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Critical Minerals & Rare Earth Elements (REE) N=|aTionaL

ENERGY
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Examples of Critical Minerals Used in Advanced Technologies LABORATORY
Solar panels - Battery storage — Wind turbines — National defense — Aviation —
Arsenic, Germanium,  Cobalt, Graphite, Aluminum, Rare Chromium, Gallium,  Niobium, Tantalum,
Indium, Tellurium Lithium, Manganese Earth Elements Scandium Vanadium

24s SRe AL

Challenge: Clean
Energy Technologies
Drive Demand Growth

Mineral demand for clean energy technologies by scenario

Growth to 2040 by sector Growth of selected minerals in the SDS, 2040 relative to 2020
- 50
é o SDS = Sustainable Development Scenario
=40
5
2
30

s In less than 20 yrs
we'll need 5-50x our
° i current CM supplies

Lithium  Graphite  Cobalt Mickel Rare earths

IEA. All rights reserved.
Metes: Nt = millizn tennes. Includes all minerals in the scope of this repart, but does not include steel and aluminium. See Annex for a full list of minerals.



https://www.gao.gov/blog/critical-mineral-shortages-could-disrupt-global-supply-chains
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions/executive-summary

DOE- FECM Critical Mineral Goal N=Ee
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Where do we getit? and What do we produce?

\

(DOE Fossil Energy Carbon Management Goal:

By 2035, enable unconventional and secondary NETL Critical Mineral MYRP Challenges

sourcing for half of the domestic critical mineral « National prospective U&S feedstocks (solid &

needs Database (Goal 1) liquid)

+ Demonstrate sufficient resources from * Resource Characterization "Low concentrations
domestic unconventional and secondary (Goal 2) *No domestic supply
(U&S) feedstocks, including Fossil Energy * Technology Deployment chgm (f%edsf’rock -
wastes (solid and liquid) Decision Suppgr’r Too! (Goal 3)  end produc )

« Advanced Critical Mineral and  *Which is the beste

« Demonsirate economically competitive and Carbon processing (Goal 4&5) *Heterogeneity

environmentally sustainable exiraction and * In-situ recovery using fossil o Sustainability
\ processing technologies ) energy infrastructure (Goal 6)
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Characterization to Recovery

Fly ash

Utilize sequential extraction techniques to characterize
major CM-hosting solid fractions in different CCBs and
to innovate targeted extractions for efficient and
economical CM recovery.

Selective

Advanced Extraction
Titrations, Characterization Processes
Sequential & ldentify targets Optimize
Extractions and Lixiviant Extraction

A workflow fo
identify REE & Bulkk Chem,
CM host phases
& binding
environment

Efficiency

U.S. DEPARTMENT OF




#1: Coal Combustion Ash Wastes as REE Resources N=|NaronaL
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. Appalachian basin (APP) coal ash: 5.5 M tons/yr, Al-rich
REE encapsulated in AlSi-rich spherical glass

Powder Riven basin (PRB) coal ash: 8.9 M tons/yr, Ca-rich
Amorphous particles with Ca-oxide crust

SEM  image of fly

. ash
) courtesy of Scott Montross)
0 125250 500 750 1000 Phases identified:
Mil gmorphous Si-Al -purple
0.:.:_:_ Miles ';;‘:1 Data Sources: United States Geological Survey (US I:Ce(i?g;lddee_—rggeen

T
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Synchrotron characterization for Ash Samples  [N=|vnow
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APP coal ash: 5.5 M tons/yr, Al-rich, PRB coal ash: 8.9 M tons/yr, Ca-rich, 24-266 ppm REE, 16.3% - 20.8% Ca?
306ppm - 797ppm REE, 3-5%wt Ca'
« Bulk Ce XANES: 95%-100% Celll

