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 Resource mapping and 
characterization

 Feedstock 
beneficiation and 
physical separations

 Crushing, milling, 
flotation, gravity and 
density separation

 Sensor-based sorting
 Mechanical and size-

based separations

 Hydrometallurgy and 
pyrometallurgy

 Solvent extraction, ion 
exchange, membrane 
and electrochemical 
separations

 Bioprocessing

 Electrowinning and 
electrorefining

 Molten salt 
electrolysis

 Metals refining

Resource and 
Extraction

Separation and 
Refining

 Novel materials 
synthesis and 
processing

 Reactors for material 
development

 Advanced 
characterization

 Flow sheet design and 
rapid prototyping

 Rare earths, metals, Li 
ion batteries

 Validation of new 
materials and processes

Materials 
Development

 Bench to pilot-scale 
testing

 Advanced scale-
up manufacturing
and process modeling

 Roll-to-roll processing

 Cell analysis, 
modeling and 
prototyping (CAMP)

Production and 
Scale-Up

 Direct recycling

 Multi-material 
recycling

 Mechanical, 
hydrometallurgical, 
and pyrometallurgical 
recovery pathways

 TEA, LCA, supply 
chain and economic 
analysis

Recycling and 
Circularity

ARGONNE’S CRITICAL MATERIALS CAPABILITIES

ARGONNE’S CRITICAL MATERIALS CAPABILITIES
From discovery to validated process and material

Supported by: HPC-powered AI/ML, Digital Twins, Autonomous Labs, Analysis, Radioactive & Hazardous 
Material Handling, Secure Facilities, Characterization, Partnerships, Workforce



MATERIALS ENGINEERING RESEARCH FACILITY (MERF)
Technology center for scaling up new materials and processes

• Develop cost-effective processes for synthesizing and scaling materials

• Evaluate emerging process technologies for domestic CMM production

• Validate CMM commercial process technologies with industrial scale 
testbeds, including METALLIC and ReCell

• Integrate AI/ML and digital twins for predictive monitoring and 
optimization to support commercialization

Supports Centers 1-4 
 25% of new equipment on-line 

and available for use now
 Remaining equipment coming 

on-line FY27
Existing capabilities: beneficiation, 
bioprocessing, extraction, 
separations, refining, advanced 
manufacturing, and recycling

Argonne-led DOE Center advancing 
adoption of CMM recycling technology 

Basic to applied research

Works closely with industry to translate 
and scale technologies

Hosts Industry Day events to convene 
stakeholders across relevant sectors 
(September 21-22)



ALBEMARLE’S CHALLENGE
Cost-effectively recover lithium 
from the natural Smackover brine 
reservoir (outlined in red), at a 
planned facility in Magnolia, 
Arkansas, to increase domestic 
supplies of this critical material

ARGONNE’S SOLUTION: A WORK IN PROGRESS

Designed an electrodialysis process with advanced membranes to 
recover lithium with minimal impact from impurities

Continuing to validate product performance and process 
economics, including lower production costs and elimination of 
landfilled waste

Argonne’s experimental lithium recovery systems

PROJECT EXAMPLE: LITHIUM RECOVERY

PROJECT EXAMPLE: LITHIUM RECOVERY



15+ Years of Scaling Materials and Processes

15+ Years of Scaling Materials and Processes
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Track record of supporting DOE priorities on CMM supply chains
 Over 400 publications and 100 patents
 10 R&D 100 awards
 Partnered with over 100 companies
 Over 3,300 visitors



CONTACT US:

CONTACT US:

CRITICALMATERIALS@ANL.GOV
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