercapacitors, laser experiments, nuclear particle detection, thermal insulation,
catalysts, adsorbents for water purification and solvent recovery, molecular sieves for
separation of fuel gases and adsorbents for capturing CO;, amongst others. The success
of CO; capture with solid adsorbents is dependent on the development of new
adsorbent materials with high CO, selectivity and adsorption capacity [1].

Materials and Methods

Polymer aerogels were prepared from 2,4-dihydroxybenzoic acid (DHBA) or
resorcinol (R) and formaldehyde (F) under basic conditions using the procedure given in
[1]. All the aerogels were synthesized from 100 mL of precursor solution, using the
stoichiometric R/F molar ratio (0.5) and a dilution ratio of 80. The dilution ratio
parameter is defined as the molar ratio between the total amount of solvent and the
total amount of reactants. Carbon aerogels were obtained using a vertical tube furnace
by heating individual monoliths in a 90 mL min* N, flow to 1073 K at a rate of 5 K min™!
and maintaining at this temperature for 180 min. For porosity characterisation each
sample was outgassed and the N, isotherm at 77 K determined. Analysis of the
adsorption isotherms by the as, quenched solid density functional theory and Barrett—
Joyner—Halenda methods was carried out. A Perkin-Elmer STA6000 analyzer was used
to measure the adsorption-desorption of CO, at 298 K and a total pressure of
approximately 1 bar [1].

Results and Discussion

The N, adsorption-desorption isotherms determined on polymer and carbon aerogels
were found to be Type IV of the IUPAC classification with well-defined hysteresis loops
[1]. Preliminary studies of CO, adsorption—desorption were very promising. The
adsorption—desorption cycles of CO, at ambient temperature are shown in Figure 1.
After multiple adsorption-desorption cycles the carbon aerogel showed no significant
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alteration in adsorption capacity, confirming the reproducibility and the stability of the
material. The results also show that the adsorption and the desorption are very fast,
reaching about 90 % of full capacity 2 minutes after switching the carrier gas from He to
CO2 and complete desorption in less than 10 min after switching back to He.

2,50

- NANann

n (CO,) / mmolg™!
a
3

°
=3

0,50

0 26 52 78 104 130
t/ min

Fig. 1. Repeat cycles at 298 K of CO; adsorption—desorption on DHBAF aerogel.

Table 1 lists CO; adsorption capacities of the adsorbents used in this work, as well as of
some other carbon materials. The comparison of CO; adsorption capacity indicates that
the results obtained with the carbon aerogels are similar to those obtained with other
carbon adsorbents. The results will be considered in more detail in the presentation.

Table 1. Comparison of CO; adsorption capacities of carbon adsorbents at 298 K

Sample Nags/ Mmol gt
DHBAF 2.13
RF 1.89
Carbosieve 2.15
Maxsorb 1.87
Takeda 4A 1.15
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Introduction

The necessity to develop alternative technologies for the treatment of polluting
industrial effluents has led to make important investments in investigation aimed at
preparing more profitable adsorbents. Natural materials that are available in large
guantities from industrial or agricultural wastes are excellent candidates for the
preparation of the so-called low-cost adsorbents. Among these materials, lignin,
different types of biomass, zeolites, seaweed, etc are to be mentioned.

From the biological standpoint, chromium is an essential element involved in the
metabolism of lipids and carbohydrates, thyroid metabolism, in some enzyme systems,
and in stabilizing proteins and nucleic acids. However, in high concentrations, chromium
causes serious environmental problems due to its use in industries such as tanneries,
electroplating, pigments, fertilizers, etc. An excess of chromium may also cause severe
health problems in humans as, for instance, mutagenic effects, skin lesions, lung disease
and several forms of cancer. Chromium compounds are known in all oxidation states
ranging from (1) up to (VI). Nevertheless, the chemistry of Cr (1), Cr (IV) and Cr (V) is
extremely restricted, while Cr (VI) is a strongly oxidizing species. The most stable
chromium species is Cr (lll). Taking into consideration all the above exposed, in this work,
three low-rank coals such as peat, lignite and leonardite and the derived ashes have
been used as the adsorbents with the aim of removing Cr(lll) from aqueous solution. The
adsorption process has been studied in terms of kinetics, thermodynamics and
equilibrium.

