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Eeature Story

Applying the science of air flow analysis to the

prediction and prevention of viral droplet infection

Akiyoshi lida

Professor Akiyoshi lida conducts research using fluid dynamics (aerodynamics) to study the phenomenon of sound gener-
ated by airflow. To date, his research achievements include helping to reduce the operating noise of automobiles and bullet
trains. In 2020, the research led to an unexpected breakthrough in demonstrating the efficacy of wearing masks, which
was hotly debated at the time. Moreover, by evaluating the performance of different masks and showing the risk of droplet
infection in different spatial conditions, Professor lida is making significant contributions to fighting viral infection.

Interview and report by Madoka Tainaka

Fugaku Supercomputer Simula-
tions and Mask Experiments

Professor lida reflects on what led to the
opportunity: a March 2020 conversation
with Professor Makoto Tsubokura (Kobe
University, Riken) on the way back from a
research conference.

“As the pandemic approached, we talk-
ed about how this wasn'’t the time to be
doing normal research,” says Professor
lida. Professor Tsubokura was research-
ing phenomena relating to automobile
engine gasoline inflow.

“For decades, we had been engaged
in joint research to address issues such
as automobile noise reduction. Since
we had a computer program for droplet
movement, we thought it could certainly
help contribute to preventing infection
from droplets. While there are significant
differences in conditions between en-

Differences saliva flies when standing and when
walking
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gines and humans, gasoline and saliva,
and the speed that droplets travel, the
fundamental ideas and relevant calcula-
tions are the same,” he says.

Coincidentally, at the same time, MEXT
and Riken issued permission to use the
computing resources of the Fugaku su-
percomputer (which was set to launch in
2021) on a trial basis in order to combat
the novel coronavirus. With that, they
decided to investigate how the virus
spreads in the air.

Their focus was on mask efficacy. At
that time, while manufacturers provided
performance ratings for mask filters,
there was no systematic evaluation of
the effectiveness of actually wearing the
masks. On top of that, at the time the
WHO was not recommending mask us-
age for those without symptoms, believ-
ing that masks were not effective. So why
were medical staff wearing masks if they
weren't effective? Was there an etiquette-
based reason to wear masks when
coughing? To answer these questions,
Professor lida and the team decided they
would need to clarify what masks could
actually do for us.

However, the miniscule fibers of masks
are measured on a micron scale, which
would make it very challenging to
calculate a realistic computer analysis
including all conditions. To address this,
they decided to conduct an experiment
to obtain data prior to performing calcu-
lations with the Fugaku supercomputer.
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Performance of masks (measured values) (left)
and experiment movie ( right)

“Droplet calculations were handled by
Professor Tsubokura, while Kyoto Institute
of Technology Professor Masashi Yamak-
awa examined how the virus moved in the
air, and | oversaw the mask experiments.
Coincidentally, Assistant Professor Tsu-
kasa Yoshinaga was researching human
pronunciation in my lab, and as he had
just purchased a mannequin head for his
research, we decided to put a mask on it
to conduct experiments,” says Professor
lida.
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The experiments commenced in April.
Through these experiments, Professor
lida and the team determined mask pres-
sure loss (degree of breath resistance)
and permeability. and modeled the
mask by measuring how much droplets
a person would expel while taking into
account the gap between the face and
the mask.

Showing Risks in a Variety of
Cases

Receiving cooperation from companies
such as Kajima Corporation and Daikin,
the team then used a calculation method
devised by Professor Tsubokura to
conduct simulations on droplet spread
in locations such as offices, elementary
schools, hospitals, and train cars. Su-
perimposing the experimental mask data
was, the Fugaku supercomputer then
calculated the degree of mask efficacy
in each location using numerous cases.

As early as June, a video was created
for presentation to the press showing the
efficacy of non-woven masks, droplet
spread from coughing and conversation
at offices and restaurants, the efficacy
of opening windows in train cars, and
the efficacy of partitions. These results
received extensive news coverage and
were widely adopted to make the infec-
tion countermeasures.