Coal & Fly Ash - 95% Ce(lll), < 5% Ce(IV) Buring codl combustion
Bottom Ash & Ponded Ash ~ 10-30% Ce(lV) | ce diffused info Ca '

glassy phases: Ce
oxidation during coal
combustion

Ce(lll) + O2 = Ce(IV)O2

microXANES_BL23Dec2017

r -

I / Oxidation on the %

outer edge

normalized xp(

05

-0.5

1
5?20 5740 5?60 5?80 5800
Energy (eV)

Amorphus particles with Ca-oxide crust

encapsulated in AlSi-rich spherical  |ight REEs (e.g., Ce, Nd) diffused into Ca-rich AlSi; partial Ce oxidation
glass, difficult to extract indicates reactivity; heavy REEs (e.g., Sm, Gd) w/ Fe

1: M.Y. Stuckman, , et al., IJCG 195 (201
2: M.Y. Stuckman, et al., (2019) International Pittsburgh Coal




Sequential Extraction for Characterization N=|NATONAL
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Appalachian (APP) Ash versus Powder River Basin (PRB) Ash LABORATORY
APP Fly Ash 345 (665 ppm REE)! PRB-FA (264ppm REE+Y)?

« derived from Appalachian Basin » derived from Powder River Basin
coal (4%wt Ca) coal (20%wt Cq)

« REE associated mainly with « >60% REE released in “carbonate”
Residual phase(aluminosilicates) phase exftraction

EFA avg Norm

345 m Water soluble @) H 7/ m EFA $1 avg Water o) H7

100% soluble
m EFA $2 av
= Exchangeable 90% Exchangegable
80% = EFA S3 avg Carbonates
¥ Bond to carbonates 70%
EFA S4 avg Mn oxides
Bond to manganes 607% J
oxides 50%

® EFA S5 avg Amorphous

® Bound to amorphous 40% Fe oxides
iron oxides ® EFA S6 avg Crystalline
® Bound to crystallines 30% I 9=

Er I
Yb I—

20% Fe oxides
iron oxides 107% m EFA S7 avg Sulfides
® Bond 'ro.orgcmlc matter 1 ° and Organic carbon
. gnc!;ulflldes 0% o - P o3 ® EFA R avg Residual
esidua pH2 S3E3ERZRE” L& EL3 pH2




Targeted Rare Earth Extraction (TREE)* N=|Namonat
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Weak Weak Weak
TREE Advantages over REE mining: Acid | Acid 2 Acid 3

Targeting Calcium-Rich Ashes and AMD solids

1. Domestic/ local waste feedstocks
2. No-pretreatment
3. Up to 20% acid reduction
4. No heating/ no pressure >tep 3

' 9 FINALIST Step 1 Step 2 Lithium,
5. No solvent use or reduced solvent use Eeleirs REE Ealsalt o
6. Less }’YC’STG management cost o removall extraction Scandium
/. Additional value streams such as lithium, extraction

cobalt, nickel or scandium

Calcium-rich REE Lithium, Cobalt or
leachate leachate Scandium leachate

Purify and precipitate
REE Lithium, Cobalt or

products Scandium products

Clean REE leachate - =t
*Stuckman, M.Y., Lopano, C.L. and Tarka, T. (2021) U.S. Patent Pending, Serial No.: 63/053,925



https://netl.doe.gov/node/10318
https://www.youtube.com/watch?v=quzSKK4WB2Q&list=LL&index=15

Recovery from Calcium-Rich Ash N=|NATONAL
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From Bench to Pilot: S$S1.6 million Technology
Commercialization Fund Project

» University of Wyoming School of Energy Resources

« Campbell County
« City of Gillette

State, Campbell County pursue
rare earth opportunities

By Greg Johnson, Gillette News Record | Via Wyoming News Exchange Jul 5, 2020 Comments

Rare Earth Elements Project Receives Federal Funding

| NEWS DIRECTOR | Article Updated: June 23, 2020
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NETL Data Analytics: PRB coal burned across the nation NATIONAL

CORD Platform (BETA) . =

Carbon Ore Resources Database {(CORD) Platform

Sample list

CORD ID#: 101
Sample info: Single sample

Sample info: Low
Mine/Power plant: NO DATA
ENTE

Moisture:
VM:

CORD IDi#: 1
Sample info:
combined, Dril

%, U.S. DEPARTMENT OF

;7(@._'\ r'

County: None

e = ==
0 600 mi
MEXICO
Esri, HERE, Garmin, USGS, EPA | Esri, HERE

5,906

sample records (proximate/ultimate)

Proximate Analyses (Averages)

Fixed Carbon
Ash yield 1
Moisture content

Volatile matter

20
Percentage %

Proximate Analyses (averages) Ultimate Analyses (averages)

Coal source region: | Powder River Region

16

mines (production)

e T =

coal deliveries

Delivery content (Averages)

Heat content (MMBtu)
Sulfur content (% by weight)
Ash content (% by weight)

Mercury content (ppm)

Delivery content (averages) Delivery quantity per year

Justman et al (2022) ht

Power plant name: None

Shorttons

2011

Mine list

ANCJ GY

Mine name: MNone

18

mines (deliveries)

Coal production by year

.
\,
N
N

o
N
313.8M
»

2012 2013 2014 2015 2016

Production per year

212

power plants

Coal byproducts by type for each power plant (2011-2016)
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Canter

Limestone
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https://doi.org/10.1016/j.dib.2021.107761

#2: CM in Acid Mine Drainage (AMD) Treatment Systems N = |NATIONAL
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Passive Remediation Treatment:
No chemical added, >200 102

systems in PA IR T

A $40B Critical Mineral
Supply Chain Could Start
in Pennsylvania

ews 00 DO

~85 billion gallons/year AMD 0 Troatmontaolids
freated 10%¢ -
Raises pH of water (Limestone beds) S S
Precipitate dissolved metals 107 ¢ ;
» 90% REE sequestration rare earth element
(REEs) precipitate with Fe, Mn, Al 102 ¢ ;
~18,000 tons/year freatment solids &
produced: AMD solids w107 :
(1

1,102 tons / year REO recovery potential

~ 10 ;
(~40% US annual demand)
Source: hig » 10-5 L ™~ : 1
hedin-environmen : Groundwater
drainage ERNI ST AR LY RSN
106 ¢ E
)
o7 L. % - -——— - #
10 o = Seawater
\ v
10_8 ! 1 1 1 1 1 | 1 1 1 1 1 1 L 1
: j LaCe PrNd SmEuGdTb Dy Ho Er Tm Yb Lu
AMD solids Element

Hedin Env. Hedin et al. (2019 & 2020), 1/CG

U.S. DEPARTMENT OF
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Diverse chemical composition of AMD Solids  [N=]ranona
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Unit: wt% for major elements and mg/kg for frace elements

C S Al Si Fe Mn Mg Ca K Ti REY Li Co Ni Cu Zn Sr Ba
Al rich solid 2% 2% 18.0% 19.3% 21% 0.1% 02% 12% 0.7% 0.3% 1113 38 22 50 106 315 133 216
MnCa rich solid 4%ND 35% 6.1% 05% 18.1% 0.6% 16.8% 0.4% 0.1% 1590 108 6026 8889 89 13585 212 151
AlMnFe rich solid 1% 1% 154% 9.7% 52% 85% 02% 28% 0.3% 0.1% 1900 440 2059 3002 518 5812 53 100

The transition metal contents are sometimes higher than REY; Lithium content is also reasonably high
MnCa-rich solid has higher accumulation of Co, Ni and Zn

AMD Solid Composition (>1000 mg/kg REY)

100% 2500

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

2000 S
c

Sio2

CaO
mmmm MnO
m Al203
500 m Fe203
«@=REY

ch solid

“0‘ », T

1500

MnCa-ri

R
Zal 1000

Oxide (%)
Total REE (ppm)

