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High hopes for hafnium

After a dramatic spike in 2022, hafnium’s price has fallen somewhat closer to earth. By historical measures
the price is still strikingly elevated but the volatility post-2021 appears to have subsided for now. In this
note, we take a look at where we think things might be going.

In every market the fundamental issue is the supply-demand balance. For hatnium, supply is contingent on
recovery of zircon sands because there are no primary hafnium mines. Zircon sands generally contain
hafnium in the ratio of 1:50 to the contained zirconium.

For most applications of zirconia (ceramics, refractories, etc.) the contained hafnium has no impact on
product performance, because hafnium and zirconium exhibit remarkably similar chemistry. However, in
the case of zirconium metal, hafnium can be an unacceptable component.

The principal use for zirconium metal is in nuclear reactors, where it is the main metal in fuel rods (typically
around 98% zirconium). Zirconium is transparent to neutrons, while hafnium is essentially opaque. To
produce nuclear-grade zirconium the hafnium must be stripped out.

Removing the hafnium is chemically challenging but is now achieved both by solvent extraction and by
molten salt distillation. This process, dehafniation of zirconium, is where all hafnium available to the market
comes from.

A typical nuclear reactor replaces its fuel rods on a 3-year cycle, requiring around 10t of zirconium per
reactor per year. Factoring in manufacturing yields this translates into around 6,000tpy of zirconium in total
for the nuclear power industry, so perhaps 120tpy of hathium (metal basis).

Supply comes from companies in China, France, Russia, and the United States. Depending on the details
of Chinese separation of zirconium and hafnium (about which there is very limited information), supply
could be a little higher than this.

China is in the middle of a very ambitious build-out of nuclear reactors and is expanding its zirconium
supply accordingly, although we suspect that some suppliers have struggled to meet quality requirements
and that any excess supply will be small. This explains why prices remain high by historical standards.

On the demand side, hafnium is generally used only where it cannot readily be substituted, as befits any
high value material. Of course, this means that demand cannot respond quickly to changes in price, or to
put it another way, demand is short-term price inelastic. Hafnium’s major markets include aerospace
superalloys, plasma cutting torches, metallocene catalysts, nuclear reactor control rods, space alloys (such
as C-103), optical films, and semiconductors.

Semiconductor demand sits behind the recent price spike.

While hafnium has been used in semiconductors since being introduced into them by Intel in 2008,
applications in memory in the last few years have dramatically expanded the use of hafnium.

The escalating price of hafnium reportedly has had an impact on some segments of demand, including
plasma cutting and perhaps metallocene catalysis. Both these markets have substitutes (such as zirconium)
that are functionally less effective but that, at the right price differential, become attractive. However,
producers of superalloys cannot easily replace or even reduce substantially their use of hafnium. And
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meanwhile the demand for hafnium in space applications has been growing. Thus, the market is and may
well remain tight.

So, what could change the outlook? There are several important variables worth considering.

First, semiconductor demand is growing again. Wafer starts in Q2 2024 increased over Ql, the first
quarterly increase since mid-2022. This suggests demand in perhaps the least price-sensitive segment of
the hafnium market is growing, which means further tightness may be on the horizon.

Offsetting this, however, is the use of dysprosium in place of hafnium in Al chips. Dysprosium is used
because it offers stable performance at elevated temperatures (Al chips generate huge amounts of heat)
even though its dielectric properties are inferior to hafnium. Still, it represents a potential substitution threat
in semiconductors.

Second, many reactors are at the end of their life but are being recertified. To help cope with the damage
caused by decades of irradiation, hafnium is being considered as a protective element to maintain reactor
integrity as part of the recertification process. This could represent a meaningful amount of new metal
demand.

Third, on the supply side, there is an emerging trend in the nuclear industry to increase reactor enrichment
levels. More-enriched fuels need to be replaced less frequently, meaning the annual demand for zirconium
may decline over time. We see this as a concern for the 2030 decade but also a high probability
development.

Fourth, we understand anecdotally that during the recent price spike some suppliers may have run their
separation plants to recover hafnium beyond the amount required to produce nuclear-grade zirconium. At
high enough hafnium prices this makes economic sense if the resulting dehafniated zirconium is sold into
markets that normally do not specify dehafniation, or even (at high enough prices) if the separated
zirconium is simply landfilled.

Fifth, there are announced plans for very large expansions of supply of hafnium in China, with a single
processor supposedly adding hafnium capacity roughly equivalent to current demand. We discount this plan
but a substantial expansion of supply in China is a possibility and (looking at metals like gallium) could
have a profound impact on price.

Finally, we also need to keep in mind that hafnium is a dual-use material. At present the market balance
appears to us to be maintained by Chinese exports of hafnium metal. Should China introduce export
restrictions on hafnium, this could be very disruptive to the market.

To conclude: we see a tight market today with perhaps a modest amount of available capacity to respond
to demand growth and the scope to increase supply meaningfully around current price levels. However,
there are potentially significant factors that could dramatically affect our outlook, both on the demand side
and the supply side.

Things are smooth for now but there could be turbulence on the horizon.

Published in The Crucible (Minor Metals Trade Association)
December 18 2024

Authors: Andrew Matheson and Patrick Stratton, OnG Commodities
Contributor: Jeffrey Christian, CPM Group