Materials and Methods

The peat used in this work was kindly provided by the Spanish subsidiary of the
Canadian company Biomatrix Gold. The lignite and leonardite were supplied by SEPHU
(Sociedad Espariola de Productos Humicos, S.A.). Chromium (l1l) was used in the form of
Cr(NO3)3-9H,0 (Analytical grade, Panreac Quimica, Barcelona, Spain).

The adsorbents were characterized in terms of particle size, ash content, physical
adsorption of gases (N2, 77K), FT-IR spectroscopy and point of zero charge.

For the study of the adsorption kinetics, 0.1 g (+ 0.0001 g) of adsorbent and 20 mL of
aqueous solution of Cr(lll) were placed in screw-capped test tubes and maintained in a
Selecta Unitronic-OR C thermostatic shaker bath under agitation (50 rpm) and at
constant temperature (25 + 0.1 2C).

For the determination of the adsorption equilibrium isotherms, a solution of Cr (lll)
of initial concentration equal to 4:10 M was kept in contact with different amounts of
adsorbent comprised between 0.01 and 0.5 g under constant stirring (50 rpm) at
different temperatures (15, 25, 35 and 452C) for a period of time longer than that strictly
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necessary to reach equilibration. In both cases, the concentration of Cr(lll) in the
supernatant liquid was determined by AAS with the aid of a Thermo Electron S Series
spectrofotometer.

Results and Discussion

The N; adsorption isotherms (Fig. 1, left) show that both peat and leonardite exhibit
a limited development of porosity and specific surface. Textural parameters are more
developed in lignite. The thermal treatment of leonardite and lignite produces a
remarkable increase in the specific surface area and pore volumes relative to the initial
samples.

The FT-IR analysis of the samples reveals the presence of a remarkable variety of
oxygenated functional groups (hydroxyls, carboxylic acids, ketones, ethers, esters and
epoxides) as well as aromatic structures on the surface of the peat. However, the
number of organic functional groups gradually decreases with increasing the rank of the
coal, probably due to the increase in the content of mineral matter.
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Fig. 1. N, adsorption isotherms at 77K (left) and Cr(lll) adsorption isotherms (right)
by the low-cost adsorbents.

Specific adsorption rates (ka) were of the order of 103 st although major differences
in this parameter (0.88-289-103 s'!) have been observed. The influence of diffusion on
the overall adsorption process has also been analyzed by applying the methods
proposed by Banerjee [1] and Carman and Haul [2]. The values of the diffusion
coefficient are around 108 cm?/s, although important differences between the systems
under study were found.

From the adsorption equilibrium isotherms of Cr(lll) in agueous solution (Fig.1, right)
adsorption capacities ranging from 13 up to 130 mg/g have been obtained.
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Introduction

Ortiz-Oliveros et al. [1] have been published the synthesis, physical-chemical
characterization and preliminary evaluation of a-Ti(HPO4),-H,0 (a-TiP) sorption of Eu3*.
These authors concluded that the retention process for Eu3* can take place on the
surface and in the cavities of the solid in two stages: (i) diffusion into the cavities of the
material and (ii) chemisorption. In this work, we will show that the uptake process is
limited to surface of the a-titanium phosphate (the interlayer space is inaccessible to
the europium species when the a-TiP hydrogen form is used as sorbent), while the
diffusion into internal cavities is possible when basal spacing is previously expanded.

