Evaluation of the potential of absorbents applied in Venturi scrubbers operating in CO2
capture
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Introduction: A significant portion of global emissions come from the combustion of fossil fuels, which reinforces
the need for CO: capture technologies, particularly post-combustion approaches (Hadi et al., 2025). Short-term
mitigation efforts largely depend on adapting existing infrastructure, making carbon capture especially relevant
for stationary sources, such as waste-to-energy (WtE) plants. Among the available options, post-combustion
carbon capture and storage is one of the most easily implementable solutions (IPCC, 2023; IEA, 2020). However,
conventional absorption systems are often complex and typically rely on liquid solvents that work through
chemical or physical absorption mechanisms (Consoli, 2019). Chemical absorption involves a direct reaction
between the solvent and the gas, while physical absorption is based on Henry's Law and is characterized by the
dissolution of CO: in inert solvents (Santana et al., 2024). Several solvents have been studied for CO: capture,
notably amines, ionic liquids, and nanofluids. Amines are widely used due to their high affinity for CO-, with 30%
monoethanolamine (MEA) solutions predominating in industrial applications (Soo et al., 2024). Ionic liquids,
composed of anions and cations that are liquid at room temperature, have high absorption capacity and high
thermal and chemical stability (An et al., 2023). Nanofluids consist of the dispersion of nanoparticles in liquid
solvents, increasing the interfacial area and favoring mass transfer. Among the most commonly used nanoparticles
are SiOz, TiOz, ZrO., ZnO, and MgO, using amines such as DEA, MEA, MDEA, and piperazine (PZ) as base
fluids. Recent studies also point to efficiency gains in CO: absorption with water-based nanofluids, such as FesOa
dispersions in distilled water (Tavakoli et al., 2022). The goal of process intensification techniques is to decrease
footprint while increasing gas—liquid mass transfer. Venturi scrubbers are compact, high intensity contacting
devices that favor high transfer rates in small volumes by concentrating turbulence, droplet/bubble breakup, and
interfacial renewal within a short throat section. In parallel, studies have reported that the interaction of aqueous
nanofluids and Venturi scrubbers increases CO2 mass transfer through non-exclusive mechanisms, including (i) a
transport effect, in which nanoparticles temporarily absorb CO: (or related species) and act as carriers within the
liquid; (ii) micro convection, in which the movement/migration of particles under turbulence (and, for magnetic
systems, field driven dynamics) promotes local mixing and refines the boundary layer on the liquid side; and (iii)
changes in bulk/interfacial properties (e.g., viscosity and surface tension) that can affect dispersion and effective
interfacial area in intensified contactors (Rahmatmand et al., 2016; Tavakoli et al., 2022). The application of
magnetic nanoparticles allows external fields to control particle dynamics, potentially affecting mass transport
near the gas-liquid interface; an increase in the performance of magnetized Venturi scrubbers has been previously
reported (Abbaspour et al., 2020). In this study, CO: capture was investigated in a laboratory-scale magnetized
Venturi purifier using water-based nanofluids containing FesOas, y-Fe20s, and MgO nanoparticles under synthetic
post-combustion gas conditions. The gas and liquid flow rates, the liquid-gas ratio, the type and concentration of
nanoparticles, and the magnetic field intensity were systematically varied. The CO: concentrations at the inlet and
outlet were measured online to determine the removal efficiency, absorption capacity, and performance related to
pressure drop. Najarnezhadmashhadi et al. (2025) used a spray tower to evaluate absorption with potassium
carbonate, observing that for CO: concentrations close to or above 40%, capture efficiency tends to decrease due
to saturation of the absorbent fluid, with a K.COs concentration of 10% by mass showing the highest efficiency.
This study aimed to evaluate the efficiency of carbon dioxide (COz) absorption in Venturi scrubbers using different
absorbent liquids, including aqueous solutions of potassium carbonate (K2COs) and calcium oxide (CaO), as well
as metal oxide-based nanofluids (FeOs, FeOs, and MgO). The aim is to compare the performance of these systems
in terms of CO: capture capacity, analyzing the potential of nanofluids as improved alternatives to conventional
absorbers.

Materials and Methods: The experiments were conducted in a Venturi scrubber system to evaluate the efficiency
of carbon dioxide (CO2) absorption using different absorbent liquids. Aqueous solutions of potassium carbonate
(K2CO:s) and calcium oxide (CaO) were prepared at concentrations of 5, 10, and 20% (m/m). Operating conditions
were maintained with a water flow rate of 40 mL-min?, an air flow rate of 50 m*-h™! in the Venturi, and CO: flow
rates of 0.1, 0.2, and 0.3 L-min'. Nanofluids based on iron and magnesium oxides (FeOs, FeOs, and MgO) were
evaluated at concentrations of 0.01, 0.05, and 0.1% (m/m). The gas mixture (air and CO-) and the absorbent liquid
were introduced simultaneously into the upper part of the Venturi purifier (Fig. 1). After the divergent section, the
gas-liquid mixture was directed to a cyclonic separator for phase separation. Gas and liquid flow rates were
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continuously monitored and controlled to ensure steady-state operation. CO: absorption efficiency was determined
by continuous measurements of CO: concentrations at the inlet and outlet of the purifier using dedicated gas
Sensors.

