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Introduction: A significant portion of global emissions come from the combustion of fossil fuels, which reinforces 

the need for CO₂ 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 CO₂ in inert solvents (Santana et al., 2024). Several solvents have been studied for CO₂ capture, 

notably amines, ionic liquids, and nanofluids. Amines are widely used due to their high affinity for CO₂, 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 SiO₂, TiO₂, ZrO₂, ZnO, and MgO, using amines such as DEA, MEA, MDEA, and piperazine (PZ) as base 

fluids. Recent studies also point to efficiency gains in CO₂ absorption with water-based nanofluids, such as Fe₃O₄ 

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 CO₂ (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, CO₂ capture was investigated in a laboratory-scale magnetized 

Venturi purifier using water-based nanofluids containing Fe₃O₄, γ-Fe₂O₃, 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 CO₂ 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 CO₂ concentrations close to or above 40%, capture efficiency tends to decrease due 

to saturation of the absorbent fluid, with a K₂CO₃ concentration of 10% by mass showing the highest efficiency. 

This study aimed to evaluate the efficiency of carbon dioxide (CO₂) absorption in Venturi scrubbers using different 

absorbent liquids, including aqueous solutions of potassium carbonate (K₂CO₃) and calcium oxide (CaO), as well 

as metal oxide-based nanofluids (FeO₄, FeO₃, and MgO). The aim is to compare the performance of these systems 

in terms of CO₂ 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 

(K₂CO₃) 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⁻¹, an air flow rate of 50 m³·h⁻¹ in the Venturi, and CO₂ flow 

rates of 0.1, 0.2, and 0.3 L·min⁻¹. Nanofluids based on iron and magnesium oxides (FeO₄, FeO₃, and MgO) were 

evaluated at concentrations of 0.01, 0.05, and 0.1% (m/m). The gas mixture (air and CO₂) 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. CO₂ absorption efficiency was determined 

by continuous measurements of CO₂ concentrations at the inlet and outlet of the purifier using dedicated gas 

sensors. 

Fig.1. Experimental equipment with Venturi scrubber, liquid feed system, and CO2 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. CO2 sensor, 8. Liquid sample collection and 9. Clean air outlet. 

 

Results and Discussions: The collection efficiencies for solutions with K2CO3 (5%) were 19.10%, 25.57%, and 

31.32% for QCO2 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 

Fe₃O₄ nanofluid without a magnetic field were 8.52×10⁻⁴ mmol CO₂ mL⁻¹ (0.10%) and 1.70×10⁻³ mmol CO₂ mL⁻¹ 

(0.05%). Fe₂O₃ showed 8.52×10⁻⁴ mmol CO₂ mL⁻¹ at 0.05%, with no significant absorption at 0.10%. The 

application of the magnetic field substantially altered these behaviors: Fe₃O₄ reached 8.52×10⁻⁴ mmol CO₂ mL⁻¹ 

at 0.10% and increased to 5.96×10⁻³ mmol CO₂ mL⁻¹ at 0.05%, while Fe₂O₃ reached 5.11×10⁻³ mmol CO₂ mL⁻¹ 

at 0.10% and 8.52×10⁻⁴ mmol CO₂ mL⁻¹ at 0.05%. MgO consistently showed the highest absorption capacities at 

all concentrations, reaching 1.36×10⁻², 1.11×10⁻², and 5.96×10⁻³ mmol CO₂ mL⁻¹ 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 CO₂ 

absorption by Ca(OH)₂ and MgO and demonstrated that, although Ca(OH)₂ carbonation has faster kinetics than 

MgO in pure systems and under similar conditions, CO₂ capture efficiency was higher for MgO than for Ca(OH)₂.  

Conclusions: Overall, the evaluation demonstrated very satisfactory efficiency with the K2CO3 solution. Water-

based oxide nanofluids can increase CO₂ 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 CO₂ contact using aqueous nanofluids in Venturi scrubbers.  
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