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Our Research Goals

Use domestic energy
sources to achieve
energy independence
with environmental
sustainability

CO,
1 —
Use carbon neutral energy

sources such as biomass &
MSW

Biomass

Integrate carbon capture and
storage (CCS) technologies into
the energy conversion systems

LENFEST CENTER FOR
@Park Group SUSTAINABLE ENERGY
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Mineral Sequestration of CO,

Carbon

400 kJ/mol Carbon

dioxide

Carbonate

60...180 kJ/mol

« Mimics natural chemical transformation of CO,
MgO + CO, - MgCO,

« Thermodynamically stable product

« Exothermic transformation

 Appropriate for long-term environmentally benign and
unmonitored storage
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Availability of Minerals (Serpentine)

>

I-_.

Worldwide distribution of magnesium-rich ultramafic rocks

. LENFEST CENTER FOR
(Adapted from Ziock et al., 2001) % SUSTAINABLE ENERGY
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Structure of Serpentine

,,,,,

Brucite surface

Side view

@ © @ 9
Mg Si O OH
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1 Gas out Geochemical Model
—
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Chemically Enhanced Dissolution of Serpentine
Various Chelating Agents

il
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Potassium acid phthalate KH,PO,
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SEM of cross-sectional view of
serpentine aggregate

»

(a) Overall view
of cross-sectional area
(dissolved and
carbonated in solvent#7)

(d) MgCO; crystal
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Removal of SiO, layer
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PH swing

(Park and Fan, Patent publication # 20050180910)

Grind Serpentine

U

Serpentine + Acid + chelating agent | at higher T

Mg- and Fe-rich solution

pH 8.6 @uu:> Precipitated iron oxide ‘

Mg-rich solution | atroom T
pH 9.5 @W:> Precipitated MgCO,

atroom T
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Life Cycle Assessment

(distribution over a region or landfill)

System boundary

Mining of serpentine I I Orthophosphoric acid I I EDTA I I NH,OH I
i \ 4 \ 4 v \ 4 i
i | Transportation > Grinding > Processing
! el v v v i
Energy required SiO, Iron Oxide MgCQO;,
! for processing : : :
i i i a =
: v v v i
! Post-processing
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Carbonic Anhydrase

hﬂﬁ;?,;? -Bu' * — Nﬁ?-feu‘

. - t . - Bu
~f 2 ~Bu _H e
NN, NN,

H—B —zn o/ H—B —2n—OH
\N— ~ H AN o
) —But Ll —But
Agua Hydroxide
T . T
2+ '

(HiS)sZN——OHs A > (His)sZn—OH

~HCOs=-

CA
) ‘GOE+H2C}..|——"" HCO,™ + H* | y—CO2

Hp0-

{His}QZn—DCDEH -

I

'""“/M /”E“t
“«H Bu'
H—E{'/"'N—N":‘"\*Zn—o

T

MN—N i
- V— -Bu' o

Bicarbonate

CO,(9) < CO,(aq)
CO,(agq) + H,0 < H,CO,
H,CO, < H"+HCO,
HCO; <> H"+COZ

E e ZnH,0 <> EZNOH +H"
E e ZNOH" +CO, <> EZnHCO;
E ¢ ZNHCO; +H,0 & EZnH,0+ HCO;

Parissa Mirjafari, Koorosh Asghari, and Nader Mahinpey. Investigating the Application of Enzyme Carbonic Anhydrase for CO,

Sequestration Purposes.
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Controlled Precipitation of MgCO,

Examples of Precipitated Calcium
Carbonate (PCC) Morphologies

OPACARB® PCC

ALBACAR® PCC
P A ; 3

Scalenohedral Median Particle Size: 08-2.2pm
Surface Area: 625 m¥g

~ St 6-12 m3g
Orthorhombic Calcite PCC
ba Aragonite PCC

&)

Rhombohedral
Calcite PCC

Prismatic
Calcite PCC

PMC w/ chelating agents ==!
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Controlled Precipitation of MgCQO,

Effect of Temperature

S

42°C

Desired particle characteristics:

e ~2 um, narrow PSD

* High Reflectivity

« Uniform Spherical/rosette
shape
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Ex-Situ Carbon Mineral Sequestration

Disposal (mine reclamation)
‘_ <

Mineral carbonates

@ Minerals (i.e., Serpentine,
Olivine, Wollastonite)

Value-added products
(e.g., paper fillers, plastic
fillers, CO, capture sorbent,
construction materials)

Ex-situ carbon
mineralization

][ —_ plant In

CO, Engineered
Industrial concentrated MgCO, or CaCO,
CO, sources

Serpentine: Mg,Si,O5(OH), + 3CO, < 3MgCO, + 2SiO, + 2H,0 + 64 kJ/mol CO,
Olivine: Mg,SiO, + CO, - 2MgCO, + SiO, + 89 kJ/mol CO,
Wollastonite: CaSiO, + CO, - CaCO, + SiO, + 90 kJ/mol CO,

Carbon Capture Carbon Mineralization Re-use / Disposal
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