Fig.1. Experimental equipment with Venturi scrubber, liquid feed system, and CO, monitoring

Legenda: 1. Reservoir with solutions and nanofluids, 2. Rotameter, 3. Peristaltic pump, 4. Spray nozzle, 5. Venturi throat with magnetic
field, 6. Cyclone, 7. CO, sensor, 8. Liquid sample collection and 9. Clean air outlet.

Results and Discussions: The collection efficiencies for solutions with K,COs (5%) were 19.10%, 25.57%, and
31.32% for Qcon values of 0.1, 0.2, and 0.3 L/min, respectively. For the CaO solution, efficiencies ranged from 38
to 45.5%. Najarnezhadmashhadi et al. (2025) found absorption efficiencies close to 40%. The absorptions for the
Fes04 nanofluid without a magnetic field were 8.52x10~* mmol CO. mL™ (0.10%) and 1.70x10~> mmol CO> mL™!
(0.05%). Fe20s showed 8.52x107* mmol CO. mL™! at 0.05%, with no significant absorption at 0.10%. The
application of the magnetic field substantially altered these behaviors: FesOa reached 8.52x10* mmol CO. mL™!
at 0.10% and increased to 5.96x107* mmol CO. mL™! at 0.05%, while Fe-Os reached 5.11x1072 mmol CO. mL™
at 0.10% and 8.52x107* mmol CO. mL™" at 0.05%. MgO consistently showed the highest absorption capacities at
all concentrations, reaching 1.36x1072, 1.11x1072, and 5.96x10* mmol CO. mL™" for 0.10, 0.05, and 0.01%,
respectively. MgO demonstrated superior performance across the entire range investigated. These values reinforce
the feasibility of intensified gas-liquid interaction in Venturi scrubbers. Wehrung et al. (2025) compared CO:
absorption by Ca(OH). and MgO and demonstrated that, although Ca(OH). carbonation has faster kinetics than
MgO in pure systems and under similar conditions, CO: capture efficiency was higher for MgO than for Ca(OH)a.
Conclusions: Overall, the evaluation demonstrated very satisfactory efficiency with the K,COs solution. Water-
based oxide nanofluids can increase CO: absorption in Venturi operation, with MgO consistently outperforming
the iron oxides evaluated at all concentrations tested. These findings support the technical feasibility of compact
and intensified CO: contact using aqueous nanofluids in Venturi scrubbers.

References :

Abbaspour, M. et al. CO: absorption by Fe;Oa ferrofluid in a Venturi scrubber under magnetic field. Journal of Molecular Liquids, 2020.
https://doi.org/10.1016/j.molliq.2019.112689

An, X. et al. Application of ionic liquids in CO: capture and electrochemical reduction: A review. Carbon Resources Conversion, 2023.
https://doi.org/10.1016/j.crcon.2023.02.003

Consoli, C. Bioenergy and carbon capture and storage. Global CCS Institute, 2019.

Hadi, A.1. et al. A comprehensive review of carbon capture: From conventional to emerging electrochemical technologies. Next Energy, 2025.
https://doi.org/10.1016/j.nxener.2025.100415

1EA. Energy Technology Perspectives 2020: Special report on carbon capture, utilization and storage. International Energy Agency, 2020.
IPCC. Climate Change 2023: Synthesis Report. Intergovernmental Panel on Climate Change, 2023.

Najarnezhadmashhadi, A. ef al. Enhancing CO: capture efficiency in a lab-scale spray tower: An experimental study on flow configurations
using potassium carbonate. Chemical Engineering Research and Design, 2025. https://doi.org/10.1016/j.cherd.2025.02.020

Rahmatmand, B.; Keshavarz, P.; Ayatollahi, S. CO: absorption in nanofluids: Experimental study and correlations. Journal of Chemical &
Engineering Data, 2016. https://doi.org/10.1021/acs.jced.5b00959

Santana, M. B. de. Capturade carbono: avangos e desafios das tecnologias no contexto energético. Latin American Journal of Energy Research,
2024. https://doi.org/10.21712/lajer.2024.v11.n2.p264-282

Soo, X. Y. D. et al. Advancements in CO: capture by absorption and adsorption: A comprehensive review. Journal of CO: Utilization, 2024.
https://doi.org/10.1016/j.jcou.2024.102727

Tavakoli, A. et al. Nanofluid preparation, stability and performance for CO- absorption and desorption enhancement: A review. Journal of
Environmental Management, 2022. https://doi.org/10.1016/j.jenvman.2022.114955

Wehrung, Q. et al. Impact of operational parameters on the CO2 absorption rate and uptake in MgO aqueous carbonation—A comparison with
Ca(OH).. Minerals, 2025. https://doi.org/10.3390/min15111205.



https://doi.org/10.1016/j.molliq.2019.112689
https://doi.org/10.1016/j.crcon.2023.02.003
https://doi.org/10.1016/j.nxener.2025.100415
https://doi.org/10.1016/j.cherd.2025.02.020
https://doi.org/10.1021/acs.jced.5b00959
https://doi.org/10.21712/lajer.2024.v11.n2.p264-282
https://doi.org/10.1016/j.jcou.2024.102727
https://doi.org/10.1016/j.jenvman.2022.114955
https://doi.org/10.3390/min15111205