“We were in a rush for about two months
leading up to the first announcement
because we wanted to quickly dispel
public uncertainty over the efficacy of
masks and what conditions affected the
risk of infection. To be honest, there was
some wishful thinking that the pandemic
might be reined in by summer,” says
Professor lida.

From June onwards, Professor lida and
the project team surveyed around 200
types of commercially available mask,
and repeated simulations across various
daily scenarios. As a result, by August,
the project team had been conducted
over 2,000 analyses.

“To be honest, 50% of these analyses
were failures. The cause of the failures
was rooted in the fact that, as opposed
to models for vehicles, the droplets
move slower and remain in the air longer.
Despite this, thanks to the Fugaku super-
computer, we were able to progress the
experiment quickly through a process of
trial and error. Even if a calculation failed
after coming up with an idea, we were
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able to keep our motivation since we
could immediately move on to the next
idea. This is what made our research
possible,” says Professor lida.”

. COBO DO,

Infection risk in each scene; supermarket, res-
taurant (with talking and without talking), and at
home.

They subsequently publicized numerous
guidelines showing the efficacy of masks
made from non-woven fabrics, gauze and
urethane, the effects of double masking us-
ing non-woven fabric and urethane masks,
and infection risk from speaking or singing
loudly.

“For example, loudly conversing at res-
taurants or karaoke produces 10-14 times
more droplets than regular conversation,
so ample precaution is required. On the
other hand, our demonstration of mask
efficacy created new issues, such as the
peer pressure placed on people who would
not wear non-woven fabric masks. Wearing
a high-performance mask can sometimes
lead to heat stroke, and also increases
the amount of carbon dioxide in the mask,
which increases the risk of anoxia.

To start, masks are only helpful when there
is someone infected within the group, so
for the most part, their purpose goes unful-
filled. Nonetheless, to reduce infection, it is
best to wear a mask. Cloth masks are also
effective to a certain extent, and | think it is
important to continue to take reasonable
measures based on each situation as long
as the risk is present”

Experiments and Simulations in
Conjunction

“Professor lida and the team are continuing
their research into coronavirus counter-
measures. Recently, an experiment that
generates droplets using artificial vocal
cords has shown that droplets significantly
increase when the speaker converses
by vibrating their vocal cords, compared
to when their vocal cords do not vibrate.
Based on this finding, the team applied a
formula to determine infection probability,
which examined the degree of virus inhala-
tion required for infection, and showed the
infection risk for each event per infected

Feature Stor!

person.

“One hour in a karaoke bar increases
the probability of infection by 25%. At 90
minutes, the risk rapidly increases, so when
dining it is best to finish up as quickly as
possible. In addition, we recently discov-
ered that seat configuration at restaurants
affects the infection risk potential.”

In the future, the team intends to create
computer models for the throat, respiratory
tract, and lungs to investigate how the virus
attaches and how infection spreads when
inhaled. There will also be an investigation
of vaccine efficacy.

“This research should prepare us for the
next infectious disease. Ultimately, | would
also like to continue with my main research
on vehicles and wind turbines. In particular,
my research into giant ocean-based wind
turbines, which | began some time ago, is
a challenging topic that will be essential
to utilizing natural energy. That said, since
the foundations use aerodynamics, the
approach is the same.” Addressing the
appeals of his research, Professor lida
says that “while not all of my research is
immediately helpful to the world, the reward
of fundamental research is that it can be
applied to various issues.”

Reporter’s Note

Professor lida was admitted to Toyohashi
University of Technology after graduating
from Tokyo Metropolitan College of Aeronau-
tical Engineering (now Tokyo Metropolitan
College of Industrial Design). With a desire
to work with vehicles, upon graduation he
began research at Hitachi Ltd., where he
used aerodynamics to develop bullet trains.

