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Special Feature

Made in Japan : A Novel Dream Material Made from Trees
The Potential of Cellulose Nanofiber
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Pulp isolated from plants is composed
of fibers with a thickness equivalent to
that of a single hair, and is used as raw
material for paper.

Man has discovered and taken full advantage of various materials, including iron,
glass, rubber, plastic, and carbon fibers. Each new material has promoted the
evolution of existing technology and further development of science. Now,

cellulose nanofiber, produced from trees, is attracting attention as a new material
originating from Japan. We spoke with Akira Isogai, professor at the University of
Tokyo and a leading researcher in the fundamental research on cellulose
nanofiber and its potential as a new material.

One fifth the weight of iron,
yet five times stronger

Cellulose is a form of carbohydrate and is the
main component in the cell wall and fiber of
plants. Cellulose is said to be the most abun-
dant carbohydrate on the planet. It forms the
pillars in the innumerable layers of cell walls to
support grasses and trees. Cellulose nanofiber
is made from cellulose fibers such as wood
celluloses extracted from plants, and refined to
the nanometer level (nm=one millionth of a mil-
limeter). Cellulose nanofibers are 3-100 nm in
width, with a weight one fifth of iron, but five
times stronger. Furthermore, unlike iron, it has
excellent physical properties such as dimen-
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sional stability, resulting in almost no thermal
expansion and contraction under dry condi-
tions. Due to these superior features, the appli-
cation of cellulose nanofiber in various fields as
a highly functional dream material is expected.

Professor Akira Isogai was a key figure in

Professor AKira Isogai

Department of Biomaterial Sciences,
Graduate School of Agricultural and Life
Sciences,

The University of Tokyo

Born in Shizuoka Prefecture in 1954. Graduated from
the Faculty of Agriculture, The University of Tokyo.
Doctor of Agriculture. Jointly awarded the Marcus
Wallenberg Award, known as the “Nobel Prize for
Forestry” in 2015.

A single filament is composed of
approximately 15 nm-wide cellulose
microfibril bundles.

ak

creating opportunities for cellulose nanofiber.
Cellulose nanofiber was discovered many
years ago. However, an effective method to
break down cellulose fiber, which consists of
numerous bundles of cellulose nanofibers, into
individually separated nanofibers had not been
established. Professor Isogai’s laboratory suc-
ceeded in converting cellulose fibers into cel-
lulose nanofibers using a catalyst. The new
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Cellulose microfibrils are broken down
into individually separated cellulose
nanofibers using TEMPO catalytic
oxidation, a chemical reaction
occurring in water under ambient
temperature and pressure.

cellulose nanofiber is an ultra-fine fiber one
ten-thousandth that of a single human hair.

He explains “We were studying how to utilize
cellulose as a renewable resource to replace
petroleum-based fossil resources. However,
conventional chemical reactions of cellulose
required large amounts of organic solvents
and chemicals because of high stability of na-
tive cellulose. We therefore had sought more
efficient and environmentally friendly chemical
reactions to cellulose.

In 1995, a research group in the Netherlands
succeeded in a position-selective reaction of
water-soluble polysaccharides using a catalyst
in the water under the ambient temperature
and pressure. This catalytic reaction is environ-
mentally friendly and innovative, similar to bio-
logical reactions caused by enzymes in living
bodies. Professor Isogai has applied this cata-
lytic reaction to water-insoluble cellulose and
chitin since 1996. Although various scientific
data had been accumulated during the first 10
years, these data did not directly lead to the

A transparent, oxygen-impervious and durable film can
be produced using cellulose nanofiber.

development of cellulose nanofiber. However,
after an additional decade later, i.e., in 2006, a
breakthrough occurred. When wood cellulose
or paper-grade pulp was oxidized in the pres-
ence of a catalyst, its fibrous morphology did
not change. However, the mechanical agitation
of the oxidized cellulose in water using a
blender resulted in conversion from the oxi-
dized cellulose/water slurry to a highly viscous
and transparent gel. Upon careful examination,
it was discovered that the wood nanofibers
were individually and completely separated.