0

Al rich MnCa rich AlMnFe rich

Al-, Mn-, Fe-rich solid Hedin et al., 1JCG, 2019; 2020

U.S. DEPARTMENT OF




Characterization Summery N=|NATIONAL

TL TECHNOLOGY
LABORATORY

AMD solids have diverse chemical composition, so extractions may need to be tailored.
REEs Co-localized with Al and Mn, selected heavy REEs (Gd,Dy) co-localized with Fe
Co, Ni, Zn co-localized with Mn

P

20 um

Hedin et al., Chemosphere, 2024 _




REE in Sgq Ex and Geochemical Modeling N= |NATIONAL
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More than 80% REY (Al/Mn) exiracted PHREEQ-N-AMDTreat developed by C. Cravotta (2022) LABORATORY
Heavy REE SLuz exirac’red in Amorphous Fe oxides phases Different sorption for La and Lu
compared REE (La)
a. 05 @3 .« .
o 100% & 100% precipitated
sl La at effluent pH
140 m Residuals B} Adsorbed mainly
5120 m Oxidizables and OrgC £ 60% - on MnO, (HMO)
g 100 u Crystalline Fe oxides %
S 80 ® Amorphous Fe oxides A 40% A
(]
g 60 Mn oxides 0%
E 40 u Carbonates ’
20 = Exchangeable 0%
m Water soluble
0 100% g
Lu so% { LU
8 100% precipitated
=
£ 60% 1 atf effluent pH
7 = Residuals "2 Adsorbed mainly
;.,‘ 6 m Oxidizables and OrgC E 40% - on Mn hydroxid es
?/5 m Crystalline Fe oxic-ies e | (HMO) and Al
B 4 lAmorp.hous Fe oxides hydroxides (HAO)
G 4 Mn oxides 0%
E X = Carbonates 3 4 5 6 7 8
. = Exchangeable pH
m Water soluble = Dissolved & Measure d ———HFO ==——HMO —— HAQ
0
Alrich  MnCarich  AlMnFerich hitps://code.usgs.gov/water/phreeg-n-amdireat

U.S. DEPARTMENT OF




Targeted Rare Earth Extraction (TREE)* N=|Namonat
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Weak Weak Weak
TREE Advantages over REE mining: Acid | Acid 2 Acid 3

Targeting Calcium-Rich Ashes and AMD solids

1. Domestic/ local waste feedstocks

2. No-pretreatment

3. Up to 20% acid reduction Sten 3
4. No heating/ no pressure S T Step 2 Li’rhiﬁm
5. No solvent use or reduced solvent use Calcium REE “aloall @l
?- Less waste management cost removal extraction Scandium

Additional value streams such as lithium, extraction
cobalt, nickel or scandium

Calcium-rich REE Lithium, Cobalt or
leachate leachate Scandium leachate

Purify and precipitate

== Lithium, Cobalt or
products Scandium products

-+
S
‘ ‘/

\AMD solids Fly ash TREE process /

Clean REE leachate

U.S. DEPARTMENT OF



https://www.youtube.com/watch?v=quzSKK4WB2Q&list=LL&index=15

Progress: Downsiream Optimization-Bypass Solvent
Extraction

TL

NATIONAL
ENERGY
TECHNOLOGY

LABORATORY

Direct Oxalic Precipitation from Select TREE Leachate

After TREE process, precipitation modeling
guided oxalic acid precipitation

Mol % Precipitated

Minimized oxalic acid use

Successful rejects of Ca

99%wt REE oxalate recovered

§
0.8 -
0.6 -
04 -
0.2 -

0 005 0.1 015 0.2
[Oxalic Acid], M

AMD solid

removal

leachate

\ mlL0—3a
V59

400mL  50—%

— PYREX®

REE Oxalate, 99%wt

Step 2
REE
extraction

==
leachate

Oxalic acid
precipitation




- INATIONAL

Lithium lon Sieve from AMD solids (LISA) =|eNerGy

UL S AMD |
' : Pz ﬁ‘ba‘?men& -

Targeted Rare Earth Mn-rich
Extraction (TREE) or Al-rich

), solid

. Trace metal, Ca/Al removal residuals

AMD Trecn‘men’r sollds
(Al-rich and Mn-rich)

