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Background Information

Abandoned Coal-Mine Drainage (AMD)

Critical Minerals (CM) /Rare Earth Elements (REE)

Acidogenesis Isolates that Reduce Manganese
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and Rare Earth Elements (REEs)

Modern Tech REE Demand
Globally

Rechargeable Batteries, Electric Motors, Wind
Turbines, Superconductors, Lasers, Optical Fibers,
Aerospace Alloys

Conventional REE Extraction
High Temp & Harsh Chemicals = Toxic Waste

AMD as a Source of REEs

AMD REEs ~10,000 > non-AMD waters (Vo 2024)
REEs + Mn in AMD solids (Hedin, Stuckman 2024)
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Mn Reducing Bacteria (MnRB)
Produce Acid (Acidogenesis)

Isolate 16S rrn Identity
AV21 98% Corynebacterium sp.Y
AV22 83% Bacillus sp.
AV23 90% Bacillus thuringiensis

KB7
JRO7 100% Bacillus mycoides"

Sterile NA

YWhole genome sequencing (WGS)

“Differential Manganese Reduction Media KMnO,

*Differential Manganese Reduction Media MnO,

*Acid Production Determined by Phenol Red/pH probe/TSI Slants
NA = Not applicable

100% Bacillus pseudomycoides”
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Mn Reducing Bacteria (MnRB)
Produce Acid (Acidogenesis)
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Mn Reducing Bacteria (MnRB)
Produce Acid (Acidogenesis)
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Mn Reducing Bacteria (MnRB)
Produce Acid (Acidogenesis)
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Characterize AMD Solids

Chemical Composition
ICP-MS/OES
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Microbial AMD
Solid REE Solubilization

Metal Release from AMD Solids
FAD, ICP-MS/OES

Characterize AMD REE Release

Interaction with Solids, Acidogenesis

La Oxide Acidogenic Release
Colorimetric Assay UV-Vis

Selective Bacterial
Biomining of La

Colorimetric Assay
UV-Vis




AMD Systems to Target for Biomining

Recommended by NETL based on previous work by Ben Hedin, PhD
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Chemical Comparisons of AMD Solids

Scootac

Wm'gfield Sterrett Kentucky
Pines Hollow
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ICP-MS & ICP-OES PPM values reported High Low
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Microbial AMD Selective Bacterial
Solid REE Solubilization Biomining of La

Characterize AMD Solids

Chemical Composition Metal Release from AMD Solids Colorimetric Assay
ICP-MS/OES FAD, ICP-MS/OES UV-Vis

Characterize AMD REE Release

Interaction with Solids, Acidogenesis

La Oxide Acidogenic Release
Colorimetric Assay UV-Vis
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Bacterial Isolates Solubilize Mn From Glasgow
‘ AMD Solids
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Solubilization of REEs from AMD
Solids with Bacterial Isolates
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Characterize AMD Solids

Chemical Composition
ICP-MS/OES
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Microbial AMD
Solid REE Solubilization

Metal Release from AMD Solids
FAD, ICP-MS/OES

Characterize AMD REE Release

Interaction with Solids, Acidogenesis

La Oxide Acidogenic Release
Colorimetric Assay UV-Vis
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Biomining of La
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with Glasgow AMD Solids

‘— % 22 < " _" £ ron
HV det mag | WD HFW |spot B ME"]‘ : '
m

15.00 kVIETD | 8647 x |9.9 mm |29.6 ym| 3.0 10w

Mn oxides from Glasgow AMD covered in rod shaped bacteria
consistent with these isolates being Bacillus sp.
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& JRO7 are the stronger solubilizers of AMD solids (REEs)

Isolate 16S rrn Identity Biofilm L:E::
90% Bacillus cereus - -
AV21 98% Corynebacterium sp. : -
AV22 83% Bacillus sp. - -
KB7 100% Bacillus pseudomycoides + +
JRO7 100% Bacillus mycoides + +

Both isolates
Direct interactions with AMD solids (SEM)
Form Biofilms
Produce Lactic Acid
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Characterize AMD Solids

Chemical Composition
ICP-MS/OES
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Microbial AMD
Solid REE Solubilization

Metal Release from AMD Solids
FAD, ICP-MS/OES

Characterize AMD REE Release

Interaction with Solids, Acidogenesis

La Oxide Acidogenic Release
Colorimetric Assay UV-Vis

Selective Bacterial
Biomining of La

Colorimetric Assay
AVAVITY




Acidogenesis Isolates & JRO7
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Characterize AMD Solids

Chemical Composition
ICP-MS/OES
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Microbial AMD
Solid REE Solubilization

Metal Release from AMD Solids
FAD, ICP-MS/OES

Characterize AMD REE Release

Interaction with Solids, Acidogenesis

La Oxide Acidogenic Release
Colorimetric Assay UV-Vis

Selective Bacterial
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Rhizobiales bacterium YIM 77505 [GCF 000745135.1] . o
— e —— Microvirga massiliensis [GCF 001006805.1] Ch dard Cte rizi ng 33
Microvirga vignae [GCF 001017175.1]
Microvirga guangxiensis [GCF 900102135.1]
Microvirga lotononidis [GCF 000262405.1]
0.789L— Microvirga flocculans ATCC BAA-817 [GCF 000518665.1]
Methylobacterium aquaticum [GCF 001548015.1]
Methylobacterium sp. 4-46 [GCF 000019365.1]
1 Methylobacterium nodulans ORS 2060 [GCF 000022085.1]
Methylobacterlum sp. ARG-1 [GCF 001262595.1]
AEI:Methylobacterium radiotolerans JCM 2831 [GCF 000019725.1]
Methylobacterium phyllostachyos [GCF 900103445.1]
19 B Methylobacterium sp. Leaf456 [GCF 001425465.1]
_‘I:[ ethylobacterium populi BJ0OO1 [GCF 000019945.1]
1 L Methylobacterium populi [GCF 001643095.1]
Methylobacterium sp. Leaf399 [GCF 001424525.1]
--|1 Methylobacterium sp. 77 [GCF 000372825.1]

Methylobacterium sp. Leaf99 [GCF 001422375.1]

0-998 1 L—Methylobacterium gossipiicola [GCF 900113485.1]
1 Methylobacterium sp. Leaf89 [GCF 001422215.1]
1 B3
—A
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Future Directions

Publish / Patent Work

Scale-up Biomining Process for In-Field Applications
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