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Radioactive cesium decontamination technology for ash
- Utilization and application of nanoparticles as an adsorbentTohru Kawamoto1*, Hisashi Tanaka1, Yukiya Hakuta1, Akira Takahashi1, Durga Parajuli1,
Kimitaka Minami1, Tetsuo Yasutaka 2 and Tatsuya Uchida1
[Translation from Synthesiology, Vol.9, No.3, p.139–153 (2016)]
The accident at the Fukushima Daiichi Nuclear Power Station in 2011 spurred rapid research and development at AIST for radioactive
cesium decontamination systems. In this paper, we introduce the development of an ash-decontamination technology that uses Prussian
blue (PB) nanoparticles. We developed all aspects of the system using a combination of fundamental technologies, which included
optimization of the PB nanoparticle structure for use as a cesium adsorbent, composite fabrication as granules for use as an adsorbent, and
extraction of radioactive cesium from contaminated ash. All aspects of development were achieved rapidly through close collaboration
among materials science, computational science, and geology researchers. Collaboration with private companies was also effective.
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1 Background: Radiation leakage accident
and AIST efforts
As a consequence of the great earthquake which occurred
on March 11, 2011, a giant tsunami struck the Fukushima
Daiichi Nuclear Power Plant operated by Tokyo Electric
Power Company. In the aftermath, the nuclear reactors,
which could not be cooled, leaked radioactive materials.
Most of those leaked materials had a low boiling point,
which exacerbated their release: an estimated 1.6 × 1017 Bq
of iodine−131 and 1.5 × 1017 Bq of cesium−137 were ejected
into the environment.[1] Because iodine and cesium exist as
salt compounds at room temperature, they fell on the ground
to contaminate the soil, or dissolved in river and sea waters.
The respective half-lives of cesium−134 and cesium−137
are approximately two years and 30 years. Therefore, their
effects are expected to persist for a long time. The Japanese
government has held the decontamination of radioactive
cesium from the environment as an urgent task, and has
concentrated on research and development to achieve that
objective.
Great efforts for decontamination have been undertaken at AIST
for various developments, such as those of decontamination
technology for contaminated water, soil, and incinerated ash
using Prussian blue (PB) nanoparticles,[2]–[6] of a concentrator
for analyzing ultra-trace radioactive materials in environmental
water, [7][8] of reference materials to evaluate brown rice
contamination,[9] of dynamic evaluation methods for radioactive
cesium in the environment,[10][11] and of decontamination cost
estimation.[12] We specifically examined the development of

decontamination and measurement technologies using PB
nanoparticles having high adsorption capacities for radioactive
cesium.
Decontamination technology is an extremely urgent topic.
Therefore, R&D has been conducted more rapidly than
a regular schedule might allow. Our core material is PB
nanoparticles. Although R&D activities are mainly conducted
from the standpoint of materials science, for the practical
application of decontamination technology, it has also been
necessary to combine diverse specialties such as chemical
engineering, geo-engineering, and agriculture. Because AIST
is a research institute, it cannot engage in final commercial
projects. Therefore, the developed technologies must be
transferred to a company to carry out commercial tasks. It
is also necessary to pursue coordination with the national
government and local governments, particularly with efforts of
coordination with the local area in which the pilot plant tests
would be done.
As described in this paper, we address the example of the
decontamination technology of incinerated ash using PB
nanoparticles. Details of the R&D are presented in Chapter
2. The strategy and management for conducting this
technological development are presented in Chapter 3.

