


NIMS is a research center specializing in materials.

Look at the things around you: 

Desks, chairs, pencils, walls, roofs, cars, bicycles, shoes, clothes, computers . . . .

These things give shape to our lives, but what are they really made of?

Well, they are made of steel, plastics, woods. . . . and so on.

When you look at pencils, they are made of wood and “pencil lead” (which is really graphite). 

U.S. pennies are made of zinc and copper, and nickels are actually made of copper and nickel. 

Packs of tiny electrical switches called integrated circuits (ICs) are necessary in computers, 

and those switches are made of silicon and other elements.

There are reasons why each of these materials is used in these things. 

For example, conductivity is necessary in electrical appliances.

Coins must not rust, and a bridge must have the strength to support heavy cars, trucks, and trains.

When any product is made, the first question is “What is the best material for this?”

Just like you can’t build a bridge out of paper, finding the best material is very important.

Materials have many dif ferent properties, such as strength, resistance to rust, and electrical 

conductivity. Products are made considering those properties.

That isn’t all. 

New materials with even better properties can be made by skillfully combining various 

basic materials. 

To give just a few examples, metals with better rust resistance, power lines with better electrical 

conductivity, and lighter and smaller products are all made by combining basic materials to make 

new properties.

And making new products with those new materials may also make a better life for all of us.

New materials for a better human life. – That’s the purpose of our research at NIMS.
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Electricity from sunlight (Solar power generation).
Solar cells make electricity from sunlight. The solar panels that you 

see on the roofs of many houses are really collections of solar cells. 

There are many kinds of solar cells, but the most widely-used one is 

the silicon solar cell, which is made from silicon materials. Because 

silicon solar cells are expensive, our aim is to make solar cells cheaper and more efficiently. The key to this 

is new materials and new ways of using those materials. NIMS is also researching new kinds of solar cells, 

like dye-sensitized solar cells (which are better at absorbing sunlight to make electricity), organic thin film 

solar cells (which are made from organic materials), and quantum dot solar cells (which can absorb a wider 

range of sunlight). With all these new solar cells, our aim is to generate electricity more efficiently.

Electricity directly from heat (Waste heat power generation).
Ordinary power plants produce very high temperature heat, 

which is used to generate the steam that turns the turbine and 

generates electricity. Because the heat energy that turns the 

turbine is released without further use, it is called “waste heat.” 

Waste heat power generation is a method of generating 

electricity using the difference in temperature between waste 

heat and the outside air. This means the same energy can be 

used two times. NIMS is studying materials for 

producing more electricity in this 

way.

　  
What is Atom?
  Everything around us, including our own bodies, is made up of atoms. We can say 

an atom is the smallest unit of materials. The diameter of atoms differs depending 

on the element, but is roughly about 1 / 10 billionth of a meter (= 0.1 nanometer). Can 

you imagine how small this is?  In fact, the size of an atom compared to the size 

of an apple, is like the size of an apple compared to the size of the Earth.

  Atoms are also made up of smaller parts. The center of the atom, or “nucleus,” has 

a positive electrical charge, and electrons, which orbit around the nucleus at a very 

fast speed, have a negative charge. The nucleus is made up of two kinds of particles 

called “protons” and “neutrons.” Atoms contain a fixed number of protons depending 

on the element. The number of neutrons varies depending on the “isotope” of the 

atom. For example, there are 3 types of hydrogen atoms with 0, 1, or 2 neutrons. Even 

Atom

Electricity from fuels (Fuel cell technology).
Although a fuel cell is a kind of electric cell, it’s 

like a small power plant. Fuel cells generate 

electricity continuously from fuels (mainly 

hydrogen),  and can be used fo r  home 

e lec t r i c i t y  or for  automobi les.  One key 

problem is obtaining high purity hydrogen at 

a low cost. To solve this problem, NIMS is 

researching not only cell materials, but also 

hydrogen production methods.