Materials and Methods

o-TiP was obtained by using 10 M H3PO. and reflux times of 50 h. Propylamine
intercalation compound, a-Ti(HPOa);:2C3H7NH>-H,0 (a-TiPPr), was obtained by placing
o-TiP in an atmosphere saturated with propylamine vapor during 6 days at room
temperature. In bath, the a-TiP (or a-TiPPr) was equilibrated with europium nitrate
solutions (T = 25.0 £ 0.1 C, t = 72 h, solution/solid ratio = 20 mL/1 g). The prepared
samples were designated as TiP_x (or TiPPr_x), where x indicates the molar
concentration europium nitrate solution in the starting solutions, [Eu3*]..

Results and Discussion

TiP_10* and TiP_0.1 samples are highly crystalline and their PXRD patterns are
identical, corresponding to the a-TiP. Both samples maintain the typical platelet-like
pseudo-hexagonal morphologies (length: 0.2-0.8 um; thickness: 10-30 nm). In TiP_0.1,
an additional phase (EuPO4-H,0) with nanorod-like morphology (thickness of ca. 10 nm)
has been formed. The photoluminescence properties of TiP_10* and TiP_0.1 were
investigated. The emission spectrum (Lex = 394) of TiP_10* does not show any transition
line due to the sorption of Eu®*, while TiP_0.1 spectrum shows the typical emission
transitions of Eu3* (attributed to EuPO4-H,0 nanorod-phase).

PXRD patterns of TiPPr_10"* to TiPPr_0.1 show a structural order in the direction
perpendicular to the plane of the sheet. In the range 0.0001-0.0625 M, the interlayered
distance of the sheets remains substantially constant (16.0 A). However, a new
diffraction peak at 28 = 7.3° corresponding to d-spacing of 12.0 A appears when the
concentration is increased to 0.0750 M, which became the only observed peak when
the [Eu*]; is raised to 0.1000 M. Moreover, the carbon content of the resulting solids
continuously decreases with increasing concentration of europium nitrate in the starting
solutions, in agreement with the results of STEM-EDS elemental mapping, which
obviously indicates that the removal of the amine increases as the ionic strength of the
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solution increases. As a result, the behaviour TiPPr_x can be divided into four different
zones (A-B-C-D) depending on the concentration of Eu3* in the initial solutions. In the
A-zone of low concentrations, the material consists of slightly wrinkled thin films with
lateral dimensions varying from about 0.1 pm to 1 um and thicknesses of ca 6.0 nm,
maintaining long-range order in the direction of the crystallographic c-axis, while a
certain order is still maintained in ab plane. The propylamine content decreases, being
undetectable the presence of Eu. Additionally, the emission spectrum does not show
any transition line due to the sorption and/or intercalation of Eu3*. In the region of
intermediate concentrations (B-zone) the layers are stacked in the direction
perpendicular to the plane of the titanium phosphate sheet, where the interlayered
distance is slightly lower than in the starting material TiPPr, but it is essentially constant
(16.0 A), being preserved the pseudo-hexagonal morphologies. The amine content
gradually decreases and thus the Eu-content increases in solid phase, reflected in the
decrease of carbon content and the appearance of >Do >7Fo.4 transition peaks in the
emission spectrum. Assuming that an ion-exchange process is taking place between the
propylammonium cations, CsH;NHs*, and the hexahydrate species of europium,
[Eu(H20)6)3*, the following tentative formula, (C3H7NH3)2-3y
[Eu(H20)6]yTi(PO4)2:[(H20)6]y/2, has been proposed for the resulting materials. At higher
concentration (C,D-zones) the particles maintain their pseudo-hexagonal morphologies,
and besides the presence of interlayered distance of 16.0 A (the appearance of a new
phase with d-spacing of 12.0 A is also observed). In D-zone, the low carbon content
suggests that almost all the alkylammonium cations have been involved in the ion-
exchange process, thus leading to the formation of a material with the idealized formula
[Eu(H20)6]2/3Ti(PO4)2:[(H20)6]1/3, where [Eu(H20)6)3* occupying 2/3 of the pseudo-zeolitic
cavities so as to counteract the negatively charged titanium phosphate layer, and the
rest of the pseudo-zeolitic cavities (1/3 of the total) will be occupied by water molecules
(its crystal structure has been proposed by using DFT-calculations).

