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For decades, the high-performance magnetics
industry prioritized efficiency over resilience,
creating a structural dependency for European
Original Equipment Manufacturers (OEMs) that is
now being dismantled by geopolitical
weaponization and prohibitive environmental
costs. While rare-earth elements (REEs) are not
geologically scarce, the infrastructure to process
them is hyper-concentrated; China controls 60%
of global production and 90% of refining, leaving
the EU to rely on a single source for 100% of its
heavy REEs and 98% of finished magnets. This
refining bottleneck creates an extreme exposure
that is no longer merely an economic risk, but a
direct threat to European sovereignty. European
Central Bank analysis reveals that 80% of large
firms are only three intermediaries away from a
Chinese producer, a proximity that became a
liability in 2025 when expanded export controls
created a "licensing wall." This opaque system of
administrative delays has extended procurement
windows by up to a year, often demanding the
disclosure of sensitive end-user data as a
condition for supply.

The most critical impact of this dependency is
felt in the defense sector and the development of
advanced robotics, where high power-to-weight
ratios are non-negotiable for national security
and industrial autonomy. These magnets are the
silent enablers of next-generation electric
propulsion motors across air, land, and sea
vehicles, providing the precision and force
density required for sophisticated autonomous
systems and specialized defense hardware. If
these inputs are throttled, the ability to maintain
a competitive technological edge in sovereign
protection is fundamentally compromised.
Secondary to these security concerns, but no
less vital for the continent's future, is the
exposure of the domestic energy transition. The
mass production of high-torque permanent
magnet generators for offshore wind turbines
and high-efficiency traction motors for electric
vehicles remains tethered to this fragile supply
chain.

 The Crisis of Entrenched Dependencies The vulnerability permeates even the more
granular levels of European manufacturing,
affecting the high-efficiency heat pumps and
auxiliary systems that keep modern
infrastructure running. Components as diverse as
battery cooling systems, engine cooling fans, and
fuel pumps all rely on magnet-reliant micro-
motors that are currently sourced from the same
volatile pipeline. During the peak volatility of
2025, supply collapses forced Tier-1 automotive
and renewable energy suppliers to deplete safety
stocks entirely, leading to catastrophic
production stoppages as input costs for REEs
spiked 600%.

This systemic fragility has turned supply chain
risk into a statutory obligation under the EU
Critical Raw Materials Act (CRMA), which
mandates that by 2030, no more than 65% of any
strategic raw material can originate from a single
third country. Furthermore, the chemically
intensive refining of NdFeB magnets—noted for
toxic leaching and radioactive tailings—directly
violates the EU’s Zero Pollution Action Plan. As
the Ecodesign for Sustainable Products
Regulation (ESPR) begins to enforce Digital
Product Passports, manufacturers will face steep
penalties for high-impact imports. Consequently,
transitioning to rare-earth-free alternatives like
Iron Nitride is no longer just a strategic pivot for
defense and energy; it is a regulatory necessity
for maintaining a social and legal license to
operate in the European market.

Iron Nitride as a Strategic and Technical
Alternative

To reclaim strategic autonomy and insulate
European industry from the "licensing wall," a
fundamental shift away from rare-earth value
chains is required. Iron Nitride, specifically the
Fe₁₆N₂ phase, has emerged as the most viable
candidate to deliver high-performance magnetic
properties without the geopolitical baggage of
Neodymium or Dysprosium. By anchoring
production in iron and nitrogen—two of the most
abundant elements on Earth—manufacturers can
finally bypass the concentrated refining 



bottlenecks that currently dictate European
industrial output. This transition utilizes a
manufacturing foundation built on common
industrial chemicals like ammonia and hydrogen,
ensuring a supply chain that is inherently local,
environmentally benign, and capable of
supporting a truly circular industrial loop.

The technical profile of Fe₁₆N₂ is as
transformative as its supply chain benefits.
Boasting a giant magnetic saturation and a
theoretical maximum energy product (BHₘₐₓ) that
rivals or even exceeds high-grade NdFeB, this
material offers a path toward lighter, more
powerful components. Its unique atomic
composition provides an extraordinary level of
thermal stability, with temperature coefficients
of less than 0.01%/°C. This is an order of
magnitude more stable than traditional NdFeB
and places Iron Nitride in the same performance
bracket as Samarium Cobalt—a material typically
reserved for the most expensive and specialized
defense applications. Such resilience is critical
for the high-stress environments found in
advanced robotics and defense hardware, where
traditional magnets would otherwise require
heavy, energy-intensive cooling systems to
prevent performance degradation.

