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  I was in Sendai last year on March 11, 2011, the day of the great earthquake and 

tsunami.  Immediately after the earthquake, all utilities including electricity, water, 

city gas, and telephone were shut down, and later through radio broadcast I learned 

about the disaster from tsunami and the accident at the Fukushima nuclear power 

plant.  In this unprecedented situation, the neighbors helped each other in the cold, 

just like the time during and after the last war.  Even after 15 months, Japan is still 

in the process of recovering from the 3.11 disaster.  In this situation NIMS as a 

national institute has acted quickly to respond to the national needs.

  We made more than five press releases on the relevant materials we had developed 

for adsorption, solidification, and insulation of radioactive elements emitted from 

the Fukushima power plant.  The earliest press release was made within two months 

of the accident.  These press releases were based on the relevant materials NIMS 

had developed long before the disaster.  This fact showed that the fruits of 

fundamental research driven by individual curiosity could become extremely useful 

in unexpected circumstances like the present nuclear accident.

  We have initiated a new development project on structural materials to deal with 

the reconstruction of infrastructures such as bridges and buildings.  This project 

aims at applying the results of our fundamental research to immediate national 

needs.  A quick response of this kind to a national emergency is only possible, 

because of the long history and accumulation of fundamental knowledge at NIMS.

  It is very important for researchers to have a clear view of the current situation 

and act as rational scientists or engineers.  By confronting the unprecedented 

national crisis, we have reconfirmed the importance of constant and long-ranged 

fundamental research. 

  In responding to a national crisis of the present magnitude, I found that the most 

important resource is the talented people.  We have realized the importance of 

maintaining fundamental research and competent scientists and engineers who can 

provide necessary knowledge in coping with an unexpected crisis.  Myself being a 

scientist, I would like to contribute to the national needs by cultivating excellent 

scientists and engineers at NIMS. 

Prof. Sukekatsu Ushioda
President, National Institute for Materials Science
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Launch of the new project

  In Apri l  2012,  a  new NIMS projec t was 
launched. This project, called “Structural 
Materials for Improved Infrastructure,” is the 
20th NIMS project.
  As a concept, this project predates the 
establishment of the Research Center for 
Strategic Materials, which was organized as 
part of the NIMS 3rd Five-year Plan. However, 
i n  r e s p o n s e  t o  t h e  G r e a t  E a s t  J a p a n  
Earthquake of March 11, 2011, the pace of 
research and development was accelerated, 
and human and material resources were 
concentrated on this area. This project was 
launched as a separate project in this area 
aiming at producing concrete results.
  The Great  Eas t  Japan Ear thquake was 
considere d to  have a  major  impac t  on 
researchers in the field of structural materials. 
Structural materials are used in large buildings, 
br idges and other s truc tures,  and steel  
comprises a large part of those materials. For 
example, the Tokyo Sky Tree tower, the world’s 
tallest self-standing broadcasting tower which 
has been constructed recently in Japan, also 
takes advantage of advanced design using 
structural materials. On the other hand, a large 
number of older structures and their materials 
were damaged in last year’s earthquake and 
tsunami, and many were destroyed.
  Looking at this damage, the leader of the 
new project, Dr. Kaneaki Tsuzaki says, “I have 
recognized anew that the safety and security 
of structures are threatened in various aspects 
to a greater extent than I had imagined.”
  As Dr.  Tsuzaki comments: “Many of the 
structures that were constructed during 
Japan’s high growth era are now approaching 
the replacement stage. Fortunately, few large 
structures have been destroyed up to the 
present. However, materials are at their best 
when newly produced, and it is always their 
fate to deteriorate in proportion to time of use. 
Structural materials are affected by external 
factors like wind and rain, and also by external 
forces, and they will necessarily be destroyed if 
those external forces are too large. Of course, 
we have always known this, but the recent 
ear thquake created a sense of crisis .  We 
launched the new project based on this sense 
of urgency.”

Three sub-themes

  The new project consists of 3 sub-themes.
  The 1st sub-theme is “High reliability joining 
technologies.” The joints between structural 
components invariably tend to be weak 
against external forces. It is difficult to repair 
these joints if they are damaged, and repairs 
can be time-consuming. Moreover, it is also 
difficult to secure reliability af ter repairs. 
Considering this ,  our goal is  to develop 
welding technologies and bolts which enable 
simpler repair than the conventional types 
while also maintaining high reliability.
  In the field of welding technologies, one aim 
is to apply clean MIG welding*1 at the field 
welding level. With bolts, we hope to realize 
compact joints and achieve high efficiency in 
repairs and high safety by ultra-high strength 
in the bolts themselves in combination with 
improved earthquake resistance (two-fold 
improvement in fracture limit deformation in 
1700MPa ultra-high strength bolts).
  Our 2nd sub-theme is “Long-life sur face 
m o d i fi c a t i o n . ”  H e r e ,  t h e  t h e m e s  a r e  
weathering steel structural materials and 
fireproof coverings. Steel must naturally 
possess corrosion resistance when used as a 
structural material. However, in addition to 
this, greater importance should be attached to 
corrosion resistance as a disaster prevention 
countermeasure. For example, structures 
which were damaged by the tsunami in last 
year’s earthquake were inundated by seawater,↙ 

which lef t  behind sa l t  when the water  
retreated, and this accelerated deterioration 
due to corrosion. Our aim is to create steels 
w i t h  w e a t h e r i n g  r e s i s t a n c e  b y  u s i n g  
ubiquitous elements*2 like Al and Si, and to 
enable application of these materials to 
i n f r a s t r u c t u r e  r e p a i r  a n d  r e i n f o r c i n g  
components.
  Our 3rd sub-theme is “Earthquake-resistant/fire 
resistant structural materials. Based on the 2011 
Earthquake, the assumed seismic intensity of a 
northern Tokyo Bay earthquake was raised from 
6 upper to 7, which is the highest level. As this 
shows, extremely high seismic resistance 