Carbon neutral
material with many
useful features

Professor Isogai, along with experts in nano
dispersion technology, established the TEM-
PO-catalytic oxidation method that can effi-
ciently break down cellulose fibers to cellulose
nanofibers with low energy. Cellulose nanofi-
ber prepared by this method has homoge-
neous widths, approx. 3 nm wide each, re-
gardless of different plant species or their
growing regions, and is extremely stable. After
the publication of the corresponding research
paper in 2006, cellulose nanofiber has become
rapidly known worldwide.

“The sizes of nanofibers prepared from
wood cellulose by the TEMPO-catalytic oxida-
tion method are uniform and smaller than the
wavelengths of visible light. The nanofiber gel
therefore is transparent without reflecting light.
Furthermore, a transparent film with excellent
oxygen-barrier properties can be formed from
the nanofiber/water dispersion by casting and
drying. Packaging materials made of this film
can protect food and pharmaceutical products
against oxidation by atmospheric oxygen and
maintain high quality for a long time. Since the
plants absorb CO, during their growing pro-
cess, this packaging material can be regarded
as carbon neutral, offsetting CO, discharge
caused by incineration. This is an extremely
unique, novel material.”

Cellulose nanofiber is expected to be used
as construction material for buildings, as well
as for vehicles such as airplanes and cars, by
taking advantage of its lightweightness and
strength. In addition, cellulose nanofiber can
be used as a thickener with unique viscosity
behavior to improve the quality of cosmetics
and coatings.

Currently, more than 100 types of cellulose
nanofibers are on the market. However, high-
quality products manufactured using TEMPO-
catalytic oxidation method result in higher
cost. One strategy to reduce cost and fully
expand the use of TEMPO-cellulose nanofi-
ber is development of new, highly functional,
and value-added products, which can be pro-
duced only using TEMPO-cellulose nanofiber.
Therefore, in the utilization of cellulose nano-
fiber, innovative ideas coming from wide col-
laborations and research networks are re-
quired.

* Oxidation reaction of organic compounds using TEMPO (Abbreviation of 2,2,6,6-Tetramethylpiperidine 1-Oxyl) as the catalyst.
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Case Study

y7/74») Solaire Resort & Casino

Manila Bay Entertainment City is a national development project underway in the Philippines near the
Ninoy Aquino International Airport. The Solaire Resort & Casino, located in the Bay City area of Paranaque,
is being developed as a resort complex that includes five-star hotels with a total of 800 guest rooms,
suites and villas. Due to inconveniences of equipment monitoring and control experienced in the preced-
ing project, a new partner was selected to develop the monitoring and control system. Through this new
partnership, a comfortable indoor environment was realized, leading to improved customer satisfaction.

Seek for solutions to the inconve-
niences in phase 1 of the project

The Republic of the Philippines is a coun-
try consisting of more than 7,000 large
and small islands in the Pacific Ocean.
Tourists from all over the world enjoy ma-
rine sports on beautiful resort beaches as
well as shopping and spa treatments in a
lively atmosphere unique to Southeast
Asia. The Philippine government has been
actively promoting tourism since the presi-

The savic-net FX system monitors and controls the equipment
in the Sky Tower area, which was constructed as an exten-
sion of the phase 1 project. The intranet of the Solaire Resort
& Casino was utilized for the communications for savic-net
FX monitoring and control, in order to eliminate the burden of
building a new network, as well as to prepare for future exten-
sibility within Solaire.

4 2018 Vol.2 azbil

dency of Gloria Macapacal Arroyo. The
government’s efforts to attract more tour-
ists have included to construct new roads
and other infrastructure and to launch
worldwide advertising campaigns.

