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• Amine-based adsorbents are promising for direct air capture (DAC) of CO2.

• However they can suffer from mass diffusion limitations, inhibiting CO2

uptake at ambient temperatures.

• Hydrophobic additives (H.A.) have previously been shown to be beneficial

for CO2 uptake in unsupported, cross-linked polyamine adsorbents.1

• Here we develop a new such adsorbent to favour ambient temperature,

DAC conditions. We investigate the adsorption behaviours and determine

the origin of the substantially higher CO2 uptake capacity.

Sample PAA (wt%) C60 (wt%) H.A. (wt %)

PAA-C60 80.5 19.5 -

H.A-PAA-C60 61.3 15.2 23.4

Sample 3 [ns] I3 [%] R [nm]

PAA-C60 1.71(4) 5.02(0.3) 0.256(4)

H.A-PAA-C60 2.10(17) 1.76(1.2) 0.294(15)
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• H.A-PAA-C60 has higher CO2 capture capacity and amine

efficiency than PAA-C60 at lower temperatures (≤ 50 °C).

• H.A-PAA-C60 adsorbs 0.053 g/g under DAC conditions.

• H.A. inclusion alters heats of adsorption and rate of

formation of adsorbed species.

• PALS demonstrates that the inclusion of the H.A. creates

greater void space, likely by disruption of polyamine chains.

• Extra void space of H.A-PAA-C60 facilitates the diffusion of

CO2, enhancing low temperature adsorption.

• CO2 capacity and amine efficiency of PAA-C60 show strong temperature dependence.

• Adsorption is highest at the lower temperatures (≤ 50 °C) for H.A-PAA-C60.

• H.A-PAA-C60 adsorbs 0.053 g/g in 400 ppm CO2 at 30 °C, three times that of PAA-C60.

• At near zero adsorption, high heat of adsorption (≥ 100 kJ/mol) due to high amine 

availability for chemisorption and formation of ammonium carbamate (high heat of ads).

• H.A. raises heat of ads. at 30 °C. H.A affords greater diffusion of CO2, greater access to 

amines, more chemisorption takes place rather than physisorption.

• H.A. lowers heat of ads. at 90 °C. Lower amine density of H.A-PAA-C60 results in more 

isolated amines, promotes formation of carbamic acid (lower heat of ads.).
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• 1690 cm-1, C=O stretch of carbamic acid.
• 1630, 1473 cm-1, N-H def. vib. of ammonium carbamate.
• Adsorbed species form at different rates on the two adsorbents.

• H.A-PAA-C60 has larger radius of free volume. 
• Increase of 0.04 nm sufficient to improve gas permeability.2
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