requirements are now placed on structures and 
infrastructure which have possibility of collapse. 
At NIMS, we have been researching and studying 
the mechanisms of damage to structural 
materials under a wide variety of conditions, 
which include metal fatigue, corrosion, creep 
(tension), radiation, and others, and are now 
developing earthquake-resistant/fire resistant 
structural materials using these results. As a key, 
we are conducting demonstration experiments 
with a seismic damper *3  alloy which was 
developed based on an Fe-Mn-Si system shape 
memory alloy, and are moving toward practical 
application. The aim is to enable reinforcement 
of Seismic Grade 1*4 buildings to Grade 3. We 
are also aiming at low cost and extension of 
fatigue life by a factor of 10.
  In all these projects, the target is to produce 
results in a short term, based on the experience 
of the earthquake disaster and, when required, 
to conduct demonstrations in the disaster area 
by 2015, which is the final year of the project. 
To achieve this, we have been engaged in 
joint research with companies f rom the 
beginning of this project.
  As each of these sub-themes have already 
produced research results in the basic research 
stage, it  can be said that they are firmly 
established as “seeds.” We are now aiming at 
upsca l ing and pro duc t ion of  prac t ica l  
materials to enable use at the actual sites.↙ 

Toward more basic research, 
toward a greater orientation to the site

  Dr. Tsuzaki again posed the question after the 
earthquake, “What is important as materials 
technologies for building a country that is safe 
and secure against the threat of natural 
disasters?”
  “ T h e  e x p r e s s i o n  f r e q u e n t l y  u s e d  i n  
connection with last year’s earthquake and 
tsunami, that the disaster was ‘beyond what 
we expected,’ is no consolation to the victims 
of that disaster. As engineers and researchers, 
we must sincerely recognize that preparations 

"we must be more theoretical, and must also go more to the site"

A New NIMS Project:
“Structural Materials for Improved Infrastructure” 
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New welding material: coaxial multi-layer wires

1/2 time for weld repairing
two-fold improvement in fracture limit 

deformation in 1700MPa ultra-high 
strength bolts

high-efficiency welding technologies: pure Ar-MIG welding

ultra-high strength bolts: 
reducing the number of bolt

weather resistant ubiquitous steel: 
reducing weight by realizing thinner plate

seismic damper

Outer hoop (Steel)
Inner (Inconel)

0.6mm1.2mm

wire

droplet

High reliability joining technologies

weather resistant ubiquitous steel
Long-life surface modification

seismic damper: reducing cost, extension of fatigue life

earthquake-resistant/
fire resistant structural materials

were inadequate, verify the actual conditions, 
and develop effective countermeasures for the 
future. Materials can always be destroyed. 
Nevertheless, the fundamental nature of the 
mechanism of damage, namely, why are they 
destroyed, is frequently left unexplained. It 
may be that we don’t achieve true safety and 
security, even though we increase the safety 
factors of materials so long as that question is 
not answered. As a professional, I think that we 
must also investigate this issue.” 
  “From this  perspec t ive,  I  bel ieve that  
collaboration must involve 3 parties, not only 
basic researchers, but also researchers in 
theoretical  physics and the mechanical  
engineers who actually use materials in 
structural components and other parts.”
  “Until recently, Japan has existed in a ‘steady 

state.’ However, half a century has passed since 
the high grow th era ,  and Japan is  now 
attempting to advance to the next step, not 
only in the structures erected during that 
period, but also in its social structures. In times 
like these, a vision that accepts the status quo 
of the steady state is too narrow. For this 
reason, we must be more theoretical in some 
aspects, and must also go more to the site in 
certain aspects.”

*1 Clean MIG welding: In consumable electrode type 
welding (MIG welding), oxygen and carbon dioxide are 
added to the argon shield gas to enable s table 
welding. However, this technique cannot be used in 
welding high quality joints, as the oxygen contained in 
these gases reduces the performance of the weld 
metal. With coaxial multi-layer wires having different 
melting points on the inner side and outer side, stable 
droplet transfer is achieved without causing a fused 

column of liquid metal (CLM), and as a result, stable 
welding is possible even in pure Ar shield gas. This 
enables welding of high quality welded joints which 
reduce oxygen in the weld metal.

*2 Ubiquitous element: In contrast to such as rare earth 
elements, resources of the ubiquitous elements are 
abundant and can be obtained at low cost.

*3 Damper: A structural component which is installed 
for the purpose of absorbing the amplitude, shaking, 
etc. of a structure.

*4 Seismic grade: Grade 1 structures are capable of 
withstanding the seismic force of an ear thquake 
occurring once in several 100 years (in Tokyo, seismic 
degree 6 upp er to 7)  without co l lapse,  and an 
earthquake occurring once in several decades (in 
Tokyo, 5 upper) without damage. Grade 2 structures 
can withstand seismic forces 1.25 times greater than 
Grade 1 structures, and Grade 3 can withstand 1.5 
times the Grade 1.
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Database construction was carried out by Hokkaido University, Iwate University, Tokyo Institute of Technology, Shimane University, University of Miyazaki, Tokyo Metropolitan 
University, Kanazawa Institute of Technology, Japan International Research Center for Agricultural Sciences, National Institute of Advanced Industrial Science and Technology, Japan 
Atomic Energy Agency, and the Central Research Institute of Electric Power Industry, centering on NIMS.

Slag

Layered double hydroxides

Carbides

Mesoporous materials 

Silica materials

Iron-based minerals
Mica

Metal hydroxides

Mixed layer mineral

Vermiculite

Smectite

Zeolite Natural mordenite, natural clinoptilolite, synthetic A type zeolite, synthetic X type zeolite etc.

Natural bentonite, montmorillonite, beidellite, saponite, stevensite etc.

Vermiculite in China and S. Africa, vermiculite by artificial weathering etc.

