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Eeature Story

Tackling Water Pollution, a Sustainable Development Goal (SDGs)

Easily and accurately measuring phosphorus, the cause of eutrophication

Takanobu Inoue

SUSTAINABLE [T¥
DEVELOPMENT [Reee¥

G:L:ALS

Harmful growth of phytoplankton causes the oceans and tides to turn red. Hypoxia that develops in enclosed bays creates
frothy blue water. Micro-algae in lakes leads to algal growths that cover large areas of the water’s surface. All of these issues
indicate serious damage to water quality and lead to the mass death of marine life. This is due to eutrophication, which is
caused by an imbalance in nutrients such as nitrogen and phosphorus. Among these nutrients, Professor Takanobu Inoue
focuses on phosphorus. After identifying bioavailable phosphorus, he looked at actual on-the-ground conditions and de-

vised an extremely simple and effective measurement method to help reduce runoff.
This research contributes to the achievement of the Sustainable Development Goal 14: Life below water —
sustainably use the oceans, seas and marine resources for sustainable development.

Conserve and

Interview and report by Madoka Tainaka

Eutrophication: A Cause of Major

Water Quality Issues
Nutrients such as nitrogen and phos-
phorus are essential to the survival of
plants and organisms. In particular,
since there is no phosphorus in the
atmosphere, plants and organisms
have long relied on water that contains
phosphorus derived from forests,
sharing these resources in a way that
maintains a balanced ecosystem.
However, Professor Inoue notes that
in recent years, this balance has been
significantly disturbed due to issues
with water quality.

“‘Many people live on river basins,
and excessive volumes of nitrogen
and phosphorus flow through the
rivers into enclosed bodies of water.
Organic matter consumes oxygen
and decomposes, and nutrients
accumulate at the bottom,” says
Inoue. “Moreover, the consumption of
oxygen results in hypoxia, which is the
condition of extremely low oxygen lev-
els. This hypoxia rises to the surface,
causing blue discoloration. The high
concentration of nutrients causes vari-
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ous problems such as red tides and
algal blooms.

“In Japan, the algal bloom at Biwa
Lake in the 1970s is particularly
well-known. In order to address the
issue and decrease the correspond-
ing nitrogen and phosphorus, Shiga
Prefecture enacted the Ordinance
for the Prevention of Eutrophication
of Lake Biwa in 1979, prohibiting the
sale of synthetic detergents contain-
ing phosphorus along with enforcing
drainage regulations on factories. The
passage of this regulation led various
detergent manufacturers to begin
selling non-phosphate detergents,
leading to the improvement of water
quality nationwide. However, today,
algal blooms are not just limited to
Lake Biwa. Almost every year, red and
blue tides occur in places like Mikawa
Bay and Tokyo Bay. And it's not just
Japan. Eutrophication is becoming a
major environmental issue across the
world,” says Inoue.

Runoff from Agricultural and
Urban Areas is the Cause

Ministry of the Environment regula-
tions limiting runoff load are required in
order to manage the runoff of nutrients
into rivers. Runoff calculations intend-
ed for such regulations conducted in
a study of Mikawa Bay revealed that
the total phosphorus-generating load
(t/day) in 1999 was 4.3% of domestic
and industrial wastewater. In 2003,
this figure dropped to 2.4%, which,
along with nitrogen, marked a signifi-
cant improvement.

However, measurements across mul-
tiple locations in Mikawa Bay showed
that nitrogen and total phosphorus
levels remain relatively unchanged,
with many areas not meeting environ-
mental standards. Why is this?

Fig.1 Agricultural land during rainfall
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“Regulations for sewage and indus-
trial water treatment became more
stringent, and the prescribed mea-
surement method shows the total load
decreasing. However, there appears
to be another factor preventing the
levels from falling.

“We decided to focus on nutrient salt
runoff during rain events. From 2009
to 2011, we conducted a study of the
Hamada River, one of the channels
flowing into Mikawa Bay. Measure-
ments were taken at a fixed time every
month and ten times after it rained.
Measurement results showed that
while the total phosphorus amount
was 0.52% (t/lkm2/year) when using
the prescribed measurement method,
the actual value was 3.65%. In other
words, phosphorus runoff was seven
times the regulation load,” explains
Professor Inoue.

This was due to the breakdown of
runoff sources. Up to that time, total
load regulations assumed that ap-
proximately 90% of runoff came from
discrete sources such as factory
and domestic drainage. In fact, total
phosphorus from diffuse sources such
as agricultural and urban areas ac-
counted for nearly 90% of runoff.

“One factor in this discrepancy is that
the measurement method used for
total load regulations did not alter the
output levels of diffuse sources since
it began in 1988. In other words, the
idea that strictly regulating factory
and domestic drainage would sup-
press eutrophication was incorrect.
In particular, runoff load during rain
events is believed to result in a high
volume of fertilizer runoff from agri-
cultural areas. It is also possible that
livestock waste at small-scale cattle
ranches flows into rivers during rain
events. Runoff in urban areas is also
significant. Eutrophication can only be
stopped if runoff from diffuse sources
can be reduced,” says Inoue.

I Finding out Which Particulate
Phosphorus is Bioavailable

On the other hand, Professor Inoue says
that while current regulations target
total phosphorus, not all phosphorus is
bioavailable.

