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� Fundamentals of mineral carbonation

� Source of alkaline materials

� Process routes

� Gas-solid route 

� Aqueous route

� Industrial residues

� Patents

� Conclusions and Challenges



CarbonCarbon CaptureCapture and and StorageStorage



MineralMineral carbonationcarbonation

MO + CO2 ���� MCO3 + heat

M = Calcium, Magnesium, Iron

Issues

� stability of carbonates

� availability of alkalinity sources

� reactivity of alkaline materials



MineralMineral carbonationcarbonation



Olivine: Mg2SiO4 + 2CO2 « 2MgCO3 + SiO2

Serpentine: Mg3Si2O5(OH)4 + 3CO2 « 3MgCO3 + 2SiO2 + 2H2O

Wollastonite:   CaSiO3 + CO2 « CaCO3 + SiO2

SourcesSources of metal of metal oxideoxide -- MineralsMinerals

Mg silicates are found in Ophiolite belt complexes
�US Klamath mountains: 3000 Gt
� A comprehenisve evaluation of available minerals still
missing



SourcesSources of metal of metal oxideoxide -- MineralsMinerals



SourcesSources of metal of metal oxideoxide -- ResiduesResidues

� Steel Industry

� Energy sector

� Cement industry

� Steel slag

� AOD process slag

� Steel converter
slag

� Lignite fly ash

� APC fly ash

� MSWI ash

� PF ash

� Waste cement

� Cement Kiln Dust

(60-80 MtCO2/y)

100s MtCO2/y



MineralMineral carbonationcarbonation �� ProcessProcess routesroutes

� Gas-solid

�Aqueous

� Single-step

� Multi-step

� Single-step

� Multi-step (pH swing)

� without chemicals

� with chemicals
� salts

� bicarbonate

� acid / base swing

� P/T swing

� chelant
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GasGas--solidsolid routeroute

� Thermodynamics favourable up to a maximum temperature
� Kinetics is very slow (geological times) at ambient
temperature Lackner et al., Energy, 20 (1995)



MultiMulti--stepstep GasGas--solidsolid routeroute

Zevenhoven et al., Energy, 33 (2008)

� Step 1: production of free MgO / Mg(OH)2

� Step 2: carbonation of MgO / Mg(OH)2 to MgCO3



MultiMulti--stepstep GasGas--solidsolid routeroute

Zevenhoven et al., GHGT-8 (2006)

Results of MgO and Mg(OH)2 carbonation kinetics (74-125 
�m)

This process route does not yet look promising.



AqueousAqueous routeroute
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CO2 dissolution

Mineral dissolution

Carbonate dissolution