W
(=]

Ion-sieve precursor

.’ Insert > Templ te format = 25
— =
.. - By heat S o
treatment © 20
la / % \63
Li i template
ions ’ 2 E'
Inorganic compound \ g ~ 15
= O
/ * EL
2@
p =
ot W, : <

%]

LISA Schematic preparation LISA-HMO

and selective effect

U.S. DEPARTMENT OF

Solid-State Hydrothermal Process

MnO2-HMO LISA-LDH
Types of Sorbent

TL LABORATORY

y
& W HMo L soveent
fvorm
CMO Sobid
CSct Mn S2)

LISA Sorbent

. Li* Na* K*

BT 134 (1161 20.4
0.55 1159 198
59% 0.17% 2.9%

High Li selectivity over
other cations in tested
brine

Al203-LDH

Adsorptlon capaC|t|es up to 24mg/kg, comparable




3rd: CM Resources from O&G Waste & Water

nttps://www.pitt.edu/pittwire/features-articles/gas-well-wastewater-lithium

Making batteries takes a lot-of lithium.

Some of it could come from
wastewater.

May 14, 2024

scientific reports

Explore content ¥ About the journal ¥  Publish with us v

Bk . g
L[] O
i ekl A

nature » scientific reports > articles > article

Article | Open access | Published: 16 April 2024

Estimates of lithium mass yields from produced water
sourced from the Devonian-aged Marcellus Shale

Justin Ma(kexg, Daniel J. Bain, Greqg Lackey, James Gardiner, Djuna Gulliver & Barbara Kutchko

Scientific Reports 14, Article number: 8813 (2024) ‘ Cite this article

32k Accesses | 2 Citations ‘ 530 Altmetric ‘ Metrics

https://www.nature.com/articles/s41598-024-58887-x

NATIONAL

TL TECHNOLOGY

LABORATORY

Lithium
estimate in
O&G
produced
warters

CM
extraction
and
beneficial
reuse in drill
cuttings




7 Syracuse

oneer S NEW YORK Figure 1. Map of study area
showing the Marcellus shale

,t P extent, well locations using in
e /,/l decline curve analysis (DCA), PW
samples used in this study, and
_ongll previous USGS sample locations.
O Kriged lithium concentration layer
e includes USGS data as well as
y ° O pENﬁva;NlA Legend data reported in this manuscript
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Mackey et al., Scientific Report, 2024



Results: = |NATINAL
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A C Median Percent Decline Curve LABORATORY
00006 100 -
o . . 0000000 4 | [ | [ | == NE Hedi;n Curve
. 0.0005 1160 (95% Cl: 1140, 1180) . NE= 2.43 x 107 liters/10-year -+ SW Median Curve
2 poooa mt/ year. 5 25000000 - | [ NE Interquartile Range
Z S . 7 SW Interquartile Range
E‘ ooon3 E 60 - SW= 4-68 X 107 IlterS/].O'year = 20000000
% 0.0002 E E 15000000 4
o s 407 g
0.0001 € 10000000 -
g
00000 T T T T 5000000 4
2000 4000 000 8000 10000 12000 1M
Li Mass (metric Tons) k) 0 od—
Distribution of Cumulative Production 6 i :4 Iﬁ é lb vll] :i_ :IE :-II. -‘-!I- é Ii:.. %’ lli ‘i:b l;:l
0.08 1 B == NE Data Duration (Years Time
006 | NE MLE = 1.96 mt ) ) _ o ) -
SW MLE = 2.90 mt A) Histogram showing statewide lithium simulation results. MLE of

1,159 mt supplies ~30% of current consumption estimates (USGS,
2023). B) Distributions of NE PA and SW PA results from Monte Carlo
Simulations. C) Plot showing the percent decline in water production
of the median Marcellus well over 10 years. D) Regional PW decline

| | | curve range. Annotation shows regional difference between NE and
7 ramese s wencos - S\WW PA 10-year cumulative production water volumes.