In conclusion, the Eu* uptake capacity of a-TiP and a-TiPPr was investigated by
different characterization techniques (PXRD, SEM, TEM, TGA and PL). The Eu3* sorption
process takes place only on the surface of a-TiP rather than in its interlayer space,
because of the following summarized observations: (i) at high [Eu®>*]i no change in the
interlayer distance of a-TiP has been observed by PXRD, and (ii) Eu* was undetectable
by EDX analysis or by PL emission spectra at low [Eu3*])i. However, the Eu3* uptake is
considerably improved with a-TiPPr as a consequence of an ion-exchange process into
the expanded interlayer space, involving C3H7NHs* cations and [Eu(H20)e]3* species.
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Introduction

Molecular simulation has been extensively used to shed light over the mechanisms
that govern separation of mixtures containing isomer molecules. However to the best
of our knowledge, separation of geometric isomers in crystalline porous materials have
not been deeply explored, and most work has been oriented to chain aliphatic
hydrocarbons [1] and positional isomers of aromatic hydrocarbons [2].

This work deals with separation of 1,1-dichloro-2,2-difluoroethene and the cis (Z) and
trans (E) isomers of dichloro-difluoroethene. The selection of these molecules is based
on simplicity and potential polarizability, which can make the difference in adsorption
and the orientation of the molecules inside the materials. Besides, the capture or the
removal of these chlorofluorocarbons (CFCs), is also important from the environmental
point of view. We use a group of well known Metal-Organic Frameworks (MOFs) in order
to analyze the effects that the metal cluster, the organic linkers, and structural
properties such as pore size/shape or accesible surface area, exert during the adsorption
and separation processes.

Materials and Methods

We fit the guest-guest interaction parameterer of the Lennard-Jones potential to the
vapor-liquid equilibrium curve. Simulations were performed using Gibbs-ensemble
Monte Carlo. The Lennard-Jones parameters for the adsorbents were taken from
Wiersum et al. [3] for UiO-66 (both for the hydroxylate and dehydroxylate structures)
and from an internal comunication for MOF-74 (for structures with Co, Cu, Fe, Mn, Ni,
and Zn as metal cluster). Since we consider them rigid, these parameters are only used
for the interactions for the adsobate-adsorbent interactions, using Lorentz-Berthelot
mixing rules. The Widom test particle method is used to explore the low coverage
adsorption properties at room temperature. The complete adsorption isotherms are
calculated with Monte Carlo simulations in the Grand Canonical ensemble (GCMC). All
simulations have been performed using the code RASPA.

Results and Discussion

The results obtained from the Heats of Adsorption (HoA, figure 1a) show that the
molecule of 1,1-dichloro-2,2-difluoroethene exhibits the highest interaction with all
structures, while the E-/Z-isomers show small differences. Z-isomer interacs stronger
with UiO-66 and weaker with MOF-74 than E-isomer. In any case, the strengh of the
interaction between the molecule and the structure is stronger in UiO-66 than in
MOF-74 since the former is formed by channels narrower in diameter. The relatively
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large pore size of MOF-74 hinders the effect that the diferent metal clusters could exert
on the adsorption and separation of these molecules. The computed adsortion
isotherms from ternary mixture 1,1-dichloro-2,2-difluoroethene/Z/E (0.1:0.45:0.45)[4]
in the two UiO-66 structures are depicted in figure 1b. The isotherms were calculated at
room temperature exhibiting similar shape for the three molecules, and the largest
saturation values for the Z-isomer. It is interesting to note the large differences in
adsorption despite the low differences between the heats of adsorption (figure 1a),
indicating that the adsorption in these structures is dominated by guest-guest
interations. Another interesting observation is the large adsorption of the molecules of
1,1 dichloro-2,2-difluoroethene (which proportion in the mixture is only 10%),
compared with these obtained for the Z/E-isomers. Small differences in the loading can
be seen at medium pressure between the two UlO-structures, being a slighyly higher in
the hydroxylated UiO-66. However at the highest pressures the adsorption of the E- and
the Z-isomer increases and decreases, respectively in presence of —OH groups. Further
studies on others well known MOFs are performed in order to obtain a wider map on
the adsorption behaviour of these three molecules
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Fig. 1. Left: Isosteric heat of adsorption of 1,1-dichloro-2,2-difluoroethene (blue), Z-
isomer (black) and E-isomer( red) in MOF-74 containing different metal clusters, and
in UiO-66 hydroxylated and dehydroxylated. Right: adsorption isotherms for the
ternary mixture (0.1:0.45:0.45) in UiO-66 hydroxylated (full symbols) and
dehydroxylated (empty symbols) at room temperature.
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Introduction

