
Critical Materials: Mining, Markets, and Geopolitics: A 36-Lecture Deep Dive (One Material Per 
Lecture)

⸻

1. Neodymium – Magnets of Empire

From headphones to hypersonics, this rare earth powerhouse is central to high-strength permanent 
magnets. We’ll cover the chemistry of neodymium-iron-boron magnets, mining in China’s Bayan 
Obo and Australia’s Mt. Weld, and the geopolitics of magnet manufacturing and export control.

2. Dysprosium – Heatproofing the Future

Added to neodymium for thermal stability, dysprosium makes EV motors and jet systems viable 
under extreme heat. We’ll explore Chinese control of ion-adsorption clay deposits, magnet 
innovation, and efforts to reduce reliance via substitution or recycling.

3. Praseodymium – The Quiet Strength in Alloys

Less famous than its REE cousins, praseodymium is crucial in magnets, alloys, and aircraft engines. 
This lecture looks at its co-production with neodymium, oxide markets, and strategic relevance to 
defense tech and hydrogen storage.

4. Samarium – Magnets for War and Deep Space

Samarium-cobalt magnets resist corrosion and extreme heat—ideal for missiles, submarines, and 
space probes. We’ll dive into Cold War uses, modern military demand, and how SmCo magnets 
compare with NdFeB alternatives.

5. Lanthanum – The Crude Cracker

Lanthanum’s biggest role is invisible: as a catalyst in petroleum refining. We’ll unpack its role in FCC 
units, hybrid battery electrodes, and optical glass, along with China’s pricing power and the problem 
of overproduction in low-demand cycles.

6. Cerium – Polish, Protect, Oxidize

Cerium oxide polishes your phone screen and protects diesel engines. Learn how the most 



abundant REE underpins emissions control, polishing compounds, and catalysts—and how it floods 
the market and distorts pricing.

7. Yttrium – Superconductors, Lasers, and Stealth

Yttrium enables advanced ceramics, superconductors (YBCO), and military lasers. We’ll explore its 
role in radar-absorbing materials, phosphors in LEDs, and its co-production with heavy rare earths 
in ionic clays.

8. Terbium – Lighting the Way to Green Tech

Critical for green phosphors in LED and display tech, terbium also enhances magnet coercivity. This 
lecture covers Chinese ionic clay dominance, luminescence applications, and strategic reserves.

9. Europium – The Red Pixel Hegemon

Used in red phosphors for LCD and CRT displays, europium was once the most valuable REE per 
gram. We trace its rise, fall, and future in nuclear control rods, along with the threat of single-source 
dependence.

10. Gadolinium – Magnetic Medicine and Neutron Control

Gadolinium spans MRI contrast agents, neutron shielding, and magnetic refrigeration. We’ll explore 
its extraction, toxicity concerns, and dual role in civilian nuclear and medical tech.

⸻

11. Uranium – The Element of Power

From yellowcake to enriched fuel, uranium defines nuclear geopolitics. We’ll examine the mining in 
Kazakhstan, ISR (in-situ recovery), fuel cycle steps, enrichment tech, reactor design, and the 
tension between civilian and weapons uses.

12. Thorium – The Nuclear Alternative That Won’t Die

Thorium is fertile but not fissile—requiring breeding into uranium-233. This lecture covers molten 
salt reactors, India’s thorium ambitions, the MSR resurgence, and why thorium still lacks commercial 
traction.



13. Lithium – The Lightest Heavyweight

The EV revolution rides on lithium. We’ll compare hard-rock vs. brine extraction, examine South 
America’s “lithium triangle,” DLE (direct lithium extraction) tech, and battery chemistries shaping 
the market.

14. Cobalt – Batteries and Blood Minerals

Cobalt boosts battery performance—but 70% comes from the DRC, often via artisanal mines. 
Explore ethical sourcing, substitution efforts, LFP vs. NMC chemistry, and China’s refining 
monopoly.

15. Nickel – Steel Backbone Turned Battery Contender

From stainless steel to high-energy cathodes, nickel’s role is shifting. Learn the difference between 
Class 1 and Class 2 nickel, HPAL technology, and Indonesia’s rise as a global supplier.

16. Graphite – The Forgotten Bottleneck

Batteries need graphite more than lithium. This lecture examines anode production, synthetic vs. 
natural graphite, China’s dominance, and U.S. and European attempts at vertical integration.

