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[Introduction]
In the gas absorption industry, carbon dioxide removal from gaseous mixtures with
alkanolamine solutions is classified as adiabatic gas absorption. Recently, aminomethylpropanol
(AMP) solution has been introduced as commercially attractive over conventional amines,
because it has a loading capacity of up to 1 mol of CO, per mole of AMP, and it has excellent
absorption characteristics, superior stripping qualities, higher degradation resistance, and a lower
corrosion rate [1]. In this study, theoretical calculations were done to find out the probable
mechanism of the reaction of CO, and AMP.
[Method]

The CO,/alkanolamine bulk interaction was studied using our in house molecular dynamics
(MD) program NEW-RYUDO. DMol® code based on the density functional theory was used for
studying the reaction of CO, and AMP in gas and aqueous phases by applying the COSMO
method. Moreover one water molecule was introduced to the reaction model to investigate the
role of base in the reaction.

[Results and Discussion]

Optimization of (AMP-CO,) complex in a gas phase shows no interaction as the distance
between the CO, carbon and the amine nitrogen increases to 2.47A. By addition of one water
molecule to the model it can be observed that this water molecule influences the interaction
between the amine and CO, because it decreases the amine nitrogen and CO, carbon distance to
1.62A as shown in Fig. 1. These results strongly suggest that, for the CO, to react with an amine
center, basic solvent molecules must be present. According to our results the energies of the
reactants, products, and intermediates were found to be more stable in the COSMO solvation
models than the gas phase. When the formation energies for the carbamic acids of different
alkalonamines are compared, it can be seen that the order of stability is (primary amine>
secondary amine) as shown in Table 1.The aim of the MD simulation was to investigate the
Kinetic interaction through the absorption process (e.g. the proton transferring while the carbamte
product formed).

Table 1. Formation energies for the formation of
carbamic acids.

AH; (kcal/mol)
Compound Gas phase  Agueous phase
Monoethanolamine -4.38 -7.70
Aminomethylpropanol 6.84 -3.62
Methylaminoethanol -4.53 -6.97
Propylaminoethanol -4.79 -7.01
Ethylaminoethanol -4.46 -0.50
Reference Fig. 1 (AMP-CO;-H,0)
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