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Offen im Denken

Motivation

The heat of adsorption represents a crucial design parameter for industrial adsorption
and desorption processes, as the temperature has a considerable impact on adsorption
capacity and process kinetics. The temperature dependence of the heat of adsorption is
of particular importance in the context of TSA (temperature swing adsorption) processes,
which are characterized by pronounced temperature shifts between adsorption and
desorption. Accordingly, an understanding of the load- and temperature-dependent
behavior of the heat of adsorption offers potential for process optimization.

Methods and Materials

The heat of adsorption, as a process variable, is obtained by adding an RT-term
(R: universal gas constant, T: temperature) to the adsorption enthalpy, which is a variable
of state. The adsorption enthalpy provides a measure of the strength of intermolecular
interactions between the adsorbent surface and adsorptive molecules. Consequently, the
load- and temperature-dependent measurement of adsorption enthalpies allows
conclusions regarding the adsorption behavior.

Results and Discussion
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Adsorption of ethene on FAU zeolite NaX:
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Figure 6: Isotherms (left) and load-dependent adsorption enthalpies (right) of the adsorption of ethene on NaX zeolite

— Equilibrium loading decreases with increasing temperature
— Two plateaus of constant adsorption enthalpy
— Two energetically different adsorption sites (A(Ah,y.) = 5 kd/mol)
— Decrease of adsorption enthalpy by 5 kd/mol with increase in temperature of 40 K
— |sosteric adsorption enthalpy cannot describe shape and values of measured data

Adsorption of ethene on FAU zeolite CaNaX 80%:
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Figure 7: Isotherms (left) and load-dependent adsorption enthalpies (right) of the adsorption of ethene on CaNaX 80% zeolite

— Equilibrium loading decreases with increasing temperature
— Two plateaus of constant adsorption enthalpy
— Two energetically different adsorption sites (A(Ah,y,) = 35 kd/mol)
— Higher adsorption enthalpies and adsorption enthalpy difference between plateaus
on CaNaX 80% than on NaX due to additional divalent Ca?*-cations
— Decrease of adsorption enthalpy by 5 kd/mol with increase in temperature of 40 K
— |sosteric adsorption enthalpy cannot describe shape and values of measured data

Summary and Outlook

The temperature-dependent adsorption behavior is investigated systematically using a
sensor gas calorimeter to simultaneously measure adsorption isotherms and enthalpies.
Exemplarily, the results for the adsorption of ethene on a zeolite NaX and a cation
exchanged zeolite CaNaX are shown. Significant differences in the load-dependent
adsorption enthalpies indicate different kinds and strengths of molecular interactions.
Despite these differences, a comparable temperature dependence is exhibited by both
systems between -20 °C and +20 °C, with a decrease in adsorption enthalpy of
approximately 5 kd/mol being observed over the entire range of loading investigated.
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