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Relationship among the three research field in 
the 3rd Five-year plan

NanotechnologyNanotechnology

Social NeedsSocial Needs
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Material for Power Generation and StorageMaterial for Power Generation and Storage

Nd,Dy

Y,La,Gd
Ce,Gd

La, Ce
La,Ce,Pr



Next  generation photovoltaicsNext  generation photovoltaics



Basic Research on Superconductive towards energy savingBasic Research on Superconductive towards energy saving



Next-Generation Refrigeration “Magnetic Refrigeration”



New materials enable more efficient use of thermal energyNew materials enable more efficient use of thermal energy



LightLight--weight highweight high--performance hybrid materialsperformance hybrid materials



Wide-band-gap materials
for optics and electronics

Y,EuTb,La,CeEu



Energy efficient Magnetic Material



metal

Iron 
steal Fe

Non-ferous
metals

Light metal Al, Mg

Base metal Cu,Pb,Zn,
Sn,NI

Precious
metal

Au,Ag,PGM

alcaline , 
earth

Ca, K, Na etc.

Rare metal

others

REE

Co,Ta,Li etc.

,Cd,Bi,Se,Te,
Ga,Ge,In

Circulate with

Fe
Mn,Cr,Mo,
V,W,Nb

Major MetalMajor Metal

Minor MetalMinor Metal

established global market

small market size
economically unstable Circulate with

Cu

1,500,000,000 ton

200,000,000 ton

30,000,000 ton

25 ton

150,000 ton

100,000 ton

200,000 ton

Small amount
but great 
impact

Resource‐view Weight is important to 
discuss Rare Metals 

Only several 
hundred  ppm 

of  metal



Resource(‐end)‐view weight
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The Elements 
with sustainability parameters

Data form  米国鉱山局データ USGS  minerals information
工業レアメタル (Kogyo rare metal) Japanese journal
「概説 資源端重量」 NIMS‐EMC data on mat. & env. No.18
Halada, Katagiri, Proc. of EcoBalance 2010 p609
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Background
Rare earths and other rare metals utilized for electronics, automotives, 
information technologies, and robotics are facing their price increase and 
tight supply due to the rapid increase of their consumptions and export 
policies of producing countries.

Elements Science and Technology ProjectElements Science and Technology Project
- Designing Material Functions through Fundamental Research on Elements’ Roles -

Project Outline
Establish sciences on the roles of critical elements in materials to use 

alternative elements

R&D Aspects on Research Subjects
1. Alternative materials composed of ubiquitous and nonhazardous elements
2. Advanced utilization of functions stemming from strategic elements
3. Practical material design for the effective use of strategic elements

started 2007

METI also started Rare Metal Substitution Project in 2007

An elemental strategy projecGENSO SENRYAKU



Approach of Minimization:
Material design of higher resource efficiency, namely 

reduction in quantity per function, is expected as immediate 
measure.  Nano-technology is powerful in this approach

Approach of Substitution to more abundant element:
Material design with nano-technology has the possibility of 
functional design with other chemicals and elements. Band 
gap design electron orbit design with nano-technology give us 
various possibility

Approach of   Circulation:
Japan has a great possibility of urban mining. Nano-
technologies such as molecular identification expected to 
provide new tool to selective concentration from waste,
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Durable phosphors have been developed by introducing the 
luminescent ions such as Eu into the crystal of SiAlONs.

• Superior to durability and high temperature stability
• Excitation by blue LED

Research
impact

Research
impact

Sialon Fluorescent Material 
with High Brightness and High Efficiency 

minimization



• A method for increasing the coercivity of neodymium 
magnet powder without using dysprosium

• Thickening of the Nd-rich grain boundary phase could be 
attributed to the coercivity enhancement.

• The systematic nanostructure analysis of existing neodymium magnets using 3D Atom 
Probe reveals that the coercivity can be improved by decoupling the ferromagnetic 

interactions between the crystal grains.

3DAP map of Nd and Cu 
of the diffusion processed 

sample

Initial Powder

Diff. 
Processed

Scripta Materialia, 63, 1124 (2010)

Research
impact

Research
impact

Neodymium Magnet without Dysprosium

REE free



METI’s rare metal 31    

CeO2→
abrading
ZrO2
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hard tool 

metal
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ZnO
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Pb→
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Electron structure Engineering (= atoms re-arrangement)

defect

doping

lattice
irregularity

Atom alignment

excitation

spin Band gap

Design as latticeDesign as lattice’’s structures structure
In subIn sub--nano size order nano size order 

luminescence
Emission
excitation

magnetic

orbital

dielectri
piezoelectric

thermoelectric

プラズマ水素ドーピング
by  Ishigaki, nims

Lattice vibration

photonic

光触媒設計
by  Ye, nims

density

conductivity
Thermal conductivit

Young modulus Thermal expansion

to enrich of the Possibility of Element Selection from common resources, Fe,Si,Al,Ca

圧電素子
by  Ren, nims

Considering function units not as the kind of elementsConsidering function units not as the kind of elements
but its arrangement and consequently generated but its arrangement and consequently generated electron status.electron status.

