Prediction of the Adsorption Isothermes of n-Aldehyde Mixtures Applying Density Functional Theory
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Abstract:

The separation of mixtures having components with very similar vapor pressures using distillation is always a very hard task and requires a large amount of invest and energy cost. Mixtures of long-chain n-aldehydes having a similar number of carbon atoms belong to this class of mixtures. An alternative separation method is the adsorption at porous surfaces. For the design and optimization of this separation method the adsorption isotherms are required. In principle, these adsorption isotherms can be measured; however the measurement is very time consuming. Therefore, this contribution deals with the prediction of adsorption isotherms applying density functional theory (DFT) [1,2,3,4] in combination with a suitable equation of state.

Our interest is the understanding of the behavior of pure fluids and binary mixtures in narrow pores. This interest has focused on the density profile and adsorption inside the pore, phase transitions and hysteresis effects, and wetting and prewetting phenomena. The DFT starts with an expression for the grand potential as a functional of the density profile of the fluid, where we assume the fluid is inhomogeneous in only the 
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 direction perpendicular to the wall of the narrow slit pore. The grand potential appropriate the density profile of the fluid when one considers a fluid in an external field at a fixed temperature and chemical potentials of the components in the fluid mixture. At thermodynamic equilibrium the grand potential is in its global minimum with respect to variations of the density profiles and at this minimum its value is equal to the thermodynamic grand potential. The key step in density functional theory is to specify an approximate form for grand potential that is both tractable and accurate. 

The properties of the fluid mixture can be described with the inhomogeneous Helmholtz energy, which can be calculated using any equation of state (EOS). In order to model mixtures of n-aldehydes the Peng-Robinson equation of state (PR-EOS) [5] can be applied. The pure-component parameters of this EOS are adjusted to the vapor pressure curves taken from the literature. Unfortunately, no experimental data related to the vapor-liquid equilibria of binary n-aldehyde mixtures could be found in the literature. Therefore, some data points were measured with help of the dynamic method. These new experimental data were used to estimate the binary interaction parameter, 
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. The external potential occurring in grand potential describes the interaction of the fluid with solid wall and can be expressed by the Steele 10-4-3 potential [6]. To solve for the equilibrium density profile, the grand potential functional is minimized with respect to the local density.
Experimental studies of adsorption phenomena of a pure fluid commonly focus on adsorption isotherms; plots of the amount of fluid adsorbed in a porous solid versus the pressure of the coexisting bulk fluid. This information is also obtainable from the density functional theory by integration of the calculated density profile. In the case of fluid mixture the partial density can be predicted using this approach. Additionally, the impact of the porosity on the adsorption isotherm can be studied. The pore distribution function can be obtained by measurement of the nitrogen adsorption isotherm.
We present adsorption isotherms, phase diagrams, and density profiles for pure n-aldehydes as well as binary mixture of n-aldehydes confined to a slit pore. In particular, we concentrate on the gas-liquid transition in the pore (capillary condensation). 
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