“While some dissolved phosphorus
in the water can be used by algae for
growth, algae can use some particulate
phosphorus  (granular  phosphorus
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mixed with various substances). As
there is a particularly large runoff of par-
ticulate phosphorus when it rains, when
it comes to eutrophication, it is critical to
measure the bioavailable phosphorus.
In doing so, it becomes necessary to
change the way we capture it, as seen
with the 3.65% measurement discov-
ered in our previous survey of Hamada

River.”
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Fig.2 Measurement of nutrients runoff from rain at
the Hamada River

Typically, particulate phosphorus is
measured using a shake extraction
method that takes up to 17 hours.
However, Professor Inoue discovered
a simple method that uses ultrasonic
to divide and extract the bioavailable
phosphorus  from the particulate
phosphorus in as little as one minute.
This method was inspired by separate
research, in which ultrasonic was used
to extract available phosphorus in soil
used by plants.

This method was used in a study of the
Umeda River and the Yagyu River flow-
ing through Toyohashi City. While total
phosphorus in the Umeda River was
higher, the Yagyu River had higher con-
centrations of bioavailable phosphorus.
“97% of the water in the Umeda River
basin comes from farmland. The con-
centration of total phosphorus is high
due to fertilizer runoff from the farm-
land. However, the load of dissolved
phosphorus flowing into the river is not
particularly high since much of the fertil-
izer in the soil is consumed on-site by
organisms. The particulate phosphorus,
coupled strongly with the iron and cal-
cium contained in high concentrations
in the soil, also cannot be used again
by organisms. As such, the amount of
phosphorus that can be consumed
by organisms is relatively low. At the
same time, the large load of particulate
phosphorus that flows from forests dur-
ing rain is already being used by plants
and organisms, so there is little effect on
eutrophication downstream.

Feature Stor!

“On the other hand, 73% of the water
in the Yagyu River comes from urban
areas. Since large areas are covered in
asphalt, the nutrients flow straight into
the rivers. This causes phytoplankton
and other organic matter to grow. In
other words, the concentration of bio-
available phosphorus is greater.

“It is increasingly clear that existing
regulations on total phosphorus are
insufficient. Moving forward, | hope to
conduct a more detailed study on how
organisms actually use phosphorus,”
says Inoue.

Professor Inoue’s initiatives have shown
that, despite the tendency to classify
phosphorus into one category, there are
significant differences in the ratio of
bioavailable phosphorus depending on
each region’s characteristics.

Solving water problems is one of the
SDGs adopted by the United Nations,
and dealing with eutrophication is an
urgent issue. Moving forward, it will be
necessary to review the measurement
methods of regulation loads and imple-
ment policies based on actual on-the-
ground conditions.

Reporter’s Note

Takanobu Inoue was born in Otsu, Shiga
Prefecture. As a high school student, he
witnessed issues with Biwa Lake's water
quality. Hoping to help, he entered Hok-
kaido University’s Department of Sanitary
Engineering. Beginning by focusing on the
impact to the ecosystem, he then shifted to
a focus on human health, one of the original
goals of sanitary engineering.

“Half of the students in the lab are foreign
exchange students from Asia. Their home
countries are dealing with problems such as
mercury poisoning from gold mining and E.
coli in drinking water. | am involved in work-
ing with the foreign exchange students on
related studies.

“This year, we began a study examining the
amount of plastic flowing into the ocean in
Indonesia. In looking at issues such as how
to limit the source for microplastics, it is clear
that we have a significant mission in our
society,” says Inoue. | have kept the same
goal since | was a high school student. | am
still working every day to improve our water.

Fig.3 Fieldwork in Indonesia
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Researcher Profile
Dr. Takanobu Inoue

Dr. Takanobu Inoue received his M.S. and PhD degree in engineering in 1986 and 1996 respec-
tively from Hokkaido University, Japan. He was researcher in 1986 and senior researcher in 1994
at National Institute for Environmental Studies. In 2000, he joined Gifu University as a assosiate
professor. Since he started his career at Toyohashi University of Technology in 2004, had been

involved in water environment engineering and sanitary engineering. He is currently a professor at ‘ )i
the Department of Architecture and Civil Engineering, Toyohashi University of Technology

Reporter Profile

Madoka Tainaka is a freelance editor, writer
and interpreter. She graduated in Law from
Chuo University, Japan. She served as a
chief editor of “Nature Interface” magazine,
a committee for the promotion of Information
and Science Technology at MEXT (Ministry of
Education, Culture, Sports, Science and Technology).
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Research Highlightg

Progress Towards the Realisation of Advanced Higher
Capacity Li-ion Batteries

Binder-less tin phosphide/carbon composite film electrodes by aerosol deposition process

by Ryoji Inada

Associate Professor Ryoji Inada and his research team at the
Toyohashi University of Technology have successfully fabri-
cated a binder-less tin phosphide (Sn,P;)/carbon (C) compos-
ite film electrode for lithium-ion batteries via aerosol deposi-
tion. The Sn,P,/C particles were directly solidified on a metal
substrate via impact consolidation, without applying a binder.
Charging and discharging cycling stabilities were improved by
both complexed carbon and a controlled electrical potential
window for lithium extraction. This new material could help re-
alize advanced lithium-ion batteries of higher capacity.

