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Graphical Abstract 
 

 

Fig. 1. (a) Novel hierarchical HT-networks with enhanced mass transport properties; (b) Simulation of a typical 

breakthrough curve response. 

 

Abstract 

Over the last decades there has been widespread concern about the increasing concentration of carbon dioxide 

in the atmosphere due to anthropogenic activities, with fossil fuel combustion being the main CO2 source [1]. 

There is, therefore, strong motivation in developing suitable processes for carbon dioxide capture and storage 

(CCS). In this regard, pre-combustion carbon capture stands out as one of the most promising strategies for 

CCS, in which a developing technology is sorption enhanced H2 production (SE-H2) operating between 573 

and 773 K. So far hydrotalcites (HTs) are regarded as the most promising group of CO2 adsorbents for SE-H2 

since they show good performance in the temperature range of interest, exhibiting fast kinetics, high selectivity 

in the presence of water and requiring relatively low energy to be regenerated compared to other adsorbents. 

However, a major drawback of HTs for commercial use is their relatively low adsorption capacities, and also 

improvement in multicycle stability is needed for their use in pressure and temperature swing applications. 

 In previous studies, we demonstrated that the CO2 adsorption performance of HTs can be improved by 

supporting them on multi-walled carbon nanotubes (MWCNTs) and graphene oxide (GO) [2,3]. Significant 

enhancement in terms of intrinsic capacity and regenerability was observed using these carbon materials, 

however thermal degradation of the support was observed over extended multicycles. In this contribution, we 

report the synthesis of novel HT/MWCNTs/GO hybrids and GO aerogels with different loadings and their 

adsorption performance under relevant SE-H2 conditions. We show that the use of these networks confer 

significant advantages in terms of enhanced intrinsic adsorption capacity, thermal stability, kinetics and heat 
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 and mass transport characteristics compared to unsupported HT and previously reported HT/MWCNTs and 

HT/GO adsorbents. The presence of an open, accessible, high surface area network stabilises the final 

adsorbent, minimising the deactivation and sintering effects normally observed for the unsupported HT. The 

concept of these networks as substrate can be readily extended to other adsorbent materials (e.g., SBA15 based) 

particularly where problems of sorbent degradation over use are still present [4]. The adsorption kinetics of the 

hybrids can be described by a linear driving force dynamic model, Figure 1. The information generated in this 

study serves as a basis for the design of pre-combustion CO2 capture units. 
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