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1 Introduction

Acid gases in natural gas cause billions of dol-
lars in damage each year. This application note
illustrates the use of the MedeA materials model-
ing environment to optimize an industrial capture
process, improve its efficiency, and reduce pollu-
tion. Acid gas capture can be achieved using sev-
eral technologies. The most mature process de-
ploys an absorption unit with an aqueous amine
solvent [1] (Figure 1)
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Figure 1: Schematic of an agueous amine absorp-
tion unit.

The processes taking place in such an absorption
unit are multi-physical and multi-scale [2]. In ad-
dition to the efficiency of the acid gas absorption
unit, the regeneration unit is also a cause for con-
cern, as it consumes energy to operate. In this
application note, we focus on the initial absorp-
tion rates of HoS and COs in unsaturated aqueous
amine solvents, for which good quality experimen-
tal rate values are available [3] (Figure 2).
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Figure 2: Experimental selectivity of absorption of
H>S over CO» as a function of the rate of absorp-
tion of HoS at T = 323.15 K in aqueous amine sol-
vents (13 mol % amine, 87 mol % H»>0O) (Reprinted
with permission from American Chemical Society).

This figure also shows the variation of the selec-
tivity of the solvents for H»S. While CO» is usu-
ally the major acid gas component (one order of
magnitude higher), the tolerance threshold for HoS
is much lower because of its toxicity. The aque-
ous amine solvent can in principle be tuned to
precisely meet the chemical engineering require-
ments.

2 Resulis

Experimental absorption rate measurements are
time-consuming, expensive, and further compli-
cated by data quality requirements [3]. Therefore,
relying on simulations is advantageous. However,
one challenge remains: the conversion of the ab-
sorption rates to activation energies gives an en-
ergy scattering within 1.2 kJ mol™ [3][4]. This
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means that the accuracy required to obtain quan-
titative calculated data must be about 0.1 kJ mol™'.
Such accuracy is beyond current quantum chemi-
cal methods [5]. In addition, the liquid phase sys-
tem requires the sampling of many conformations
to calculate accurate free energies [6].

A successful simulation protocol was developed
to determine the rate-determining step in the ab-
sorption of H>S and COs.. It utilized the empirical
Polanyi-Evans relationship [7] (Figure 3).
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Figure 3: The Evans-Polanyi principle links lin-
early the variation of an activation energy barrier
with changes in the solvation energies of the reac-
tant and product (Reprinted with permission from
American Chemical Society).

It allowed the estimation of activation energy from
the energy difference between intermediates near
the transition state, calculated using a classical
(non-reactive) forcefield. This approach enabled
extensive sampling of solvent and reaction inter-
mediate conformations, far beyond what ab initio
molecular dynamics and reactive forcefield simu-
lations could achieve, resulting in highly accurate
data. The protocol likely benefited from error com-
pensation from the energy difference calculation,
as the forcefield used, though not a latest genera-
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tion forcefield, lead to good accuracy with a simple
charge model of water (SPC model) and no polar-
izable charges.

The highly accurate calculated data combined with
high-quality experimental absorption rate were
used to fit the Polanyi-Evans relationship, leading
to a quantitative prediction of the calculated ab-
sorption rates H.S [3] and CO; [4] compared to
experimental rates (Figure 4).
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Figure 4: Experimental and computed rates of ab-
sorption of HoS (top) and CO» (bottom) in aqueous
amine solvents (Reprinted with permission from
American Chemical Society).

The relative errors of the calculated CO» and H»>S
absorption rates were 4% compared to the exper-
imental ones.
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3 Conclusions and Perspectives

The high accuracy of the calculated rates enabled
the evaluation of a large number of solvents. This
significantly guided experimental testing, reduc-
ing the time required by focusing on the most
promising canditates. The calculations produced
a substantial and consistent data set, facilitating
the training of Al correlation models [3] [8]. These
models were then used to predict the performance
of over 10,000 aqueous amine solvents and their

HoS/CO; selectivity. In this application note, we fo-
cused on the absorption rate of acid gases in the
absorption unit. A similar protocol could be applied
to the study of the thermochemistry and kinetics of
acid gas desorption, aiding in the optimization of
energy consumption in the regeneration unit.
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