Lithium-ion (Li-ion) batteries are widely used as a
power source in portable electronic devices. They
have recently attracted considerable attention be-
cause of their potential to be employed in large-scale
uses, such as acting as a power source for electric
vehicles and plugin hybrid electric vehicles, and as
a stationary energy storage system for renewable
energy. To realize advanced Li-ion batteries with
higher energy density, anode materials with higher
capacity are required. Although a few Li alloys such
as Li-Si and Li-Sn, whose theoretical capacity is
much higher than that of graphite (theoretical
gravimetric capacity = 372 mAh/g), have been
extensively studied, they generally result in poor
cycling stability due to the large variation in volume
during charging and discharging reactions.

Sn,Py/C composite powder

$nP/C compasite film by AD

Fig.1 Scanning electron microscope (SEM) images of
Sn,Ps/C composite particles (1st row:1st image), and
surface of Sn,Ps/C composite film fabricated by the AD
process (1st row:3rd image). Corresponding elementary
distributions for Sn, P, and C are also shown.

Tin phosphide (Sn,P) (theoretical gravimetric capac-
ity = 1255 mAh/g) with layered structure, generally
used as a high-capacity alloy-based anode mate-
rial for Li-ion batteries, has an averaged operational
potential of ~0.5 V' vs. Li/Li+. Reports indicate that
complexing carbon materials with nano-structured
SnP; particles significantly enhance the cycling
stability. Generally, electrodes used in batteries are
fabricated by coating a slurry consisting of electrode
active materials, conductive carbon additives, and
binders, on metallic foils. For carbon complexed
Sn,P; (Sn,P,/C) anodes (such as those reported in
the literature), the weight fraction of the active materi-
als in an electrode is decreased by approximately
60~70 % because of the use of significant quantities
of conductive additives and binders to achieve
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stable cycling. Consequently, the gravimetric
specific capacity per electrode weight (including
those of conductive carbon additives and binders) is
decreased significantly.

25C,50mAg" After 1% cycle After 100" cycle.
o-25v
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Fig.2 Cycling performance of Sn,P; and Sn,Ps/C
composite films for different carbon contents (left) in a
two-electrode cell with Li metal as the counter electrode.
Cycling test was performed at cell voltage windows rang-
ing from 0 V to 2.5 V. SEM images of Sn,Ps/C composite
film surface after the 1st (middle) and 100th cycles (right)
are also shown.

Associate Professor Ryoji Inada and his research
team at the Department of Electrical and Electronic
Information  Engineering, Toyohashi University of
Technology, have successfully fabricated a binder-
less Sn,Py/C composite fim electrode for Li-ion
battery anodes via aerosol deposition (AD). In this
process, the Sn,P; particles are complexed with
acetylene black using a simple ball-milling method;
the obtained Sn,Py/C particles are then directly
solidified on a metal substrate via impact consolida-
tion without adding any other conductive additives or
binders.

This method enables enhancement of the fraction of
Sn,P; in the composite to above 80%. Furthermore,
structural change of the composite electrode is
reduced and cycling stability is improved by both
complexed carbon and a controlled electrical
potential window for lithium extraction reaction. The
Sn,P,/C composite film fabricated by the AD process
maintains gravimetric capacities of approximately
730 mAh g-1, 500 mAh g-1, and 400 mAh g-1 at
100th, 200th, and 400th cycles, respectively.

The first author Toki Moritaka is quoted as saying,
“Although optimizing the deposition conditions was
difficult, useful information on enhancement of cy-
cling stability of the Sn,P,/C composite film electrode
fabricated by the AD process was obtained. The

Associate Professor Ryoji Inada (Center) and his students

complexed carbon functions not only as a buiffer to
suppress the collapse of electrodes caused by the
large variation in the volume of Sn,P,, but also as
an electronic conduction path among the atomized
active material particles in the composite.”

“This process is an effective means to increase the
capacity value per electrode weight. We believe
there is scope for improvement of the electrochemi-
cal performance by the size and content of the
carbon in Sn,P,/C used in composite film fabrication
by the AD process. We are now trying to optimize
the complexed carbon content and increase the
composite film thickness,” quotes Associate Profes-
sor Ryoji Inada.
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Fig.3 Long-term cycling performance of Sn,Ps/C com-
posite films at different cell voltage windows ranging from
0V100.75V, and that from 1V and to 1.25 V (left). SEM
images of Sn,Ps/C composite film surfaces cycled at 0
V 0.75 V (middle) and that at 0 V 1.25 V (right) are also
shown.

The findings of this study may contribute to the
realization of advanced Li-ion batteries of higher
capacity. Moreover, because not only Li but Na can
also be stored in and extracted from Sn,P, by similar
alloying and dealloying reactions, the Sn,P; electrode
can be employed in next-generation Na-ion batteries
at much lower costs.

This work was partly supported by Grant-in-Aids
for Scientific Research (Grant No. 16K06218 and
16KK0127) from the Japan Society for the Promotion
of Science (JSPS).

