New Generation of Nanomaterials for Green House Gases Adsorption

Amanda Alonso, Rebeca Contreras, Ahmad Abo Markeb, Xavier Font, Antoni
Sanchez

Chemical Engineering Department, Autonomous University of Barcelona, Spain
amanda.alonso@uab.cat

Abstract

The Green House Gases (GHG) capture and storage could play a significant role in reducing
emissions in the atmosphere. Carbon dioxide (CO,) is the most important gas by volume and so
it has been widely studied and captures the focus in most of the reports on global warming. [1].
However, there are other GHGs with lower volume emissions but which contribute 40% of the
radiation from GHGs. Thus, Schulze et al. (2009) emphasize the importance in future emissions
of methane (CH,) and nitrous oxide (NO,) in the GHG balance in Europe [2].

There are several technologies for CO, capture including adsorption, absorption and through
membranes, among others [3]. They include several adsorbents such as: active carbon [4]
zeolites [5] and mesoporous silica [6]. The above technologies based on adsorption processes,
are limited regarding retention capabilities of GHG per absorber mass. In this regard, there is
widespread interest in the development of advanced absorbent materials with better
characteristics than conventional materials and incorporating appropriate functionality for each
specific pollutant. Nanotechnology can be the solution. Recently, there have been some studies
that used nanomaterials for CO, removal. For instance, the use of carbon nanotubes (CNTSs)
and nanotubes functionalized with amines by physical adsorption processes. The comparison of
these materials with commercial adsorbents such as active carbon and zeolite suggests that
these compounds are good candidates for CO, absorption [7]. One of the other hand, some
technologies used to capture CO, at high concentrations is the combustion of solid carriers
oxygen ("Chemical Looping Combustion,"CLC) which is an alternative to the conventional
combustion with subsequent separation of CO2 (capture in post-combustion). In this
technology, metal oxides are used as transporters oxygen as Fe,Os;, NiO and Mn,O; among
others, on inert supports. However this technology has not yet carried out on a large scale,
although the results are promising, mainly by low energy costs required in the process [8]. A
very few results were found for the use of inorganic nanoparticles (NPs) for CO, removal and
even less for the removal of other GHGs such as NO,, CH, and fluorinated compounds.

While in the field of gas treatment research has not been widely studied, in the field of
environmental engineering and water treatment processes it is seen more research. Thus,
some work developed by our group and others for removal of heavy metals [9] or of nutrients
[10] by using inorganic NPs show the potential of nanotechnology for contaminant removal
applications.

In this sense, it has been studied in this work the adsorption of CH,4 on different type of NP and
nanomaterials including: iron oxide (FesO,4) NPs, titanium oxide (TiO,) NPs, ZrO, NPs as well
as Fe;0, and MnFe,O, NPs stabilized [11] in sulfonated polymers or zeolites among other
porous supports of interest. The synthesis and characterization of various types of
nanomaterials was studied in order to present an improvement in adsorption capacity compared
to the materials currently in use. They have been used for removal CH, in continuous
experiment. The results obtained so far showed an increase in the adsorption kinetics for both
Fes;04 NPs and those stabilized in polymer in comparison with commercial Activated Carbon or
Zeolites.
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