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Who we are and why we work on problems like this

Novex, LLC is an engineering and technology
development company that solves complex

: : bt MULTI-
materials and environmental challenges through 100+ P o LAB TO PILOT
integrated process development and scale-up. YEARS OF COMBINED TEAM OF ENGINEERS, CAPABILITIES UNDER
TECHNICAL EXPERIENCE  SCIENTISTS & TECHNOLOGISTS ONE ROOF

We help clients transform

unconventional materials CAPABILITIES THAT DIFFERENTIATE CORE FOCUS AREAS

and waste streams into | waws  Critical Materials Recovery

- ~ -
. . : From conventional and unconventional
value while reducing | yj 1] . |0
enwronmental I’ISI(S. -—= N Waste Valorization & Remediation
MULTI-SCALE INTEGRATED PROCESS  MODELING & ENGINEERING &  Tumingliabilities into resources and

environmental solutions

L CHARACTERIZATION DEVELOPMENT -
We partner with 'ndUStrYI nawshasticesgripracees Mineral Processing & Hydrometallurgy
d . d tt Chemical, mineralogical, From fundamentals simulation, equipment ) L . .
aCademia, .an goyernmen O morphological, and to pilot validation design / Commur.wutlo'n. separations, extraction,
accelerate innovation and physicochemical analysis and purification
deliver real-world solutions to A Process Intensification
! " RERE (e Advanced reagents, energy-efficient and
today’s most challenging i [:] [ ) g gy-effici
compact process technologies
resource, energy, and l U i : :
environmental problems ( ' Advanced Diagnostics & Scale-Up
ADVANCED TESTING PILOT-SCALE SYSTEMS SAFETY & @‘ '“';i“fl meaSﬁ'emﬁgtS; modeling,
and pilot-scale validation
PLATFORMS Flexible systems for SUSTAINABILITY ' : . |
Hydrometallurgy, thermal continuous and Built into every stage {}1 Automation & Digital Engineering
processing, separations, batch operations of development Data-driven systems, lab automation,
and reactions - and flowsheet modeling
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Mining legacies are creating a new resource opportunity

From Liability to Opportunity

* Mining and industrial activities have generated billions
of tones of residual materials worldwide.

* Historically these materials have been viewed solely as Coal refuse Jui
Underclays

environmental liabilities. Combustion ash

* A new question is emerging:
Can some of these liabilities become future resources?”

"
-

AMD waters SNECS |
Treatment sludges == =7~ ==

Neutralization products ..« e

Industrial residues
Post-consumer streams
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Critical minerals are driving interest in waste materials

Why Are We Suddenly Interested?

» Demand for critical minerals is increasing.

* Traditional mining alone may not satisty future
demand.

Vulnerable Supply Lines

China Is Still Choking Exports of Rare
Earths Despite Pact With U.S.

3. Emont, The Wall Street Journal (2025)
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Single Point of Failure Processing Processing

Pentagon to become largest
shareholder in rare earth miner MP
Materials; shares surge 50%
S. Kimball, NCBC (2025)

Artist Concept

Helene. It could massively disrupt

the tech industry
G. Brumfiel et al., NPC(2024)
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What counts as “critica

III

is expanding

Technology evolution and supply-chain risks continue to redefine which materials are considered strategic

1990s-2000s 2010-2020 2020—Present Emerging
Focus: Focus: Focus: Focus:

Traditional Industrial Metals

Rare Earth Supply Security

Energy Transition

Resilient Manufacturing &
National Security
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i _Chinese era—
Iron Copper Aluminum  Nickel Zinc Neodymium Praseodymium Dysprosium  Terbium  Rare Earth Lithium Cobalt  Nickel Graphite Rare Earth Gallium Germanium  Copper  Silicon  Indium  Tellurium Platinum Uranium Metallurgical
200 Elements Elements Group Coal
7)) Metals
S APPLICATIONS APPLICATIONS APPLICATIONS APPLICATIONS
+
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~ s .-v @}o) EV batteries ﬁ Electrification
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Source: G. Xie &

China supply concerns begin
driving policy.

DOE identifies growing
supply-chain vulnerabilities.

@ Recent updates continue expanding
the list of strategic materials.

The list of critical materials has expanded from a small group of specialty metals to a broad portfolio of

materials required for energy, manufacturing, defense, and advanced technologies.

