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• Mineral solubility

• CO2 solubility

• Bioclogging

• Mineral trapping

• Solubility 
trapping

• Enhanced 
element mobility

Relevant Processes
• Density
• Viscosity
• Solubility
• Diffusion coefficient
• Dispersion 

coefficient
• Contact angles
• Permeability

Relevant Parameters Relevant Equations

Advective diffusion 

Darcy flow

Capillary pressure

• Dissolution is first order, slow, with 
two different rate periods.

• Surface area and dissolution rate 
vary with residual saturation.

• Solubility in Na:Cl follows closely 
predictions by primary EOS at 0.1 N.

CO2

CO2 solubility

H2O

Experiment

Molecular dynamics simulation

• A fully flexible force field for modeling the dissolution of scCO2 in pure water, 
and water into CO2, has been developed.
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• Solubility decreases ~50% at the CP, in 
conflict with model predictions.

• Gypsum can clog pore throats and 
change permeability.

• Future work includes column 
permeability experiments, molecular 
modeling of water activity, and 
modeling of gypsum precipitation in 
porous media.

Decreasing pH should protonate sulfate 
forming bisulfate:

SO4
2- + H+ ↔ HSO4

–

Decreasing sulfate means more 
gypsum dissolves.

CaSO4·2H2O ↔ Ca2+ + SO4
2- + 2H2O

Solubility should increase with 
increasing CO2…

Experiment

MD simulation
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• MD results in water are consistent with 
experiment.

• MD results suggest solvation of some 
cations into scCO2. We are designing 
experiments to test this hypothesis.

Na+ K+ Cs+ Mg2+ Ca2+ Sr2+ Ba2+
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Kaolinite

Liquid water

Water vapor
~10-8 m

Pore models

Carman-Kozeny
equation

Pore network models

Continuum models

snap off (residual trapping)

Pore modeling and scale-up

MD simulation – water and CO2 on kaolinite

CO2 in water on siloxane surface (wetting)CO2 in water on gibbsite surface (non-wetting)

~10-8 m

CO2 snap-off/residual trapping

• 214 Å x 205 Å x 200 Å (3-d periodic)
• 1700 H2O molecules

H
Al
Si
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Kaolinite

siloxane
surface

gibbsite
surface

C12S2S1 cos 
Young’s Equation

θC = contact angle
 = surface free energy (interfacial tension)
PC = capillary pressure
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Equimolar dividing surface

• 196 Å x 197 Å x 152 Å PBC cell
• 3000 CO2 molecules
• 160,000 H2O molecules (transparent)

New criteria were developed 
for when CO2 passing a pore 
constriction snaps off. “Snap 
off” is a form of residual 
trapping. The criteria were 
tested and compared to 
simulations. The next step is 
to visualize snapped off CO2
for different grain shapes 
and see if there is snapped 
off CO2 in grain shapes 
which meet the criteria.

Pore  models are used to 
determine the foundation for 
continuum concepts and 
parameters like Darcy’s Law, 
Forcheimer Laws, and 
(apparent) permeability. 
Models constructed for 
different pore geometries 
(grain angularity/roundness) 
describe flow through 
throats/necks on pore network 
models, which are coupled to 
continuuum models developed 
by Focus Area 4.

micro X-ray
CT image

Water on gibbsite (hydrophilic) surface Water on siloxane (hydrophobic) surface
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State-of-the-art
large-scale MD simulations

rP /)cos2( C12C 
Young-Laplace Equation

Contact angle indicates the degree of wettability of a 
surface for a fluid and influences capillary pressure.