⸻

17. Helium – The Element That Floats Tech

A nonrenewable gas crucial for MRI cooling, semiconductors, and quantum computing. We’ll explore 
the U.S. Helium Reserve wind-down, Qatar’s emergence, and the high-tech helium squeeze.

18. Neon – Lasers, Chips, and War Zones

90% of neon for chipmaking once came from Ukraine. Learn how this inert gas powers excimer 
lasers, how supply chains fractured post-2014, and why it’s crucial for semiconductor lithography.

19. Xenon – From Space Thrusters to Anesthesia

Used in ion propulsion and as a noble anesthetic, xenon is recovered in ppm quantities from air 



separation. This lecture covers its niche use in aerospace, medicine, and deep-tech R&D.

20. Krypton – Invisible Utility

Found in double-pane windows, halide lamps, and satellite systems, krypton is rare, pricey, and 
mostly unknown. Learn how it’s captured and how emerging tech might increase demand.

⸻

21. Tantalum – Capacitors from Conflict

Tantalum’s high capacitance makes it indispensable in phones and aerospace. We trace its mining 
through Central Africa, capacitor miniaturization, and the intersection with conflict mineral policy.

22. Niobium – Superconducting Stability

Essential to superconducting magnets and HSLA (high-strength low-alloy) steel, niobium’s supply 
hinges on Brazil. We’ll cover MRI systems, gas pipelines, and defense aerospace alloys.

23. Indium – Touchscreen Transparency

ITO (indium tin oxide) coatings power touchscreens and solar panels. Explore indium as a mining 
byproduct, China’s dominance, and whether recycling can match growing demand.

24. Gallium – The LED and Radar Backbone

Used in GaAs and GaN semiconductors, gallium is critical to LEDs, radar, and power electronics. 
Learn how it’s extracted from bauxite refining and why export controls made headlines.

25. Germanium – Fiber Optics and Night Vision

This metalloid’s infrared transparency makes it crucial in military optics and telecom fiber. We’ll 
cover post-WWII stockpiling, zinc byproduct recovery, and China’s chokehold on the market.

26. Tellurium – Solar Cells and Thermoelectrics

A vital element for CdTe solar panels and thermoelectric devices, tellurium is both scarce and 
underexplored. Learn about refining pathways and new applications in cooling and quantum dots.



⸻

27. Zirconium – Inside the Reactor

Used in fuel rod cladding for nuclear reactors due to its low neutron capture, zirconium is separated 
from hafnium with great care. We’ll explore zircon markets and their role in the nuclear ecosystem.

28. Hafnium – The Neutron Sponge

While chemically similar to zirconium, hafnium absorbs neutrons like a sponge. This makes it ideal 
for control rods, aerospace alloys, and military jet turbines.

29. Beryllium – Light, Toxic, Strategic

This ultra-light metal resists deformation and heat, perfect for satellites and X-ray optics. We’ll 
discuss toxicological concerns, mining limits, and defense-driven demand.

30. Scandium – The Aluminum Supercharger

Even trace amounts make aluminum stronger, weldable, and aerospace-ready. Learn why scandium 
is so hard to find, how Russia once controlled the supply, and what additive manufacturing might 
unlock.

⸻

31. Tin – Ancient Metal, Modern Tech

Once prized for bronze, now vital for solder. Tin ties together electronics, solar panels, and 
semiconductors. Learn about Indonesian production, price volatility, and the ESG risk of artisanal 
mining.

32. Antimony – Flameproof and Fragile

Used in flame retardants and batteries, antimony is a metalloid whose primary mines are in China 
and Tajikistan. Learn about its military relevance and energy storage potential.

33. Vanadium – Grid Battery Hopeful



From steel alloying to flow batteries, vanadium is getting a second life. Explore South Africa’s supply 
dominance, electrolyte tech, and how it may reshape energy storage.

34. Boron – Neutron Absorber and Armor Plate

Found in fiberglass, fertilizer, and neutron shielding, boron is vital but underdiscussed. Learn about 
its wide utility, mining in Turkey and the U.S., and nuclear and defense use cases.

35. Rhenium – The Superalloy Ghost

Among the rarest elements on Earth, rhenium is crucial to jet engines and high-temperature 
turbines. We explore molybdenum byproduct streams, price dynamics, and aerospace supply 
chains.

36. Platinum Group Metals – Catalysts and Conflict

Platinum, palladium, rhodium, and friends drive catalytic converters, fuel cells, and luxury markets. 
This capstone lecture covers South African geology, Russian leverage, recycling challenges, and 
PGM market speculation.