The interest for the fermentative production of butanol as bio-fuel or chemical has
increased in the last years. In this process, a very low final butanol concentration is
reached due to its toxicity towards the producing microorganisms. A downstream
process to recover butanol during the fermentation, or at the end of it, must be
developed to reduce this inhibition phenomenon and prolong the fermentation. The low
butanol concentration achieved in the broths and the presence of a heteroazeotrope in
the butanol-water system complicates the butanol recovery and usually leads to energy-
intensive processes. In this context, adsorption as separation technique is considered
one of the operations with more potential versus others conventional or not
conventional techniques [1]. A cyclic adsorption-desorption process is proposed to carry
out the butanol recovery, which consists of an adsorption step in liquid phase followed
by a desorption step with hot air. The desorbed products are recovered by condensation
and decantation (Figure 1). Previous results showed that the resin SP-207 is selective to
butanol in presence of the typical solvents in the fermentation broths. A product stream
with a butanol concentration of 77 % w/w is obtained with this process [2]. Few works
in the open literature study the stability of the adsorbent with the adsorption-
desorption cycles and give a clear desorption methodology including an energy
requirement estimation. This contribution will focus on studying the stability of the resin
SP-207 with the number of adsorption-desorption cycles, and will propose an energy-
efficient desorption step which could make the bio-butanol recovery by adsorption
feasible.

Desortpion
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Figure 1. Adsorption-desorption process proposed to recover bio-butanol.

Materials and Methods

A commercial macroporous resin (Sepabeads SP-207®) with a hydrophobic nature
has been used as adsorbent. The feed consists on an aqueous mixture with the main
components found in a fermentation broth, acetone (0.28 % w/w), butanol (1 % w/w),
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ethanol (0.28 % w/w), acetic acid (0.1 % w/w), butyric acid (0.1 % w/w) and glucose. The
content of glucose in the mixtures range between 0 and 10 % w/w. The experimental
conditions are shown in the Table 1.

Tablel.Experimental conditions of adsorption-desorption cycles.

Adsorption Desorption Condensation
Temperature (°C) 60 60 -5
Flowrate (mL/min) 1 (Liquid) 200 (Air) 200 (Air)
Time (min) 70 60 60

Results and Discussion

The butanol breakthrough curves obtained in consecutive cycles are shown in Figure
2 (a). The butanol concentration in the adsorption effluent (2) after the first cycle is not
zero because the column has not been regenerated completely in the previous cycle.
The butanol breakthrough times and the shape of its curves do not vary from the cycle
2 to 35 indicating that a steady state has been achieved. Glucose is not adsorbed on the
resin and its presence does not affect the butanol adsorption. The adsorption working
capacity for butanol is about 50 g/kg in the steady state whereas the one for the others
solvents is almost negligible (Figure 2 (b)). The glucose and the acids consumed in the
metabolic pathway are recycled to the fermenter by the adsorption effluent (2). The
condensed product (5) is separated by decantation giving stream (9) with 78 % w/w
butanol, 21 % w/w water and 1 % w/w of acetone, ethanol and acids.
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Fig. 2. Breakthrough curves (a); adsorption working capacity (b).