“It was a good company, but with corpora-
tions, as the years go by, it is hard to do
your own work, since you may move into a
managerial position or the company may
restructure. | thought it would be boring if |
could no longer conduct experiments, so |
moved to a university,” says Professor lida.

While his skills with experiments ended up
helping to evaluating the performance of
masks, his research intentions at the univer-
sity were not solely focused on applications
for society.

“If you study the fundamentals, it can end
up being helpful in some way. | mean, at
one point | found myself researching the
flight of dragonflies. It's difficult to know what
that could lead to,” says Professor lida with
a laugh. The fun of fundamental research is
that it can lead to discovering problems that
are shared across various phenomena.
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Researcher Profile
Akiyoshi lida

working at TUT as a professor.

Akiyoshi lida graduated from Tokyo Metropolitan College of Aeronautical Engineering (Current:
Tokyo Metropolitan College of Industrial Technology), and then entered Toyohashi University of
Technology(TUT) as 3rd course student. He received PhD degree in 1998 from TUT. He started
his career at Hitachi, Ltd., Mechanical Engineering Research Laboratory and, After retiring from that
company, he also researched at Kogakuin University from 2001 to 2008. In 2008, he has been

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 Sci-
ence Technology at MEXT (Ministry of
Education, Culture, Sports, Science and Technology)
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Research Highlightg

How Japanese speakers confuse the pronunciations of /hi/ and /si/

Real-time MRI and supercomputer simulations reveal the production mechanisms of these sounds in a Japanese dialect _

by Tsukasa Yoshinaga

[

According to a linguistic survey report, people often confuse
the pronunciation of /hi/ ([ci] in the IPA phonetic alphabet) with
that of /si/ ([¢i]) in the dialect of Tokyo and the Tohoku region of
Japan. A team of researchers at Toyohashi University of Tech-
nology and the National Institute for Japanese Language and
Linguistics (NINJAL) found that the confusion is resulted from
the articulation of the tongue varying in the transverse direc-
tion while the tongue tip is positioned at the same place of

articulation.

In the Japanese language, the consonant
/s/ followed by vowel /i/ is pronounced [Gi],
distinct from /s/ followed by other vowels
[sa], [sw], [se], and [so], because of the
palatalized tongue articulation. Similarly, /n/
followed by /i/ is pronounced [ci], distinct
from /h/ followed by the other vowels [ha],
[¢w], [he], and [ho]. In both cases, the ar-
ticulation is palatalized and often confused.
For example, the initial syllables of Japanese
words /higasi/ “east” and /hige/ “mustache”
are often pronounced /sigasi/ and /sige/,
respectively, in Tokyo and a wide area of the
Tohoku region of Japan. In addition, the initial
syllable of /sichigatsu/ “July” is variably pro-
nounced as /hichigatsu/ throughout Japan.
This phenomenon has already been known
by researchers in linguistics. However, it
was still unclear how the acoustic contrast
between the two sounds /hi/ and /si/ was
reflected from their articulation.

In this study, the research team observed the
tongue movement during the articulation of a
Japanese sentence “korega hisi gata” (“This
is a rhomboid shape.”) by 10 Japanese
subjects using real-time MRI, and found
that 3 subjects pronounced /hi/ and /si/ with
almost identical places of articulation, while

{c] in /si/

the acoustic contrast between /hi/ and /si/
was audible.

To examine how the acoustic contrast was
formed with an apparently identical place of
articulation, the research team conducted
numerical flow simulations on oral models
using a supercomputer. The results demon-
strated that the acoustic contrast between /
hi/ and /si/ can be produced by the difference
in tongue shape in the transverse direction
without changing the place of articulation.

In the classification of the International Pho-
netic Alphabet (IPA), the place of articulation
is mainly defined by the position of the
narrowing of the oral passage in the anterior-
posterior direction. However, the current
findings show the possibility of changing
the sounds of /hi/ and /si/ with different
tongue shapes in the transverse direction,
suggesting the necessity of including a new
parameter for the IPA.