References: U.S. DOE, Critical Materials Assessment, 2023 | U.S. DOE, Critical Materials Strategy, 2023 | USGS, 2022 Final List of Critical Minerals | USGS, 2025 Final List of Critical Minerals | NASEM, Minerals, Critical Minerals, and the U.S. Economy, 2022

Base / enabling metals
Al, Cu, Zn, Mg

Alloys and industrial
V, Ti, Cr, W, Nb, Ta

Electronics / semiconductors
Ga, Ge, In, Si, Sb

Battery and storage
Li, Co, Ni, Mn, graphite

Permanent magnets
REE + Sc/Y
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Lithium

Why materials become critical S
o e . . o . o Niobium ‘ ‘ Neodymium
C”tlcahty s driven by the interaction of et e TECHNOLOGY CHANGE\ @ i nibcl b

Technology, Geopolitics, and Policy ekl > NEW DEMAND

Emerging technologies and
electrification increase
demand for specific materials.

X P

* Criticality is not a geological |
. . Scandium
property |t IS a mOV|ng Aluminumall'oytc. @

Aerospace, 3D printing
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High-performance
magnets
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When these forces converge, a material is classified as critical.

Source: G, Xie &

Criticality is dynamic - today’s non-critical material can become tomorrow’s strategic necessity.
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Critical minerals occur in many unconventional feedstocks

] ?
Where Are These Materials Found- Metallurgical & Industrial Process Wastes

» Critical materials are not limited to primary ore

deposits. They are distributed across a wide Red mud (bauxite residue] >¢, REEs, Ti, Fe, Al, Ga
. . . Phosphogypsum REEs, Y, Sc
spectrum of mining, energy, metallurgical, ctecl o oV Ch e
manufactu rng, and consumer waste streams. Electric arc furnace (EAF) dust Zn Pb. In, Ga
Copper smelter slag Cu, Co, Mo, Re
Mining & Mineral Processing Wastes ickel smelter siag o
Aluminum dross Al, Ga
Coal refuse / gob piles REEs, Al, Ti, Fe, Sc, Ga, Ge § Refinery residues V. Ni. Mo
Coal preparation plant (CPP) middlings REEs, Al, Ti, Fe, Ga, Ge - Drill cuttings and muds* e p—
Coal fines / slurry impoundments REEs, Al, Ti, Fe, Sc %
Coal underclays (seat earths) REEs, Al, Sc, Ti, Ga TQ .
AMD treatment sludge Fe, Al, Mn, REEs, Co, Ni, Zn D Tg MaHUfaCturlng Wastes
Abandoned uranium mine (AUM) piles U, REEs, Sc, V, Mo NdFeB magnet production scrap Nd, Pr, Dy, Tb, Fe
Copper tailings Cu, Mo, Re, Co, REEs Battery manufacturing scrap Li, Ni, Co, Mn, Graphite
Nickel tailings Ni, Co, Mg, Sc Metal machining swarf/shavings Ni, Ti, Co, W, Mo, Ta
Iron ore tailings Fe, REEs, Sc Semiconductor manufacturing scrap Ga, Ge, In, Si
Tin tailings Sn, W, Ta, Nb Specialty glass manufacturing waste Ge, REEs
Gold tailings Au, Ag, Sb, Te Alloy manufacturing residues Ni, Co, Cr, Mo, W
Zinc/lead tailings Zn, Pb, Ge, Ga, In

* For unconventional resources, the lists are only the starting point. The real question is which
elements can be recovered at acceptable cost, purity, and environmental performance.
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Critical materials are everywhere. Economical recovery is not.

High-grade & high-volume resource - High expectations - Hot topic - Newspaper headlines

COMMON MISTAKE ' THE BEST RESOURCE IS NOT ALWAYS THE HIGHEST-GRADE RESOURCE.
Feedstock/Waste Quantity x Critical Material Grade x 'S1T2((>JSKPII;|IEE EI\ S;SCKPLIEE B
COmmOdlty Price = PrOjeCt value Hi;h-gra‘;::\:adlin:s, Lowef:r':de, buii
high expectations. favorable characteristics.
X Wrong!
Grade v

REALITY Mineralogy | X Mineralogy v

.. . Recovery X (Low) Recovery v/  (High)
Recovery x Selectivity x Throughput x Purity x T R = Ty