2 Development of incinerated ash decontamination
technology
2.1 Technological background
The radioactive cesium adsorbent, our core technology,
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Table 2. Research for the development of ash decontamination technology and the policies for technological development

The transferring strategies are: (1) patent + technological transfer, (2) technology disclosure, (3) research by companies, and (4) utilization of conventional technology
R&D method
Components of technology

Method for R&D

Experiments

Technology
transfer
(1) (2) (3) (4)

Laboratory

Pilot plant

Incineration

Purchase

○

○

Convectional technology

20kg/h biomass boiler

Cs-extraction

Internal collaboration ＋
Invited researchers

○

○

Conventional/
condition optimization

Ash crushing/decrease
of water amount

Optimization of
PB-NP composition

Mass-production

Granule/non-woven

Mass production

Elution management

Scale up

－

Local agreemen
t/on-site management

－

Law-compliance

Cs-uptake

Material

Original + universities

Granulation
/immobilization

With companies

Adsorbent
management

Original +
with companies

Plant-site management

Waste
management

○
○
○

With companies +
support by AIST

Ash/liquid

Conventional
technology

Adsorbent

Original+
With companies

○
○
○

○

○

Method development

2.2.4 Storage and disposal of post-treatment waste
Regarding the practical application of our technology, the
remaining issue is storage of the waste materials generated
by the treatment. The main waste materials are washed
incinerated ash, wastewater used for washing, and the
adsorbents after adsorption. With regard to washed ash, waste
standards are 8,000 Bq/kg and 100,000 Bq/kg of radioactive
cesium concentration, the criteria for the storage level by
regulation of the Japanese government. The washed ash could
be stored or disposed of to maintain the standards. Regarding
wastewater, because radioactive cesium can be removed
sufficiently by the adsorbent, the water can be released after
conducting regular wastewater processing. Even in cases
where release is difficult because of the concerns of local
governments, treatment is possible by minimization of the
amount of water use by reuse, followed by evaporation.

As described above, we proceeded with the integration of
technologies using the incineration method, the extraction
of radioactive cesium from ash, recovery by adsorbents,
and the safe storage of waste products. We also conducted
tests at a pilot plant on site after laboratory tests. Using
these approaches, it was possible to establish technologies
for practical use in a short period. At the initial stage of this
research, the researchers in materials science played a central
role, followed by participation of chemical engineering
and geo-engineering researchers at AIST. However, it was
impossible for the AIST researchers to construct everything.
For example, i nci neration tech nolog y, plant desig n,
operation, and the design of adsorbents that could be set for
mass production in a short time could not be accomplished
by AIST, a research institute, alone. For these missions,
corporate collaboration is necessary.

The used adsorbent would pose no problem for regular
storage because it is sufficiently stable. However, in this case,
extremely long-term storage might be necessary because
it includes radioactive materials. In this case, safer storage
methods will be requested. To convert the used adsorbents
into oxides is an approach for storage in a stable condition.
However, oxidation reaction of PB entails large amounts
of oxidative heat, implying the evaporation of the adsorbed
radioactive cesium at temperatures higher than 600 °C.
For stable oxidation at temperatures lower than 500 °C,
we established an oxidation method under mild conditions
using superheated steam. Using this method, we converted
the adsorbents into oxides while maintaining evaporation of
cesium at an extremely low level.[51]

We first produced a ground design for commercialization, extracted
elemental technologies to achieve such commercialization from
the design, and formulated a strategy for the realization of the
elemental technologies. What is important is that the strategy
must include “who” will conduct the process, “when” the R&D
for each technology will be done, “who” will do it, and “when”
the commercialization will be done. As described above, because
AIST is a research institute that cannot engage in commercial
projects, commercialization is conducted by companies. Therefore,
it is necessary to produce an R&D plan with consideration of the
technology transfer to companies at a certain time. For the specific
R&D contents, the theme in the pilot plant must be determined
with tests to realize the technology transfer strategy. Moreover,
the theme at the laboratory must be determined to find a means of
deciding the parameters used in the pilot plant test. The strategy
established in this manner is presented in Table 2, which shows the
experiment contents and the R&D method, which are presented in
a bottom-up fashion from the initial stage or a small-scale stage. It

