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commentary

Managing the scarcity of
chemical elements

The issues associated with the supply of rare-earth metals are a vivid reminder to all of us that natural
resources are limited. Japan's Element Strategy Initiative is a good example of a long-term strategy
towards the sustainable use of scarce elements.

Eiichi Nakamura and Kentaro Sato

ar chemists and materials scientists,

the pericd from the 1960s to the

19805 was an era when pioneers were
racing through the unexplored and fertile
wildemess of the pericdic table, searching for
treasure suitable for techni cal applications.
Indeed, a number of new materials found
in this ‘element hunt’ have been successfully
used in high-tech products that now play an
indispensable role in cur lives.

The element hunt was not only prevalent
in materials science, but was also being hatly
pursued in the field of synthetic organic
chemistry. For example, in the palladiurm-
catalysed organic sis process

synthe;
developed at that time by Heck, Negishi and
Suzuld, for which they were swarded the
2010 Nobel prize in chemistry, the properties
of palladinm, zinc and boron are used to

Figure 1| 5Sclence and Technology Future Strategles (a Materlals Sclence division) Workshop participated

the full'. These functions cannot easily be
provided by other elements.

A few decades on, we are in a crisis, as the
seemning abundance as well as availability of
many elemnents turns out to be an illusion.
Ome of the most imminent issues to have
drawn attention is that of the rare-earth
elements. The properties of these elements
are similar, but their uses and outputs differ.
Cerinm is essential for the glass-polishing
process in lens manufacturing, neodymium
and dysprosium in manufacturing strong
magnets, and yttrium and europium as laser
light sources?.

Although, contrary to their name,
rare earths are not that rare in the Earths
crust, their supply is limited. China, which
produces 7% of all rare-earth elements?,
has gradually reduced its export quotas

and at the same time raised export taxes. In
September 2010, the country announced a
40% reduction in rare-earth exports, and in
December, an increase in tariff rates caused
a shock throughout the world In response,
the United States decided to reopen the
Mountain Pass mine* and Japan, one of

the largest consumers of rare-carth metals,
started emergency efforts to develop mineral
veins through international cooperation.
Other countries are also taking various
measures to acldress the situation.

‘Concerns are not just limited to these rare
earths. Phosphiorus, which is not generally
regarded as scarce, is one of the elements
cansidered to be in possible danger of
depletion. One report® indicates that if the
population continnes to increase and the
global economy continues to grow at the
current pace, the quantity of phosphate ore
that is available for mining might become
depleted in the next 50 years. A shortage of
phosphorus fertilizer would cause significant
damage to agriculture, resulting in an
immediate food crisis. As phosphate ore is
also widely used for indnstrial purposes such
asinincombustible materials, rst-prevention
agents and food additives, a wide range of
industries would not be able to continue
their operations if the supply stopped. From
2006 to 2008, the price of us rose
sharply because of the bicfuel boom and the

_  Sichuan earthquake in China, which occurred

near phosphate mines®. It seems likely that the
supply of phosph orus will never be without
significant economic risk in the futare.

Some rare elements are not only scarce
in their cutput but also imbalanced in their

" distribution among countries, making the

® | issues more complicated. For example,

In by leading Japaness materlals sclentists, el In April 2004 In Hakone (tapan). bont row Includes

the author (E.M.) Cthird from right), Kohel Tamao, reprasentative coordinator of the workshop and
current director of the RIKEN Advanced Sclence Institute (slxth) and Shinjl Mural, president of the
warkshap and Principal Fellow In Chemistry/Materials Sclence at the J5T (saventh): second row Includes
FKolchi Kitazawa, the current President of 15T (fourth from right), and Hidea Hosono (seventh from right).
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the production of platinum group metals,
important a3 catalysts, is concentrated in
South Africa and Hussia; mobium, which 18
wsed as a steel additive, is mostly produced
in Brazil and Canada. The tantalum used in
capadtors is almost excusively produced in
Anstralia and Brazil”.
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