
Scientific Achievement 
Amine/oxide adsorbent materials with different amine loadings were prepared, and the CO2

adsorption behavior of similar amines on the two alumina supports are demonstrated to  
behave differently, emphasizing the importance of support choice in CO2 sorbent design. 

Significance and Impact
These results aid in the optimal design of CO2 sorbents as the support can potentially be an  
active entity in the sorbent especially at low amine loadings. Although tuning the support 
properties on alumina-based supports contrasts results achieved previously on silica-based 
supports, it emphasizes the importance of support choice on effective sorbent design, 
specifically regarding amine loading, and amine-amine interactions.

Potter, M.E. et al., “Role of Alumina Basicity in 
CO2 Uptake in 3-Aminopropylsilyl-grafted 
Alumina Adsorbents” ChemSusChem, Accepted 
(2017). [DOI:10.1002/cssc.201700115]

Role of Alumina Basicity in CO2 Uptake in 3-Aminopropylsilyl-

grafted Alumina Adsorbents

Research Details
– Two class 2 aminosilyl-modified CO2 sorbents were created by grafting 

primary amines associated with 3-aminopropyltriethoxysilane onto two 
different alumina  materials  having  different  levels  of  basicity

– Surface-amine interactions were shown to play a pivotal role in the 
development of CO2 sorbents.

– This  combined microcalorimetry and spectroscopy study reveals the 
influence of the specific attributes of the support on the CO2-amine 
species formed, and their potential applications to DAC and flue-gas 
capture technologies.

http://onlinelibrary.wiley.com/doi/10.1002/cssc.201700115/full
Presenter
Sticky Note
Oxide-supported amine materials are widely known to be effective CO2 sorbents under simulated flue gas and direct air capture conditions. To date, most published studies probing amine-CO2 interactions have focused on a single support, most often a silica-based material, though potential stability advantages may be offered through use of porous alumina supports. Unlike silica materials, which are comparably inert, porous alumina materials can be tuned to have substantial acidity and/or basicity. Owing to their amphoteric nature, alumina supports play a more active role in CO2 sorption than silica supports, potentially directly participating in the adsorption process. In this work, primary amines associated with 3-aminopropyltriethoxysilane are grafted onto two different mesoporous alumina materials having different levels of basicity. Adsorbent materials with different amine loadings are prepared, and the CO2 adsorption behavior of similar amines on the two alumina supports are demonstrated to behave differently. At low amine loadings, the inherent properties of the support surface play a significant role, whereas at high amine loadings, when the alumina surface is effectively blocked, the sorbents prepared on the two supports behave similarly. At high amine loadings, amine-CO2-amine interactions are shown to dominate, leading to adsorbed species that appear similar to the species formed over silica supported amine materials. By tuning support properties, we emphasize the importance of support choice on effective sorbent design. The sorbent properties are comprehensively characterized using nitrogen physisorption analysis, in situ FTIR spectroscopy and adsorption microcalorimetry, aiming to draw structure-property correlations between two different alumina supports with different levels of basicity, and their potential applications to direct-air capture and flue-gas capture technologies. �



Powder XRD shows 

difference in crystallinity in 

bare alumina supports

XRD and N2 Physisorption show structural differences between ordered 

and disordered alumina supports (bare and with APS)

Nitrogen physisorption confirms APS is 

being deposited inside mesopores instead 

of purely on exterior surface. 



Unique trends in CO2 uptake capacity as function of amine loading in 

Class 2 supports (differ from previous reports for silica or alumina)

Simulated flue gas = 

10% CO2 in He. 

Simulated direct air 

capture = 

400 ppm CO2 in N2

CO2 uptake improved with 

more APS. Flue gas 

conditions have higher CO2

absorbed than direct air 

capture, as expected.



In-situ FTIR spectroscopy shows nature of adsorbed species differs in 

both systems, D-Al2O3 support contained more basic sites
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D-Al2O3 support shown 

to be more basic than 

O-Al2O3 material 

through formation of 

carbonate species and 

higher CO2 uptake

Porous alumina 

supports form different 

adsorbed intermediates 

due to different 

combinations of amine 

species upon 

interacting with CO2



Different heats of adsorption for D-Al2O3 and O-Al2O3 with 

varying levels of APS loading due to different species formed

As APS loading increased, amines 

became less isolated, more ion pairs 

formed, and higher heats of adsorption 

were observed

At high amine loadings, both materials 

gave similar types of adsorbed CO2

where support surface influence was 

minimized

Introducing APS decreased heat of 

adsorption for D-Al2O3 but not O-Al2O3 

suggesting APS lowered CO2 capacity of 

more basic sites

D-Al2O3 had higher heats of adsorption than 

O-Al2O3 due to  more strongly basic sites