3 Team formation for the ash decontamination
technology development
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is noteworthy that the actual thinking process functions in reverse.
In the following section, the procedures for setting the strategy will
be described according to the order in which they were formulated.
3.1 Strategy for technology transfer
As a strategy for transfering technology to companies, we
decided to use four methods so that the appropriate person
might work for each mission. These are (1) retaining the
intellectual property by AIST + technology transfer, (2)
publication of our technology with appropriate retention
of intellectual property, (3) research by companies, and (4)
utilization of conventional technology. In a usual case of
technology transfer by a research institute, it is considered
that the institute obtains intellectual property rights. Then
this technology is transferred to a company, as incase (1).
However, when conducting R&D for the total integration of
issues as in this case, the development rate will be slowed if
all the intellectual property is retained, which is unrealistic
for companies to derive some benefits. Therefore, the R&D
strategy should be determined through comparison of
technology maps of AIST and those of the companies.

unreleased technologies. Under such circumstances, if
the technology is disclosed without patenting, then some
companies might monopolize the technology by patenting
the peripheral technology. If such a limitation of access
occurs, then it will be difficult to conduct simultaneous
collaboration with multiple companies.
Given such circumstances, we chose to patent the
intellectual property for PB nanoparticles to manage
through licensing by AIST. We also chose to preserve
i nt el le c t u a l p r o p e r t y fo r b a sic m e t ho d s fo r a sh
decontamination and post-t reat ment processes for
adsorbents after use.
(2) Technology disclosure
Although it is ideal for AIST to manage all related intellectual
properties, it is unrealistic because AIST has no superior
standing against companies in all technological fields and
because time and different costs must be incurred to retain
and maintain intellectual property rights. If there is a low
risk of exclusion by a company through patenting peripheral
technologies, then we were willing to disclose the technology
to accelerate the technology transfer.

A requirement for pursuing our strategy is to enable
collaboration simultaneously with various companies. For
this R&D, coherent development is necessary for materials,
plant design, and waste storage, as described earlier. It is
unrealistic to address such a wide scope of issues through
collaboration with only one company. Even if there were a
company that could accommodate all the technologies, much
time would be necessary to find such a partner company:
the plan might become deadlocked. Therefore, we chose to
conduct simultaneous collaborations with various companies
to increase the R&D speed and raise the technology to a
practical level. This was the main reason to choose a method
for each issue in our technology transfer from (1)–(4), as
shown below.

For example, we dist r ibuted k nowledge related to
the properties of ash obtained from each part of the
incineration furnace, the washing method to extract
radioactive cesium from the ash, and the technology for
the treatment of clumped ash, through press releases or
other means.[6] A wastewater management method for
cyanide was also distributed through publication of papers
because PB nanoparticles contain the cyano group in their
structures. Therefore, the elution of cyanide should be a
concern.[34][52]
(3) Research by companies

The following is a description of the outline of methods of
technology transfer.
(1) Retaining intellectual property + technology transfer
This is the main method of technology transfer by R&D
institutes. The invention is patented or transformed
into know-how. Then the technology is transferred to
a company under an appropriate contract. The contract
includes joint research agreements, information disclosure
agreements, licensing, and other matters. We use this
scheme for a technology in which the core technology
is held by AIST, and for which AIST would have an
advantage in competition against other companies. The
technology of PB nanoparticles fits the scheme. The PB
nanoparticles have been studied by AIST for a long time,
giving AIST advantages in potential R&D development
over other companies. Additionally, we also have