Rectorite
Brucite, boehmite
Phlogopite, muscovite, synthetic swellable fluoromica, sericite, etc.

Low crystallinity iron-oxyhydroxysulfate minerals (Schwertmannite), magnetite 
Silica gel, cristobalite

Silica based mesoporous materials, composite of mesoporous silica and hydroxyl apatite nanocrystals

Porous carbides from corn cob, activated carbon, etc.

Hydrotalcite, layered double hydroxides with heavy metal elements 

Water-granulated iron and steel slag, air-cooled iron and steel slag Zeolite

This database is a comprehensive resource on the adsorption function in the so-to-speak “ideal state.” However, actual contaminants exist in 
various, more complex states in coexistence with ions. By constructing an adsorption database with conditions closer to the actual world, we 
can make an important contribution to the practice and development of removal and recovery technologies. In addition, I think it will also be 
necessary to construct a “desorption database” on materials which have low environmental loads when disposed, with the aim of reducing 
the volume of wastes in the future.

Comment by Dr. Hirohisa Yamada, Group Leader of Functional Geomaterials Group, Environmental Remediation Materials Unit
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Effective decontamination using 
natural minerals

  Large amounts of radioactive substances 
were released from the Fukushima No. 1 
Nuclear Power Plant as a result of the accident 
caused by the Great East Japan Earthquake 
and ensuing tsunami. The main radioactive 
nuclides were iodine, cesium, and strontium.
  A wide range of objects were contaminated by 
the release of these radioactive substances. 
Contaminated water, including seawater which was 
used to cool the reactor cores, is being stored 
on-site. However, contamination extends to the 
area around the plant as well as the wider 
neighboring region, and includes rice paddies and 
other agricultural fields, fruit orchards, forests, water, 
buildings, and roads. Water such as seawater, river 
water, ponds and lakes, pools, and agricultural 
water is also assumed to be contaminated. 
  Development and demonstration of technologies 
for removing and recovering radioactive 
substances, and effective decontamination of these 
diverse contaminated environments, is urgently 
needed. Use of natural minerals which have an 
adsorption function, beginning with zeolite, has 
attracted attention as an effective method of 
adsorption, recovery, and removal of radioactive 
substances. However, natural minerals have diverse 
crystal structures and chemical compositions, and 
even with the same mineral, there are differences in 

adsorption capacity depending on the producing 
region and composition. Adsorption performance 
also differs widely depending on the concentration 
of the radioactive substances at the location where 
decontamination is to be per formed and 
conditions such as acidit y.  For effective 
decontamination, it is necessary to select the 
optimum adsorption/recovery material for the 
conditions at each site, considering the points 
mentioned above.

Construction of a database of 
adsorbent materials by mineral type, 
locality, and composition

  Comprehensive knowledge of the adsorption 
capacities of these many types of candidate 
adsorbent materials did not exist anywhere in the 
world. Therefore, a database which can provide 
reference as a standard when selecting adsorbents 
was necessary.
  Nearly 800 basic data items were collected on 
approximately 60 candidate materials from 
different localities and with various chemical 
compositions for recovery and removal of 
radioactive substances in this study. 
  For the object natural minerals and other inorganic 
materials, adsorption experiments were carried out 
using aqueous solutions of cesium chloride, 
strontium chloride, and iodine with different 
concentrations, which were prepared using 

deionized water. The adsorbents were mixed with 
these aqueous solutions with various concentrations 
at room temperature (23̊ C), and after stirring for 24 
hours, the liquid and solid phases were separated, 
and the concentrations of cesium, strontium, and 
iodine in the liquid phase were determined.

  An enormous volume of collected data has 
already been available in the NIMS Materials 
Database “MatNavi” (opened on December 13, 2011 
at URL http://mits.nims.go.jp/index_en.html, 
registration is necessary). This database will also be 
updated and expanded in the future.
  The leader of this Project, NIMS Researcher Dr. 
Hirohisa Yamada, was originally involved in the 
design and development of environmental 
remediation materials, and in particular, materials in 
which ultra-low environmental loads and high 
per formance are achieved by mimicking, 
technologizing, and utilizing the functions and 
mechanism of major rock minerals (geomaterials) in 
and on the Earth. Dr. Yamada grappled with the 
construction of a database with the knowledge up 
to the present.
  In the future, this database will be used to enable 
more effective and efficient methods in the 
practice and development of decontamination and 
recovery technologies for radioactive substances 
carried out in various areas by the national 
government, local governments, and experts.

Decontamination: Database for Promising Natural Minerals and Adsorbents 
for Decontamination of Radioactive Substances

From press releases of December 7, 2011
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Fig. 1  Method of synthesizing new mesoporous material using etching. Fig. 2  Results of observation of morphology and microstructure before/after etching.

Dramatic improvement in diverse capabilities can be expected by fabricating nanoporous materials from various substances in this manner. In the 
future, our aim is to synthesize novel nanoporous materials with even more detailed structural control by combining this technique with self-assembly 
processes, for example, using surfactants and so forth.

Comment by Dr. Yusuke Yamauchi, MANA Independent Scientist

The Color Blue Adsorbs Cesium

  Our readers may have heard of Prussian blue, 
also called Berlin blue, which is a blue pigment 
used by artists. It is a beautiful color that was 
discovered accidentally in Berlin in 1704, but 
recently, it has attracted attention once again 
as an adsorbent for cesium.
   When observed in detail under a special 
microscope, this pigment has a crystalline 
structure that resembles a jungle gym. Efforts 
have been made to increase the surface area 
of Prussian blue by refinement or fabrication 
of mesoporous materials with the aim of 
increasing its cesium adsorption capacity. 
However,  sat is f ac tor y  result s  were not  
a c h i e v e d  w i t h  t h e s e  m e t h o ds ,  a s  t h e  
crystallinity of the Prussian blue was greatly 
reduced. Conversely, if  its crystallinity is 
increased, the porous structure is destroyed 
and the surface area decreases. To solve this 
problem, MANA researchers  Dr.  Yusuke 
Yamauchi and Dr. Hu Ming applied ingenuity 
to the processing method and succeeded in 
fabricating Prussian blue with a cesium 
adsorption capacity 10 times greater than that 
of commercial Prussian blue particles.

