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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

10805 was an era when pioneers were
racing through the unexplored and fertile
wildemess of the pericdic table, searching for
treasure suitable for technical 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 elernent hunt was not only prevalent
in materials science, but was also being hotly
pursued in the field of synthetic organic
chemistry. For example, in the palladium-
catalysed crganic synthesis process
developed at that time by Heck, Negishi and
Suzuld, for which they were swarded the
2010 Nobel prize in chemistry, the properties
of palladium, zinc and boran are used to

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 elements turns out to be an illusion.
One 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.
Cerium 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 57% of all rare-earth elements?,
has gradually reduced its export quotas

Materlals Sclence d

Figure 1| Sclenice and Technology Future Strats

In by keading Japaness materials sclantists, hel InApril 2004 In Hakone (tapar). Frant row includes

the author (E.M.) Cthird fromn right), Kohel Tamao, reprasentative coordinator of the workshop and
current director of the RIKEN Advanced Sclence Institute (slxth) and Shinjl Mural, president of the
warkshop ard Principal Fellow In Chemitstryg/Mater lals Sclence at the J5T (saventh); second row Includes
Kolchi Kitazawa, the currertt President of 15T (fourth from right, and Hideo Hosano (seventh from right).
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Workshop participated

and at the same time raised export taxes. In
Septerber 2010, the country announced a
40% reduction in rare-earth exports, and in
Diecember, 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-sarth metals,
started ernergency efforts to develop mineral
veins through international cooperation.
Other countries are also taking various
measures to acdress the situation.

‘Concerns are not just limited to these rare
earths. Phosphorus, which is not generally
regarded as scarce, is one of the elements
considered to be in possible danger of
deplemu_ e report’ md.wateathsl if the

continues to i dthe
globaleoonomyoonnmeam 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 industrial purposes au&h
asinine ible materials, rust-pr
agents and food additives, a wide range of
industries wonld 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 ocourred

near phosphate mines®. It seems likely that the
aupplycfphmphonmw]lnw be without
t economic risk in the futare.
Some rare elements are not only scarce
in their cutput but also imbalanced in their
distribution ameng countries, making the

* issues more complicated. For example,

the production of platinum group metals,
important as catalysts, is concentrated in
South Africa and Hussia; niobium, which s
used as a steel additive, is mostly produced
in Brazil and Canada. The tantalum used in
capadtors is almost exclusively produced in
Anstralia and Brazil”.
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*E “Materials Genome Initiative”
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KEIRILF—H“Center for Inverse Design”
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BERBE PEEFDOLHICHEHEREMIGTS.
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ERUAOTRTEH S Baotou Research Institute L77—-R 8%, RIRGRE. GHNITEICSITI2FHHEEEEICDOWL
CEE- - 100 THRTS. L77—-A0O57 8. NI, HiTEIRAR. EREH HA- 80
HE - AFHNEELEEDTSIEICH-2MREREL TS,
L77—ZARCEDDH 28 FPIoOFES AR, BOTARTY ., 8. KSR, PIWVE=0 L, B8y, INFIIL,. BRIT TV
 —i588:DOE: “Critical Materials Strategy”, Chapter 6.4-ChinakW{ERE 10

JSTJ 10



[E 863&THE 9735t H

8635t HE 9735t
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R | iR, EMEERRS. MR, SRS, SEIR RE. INX—. R, BRRE. ADCEE. 1H. #8555, E
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2008 FEENHF O TRMAEL TIFA2B7RH LR KRWEME. MLP7—ABREL 77 —AREHEOBRHE LT
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HiREAN . FOTRFIHE. RIERELEHVETSRTVS, THASMEBEDE=DICIERIBEENESLIRBOES
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*1 DOE: “Critical Materials Strategy”, Chapter 6.4-European Union

*a Commission of the European communities (2008), “The raw materials initiative — meeting our critical needs for growth and jobs in Europe”.
¥ k3Buropean Commission: “Enterprise and industry.2010 -Critical raw materials for the EU”, Report of the Ad-hoc Working Group on defining critical raw materials.
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Raw Materials Initiative *1)
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2011%2A
Tackling the challenges in commodity
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200104E3R
Europe 2020 Strategy *%

7 Flagship initiatives 8
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IR | Raw Materials Initiative *1) RitHoZzR#HFEZEANEL. DERHIBEISORTEHES. QEVEERNZRH,»SOHE. OB RINELEEFRAREND=A
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¥l
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markets and raw materials *3
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MP) ELV S92 BHH B,
Bk | Europe 2020 Strategy *5 SHE10FERDEVEFRBEEMEL., RADIZEE. HE. T2 ¥—. KEEEH. ERA. EEMEERVRS, AR, 7
I Flagship InitiativesiCEDULTHY, ELICENIEN RER R -4 BRMOBERNFEDF L (2. Raw Materials Initiative& %
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0 FEEICEALT). REEE ARMOZENEOM L. 5.50-NJE—-23 0= NEERE). QIFMEE 6.HLVEHR
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*1 Commission of the European communities (2008), “The raw materials initiative — meeting our critical needs for growth and jobs in Europe”.
%2 European Commission: “Enterprise and industry.2010 -Critical raw materials for the EU”, Report of the Ad-hoc Working Group on defining critical raw materials.
*3 Commission of the European communities (2011), Tackling the challenges in commodity markets and raw materials.
*4 “FP7: the future of European Union research policy”, http://ec.europa.eu/research/fp7/index_en.cfm
MEuropean commission Europe 2020", http://ec.europa.eu/europe2020/index_en.htm

ean commission Europe 2020-Flagship initiatives”, http://ec.europa.eu/europe2020/tools/flagship-initiatives /index_en.ntm 18
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Ex i o S & TR EREE “Raw Materials Initiative"

n 2008F11AICEERLTROHIRMEICHHURERERRL L.
m ROIDOFICEIKTFZ7O0-F2ERL TS,
Access to raw materials on world markets at undistorted conditions
The right framework to foster sustainable supply of raw materials from EU

sources
Increase resource efficiency and promoting recycling in the EU
WA
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N o 3. S

% 5 Commission of the European communities (2008), “The raw materials initiative — meeting our critical needs for growth and jobs in Europe”.
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Ere ol D S & R RE “Raw Materials Initiative*
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m  20104E6A. Raw Materials Initiative®d—IR&L T, TEUVICE>TARBI RERE#4#} (Critical raw
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¢ 8 European Commission: “Enterprise and industry.2010 -Critical raw materials for the EU”, Report of the Ad-hoc Working Group on defining critical raw materials.
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COM(2011) 25 final

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE AND THE COMMITTEE OF THE REGIONS

TACKLING THE CHALLENGES IN COMMODITY MARKETS AND ON RAW
MATERIALS
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o8 : Commission of the European communities (2011), “Tackling the challenges in commodity markets and raw materials”™.
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