Water Consumption x Energy Consumption x CAPEX x S g MY e 7 osaie
OPEX x (N eW) Waste Mana gemen t x Market Req uirements x Residue Management XK (chatienging) Residue Management  «/ (Manageable)

(Many Many Other) = Project Viability € NOT ECONOMIC

v Correct! :
A low-grade material with the right characteristics can outperform a
high-grade material with the wrong ones.
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Critical materials are everywhere.
Economical recovery is not. e

FEEDSTOCK

KEY CONSIDERATIONS

Resource potential is determined by the entire  THEREALITY: | GRADE + Corceton s
. o seno.u VAIESENO » Feedstock availability matters
nrocess chain, not by feed concentration alone! R material actually present? e

+ Discrete mineral?
POTENTIAL MINERALOGY i
RESOURCE o
Can the material be liberated « Substitution in crystal lattice?
100% and chemically accessed? « Glassy matrix?
& PASS / FAIL
AFTER GRADE RECOVERY * 1000 ppm sounds attractive
P rese n ce d oes n Ot eq u a I ‘ ~70% How much can actually be * 50% recovery may not be
extracted into solution? * 20% recovery definitely isn't
recoverabilit . b
y' AFTER RECOVERY + Fe, Al, Ca, Mg, Mn
~40% Heavy metals
Many projects fail because
oo ‘ impurity control dominates
Recoverabil |ty does not equa I AFTER IMPURITIES i PASS / FAIL
° ° ogeo ~25% | PROCESSING -+ Size reduction, classification
eco n o m Ic VI a bl I Ity o 3 0 REQUIREMENTS r' + Leaching, filtration, neutralization
. » Solvent extraction, ion exchange
| 3 How operations are ' g
AFTER PROCESSING | Wm makea M‘* » Precipitation, calcination, etc.
COST;O ) PASS / FAIL
~1‘/° RESIDUE . : rzsidue stable;?
» Acid generating?
0 @é MANAGE‘MENT * Neutralization required?
ECONOMICALLY What remains * Return to site possible?
RECIOVZE,:BLE after recovery? * Long-term storage needed?
e s PASS / FAIL
SALEABLE r
Percentages are illustrative only. PRODUCT S A RESOURCE IS CREATED BY W
PROCESSING, NOT BY
CONCENTRATION ALONE.
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The hidden factors that determine viability

Even it the chemistry and physics work, a project can still fail.

THE ICEBERG OF PROJECT VIABILITY FROM LAB RESULTS TO MARKETABLE PRODUCTS

WHAT WE o, @ REEGrade .  WHAT RESEARCHERS REPORT WHAT ENGINEERS WHAT THE MARKET BUYS

TYPICALLY SEE » A @ Resource Size Proniiing , MUST BUILD

Easy to measure. /’ f € 0 c dity Pri ] [ ¥i_? G NdPr Oxide

Easy to get excited about. - 1 ( ommodity Price @ )\ 2 99.5%
ﬁ" ‘;} /3 : / ‘ i -

Battery-grade

Li,CO,
. aies Changes daily, seasonally, » > 99.5Y%
@ Feedstock Variability across stockpiles v 1200 ppm REEs « Water system 2 99.5%
« Acid & reagent system Semi
: _ miconductor-grade
isti e o0y v’ 85% Extraction » Solid-liquid separation L
Transportation costs? v Mixed REE Concentrate « Purification & separation > 99.999%
OVERLOOK : - « Neutralization
Water & Reagent Demand - £¢'d consumption? , :
Harder to see. 9 Neutralization? » Residue management High-purity
Harder to fix. Water availability? « Utilities & infrastructure Sc,0,
Treatment costs? # >999Y%
~ -t . 0
Often makes or Residue & Waste Management Stability? Acid generation? p ~ — —
breaks the project. Neutralization? - Complex & Costly Meets Specifications.
Long-term storage? Promising on Paper
& 9 | | | to Implement Has Market Value.
Product Specification - Purity? Form? b % e — % =
Market-accepted?
3 ) Permitting & Social License - Environmental approvals? |
0 Community acceptance? CRITICAL INSIGHT Products must meet Higher purity $ Failing any of these
_ Price volatility? The market does not buy @/ stringent purity, v—| means more \'\ hidden tests can
Market Access & Economics - Offtake agreements? recoveries. form, and consistency | ¥ | processing steps, make a project
Total OPEX & CAPEX? The market buys specifications. requirements. higher cost. uneconomic.