Dramatically increasing the adsorption 
capacity of cesium

  First, the crystal particles of Prussian blue 
were adjusted to a uniform size. The size of the 
cubic particles is 190nm, which is of course 
too small to be observed with the unaided 
eye. These crystals were dissolved in water and 
a macromolecular compound called polyvinyl 

pyrrolidone was added, after which the proper 
amount of acid was also added.
  Because the polyvinyl pyrrolidone is introduced 
before the acid, molecules of the polyvinyl 
pyrrolidone are adsorbed on the surface of the 
Prussian blue, and those extremely small 
adsorption points are not dissolved by the acid. 
  On the other hand, the cubic crystals contain 
minute pores with a size of 1nm or less. The acid 
enters the interior of the particles by way of 
those pores. After the acid enters the particles, 
spontaneous dissolution or etching occurs from 
the center of the particles, creating a hollow in 
the center. Finally, the acid is washed out with 
water, leaving “mesoporous Prussian blue.” 
  The particle size itself was unchanged before 
and after treatment, but when observed with 
an electron microscope, the existence of 
countless nanosized pores in the crystal could 
be confirmed.
  The surface area displays a high value of more 
than 330m2/g, which is the largest value of any form 
of Prussian blue known to date. Moreover, each 
particle is in a single-crystal state. Thus, the MANA 
researchers succeeded in creating nanopores while 
also maintaining high crystallinity.

Instantaneous cesium adsorption 
more than 8 times greater than 
with commercial Prussian blue

  When an adsorption test was performed with 
“mesoporous Prussian blue,” the new material 
instantly adsorbed more than 8 times as much 
cesium as commercial Prussian blue. Although 
this experiment was performed with fresh 
water, it is known that Prussian blue has the 

capacity to selectively adsorb cesium ions in 
environments containing similar ions, e.g., 
sodium ions and calcium ions, as in seawater. 
Therefore, it is thought that an effect similar to 
the results of the experiment with fresh water 
can also be expected in seawater.
  To further increase the cesium adsorption 
capacity of Prussian blue by metal replacement, 
the MANA researchers are currently attempting 
to apply this technique to Co-Fe and Mn-Fe 
Prussian blue analogues, etc. with the aim of 
further enhancing its capacity.
  Issues also remain. For example, because the 
particles of Prussian blue are themselves 
extremely small, simply wearing a mask does not 
provide perfect protection. Thus, care is also 
necessary with regard to the risk of internal 
exposure by particles that are scattered during 
drying. The possibility of gradual decomposition 
under alkaline conditions and in reducing 
atmospheres and the possibility of decomposition 
to cyanide ions if exposed to light have also been 
pointed out. Furthermore, handling and control of 
Prussian blue which has  adsorbed cesium may be 
comparatively difficult. Quantitative problems also 
exist. Because the amount of radioactive 
substances released in the Fukushima accident 
was large and contamination was widespread, a 
large volume of adsorbent is necessary. These 
problems must also be solved.
  In the future, in addition to tests of mesoporous 
Prussian blue as an adsorbent, efforts will also be 
made to solve the remaining issues mentioned 
above and to simplify the manufacturing process to 
enable mass production. As a result, development 
approaching practical application is expected.

Adsorption:
Improvement of Cesium Adsorption Performance of Prussian Blue

NIMS NOW International  2012 June
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Large cavity (hollow) in center

Prussian blue Prussian blue

Polyvinyl pyrrolidone Countless nanopores on surface 

Etching treatment

After etching treatment 

After etching treatment 

M
orphology observation 

M
icrostructure observation 

From press release of December 19, 2011 
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Fig. 1  Electron microscope image of titanate crystals Fig. 2  Schematic diagram of titanate crystals. TiO2 frame

Cs

TiO2 frame

Absorption:
Development of Cesium-immobilization Material

Press release only 2 months after 
Great East Japan Earthquake on March 11

  In a press release issued only 2 months after 
the Great East Japan Earthquake of 2011, NIMS 
announced the development of  a  new 
material which is capable of absorption and 
stable, long-term confinement of highly 
concentrated cesium. This material  was 
developed by a research team led by Dr. 
Hideki Abe, Principal Researcher of the NIMS 
Environmental Remediation Materials Unit.
  The radioactive elements released from the 
Fu k ush i m a  N o .  1  N u c l ea r  Pow e r  P la nt  
consisted mainly of iodine 131 and cesium 137. 
Of these elements, because cesium 137 has a 
comparatively long half-life of 30 years and is 
also easily dissolved in water, absorption in a 
thermally/chemically stable solid compound 
(solidified form),  followed by burial  and 
storage deep underground, is effective for 
preventing spread into the environment. On 
the other hand, because the management 
costs associated with burial/underground 
storage are extremely high, how to absorb a 
large amount of cesium in a small volume (i.e., 
high concentration absorption) and prevent 
elution to the outside environment over the 
long term (stable confinement) is important. A 
material for this purpose has been strongly 
demanded.