Probability Density
o
(=]
B

S. DEPARTMENT OF

NERGY




Critical mineral source potential from oil & gas produced
waters in the United States

N NATIONAL
TL TECHNOLOGY
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Collect Produced Water CM Data: Critical Mineral Yields from
Ni, Co, Mg, Mn, lLi, REEs in Demand Produced Water as % of

0&G Produced Water: U |[Mn || co [|'Mg |[["Ni [[Tta |[ce |7 || Na Demand
A Potential Source of Critical “bm [|5m | [%ev |['ea || Dy |[Ho || & ||Tm |10 2000% T8T0%
Minerals (CM)
0 Distribution of Li Measurementsin Marcellus
£ - 1500%
= 35 0
ey [
0 5 2 06 £ 1000%
T § 20 3
- £
= g s I' 04 2
O 10 :ag: 500%
=) I ]
0.0
E ol . - - 0.12% 1% 0.01%0.01%
n': 100 200 400 500 400 0%
Li concenfraﬁon, mg/L Co Li Mg Mn Ni

0O&G Production

[ Key finding: Lithium in US PW can meet 300% of current "USGS estimated" U.S. lithium demand ] O‘ )

Critical mineral source potential from oil & gas produced waters in the United States
Kathryn H. Smith, Justin E. Mackey, Madison Wenzlick, Burt Thomas, Nicholas S. Siefert N E WT S
Science of The Total Environment, Volume 929, 15 June 2024, 172573 DATABASE

S N



https://www.sciencedirect.com/science/article/abs/pii/S0048969724027190

Lithium Resource Assessment = |NATONAL

TL TECHNOLOGY
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Permian Basin and Marcellus Shale have largest resource potentials

1,600 400,000
= Bakken
—— Permian (Midland)
1400 | __marcellus 350,000
- Niobrara
_ 1,200 | ——Permian (Delaware) o 300,000
= —— Powder River (CBM) £
o = San Juan =] 250.000
| =
§ 1,000 | __Raton ; !
o = Black Warrior =
§ w0 —uinis 2 200,000
5 149,723
E 600 £ 150,000 135,110 :
£ =
5 200 = 100,000
200 50,000
0 0 B Bakken @ Permian (Midland) @O Permian (Delaw
2009 2010 2011 2012 2013 2014 2015 2016 2017
Concentration of Li is ~10 times higher in Marcellus than Permian Basin
Fig.1 Time series of Lithium resource potential calculated from PW volumes presented Fig.2. Projected Lithium resource potential calculated from projected remaining
by Scanlon et al. 2020 and average Li concentration from from USGS PW database PW volumes (Scanlon et al. 2020) and average Li concentration in each formation

(Blondes et al. 2018)

U.S. DEPARTMENT OF

| ENERGY 1/16/2025 22



https://www.sciencedirect.com/science/article/abs/pii/S0048969724027190

Accelerated Brine Lithium Extraction (ABLE) Laboratory [N=

TL

NATIONAL
ENERGY
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IRA Investment: A future facility for DOE researchers and commercial sponsors to test Lithium
Separation technologies on clean produced brine at the ~100 gph scale (up to 1000 gpd)

ABLE lab (tentative 2027) as a test-bed and user facility for critical mineral recovery will be proposed to

* Provide pre-treatment: Hydrocarbon-removal, Scale (NORM)-removal, NF or RO, desalination

* Provide real-time monitoring of water chemistry (IC and LIBS) and process control (e.g., WaterTap or OLI)
* Welcome clients for testing different direct lithium extraction technologies or other critical mineral extraction tests

Marcellus Shale Gas
produced water

U.S. DEPARTMENT OF

Lithium carbonate

=

REE adsorbent ' i o REEs/CMs e.g. Barite
Nanofiltration = -

LISA: Lithium lon Sieve Sorbent

Low Salinity Water

=

Reverse Osmosis | i :
Mineral Softening % YRS Limestone

Brine crystallizer =
Salt Inputs for NaOH
& HCI

ABLE lab
and

proposed
modular

process at
Goal 5



https://www.sciencedirect.com/science/article/abs/pii/S0011916424004934
https://www.sciencedirect.com/science/article/abs/pii/S0011916424004934