A mathematical model based on fundamental equations and validated
experimentally has been used to estimate the energy requirement of the desorption-
condensation step. It is assumed that the proposed process is heat-integrated with the
whole process, enabling the use of waste heat for the desorption step. The condensation
is performed in two steps in series, the first one at 10 °C driven by a refrigeration cycle
using waste heat and the second one at -5 °C. An optimal interval of desorption time has
been found with an energy cost of 1.4-1.7 MJ/kgput and butanol recovery about 95 %.
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Introduction

Nowadays, people are more aware of the consequences of VOCs emissions to the
atmosphere. In the aerospace industry, the cleaning of metal pieces was done, during
many years, with vapor degreasing processes that used organic solvents as cleaning
agents, for instance 1,1,1-trichloroethane and trichloroethylene. As a consequence of
Montreal Protocol revision in the 90s, the use of those solvents became limited and it
was necessary to introduce new solvents like 1-bromopropane (1-BP), as possible
substitutes [1]. Nevertheless, certain precautions are still required in order to reduce
VOCs emissions and to assure the compliance of the limiting emission values established
by law. The adsorption process is the most common to remove VOCs from gaseous
streams. The main costs associated with the implementation of adsorption systems are
related with the type of adsorbent chosen that will also influence the efficiency of the
process [2]. Activated carbons are the most common adsorbents since they have high
surface areas and non-uniform pores that allow the adsorption of a large number of
compounds simultaneously. In contrast to what happens with compounds like toluene
and CFCs, there is a lack of studies focused in the removal of 1-bromopropane (1-BP). In
this work, the removal of 1-BP was studied by adsorption in commercial activated
carbons with different characteristics and shapes.

Materials and Methods

Several commercial activated carbon samples in different forms: granular (Norit RX3,
Carbosorb b64, Merck 102514 AC and Filtracarb), fiber (ACF) and cloth (ACC) supplied
by Kynol, were used as adsorbents. The adsorption study was performed using EnSolv®
5408 solvent containing around >90 wt.% of 1-BP and <3 wt.% of 2-butanol and 1-BP
with 99% purity from Sigma-Aldrich. The characterization of the samples was carried out
by nitrogen sorption at 77K using a Micromeritics ASAP 2010 apparatus and by thermal
programed decomposition (TPD) to identify the functional groups that exist at the
carbons surface (according to the procedure developed by Figueiredo et al. [3]). The
adsorptions studies were performed through the determination of breakthrough curves
obtained at atmospheric pressure and ambient temperature and using 1g of sample in
a fixed bed column. The inlet concentration was composed by nitrogen and 1-BP (125;
172, 238; 330 mg/L). The outlet stream from the column was analyzed every 4 minutes
by gas chromatography (GC). The amount of 1-BP adsorbed by each adsorbent, gexp, was
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determined from the integration of breakthrough curves from time t=0 and
t=saturation. The breakthrough curves obtained were adjusted to different empirical
models like Thomas and Bohart-Adams Models.

Results and Discussion

The breakthrough curves obtained 1,01
during the adsorption of 1-BP with the
different activated carbon samples are
shown in Fig. 1. ACC sample was the one
that adsorbed the highest amount of 1-BP
and had higher breakthrough times. The
adsorption models fit the experimental
data reasonably well. The Bohart-Adams
model was only used for comparison of the i hactager . .
breakthrough times, since the model can o a0 e Lo Lol
only describe the beginning of the TImE: in
breakthrough curve. The adsorbed Fig. 1. Breakthrough curves for 1g of Norit RX3