Confining cesium at 1g/cm3

  The focus of this research was titanium oxide, 
which has excellent thermal and chemical 

stability. Titanium oxide is an inert material 
with a high melting point of more than 1800C, 
but in its solid form, it does not have the 
capacity to absorb cesium. First, therefore, 
molybdenum oxide was heated to around 
900C, and cesium and titanium oxide were 
d i s s o l v e d  i n  t h e  o b t a i n e d  m o l t e n  
molybdenum oxide. An electrode was then 
inserted into the melt, and electrolysis was 
performed. As a result, crystals of a titanate 
containing 1g/cm3 of cesium were successfully 
obta ine d (F ig .  1) .  T h is  m eans  that  i t  i s  
theoretically possible to immobilize 100 tons 
of a 10ppb aqueous solution of cesium in a 
solid with the size of a sugar cube.
  This research showed that the titanate 
crystals not only enables highly-concentrated 
absorption of cesium, but also demonstrates 
an extremely good confinement effect. For 
evaluation under a hydrothermal condition, 
the t i tanate cr ys tals  were immersed in 
pressurized water at 150C, and the leaching 
rate of cesium into water was investigated.  
The leaching rate of cesium from the titanate 
c r ys t a ls  w as  less  than 1/170  that  f rom 
b orosi l icate  g lass ,  which is  a  s tandard 
immobilization material.
  In the interior of the titanate crystals, cesium 
ions are arranged in a single row without gaps 
in a tube-shaped frame formed by titanium 
oxide molecules (Fig.  2).  Because these 
titanium oxide frames are extended along the 
long axis of the needle-shaped single crystals 
without breaks, the leaching site of cesium is 
limited to the very small area at the two ends 
of the crystals. Thus, the titanate crystals 

effectively suppress elution of cesium due 
to the special  ion arrangement and the 
needle-like shape of the crystals.
  Spent fuels f rom nuclear power plants 
co nt a i n  n ot  o n l y  ce s iu m  137,  b u t  a ls o  
numerous other  sp e cies   of  radiotox ic  
elements including strontium 90. Continuing 
research after the development of the cesium 
immobilization material described above has 
demonstrated that strontium can also be 
stably confined in the interior of the titanate 
crystals in the same manner as cesium by 
electrolysis of molten molybdenum oxide in 
which titanium oxide is dissolved. Because the 
t itanate cr ystals in this research can be 
prepared under normal pressure, it may be 
possible to downsize and simplify the disposal 
system for radioactive wastes. On the other 
hand, a large amount of electric energy is 
necessary for the current method. This and 
other issues still require improvement.
  NIMS Principal Researcher Dr. Hideki Abe is a 
member of the Environmental Remediation 
Materials Unit, and is engaged in research and 
d e ve l o p m e nt  o f  “p re c i o us  m e t a l - f re e  
environmental purification catalyst materials” 
which realize performance equal or superior to 
that of the conventional precious metal 
catalysts without using precious metals (see 
Sept. 2011 edition of NIMS Now). It goes 
without saying that this accumulation of basic 
research contributed to the realization of the 
cesium absorption technology in a short 
period of only 2 months after the accident of 
the Fukushima Nuclear Power Plant.
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From press release of May 18, 2011 

This immobilization material was developed 10 years ago, purely motivated by basic science: to explore unknown oxides comprising cesium 
and titanium. The application of that material, which was created 10 years ago, was discovered unexpectedly through the crisis of the 
Fukushima Nuclear Power Plant. We have learnt that long-term fundamental research can quickly meet unpredictable crises.

Comment by Dr. Hideki Abe, Principal Researcher, Environmental Remediation Materials Unit
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In the first weeks of the Fukushima Daiichi nuclear disaster, a large amount of contaminated water accumulated on site. The Japanese Government has set up 
special challenges and social campaigns called "Save Japan." Since that time, we have had the dream of providing real help and support for controlled 
decontamination of radioactive elements at Fukushima Daiichi through our research achievement. In our invention, we design very simple nano-techniques 
based on visual nano-captors. These collectors have the capability to remove and detect radioactive elements even in low level concentrations with optical 
visualization in the same frequency level as the human eye without use of sophisticated techniques. Our versatile approach for simple remote sensing/capture 
of multiple radioactive elements would be the key to driving progress toward new frontiers for unique technology.   

Comment by Professor Sherif A. El-Safty, Principal Researcher, Research Center for Strategic Materials

  Prof. Dr. Sherif A. El-Safty of the Materials Circulation 
Design Group, Research Center for Strategic 
Materials developed nano-captors which are 
capable of adsorbing and removing iodine (I

2
) and 

strontium (Sr) in aqueous solutions using a 
high-order mesoporous (HOM) monolith.

Efficient designs for 
capturing ultra-trace amounts 
of iodine and strontium

  The fabrication of nano-captor design is based 
on the use of a high-order glassy silica (silicon 
oxide) material in millimeter monolithic shapes as 
platforms. These HOM monoliths featured unique 
atomic arrangements in the walls, micrometer 
particle size, high surface area (1000-2000 m2/g) 
and pore volume (~2.0 cm3/g), with innumerable, 
well-defined pores having a size of only several 
nanometers inside the material cavities. Within 
nano-captor design, the dressing of the inner and 
outer pore framework walls with a dense coating 
of binding compounds enabled selectively 
capture of iodine or strontium ions that were 
completely dissolved in water.  
  Professor Sherif ’s nanocaptor design has 
selectively captured iodine or strontium from 
contaminate d water,  despi te  the  h igh 
concentration of competitive and interfering 
anions (Cl- or NO

3
-) or ions (Ca2+ or Mg2+).   

Furthermore, due to the robust, dense coating of 
binding compounds in highly arranged 
orientation into the nano-scale pores and over a 
wide-range area of monolithic domains, the 
nano-captor can sensitively remove ultra-trace 
amounts of iodine (0.001ppm) and strontium 
(0.5ppm) with high adsorption capacity of 0.02 g 
element/g nano-captor. It is important to note that 
the ion-capture mechanism was prescribed by the 
chemical interactions between the nano-captors 
and adsorbates (I

2
 & Sr). In principle, radioactive 

isotopes such as I131 or Sr 90, which are similar 
chemical substances to these adsorbates, can also 
be adsorbed and captured in the same manner by 
the nano-captors. Based on this technological 
finding, the captured I131 can potentially be 
equivalent to 90 terabecquerels (90x1012 

becquerels). Likewise, 13 mg of strontium can be 
collected and removed with 1 g of the strontium 
captor, and this is equivalent to 65 gigabequerels 
(65x109 bequerels) of radioactive Sr 90.