Solar power generation panels

Thermoelectric device which 
generates electricity using 
temperature difference

Prototype of a fuel cell vehicle 
equipped with a hydrogen fuel cell

Generating electricity.

keywords for understanding more about research at NIMS



Magnetic materials used in motors 
of hybrid cars and electric vehicles
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Rechargeable batteries.
Many people don’t know that it’s much harder to store electricity 

than to generate electricity. Most electricity is used in the afternoon, for 

example, in schools, offices, and factories. This is called “peak power.” Until 

now, large power plants were needed to meet this peak power. However, if 

we can develop a new technology for storing very large amounts of  

electricity, the power generated at night can be used during daytime. The 

development of large rechargeable batteries that can store electricity safely 

and reliably is another area of research at NIMS.

Superconductivity.
Have you ever heard the word “superconductivity”? Normally, electricity is sent from 

power plants to homes by electric cables, but electricity is gradually lost as it travels 

through cables. This is called “transmission loss.” However, no electricity is lost in 

cables made from superconducting materials because of "superconductivity" 

property, which means zero electrical resistance. Transmitting electricity in cables is 

only one use of superconductivity. In the future, many other exciting uses will be 

possible. Still, there are many mysteries in this area. We haven’t yet found out 

satisfying explanation why superconductivity occurs, or why it occurs only at 

temperatures lower than -130°C. N IMS is a wor ld leader in research on 

superconductivity. We will continue to discover new materials, and we will solve 

these mysteries someday in the future.

Magnets and electricity.
Think about the electric products in your home: Fans, the washing 

machine, air-conditioning, the vacuum cleaner, and more recently, 

electric cars. All of these products contain electric motors, some 

large and some small, and all of those motors use magnets to 

harness the power of electricity. If higher performance magnets are 

used, less electricity is needed. Of course, it would be better if we 

could use high performance magnets in every motor, but high 

performance magnets are not widely used because they are too 

expensive. For this reason, NIMS is carrying out research and 

development on cheaper, more powerful magnets.

though the number of neutrons varies, the element is the same.

  A certain number of atoms may also join to form a single unit called 

a “molecule.” Water (H2O) is a molecule of 2 hydrogen atoms and 1 

oxygen atom, and oxygen (O2) is a molecule of 2 oxygen atoms. In 

other words, collections of particles like electrons and protons are 

called atoms, and collections of atoms are called molecules.

    The nucleus of an atom is made up of protons and neutrons.

     Electrons are particles with a negative electrical charge.

     Protons are particles with a positive electrical charge.

     Neutrons are particles which are electrically neutral (no charge),
     and attract protons not to repel each other.

Storing electricity.

Using electricity 
more efficiently.

Lithium ion rechargeable bat teries 
with higher performance

High temperature superconducting 
cable (photograph cour tesy of 
Sumitomo Electric Industries, Ltd.)
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A safe and secure life.

Powder that produces clean water. 
In Japan, we know that clean water will come out when we open 

the tap. But it isn’t the same in some other countries. For example, 

in the Asian country of Bangladesh, sometimes the water contains 

a powerful poison called arsenic. This is a serious problem 

for the people of Bangladesh. NIMS developed 

a powder that changes color when 

w a t e r  c o n t a i n s  c e r t a i n  

substances, showing whether 

the water contains harmful 

s u b s t a n c e s  o r  n o t .  T h i s  

powd e r  ca n a l so  ca pt u re  

harmful substances.

Filters to produce clean water.
B e ca u s e  f i l t e r s  a re  e f f e c t i ve  fo r  

producing clean water from dirty water, 

NIMS also carries out research and 

deve lopment  on f i l te r s  fo r  wa te r  

purification. But these aren’t just any 

filters. The holes of the filter are very 

small, being only 1 nanometer in size. 

These filters aren’t damaged by acids, 

t h e i r  f i l t e r i ng  s p e e d i s  fa s t ,  a nd 

relatively large-sized f i l ters can be 

produced. Because the mater ial is 

a s  h a rd  a s  d i a m o n d,  i t  i s  ca l l e d  

“diamond-like carbon.” This is a very 

good f i l ter, not only for water that 

contains harmful substances, but also 

for separation of substances like oil.

Biomaterials.
Some biomaterials form artificial bone 

and blood vessels in the human body. 