Reference

Toki Moritaka, Yuh Yamashita, Tomohiro Tojo. Ryoji Inada, Yoji
Sakurai (2019). Characterization of Sn,P;-Carbon Composite
Films for Lithium-lon Battery Anode Fabricated by Aerosol
Deposition: Nanomaterials, 9(7), 1032.10.3390/nan09071032.
http://dx.doi.org/10.3390/nan0907 1032
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Eesearch Highlights

Pupillary Response to Glare lllusions of Different Colors

A blue glare illusion was perceived as brightest and caused larger pupil constriction

By Yuta Suzuki

The Department of Computer Science and Engineering at Toyohashi
University of Technology formed a research team with the University of
Oslo to measure the size of subjects’ pupils when viewing a brightness
illusion (glare illusion). The pupil expands in dark environments and contracts
in bright environments in order to control the amount of light that enters
the eye. Pupil contraction is also known to occur when people feel that
a viewed object is brighter, even though this may not be the case. This
study involved showing glare illusions to subjects in a variety of differ-
ent colors, and concluded that a blue glare illusion was perceived to be
the brightest among all the colors and that subjects’ pupils constricted
significantly in relation to this perception. The results of this study were
published in the Dutch journal, Acta Psychologica on July 6.

The research team hypothesized that
the blue glare illusion would be per-
ceived as the brightest because the
color blue is most associated with the
sky and sunlight typically appears
to have a gradient of luminance. In
other words, the team surmised that
the human visual system often relies
on ecologically-based  predictions
to interpret visual input. The results
of this study show that the blue glare
illusion was evaluated to be brighter
than any other color and that viewing
this illusion resulted in significant pupil
contraction. This effect is thought to be
unique to glare illusions, as it was not
observed for visual stimuli without any
illusory glare effects.

Lead author and Ph.D. course student,
Yuta Suzuki explains “The pupillary
light reflex, in which the pupil constricts
and dilates, follows a very concise
route in neural processing. The same
goes for the pupil responses we saw
when subjects viewed the blue glare
illusion in this study — the difference of
larger pupil constriction among colors
occurred with the pupillary light reflex.
This may indicate that we have evolved

to develop a faster pupillary reaction
for illusions in specific colors. We
also saw a correlation between pupil
contraction and individual brightness
perception. We hope to be able to use
the pupillary light reflex as a simple tool
for evaluating individual differences in
brightness perception.”

Assistant Professor Tetsuto Minami,
who lead the research team, says that
“Subjective brightness perception is
an individual phenomenon that cannot
be verified by others. That is, we could
only rely on peoples’ own reported
brightness perception. In this study, we
saw a correlation between brightness
perception and pupil contraction, and
this is a new development that can be
used as an index for evaluating objec-
tive brightness perception.”

Professor Shigeki Nakauchi, the Project
Leader, mentions that “The pupillary
light reflex has drawn attention as a
way to investigate a person’s mental
state through non-contact measure-
ment. Work involving the pupillary light
reflex will create innovative, fundamen-
tal technologies that can achieve rapid

PhD candidate, Yuta Suzuki (left), his supervisor, Professor Shigeki
Nakauchi (2nd from left) and co-researchers

progress in communication between
humans as well as between humans
and robots.”

This work was supported by JSPS KA-
KENHI Grant Numbers JP17H06292
(Challenging Research (Pioneering)),
JP17H01807 (for Scientific Research)
and JP18J11571 (for JSPS Fellows)
from the Japan Society for the Promo-
tion of Science (JSPS). The lead author
Yuta Suzuki also received assistance
from the Program for Leading Gradu-
ate Schools run by the Japan Society
for the Promotion of Science.

Reference

Y. Suzuki, T. Minami, B. Laeng, and S. Na-
kauchi, “Colorful glares: Effects of colors on
brightness illusions measured with pupillom-
etry,” Acta Psychologica, vol. 198, p. 102882,
Jul. 2019.

http://dx.doi.org/10.1016/j.actpsy.2019.102882

c'.’u c'.'o
O

6 TUT Research No. 19 Nov. 2019

Black and blue glare illusions: Glare illusion is an optical
illusion that has a luminance gradient towards the center
and is perceived as brighter by the gradient.
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Affordable multiferroic material

An important first step towards a wide-range of practical applications of advanced materials

By Go Kawamura

Research Highlight

An international research team led by Toyohashi University of
Technology, with the collaboration of the Japan Fine Ceram-
ics Center, the National Institute of Technology Ibaraki College,
the International Iberian nanotechnology Laboratory, Chang’an
university and The University of Erlangen-Nuremberg, has de-
veloped a novel liquid process for fabrication of an affordable
multiferroic nanocomposite film. The multiferroic material ob-
tained by the novel process has a strong correlation between
its electric and the magnetic properties which makes it a prom-
ising material for various future applications such as low-pow-
er-consumption large-volume memory, spatial light modulators

and unigue sensors, etc.

Multiferroic materials combine electri-
cal (ferroelectric) and magnetic (ferro-
magnetic) properties and have a strong
correlation between these properties,
i.e. they exhibit a magnetoelectric
effect. Their development is expected
to realize more versatile and higher
performance next-generation electri-
cal and magnetic devices. In recent
years, several methods of production
of multiferroic films exhibiting large
magnetoelectric properties have been
reported. However, these processes
require large and extraordinarily ex-
pensive vacuum devices, making them
impractical for fabricating materials
with a large surface area in particular.
As a result, multiferroic materials have
only been used in a very limited range
of applications.