CRITICAL MINERAL PROJECTS FAIL NOT BECAUSE THE RESOURCE ISN’'T THERE,
BUT BECAUSE THE REAL-WORLD REQUIREMENTS ARE UNDERESTIMATED.

Look below the surface. Plan for the unseen.
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No single waste feedstock is perfect
Every waste stream offers opportunities, but also carries limitations.

» Individual waste streams often suffer from limitations that prevent economical recovery.

» Can complementary waste streams be combined in a way that improves overall process performance and

economics?

T ‘

STRENGTHS LIMITATIONS

o <

® Concentrated Fe/Al @ High moisture
phases

STRENGTHS LIMITATIONS

O ¥

® Metals already dissolved =~ @® Extremely dilute

i ® Existing collection ® Large water volumes
3 : infrastructure

® REE scavenging ® Variable composition

potential

® Continuous treatment

S : : ® Disposal liability |
* .« @ Continuous generation required |

® Existing treatment
systems

STRENGTHS LIMITATIONS STRENGTHS LIMITATIONS
@® Large inventories ® Metals locked in solids @® Mineral concentration ® Complex mineralogy
effect

® REE-bearing minerals ® Low grades ® Glassy phases

@® Existing stockpiles
@ Difficult extraction

~.f\'?1,1 @® Potential Al/Ti value ® Processing intensive
5 g ® Reduced mass
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Can multiple waste streams “help” each other?

Instead of treating liabilities separately, can we design a flowsheet that exploits their complementary characteristics?

. AMD WATER , COAL REFUSE / UNDERCLAYS
That question formed .

the baSiS Of the StUdy. I} ACIdlty 0 ACIdlty can e N Aluminosilicates c

e Fe \ assist leaching

: e REE-bearing
of minerals

e Al , i phases

® Mn Acidic water g RN Ti-bearing phases
can solubilize : 2 SO L DN B ,

e Trace REEs Existing Fe/Al S RSN N Other minerals

metals that are
scavenged by
sludge

Rather than designing
a recovery process
around a single
feedstock, we
evaluated whether

chemistry can
A assist separations
and recoveries

Residues ma : :
o Shared y e Al-rich minerals
multiple coal-related * Fe hydroxides e e boabiieds 3 -
together, - : e (Clays
Allhviraad may reduce ' : B
WaSte Streams COUId - L costs supporting e Trace critical

be incorporated into
a common treatment

reclamation @ : ' .
e Adsorbed REEs - RS g minerals
:qz‘% » “‘:::- v
e Trace metals - == . "2 e Other constituents
. S T N

framework. ) > : \ D
~ POTENTIAL SYSTEM BENEFITS B
Converts multiple Reduces overall Improves Supports waste | Enhances economic
environmental liabilities reagent and metal recovery stabilization and and environmental
into resources operating costs opportunities risk reduction | outcomes
% B,

x nOVGX Novex, LLC | 445 Sequoia Dr. Unit 103, Bellingham, WA 98226 | info@novextech.com | +1 (360) 296-3467



General processing approach for coal-related feedstocks

[t and when feedstock blending should occur?

: r N\ N N >
Coal-related wastes are chemically AMD water Treatment sludge Coal refuse / Ash / combustion
complementary. Complementarity does N J L 3 ) underclay _ products

not mean direct blending is
recommended.

Dissolved Fe, Al, Mn,
acidity; REE can be

mobilized at low pH
It means designing a flowsheet that uses
each material where it helps the overall \
chemistry, and removes feedstock-specific l
iImpurities prior to stream merging.

Fe/Al hydroxides and

oxyhydroxides scavenge
REE and trace metals

Concentrated mineral
matter; variable
glass/crystalline phases

/

Aluminosilicate matrix;
REE may be in clays,
phosphates, zircon,

oxides

Sample
Characterize
Process/Route Select

@
4

X NOVEX

neutralization,
' stabilization; backfill

______________
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g Transport; Size ([ . ([ . : A /Impurities removal;\ Mixed product Separation and ) ( individual element
Reduction; Physical upgrade; Acid baking; Fe conversion; recipitation / urification of production;
Classificati - > Carbon and | Leaching; Selective | Alumina production; > precipita : > % idual critical > metallization;
assification; magnetics removal Jissolution Li. Ga, Ge concentration from individual critica reduction:
Moisture Control production solution elements electrolysis
N O\ RN L . L O\ J Y
! Residue Every arrow has a mass balance, energy
I
|

balance, reagent balance, and compliance
question attached to it.



