A New Model Combining Helmholtz Energy Equations of State with Gibbs Excess Models
to Describe Reactive Mixtures
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Carbon dioxide emissions have to be decreased to decelerate global warming. To stay below a 1.5 °C temperature
increase the latest IPCC report [1] suggests four pathways of actions. Three contain the large-scale deployment of
“carbon capture and storage” (CCS) technologies. On an industrial level, chemisorption is a feasible solution due to
its relatively high efficiency and relatively low costs to capture CO2 produced, e.g., by burning fossil fuels. The most
promising and already used sorbents are amine-based. In a chemical reaction between the CO2-rich gas stream and
the liquid sorbent, CO2 is bound to the amine. To establish safe and efficient processes, knowledge of
thermodynamic properties, e.g., of vapor-liquid and chemical equilibrium, as well as density data is of great
importance. These properties are typically calculated from various different models. In particular, different
approaches are used to simulate capture, transport, and storage processes. This leads to inconsistencies at the
interfaces of the different process steps. Therefore, a new model was developed which reduces the inconsistencies
by describing the required properties with a single equation of state that is applicable to capture and transport
processes.

The new model is based on the well-established fundamental equations of state (EQS) in form of the Helmholtz
energy, for example the EOS-CG 2019 [2]. This mixture model is the most accurate EOS for the calculation of
thermodynamic properties of CO2-rich mixtures in the fluid state region. However, it cannot describe chemical
reactions forming new components. Thus, the Helmholtz mixture model is combined with a Gibbs excess energy
model in a consistent way. Due to the nature of the reactive mixtures, an e-NRTL model as proposed by Putta et al.
[3] was chosen.

The structure of the new model as well as first results, which are validated with experimental data, will be presented.
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