Another example is drug de l iver y 

systems (DDS). DDS are covered with a 

special film so they can deliver the drug 

directly to a sick part inside the body, 

without being absorbed or decomposed 

along the way. NIMS is creating these 

new biomaterials using nanotechnology 

and material manufacturing technology.

High performance 
photocatalysts.
Materials that promote the 

chemical reactions of other 

substances when light shines on them 

are called “photocatalysts.” Some photocatalysts are already being 

used. These are coated on the walls of buildings to decompose dirty 

substances. However, their uses are limited because they only cause 

a reaction under ultraviolet light, which is invisible to the eye and 

rarely included in room light. To solve this problem, NIMS is 

developing photocatalysts that react under visible light. We are also 

working to improve reaction efficiency. These new photocatalysts can 

be used in new and better methods of removing harmful substances.

Arsenic-absorbing powder 
developed by NIMS

Elastic artificial bone 
material

Silver phosphate 
visible light sensitive 
photocatalyst



What is the Periodic Table of the Elements?
  An “element” is a type of atom which is determined by the number 

of protons. The number of protons is called the “atomic number” of 

that element. In principle, the Periodic Table of the Elements is 

arranged by atomic number, starting from the upper left. It generally 

shows the 118 elements that have been discovered up to now.

  The elements on the Periodic Table are arranged according to the 

arrangement of electrons in the atoms (orbits of electrons), so that 

elements with similar properties appear periodically. The Periodic 

Table was f irst proposed by a Russian chemist named Dmitri 

Mendeleev in 1869. It has been revised to its present form as new 

elements and theories have been discovered.

Periodic Table 
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Removing harmful substances.
Examples of harmful substances include the exhaust gas from 

automobiles and the liquid and solid wastes from factories. Do you 

know that we pollute the global environment not only when we produce 

products, but also when we live our daily lives? This doesn’t just affect 

human beings. It also has a harmful effect on every living thing. For 

this reason, NIMS is carrying out research to make the polluted 

environment clean once again, using catalysts and filters (explained 

on page 6), as well as nanotechnology (explained on page  10).

Thinking about how materials are used – 
“Strategic Materials.”
The materials used to make products come from the planet 

Earth. We can say that everything on Earth came from the Earth 

itself. And because there is only one Earth, the supply of these 

resources will not last forever. Even materials like steel, which 

might seem to be unlimited, can be used up. Also, there are 

metals that are rare because the supply is small or because 

mining is too difficult. Since every resource is limited, NIMS is 

studying the remaining reserves of each resource, methods of 

use, recycling, and how this will affect the world’s people.

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
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Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

Cs Ba *1 Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Fr

1
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4

5

6

7 Ra *2 Rf Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uuo

*1 Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

*2

La

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

Sample of the Periodic Table ■ Solid ■ Gas ■ Liquid

NASA

Used cell phones – Just waste, 
or a source of valuable metals?

We need to remove harmful substances from soil, air, and water

Protecting 
the environment.

Keywords for understanding more about research at NIMS



Quantum computers.
Electrons and photons which produce electricity and light, normally 

have the property of “particles,” that is, their motion is changed by 

force or collision. In ordinary computers, calculations are performed 

by switches using a force, such as electricity, to change the motion 

of electrons. However, if electrons or photons are closed up in a very 

small box, they change to a state called “quantum,” which mainly 

shows the properties of a “wave.” The motion of quanta can be 

controlled by changing the size and arrangement of the boxes, 

interference with other quanta, and so on. This property is used in 

“quantum computers.” In calculations in the computers until now, 

the tiny switches in ICs (integrated circuits) can only be “on” or “off.” 

This means they can only perform one calculation at a time. In 

contrast, several quanta with this wave property can be stacked 

and treated as one quantum. By 

u s i n g  t h i s  s p e c i a l  n a t u re  o f  

quanta, many calculations can be 

performed at the same time. For 

this reason, quantum computers 

will be far faster than today’s best 

computers. Quantum computers 

are still in the research stage, and 

it may be many years before we 

can actually use them. NIMS is 

researching the theor ies and 

materials that will make this dream 

a reality.