N ecessa ry benCh'scaIe wo rk |ICP-MS/XRF, mineralogy, carbon, moisture

Assay What is present and how variable is it?

Critica‘ prOCeSS feaSi b| ‘ |ty queStiOﬂS Physical upgrading screening, classification, flotation, WHIMS

Can we reject mass before chemistry?

acid bake/water leach, direct leach, thermal activation

Leaching What dissolves with the targets?

pH control, staged precipitation

Impu”t'es Removal Can impurities be removed without target loss?

Bench testing is done to answer process-design

queStiOnS. Separation and SX tests, reduction, metallization
Purification Can valuables be recovered with high purity and minimal loss?
The target pI‘OdUCt may be a mixed rare earth Residue tests TCLP/SPLP leachability, ANC, geotechnical checks
. . .. . Can the residue return to the site?
oxide / mixed critical-mineral concentrate, or an
intermediate for off-take into a downstream ey Bench.Scale Testing T
separator. ' §
Concentration
Circuit/Module .
. Flowsheet
The most optimal solution is often not the highest .
extraction efficiency, but the most stable, § | Concentration
. : | & Dewateri :
controllable process window. SHEETne g
>

s;e:ctdis;:cak:d .~ Sample REE/CM . | Overall Process
‘ R
Sampling : Preparation y Separation Flowsheet

REE/CM b4

Extraction Separation

Circuit/Module
Flowsheet
)4

Extraction

Circuit/Module
Flowsheet
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lllustrative Pennsylvania Coal-Waste System — Summary

Three waste streams associated with the same coal basin, but exhibiting substantially different physical and chemical characteristics

€ COAL REFUSE STOCKPILE

KEY CHARACTERISTICS (avg.) TYPICAL REE-BEARING
MINERAL PHASES
o Moisture 15%
@ coton 48%
@ Iron (Fe) 1.2% Clay Monazite Xenotime
- minerals
@ Aluminum (Al) 7.0% ‘ &
Q Titanium (Ti) 0.37% Zircon Anatase (TiO,)
OPPORTUNITIES
|
<. Existing Highest Li Significant
! stockpile '3l content (130 ppm) carbon value

4d000p

-

a
A& INVENTORY

~15,200

tons available

éOAL REFUSE STOCKPILE

METRIC
Inventory (tons) | R ™ 15,200
Carbon content ] ] ] N
Iron (Fe) content [
Aluminum (Al) content [ )
Total REE grade (ppm) Rl P

€©) UNDERCLAY STOCKPILE

“ /
> »

G INVENTORY

~63,300

tons available

9 AMD TREATMENT SLUDGE

: “
o Iy B

N\
’ ) INVENTORY

| CONTINUOUS
GENERATION

~15 tpd

(tons per day)

KEY CHARACTERISTICS (avg.) TYPICAL REE-BEARING KEY CHARACTERISTICS (avg.) TYPICAL REE-BEARING
. MINERAL PHASES MINERAL PHASES
| 0 Moisture 5% O Moisture 57%
‘ @ carbon 7% “ @ Iron (Fe) 16% ‘ ‘
@ rron(Fe) 4.8% Kaolinit it Phosphat . :
ol . gy U @O Auminum @y 10.2% Ferrihydrite Goethite
@ Auminm@)  9.5% " e .
Calcium (Ca e i &5,
@ Calcium (Ca) <1% 0 ‘ @ S (Ca) (<1%) N
0 Titanium (Ti) 0.34% Zircon Oxides 0 Titanium (Ti) 0.20% Fe oxyhydroxides Al hydroxides
OPPORTUNITIES OPPORTUNITIES
& O L b= dl \74 ® ila
Largest Highest Sc Highest Ga Aluminosilicate- Highest REE Highest Highest Y Existing
resource concentration concentration rich material grade (435 ppm) HREE content content treatment
inventory (20 ppm) (25 ppm) (108 ppm HREE) (94 ppm) infrastructure
COMPARATIVE SNAPSHOT
UNDERCLAY STOCKPILE AMD TREATMENT SLUDGE INTERPRETATION
63,300 Bl 15 tpd (continuous) Underclay » Refuse > Sludge (by mass)
N Refuse is carbon-rich
A E ) = = Sludge >> Underclay > Refuse
A B P ] N R Underclay ~ Sludge > Refuse
| PN - Sludge >> Underclay > Refuse

