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ABSTRACT

Industrial flue gas effluent streams containing COz are a significant source of air pollution.
The use of benign, cost-eftective solvents for CO2 capture is a crucial operation not only in the
process industry for separating and recovering COz from industrial off-gas streams but also for
direct air capture to purify the environment. Researchers have identified numerous solvents with
high COz capture efficiency due to their favorable chemical and physical properties, mechanisms
of CO: interaction, and low energy costs for regeneration. However, alkanolamines such as
Monoethanolamine (MEA), Diethanolamine (DEA), and Methyldiethanolamine (MDEA) are
most commonly used for CO2 capture. Despite their effectiveness, these solvents face several
challenges, including limited thermal stability, formation of heat-stable salts, and high degradation
rates. To overcome these issues, the development of a new type of solvent is necessary.
Additionally, the design of packed column absorbers traditionally used in the industry is energy-
intensive during both the absorption and solvent regeneration cycles. Therefore, this work explores
the use of a coiled flow inverter as an innovative approach to reduce overall energy requirements

while enhancing capture efficiency.

In this research study, task-specific dual-functionalized ionic liquids (DFILs) designed for
carbon capture were synthesized, employing four different cyclic anions—azolide (Im/Py/Tz) or
piperazine (Pz)—combined with a triethylenetetramine (TETA) cation. The resulting DFILs are
[TETAH][Pz], [TETAH][Im], [TETAH][Py], and [TETAH][Tz], respectively. These DFILs were
utilized as aqueous absorbents for CO: capture, with [TETAH][Pz] and [TETAH][Im]
demonstrating the highest CO2 loadings among the four. However, using an individual DFIL was
found to be economically impractical for large-scale CO:2 capture. Consequently, a blended
aqueous absorbent system was developed, combining different weight percentages of DFILs with
MDEA. This approach confirmed that the [TETAH][Im]/MDEA/H20 system significantly reduces
the regeneration energy for CO2 desorption by approximately 33% compared to the industrial MEA
system, offering a cost-effective solution for CO: absorption. A thermodynamic analysis was
conducted to assess the equilibrium rate constant, heat of absorption, Gibbs free energy, and
entropy for [TETAH][Im] and [DETAH][Im] blended with MDEA absorbents in CO2 interaction.
Kinetic studies were carried out using zwitterion and tetramolecular-based models, revealing

activation energies for the [TETAH][Im] and [DETAH][Im] blended systems to be 25.61 kJ/mol



and 24.87 kJ/mol, respectively. Moreover, an economic assessment indicated that blended MDEA
absorbents with [TETAH][Pz], [TETAH][Im], and [DETAH][Im] could reduce costs by
approximately 45% to 26% compared to the industrial MEA (5M) absorbent. A coiled flow inverter
absorber (CFI) was employed to analyze mass transfer performance, focusing on absorption rate,
efficiency, and volumetric mass transfer coefficient. The findings suggest that the CFI absorber

has significant potential for enhancing mass transfer performance.

Overall, this work provides systematic insights that will help researchers and engineers
comprehensively understand the efficacy of absorption solvents and the development of absorbers

for COz capture.
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