Artificial lattice



TiC nano-carbide in steel

The inverse FFT image is rotated for 45 deg.
The essential is not composition but nano structure. 

functional elements can be observed in nano order



0.71 nm

a) CNT
b) Fullerene nano wisker
c) Oxide nanosheet
d) Carbon nano cage
e) Molecular assembling

c)
d)

e

a) b)

)

Nano fabrication realizes specially arranged structure



Atomic arrangement calculation
in the field of photo‐catalyst

Various photocatalysts are

developed by band‐gap 
design
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computer material design is powerful to explore material
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Diffusion path of Li associated with polaron hopping

A B C D E

First-principles simulations on reaction mechanism 
in energy-conversion materials 

Li ion diffusion in Li battery materials

Water dissociation on photo-catalytic materials

・Development of first-principles MD simulation codes
・Elucidation of reaction mechanisms by large-scale simulations

Large-scale simulations 
for 10,000-atom systems

TiO2/H2O interface Reaction paths and barriers

Li ion diffusion barrier

Development of simulation tools
High-accurate large-scale simulations

Elucidation of mechanisms
underlying phenomenon

Determination of key factors
which control the reactions

Optimization of key factors
High-throughput screening

Materials design 
High-efficient  energy conversion

Element strategy



XRD, HAXPES and DFT‐MD simulation of amorphous Ge2Sb2Te3
and AgInSbTe and their phase change mechanisms 

XRD of   A and C phase AIST

experimental and calculated 
valence band DOS of GST 
(upper and AIST(bottom).

Phase change mechanism of 
GST (upper9 and AIST (bottom)

DFT‐MD simulated A‐
structures in AIST(left) 
and GST(right).

Large scale DFT‐MD simulation combined with 
Reverse Monte Carlo analysis of XRD and 
valence bans density of states obtained by 
Hard X‐ray photoelectron spectroscopy  gives a 
clear cut picture of fast reversible crystalline‐
amorphous phase change mechanism. (Exp 
done at SPring‐8.)

T. Matsunaga et al., NATURE MATERIALS  VOL 10 , 129‐134 (2011) 



Next generation 
Science and Technology on Elements Project 

Science Based 
Alternative 
technology

magnet catalyst electronic structural Etc.

Budget Proposal

10 years project

4 hubs in Japan

Several million  €
per each hub

Design Group with

Quantum Theory

Fabrication Group with Nano 
Construction

Analysis and Evaluation 
Group of Material 

Function



What is the ultimate solution of the sustainable use of energy and resources?

For energy,For energy,

Utilization of solar energyUtilization of solar energy from the Father Sunfrom the Father Sun

For resources,For resources,

Utilization of soil composition (Si, Fe, Al, Ca, O etc.)Utilization of soil composition (Si, Fe, Al, Ca, O etc.)

from the Mother Earthfrom the Mother Earth

and C as their childrenand C as their children

Toward the solution,  we endeavor to realize it. Toward the solution,  we endeavor to realize it. 

Before the solution,  we manage to supply the demand Before the solution,  we manage to supply the demand 
by availabby available technology. le technology. 

38



Electron 
conductivityElectron trap

In cage structure

UV
12CaO・7Al2O3 

cage structure
can includes H- ion substituted from
free O- ion which balances Ca+
by thermo-atmospheric control..

optically transparent & electrically conductive 

->  transparent semiconductor 
By Prof.Hosono, titech

Our known semiconductors are only a part of them.
We have various kinds of unexplored semiconductor

in our own backyard. 

Approach of Substitution

39

Cement material substitute Indium Tin Oxide 



Carbon technology substitutes PGM used as catalyst
Nitrogen doped graphene makes similar electron structure  with Pt catalyst
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calculated 
electron 
structure 
database

CompES
(NIMS)

Electronic Structures Database(single、binary)
Crystal Structures Database
Element Properties Database

Atomic
structure

Electron density
distribution
(energy profile)

wave number
-energy diagram

ϵ nk

electron density
distribution

( real space)

Fermi surface
(energy profile)

Common format

researcher researcher

binary、psedobinary
Covering  calculation

binary,
ternary
calculation
and
visualization
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Thank you !!
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