Brain-type computers.
The human brain has an amazing “computing” capacity, which is far 

better than even a super computer. NIMS is carrying out research on a 

“brain-type computer” which is modeled on the nerve cells (“neurons”) 

of the human brain. Today’s computers perform calculations one by 

one. The brain-type computer will be able to perform as many as 300 

calculations at the same time. It will also be able to find and repair 

broken parts by itself. We are carrying out materials research on this 

completely new future computer.
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Atomic switches.
How is it possible to create ICs which are smaller than 

those now made f rom s i l i con? N IMS researchers 

succeeded in making a very small switch with a length of 

only 10 nanometer on one side. Because this switch 

operates using several atoms, it was named an “atomic 

switch.” Using this very small switch, electr ic power 

consumption can be greatly reduced, and it is possible to 

develop new types of computers.

Power semiconductors.
Have you ever heard of semiconductors? As mentioned in the 

"Semiconductors" section (on the next page), semiconductors 

are usually used in the switches that make up computures. 

NIMS is also studying whether diamonds can be used as a 

materials for these switches. In comparison with the silicon 

material now used for semiconductors, diamonds can 

withstand higher voltages. This is called the wide bandgap 

proper t y.  A lso, d iamonds have res is tance to h igh 

temperature. Because of these properties, when a diamond 

material is used for large power device like motors, it only 

uses a small amount of electricity. However, because 

diamonds are very hard, they are also very dif ficult to 

process. In an experiment, NIMS succeeded in creating a 

circuit using diamond, which opens the road toward the use 

of d iamonds in computers. 

Beginning with diamonds, 

N I M S i s  co n d u c t i n g  

re s e a rch  t h a t  w i l l  

make it possible to 

ef fect ively use the 

properties of various 

crystals and jewel 

s t o n e s  s u c h  a s  

sapphires and others.

Schematic diagram of an atomic switch

New types 
of computers.

Miniature 
computers.



What is a Quantum?
  Most substances are made up of molecules, and those molecules are 

made up of atoms. Atoms consist of a nucleus and electrons, and the 

nucleus consists of particles called protons and neutrons.

  In these extremely small units called atoms, molecules, electrons, 

and elementary par t icles, i t becomes impossible to measure 

accurately the position and momentum of the particles at the same 

time. In addition to their nature as “particles,” they also show a 

property as “waves.” This state of having two properties at the same 

time is called “quantum” and is the smallest unit of “physical quantity.” 

The wave motion is expressed by quantum mechanics. (The position 

and momentum of objects is expressed by Newtonian mechanics or 

classical mechanics.)

  For example, the photon is a quantum that has been known for 

many years. Light has both the nature of particles (photons) and the 

nature of a wave (electromagnetic wave). Photons were discovered in 

1900 by the German physicist Max Planck.

Quantum
keywords for understanding more about research at NIMS

Semiconductors.
The memory ICs (memory part) and logic ICs (computation part) in today’s computers, 

beginning with ordinary personal computers, tablet PCs, and smartphones, are collections of 

switches made from semiconductors. Semiconductors are materials that conduct or do not 

conduct electricity, depending on conditions. The main material used in today’s semiconductors 

is silicon. One semiconductor chip, with an area of about 3-5 centimeters square, contains 10 

million switches (circuits) or more. The size of one circuit is around 40 nanometers and is steadily 

becoming smaller. However, various new problems occur when circuits are made so small. For 

example, if the circuit is too thin, an electric current cannot pass or the current may leak out of 

the circuit. When this happens, the circuit does not function properly. High expectations are 

placed on our new materials research at NIMS as a solution to these problems.
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ICs made from semiconductors



Creating buildings that are strong against the 
shaking of earthquakes.
When a big earthquake comes, are buildings strong enough to 

withstand the shaking? NIMS is studying this problem from 

many angles, in all types of buildings from large of f ice 

buildings to single houses. How do wear and destruction 

occur in materials, for example, in so-called metal fatigue? 

How does corrosion advance? What kind of materials can 

resist earthquakes?  We are trying to use the results of this 

NIMS research at the actual site to prevent earthquake 

disasters. For example, NIMS is studying the best 

materials and methods for a special kind of diagonal bar, 

called a seismic damper, which is used to strengthen 

buildings and absorb shaking during earthquakes.

