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¢ Coalitions and Networks

e The Baltic Research Reactor Network

¢ The Caribbean Research Reactor Coalition

¢ The Central African Research Reactor Network

¢ Brochure Research Reactors in Africa

¢ The Eastern European Research Reactor Initiative

¢ The Eurasia Research Reactor Coalition

* The Mediterranean Research Reactor Network

¢ Low-Flux Research Reactor Network for Utilization Improvement

* Feasibility of using High-Flux Research Facilities as International Centres of Excellence
* Neutron Beam Applications

* New publication: Neutron Transmutation Doping of Silicon at Research Reactors, IAEA-
TECDOC-1681

* Cooperative Research Project on Development of Routine Automation of Advanced
Neutron Activation Analysis Laboratories (Open for project proposals)

* Cooperative Research Project on Development, Characterization and Testing of Materials
Using Neutron Beams

« Cooperative Research Project on Effective Adaptation of Increased Neutron Fluence
* Cooperative Research Project on Advanced Neutron Imaging and Tomography
Techniques
* Neutron Beams for High Precision Nuclear Data Measurements
¢ Neutron Therapy Technologies — Joint with ISNCT and NAPC
* Medical Isotope Research and Production
* Feasibility of low-specific-activity non-HEU Molybdenum-99 production and distribution

* Internet Reactor Project
 International Centres of Excellence in Research Reactors (ICERR)

| Fission Reactors for Nuclear Fusion |
The Highest priority for Beyond-ITER and for IEFMIF
» High Flux Machines especially for beyond-ITER

(Definitely need development of related irradiation technology for reactor irradiation in the
stage 4 of Dr. Diegele)

+ JOYO(Japan), HFIR(USA), JHR(EU), MBIR (Russia, plan)
The second priority for Beyond-ITER but will be seriously important for preparing for
IEMIF on its irradiation related technology developments
» Medium Flux Machines whose accessibility is high (In-situ and instrumented irradiation)
+ JMTR(Japan), BR-2(EU), HFR (The Netherlands), LVR-15 (Czch),
HBWR(Halden ,Norway), etc.
Mainly interests from material science but occasionally important for engineering aspects
especially for diagnostic related developments.
* Pulse Type Machine will have play a role (Transient behavior)
» Obninsk (Russia), NSRR(Japan)
Mainly for interests from material science but some may from feasibility study and
screening tests for engineering developments

» Small Machine will also have a role especially in convenient special purposed irradiation
such as in-situ and low-temperature irradiations

« Diagnostic materials and cryogenic materials
 Triga types, BR-1, JRR-4
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* FRM-2 (High Flux Neutron Beam Source) (Germany)
* Joule Horvitz (High Flux Irradiation Facility) (France)

* Pallas (Isotope Production) (Netherlands)
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« KEXERBFA (Nuclear Science User Facilities, Idaho)
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* |AEA TWGRR (International Atomic Energy Agency, Technical Working
Group on Research Reactors)
- FRERRE
* International Conference on Research Reactors: Safe Management and
Effective Utilization
* International Symposium on Materials Testing Reactor
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General characteristics
About 20 Simultaneous Experiments in Core and in
Reflector

In core In reflector
Up to 5.5 104 n/cm?.s > Up to 5.5 10 n/cm?.s (Dth)
1MeV

Fixed positions and
displacement systems

Up to 10* n/cm?.s > 0.1MeV
-

Small locations (O~ 32 mm)

Fuel studies: up
Large locations (O~ 80 mm) to 600 W/cm
with a 1% 235U

PWR rod

Fuel experiment

Material ageing
(up to 16

Thermal neutron
flux

Displacement systems:
¢ To adjust the fissile power
e To study transients

Fast neutron
flux
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MBIR reactor (main ideas)
* Fast reactor

* Sodium cooling

* Power - 150 MW

* Fast neutron flux 5*10!5

« Several loops for different coolant
« Start of the operation - 2017
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scientific centre that is open to international participation
Icomes scientists from other countries to work on joint or
r programs. An International Centre of Excellence based on a
earch Reactor has the facilities, staff and programs to support the
generation of one or more world class international competencies
and development of new leading edge technologies.”

- New opportunities for access to stats-of-the-art nuclear facilities.
= Accelerated competence building in nuclear sciences and energy.
Cost effective addition to scientific infrastructure.

.

Greater scientific recognition and prestige.
Enhanced utilisation.
Increased scientific resource base.

