
Adsorption Advantages

• Lower energy requirements than 
chemical absorption

• Lower installation and operation costs

• Wide temperature (40-500°C) and 
pressure (1 – 40 bar) range

• No need of specialized  waste 
treatment

Adsorption 
Challenges

• Low capture capacity

• Scale of experiments

• Under development
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Carbon Capture, Utilization and Storage technologies (CCUS) are very
important to reduce CO2 emissions. However, their current cost is high.

Solid adsorption could reduce the cost of carbon capture.

Hydrotalcites, as solid adsorbent can be improved to compete with amine
absorption, the most mature CO2 capture technology.

Molecular simulation tools reduce the amount of resources and time spent
on characterizing solid adsorbents.

Information can be transferred to process simulations to scale up the results,
without the need of a pilot plant.

Aim

Introduction

To develop a reactive Force Field (FF) for molecular simulation 
that predicts the adsorption capacity of hydrotalcites

Porosity

• High surface area

Fast kinetics 

• Adsorption         Regeneration

Selectivity

• CO2/H2       CO2/N2

Stability

• Chemical     Mechanical     Thermal

Cost

• Availability      Operation    Disposal

Desirable Adsorbent Characteristics

[5]Fig 2 Desirable adsorbent characteristics.
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HT are a type of anionic
clay successfully used for CO2

adsorption at laboratory scale.
Are widely available and are easy to
synthesize.
HT have relatively low adsorption

capacity (0.1 – 1.7 mol CO2/kg HT),
that can be improved depending on:
Elements that integrate the HT
Conditions of synthesis and
operation. [6]

Calcination of the HT is necessary to
increase its adsorption capacity

Fig 3 Hydrotalcite chemical formula and structure, 
with eligible elements.

Molecular dynamic simulations are capable of representing large systems. The
ReaxFF method is able to account for chemical reactions. This is an important
to represent physisorption and chemisorption processes involved in CO2

capture on HT.

To get an accurate molecular simulation, ReaxFF needs adequate
parameters for the Force Field (FF) file. There are no available FF for
hydrotalcites for ReaxFF.

Validation: Molecular Dynamics (MD) and Grand Canonical Monte Carlo
(GCMC) simulations are carried out in the ADF Software with the new FF. Their
results, compared against literature, can assess the accuracy of the calcination
simulation and adsorption capacity prediction.

Adsorption analysis: Once the FF is adequate, the pressure and temperature
parameters can be optimized to improve the performance of the HT. The
obtained information can be used for process simulations to further analyze
their applications at industrial scale.

The specialized FF for HT in ReaxFF method has been developed and is under
reparametrization using the Covariance Matrix Adaptation Evolution Strategy
(CMA-ES). The preliminary MD results are similar to literature, although GCMC
simulations overestimate the adsorption capacity of the HT.

Molecular Simulation Methodology

Results

Grand Canonical 
Monte Carlo

GCMC

• Adsorption studies using 
the calcined structure

• Volume expansion

• Overestimation of the 
adsorption capacity 

Molecular 
Dynamics 

MD

• Calcination simulation at 
400°C using the FF.

• Surface area similar to 
literature reported BET.

• Interlayer anions convert 
into CO2

• Water evaporation

Optimization of 
the FF with 

CMA-ES 

• Generation of a FF which 
contains data of the 
behavior of the elements 
using the CMA-ES 
algorithm

Training set 
generation 

• Geometry optimization 
of the HT structure and 
gas molecules using 
Density Functional 
Theory (DFT)

• Lowest system energy for 
HT: -43,388.1222 
kcal/mol

Fig 1 Adsorption advantages and challenges.
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Hydrotalcites are a promising adsorbent for CO2 capture

Molecular simulation is a useful tool to provide insights of

 Reaction mechanisms  Physical phenomena

The quality of the ReaxFF simulation depends on:

Initial geometry Initial FF parameters Settings of the simulation

Reparameterization of the current force field will improve the results of the MD & GCMC
simulations in for different ranges of pressure and temperature to improve the HT
performance.

The settings of the simulations must be revised (e.g. Heating rate, ensemble, µ) in order
to better represent real operation conditions.

Conclusions

Generation of the FF with the CMA-ES Optimizer

[1, 2, 3, 4]

Fig 4 Results of each step

Fig 6 GCMC simulations: Adsorption capacity.

Development of an adequate Force Field (FF)

Over 80 FF have been generated. Only the ones
with the lowest error were tested for MD. The 
one with the best results was
ffield_best_9_RUN5.ff.

Some challenges are the lack of representation
of HT polymorphism. Due to computational
power limitations, we could not include the 
structure of mixed metallic oxides. 

Molecular Dynamics (MD) Simulations

The MD simulation was set 
over 1.2 ns to reach  673.15 
K (400°C), which has been 
suggested as the optimum 
calcination temperature.

Pressure was set to be 1 bar, 
as it is typically in operation 
conditions for CO2 post-
combustion capture from 
gas-fired power plants.

In molecular simulation, the 
heating rate is much higher 
than real conditions. 
However, it can give insights 
of the trends that the 
material will follow.

[7]

Fig 5 MD simulation: Evolution of the surface area.
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Physisorption molCO2/kgHT Chemisorption molCO2/kgHT The different runs of the GCMC 
simulations showed an 
overestimation of the adsorption 
capacity. Run 1 had a chemical 
potential µ= -16.07, the other 
runs were set with µ= -400.

Interestingly, physisorption 
capacity remains similar, whereas 
chemisorption varies greatly.

The adsorption capacity is 
overestimated in contrast with 
the reported in literature. The 
chemical potential µ used must 
be revised.