A ny tech nolog y must be passed to companies for
commercialization. Therefore, it is preferred that the
companies engage in R&D for technologies if they have
some advantage for the technologies. As examples, the
method of fabricating adsorbents, methods of preparing
compounds with the adsorbent into a usable for m,
obtaining local agreement to pilot plant construction,
on-site plant constr uction, and plant operation and
management have proceeded with this scheme.
For the compound preparation, granulation and immobilization
onto nonwoven fabric were considered. In fact, AIST
conducted joint research with about 10 companies, including
Kanto Chemical, Japan Vilene, and Unitika Trading Co., Ltd.
In many cases, the preparation technology was established by
the companies, although AIST was in charge of evaluating the
performance of the developed adsorbents.
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The important point is intellectual property management.
In simultaneous collaboration with multiple companies to
achieve a mutual goal, it is difficult to manage information
while dividing the results into collaboration with each
company. To do so, we chose the following policy to
manage the knowledge and included it in the joint
research agreement: (1) results disclosed to AIST can be
disclosed to other joint researchers as necessary; (2) profit
of a company that produces an invention will be ensured
through patent licensing; and (3) for patents generated
through joint research, the percentage of rights will be
determined by the degree of contribution to the invention
by the parties involved. In addition, even if an invention
is patented by a single company, the patent generated via
joint research will be licensed to other joint researchers as
necessary. The policy means the following.
• Contents that a company wishes to use as know-how
should not be discussed with AIST.
• Contents discussed with AIST will be disclosed to
other collaborating companies: a company will be able
to use other companies’ technologies to accelerate
development.
This scheme is effective if one needs to share basic
technologies among the companies. In the case of the
evaluation method of the adsorbents, it is better to follow
this scheme. Many companies collaborating for the
adsorbent fabrication had no specialization in radioactive
materials evaluation. Although the companies have
their own core technology for adsorbent fabrication, the
performance evaluation should be done with established
and unified methods for appropriate comparison, and
should be highly rated. Many companies started the joint
research with AIST with the agreement of this scheme.
This scheme is expected to be quite effective when
development for commercial applications is based on the
core technology of public institutes. If a public institute
owns the core technology, then a company aiming at
practical application must collaborate with the institute.
Collaboration with the institute would support future
standardization of the technology. It is also important to
collaborate with other companies having different core
technologies. In this case, our collaboration network
included var ious companies such as an adsorbent
manufacturer and plant engineering companies using
the adsorbent in their plants, indicating that construction
of a supply chain from the material to the plant comes
easily. To maintain the scheme, the research institute
must have the capacity to manage the supply chain and
standardization. This capacity is requested of the research
institute in the near future.
(4) Utilization of conventional technology

Using conventional technology to the greatest extent
possible is desirable to accelerate research and development.
The conventional technology can be expected to provide
operational stability, thereby reducing the risks. For this
research, we actively used conventional technologies
especially those related to incineration technology, ash
washing technology, wastewater treatment, and on-site
management. For conventional technologies, the companies
would have vast knowledge of their business field. Even if
they have insufficient knowledge, knowledge acquisition
can be done rather easily from public documents.
The most important aspect of technology transfer is how to
promote (3) corporate research. The technology should be
transferred to companies because an R&D institute cannot
accomplish commercialization, and has no knowledge related
to commercialization. Construction of the collaboration
network is also effective for the company to produce a
business plan with a concrete supply chain. The intellectual
property should be managed appropriately with appropriate
agreement of joint research to encourage understanding of
the companies.
3.2 Technology management for R&D
When the strategy for technology transfer is fixed, partners
and the approach of the technological development are
decided mechanically. In the case of “(3) corporate research,”
AIST need not introduce the entire technology. For example,
for adsorbent fabrication, a company developed the adsorbent
fabrication, whereas AIST mainly concentrated on the
improvement of the method for evaluating the adsorbent.
However, for on-site management of plant engineering, AIST
had to provide major support; even though the technology
transfer would be done under “(3) corporate research.”
This was because our theme was the decontamination of
radioactive cesium. Even the national government had not
investigated cesium decontamination before the accident.
Therefore, the technological development was conducted
simultaneously with the organization of various legislation.
To adjust to the unusual conditions, we were requested to
understand the legal policies appropriately, and were asked
for requests from the technology side to the government
organizations. Especially, AIST participated in the Fly
Ash Washing Technology Workshop, conducted by the
National Institute of Environmental Studies, to contribute
to the publication of “Technical material on fly ash washing
technology (Guidelines for performance and design of
plants).”[53] The pilot plant tests were conducted in accordance
with guidelines to reduce the risk that our technology would
not be able to meet legal requests.
In the case of (1) patent + technological transfer and (2)
technological disclosure, the R&D must be conducted by
AIST. To achieve this, AIST set research teams for the
project with a Vice-President as the leader, and with various
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specialists, e.g. a researcher for chemical engineering
who participated in the plant and column designs, and a
computational scientist devoted to the establishment of
radioactive Cs amount estimation methods in the column
from the dosage of the column surface. When designing
the plant close to commercialization, an engineer with
experience at chemical manufacturers was invited to design
the pilot plant.
Related to scheme (4) utilization of conventional technology,
the outside partner mainly worked on the problem with
researchers of the collaborating companies and invited
researchers from external organizations. The required
equipment was purchased without our own development. We
devoted particular attention to usability as a general method
in commercialization to avoid company specialization only
in implementing the technology. Our objective was the
development of ash decontamination technologies using the
PB nanoparticles. The strategy was that the companies would
use the PB nanoparticles without trouble using conventional
technologies for other tasks.
3.3 Determination of R&D contents
After the strategy was fixed, the remaining issue was
exact determination of who would do it and what would be
done. The appropriate R&D content and the schedule were
determined mechanically from available resources, budgets,
human resources, time, and existing equipment.
We especially devoted attention to choosing the adsorbent
for the pilot plant test so that it could be applicable for mass
production, i.e. only adsorbents manufactured by companies
were used for the pilot plant test. We did not use adsorbents
for which technology transfer was not completed. Regarding
plant design, the plant would be constr ucted only by
clarifying the technology using the commercially available
components. Regarding the adsorbents, manufacturing
equipment necessary for laboratory tests and for mass
production are completely different. It is important that
even if mass production was not achieved at the time, mass
production was possible for the company; and at least
cost calculation for mass production had been achieved.
To achieve the requirement, technologies for which the
technology transfer was not completed were avoided.
Collaboration with universities and other research institutes
was fundamentally important. Optimization of the materials
for PB nanoparticles was conducted with the cooperation
of universities and research institutes. At the materials
development level, they have powerful foundations. The
research institutes for agriculture and environment held
abundant knowledge for various applications. An issue
related to collaboration with the universities and the institutes
is the management of intellectual property. In our research,
collaboration with universities and research institutes was

