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Project Summary

The effort will accelerate application and commercial utilization of an
NETL-developed technology to rapidly characterize critical mineral

occurrences within secondary and/or unconventional feedstocks, such as ® Ramaco Carbon: Ramaco Carbon, LLC is a subsidiary of .
coal refuse or waste impoundments. e o Ramaco Resources, Inc. (NASDAQ: METC). Ramaco Carbon |
_ _ . . _ ) focuses on higher value uses for carbon ore and the development r

The project involves deploying a machine-learning enhanced x-ray CARBON o6 iical minerals at the Brook Mine located just north of
fluorescence (XRF) characterization system that enables near real-time Sheridan, WY,
detection of unconventional critical mineral resources both at the surface ‘))WEIR Weir International: Since 1936, WEIR has been providing
and subsurface. This field-deployable system will characterize the ‘ _ professional, independent and objective consulting services to the
mineralogical (chemical) form and distribution of the material’s critical \I\Xgrgegfelﬁ%ﬂ?ﬁi‘}lgu}tﬁg United States and international engineering, geology, mining
mineral content, providing strategic information for extraction approaches S o operations, and energy industries.

and technologies.

Background & Motivation

Current approaches for detecting the quantity and/or form of critical minerals (e.g.,
ICP-MS, LIBS, XRD) are costly and time-intensive. Handheld x-ray fluorescence is a quick,
non-destructive method to characterize elemental composition, but challenges with
interference and sensitivity limit its applicability for resource characterization.

Conventional critical mineral resources refer to known deposits that are
presently part of the global resource base, with known geologic controls and
enrichment processes that produced these occurrences.

Unconventional critical mineral resources refer to any resource from a This project will leverage 7+ years of FECM/NETL-RIC applied R&D (blue text figures
geologic or secondary byproduct host that is distinctive from the mechanisms below) to enable rapid and cost-effective detection of critical minerals from unconventional
resulting in conventional, established deposits. These require revised or new sources. These combined tools and approaches will enable commercial stakeholders to
methods and models to characterize and assess that focus on the unique source and make timely, inexpensive assessments of potential resources, reducing the need to collect,
temporal controls resulting in these deposits. (Source: Yesenchak et al., 2022) pay, and wait for ICP-MS sample analyses.
Systematic Methods & Data Al-Informed Unconventional Streamlined User-Friendly
to Find & Quantify in situ CM Resource Assessment Software Tool

PrOjECt OUtIine Critical Minerals /

This project will field-demonstrate the commercial potential of a prototype
software technology involving advanced x-ray-based elemental and mineralogical
characterization and science-based, data-driven modeling methods pioneered by
NETL to rapidly detect and quantify critical mineral resources from secondary and/or
unconventional feedstocks.

Potential REE |
Enrichment

llllllll

.......

Key project tasks are outlined below:
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2. Searchable Database . . - .
e Lithologic characterization, geophysical measurements
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Create Grid Task .
4. Software e Software field demonstration (pXRF sampling)
Demonstration e Predictive ML training of mineral (chemical) form [ e B
: . e Validated software ML predictions using ICP-MS, LIBS, XRD, vl N
5. Software Validation p—— | \
6. Deployment of e Downhole XRF and ML software field deployment and

Downhole Capabilities testing

Multi-Sensor Core Logging Downhole Deployment

/. Resource Reserves e Estimate resource reserves using field-based software
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8. Market Readiness & e Solicit external user feedback on software user-friendliness ; AN ] NS
Alignment e Perform TEA to inform strategy for technology distribution
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e Workforce development for underrepresented and minority
STEM students (local rural and tribal communities)

9. DEIA Engagements
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