“The pronunciations of /hi/ and /si/ are often
used in Japanese and articulated uninten-
tionally in a daily conversation,” says the
lead author Tsukasa Yoshinaga, assistant
professor at Toyohashi University of Technol-

Throat
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Numerical simulations of the speech productions of /hi/ and /si/.
Observation on the real-time MRI and flow vortices in the oral models.
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ogy. “However, to simulate the production
of these sounds in our mouths, we need to
precisely calculate the generation of many
small vortices in turbulent airflow and the
sound propagation from these vortices. To
simulate them, approximately 80 million
computational grid points were set, and the
formulas were solved on the grids using a
supercomputer. We were excited when we
found small vortices causing the acoustic
contrast between /hi/ and /si/ in the simula-
tion results.”

For future research, the research team
believes that understanding the cause of
the acoustic contrast between /hi/ and /si/
will provide useful information for obtaining
fluency in Japanese articulation. In addi-
tion, this knowledge can be useful for the
rehabilitation of articulation disorders with
speech therapists. Currently, coauthor Kikuo
Maekawa, professor at NINJAL, is develop-
ing a database of articulatory movies of real-
time MRI. Additional analysis for the other
syllables will provide us useful information
for speech therapists as well as learners of
Japanese as a second language.

This work was supported by MEXT as “Pro
gram for Promoting Research on the Supercom-
puter Fugaku” (hp200123, hp200134), JSPS
KAKENHI (Grant numbers: JP17H02339,
JP19H03976, JP19K21641, JP20H01265,
and JP20K14648), and the research budget
of the Center for Corpus Development, Na-
tional Institute for Japanese Language and
Linguistics.

Reference

Tsukasa Yoshinaga, Kikuo Maekawa, and
Akiyoshi lida. Aeroacoustic differences
between the Japanese fricatives [g] and
[C]. The Journal of the Acoustical Society of
America 149, 2426 (2021)
https://asa.scitation.org/doi/10.1121/10.0003936
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DNA barcodes decode the world of soil nematodes

To understand soil ecosystems and contribute to advanced agriculture

By Toshihiko Eki

Professor Toshihiko Eki, a member both of Toyohashi University of Tech-
nology’s Department of Applied Chemistry and Life Sciences, and the
Research Center for Agrotechnology and Biotechnology, led a research
team which used a next-generation sequencer to develop a highly ef-
ficient method to analyze soil nematodes. This method focused on using
the 18S ribosomal RNA gene regions as DNA barcodes. They success-
fully used this method to reveal characteristics of nematode communities
that inhabit fields, copses, and home gardens. In the future, the target
will be expanded to cover all soil-dwelling organisms in agricultural soils,
etc., to allow accurate investigations into a soil's environment and bio-di-
versity. This is expected to contribute to the advancement of agriculture.

The United Nations (UN) declaration of 2015 as
the ‘International Year of Soil, was symptomatic
of a worldwide push to raise awareness of the
vital role played by the soil that covers our Earth,
and the need to preserve it. Diverse groups of
organisms such as bacteria, fungi, protists, and
small soil animals inhabit the soil, and together
they form the soil ecosystem. Nematodes are a
representative soil animal; they are a few millime-
ters long and have a shape resembling a worm.
They play an important role in the cycling of sail
materials.

Many soil nematodes are bacteria feeders, but
they have a wide variety of feeding habits, such
as feeding on fungi, plant parasitism, or being
omnivorous. In particular, plant parasitic nema-
todes often cause devastating damage to crops.
Therefore, the classification and identification of
nematodes is also important from an agricultural
standpoint. However, nematodes are diverse,
and there are over 30,000 species. Additionally,
because nematodes resemble one another, mor-
phological identification of nematodes is difficult
for anyone but experts.

