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Abstract: CO, sequestration by mineral carbonation, namely greenhouse gas CO, reacting with non-

carbonate minerals to form geologically stable mineral carbonates, such as CaCO;, MgCOQO;, is a new

technology for the reduction of carbon dioxide emissions to the atmosphere. In this paper, the optional

resources, chemistry, thermodynamics, reaction kinetics as well as mechanisms in the mineral CO,

sequestration were analyzed. Moreover, six representative process routes as well as issues of topical

interest regarding the investigation of mineral sequestration were reviewed. Finally, it was suggested that

the integrated indirect process route using industrial solid residues should be a promising option for

developing mineral sequestration.
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Table 1 Carbon dioxide sequestration methods

Sequestration . .
Characteristics
method

geological storage in depleted oil fields, coal seams.

sequestration gas fields and saline aquifers

ocean direct injection into deep sea, or oceanic
sequestration fertilization
conversion into mineral carbonation, such as

CaCOj;, MgCO;

mineral

sequestration
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Table 2 Composition of various minerals and carbon

dioxide sequestration characteristics

Rock MgO/ % CaO/ % R. Reo,
(mass)  (mass) /kg+kg ! /kg+ kg!
peridodites dunite 49.5 0.3 6.8 1.8
harzburgite ~ 45. 4 0.7 7.3 2
lherzolite 28.1 7.3 10. 1 2.7
serpentinite ~40 ~0 ~8.4 ~2.3
wollastonite — 35 13.0 3.6
talc 44 — 7.6 2.1
gabbro ~10 ~13 ~17 ~4.7
basalt 6.2 9.4 26 7.1
iron/steel slag ~10 ~40—65 ~7 ~1.9
municipal solid waste — 20—35 ~17 ~4.6

incinerator

waste concrete and cement — 10—30 ~23 ~6.4

Note: R.—mass ratio of rock needed for CO; fixation to carbon

burned; Rco, —corresponding mass ratio of rock to COs.
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Table 3 Free energy of formation of selected species

. AGS (298. 15 K)
Species

/kJ ¢« mol ™!
C(s) graphite 0
H.O(g) —241.83
H, O —237.12
CO; () —394. 38
CO; (aq) —386. 22
COZ™ (aq) —528.1
HCO;3 (aq) —587. 06
H,COs (aq) —623.42
SiO; (s) —856. 3
MgCOs (s) —1012. 19
CaCO; (s) —1128.76
Mg, SiO, (s) forsterite(olivine family) —2051. 33
Mg;Si, O; (OH), (s) serpentine —4034. 05
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Table 4 Mechanism and characteristics of indirect process route

Recycle

Intermediate

Indirect process medium Reaction mechanism product Steps
HCI extraction route HCl Mg; Si» 05 (OH) 4 (5) +6HCI(H)—>3MgCl, (aq) +2Si02 () +5H, O(D MgCl, 1
MgCl, + 6H,O(H)—>MgCI(OH) (s) +HCI() +5H, O() MgCICOH)
2MgCl(OH) (1)——>Mg(OH); (s) +MgCl, (1) Mg(OHD)»
Mg(OH); (s) +CO; (g)—>MgCO; (s) +H, O(g)
molten salt process ~ MgCly + 3. 5H20  Mg; Siz 05 (OH); () +3MgCly » 3. 5H, O()—— MgCl, 4
6Mg(OH) CI(D) +2Si0; (aq) +9. 5H, OCD) MgCI(OH)
2Mg(OH) CI(D) +nH, O(HD—>MgCly + nH, O +Mg(OH); (s) Mg(OH);
MgCl « nH, O()—>MgCl, + 3. 5H, O + (n—3. 5) H, O(D)
Mg(OH) () +CO; (g)—>MgCO; (s) +H, O(g)
acetic acid HAc CaSiO; (8) +2HAc(D—> Ca?t (ag) +2Ac™ (ag) +H: O +Si0, (s) Ca(Ac)s 2
extraction route Ca?t (aq) +2Ac™ (aq) +CO; () + H, O(D—>CaCO; (s) +2HAc(D)
caustic soda NaOH 3CaAl; Si; O () +8NaOH (ag)—> Ca(OH), 3
extraction route 3Ca(OH) ¥ + Nag (AlSiO) s (OH) 2 ¥ NaCO;

2NaOH (aq) +CO; (g)—>Na, CO3 (aq) + H, O
2Na,CO; (aq) +Ca(OH) 2 ¥ +Nag (AISiO;) (OH), +H, O(H)—
4NaOH (aq) +CaCO; ¥ +Nag (AlSiO)CO; « 2H,0
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