Feasibility features of high selectivity 
and separation

  One important feature of this nano-captor is its 
high selectivity. Many conventional adsorbents not 
only adsorb the target element, but also adsorb 
elements in the same family on higher and lower 
rows of the periodic table. Such conventional 
adsorbents are frequently unable to distinguish 
between the target element and other elements 
which are contained in large quantity in seawater, 
namely, chloride (Cl) in the case of iodine and 
magnesium (Mg) in the case of strontium. 
  The newly-developed nano-captors can 
strictly identify the target element from other 
elements and capture only the target element. 
As a result, it is possible to remove iodine and 
strontium from aqueous solutions containing 
mixed seawater or mineral components.
  Another key feature is that the iodine or 
strontium captured by the nano-captor can be 
separated from the captor by performing 
str ipping treatment .  The lat ter  process 
significantly leads to concentration and reduction 
of the volume of the collected radioactive 
element, enabling more effective management. 
As a feature with practical importance, the 
nanocaptor can be recycled repeatedly without 
damage of the unique mesostructure.   
  In general, among all the developed techniques 
used, this nano-captor can be effectively used as 
an optical detector/collector for radioactive 
elements. The findings of this research showed 
evidence that the nanocaptor changes color 
when it adsorbs iodine or strontium, indicating 
the possibility of visual detection and recognition 
by the human eye without requiring use of 
sophisticated techniques.   
  Such integrations are the key to making the 
nanocaptor design the most appealing route 
for controlling the visualization, separation and 
management of radioactive elements.

Future challenge and outlook 

 Based on the lab-scale experiments with 
non-radioactive elements described above, the 
feasibility of adsorbing radioactive substances 
(iodine and strontium) is evident. However, 
further investigation related to the following 
issues should be carried out in the near future 
with related organizations:
1. Stability of the material design against radiation 

and possibility of long-term use
2. Removal efficiency control under severe radiation, 

boiling conditions and radiation environments
3. Real application in radiated marine water with 

high of concentration of salts, which makes it 
difficult to remove radioactive elements with the 
current technology 

4. Development of a new captor that enables visual 
capture and removal with a high degree of 
detection precision, even with ultra-trace 
amounts of the radioactive element of strontium

  Despite these pending issues, the current 
achievement based on high-sensitivity, naked-eye 
detection, removal and separation is unique and 
interesting, and meets the requirements for 
utilization as a base in the next generation of 
radioactive remote removal design. 

Decontamination: Development of Nano-Captor Design for Removal of Iodine 
and Strontium in Polluted Water
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Fig.  Change in HOM-DSNDP nano-captor with iodine 
concentration and the representative optical spectra and 
the difference in color map

adapted from Press Releases of July 27,2011,
http://www.nims.go.jp/eng/news/press/2011/07/p201107270.html



10 NIMS NOW International  2012 June

Fig. 2  Publicly manufactured “CRT Cullet Concrete”

In May, concrete boxes using “CRT Cullet Concrete” were publicly manufactured by a group of precast concrete manufacturing companies 
northeast of the site in Fukushima Prefecture. These boxes have a capacity of about 2 m2. The boxes can be safely stored at temporary storage 
locations and then loaded as-is on 10 t Unic trucks (truck equipped with crane) and moved to interim storage facilities. It is expected that the 
CRT glass from the televisions will soon be recycled and used as a countermeasure for radiation contamination at Fukushima.

Comment by Dr. Kohmei Halada, Senior Scientist with Special Mission, Research Center for Strategic Materials 

Fig. 1  “Fine Cullet” of CRT material in crushed state

Using television CRT as 
a shielding material

  On July 24, 2011, Japan discontinued analog 
television broadcasting and began digital 
broadcasting. At the same time, a large number 
of old televisions were replaced with new digital 
televisions. In fact, that number is generally 
thought to be 15.5 million units or more
  The possibility of using the cathode ray tubes 
(CRT) from those discarded television sets as a 
radiation shielding material was proposed at “The 
Ecomater ia ls  Forum” of  T he Societ y  of  
Non-Traditional Technology in April 2012. 
However, the actual effectiveness of the shielding 
effect was still  unconfirmed. In the work 
described here, NIMS Researcher Dr. Kohmei 
Halada, who has been involved for many years in 
research on resource circulation, including rare 
metals, urban mines, etc., actually verified the 
shielding property, focusing on this idea. *1

  In 2011, 15.5 million CRT televisions became 
objects of recycling. *2 This is equivalent to 
200,000 tons of CRT and nearly 20,000 tons of 
lead alone. CRT use a device called an electron 
gun to generate a focused electron beam, which 
produces the image on the screen. However, the 
electron gun gives off weak β rays. To protect 
users from the effects of these rays, elements 
with a high radiation shielding property, such as 
lead, barium, and so forth, are added to the glass 
in CRT which is generally used in televisions and 
similar products. The funnel part at the rear of a 

CRT contains nearly 25% lead, and the average 
content approaches 10%. 

Crushing and using CRT

  Crushed glass is called cullet, and the crushed 
lead glass used in CRT is called lead glass cullet. 
In this demonstration, it was found that a 55 cm 
thickness of crushed CRT glass cullet with a 
particle size of 20mm-50mm has the shielding 
capacity to reduce radiation to approximately 1% 
of its original intensity, even when simply piled 
without further treatment. This is the same as the 
shielding capacity of a lead plate with a thickness 
of about 9 cm. When the density is increased by 
blending the crushed cullet and the glass 
powder which is produced in the crushing 
process, reduction to the 1% level can be 
achieved with a thickness of approximately 
40cm. Moreover, a 28.5 cm thickness of a 
material in which crushed glass powder was 
kneaded in silicon resin had a shielding capacity 
equivalent to 4.4cm of lead. 
   From these results, it could be understood that 
lead glass cullet, such as that produced from CRT 
televisions, has a radiation shielding effect even 
when used with no special treatment, for 
example, when simply packed in bags.