Currently, the Philippine government is
developing the Manila Bay Entertain-
ment City resort site in the bay area near
the Ninoy Aquino International Airport in
Manila.

Four large-scale casino resort complex-
es are participating in the development of
this area, one of which is Solaire Resort &
Casino, developed by Bloomberry Resorts
Corporation. The Solaire complex includes
hotels, a theater, shopping mall, casino,
restaurants, and conference rooms. The
construction of the complex is proceeding
in phases. In March 2013, Bay Tower, a
500-room hotel, and other facilities were
completed in phase 1 of the project.

“For phase 1 of the project, a company in
the Philippines was the system integrator
which constructed the monitoring and con-
trol system for the air conditioning and
electrical equipment. However, after the
Bay Tower area opened, various problems
related to the equipment occurred. For ex-
ample, there was a problem with tempera-

ture measurement: although 22 °C was
displayed by the central monitoring sys-
tem, when the temperature in the room
was measured in response to a customer
complaint, it was 27 °C. There were more
than a few cases in which the room tem-
perature displayed on the central monitor-
ing unit was different from the actual tem-
perature,” explains Michael Ordaniel of
the Engineering Department.

Operation quality of equipment
dramatically improved by switch-
ing to a proven partner

After that experience, Solaire started
the development of the Sky Tower, a 300-
room hotel, and related facilities as an ex-
tension of phase 1. In consideration of the
inconveniences that were experienced at
the Bay Tower, Solaire chose Azbil Philip-
pines Corporation as a new partner, and
decided to introduce a monitoring and con-
trol system built around the savic-net™FX
building management system.

“Azbil Philippines has a lot of experi-
ence providing monitoring and control
systems for equipment in large-scale of-
fice buildings and commercial facilities in
the Philippines, and Azbil is well known as

The savic-net FX system manages the operation of an air conditioner for realizing a comfort-

able environment.

a superior supplier of building manage-
ment systems in the Philippines as well as
Japan,” says Mr. Ordaniel. “We highly
evaluated the performance of the compa-
ny and decided to select it as our partner.”

The Sky Tower area facilities opened in
December 2014. The new system devel-
oped by savic-net FX provides proper
control and operation based on accurate
temperature measurement, and also pre-
vented the temperature monitoring prob-
lem in the Bay Tower area.

“Once the operator sets the room tem-
perature to 24 °C on the central monitoring
system, you can keep the room at 24 °C,”
says Mark Pajid, an operator of the build-
ing management system. “Due to this sys-
tem, customer complaints concerning air
conditioning have disappeared. For a re-
sort facility offering a comfortable space
for an extraordinary level of enjoyment,
accurately controlling the room tempera-
ture is very important for customer satis-
faction. Also, the monitoring and control
screens of savic-net FX are very easy and
simpler to use than those of the previous
central monitoring system, which has sig-
nificantly reduced the burden on the oper-
ators.”

“Achieving proper equipment control
based on accurate measurement also
contributes to energy conservation,” adds
Mr. Ordaniel. “In addition, I am convinced
that both the hardware and the soft-
ware of the system are excellent in qual-
ity. We monitor the operation of the equip-
ment 24 hours a day, 365 days a year, so
it is a great help to our operators when

savic-net and savic-net FX are trademarks of Azbil Corporation.

A hotel room in Solaire Resort & Casino. Azbil's monitoring and control system provides an optimal

environment, making guests comfortable during their stay.

Azbil Philippines so quickly provides the
instructions we need if a situation occurs.
We are very satisfied with their quick sup-
port.”

Envisioning future integration of
the monitoring and control sys-
tem of the facilities

Solaire Resort & Casino has achieved the
hoped-for results in the Sky Tower area. It
also has a vision of integrating the system
used in the Bay Tower area, which began
operating earlier, into savic-net FX in the
future to enable centralized management
of the equipment in both facilities.