X NOVEX
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lllustrative Pennsylvania Coal-Waste System - Critical Elements

Three waste streams associated with the same coal basin, but exhibiting substantially different physical and chemical characteristics

COAL REFUSE STOCKPILE UNDERCLAY STOCKPILE AMD TREATMENT SLUDGE NOTES

T

FEEDSTOCK - Concentrations are
(COMPOSIT|ON BASIS) average Values for
each feedstock.
PROCESSING CAPACITY ReTNTCATLVagNY
(azsimed) occurs within and
‘ between batches.
P P
AVAILABLE INVENTORY wr 1,000 tpd ail 15 tpd Recovery assumption
& for production estimates:
P - : :
MlR ~15,200 tons available WK ~63,300 tons available Co ﬁc:r‘\stltr::;us generation 75% overall recovery
CRITICAL ELEMENT CONCENTRATIONS CONCENTRATION RANK (of 3) CONCENTRATION | RANK(of3) | CONCENTRATION ~ RANK (of 3) TAKEAWAY — HIGHEST IN
(Average Concentration)
et b Ll
¥ Total REE UNITS 163 3 210 2 435 1T @ AMD Sludge
Nd Nc ppm 44 3 60 2 117 1 & AMD Sludge
B P 7 ppm 10 3 14 2 25 1 % @ AMD Sludge
1.8 3 3.9 2 34.5 1 w © AMD Sludge
0.32 3 0.46 2 4.44 1 % @ AMD Sludge
3.1 3 4.9 2 17.2 1 r © AMD Sludge
12 3 20 1 19 2 ® Underclay
1" 3 16 2 94 1 © AMD Sludge
130 1 85 2 32 3 @ Coal Refuse
0.93 2 1.22 1 0.10 3 © Underclay
8 3 25 2 541 1 % & AMD Sludge
2 3 15 2 232 1 % © AMD Sludge
7.0% 3 9.5% 2 10.2% 1 & AMD Sludge
ESTIMATED INDIVIDUAL PRODUCTION RATES (assuming 75% overall recovery)
COAL REFUSE STOCKPILE (1,000 tpd) A UNDERCLAY STOCKPILE (1,000 tpd) -~ AMD TREATMENT SLUDGE (15 tpd) ~ KEY TAKEAWAYS
Estimated recovered amounts (kg/day) m Estimated recovered amounts (kg/day) @ 5 Estimated recovered amounts (kg/day) L0 . 2
AMD sludge is highly enriched in REEs,
HREEs, Y, Ni and Co.
» Total REE 122 ¢ Sc 9.1 « Total REE 158 + Sc 15.1 + Total REE 4.9 + Sc 0.21
* Nd 33 .Y 7.9 * Nd 447" Y022 * Nd 131 .Y 1.06 LTislorclayjcontributss stiong Sc. e
.« Pr 7.6 . Li 97.5 . Pr 10.7 . Li 63.8 . Pr 028 o Li 0.36 s ANwitiiayyery. large Nyensory.
* Dy 1.37 * Ga 11.3 * Dy 2.92 * Ga 18.5 * Dy 0.39 * Ga 0.10 @ Coal refuse provides Li, Ti (not shown
« Tb 0.24 * Ni 6.0 « Tb 0.35 * Ni 18.4 « Tb 0.05  « Ni 6.07 in table) and carbon with moderate REEs.
* Gd 2.33 « Co 1.6 * Gd 3.66 * Co 11.0 » Gd 0.19 « Co 2.61 @ Integrating all three feedstocks
Al (as metal) 52,500 Al_,(:szmseéal) Al (;‘13‘;’" maximizes total critical material recovery.

