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Carbon Capture and Storage

- Mingral carbonation

Ocean storage




Mineral carbonation

MO + CO, MCO; + heat

M = Calcium, Magnesium, lron

Olivine

Mg,SiO,+ 2 CO, —>
SiO, +2 MgCO,
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Mineral carbonation
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Sources of metal oxide - Minerals

Mg silicates are found in Ophiolite belt complexes
[US Klamath mountains: 3000 Gt

Olivine: Mg,SIO, + 2CO,, << 2MgCO, + SiO2
Serpentine:  Mg;Si,0,(OH), + 3CO, << 3MgCOQO, + 2SIO, + 2H,0




Sources of metal oxide - Minerals

MINERAL FORMULA/COMPOSITION

Basalt

Eclogite

Feldspar CaAlSiOg

Forsterite Mg,S10y

Glauconite® (K. Na. Ca); 220 (Fe'". AL Fer™. Mg)yq
X [S17.75A1114020](OH)s nH.O

Tlmenite FeTiO;

Listwanite Carbonated serpentinite

Magnetite Fe;04

Olivine (Mg, Fe)SiOy

Opoka® mainly CaCOjs, S10,, hematite and muscc

Pyroxene CaMgSiOs + (Fe. Al)

Sementinef Mg;S1,05(0H).

Serpentinite

Talc ﬁ{gggiqﬂg{p(DH}g

Wollastonite  CaSi(;
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Sources of metal oxide - Residues
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[ISteel slag

[ISteel Industry —< [AOD process slag

(60-80 MtCO.,/y) [Steel converter
~slag

“OLignite fly ash
LAPC fly ash
[IMSWI ash

[IPF ash
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Mineral carbonation L1Process routes
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Gas-solid route

550 K 800 K 550K 750K

Free Energy (kJ/mole)

o i 1 'l [l 'l [l 'l i A [ ] [ i
300 400 500 800 700 800 900 1000 300 400 500 600 700 800 900 1000
Temperature (K) Temperature (K)

[IThermodynamics favourable up to a maximum temperature
[Kinetics is very slow (geological times) at ambient

'i “ I i iI " ‘ii Lackner et al., Energy, 20 (1995)



Multi-step Gas-solid route

[IStep 1: production of free MgO / Mg(OH),,
[IStep 2: carbonation of MgO / Mg(OH), to MgCO,

co,
Heat Qal H,0 m
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H 3
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Zevenhoven et al., Energy, 33 (2008)




Multi-step Gas-solid route

Results of MgO and Mg(OH), carbonation kinetics (74-125

m)
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Year Carbonation conditions

Pcos (bar) T (2C) Material
2002 | 355 MgO
2003 35 400 MgO
2004 35 510 Mg(OH),
2005 40 510 Mg(OH),
2006 40-45 525-540  Mg(OH),

0.001 ~

N .

This process route does not yet look promising.

Zevenhoven et al., GHGT-8 (2006)




Agqueous route

CO, dissolution
CO,, +H,0, ® H,CO

Mineral dissolution
Mg,Si0,, +4H , ® 2Mgg,, +Si0,y +2H,0, (2

(ag) (ag)

® H, (1)

(aq)

+HCO:

3(aq) 3(a0)

Carbonate dissolution
I\/Ig2+ +HCO,,., ® I\/IgCOS(S) +H(+aq) (3)

(aq) 3(a0)