The road to practical application

   In March 2012, NIMS published a press release 
describing the development of new radiation 

shielding materials by private companies actually 
using this effect.
  One of these materials is “CRT Cullet Concrete,” 
which was developed by a construction 
comp any.  W hi le  th is  mater ia l  d isp lays  
a p p r o x i m a t e l y  t h e  s a m e  s t r e n g t h  a s  
conventional concrete, a 50 cm thickness has the 
capacity to reduce the transmission radiation 
dose to about 1/2 of that with conventional 
concrete, and a 100 cm thickness can reduce the 
transmission dose to 1/4. A diverse range of 
applications as precast concrete is expected, for 
e x amp l e,  in  co l l e c t ion  an d s tor a g e  o f  
contaminated debris and soil,  covers for 
contaminated water pits, and so on.
  Another new product is called “CRT Cullet 
Waterproof Shielding Material,” in which the CRT 
cullet is embedded in resin. The necessary 
weight of the half-value layer (HVL), which is the 
thickness required to reduce the transmission 
dose to half, is more than 10% less than that of 
lead, steel, or conventional concrete. Because this 
product has a smooth surface, it can be cleaned 
and reused, even when radioactive substances 
are deposited on the surface.

*1 Verification was performed jointly with ATOX Co., Ltd..
*2 According to predicted disposal of used televisions by 
the Japan Electronics and Information Technology 
Industries Association JEITA.

Shielding: 
Defense against Radiation using Recycling of Old Televisions

S
p

e
c

ia
l F

e
a

tu
re

T
he G

reat E
ast Jap

an E
arthq

uake D
isaster

From press releases of July 25, 2011 and March 12, 2012 
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Fig. 1  Schematic diagram of magnetic nanoparticle cancer hyperthermia method.
Treatment method in which magnetic nanoparticles that have been delivered into 
cancer cells are irradiated with an AC magnetic field from outside the body, and 
only the cancerous tissue is killed by the local temperature rise caused by the 
resulting magnetic loss.

Fig. 2  Examples of orientational structures considered to occur with an ordinary magnet and in 
hyperthermia treatment of cancer. Schematic diagrams showing (a) Compass (azimuth magnet) 
oriented in the direction of the Earth’ s magnetic field, (b) thermal equilibrium state before start of 
hyperthermia treatment, and (c) steady orientational states of ferromagnetic nanoparticles which 
form under irradiation with a high frequency magnetic field having a somewhat weak, 
intermediate, and somewhat strong amplitude in comparison with an anisotropic magnetic field.

Elucidation of Heat Generation Properties of Magnetic Nanoparticles 
Impetus toward Practical Application in Selective Hyperthermic Treatment of Cancers 
Neutron Scattering Group, Quantum Beam Unit, 
Advanced Key Technologies Division

Hiroaki Mamiya

Expectations to hyperthermic 
treatment of cancer using 
magnetic nanoparticles

   According to the maxim of Hippocrates, what 
medicines do not cure, knife cures; what knife 
cannot cure, fire cures; and what fire cannot cure, 
are to be reckoned wholly incurable . As this 
saying shows, the efficacy of treatment using 
heat, or hyperthermia, has been known since 
antiquity. In modern times, dramatic progress has 
been achieved in drug delivery systems (DDS), 
which make it possible to deliver chemical drugs 
and nanoparticles to a targeted lesion. Using 
DDS, it is also possible to deliver nano-sized heat 
generating materials (magnetic nanoparticles) 
directly to cancers. These materials produce heat 
by a noncontact method, i.e., by excitation using 
an alternating current (AC) magnetic field like that 
used in induction heating (IH) cooking. This 
method, which is called magnetic nanoparticle 
cancer hyperthermia treatment, has attracted 
attention as a therapeutic method for selectively 
heating and killing cancerous tissue (Fig. 1). 
   At present,  development of magnetic 
nanoparticles and irradiation devices is underway, 

aiming at full-scale practical application. However, 
because the optimum heating conditions when 
irradiating a large amplitude AC magnetic field 
on magnetic nanoparticles which have been 
absorbed into a cancer differ greatly from those 
when powders are irradiated in the laboratory, 
elucidation of those conditions is an urgent issue.

Magnetic nanoparticles forming 
diverse orientation structures

   In this research, we carried out simulations of 
the behavior of magnetic nanoparticles in 
cancer hyperthemia treatment, considering 
simultaneous reversal of magnetization in the 
nanoparticles and rotation of the nanoparticles 
themselves, by setting conditions approximating 
those in actual treatment. As a result, it was 
found that the magnetic nanoparticles are 
gradually aligned by the magnetic torque from 
the AC magnetic field and form diverse 
orientation structures. For example, when a high 
frequency magnetic field is irradiated somewhat 
weakly on magnetic nanoparticles, an effect is 
obtained in which the nanoparticles form a 
structure that is steadily oriented in planes 

perpendicular to the magnetic field (Fig. 2(c)). 
From this example, it can be understood that 
there are cases in which the everyday experience 
that magnetic bodies align in the direction of a 
magnetic field, as seen with a compass (Fig. 2(a)), 
does not apply in the nano-sized world. It 
became clear that these orientation structures 
change depending upon the shape and size of 
the nanopar ticles,  the viscosit y of their  
surroundings, the state of bonding with cells, 
and the irradiation conditions of the AC 
magnetic field, and accompanying this, heat 
generation characteristics also change greatly. In 
the future, we plan to verify the predictions of 
these simulations using the neutron beam of the 
Japan Proton Accelerator Research Complex 
(J-PARC), which enables in-situ observation of 
nano-sized structures that occur deep in the 
living body and other objects, and optimize the 
particle size and shape of the heat generating 
bodies (magnetic nanoparticles) and the 
intensity and frequency of the irradiated 
magnetic field corresponding to the state of 
bonding of the nanoparticles with various types 
of cancer cells.