Note: Concentrations are average values. Results will vary with feed variability and seasonal conditions.
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Concept Flowsheet - Physical Concentration and Chemical Extraction

AMD |
S R B REE EXTRACTION !
AT EXISTING AMD TREATMENT } Acid
I FACILITY i |
CO:R I e Feedstocks
e ) | BRI
Precipitation l l
Air reagent : Air
| |
Oxidation & l l Water Leach l Crushir_|g and
Neutralization v : v v Screening v
[ Ifrig?g;::ti; J [Water Leaching » Solid Residue [ %r:rzr:ei:% g J
Flocculant, Coagulant Pr ercelggeantion
| | Makeup Water
Treated Water l Fe and Al l Grinding and
Recovery \ 4 Removal v Classification ( v l
L L Higher value o
NJ—L: W e e i N
: : A
ol) Precpitation | | i e S S
v : erg%tecgto Flocculant, Coagulant : Collector, Frother ; X,Floccu/ant, Coagulant
Polishing Pond Solids mpuritios i com ' : —
v Removal l L 4 iRemovaI l ; 'V
AMD Sludge [ Plrr:ggirtigﬁgn j—b& - » Solid Residue | ~  M--eeeeeeseesosseesooesenord MEEEEEEE [Decarbonization}
Flocculant, Coagulant :
| Acid
i |
Sludge REE Precipitation o
e lL' - Concept PC & CE flowsheet for the combined
S [ REE.O.xaI.alte ]_’ L .
e : processing of three types of coal-based wastes from a
specific PA deposit.
REO Production
v . . o« e .
| | | Note: This flowsheet considers REE, clean coal, and specialized high
’ :
‘ Calcination :—»| REO Product ..
« value Fe-based product as the only target critical elements.
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Concept Flowsheet -

Acid

b

Acid Leaching

Water ’[ Acid Leach j—'ﬁ—_’ RS:I:;TIO
hemical S ' d i
Chemical Separation an [ :
g T\
P .f. t. l Acid Bc:se
|
u rl Ica Ion Extractant + Sc Solvent Extraction
Solvent
O\ien >(
Extraction Scrubbing Stripping
_;llng‘ll.' ‘ P M Stages N Stages R Stages | s hets
REan | SCaq
s | y p
: l Aclid Aclid Balse
+| |LREE/HREE
Exgg ,Cvf,,"f Solvent Extraction v
Extraction H Scrubbing Stripping Saponif.
M Stages N Stages R Stages S Stages
I La-Nd (LREE)aq Sm-Lu (HREE)aq
PLS with mixed
REE
Extractant + Individual REE  Solvent ;
Solvent Extraction '
, P
Bl Extraction Scrubbing Stripping Saponif.
M Stages N Stages R Stages S Stages
- N, [
=
. . Oxalate Raffinates with
Concept SP flowsheet for the combined processing of | LI
Individual REE l rosnnmennaad REO Production
. e Precipitati
three types of coal-based wastes from a specific PA R \ , \
deposit g N e ———f S
\ /,’
Salt
Note: This flowsheet illustrates the abbreviated version of the REE T i
Solvent Extraction (SX) plant. A total of 400 to 800 stages are necessary to B R 299.5% individual REM
produce all REEs with the purity demanded by market/customers (*only 33 REO Product | e 1 > “ReMs
stages shown in the picture above). |
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Techno-Economic Analysis

TEA needs the whole flowsheet; all inputs and outputs

Feedstock side

.

Revenue side

.

.

Cost side

Risk side

/.

N\ [

/L

Remediation side

\

* feedstock ownership ® critical elements * feedstock handling

® tipping fee potential ® industrial minerals ® energy and reagents

* feed variability
® permitting

® [iability reduction

® residue stability

® scale-up uncertainty * long-term closure costs

® liability transfer ® high-value Fe/Al products ® water management

® Processing stages ® market volatility

® Long term stewardship  ®remediation credits

{]

~

(" Potential Value
~ Creation Beyond
Metal Recovery

A waste stream becomes a resource only when recovery,
economics, environmental performance, and market

requirements align.

1
J

L ]

® reduced AMD treatment burden

® reduced disposal requirement
® reclamation acceleration

® improved site closure outcomes
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Key takeaways

a The future resource base extends beyond conventional ore deposits.
e Resource potential is determined by the entire process chain.
e Complementary waste streams may create opportunities unavailable to individual feedstocks.

° Successful projects must simultaneously satisfy technical, economic, environmental, and market
requirements.

Final message

The future of critical-mineral recovery from waste streams will depend less on
discovering new resources and more on developing integrated systems that align
recovery, remediation, economics, and environmental performance.
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Thank you

Questions and discussion

Novex, LLC
Bellingham, Washington
info@novextech.com
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