Big objects like houses, office buildings, bridges, and cars are made of materials which 
include steel frames, bolts, and so on.
How these big objects are built depends on how they may be damaged or destroyed, for 
example, in earthquakes or by high temperatures.

Nanotechnology keywords for understanding more about research at NIMS

What is Nanotechnology?
  “Nano” is a word that means 1 billionth. One nanometer (nm) is 1 billionth of a meter. One nm is about one 10 

thousandth of the thickness of a hair. The size of atoms is about 0.1nm to 0.3nm. 

  When a material is reduced to the nano size, the properties of that material change in surprising ways. For 

example, chemical reactions occur more easily, electrical conductivity changes, and strength increases. The 

technology which uses these changes is called nanotechnology.
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Materials that resist destruction.
Buildings and other structures can be destroyed in many different ways. When 

force is applied to a bar, it may break with a snap, or it may bend almost like 

bamboo. Which is better in the bolts used in steel frames? Actually, if bolts can 

bend without breaking, they are safer than bolts that suddenly snap. Of 

course, they must also be strong against force. We are developing this kind of 

ultra-high strength steel which is necessary in buildings that can resist 

destruction.

Repairing large objects.
When steel frames are connected, for example, when we 

build a steel bridge, the connection is always a weak part. If 

a connection is broken, it is hard to repair, and the repair 

work takes time. For this reason, NIMS is developing welding 

technologies and special bolts so that repairs can be made 

faster than in the past, while also ensuring high reliability.

Strong against earthquakes.

Ultra-fine grain steel with ultra-high 
strength and high impact resistance

seismic damper
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Materials reliability and evaluation.
  How structures fail, the life of structures, and the 

time until rust, all differ depending on the type of 

metal (even with the same metal), and the mixing 

ra t io of  meta ls  in a l loys.  There a re a lso b ig 

differences in material life, for example depending 

on whether a product is used indoors in a house in 

the city or outdoors by the sea. For this reason, NIMS 

investigates the strength of each material and the 

di f ferences in each environment where those 

materials might be used, in order to find the best 

material for each place. This kind of research is also 

useful in the development of rockets by the Japan 

Aerospace Exploration Agency (JAXA).

What is creep?
When force is continuously applied to a metal at high 

temperature, the metal will eventually break. “Creep” 

is a test to investigate when and how metals fail in 

long-time use at high temperatures. For example, in 

the r ma l  powe r  p la n ts ,  t he m eta l  wa l l s  o f  t he 

equipment are exposed to very high temperatures and 

pressures for many years. NIMS is investigating what 

happens when a certain force is applied to materials 

at high temperature and kept for a long time. The aim 

is to find out how many hours materials can be used 

whi le keeping an a lmost “ l ike-new”  condi t ion, 

without fatigue, and when those materials must be 

repaired or replaced. These are very long tests that 

take many years. In February 2011, the longest creep 

test at NIMS passed 14,853 days, or 356,463 hours. 

This is more than 40 years, and it is also the world 

record for creep test!

Hybrid materials.
The strength of Fiber Reinforced Plastic (FRP) is increased by adding glass fibers to plastic. Materials like FRP, 

which have certain properties as a result of a combination of two or more materials, are called “hybrid materials.” 

It is important to think about where and how a material will be used before that material is actually produced. If 

we wait until after the material is produced, we may end up making far too many different materials, and not 

knowing how those materials should be used. Practical hybrid materials are developed by thinking about the 

purpose of the material (for example, a strong, lightweight new material for use in cars), and performing 

calculations to find the best combinations of materials. All of this is based on careful research on each material.

How structures fail.

Making the most of 
the properties of materials.