However, the path to full-scale industrialization is
currently defined by a significant stability barrier.
Because Fe₁₆N₂ is a metastable phase, it remains
prone to decomposing into less magnetic phases
like Fe₄N or alpha-iron when subjected to intense
thermal stress. This characteristic presents an
immense process-control challenge, as achieving
100% phase purity in bulk form is technically
demanding. Furthermore, a persistent "coercivity
gap" currently limits the material's utility in high-
torque applications like electric vehicle motors.
While the magnetic saturation is exceptional,
translating that potential into a robust resistance
to demagnetization requires precise
nanostructuring. Since traditional high-heat
sintering would destroy the delicate atomic
lattice of the Fe₁₆N₂ phase, the industry's next
frontier lies in developing innovative low-
temperature consolidation techniques to
produce bulk magnets at the volumes required
for a continent-wide energy transition.

Global Competition and the European Scale-
Up Gap

The transition to Iron Nitride requires a departure
from traditional metallurgical techniques; unlike
standard magnets that are cast or melted, Fe₁₆N₂
demands a sophisticated chemical synthesis. The
process begins with high-purity iron oxide
nanoparticles, followed by a meticulously
controlled reduction-nitridation cycle. By
infusing nitrogen into the iron lattice at precise
temperatures between 180°C and 200°C,
manufacturers can manifest the desired
magnetic phase while avoiding the thermal
decomposition that would otherwise revert the
material to alpha-iron. To transform these
engineered powders into functional, bulk
magnets, the industry is pivoting toward low-
temperature consolidation methods, such as cold
compaction or spark plasma pressing at
pressures reaching 2 GPa. This delicate
thermodynamic balancing act is the key to
preserving the material's high-performance
properties at an industrial scale.

On the global stage, however, the geographic
distribution of leadership reveals a stark
imbalance that threatens to leave Europe behind.
The United States has established a significant
lead in commercial scaling through aggressive
vertical integration and massive capital infusion.
Led by firms such as Niron Magnetics, the U.S.
has already transitioned to large-scale pilot
facilities with an aim to produce 10,000 tons
annually by 2029. This model—heavily subsidized
by the Department of Energy—effectively
bypasses the "licensing wall" by securing
guaranteed domestic off-take and ensuring that
the entire value chain remains within a protected
trade bloc. Japan holds a similarly formidable
position, leveraging decades of metallurgical
supremacy to systematically engineer rare earths
out of their value chains, having already supplied
heavy-rare-earth-free magnets to their
automotive sector for nearly a decade.

In contrast, Europe’s transition is currently
defined by a dangerous "scale-up gap." While
technical initiatives like REMHub, FENMAG, and



the PASSENGER Project are world-leading in their 
research output, they lack the industrial-scale
financing and unified political backing seen in
North America and Asia. Europe faces a unique
"Green Squeeze," where the rising costs of
regulatory compliance and high energy prices
outpace the speed of industrial scaling. This
friction makes replicating the American
manufacturing model economically
uncompetitive under current conditions.
Furthermore, market fragmentation prevents the
formation of unified off-take guarantees, leaving
new factories at risk of becoming stranded
assets. To bridge this gap, Europe must move
beyond fragmented research consortia toward a
centralized industrial coalition defined by firm
commitments. Only by mastering the specific
thermodynamic constraints of Iron Nitride within
a unified economic framework can the continent
move this technology from the laboratory to the
front lines of its defense and energy
infrastructure.

The Manufacturing Frontier—Synthesis and
Consolidation

The search for high-performance magnets free of
critical rare earths has become the primary driver
of advanced materials science. Within this field,
the α''-Fe₁₆N₂ phase has emerged as the premier
candidate, largely due to a theoretical saturation
magnetization of approximately 2.9 T—a value
that significantly exceeds even the most
advanced rare-earth benchmarks. However,
realizing this potential requires navigating a
narrow thermodynamic window; if temperatures
fluctuate too far, the process risks the formation
of stable but magnetically inferior nitrides like ε-
Fe₃N or γ'-Fe₄N, which dilute the material’s
performance.

The most established synthesis route begins with
high-purity iron oxide nanoparticles, which
undergo hydrogen reduction at temperatures
between 300°C and 400°C to produce α-Fe.
Recent innovations have refined this by utilizing
drying agents like CaH₂ to lower water vapor
partial pressure, enabling reduction at 210°C. 