“Meanwhile, we are preparing for phase
2 of the project on the same premises fol-
lowing the completion of Bay Tower and
Sky Tower, as well as the construction of a
new casino resort complex in Quezon City.
We will be recommending Azbil Philip-
pines as our partner in these projects as
well. In the future, we would like to explore
the possibility of integrating the equipment
management of all three facilities,” says
Mr. Pajid.

“Currently, about 3,000 customers visit
the facilities we operate in Manila Bay

®The development project of Solaire Resort & Casino

Project phase 2
Asean Ave

Manila
Bay

Bay Tower area

phase 1 Sky Tower area

phase 1 extension

Entertainment City every day. One of our
most important missions is to ensure a
comfortable environment for all custom-
ers. We have high expectations that Azbil
Philippines will continue to be a source of
strong support for our projects in the fu-
ture,” says Mr. Ordaniel.

Solaire Resort & Casino

Address

1 Asean Avenue Entertainment City, Tambo, Parafiaque
City 1701, Manila, Philippines
| Grandopening |

March 16, 2013
Facility profile

Operation and management of hotels, shopping mall,
theater, casino, restaurants, and conference rooms

Michael Ordaniel
Electromechanical Supervisor
Engineering Department

Mark Pajid
BMS operator
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Developing Software to Create Value for
Customers While Striving to Become a

Self-Reliant Group of Experts

Azbil Information Technology Center (Dalian) Co., Ltd., began operations in Dalian,
China, in April 2007 with the task of spearheading efforts to improve the azbil Group’s
software development capabilities. As the company celebrated its 10th anniversary, it
announced its new business themes, “becoming a group of experts” and “strengthening
our self-reliance.” Moving beyond its previous framework of development on the basis of
contracts with Azbil Corporation, it now deals directly with customers as well and
concentrates on establishing a company structure that provides value.

A base for software development in
the city closest to Japan

The city of Dalian is located at
the southernmost tip of the
Liaodong Peninsula in the
province of Liaoning in northeastern
China. The area is known in China
as a place where a large number of
Japanese businesses operate. Azbil
Information Technology Center (Da-
lian) Co., Ltd. (Azbil Dalian) began

Tsuneo Murate

General Manager
Azbil Information Technology Center (Dalian) Co., Ltd.
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operations in Dalian in April 2007.

Azbil Dalian was established to lead
the efforts to improve the azbil Group’s
software development capabilities. At
the time, when IT use was rapidly
spreading in society in general, there
was a fast-growing demand for soft-
ware technology and graphical user
interface design technology in the az-
bil Group as well. As a result, Azbil
Corporation established Azbil Dalian
as a base for accomplishing a series
of software development tasks, from
system design and programming to
testing and maintenance, and as a
base for accumulating know-how in
these areas. The reason why Dalian
was chosen instead of Beijing or
Shanghai is that the city is the closest
to Japan. Geographically, it is easy to
access from Japan, and it has a much
greater number of students studying
the Japanese language than other ar-
eas of China.

Step-by-step expansion of business
scope while becoming a competitive
powerhouse of professionals

ince it was established, Azbil
Dalian has developed soft-
ware related to automation
products for the azbil Group’s Build-

ing Automation (BA) and Advanced
Automation (AA) businesses. In the
BA business domain, it is responsi-
ble for developing part of the appli-
cation programs for the savic-net™
FX and savic-net™G5 building man-
agement systems, as well as their
human-machine interface. For the
AA business, itis in charge of devel-
oping part of the software for the
Harmonas-DEO™ automation sys-
tem. It is also performing related
work that is indispensable in the era
of IT, including the development of
the azbil Group’s operation man-
agement system, as well as admin-
istrative work for Chinese transla-
tion and for desktop publishing.
Focusing on software development,
Azbil Dalian aims to acquire and ac-
cumulate knowledge and skills in pe-
ripheral areas such as instrumenta-
tion in order to grow as a team of
professionals that is competitive in the
marketplace. Currently it has 110 em-
ployees, and the number increases
every year as the company expands.
The workforce consists mainly of se-
nior engineers, programmers, and
test engineers and includes employ-
ees involved in instrumentation and
quality assurance. All personnel pos-