The new material with advanced
multiferroic  properties developed by
the research team, however, was cre-
ated by combining several liquid-phase
methods that are relatively inexpensive
and simple.

The lead author, Associate Professor
Go Kawamura of Toyohashi University
of Technology explained, “In order to
fabricate a material that exhibits ad-
vanced multiferroic properties, it is nec-
essary to combine ferroelectric and fer-
romagnetic materials appropriately and
periodically on the nanometer scale.
In the past, nanopillar array structures
were fabricated in a self-organized
manner using gas-phase methods, and
a large magnetoelectric effect was ob-
served in such materials. However, the
gas-phase methods required the use of
large and expensive equipment, and it
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Associate Prof. Kawamura (right) and his co-researcher, Prof. Boccaccini

was practically impossible to increase
the area of the sample. Therefore, we
worked on the fabrication of nanopillar
array-like composite films using only
affordable and simple liquid-phase
methods. We were able to demon-
strate that the multiferroic composite
film we created has a local epitaxial
relationship at the interface between
the ferroelectric and the ferromagnetic
materials, thereby producing a large
magnetoelectric effect. Compared to
conventional gas-phase processes,
multiferroic  composite films can be
produced at a much lower cost and
can be used for larger areas.”

This study required an interdisciplinary
approach since it required expertise
across a variety of specialties. There-
fore, the research team collaborated
with specialists in dielectric materials
and magnetic materials, specialists in
observation of nanostructures using
electron microscopes, and specialists
in liquid-phase synthesis, among oth-
ers, from various institutions in Japan
and overseas. The novel process
was developed by combining these
advanced specialties.

The research team believes that
greater precision in the creation of
controlled nanostructures can lead
to a further improvement of the mag-
netoelectric effect, and will continue
to optimize the process. Ultimately,
the team plans to produce large area
materials, which is also a feature of
the process that was developed, and
apply them to a spatial light modula-
tor to develop applications such as
spatial displays that can build huge

three-dimensional images.

BaTi0;-CoFe,0,

nanotube arrays nanotube arrays nanocomposite

Images of the multiferroic nanocomposite film fabricated
by the developed process.
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JPMJUPR1524]. FLD acknowledges the
N2020; Nanotechnology based func-
tional solutions (NORTE-45-2015-02).
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Making Cut Flowers Last Longer

Development of plasma nutrient water production system and plasma gas freshness preservation

system

By Hirofumi Takikawa

Professor Hirofumi Takikawa and Assistant Professor Toru
Harigai at the Electrical and Electronic Information Engineer-
ing Department and Associate Professor Takahiro Yamauchi at
the Research Center for Agrotechnology and Biotechnology,
a research group of Toyohashi University of Technology, have
been working on the development of technology that can make
cut flowers last longer. In order to realise a practical imple-
mentation of the developed technology, the research team
collaborated with Sinfonia Technology Co., Ltd. in Toyohashi,
to develop a plasma nutrient water production system and a
plasma gas freshness preservation system.

The flower industry faces several is-
sues such as strengthening brands,
saving cost and energy in production,
preserving freshness and improving
vase life, and improving resistance to
diseases. Among these, preserving
freshness and improving vase life are
expected not only to make products
more appealing, but also to open up
new opportunities for distribution such
as overseas exports. In recent years,
efforts have been underway to
guarantee a long vase life.

Against this background, Toyohashi
University of Technology has devel-
oped a technology that uses dis-
charge plasma to sterilize tap water
and at the same time produce plasma
nutrient water containing nitrogen
oxides, which act as nutrients for
plants. A patented material was used
for the discharge electrode, a system

Fig.1 Concept of the production process of plasma

nutrient water

of sensors that constantly measures
the concentration of nitrogen oxides
(nitrate ions and nitrite ions) in the
production line was developed, and a
patent was applied for. Sinfonia Tech-
nology Co., Ltd. has now produced a
plasma nutrient water production sys-
tem incorporating these technologies.

The system can produce 6 liters of
high-concentration plasma nutrient
water in 10 hours. In actual use, this
is diluted to 50% concentration. Power
consumption is low at about 120W.
The company has also developed a
new system (plasma gas freshness
preservation system) that irradiates
plasma gas containing ozone when
unloading products before shipping.
In terms of performance, the effect of
extending the vase life of roses was
confirmed in joint research conducted
with JA Aichi Minami.

In addition, the research group is
also promoting the development of

optical environment measurement
technology using solar cells to con-
tribute to the increased use of loT
in the agricultural field. The group
has provided technology to Sinfonia
Technology Co., Ltd. and developed a
photon flux density measuring device
(band-spectral quantum meter) with a
resolution of 100 nm. With this device,
the growth environment can be easily
confirmed.