NETL Work on Drill Cuttings = [ENERGY -

TL TECHNOLOGY
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900 million barrels (118 million metric tons) of waste send to landfills in 2022

Novel freatment based on characterization: v aQ?
« Environmental Impact reduction (oil and barite removal) \)’]/ ?\
« Targetedrecovery of Barite, Transition metals (Co, Ni, Cu), Vanadium, REEs H@ lf

Drill cutting conversion to soil supplements

1) Drill Cuttings from Hydraulic Fracturing 2) Novel Treatment and Remediation




Drill Cutting and Core Library at NETL N=|NATIONAL

TL TECHNOLOGY
17 Drill Cuttings and Shale Samples, Marcellus (MS)(8), Bakken (Bak) (3), Utica (UT) (1),

LABORATORY

Wolicamp (WE) (5) | sample | 8a (pom) |V (obm) | ooy | gory | titeom) | REEGom) | Yo
' e W ms-sHA | 70 14 24 2

150 168

| ms-shB | O 363 30 4 204 10
: 250 97 9 BDL 160 3
824 228 22 BDL 159
382 216 30 18 235 42
465 249 23 BDL 239 78

517 33 8 232 13

o nes
N sis 28 6 153 12
65

BAK-254 207 BDL 13 23 146 4
BAK-300 110 392 249 33 5 87 8
WC-310 2385 132 103 11 BDL 184 5.6

,,,,, WC-400 947 148 99 7 BDL 130 4
[ Shale Plays 9561 123 101 9 BDL 183 5.5
[ Shale Basins
Mo e zott 2836 113 102 8 BDL 179 5.4
, — - — wc-480 R 138 105 10 BDL 217 49
« High Total Organic Carbon correlates with Ulica 4 123 1.1

o8 &

76271 53 33 BDL
nigh CMs such os REE, V, and Ni S m e w W w0
e Drill cuttings high in barite

U.S. DEPARTMENT OF

ENERGY




Select REE with FeS (oxidized) N=|Manona
TL TECHNOLOGY
fron Y-XRF of MS-967 LABORATORY

- Gd Mn

Yellow box in SEM-EDS

B Spectrum 393
Witk o

297 39

Syncr

5

Fe 253
21.0
11.0
4.2

26

. ° o e 18 ' 3 5 ,
REE exiracted via reducible phases (e.g., oxidized FeS) 13 02 . b e
Up to 66% Sm, Eu, Gd recovered E- : s T RS S AR Y
0 05 o, . ol g _
250 | O Exchangable h 0.2 : . : e O o] j
M Acid Soluble 0.1 : & s B
200 r [ “ : N
O Mildly Reducible s 2 . g, S b
150 B Moderately Reducible A ‘ s e My :
rongly Reducible 3 A : : N ; SRy e
100 + st gk 3 ‘ @ PS e ’&._, 4]
m Oxidizable R : e ' ey —
esiauals
SEM images of MS-967
0

5HB WC310 MS548 MS967 BAK229

% U.S. DEPARTMENT OF
'._\wj ENERGY Barczok ACS 2023; Stu

e




Treated Cuttings can be Used as Soil — |NATIONAL

Amendments TLJIAsoRATGRY
250 - 8.0
« Plants grown for 45 days E==10ry plant weight
* Fertilized after 2 weeks 200 |  EmmEleaflength

- All mixtures of treated cuttings E | Linear (Dry plant weight) R = 0.9101 [
and soil had seedling growth (60 - & 159 Hnear {Leal length) R*=0.9945 2
100% germination) H 1408

. Treated cuttings - died within a z ° g
week - 4 2.0

« Raw cuttings - no growth

« Correlation between plant 0.0 0.0

grOW-I-h Clhd CU-I--I-Ing Con-l-en-l- |n SO” 75% Cuttings 50% Cuttings 25% Cuttings 0% Cuttings