sess a high level of software develop-
ment skills, and in addition, about 70
% of them have passed the Japanese-
Language Proficiency Test (JLPT).
Over 30 % of the employees can work
with customers to discuss specifica-
tions in Japanese. That puts Azbil Da-
lian’s engineers and programmers in
the top level of Japanese language
ability in Dalian’s software industry.

Strengthening self-reliance by im-
proving worksite engineering abilities

zbil Dalian has chosen two
themes for business devel-
opment for the next ten

years, “becoming a group of experts”
and “strengthening our self-reli-
ance.” These reflect Azbil Dalian’s
goal of dealing with customers di-
rectly and seizing the initiative to
create customer value independent-
ly, in addition to developing software
according to prescribed specifica-
tions as it has done in the past. As
part of its measures to strengthen
self-reliance, it is expanding its busi-
ness scope to include the provision
of original products to companies for
which it is developing software, in
order to meet the needs of the local

Implementation testing of programs developed for the savic-net FX
and savic-net G5 systems.

manufacturing industry. One exam-
ple is a temperature measurement
system for high temperature ranges
using an infrared camera. Azbil Da-
lian is also supporting quality man-
agement for casting furnaces and
related equipment through its propri-
etary software technology.

To accelerate these initiatives, it is
necessary for each employee, partic-
ularly engineers, to refine their tech-
nological know-how and improve their
skills. Azbil Dalian aims to nurture
skills especially in the area of project
management. So far, eight employees
have become certified project man-
agement professionals (PMPs), an
internationally recognized qualifica-
tion, and Azbil Dalian encourages
more of its employees to acquire PMP
certification. In 2017, it assigned five
employees to a training program at an
external organization and subsidized
their expenses, stepping up its efforts
to support employees in acquiring
PMP certification. Previously, Azbil
Dalian has mainly undertaken devel-
opment on contract for Azbil Corpora-
tion, but it is now trying to provide em-
ployees with more opportunities to
gain on-site engineering experience,

including preliminary discussions with
customers about specifications, in an
effort to proactively provide products
to local Chinese customers. Azbil Da-
lian is working with subsidiaries such
as Azbil Control Instruments (Dalian)
Co., Ltd., a manufacturing base in
China that entered the Chinese mar-
ket earlier, as well as two sales bases,
Azbil Control Solutions (Shanghai)
Co., Ltd., and Shanghai Azbil Automa-
tion Co., Ltd., to improve its techno-
logical capabilities and bolster work-
site abilities. In addition, Azbil Dalian
continues to operate as an engineer-
ing and technological base for the en-
tire Asian region as part of azbil Group
globalization.

As we enter an age when things will
be more closely connected with peo-
ple as the Internet of Tthings (IoT) and
other technologies spread, the role
of software is becoming even more
important. Through software devel-
opment based on the azbil Group’s
philosophy of “human-centered auto-
mation,” Azbil Dalian aims to create
new value and to assist in the Group’s
rapid progress as it expands in the
Asian market beyond China and in the
wider global market.

The spacious Azbil Dalian office. With no partitions, communication is easy.

Azbil Dalian employees discuss the progress of the development process in

a videoconference with a development unit of Azbil Corporation in Japan.

savic-net, savic-net FX, and Harmonas-DEO are trademarks of Azbil Corporation.
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Pressure in a vacuum is below atmo-
spheric pressure, and a vacuum is not
a space where there is nothing.

We often think of a vacuum as a state in
which there is no air, no pressure, and no
anything. In reality, however there is no
space where nothing exists. Even outer
space outside the Earth’s atmosphere,
which is generally considered to be a vac-
uum, is not absolute nothingness, although
there is no air there.