Fig.2 Plasma nutrient water production system

TUT Research No. 19 Nov. 2019

https://www.tut.ac.jp/english/newsletter/



| MERESEE)FOLAF VEMDEIRICEITT

1085 REBEREBBD/NNA T L IR ICLDEFHL

Research Highlightg

fEE =52

EEFMBZRZORRII—TE. ITT7OVIL- TR 32 (AD)EERINT/NA V4 (fEEM) ZR 09 21888 (SnuPs) /1—R (C) 8
BEZERERLEICEATDIEICHINLE LI B THDSNP/CRFHNERICEHRLCEOHEICIVER BIdDIEIcLU EE
BRAFER CELEZEZAONE T N—RVEEE ) FULBRBRICKOBEDHEHZEAEHEDIE T REBT(VIVFENELETDD
EEERBLILIARRISRERESEE ) F UL A VERORRICEMIDEEAONT T,

UFDLA7 VEMS EHRNEEFHED
BRELCELKERASNTHI. BIATIIER
BENE. J5TJM VN1 T RBREBHE.H
FUOBBEBEIRTLEDHR KEEBREL
TORZRANMELCNE I ABERME
REVFIOLAAVEBDOERRICIT. BEDS
WEBHMHOBEENEINE T
S NFOLEDERIERNZBLUTIRITOR
BEE (EREE:372mAN/g) KU EIFZDNNNC
RELERBEZTICOBNMICHTE SN
TWEGLrLAEN S GEL(RE) -BREaEt
(B BOBRBEMINKRETAVINREM
MENZENFREELOTNET,

)2 Ab88Sn.P; (BB E:1255mAh/g) 13,1
FOLEETHOOVOEMCTCIEH I OESEE
BEREBEBMBO—DTYI. H/FA XL
SI’]4P37<"’__’77_7J—{\/ (C) t@%ﬂ:@“ézt(\ zD
TAONREEN B LETDIENBEICHER SN
T —MIC U F UL VERDER
IS RHEZESHH CENE) CEERHEI /N
125 (fEEN) BLUBREZRELTCX S —
ZEEL.ChZERBELICER 2EITDT
RBCHREEINFII.Sn,P/CEGHFZENE
ELIEHRATHRETIE. A DIVRERE LD
HZEOZENHE- N1 VI ERELTCHU. &
HRINLEBATODENEDFIEER (BE) 1360

~T0% R, BERERH - DEBENE
TIBENSBRBE BT,

ERRMMNZEXRFER EFBERIFRDM
HRREHRERSER (2019838 L
pIEERERET) OMRIIL—TIE. T 7OV
W-TRIa>(AD)EERBWWT /NS VY
(EEM) ZR T Sn.P./CEEEZERE
WREICER DT EICHIIL & LTz SnyPsfl
FICH—RBRTFEFLUYT VD) &
BRAR—IVIIRNEBICEOTESHLL . EHE
Btz LTCEBBAIC /N A T amMAasl
ERLEBEMLEICEES B L. AFE
ICKW) EBEATODEDEDFIERIIE0%LL
LFICRBLEILICH—RUDEEEELT
ME(REEL) BUOHEICSK. FTREY
AOIVEDOEBRBEDELHIMEI SN FTHK
BUAUIREHDBRELE LZEBLIL
TeofERELTI00T MO ETRBRBEED
2M&ICHHE IS 730mAN/g. 20091V T
500mAh/g. 4001 2L #T400mAh/gdD
AEREERIFIDIENTERL .

FHEEEDOHSHLZR (2019F3BFZB LA
HAERIZE 7)) 13 [REBERHE DR ICEFLEL
fe ' SnuPs/CEEIRBEDTA VI ZE S
LICATEBREEHRENEBONEL BRI

| BReBendL7HERICH T DEARIG

BWIL7H#HEIISHRD<HMESN S KRELELRNZESISEIT

LI A—RUNE SnP DR E B AEBEICSK
DTFRNOEBEMBAREINH TOEHICE
BATER - MKt LIEMERFRBDERE
BNRZEOTNDEEZE T EFHBLTN
ENER

T EEHE THDIEHRREIRII. [ER
WEHUDBEBEESDHD ETATOER
IIBWMEFETHY. ESRDERICFERID
Sn,Ps/CEERLFDHA X0 H—R > DFEFE -
BEOREICEOTERDRERENER AT AE
EBZTCWEI.EROEBLEHETCELD
HRERE ICEI T RETEEDHTIVET ] &
NTWNET,

KADERISORERBESEE)FOLA
AVBRODRRICEMITDEDNEEZALT &
72 SnyP3ld U F O LDHTE ST ERIFIFID
DIENFRIDLIZDONCEEZE-REET
RISERTTeH )FOLAZT VEBSEHE
JZXMENTRERL T NI DLAF VERRER
NDIEALEBFTEET,

RHFRDO—EIIAARZMRE S (JSPS) B=
MABEBMEE REES16K06218HLV
16KK0127) DED T CTEEENZHDT
3_0

iR X

EFRMMZERZE 15R- MELZREARORZOMAF —LIZ. ENNBBDEDEBR (JLT7HER) 2R TS EEDEI BREKICHD. LV
WBHEEEMIINDES) DRESEZSHHLE U7 BEILIT BB TIEBIAL (BREE) (B2 WMSFTCTI3HE/ LT (FEkE) . BICA D & RE
TREEEFBE I, — A C.EMBETHIKRBUEEEICERKIBEET D ZENHOSNTOE T AMRIT FABBHEDIL 7 HERIC
BN BEBDEENBOLHIMESN. EOICKERBADRINMELEELCELDIEERBLE LI AMTRARIET S5 DR
5% Acta Psychologica (C7TB6HIITBEi S nE L,

