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1. Introduction - lon-exchange processes on zeolites hold promise for improving adsorption mechanisms
critical for post-combustion CO, capture (PCC). Zeolites offer advantages such as favourable CO;
adsorption isotherms, rapid kinetics, non-toxicity, and cost-effectiveness, making them attractive
candidates for carbon capture applications. In this study, we focus on exploring the impact of ion-
exchange (K* and Ca?*) on bare NaY zeolite for PCC. Fixed-bed breakthrough experiments were
conducted on various ion-exchanged zeolites, including K(23)Y, K(58)Y, K(95)Y, Ca(56)Y, and
Ca(71)Y, within a temperature range of 306 K to 344 K and pressures reaching up to 350 kPa. The
objective of these experiments is to investigate the equilibrium, Kinetics, and dynamic characteristics of
the sorption process, covering both single and binary mixtures of CO; and N.. Performance parameters
such as selectivity and working capacity were evaluated based on the experimental outcomes. Following
data collection, a mathematical model was calibrated utilizing Aspen Adsorption v10 software to simulate
fixed-bed performance under standard PCC conditions.

2. Experimental - The FAU type-Y zeolites investigated in this study were synthesized in a binder-free
form, denoted as Kostrolith NaYBFK, with a Si/Al ratio of 2.5. The synthesis was conducted at the
laboratory facilities of Chemiewerk Bad
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3. Results and Discussion - In Image 2, the CO; and N adsorption behaviors, along with the CO2/N;
selectivity at 306 K, are shown. These include isotherms for bare binder-free NaY and ion-exchanged
zeolites: K(23)Y, K(58)Y, K(95)Y, Ca(56)Y, and Ca(71)Y. Notably, the sorption hierarchy at low
pressures (up to 50 kPa) follows the order: Ca(71)Y < Ca(56)Y < NaY < K(23)Y < K(58)Y < K(95)Y.
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For instance, at 25 kPa and 306 K, CO; loading for bare NaY is 4.05 mol-kg™, rising to 4.29 for K(23)Y,
4.59 for K(58)Y, and peaking at 4.72 for K(95)Y, indicating a 16% improvement over NaY. Conversely,
Ca(56)Y exhibits a loading of 2.63 mol'kg™, and Ca(71)Y records a lower loading of 2.01 mol-kg?,
indicating less than half the adsorption compared to commercial NaY. At pressures exceeding 200 kPa,
K(23)Y and NaY exhibit the highest CO, loadings, followed by K(58)Y and K(95)Y. The N, isotherms
show a more linear trend compared to CO», with a similar sorption hierarchy, but with considerably lower
loadings. The observed N2 loadings suggest zeolites containing smaller monovalent cations, like binder-
free K(23)Y and NaY, exhibit slightly lower N, uptake compared to other K* exchanged adsorbents,
potentially contributing to higher CO2/N; selectivities and enhancing CO, separation efficiency in
industrial applications. Analysis of the CO2/N; selectivity profile in Image 2c reveals consistent superior
performance by binder-free zeolite K(23)Y across various conditions. For instance, at 306 K and 50 kPa,
the CO2/N> selectivity for K(23)Y is 41, surpassing those of NaY (38), K(58)Y (35), K(95)Y (28),
Ca(56)Y (26), and Ca(71)Y (24). This sustained elevation highlights K(23)Y’s notable proficiency in
preferentially adsorbing CO, over N, suggesting potential applicability in PCC processes. Under
standard PCC conditions, binary breakthrough experiments were performed on all binder-free FAU
zeolites using a gas mixture containing 15% CO; and 85% N, (mol. %) at 101.3 kPa and 306 K. To
evaluate CO, separation efficiency, various adsorbent metrics, including CO- loadings, selectivities, and
working capacities, were analyzed. The findings suggest that binder-free K(23)Y exhibits considerable
promise for PCC applications, demonstrating the highest binary selectivity at 101, a binary loading of
3.53 mol-kg?, and the highest working capacities of 2.37 mol-kg, 0.71 mol-kg?, 0.15 mol-kg? across a
range of Vacuum Swing Adsorption (VSA) PCC processes, considering regeneration pressures of 3, 10,
and 15 kPa, respectively, relative to a feed pressure of 101.3 kPa. Image 3 shows the simulated and
experimental breakthrough curves, along with temperature fronts for binary CO2/N, adsorption in binder-
free K(23)Y at 306 K. The simulated data generated with Aspen Adsorption accurately mirrors the
dynamic data, capturing both concentration and temperature profiles. This alignment positions Aspen
Adsorption as a valuable tool for designing cyclic adsorption processes employing FAU-Y zeolites in
PCC applications.
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Image 2. Comparison of (a) CO2 and (b) N2 adsorption isotherms and (c) CO2/N2 at 306 K among binder-free NaY, K(23)Y, K(58)Y, K(95)Y, Ca(56)Y, and Ca(71)Y zeolite.

4. Conclusions - The results of this study highlight the considerable
potential of binder-free K(23)Y as a promising adsorbent for the
separation of CO, from post-combustion streams. The data derived
from this research are actively informing the development of a
cyclic process, intended to optimize the practical application and
effectiveness of this adsorption system for CO, recovery utilizing
FAU Y-type zeolites.
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