Even if you do not fly to outer space,
there are vacuums all around you. Accord-
ing to the definition of the Japanese Indus-
trial Standards (JIS), the term vacuum re-
fers to the “state of space filled with gas at
a pressure lower than normal atmospheric
pressure.” Such a state can actually be ex-
perienced at any high place like the top of
Mt. Fuiji.

The air pressure on the plains where
most people live is 1 atm or 1013 hPa
(hectopascals = hundreds of pascals). At-
mospheric pressure decreases by about 1
hPa as the altitude increases by 10 me-

A vacuum has various characteristics.
New product development can often
take advantage of such
CharaCteristics.

Wow, vacuums helpto make
& lotof everyday products!

©ad-manga.com

spheric pressure.

ters, up to several thousand meters, so the
atmospheric pressure drops to about 630
hPa at the top of Mt. Fuji at an elevation of
3,776 meters. At the top of Mt. Fuji where
the atmospheric pressure is about two-
thirds of the atmospheric pressure at
ground level, phenomena different from
those seen in a 1 atm environment can be
experienced, such as difficulty in catching
one’s breath because of the thin oxygen,
and the ability to boil water at about 20 °C
lower than at sea level.

Many advanced technologies in
everyday life come from improve-
ments in vacuum technology.

Vacuum technology is used everywhere,
contributing to the improvement of industri-
al technology and everyday life. Examples
are the replacement of the gas in fluores-
cent lights, vacuum deposition to manufac-
ture mirrors for automobiles, distillation of
distilled liquors, suction used to pack eggs
in egg packs, and so on.

The progress in vacuum technology that
made it possible to create high-level vacu-
ums that do not have even the slightest
amount of impurities has contributed to the
evolution of semiconductor devices such
as microcomputers and flash memories.
Vacuum technology also plays a large role
in increasing memory capacity, utilizing big
data for advanced computation, achieving
Artificial Intelligence (Al), and making im-
provements on many other fronts.

Different technologies are used
to create the right vacuum level
for the application.

According to the classifications defined by
JIS, a space filled with gas at the pressure
found at the top of Mt. Fuiji is a “low vacu-
um.” Higher levels of vacuum are “medium
vacuum,” “high vacuum” and “ultra high vac-
uum.” The level of vacuum in outer space is
even higher than ultra high vacuum.

B Vacuum

The word “vacuum” may evoke an image of a space
which contains nothing, but more accurately it is the
state of a space where the pressure is lower than atmo-

Different levels of vacuum are used for
specific purposes. Examples are low vac-
uum for oxidation prevention and vacuum
insulation, and high vacuum for semicon-
ductor processing.

The simplest way of making a vacuum is
to suck air out of a container using a vacu-
um pump or the like. When an ultra high
vacuum is required for ultrafine semicon-
ductor processing, for example, the air in
the manufacturing area is sucked out to a
certain extent, and then turbomolecular
pumps are used to blow even small mole-
cules to the outside of the area with high-
speed rotating blades.

Vacuum gauges for high-precision mea-
surement of the vacuum states inside vac-
uum chambers have evolved along with
vacuum technology. The technology for
creating, using, and measuring vacuums
has evolved in tandem. As a result, vari-
ous manufacturing technologies have im-
proved, contributing to the development of
our modern information-oriented society. If
vacuum technology evolves further in the
future, we can expect the birth of technolo-
gies and products that we have never
seen before.

Using advanced signal processing tech-
nology, Azbil's sapphire capacitance dia-
phragm gauge measures pressure with
fewer errors due to temperature charac-
teristics of the sensor or lack of linearity
in the measured data. Thanks to a sap-
phire sensor created by micromachining
technology, this self-heating diaphragm
gauge features not only excellent repeat-
ability in high- i
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Yamatake Corporation changed its name to Azbil Corporation on April 1,2012.
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