=

Concept of ICERR (Int. Centre of
Excellence of RR)
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Application of high power accelerator
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Incident proton |Proton  |Neutron{=10MeV) |Neutroni<10MeV) [Total
T.5TE+13| 5.53E+12 B28E+13 4. 32E+15| 4.48E+15
Heat [Wiee] 289 75 7.2 63 375
DPA[300{pd] 4.2 051 3.6 47 55
H [appm, 300fpd] 3118 1851 725 502 G178
D [appm._300ipd] 727 18 7.2 i.082 796
T lappm, 300dpd] 163 0.27 0.72 0.054 164
3He [appm St0fnd] 151 0.2 0.28 1.G0E-06 130
AHe [appm, 300fpd] 0 5.5 45 85 A28
1TRBF. 2RUBORF>>>> 5
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410appmHe 569appmHe: 727appmHe 1600appmHe

@ Very high density of small He bubble formatlon at very low temp. and dose compared to
conventional neutron irradiations.

€ He bubble behavior show quite different manner compared to neutron irradiation with low He
production rate.

€ The density of He bubble dose not change much and the size decreased with irradiation dose
and temperature.
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It is a great honor for me to be granted with
the 8" Zairyo-bukkai Shorei-sho award from
the Materials Science and Technology Division
in Atomic Energy Society of Japan (AESJ). |
was matriculated at Kyoto University in 2013
and received the doctoral degree in energy
science in the year of 2016. Since then I started
my career as a researcher in the Institute of
Advanced Energy, Kyoto University. The
research related to the award was performed
under the supervision of Prof. Kimura, and has
had assistance of Prof. Yabuuchi, Prof. Kondo,
Prof. Kasada and all the other stuff and
colleagues, to whom 1| should show my
gratitude from the bottom of my heart.

This research on tungsten (W) is related to
the application in nuclear fusion reactor, where
heavy heat load and neutron irradiation will
occur during operation on the tungsten armor
for the divertor. The bombard will generate
0-dimention defects including interstitial atoms
and vacancies, and their clusters. By the
motion of thermal diffusion, these defects
could form into dislocation loops, void, helium
bubbles, precipitate, etc.; the resultant
hardening and swelling could degrade its
functions as a cooling pipe shield.

To understand the microstructural evolution
and therefore the mechanical behavior
especially on the temperature dependence and
recrystallization effect, irradiation by heavy
ions, instead of neutron, was carried out at

DuET, Kyoto University, in a wide temperature
range correlated with its operation window.
Under the help of a transmission electron
microscope (TEM), the microstructure could
be viewed in a nanometer scale. At the
temperature ranged from 300°C to 700°C,
dislocation loops appeared in a 1-dimentional
loop string formation, which indicated that the
dislocation loops have strong interaction with
each other to a certain crystal orientation.
Dislocation networks also formed in the highly
damaged area. However at 1000°C, the
dislocation loops surprisingly arranged in a
3-dimentional matrix throughout the grain until
distorted by the grain boundaries. Such
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morphology was given a name “loop lattice”
compared to the “void lattice” that have been
observed in many other irradiated materials.
Further investigation reviewed this loop lattice
have a body center cubic structure, whose
<100> is parallel to the <100> direction of the
host material. Loop lattice offered us an
opportunity to investigate the strain field of the
dislocation loops at an equilibrium state.
Together with the irregular separated
distribution of the dislocation loops and voids
at 1000°C, the high temperature irradiation has
brought us a mystery kingdom of
microstructure evolution that need to be
explored in future.

There are several other aspects still unclear
yet. First, even though we can control the
temperature by cooling system, the surface of
W armor will reach to the recrystallization
temperature in any case. Such heat load, which

could heal the irradiation damage or give worse
impact, is not approachable by current
ion-irradiation facilities (these are expected at
>1400°C). Second, should we initially apply a
W-Re alloy in place of pure W, or say, will the
transmutations benefit or be detrimental to the
radiation properties? Third, how could we
ignore the orientation dependence which
indeed have significant effect to the irradiation
and nano-scale mechanical test? Some subjects
are presently under investigation by our group
and | genuinely hope we will achieve great
success soon.

Now | am proceeding to the oxide dispersion
strengthened steels with an up-to-date FETEM.
The award from AESJ has encouraged me
towards my research work with immense zeal
greatly, not limited to a microscopist but to
devote myself to fundamental and theoretical
researches as well.
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