The research team focused on “DNA barcoding”
to identify the species based on their unique nu-
cleotide sequences of a barcode gene, and they
established a method using a next-generation
sequencer that can decode huge numbers of
nucleotide sequences. They used this method to
analyze nematode communities from different soil

Uncultivated field Copse

Percentage of reads per feeding group (%)
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Uncultivated field I ——

Copse . |
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Soil sampling sites (top) Classification of soil nematode
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Home garden
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environments. Initially, four DNA barcode regions
were set for the 18S ribosomal RNA genes shared
by eukaryotes.

The soil nematodes used for analysis were
isolated from an uncultivated field, a copse and
a zucchini-cultivated home garden. The PCR was
used to amplify the four gene fragments from the
DNA of the nematodes and determine the nu-
cleotide sequences. Additionally, the nematode-
derived sequence variants (SVs) representing
independent nematode species were identified,
and after taxonomical classification and analysis
of the SVs, it was revealed that plant parasitizing
nematodes were more prevalent in the copse soil
whereas bacteria feeders were more prevalent
in the garden sail. It was also determined that
predatory nematodes and omnivorous nema-
todes were abundant in the uncultivated field, in
addition to bacteria feeders.

This DNA barcoding method using a next-gen-
eration sequencer is widely used for the analysis
of intestinal microbiota, etc., but analyses of
eukaryotes such as nematodes are still in the re-
search stage. This research provides an example
of its usefulness for the taxonomic profiling of soil
nematodes.

Research team leader Professor Toshihiko Eki stated,
“In my work on genetic research, | have been
dealing with nematodes (mainly C. elegans) for
around 20 years. | came up with this theme as a
suitable candidate for agriculture
based research on behalf of our
university’s Research Center for
Agrotechnology and  Biotech-
nology. As a test, we isolated
nematodes from the university's
soybean field and an unmanaged
flowerbed and analyzed the DNA
barcode for each nematode. |
found that in contrast to the soy-
bean fields, which were dominat-
ed by bacterivorous nematodes,
the flower beds were dominated
by plant-parasitic nematodes that
parasitize weeds and nematodes

Bacteria feeder
Fungus feeder
Plant feeder
Omnivore
Predator
Eukaryote feeder

Not assigned

that prey on them.

This discovery was the start of our research (Mo-
rise et al., PLoS ONE, 2012). If we consider this
method of using one-by-one DNA sequencing
as being the first generation, the current method
of using the next-generation sequencer can be
considered as the second generation. With this
method we were successfully able to clarify the
characteristics of the nematode communities
from each of the three soil environments.”

Rather than isolating and analyzing soil nema-
todes, the research team is now developing a
third-generation DNA barcoding method that
directly extracts DNA from the soil and analyzes
the entire organism inhabiting the soil. We are cur-
rently analyzing the soil biota of cabbage fields,
and other areas. Our goal is to analyze how soil
biota, including microorganisms, change with the
growth of crops with a high degree of accuracy, to
elucidate the relationship between crops and soil
biota, and to clarify the effects of cultivated plants
on soil biota and the biota associated with plant
diseases at the genetic level.

If this research progresses, it will enable rational
crop cultivation and management based on the
results of soil organism analysis, which will con-
tribute to the promotion of smart agriculture in Ja-
pan and overseas, including the Higashimikawa
region, one of the most important agricultural
areas in Japan.

This research was performed with the support of
the Takahashi Industrial and Economic Research
Foundation.

Reference

Harutaro Kenmotsu, Masahiro Ishikawa, Tomo-
kazu Nitta, Yuu Hirose and Toshihiko Eki. Distinct
community structures of soil nematodes from
three ecologically different sites revealed by
high-throughput amplicon sequencing of four
18S ribosomal RNA gene regions.
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Research Highlight

Using big data to explore the principles of people’s
online activities globally

What is different or the same about online human connections

By Shiori Hironaka

A research team led by Shiori Hironaka, a project assistant
professor in the Department of Computer Science and Engi-
neering at Toyohashi University of Technology, has collected
big data on social media across 10 countries and analyzed
the relationship between the connections people make online
and their behavior. As a result, they found that the follow ratio,
which reflects the behavior of users, is common in each coun-
try. We believe that finding common features and differences
in data that reflect the diversity of society will lead to the utiliza-
tion of data that is tailored to the differences in each culture,

such as marketing and effective information dissemination.

