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Supercritical Fluid Extraction uses a solvent
under temperature and pressure conditions
that bring the fluid beyond its critical point.
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304°K=31°C=88"F

83.8 bar =8.38 Mpa
= 1,070 psi

Properties of a supercritical fluid:

» Viscosity is similar to a gas

* Density resembles that of a liquid

« Diffusivity is in between that of a liquid and
gas
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Image retrieved: https://www.energy.gov/supercritical-co2-tech-team
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Approach

Perform the extraction of Rare Earth Elements
from coal fly ash with supercritical fluid: S
Supercritical carbon dioxide (5c-CO,) as a Z;:;‘;aer
solvent
Solution includes a chelator
Water functions as the entrainer
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Current Status and Results (if any)

Heavy metals have
previously been extracted
from coal fly ash using
supercritical carbon
dioxide:

/n, Pb, Cu, V, Mn, Cd, Sb,
Ni, Mo, Cr, and Co

Schematic diagram of experimental setup for the supercritical extraction system.
Image retrieved: The Journal of Supercritical Fluids http://dx.doi.org/10.1016/j.supflu.2016.06.012
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Impact of Work

Concerns with solvent extraction of rare

earth elements include:

« Highly concentrated acids

* Unrecyclable solvent waste

« Extractant contamination

Supercritical Fluid Extraction with CO,

* Nontoxic solvent that is recyclable and
can be collected
Solvent contamination does not impact
the final product’s quality
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Challenges and Risks / Next Steps and Future Work

Challenges and Risks:
« Safety concerns related to high pressure

» Strict pressure vessel specifications
« Additional shielding and PPE
« Ambient gas monitoring
» Supercritical CO, functions as a nonpolar
solvent—extraction is heavily dependent on
presence of polar chelator

Future Work:

* Measure wettability of coal fly ash
* Quantify extraction efficiency 282010 | WD | Mag [ HV
» Bring supercritical CO, extractor online SEM image of coal fly ash particles
Image retrieved: dx.doi.org/10.1021/ie2001378 | Ind. Eng.
Chem. Res. 2011, 50, 7763-7771
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