10μm

“Fatigue fracture” which was  observed 
in the micro f rac ture sur face of the 
failed part

Site of creep tests performed by NIMS



Dear NIMS NOW readers,
  I came to Japan in 2008 as a doctoral 
s t u d e nt  a n d  j o i n e d  t h e  w o n d e r f u l  
NIMS/University of Tsukuba program. Now I 

work at NIMS as an ICYS-Sengen researcher. 
The best advisers,  faci l it ies and hard 
working atmosphere of NIMS are always 
motivating me to improve my research. 
  I have got opportunities to visit many cities 
in Japan, enjoying food, hot spring, and nice 
sceneries. I have been always inspired by 
Japanese culture and their hospitality. 
  My hobbies these days are playing tennis, 
playing soccer,  and watching spor ts .  
Tsukuba is the best place to play sports 
having nice parks and nature. Also, having 
nice access to central Tokyo which allows 
me to go there and enjoy some big events. 

  (May 30th,  2012) NIMS concluded a 
Comprehensive Collaborative Agreement 
( s i s t e r  i n s t i t u t e  a g r e e m e n t )  w i t h  
Loughborough University in the United 
Kingdom. Loughborough University was 
initially established in 1909 as the first 
technical college in UK and today it is one 
of the UK’s leading universities.
  The university has been awarded 6 times 

the Queen’s Anniversary Prize, which is 
given by Her Majesty Queen Elizabeth II in 
person to the UK’s best institution of 
higher education of the year.
  NIMS has  b een co l lab orat ing with 
Loughborough University in the fields of 
coating technology, superconductive 
magnets and organic semiconductors.
  This agreement is believed to be not only 

reinforcing these existing collaborations 
but also leading to the evolution and 
expansion of cooperation between the 
two institutions.

NIMS Signed a Comprehensive Collaborative 
Agreement with Loughborough University, UK

Visitors to NIMS

South African Ambassador―― (June 
18, 2012) H.E. Dr. Mohau N. Pheko, South 
African Ambassador Extraordinary and 
Plenipotentiary to Japan, made a courtesy 
visit to NIMS President Prof. Ushioda. The 
Ambassador is particularly interested in 

nurturing green technology industries in 
South Africa, utilizing that country’s rich 
natural resources and plentiful young 
population, and becoming less dependent 
on her natural resources. For this purpose, 
t h e  amb ass a d o r  h o p e s  to  enhan ce  
technology and personnel exchanges with 
Japan.  
President of the Slovak Academy of 
Sciences――  (June 27, 2012) Prof. Dr. 
Jaromir Pastorek, President of the Slovak 
Academy of Sciences (SAS), paid a visit to 
NIMS.   SA S is  an academic research 
institution which is playing leading roles in 
education, basic and applied research, by 
developing Science and Technology in 
S lov ak ia .  I t  consis t s  o f  56  sc ient ific  
institutes with more than 3,000 employees 

including 1,800 scientists holding PhDs or 
higher degrees. Prof. Pastorek came to 
Japan in attendance on the President 
of Slovakia and visited NIMS taking this 
opportunity. At the meeting, he exchanged 
information and opinions with NIMS 
President about the current s tate of  
materials research in each country with 
introduction of SAS and NIM.

H. Sepehri-Amin (Iran)
2008 - present
ICYS-Sengen researcher

Enjoying life in Tsukuba

Nice day with Mito Komon

Loughborough University
Copyright Design and Print Services, 
Loughborough University

DiscussionAmbassador Pheko and President Ushioda

Sometime back, I went to watch the soccer 
world cup qualification, Japan versus 
Jordan. Japan won 6-0! The amazing play 
made me wanting to play soccer not only 

w a t c h i n g .  
Any way,  I  love 
my life in Tsukuba 
with NIMS. 

The impact of STAM 
keeps growing

  The journal Science and Technology of 
Advanced Materials (STAM), published by 
NIMS, in par tnership with Institute of 

Physics Publishing, UK, marked 3.513 in its 
impact factor. The numbers of submitted 
and published articles have also increased 
in 2011 from 313 to 399 and from 59 to 92, 
respec tively.  According to Thomson 
Reuters, STAM now ranks 36th out of 231 

journals  wor ldwide in  the categor y  
Materials Science & Multidisciplinary. 
  STAM welcomes high-quality articles or 
comments about the journal, which can 
be submitted via URL below.
>> http://www.editorialmanager.com/stam/
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