kept to a fundamental level of materials development.
3.4 Flow of corporate collaboration and collaboration
with the government and local governments
For commercialization, a time schedule and a strategy for
each stage was fundamentally important. An unusual point
of the research is that the demand rose suddenly because of
the accident at the nuclear power plant. Consequently, many
projects were led by the national government and the local
government. This situation led researchers to follow the
direction of the national government. The local governments
frequently speculated on future markets. We participated
in the project f unded by the St rategic Funds for the
Promotion of Science and Technology, led by the Ministry
of Agriculture, Forestry and Fisheries from June 2011, where
we engaged in R&D for farmland decontamination. In this
project, to develop the contamination technology using
adsorbents, we organized a research team including AIST,
a university, another research institute, and two companies.
Therefore, AIST played a leading role in coordination of
efforts by the national government, a research institute, and
companies.
The R&D of ash decontamination started in autumn 2011.
Initially, efforts emphasized the plant design, with some
work on the development of adsorbents with the materials
manufacturer. The most pressing problem at this stage was to
find a place for pilot plant tests. Conventionally, radioactive
materials could only be handled in a strictly managed
environment according to Japanese law. After the accident,
for similar reasons, it was difficult to manage radioactive
materials that had been released into the environment. To
resolve this difficulty, the technological development was
conducted along with legal adjustments, simultaneously. In
finding a place for the pilot plant tests, we were requested
to watch the action of the Ministry of Environment, to
consider appropriate management to maintain safety, and to
present it to the local government and area residents to obtain
permission. A reliable relation between the project operator
and the local governments and residents is especially
important. We conducted pilot plant tests for incinerated ash
treatment in two places in Fukushima Prefecture: Koriyama
city and Kawauchi village. For the former, we provided
technological support for the tests conducted at the plant
location of the Koriyama Chip Industry Co., Ltd. Because
Koriyama Chip Industry had been operating their business
at this location since long before the accident, agreement
of the surrounding residents to conduct tests was obtained.
The latter was done by AIST in collaboration with the
Tokyo Electric Power Environmental Engineering Co., Inc.
(TEPCO Environmental Engineering; currently, Tokyo
Power Technology Ltd.). TEPCO Environmental Engineering
had already been working on the decontamination of
Kawauchi village when the pilot plant tests started. At
Kawauchi village, the union of the local company conducted
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de cont a m i nat ion work , a nd T EPCO Env i ron me nt al
Engineering provided technical support to the union. They
gained the confidence of the local government through this
activity. Therefore, the local governments also agreed to pilot
plant tests.
Although it was a special case because of this unexpected
accident, there are many cases in which the laws would
not be adjusted, even in regular R&D. It is necessary to set
the direction while understanding the laws appropriately,
checking the discussions of the committees and other
authorities before the enforcement of laws, and setting the
R&D strategy based on them.
We shall discuss the stage of corporate collaboration. R&D
is often handled as “step by step,” starting from “upstream”
activities such as raw materials development, and assumed
to go “downstream,” with development of adsorbents or
decontamination methods. However, two problems can hinder
such an approach. One is that R&D is time-consuming.
Another is that the supply chain is not clear at the start of
research: for that reason, one cannot establish a business
model. To resolve those difficulties, the R&D of each stage
should be conducted “concurrently”. This is generally called
“concurrent engineering.” For the approach, it is necessary to
clarify the whole picture of the R&D from the research level
to elucidate the picture for all people involved, and to elicit
frequent feedback.
3.5 Current status of commercialization
The achievement of the development of ash washing
technology is presented in Fig. 2. For example, Kanto
Chemical and Japan Vilene conducted the development of
the adsorbents. Some of them have become commercially
available. Kanto Chemical sells PB nanoparticle materials
to other companies. It has developed and sells granular
adsorbents.
These technologies are used for various purposes other
than ash decontamination. For example, the nonwoven
adsorbent of Japan Vilene is also used in the pilot plant tests
for preventing radioactive cesium leakage from ponds, and
is described in the MAFF manual.[54] Similar nonwoven
material is used as a measurement technology for radioactive
cesium in environmental waters.[8][55]