ARF LI BLZERICEEDHDEIIET,
REBEDRISEBEEDHEZHF OLDICRZADD
TENILT7HBRIREPAD<HMETNDD
TRBNDEEZILIDFU RE AT LA
ICBNWTENFNRERZHOFTALNANZ
BRIDLODICEBETHOEERXT=DTILH
AOBRBNIL7HERIIMDEELLNTH
DNWEFHlicN Kl ZDHERERTN\DES
ICIIREREILBNDIRONELc. NI
ROMRZFELUIRRERBI LTI
NN ODT ILT7HRICHENLEINRT
HBDEEZONET,

[BEFLAEIE BB DL S RF DRI
I3 BB ICH N TIHRBICHRERRZED
TWET AR CTHEONLERIL7HRIC
WIDELRICEBRKIC EBHR O RICEE

https://www.tut.ac.jp/english/newsletter/

TAMEDEDIL7HBELIERERENER
LTW&ELIe LIeh DT ZEDS LD e BIRkED
RIS T DRV EARSITELDIBIZTH
RIIEBLCE I EZRTEDORNELNEE
Aol EBILDEECEADELISHMEICIE
HEEFRARONI L. DI EN D BEDE
MBICHITDEAEZTMT DHELY -V
ELTBARISHFIBTEDDTIIR A E
BEATNIT | CEHEZETHOELREIRE
DIBAERIIHBLE T,

MAF—LD)—F—ThHDEEAEHRII
[FBEHNREIHMBR . FAICLIDLASE
Weho 7z WD — AR R TOMERS
ICHDULDHIEBATL.SELBADSTHMNE
CEILBNEDHEBARONEIEN D . BE
WREBROSMBEZTMI DIERELTHAL

ERMEGCEITIEHBLEIT,

TODION)—F—DHhAR BRI ETL
RIGISIEFBEDMIC K OTLRREERD -
HDBHBFEL/MIELTEEEINTSY. &
NEXOOZI1Z4y -3 erEORYED
dI2 25— a3 aRENICERESES 1/
N—TA TREBEMiEBDTLLDIEOXY
~LTUWVETS

RIS XEHZE  BERZMRESHZF
MR EEBT T (FHR) (17H06292) 2
BEFFEB(17HO1807) FFRIARERRHE
(18J11571)DEBRICEDTEESNIZED
T I ERBEOHANIIXEMZE - BE
FHREZORE I SELREHE ) T
JTOTSLDZEEZITE LI,

TUT Research No. 19 Nov. 2019



Hesearch Highlights

| VILFoIO4 Yy oML BECHED

BEHHHONBILICEIEE—5

AT )

ERRMBUZRZL (—REIEEN) 7711025V IR — B TESSEMZRNIVNAIVOEBRA NI 7T/ 70/ —H5
T REDREZRZ FMYDIT STy =22V NN ITRZEDRARRICKI. SELVIVF IIOCNY IR ERT F/EEEEZ &
MCHEICFRCEDREBTOEREZBELEZLI.COTOEITEONDVILF 7O Y VIS BRIEFEC B QRFIEDORB 1238
WERIEE DI APERNICEHEE N - RBEDA T T/NNA R PEEA AR 2B TEDICANBEFEINE T

BRASFE GAEEMY) SHKBIGFE GaRY
M) EHEEE N DENSDREBICHE\E
BatD(BRESWRERYT) VILF IO
AV OHEHE K ZREETEMERERIENRE
[BKT/NAZRDERICE T TRENBES
NCWEIIAEFE AELBEIHIFEEZRTV
IWFI7IOA0Y VBEODERFNNDONERES
NELEA . ZNSOTAOLITIE ERICK
WTCEHLEERRBERENDETH . FICK
EREOMEZERTDIEIFRENTIIH
BATUIZZDIEH . VIVF 7T OA Y D11k}
DISAEEFIEITL<LBRONIZEEICIREINT
W&,

ZITHRF—LISHEBHNZMTHERL NS
DHDREBEERAEHEDIET BELY
WF IO IR EERT MR EERTE T
HEXz@EELELI.

[BEAVIFIIOAV IR ZRI M Z
ERTDICIS BFABRE MBI EZ T/ A=
VR =)V TEDICHDOBEMICESET S
WENHI I T ARSI [EEICEIOT BE

I OWREZRIFISSED

HBICH/ ES—TLABEREEERL.
ZOMBHIBWTAREREIHINRNER
SNTWELI. LA L ERAENTLV=RIEE
TlIE RETHMEEMBOERNNETHY.
FEARMOXEEEAIEENICATEET U
ZIC. RMCHBRBEDAHZREL TS
JES=TLATAVRESEOERICEE
HELT,

SORELE-7OERTESNDVILF IO
AV OEERTIT EABMRE B ADRE
ICBNWT. BIIMICIESYF oIV BBRESR
LTWBZENHELIERY FNICEDTK
FREBEIWIWREZRIRIDZEAHAIUEL
T RERDTE T O R IR TIEE (2
VIVFIIOA Y OEEEEERTDIIENT
E D DAERBIICENICATRETY, | L EEE
ETHDERBMBZRZOANBIAZRIRIL
SREAL £,