The team collected data on the activities
of more than 4,000,000 Twitter users in
ten countries (Japan, the U.S.A., Brazil,
the U.K., Philippines, Turkey, Indonesia,
India, Mexico, and Saudi Arabia) and sta-
tistically analyzed the online relationships
between the connections and behaviors
of users. This is the first analysis of its kind
in the world.

As more and more people use social
media, ever increasing efforts are being
made to use social media data for various
surveys and analyses. This is because it
is felt that social media data can provide
an indirect perspective on the condition
of society. However, even if the data on
social media is gathered in identical
fashion, the nature of the data will still
vary by country due to cultural differ-
ences and other factors. This is because
user behaviors are generally considered
to reflect the cyberculture of the group to
which they belong. Therefore, if we are to
make effective use of social media data
for research purposes, we should first try
to understand its characteristics.

In this study, we focused on the proximity
of users to each other’s activity areas and
analyzed the connections among users.
This is because we believe that the pur-
pose of social media use is closely related
to the proximity of activity areas between
the people connected on social media.
For example, users who use social media
to interact with friends are more likely to
be close to each other, while users who
use social media to post about celebri-
ties or subscribe to news are less likely

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

=180 -120 —-60

60 120 180

10*

10*

10

1107

10t

10°

-180 -120 -60

]

The global action area map shows geographical disparities

in the use of social media despite worldwide utilization.

to be close to each other. We examined
the relationship between the proximity of
the area of activity and the behavior of
users on social media, and compared the
characteristics of each country.

As a result, we found a common feature
among the 10 countries that is related to
the proximity of the user's area of activ-
ity. This characteristic is called the follow
ratio, which is the ratio of the number of
accounts a user is following to the the
number of followers of the user themself.
A user with a large follow ratio is consid-
ered to be a subscription-oriented user.
We also found that the longer the user’s
profile is, the farther from home the action
area tends to be, but this finding was not
replicated across all ten countries.

Essentially, data on social media con-
nections can express information about
users around the world in the same
way. However, this may not ensure the
expected precision for such functions

as friend recommendations and attribute
estimations as the nature of the data
individually differs due to cultural differ-
ences. The characteristics identified by
this analysis are expected to help provide
the best information to users of different
countries and cultures.

For future research, the aim of the research
team will be to examine the characteristics
of social media big data in more detail, so
as to clarify the cultural differences in the
use of social media, and to contribute to
the development of the next-generation
social media.

This research project was sponsored by
JPMJUMI20B4, a JST-Mirai Program.
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Shiori Hironaka, Mitsuo Yoshida and Kyoji
Umemura (2021).

Cross-Country Analysis of User Profiles for
Graph-Based Location Estimation.

IEEE Access, doi: 10.1109/AC-
CESS.2021.308652.
https://ieeexplore.ieee.org/document/9446911
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Hesearch Highlights

Sodium solid electrolyte with high conductivity and
electrochemical stability

Towards the development of all-solid-state sodium-ion batteries with long-term stability

By Hirotada Gamo

A research team led by Hirotada Gamo, a doctoral student in the De-
partment of Electrical, Electronic and Computer Engineering at Toyo-
hashi University of Technology, has developed NasSbS,, in which part
of the sulfur (S) is substituted with chlorine (Cl), as a solid electrolyte
for all-solid-state sodium (Na) ion batteries. The ionic conductivity of
Cl-substituted NazSbS, was improved by a factor of 3 at room tem-
perature compared with that of the sample without Cl substitution. In
addition, the crystal structure of Cl-substituted NasSbS, has a crystal
structure framework that facilitates the three-dimensional migration of
Na ions. Furthermore, the Cl-substituted NazSbS, showed better sta-

bility against Na anode.