.. . . . (e), Carbosorb64 (¢), Filtracarb (A), Merck (O),

quantities obtained with this model  Acc'm)and ACF (A).
cannot be used to describe the real
amounts adsorbed. However, the breakthrough times were similar to the ones
determined experimentally. In order to verify if the solvent impurities have any
influence, an adsorption test was performed using 1-BP (99% purity) with a Carbosorb
64 sample and the adsorption capacities obtained in both cases were the same
(2,37 mmol/g) and the breakthrough curves very similar. Using Norit R3, an increase of
1-BP concentration at inlet was observed, leading to identical adsorption capacities with
saturation times decreasing from 72 to 24 minutes. TPD analysis showed that the
presence of carboxylic groups in the carbon surface does not have any influence on the
amount of 1-BP adsorbed by each sample. The results obtained in this study showed
that the adsorption capacities are higher using samples in powder form than in granular.
From the industrial point of view, the granular samples are preferable, but it was
observed that samples with higher micropores volume adsorb higher amounts of 1-BP,
except when preferential paths related with the shape of the granulated samples
(extrudates or spheres) are present.

0,54
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Introduction

Magnetic mesoporous silica nanoparticles (MMSN) have been shown to be important
materials for diverse biomedical applications, like imaging for diagnostic, biosensing,
biocatalysis and drug delivery [1]. MMSN are attractive materials due to the conjugation
of nontoxicity and biocompatibility with the magnetic properties of iron oxide together
with the advantageous structural properties of mesoporous silica, such as tunable
uniform pore size, large internal specific surface area and pore volume.

5-Fluorouracil (5-FU) is an important antineoplastic drug but, on the other hand, it is
very toxic, causing severe side effects. The immobilization of 5-FU in nanomaterials by
adsorption is one possibility for drug delivery systems in order to decrease the side
effects. However, the studies of adsorption of 5-FU in mesoporous silica based materials
are very scarce [2, 3].

The objectives of this work are to obtain and to characterise magnetic mesoporous
materials consisting of iron oxide in mesoporous silica nanoparticles, with different
characteristics, and to test their ability for adsorbing 5-FU. Two MMSN are considered
in this work and the results are compared also with a pure silica grade.

Materials and Methods

The magnetic iron oxide nanoparticles, the materials with iron oxide in mesoporous
silica (A and B) and a pure silica mesoporous material (C) were prepared with some
differences in the procedures reported in the literature [4, 5].

The characterisation of the materials involved nitrogen adsorption at 77 K, scanning
(SEM) and transmission (TEM) electron microscopy, X-ray diffraction and energy
dispersive X-ray fluorescence spectrometry. Nitrogen adsorption-desorption isotherms
were determined on a Quantachrome Autosorb iQ, using helium and nitrogen of
99.999% purity. SEM and TEM analyses were obtained, respectively, on Hitachi S2400
and on Hitachi 8100 electron microscopes. X-ray diffraction was carried out on a Bruker
AXS D8 Advance diffractometer. Iron oxide content was determined by X-ray
fluorescence and using calibration data determined, in an appropriate concentration
range, on an Oxford Instruments X-Supreme 8000 spectrometer.

Adsorption of 5-FU from solutions was tested at 298 K and the amounts of 5-FU
adsorbed were obtained from changes of its concentration as determined by
spectrophotometry, after appropriate dilution to be in the concentration range of
calibration data obtained, under the same conditions, on a Perkin Elmer Lambda 850
UV-Vis spectrophotometer.
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Results and Discussion
As inferred from Fig. 1, materials with different characteristics were obtained,
although, they have, in all cases, large specific surface areas and mesopore volumes.

Fig. 1. Nitrogen adsorption-desorption isotherms, at 77 K, determined on
mesoporous silicas A and B with magnetic iron oxide and on mesoporous silica C.