4 Conclusion
We developed the technology to remove radioactive cesium
from the environment after the leakage of radioactive
materials from the Fukushima Daiichi Nuclear Power
Plant of the Tokyo Electric Power Company using the PB
nanoparticles. As presented in this paper, we described our
ash decontamination technology to reduce the volume of
combustible contaminants. Because this issue is related to

an urgent matter for Japanese national security, rapid R&D
efforts were pursued in preference to those used for regular
R&D. Therefore, it was important to clarify the final goal
and to build collaboration to reach the goal as quickly as
possible. Especially important was the concurrent promotion
of both the expansion of collaboration and the management
of intellectual property. To achieve such a requirement,
we chose the following policy: we retained the intellectual
property for the core technology to ourselves to the greatest
extent possible, and left R&D for peripheral technology to
the companies. We also decided that the know-how disclosed
by the companies to AIST would be disclosed to other
collaborating companies as necessary, and we decided that
licensing to other collaborating companies would be possible
even if the technology was patented by a single company.
Through these policies, it was possible to conduct R&D
swiftly. This method is expected to be an effective mode
of conducting other R&D. However, it is necessary that
the research institute possesses the core technology and
holds superiority in knowledge and intellectual property.
It is also necessary to estimate the supply chain and cost
structure in anticipation of commercialization. These are
generally not regarded as important for research institutes.
However, if a research institute aims to become the nucleus
of open innovation in Japan, then these capabilities become
necessary. We hope this will be a model of R&D with one
research institute at the core. We sincerely wish to contribute
to decontamination efforts that are underway in Japan.
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collaborative structure, and whether there was a new collaborative
framework different from the above three categories. If possible,
could you create a schematic illustration to show how the
environment surrounding this R&D (including the stakeholders)
changed over time? If this is not possible, could you present a
schematic illustration that shows the R&D framework (including
the stakeholders) at the final stage?

3.4.

We decided it was difficult to represent this in a figure, so we
added the new subchapter, “3.4 Flow of corporate collaboration
and collaboration with the government and local government,” in
the manuscript.

