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Hafnium — Demand dynamics and capacity constraints

We heard in early May 2025 from a hafnium supplier in China that one of its export shipments of
hafnium crystal bar had been stopped by the Chinese customs authorities. Fortunately, the event turned
out to have been a random check, and the product was subsequently released for export, but this episode
does illustrate the precariousness of the minor metals market at the moment.

Hafnium is a poster child for the minor metals industry. It is used in small amounts in myriad products
yet is essential in applications from semiconductors to gas turbines, to — as hafnium metallocene
catalysts— ... plastics! A global market for a metal valued at well below US$1 billion but which
enables so much of what makes the modern world modern.

Hafnium was first recovered in commercial volumes as a waste product. Nuclear reactors use zirconium
metal fuel rods to hold their uranium fuel and since in nature zirconium is contaminated with (typically)
2% hafnium, the hafnium had to be removed chemically to permit zirconium to function properly as a
fuel rod. Starting in the 1950s, tons of hafnium became available to the world as techniques to remove
it from zirconium were perfected.

Thanks to the nexus between hafnium and the nuclear industry, hafnium production is highly
concentrated, production today occurring at the Chepetsky facility in Russia, Jarrie in France, Ogden,
UT and Albany, OR in the USA, and several sites in China. Neither capacity nor production are
typically disclosed by competitors in the hafhium industry, however we believe 2025 effective capacity
of aerospace- and electronic-grade hafnium (typically containing less than 0.2% zirconium) is at most
140-150t globally, with non-military demand for hafnium around 130t.

The realities of industrial production mean that supply is currently tight and this helps explain recent
elevated prices for hafnium. Needless to say, US tariff policy is probably an even more salient factor
in current pricing.

China has become an important supplier of hafthium metal to the world, and anecdotes such as the one
above illustrate how changes in China’s export policies could affect wide swathes of industry.

The imposition earlier this year of export controls by China on certain rare earth metals (principally
heavy rare earths used in automotive and military magnets) demonstrates the risk to the rest of the world
if China decides to impose greater restrictions on hafnium exports. And at the same time, this raises the
question of how western producers could respond.

Some expansion is in fact underway, at Framatome’s Jarrie plant. While details are not public, we
believe the expansion will likely increase hafnium rather than zirconium capacity and is likely related
to the way Framatome operates its zirconium-hafnium plant.
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Capacity conundrum

Both US producers (ATI and Westinghouse) appear based on a review of their permits to be able to
expand production, in each case up to around 100% from current levels, reaching 80tpy of hafnium.
However, reaching close to these levels is currently constrained by demand for dehatniated zirconium.
For each producer to roughly double their hafnium output to 80tpy, they would need either:

e Customers willing to purchase the extra dehafniated zirconium that would result from increased
hafnium production; or

e A hafnium price high enough for the producers to be able to afford to stockpile or to landfill
some extra 2,000tpy each of dehafniated zirconium generated as a by-product of increased
hafnium output — as either zirconium chloride or oxide (likely to be the cheapest option), or
as zirconium metal.

A green light to ramp-up US hafnium production is also contingent on the form of raw material used,
given that western world permits typically include carbon monoxide emissions, and the first step of
zirconium-hafnium production typically produces carbon monoxide, a stringently regulated off-gas.

Balancing the books

So how can industry respond if hafnium demand continues to grow while Chinese supply becomes less
and less certain?

The most obvious short-term change for the hafnium industry is to expand dehafniation from nuclear-
grade zirconium to all zirconium, something that could increase hafnium supply by 20-25% if fully
implemented. This essentially an economic question, based on the cost of dehafniation and the price of
hafnium. Actual costs will depend on the specifics of individual processors, but at a market price of
US$2,500-3,000/kg it likely makes sense today for processors to practice dehafniation of zirconium
metal wherever end-use zirconium demand can accept this.

If demand continues to grow, refining of zirconium feedstocks with the primary purpose of producing
hafnium (with stockpiling or even landfilling of zirconium oxide or chloride) could permit expansion
up to today’s permit limit, something over 200tpy of hafnium from ATI, Framatome and Westinghouse
combined. Our view is that in broad brush terms, a sustained hafnium price in the range of US$5,000-
6,000/kg would likely support primary hafnium production with zirconium stockpiled or disposed of.

Large-scale brownfield expansions in the USA and EU look difficult to us because of the obstacles to
new permits for chlorination plants.

We believe that with a non-radioactive raw material feed, permits are feasible, but we also think that
they are likely to be multi-year endeavors. There is plenty of space at Westinghouse’s Ogden facility
and Framatome has proven that new capacity can be managed within a tight footprint, suggesting ATI
may also be able to expand in Albany. Greenfield facilities are obviously not impossible but their
likelihood feels remote.

It is possible that the US administration will retreat from its current tariff posture and find an
accommodation with global trading partners, above all China. Chinese firms claim substantial
nameplate capacity for hafnium production and, whatever their production problems today, these plants
will likely achieve on-quality production of hafnium in time.
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Similar to gallium, we believe the price of hafnium inside China is substantially below global market
prices and downstream users would benefit from a supply undistorted by tariffs or trade barriers. But,
if tariffs remain in place, and perhaps if China places restrictions on the export of hafnium, western
consumers of the metal will be forced to adjust to a higher price regime, although they will likely be
able to source the atoms they need. And, in a reversal of its early history, hafnium may become the
metal that drives the supply of zirconium. We are not there yet but shifts in global trading rules may
paradoxically create new opportunities for zirconium.
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