Hiroaki Mamiya  Ph.D. (Engineering). Completed the first part of the doctoral degree at the Graduate School of Science of the University of 
Tsukuba in 1994, and joined the National Research Institute for Metals (NRIM; a predecessor of NIMS) in the same year. He is currently a Principal 
Researcher of the Neutron Scattering Group, Quantum Beam Unit, Advanced Key Technologies Division at NIMS.
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(c) Examples of diverse non-equilibrium orientational structures occurring in hyperthermia treatment 
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Magnetic nanoparticles orient in planes 
perpendicular to magnetic field.

Magnetic nanoparticles orient in 
an inclined conical plane.

Magnetic nanoparticles orient 
parallel to magnetic field.

Heat generation

Cancer cell

Magnetic nanoparticles 

Drug delivery technology 

(a) Magnet oriented in the stable direction 
parallel to magnetic field 

(b) Thermal equilibrium state before start 
of hyperthermia treatment 

Static magnetic field
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Magnetic 
nanoparticles 

Compass oriented in direction 
of Earth ś magnetic field

Orientation is random 
due to Brownian motion.



Dear NIMS NOW readers,
  Almost ten months have already passed 
since I came to Japan, but for me, it seems that 
time flies quickly. I have had various memories 
and new experiences, and definitely I am 
enjoying working here. This was my first time 
in Japan and also my first time to live in a 
Japanese-only speaking country. At first I was 
worried as well as excited about learning new 
things. I came across many strange and 

unfamiliar things, from eating raw fish to 
experiencing an earthquake. Looking at the 
bright side, some of these things you cannot 
find anywhere else in this big world. On 
vacation, I had a chance to travel around 
Japan to places such as Kyoto, Nara, and 
nearby Tokyo. One of my best memories is 
that of making many friends from all over the 
world. If you wish to make many friends, you 
should get out of the lab and join the NIMS 
culture class. I’m having a good time here at 
NIMS and in Japan, and I’m pretty sure you will 
have a wonderful time and life in Japan too.

  The NIMS Conference 2012 was held over a 
3-day period f rom June 4 to 6 at the 
International Congress Center Tsukuba 
Epochal. The event was sponsored by NIMS, 
in cooperation with The Japan Institute of 
Metals, The Iron and Steel Institute of Japan, 
The Japan Thermal Spray Society, The Japan 
Society of Corrosion Engineering, The 
Society of Materials Science, Japan, The 
Ceramic Society of Japan, and The Surface 
Finishing Society of Japan.
  The theme of the 2012 Conference was 
“Structural Materials Science and Strategy 
for Sustainability – Back to the Basics.” 
Par ticipants discussed basic issues in 

connection with reconstruction following 
disasters, improvement of structural safety 
and reliability, and development of energy 
saving materials.
  During the Conference, the winners of the 
NIMS Award 2012 were announced and 
awards were presented. On the first day, 
Award-Winning Lectures were presented 
by the 3 recipients, Prof. Harry K .D.H. 
Bhadeshia of the University of Cambridge, 
Prof .  John W i l l iam Morr is ,  J r.  o f  the 
University of California, Berkeley, and Prof. 
Subra Suresh of Massachusetts Institute of 
Technology (MIT), who is also the Director 
of the National Science Foundation (NSF) 
o f  t h e  U n i t e d  S t a t e s .  T h e s e  
commemorative lectures were 
followed by Plenary Lectures by 5 

speakers .  The second and third days 
featured Technical Sessions on 5 themes, 
with presentat ions  by 4 6 advanced 
researchers from Japan and other countries.
  A poster session with approximately 100 
presentations was also held, mainly for 
younger researchers. Ten of these poster 
presentations were selected as winners 
of Poster Awards. All of the sessions were 
accompanied by lively, heated question-
and-answer periods. This year ’s NIMS 
Conference at tracted more than 500 
p a r t i c i p a nt s  a n d  w o n  o u t s t a n d i n g  
marks as an extremely rich conference, 
both in quality and quantity.

Reports of NIMS 
Conference 20121

NIMSHello

NIMS Signed a Comprehensive Collaborative 
Agreement with CNRS, France2

  (May 25, 2012) Delegation of 9 executive 
members f rom Centre National de la 
Recherche Scientifique (CNRS), France, 
visited NIMS and concluded Comprehensive 
Collaborative Agreement (CCA: a sister 
institute agreement).
  C N R S  i s  t h e  l a r g e s t  g o v e r n m e n t  
organization in Europe dedicated to 
fundamental research, and it employs 
34,000 people of which 25,600 are tenured 
(11,400 researchers and 14,200 engineers 

and support staffs) and it has produced 17 
Nobel prize laureates.
  10 research institutes including 3 national 
institutes, 19 regional offices and nearly 
1,100 research units (94% are joint research 
laboratories with universit ies,  public 
research institutes and industr y) are 
affiliated with CNRS.
  NIMS has been collaborating with 6 
research institutes belonging to CNRS under 
Memorandum of Understanding (MOU) for 

research and personnel exchanges, and 
moreover the CCA was concluded in 2004 
with the headquarter of CNRS.  Now a new 
CCA has been signed and both sides are 
hoping to enhance their collaboration than 
ever.

BOONCHUN Adisak (Thailand)
August 2011 - present
Postdoctoral Researcher

The world busiest 
intersection @ Shibuya

Ice cave @ Mt. Fuji 

Poster Session. Poster Session. Lecture by Prof. Bhadeshia.
Prof. Suresh receiving the NIMS 
Award from the President of NIMS.

Prof. Morris receiving the 
NIMS Award

President Ushioda and Director Réau 
showing the CCA