U.S. DEPARTMENT OF




Critical Minerals in Fossil Energy (FE) Wastes N=|NATONAL

TL TECHNOLOGY

LABORATORY
Top Top supplier | Notable example application Potential Fossil Energy
producer Feedstocks
Aluminum China Canada Aircraft, power tfransmission lines, alloys AMD solids, fly ash
Barite China China Oil and gas extractions, lead-acid batteries, Drill cuttings
Cobalt Congo Norway Jet engines, rechargeable batteries AMD solids, drill
cuttings
Vanadium China China Alloys, catalyst for green chemistry, coatings Drill cuttings
Lithium Australia Chile Rechargeable batteries, Al-Li alloys for Produced waters
aerospace
Manganese China South Africa  Aluminum and steel production, lightweight AMD solids
alloys
Rare earth China China Catalyst, magnets, aerospace guidance, laser, AMD solids, fly ash,
elements (REE) fiber optics drill cuttings, waste
streams

Other critical minerals such as Chromium, Gallium, Germanium, PGM from mining wastes were studied

under NETL RIC program.

.
S L

% U.S. DEPARTMENT OF

.2 ENERGY

https://www.usgs.gov/news/national-news-release/us-geolo
critical-minerals
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Convert Fossil Energy Wastes to Value added Products TL ety
“Lero Was” S’rregy LABORATORY

e Lithium sorbent:
Lithium lon Sieve from
AMD residuals (LISA)

=

he IR 5% G- .
- * Consfruction 1~ &
~ materials® o2

Oil and &
Gas Dirill *
~Cuttings

* CO, sorbent”

*: Images are from previous or similar studies. Products are under de—
s
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« NETL is hiring a cohort to research critical e Welcome submissions

mineral and materials from domestic
minerals "6 @

sources (ORISE fellowship)
SfUdenf IniernShip POSf'ngdUCﬂeS an Open Access Journal by MDPI

e https://netl.doe.gov/sites/default/files/2024-
09/Intern%20Postdoc%20Cohort Template%20R4 Digitial.pdf
E -.-J E E Critical Minerals and Associated Elements in Mine Effluent and
[ Treatment Residuals: Management Strategies and Technologies for
- " Resource Recovery
" |
i
E E E -

« Mickey Leland Intern Program (MLEF)
« https://orise.orau.gov/mlef/

Guest Editors: Message from the Guest Editors

Dr. Mengling Stuckman This Special Issue calls for research on understanding the
National Energy Technology geochemical transformations and engineering techniques
Laboratory, 626 Cochrans Mill . B
Road, P.O Box 10040, Pittsburgh,  "€lated to the enrichment and behaviors of CMs from one
PA 15236, USA type of unconventional resource, mine waste streams (e.g,,

coal or metal mines) and treatment precipitates (e.g.,

https://www.mdpi.com/journal
/minerals/special issues/U7Z9S
5XK57

I NN



https://netl.doe.gov/sites/default/files/2024-09/Intern%20Postdoc%20Cohort_Template%20R4_Digitial.pdf
https://netl.doe.gov/sites/default/files/2024-09/Intern%20Postdoc%20Cohort_Template%20R4_Digitial.pdf
https://orise.orau.gov/mlef/
https://www.mdpi.com/journal/minerals/special_issues/U7Z9S5XK57
https://www.mdpi.com/journal/minerals/special_issues/U7Z9S5XK57
https://www.mdpi.com/journal/minerals/special_issues/U7Z9S5XK57

NETL
RESOURCES

VISITUS AT: www.NETL.DOE.gov

@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologylLaboratory

https://orise.orau.gov/mlef/ Summer Internship
https://orise.orau.gov/index.htm| Post-graduate opportunities

U.S. DEPARTMENT OF

) ENERGY

»
/,



https://orise.orau.gov/mlef/
https://orise.orau.gov/index.html
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