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H, MW Plasma Process
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"Solid compound rapid reduction systems and methods."
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In-Flight Reduction Reactor
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Top View
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In-Flight Reduction Process
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In-Flight Reduction Process — Key Advantages

!

Powder product Photo of plasma with particles

* Fines reduce ultrafast
— Short-lived H-radicals
— Faster than thermal alone

* Efficient gas heating
— Fully electric

* Output morphology
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In-operando Diagnostic (RLGA)
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* Raman Laser Gas Analyzer (RLGA)
— Exhaust HZO & H2 signals % Reduction = mass of oxygen exhausted

mass of oxygen in feed

Power (kW) Feed Rate (g/min) H, (%) Total Flow (SLM)
3 3.6 66

87.5

— |Instantaneous Reduction %
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Parametric E
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* Energy input & material feed
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B 3kW, 37.5 slm, 66.67% H, -
® 2KkW, 45 sim, 14% H,
A 3kW, 60 slm,57% H,
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RLGA Validatio
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* Powder x-ray diffraction analysis (XRD) fitting

* Natural Resources Research Institute (NRRI) Collaboration

Power (kW) Feed Rate (g/min) H, (%) Total Flow (SLM)
3 4.3 66

87.5
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Material Output

Nanomaterial Microparticles Bulk Material

WD mag # det curr 12/29/2025

% WD mag & | det curr 12/29/2025 HV HFW J
> 10.1mm 6500x T2 0.10nA 11:07:34AM  5.00kV  31.9 pm

9.7mm 25000x T2 0.10nA 1146:18AM 10.00kV  8.29 um

<100 nm avg. diameter
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Scale Up & Energy Efficiency

1000

Within the project duration:

Increased reduction
efficiency

* Production Scale
— From 16 to 280 g/hr

* Energy Consumption
— From 880 to <70 GJ/tong,
— > 80% Fe metallization

400- ;;::::;:::;;;;./

20077

Energy Consumption (GJ/tong,)
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Scale Up Targets

Current prototype Project goal Demonstration Implementation scale
1.5 kW 36 kW unit: 1 MW 1GW

ﬁ

86 mm

45 g/h 3 kg/h 3 ktlyear 3 Mtl/year (equal to blast furnace)

x 60 W W
* Target project goal
— 36 kW reactor & 3 kg/hr

10 X 100 kW / / 1000 units

subunits
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Ongoing Development & Outlook

Plasma plume during operation

* Energy efficiency
Improvements

Plasma with iron ore fines (25-45 pm) * Powder collection

. FeedstockfleX|b|l|ty

SCRAP SUPPLEMENTS & ALTERNATIVE IRONMAKING 10



R&D Focus

Energy efflment Production scale
scaling
* Heat utilization e Powder delivery
e Gas handling e Continuous
operation

&y |
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Conclusions

* Ultrafast H, enabled reduction
— Carbon free
— Electrified

* In-operando diagnostics support research
and operation

* Energy efficient at-scale operationis
achievable
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Questions?
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Supplementary Slides
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What about gas composition?

1MM—————————7——7—

Reduction (%)

N
(=]
I

B 37.5slm, 4.3 g/min feed, 3kW ]

H, composition (V%)

* H,is excess —slight improvementin red.% up to 66% H,
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What methods are used to verify iron purity?

e Collaboration with Natural Resources Research Institute
(NRRI):

— Their testing validates finding from our diagnostics.

Procedure Used

Iron Metallic In-House Colorimetric ASTM 246 Part B - Total Fe
Reduction
ISO 5416 Bromine/Methanol
Metallic refluxed portion
ASTM D3872 Ferrous portion

Iron Total In-House ISO 11257 Part 4
Potentiometric

SCRAP SUPPLEMENTS & ALTERNATIVE IRONMAKING 10



Energy consumption calculation?

Power Input * Operational Time

Energy Cost =

Mass of Iron Produced

Conditions 7.5% H2 15% H2 37.5% H2
Power (kW) 1.5 1.5 2.5
Feed rate (g/min) 0.4 0.4 2.78
Collection efficiency (%) 81.6 81 80
Reduction (%) 53.5 71 69.6

* Blast furnace is more energy efficient (6-11 GJ/tong,)
— Our technology can fill niche production demands
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