It is evident that material A has very uniform mesopore width, better than material
B which, in addition, presents secondary mesoporosity. The materials A and B have
similar specific surface area, while that of material C is larger although the mean pore
width, obtained from the maximum of the pore size distribution calculated by NLDFT, is
similar to that of material A. TEM showed differences in the shape of the mesoporous
silica particles, namely that C consists of spherical particles, while B has mainly round
particles and A has rod shape particles with uniform channels in consistency with the
nitrogen adsorption. In addition, A and B present iron oxide nanoparticles in the silicas.
The materials A and B, for which the iron oxide content was found to be similar, have
advantage over pure silica grades of being easily recovered and for drug delivery, due to
the magnetic properties of the iron oxide in the silica nanoparticles. The adsorption of
5-fluorouracil by the different materials will be compared in the presentation.
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Introduction

In many of their practical applications activated carbon materials are used in the
presence of water vapour or liquid. Hence, the study of the interaction between water
molecules and carbon surfaces is of some practical importance. It is generally believed
that the mechanism of adsorption involves a number of stages. Initially, individual
molecules adsorb on polar surface sites and these then act as secondary sites for the
formation of clusters. As the relative pressure increases, the clusters grow and may
eventually coalesce or may detach from the primary sites. Multimolecular clusters
behave as larger more polarizable molecules and will therefore be able to adsorb in the
micropores even if the walls are hydrophobic. On the basis of these general principles a
number of models and corresponding isotherm equations for the adsorption of water
vapour by microporous carbons have been proposed [1-4].

The objective of the present work was to obtain water vapour adsorption isotherms
on series of purely microporous carbons covering a range of micropore sizes and to use
these for the evaluation of a number of models. In the presentation we will consider just
one model, referred to as the cooperative multimolecular sorption (CMMS) model [1].
According to this, the adsorption of water vapour is described by the equation

c K,a
Csat (1 - Kasa) [Koa + Wz(l - Kasa)]

where

Kia Kia \? 4K,a
e (- =) e
2 1-K,a 1-K,a 1-Kya

C and Csat are the adsorption and adsorption capacity, a is the relative pressure and the
K’s are equilibrium constants for the different stages of adsorption.

Materials and Methods

The precursor used in this work was a modified acrylic fibre specially prepared by
Fisipe SA, Member of SGL Group - The Carbon Company. A vertical tube furnace and
constant gas flow of 85 cm3min! were used. Each sample was carbonized by heating to
700, 800, 900 or 1000 °C at a rate of 10 °C min'! under N». Activation was carried out by
switching to a CO; flow for between 15 to 4320 min, then switching back to the N, flow
and allowing the sample to cool to below 50 °C before removing from the furnace. The

163



40? Reunido lbérica de Adsorgdo Evora, setembro 2016

samples are designated FXtq, where t is the activation temperature in °C divided by
100 °C and q is the burn-off. Each sample was subsequently characterized by adsorption
of N2 at 77 K using a Quantachrome Autosorb iQ.

The adsorption isotherms of water vapour were determined gravimetrically at 293 K
using a Cl Precision vacuum microbalance coupled to a Disbal control unit with pressure
measurement by means of an Edwards Barocel 600 capacitance manometer. Fitting to
the CMMS Equation was carried out using IGOR Pro vs. 6.3.7.2.

Results and Discussion

Fig.1 shows water vapour adsorption isotherms for 3 of the samples prepared at
900 °C. As the burn-off increases the adsorption capacity increases and the pore-filling
step shifts to higher relative pressure. Similar results were obtained at other preparation
temperatures, the most significant differences being that, considering a fixed value of
burn-off, both the adsorption capacity and the relative pressure of the step increased
with increasing preparation temperature. In addition, it was found that the isotherms
exhibited hysteresis at pressures greater than about 0.25p° when the burn-off was high
but were completely reversible when the burn-off was low. An estimate of mean pore
size was obtained by application of the Dubinin-Astakhov Equation to the 77 K N;
isotherms and it was found that, in general, there was a relatively linear relationship
between mean micropore size and the point of inflection of the water vapour isotherms.

Fig.2 shows representive examples for the fitting of the CMMS equation. In all cases
reasonable fits are obtained over a wide range of relative pressures for samples with
very different burn-offs and mean micropore sizes (0.7 and 1.4 nm for 17 and 83 %
burn-off, respectively). The results will be considered in more detail in the presentation.

40
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Fig.1. Representative water vapour Fig.2. Representative examples of fitting the
adsorption isotherms CMMS Equation
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