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Short Abstract: 

 
The increasing concentration of CO2 in the atmosphere and the growing concern for related global climate change 
have recently focused interest in the development of carbon capture utilization and storage technologies (CCUS), 
as potential methods to reduce greenhouse gas emissions. Among the different CO2 capture techniques, 
chemical absorption based on aqueous amines is considered the most mature technology for industrial scale 
application, and in particular aqueous 2-aminoethanol (MEA) has a long story as efficient system for CO2 
separation in natural gas extraction and gas refinery. However, MEA technology suffers some critical limitations 
that prevent its wide application, mainly related to the high energy cost of sorbent regeneration and 
environmental concerns because of the thermal and oxidative amine degradation.  
The aim of my research activity is the development of new and efficient systems for the capture of CO2 from a 
gas stream in a sustainable way from an energetic, economic and environmental point of view. To achieve this 
goal, two main strategies were followed. The first strategy concerns the formulation of alternative amine 
sorbents, or even new classes of sorbents, able to outperform the conventionally used aqueous amine in terms 
of CO2 absorption rate, cyclic capacity and regeneration heat requirement. The study has been focused on amines 
(or amine blends) which combine high CO2 reaction rate with a low energy for regeneration. Moreover, the 
strategy of replacing water, the most energy-hungry component in the conventionally used amine sorbents, with 
organic diluents that have considerably lower heat capacity and heat of vaporization was also considered. The 
replacement of water by organic diluents, or the absence of any diluents, may also redirect the reaction of amines 
with CO2 towards less stable species which, consequently, require lower stripping temperatures at room 
pressure. The other strategy pursued concerns the development of a new concept of CO2 capture and utilization 
process, which combines the CO2 abatement with the direct synthesis of commercially valuable products. Turning 
carbon dioxide into useful chemicals under mild operating conditions can circumvent most of the drawbacks of 
the energy-intensive processes of CO2 desorption, sorbent regeneration, CO2 transport and final disposal. With 
this approach, CO2 is no longer seen as a waste, but rather as the building block for obtaining valuable chemicals 
that can lower the cost of the capture itself. 
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