Note that we have not yet reached our research goal,
unfortunately. I think we are out of the “valley of death” because
the companies succeeded in commercializing the adsorbents and
the products has been recommended in the government agency
manuals. On the other hand, for true contribution to society,
we must overcome the “Darwinian sea”. Currently, we have
not achieved industrialization, one of the reason being that the
progress of the cesium decontamination by the government has
gone slightly differently from our initial plan. Although this is
totally the role of the companies, “what the research institution
can do in this stage?” is an issue to be considered.

3 Ways of collaborating with the companies

4 Storage of the adsorbents

In this paper, “3.1 Transferring strategy” was very well
written and it is very important. I think it is useful for researchers
who will be involved in the “bridging research” or translational
research in the future, including those at universities. However,
in reality, industry-academia collaboration often does not work
very well. If you know any “secrets” in transferring to companies
based on your experience, please tell us.

In “2.2.4 Investigation of the storage and disposal of the waste
material,” you describe the establishment of a mild oxidation
method using heated steam. Since this is an extremely important
technology in your R&D, it is recommended to show the reference
for published papers, if any. If this is the first description, you
should provide more explanation including figures about the “large
amount of oxidative heat.”

Answer (Tohru Kawamoto)

Question & Comment (Naoto Kobayashi)

Answer (Tohru Kawamoto)

Thank you for your encouraging comments. For the practical
utilization based on the technology originated in the research
institute, the important points are described below. Please note
that the situation would be different in the case where the research
demand is raised by companies. Basically, It would be necessary
to establish Table 2 as formal knowledge. Specifically, it is as
follows:
(1) Visualization of the business image is the most important,
even if it is just an expectational diagram. In general, the
researcher in the research institute thinks that the companies
should create their business models. However, if we think
so, the project will fail regardless of whether the technology
is good or bad when the companies cannot achieve their
business model. Of course, the companies are responsible for
their final business models. However, at the start of the R&D,
when the companies know no details, construction of the
draft of the model by the institute-side would be important for
discussion.
(2) The design of the supply chain is also important. If the
partner company is large, it would cover all of the supply
chain on its own. But a small and medium-sized company
often cannot do that. When a small and medium-sized
company establishes the business model, the research institute
needs to suggest some material supplier, for example.
(3) Consideration for handling of intellectual properties are
also important. At least, when you aim for commercialization
involving multiple companies as in this case, AIST is required
to keep the basic intellectual property to make the companies
follow our vision.
Although I focused on topics other than research, specialty of
the technology is the most important, as described in Subchapter

Question & Comment (Naoto Kobayashi)

Answer (Tohru Kawamoto)

It is cited as Reference [51] as a paper on it has been published
on March 25, 2016.
5 Science of hexacyanoferrate
Question (Toshimi Shimizu)

In the cesium adsor ption using hexacyanofer rates, are
there any scientific experiments on what kinds of structural
factors affect the adsorption performance? For example, do
different metals such as iron, cobalt, nickel, copper, zinc, or
others, or the different composition of iron/cyanoferrate group/
water have great effect on that? In practical application, the
adsorbent needs to be used under various and complex aqueous
conditions (temperature, coexistence of various ions, presence of
other molecular compounds, pH, concentration, etc.). From the
perspective of analytical chemistry, are the optimal metal species
and compositions for each adsorption under various conditions
clear? Or, is it necessary to conduct an adsorption test for each
adsorbent on site? Please explain from the scientific view of
analytical chemistry.
Answer (Tohru Kawamoto)

I think the optimal solution at the academic paper level
is mostly known, e.g. concerning the capacity of the cesium
adsorption or high-pH resistance by changing the metal species.
However, there isn’t a lot of work for the detailed dependence on
the composition ratio of each metal species. We have determined
the chemical composition with intensive investigation such as the
elution properties after adsorption. However, Prussian blue has
different properties compared to other analogues. Its mechanism
of cesium adsorption is not completely understood. This issue will
be discussed elsewhere, since this discussion is beyond the scope
of this paper.
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