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1. Introduction

3
[1] N. Vidal de la Peña, S. Grigolleto, D.Toye, L.Courard, G.Léonard, 2023, CO2 Capture by mineral carbonation 

of construction and industrial wastes, in Circular Economy Processes for CO2 Capture and Utilization: Strategies 

and case studies, Editor: Baena-Moreno, F.M. et al. Cambridge, MA: Woodhead Publishing, Pages 163-185



2. CO2 capture by mineral carbonation 

by using construction waste
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2. CO2 capture by mineral carbonation 

by using construction waste
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Mineral carbonation process

Direct carbonation
-Gas-solid carbonation of hydrated 

lime

Ca(OH)2+CO2 =>CaCO3+H2O



3. Coupling between chemical reactions 

and transfer phenomena
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Dual-scale modelling-COMSOL multiphysics

◼ Physical interactions: CO2

diffusion between the particles and 

inside the particles f(porosity, liquid 

water saturation)

◼ Chemical reactions: Ca(OH)2 

carbonation f(liquid water saturation)

[2] P.Belin G.Habert N.Rousse M.Thiery, P.Dangla. ‘Carbonation kinetics of a bed of 

recycled concrete aggregates: a laboratory study on model materials.’ Available online: 

https://doi.org/10.1016/j.cemconres.2013.01.005

https://doi.org/10.1016/j.cemconres.2013.01.005


◼ Cylindrical reactor→Axisymmetric 2D 

model with spherical particles

❑ Diameter: 70 mm

❑ Radius: 35 mm

❑ Length: 75 mm

◼ Ca(OH)2+CO2 =>CaCO3+H2O

❑ Rate constant(kc): 0,00025m3/mol s

◼ P: 1 atm, T: 23 °C
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3. Coupling between chemical reactions 

and transfer phenomena
Model proposed-Basic case [2]

[2] P.Belin G.Habert N.Rousse M.Thiery, P.Dangla. ‘Carbonation kinetics of a bed of 

recycled concrete aggregates: a laboratory study on model materials.’ Available online: 

https://doi.org/10.1016/j.cemconres.2013.01.005

https://doi.org/10.1016/j.cemconres.2013.01.005


◼ Sensitivity analysis of various parameters in the model, considering 

the following parameters as constants when not modified:
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4. COMSOL results

• Liquid water saturation in the 

bed(SL) = 0 

• Liquid water saturation in the 

pellet(sl) = 0.28 

• Porosity of the granular bed = 0.4 

(%volume fraction of voids to the 

total volume of the matrix)

• Porosity of the particle = 0.49 

(%volume fraction of voids to the 

total volume of the matrix)

• Particle radius = 1mm



◼ Sensitivity Analysis Results: Influence of bed porosity on CaCO3 

concentration
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◼ Sensitivity Analysis Results: Influence of the liquid water saturation 

in the bed on CaCO3 concentration
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4. COMSOL results



◼ Sensitivity Analysis Results: Influence of the pellet porosity on

CaCO3 concentration
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4. COMSOL results
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◼ Literature validation[2]

Characteristics of two samples
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[2] P.Belin G.Habert N.Rousse M.Thiery, P.Dangla. ‘Carbonation kinetics of a bed of 

recycled concrete aggregates: a laboratory study on model materials.’ Available online: 

https://doi.org/10.1016/j.cemconres.2013.01.005

Samples w/c

Carbonatable

material

(mol/m^3)

sl
Pellet 

posority
SL Bed porosity

C80 0.8 5700 0.21 0.61 0 0.4

C55 0.55 6800 0.28 0.49 0 0.4

4. COMSOL results

https://doi.org/10.1016/j.cemconres.2013.01.005


◼ Validation with results from the literature- C80
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[2] P.Belin G.Habert N.Rousse M.Thiery, P.Dangla. ‘Carbonation kinetics of a bed of 

recycled concrete aggregates: a laboratory study on model materials.’ Available online: 

https://doi.org/10.1016/j.cemconres.2013.01.005
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https://doi.org/10.1016/j.cemconres.2013.01.005


◼ Validation with results from the literature -C55
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[2] P.Belin G.Habert N.Rousse M.Thiery, P.Dangla. ‘Carbonation kinetics of a bed of 

recycled concrete aggregates: a laboratory study on model materials.’ Available online: 

https://doi.org/10.1016/j.cemconres.2013.01.005
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https://doi.org/10.1016/j.cemconres.2013.01.005


◼ An increase in bed porosity promotes the progression of the CaCO3

front but does not enhance its maximum local concentration

◼ The lower the liquid water saturation of the bed, the better the 

progression of the CaCO3 front. 

◼ Higher pellet porosity leads to a higher maximum local concentration 

of CaCO3.

◼ Qualitative agreement with the results from the literature is 

achieved. 

◼ Model improvements implemented include the introduction of pellet 

porosity and the variation of liquid water saturation through the 

carbonation process
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5. Conclusions
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Thank you for your 
attention!
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Natalia Vidal de la Peña

Dominique Toye, Grégoire Léonard

Contact:

Email: nvidal@uliege.be
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