ZOMRIS EABBFIMZLEETDZEEREN
BEDTLI. ZEZC.ERNDER 2 LEHEEIC
EHELTCL\OFEMHCHMEMHOBFMRE

T O ATREKEBEBH IO T I AVH B EHFLIBRBORE

FRHBETOT/BEREDBEFIRARMEER
ADEMRLBEEHDL ENENDEELE
FMZREdDIET.INETICRNTOE
ZDREFEICDENIE LT,

MAF—LI BN/ BEELUBEE
ICEVRGZET BRBRMREZSOICHE
TEDEEATHY SIEHmETOEROEE
LICERBATNE S BIRMICIT BRLET
HEX0RETEHDMBOREEEZTIN
ZERERBFANICAITDIET EXREIRT
BEBRTEDE[ TR T LABENDER
ZEZTNEY,

LIRS

ERRMBZAZBER] BFERLFROE) IELHT - SHEEBDH ERBE (A VY —F 25 —DIURSMFEERE SO I —T
AP EERFESSEDRMOBRICIIBAR. 2V TIA4 -7 70/O0—(ABSHERFTT I AVRBKRERBES LU TSIV

EiHFLIERBZERELI L.

BEEZEICBNTUI. TS NRE.ATX
M-EAIFEEHERE AF5ME L R
MREBEDRBZRATNEIZDEN
T HEEHN - BF5MERLEICDON T EmA
TUTDHBESTIBABMEBEDRBEEE
HOTEDELTHHEINTNETIAET
3. BBE5ZRIATOINIEAEBEODTET
W&,

ZOESBH BERMBZRZIIHETSX
VZERWCTKEKEZRET D EERIC. EY)
DREDEBDERBEYPESIETSX
VREBKEZRETORMEMAL ILIZME
BEICIIFEFREEAOMBZR I o B’
BIAUICHBNTERRRY FHRRA 7 BX
UEHRA 7)) DREZERAITEE Y
O RTLERELFFHBRLELE.C

] O TUT Research No. 19 Nov. 2019

NoDORMAEEIDATET S IVREKEES
RBZIVIAZTPTU/O0—HAIUNE
BitLEL.

BEEBIZ.6VUNLOBRE TS IVREK
%10 CRIETE X EBOMADEICIE
2fEIEH T I HEBNIIHNI120WEREN
TI.F /o HERIDKBIFRFICAV VESD
TIXVHRA BT D2RB(T I VHRE
EH#FULERE) LHELIL.IhoDM
BEICDWCTIABM AR AEDEBMARICH N
TNTENRELCHEFEERMRZEAL
Fl7=

B ARARIIN—T T BEATDIOTERL
RICHES T2 KEEMZE NIRRT
ARMOBELHELCHI. . SEI T4

7T70/O0—HAZHICEIMHRA L. 100nm
AADHEBFREEARE (FED K
EFEN ZHELIL.CORBZR I VNIE.
FRICBRIRRZRERTELT,

https://www.tut.ac.jp/english/newsletter/



Pick Up

Industry-Academia Collaboration Bridging Accelerating TUT Research Seeds into
Commercial Products

“Knowledge Hub AICHI” priority research project is an important program, with annual funding of 1 billion yen, aimed at creating
and developing industries in Aichi Prefecture, where Toyohashi University of Technology (TUT) is located.

TUT completed the research and development stages, Phases I (2011-2015) and 11 (2016-2018), before launching Phase 1 in
2019. For this phase, 14 TUT researchers have been working on research and development projects in collaboration with private
companies. These projects have been organized according to five research themes within the three key fields of automobiles,
smart factories and basic manufacturing technology.

“Knowledge Base of AICHI” Strategic Research Project - Phase Ill (2019 - 2021)
Projects lead by Toyohashi University of Technology

Near Future Automotive Technology

Wireless power transmission system for compact vehicles | Advanced traffic safety management system
(Prof. Takashi Ohira) (Assistant Prof. Kojiro Matsuo)

* Development of traffic safety
management system using big
data collected by advanced
probes

* Development of unmanned
automated wireless power
transfer system for
battery-less compact EV

Advanced Al / loT / Big Data Utilization Technology

Business deployment of natural language processing Robot greenhouse using agricultural big data
technology by field adaptation (Prof. Hitoshi Isahara) (Prof. Jun Miura)

* Development of machine * Construction of big data on crop :
translation technology and Rk LS growth and disease corresponding j«\ ot
chat bot system aldaptabl_e I3 P —— to environmental factors and .
to each company's technical iey development of support system
terms 7 BORVASESZITA of using its analysis

Innovative Manufacturing Technology

Lightweight and high-performance mobility by innovative
multi-material bonding (Prof. Toshiaki Yasui)

+ Development of joining technology of :""'“”"0
& .. =N

dissimilar metals and dissimilar materials
for weight reduction of EV bodies

One of TUT’s main missions is to promote social implementation of its research results. In accordance with this goal, we established
the Research Institute for Technology Science and Innovation in 2016, to promote R & D and industry-academia collaboration.

As for funding, TUT directly funds its own “Collaborative Innovation Research Project” with support from external funds. In addition,
we are active participants in the“Knowledge Hub Aichi” priority research project which is funded by Aichi Prefecture.

During Phase I, the “Collaborative Innovation Research Project” (2016-2018), TUT worked on achieving social implementation of a
number of research themes. For Phase 1 , 13 themes were chosen to receive for 3 years of support. Phase III provides large-scale
matching funds of 10 million yen for some projects.
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