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Carbonation of minerals

» Used for more than 1000 of years 

» Construction works (plaster, mortar)

» Reaction of CO2 with Ca(OH)2

» Has been studied in the context of CCS

» Aim to capture CO2 and reduce level of CO2 in the atmosphere

» Reaction of CO2 with Mg-silicates

» Bottleneck: reaction kinetics and energy consumption

» Has been studied to stabilise waste materials

» Aim improve technical and/or environmental properties of waste

» Optimise fixation of CO2
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Carbonation of mineral wastes

» CO2 can be used to improve technical and environmental quality of 

waste materials

» Research project was initiated at VITO

» Main objective: recycling of mineral waste streams with beneficial 

use of CO2

» Process was develloped (lab scale) together with industrial partner

» Kinetics of carbonation reaction essential in understanding and 

optimising process
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Kinetics of carbonation reaction

» Aim: to understand the effect of variations in pressure, temperature, 

CO2-concentration on the uptake rate of CO2

» Different methods have been used to determine kinetics

» Batch type approach

» CO2-content at the end of experiment

» Continuous measurement

» Decrease in CO2-pressure

» Decrease in CO2-concentration

» Increase in weight during reaction

» Difficult to control all process parameters (P, T, CO2-conc.)
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Carbonation unit: study kinetics

» Temperature: 5-250°C

» Pressure: 1-150 bar

» CO2-flow: 0,02 g/min to 300 g/min

» Volume: 3,25 l
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Coreolus

P

Kinetics of carbonation reaction: model (dry)

» Pbottle = Preactor

» Pbottle = Preactor + P consumption

» Pbottle = Preactor (temperature) + P consumption

» Relation P and T:

» Ideal gas law (PV = nRT)

» Equation of state (Van der Waals)

T
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Coreolus

P
T

Validation model : empty reactor

» Temperature: 140°C

» Pressure: 20 bar
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Coreolus

P
T

» Ideal gas law (mol_re)

» Van der Waals (mol_VWE)

Validation model : empty reactor
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Coreolus

P
T

Validation model : full reactor
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Coreolus
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Validation model : full reactor
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Coreolus

P
T

Validation model : full reactor

» Difference with chemical 
analysis: 5-7%
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Kinetics of carbonation reaction: mineralogy

» Pure minerals: Ca(OH)2, Mg(OH)2, CaSiO3 (wollastonite)

» Used as received

» Fine grained: D (v,0,5): 5 -15 µm

» Waste materials: P-slag [wollastonite, ß-wollastonite, cuspidine 

(Ca4Si207(F,OH)2)], LD-steel slag [Ca(OH)2, merwinite (Ca3Mg(SiO4)2]

» Milled and sieved (< 125 µm)

» Fine grained: D (v,0,5): 52 - 54 µm

» Experimental set-up:

» 20 bar, 20°C, 2 hours

» Granular material (layer max. 2 cm)

» Moisture content: 12%
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Kinetics: pure minerals
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Kinetics pure minerals

» 20 bar

» 20°C
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Kinetics: waste materials

» 20 bar

» 20°C
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Kinetics: waste materials

» 20 bar

» 20°C
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Kinetics of carbonation reaction: pressure

» P-slag [wollastonite, ß-wollastonite, cuspidine (Ca4Si207(F,OH)2)]

» Milled and sieved (< 125 µm)

» Fine grained: D (v,0,5): 52 - 54 µm

» Experimental set-up:

» 2/20 bar, 20°C, 2 hours

» Granular material (layer max. 2 cm thick)

» Moisture content: 12%
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Kinetics: influence pressure (P-slag)

» 20 bar/2 bar

» 20°C

» P-slag
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» ß-wollastonite
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Kinetics of carbonation reaction: temperature

» P-slag [wollastonite, ß-wollastonite, cuspidine (Ca4Si207(F,OH)2)]

» Milled and sieved (< 125 µm)

» Fine grained: D (v,0,5): 52 - 54 µm

» Experimental set-up:

» 20 bar , 20/60/80°C, 2 hours

» Granular material (layer max. 2 cm)

» Moisture content: 12%
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Kinetics: influence temperature (P-slag)

» 20 bar

» 20/60/80°C

» P-slag

» Wollastonite

» ß-wollastonite

» Cuspidine