The increasing demand for large-
scale energy storage has stimulated
research on developing all-solid-state
sodium (Na) ion batteries using low-
cost and abundantly available Na
resources. The development of solid
electrolytes that exhibit high ionic con-
ductivity at room temperature is es-
sential for the practical application of
all-solid-state Na-ion secondary bat-
teries. In order to meet this challenge,
interest both in Japan and overseas
has been focused on NaszSbS, as the
most promising candidate amongst
the various solid electrolytes due to
its high conductivity of 1 mS cm-t or
higher at room temperature. However,
in order to achieve the high conduc-
tivity, post processing is required
through ball milling, and achieving
high ion conductivity through a
simpler synthetic process has been
notably problematic.

In response to this challenge, the re-
search team lead by the Doctoral student
Hirotada Gamo used a liquid-phase
synthesis method suitable for mass
production to develop a Cl-substituted
Nas;SbS, solid electrolyte. By partially
substituting S in the NazSbS, with Cl, the
ionic conductivity at room temperature
was enhanced by a factor of three (0.9
mS cm-) compared to the sample with-
out substitution (0.3 mS cm-'). In order
to elucidate the effect of the structural
change caused by the CI substitution
on the ionic conduction properties, the
ionic conduction path was visualized by
precise analysis of the crystal structure.

As a result, it was demonstrated that
the partial substitution of CI for S in
NasSbS, results in the formation of a
crystal structure framework in which
Na ions are loosely bound to S (or
Cl), i.e., there is a weak electrostatic
interaction between Na and S (or Cl),

ot (0.9 mS cm™ at 25 °C)

b  Naion diffusion pathway
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and crystal structure of Cl-substituted NazSbS,
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which promotes ion diffusion, espe-
cially in the crystallographic c-axis
direction. The increase in ionic con-
ductivity by Cl substitution is attributed
to the formation of a crystal structure
with a three-dimensional ion diffusion
pathway.

Additionally, the team discovered that
the Cl-substituted Nas;SbS, solids
exhibit better stability against the Na
anode than the non-Cl substituted
samples.. Thisimprovementin electro-
chemical stability leads to a reduction
in the interfacial resistance between
the anode and the solid electrolyte,
demonstrating that Cl substitution in
large amounts is effective in improving
the stability against the anode..

The research team has pointed the
way towards future research by dis-
covering important design guidelines
for developing an ideal solid elec-
trolyte with desirable characteristics
such as high ionic conductivity and
superior  electrochemical stability.
They believe that the solid electrolyte
developed in this research could be
combined with liquid-phase coating
technology to realise all-solid-state
Na-ion batteries with a high storage
capacity and stable cycling.

Reference

Hirotada Gamo, Nguyen Huu Huy Phuc,
Hiroyuki Muto, and Atsunori Matsuda, Effects
of Substituting S with Cl on the Structural and
Electrochemical Characteristics of NasSbS,
Solid Electrolytes, ACS Applied Energy
Materials 4(6), 6125-6134 (2021).
https://pubs.acs.org/doi/10.1021/acsaem.1c00927
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Pick Up

Symposium “Toward the University’s Efforts and Future Reform in the Age of With/After
Corona”

Toyohashi University of Technology is holding a total of six symposia from FY 2020 to FY2021 for the purpose of sharing
information on responses to new coronavirus infections and proposing new approaches for the future. The symposium is a
valuable opportunity to get student feedback on the university’s corona response strategy, as well as an opportunity for the
university and students to exchange their opinions and consider how best to support students.

At the 4th symposium held on August 5, students shared their confusion from the early days of the introduction of online
classes and made suggestions for improvements. Holding the symposium was a positive step forwards for both the university
and the students. Toyohashi University of Technology will continue to listen to the voices of students and faculty while striving
to achieve the optimal education and research conditions possible under the pandemic.

B2 VRODLD4 R/ 775—20FBRICEIT2ERZ DS IO RSEICEIT)
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