This lower temperature is vital to prevent particle
coarsening and maintain the high surface area
necessary for the subsequent nitridation. This
stage occurs in a pure NH₃ or NH₃/H₂ stream,
yielding phase purities exceeding 95% over
extended periods. While solid-state alternatives
like mechanical alloying exist, they often suffer
from impurity contamination. Consequently, gas
atomization is emerging as the leading industrial
bridge, melting iron ingots and using high-
velocity nitrogen quenching to produce
micrometric powders ready for fluid-bed
nitriding.

The transition from these high-purity powders to
functional bulk magnets is obstructed by a
critical thermal threshold. Because the α''-Fe₁₆N₂
phase is highly sensitive to nitrogen desorption, it
begins to decompose at temperatures beyond
473 K (200°C). This inherent instability renders
conventional sintering methods like Hot Pressing
or Hot Isostatic Pressing fundamentally
incompatible with the material; their long
processing cycles and sustained heat would
destroy the very magnetic properties they are
intended to consolidate.

To solve this, Spark Plasma Sintering (SPS) has
emerged as the leading industrially scalable
solution. By employing precisely controlled
pulsed direct current and extremely high heating
rates, SPS achieves rapid densification within
minutes at relatively low temperatures. This
technique effectively preserves the
nanostructures of the metastable phase,
providing the technological foundation for
scaling α''-Fe₁₆N₂ magnets. By mastering this
delicate consolidation process, the European
market can finally secure a high-performance,
sustainable alternative to rare-earth mineral
monopolies, ensuring that the next generation of
defense and energy hardware is built on a
foundation of strategic and environmental
integrity.



Aethirite – An Integrated Vision for
European Magnetics

To bridge the strategic gap between European
research and industrial reality, a dedicated
champion is required to unify a currently
fragmented ecosystem. Aethirite aims to be this
European actor, positioning itself as an ambitious
start-up dedicated to the large-scale
commercialization of Fe₁₆N₂ magnetics.
Recognizing that the primary barrier to European
autonomy is a disjointed midstream, Aethirite’s
vision is to internalize the entire value chain—
from high-purity powder production to bulk
magnet consolidation and industrial scale-up. By
managing these stages internally, the company
seeks to minimize technical fragmentation and
eliminate the logistical friction that currently
hinders the European market's competitiveness.

Central to Aethirite’s industrial ambition is a
focus on gas atomization and Spark Plasma
Sintering (SPS) as the primary pillars of its
manufacturing platform. The company’s goal is to
utilize industrial-scale gas atomization to
produce the high-purity feedstock necessary for
high-performance magnets, followed by low-
temperature SPS to densify the material without
triggering the 200°C decomposition threshold.
This integrated approach is designed to solve the
metastability and coercivity barriers
simultaneously, creating a simplified and more
reliable route to market than current multi-stage
academic consortia.

As an early-stage venture, Aethirite is currently
focused on its "De-Risking Phase," with the goal
of securing foundational process IP and
validating the scalability of its integrated model.
By controlling the progression from powder to
finished bulk magnet under one roof, Aethirite
aspires to provide European OEMs with a
domestic, high-performance alternative that is
both technologically superior and economically
competitive. This ambitious strategy represents a
fundamental shift toward vertical integration,
aiming to transform the European magnetics
landscape into a self-sustaining, sovereign
industry.

The "licensing wall" of 2025 has served as a
definitive wake-up call for European industry. The
era of assuming frictionless access to critical
rare-earth elements is over. As this white paper
has demonstrated, the path to maintaining a
competitive edge in defense, advanced robotics,
and the energy transition does not lie in
discovering new mineral deposits, but in
mastering the next generation of material
science.

Iron Nitride (α''-Fe₁₆N₂) represents more than just
a technical alternative to Neodymium; it
represents a decoupling from geopolitical
vulnerability. By leveraging Earth-abundant iron
and nitrogen, Europe has the opportunity to build
a magnetics industry that is environmentally
compliant by design and geographically secure
by nature.

However, technology alone is insufficient. As the
United States and Japan accelerate their
industrial off-take and vertical integration,
Europe cannot afford to remain in a cycle of
perpetual research. The "scale-up gap" must be
bridged by bold, vertically integrated industrial
actors. Aethirite is positioned to be that bridge—
transforming laboratory breakthroughs in Spark
Plasma Sintering and gas atomization into a
resilient, domestic supply chain.

By internalizing the value chain, from high-purity
powder to high-performance bulk magnets, we
can ensure that European OEMs no longer have
to choose between performance and security.
The transition to Iron Nitride is a strategic
imperative. The time to move from fragmented
research to a unified industrial reality is now.

Conclusion: Securing the Future of European
Sovereignty


