EER AR EOEET DRI L

Survey on Technologies Developed in Communication Paper Production in Japan
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B Abstract

The computer, which was invented in the midst of the 20th century, has changed the way of processing and
transferring information among people. As new systems have been developed one after another, new types of
paper have also been developed alongside these systems, and they have been labeled “communication paper”
as a group. In the 1950s and 1960s, the main such product was punched cards and punched tape, which
were used to input data. Because they were imported and expensive, Japanese paper companies strived to
manufacture them by themselves and were highly successful. This effort greatly improved the capabilities of the
paper companies.

In the 1970s, facsimile (“fax”) machines and plain paper copiers (PPCs) were targets for product development.
As Japanese companies had already acquired a certain level of technological ability, they soon became
competitive with world-leading companies. The paper companies were involved in the R&D efforts by supplying
paper for their printouts.

The facsimile machine looked very promising, and therefore, many electrical product companies got into the
market and competed fiercely with each other with help from the paper companies. Although the telex system was
commonly used in other countries, the Japanese preferred facsimiles because their complicated kanji characters
were difficult to transfer by telex. Several systems such as electric discharge recording, electrostatic recording,
and thermal recording were in rivalry. Thermal recording became dominant in the market because thermal printers
were easy to handle and the paper was less expensive than others due to its single-layer coating. The fierce
competition continued, which led to the development of advanced and refined products (machines and paper),
which were successfully exported worldwide.

Japanese manufacturers worked hard to develop models of PPC machines that were inexpensive and that
operated as quickly as those made by their rivals in the world, after the patents held by Xerox expired. The
products were welcomed in the market, which expanded very quickly. This type of printing system was also
applied to non-impact printers (NIPs) and later to laser beam printers (LBPs). As printing speeds increased, the
printers, especially NIPs, required ever higher performance from the paper used with them. The fiber orientation
in the sheet was found to be critical in satisfying this requirement, and thus, techniques to control it in the paper
machine quickly became common in Japan. Then, the paper machine itself was redesigned, and an on-machine
sensor was developed.

In the 1980s, the export business of thermal paper was hurt by the strong yen. Thermal paper makers set up
manufacturing units abroad, including in Europe and the U.S. Then, facsimile machines were overtaken by other
systems that used plain paper such as LBPs. Further, the increasing use of e-mail diminished even the market
itself. Manufacturers of thermal systems, making use of their simplicity, explored new applications in the retail
industry such as register rolls and food labels. Ironically, these applications required a multi-layer coating on the
sheet.

In the 1990s, the inkjet printer surged into the market, although its development took a fairly long time.
Because the ink used in these printers is aqueous, a different kind of quality is necessary for the paper. Paper
companies took it to be a successor to thermal paper and have developed various kinds of ink jet paper suitable
for documents, digital photos, and large commercial printing runs.

In the 2000s, an evolutionary change is occurring in communication, and more and more information is being
stored in the network. This is changing the way paper has been used, and its consumption will undoubtedly
decline.

The history of product development in communication paper shows certain characteristics in Japan. First,
by substituting imported products with locally made ones, the technological level was improved. Then, fierce
competition in Japan led to the products being refined to the highest quality, and they were then successfully
exported worldwide. Similar moves occurred in every industry over the same course of time. Because of that
spontaneity, a large and efficient nationwide infrastructure was quickly built in Japan, which was a driving force
for growth in the 1980s and on. One factor that helped to spur the spontaneous growth was that information was
exchanged rapidly and efficiently in Japan, where many people live in a small land area.

As the world becomes more globalized, and information is increasingly stored in the network, the advantage of
this quick information exchange in Japan is disappearing. Japan therefore needs to develop a new model that fits
the new generation.
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Historical Development of Gas Engine for Industry and Marine Use
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B Abstract

Although gas engines are prime movers of one sort, their existence is rarely recognized in comparison with widely known
gasoline engines, diesel engines, steam engines, and gas turbines. However, gas engines are the oldest prime movers as
internal combustion engines if steam engines, which are external combustion engines, are excluded, and it is not well known
by the public that its practical application started around 1820. In fact, it was the prime mover which provided the most
remarkable service throughout the world during the 1910s.

However, amid calls for global environmental protection such as air pollution prevention and global warming prevention,
gas engines have been highlighted again recently as environmentally friendly prime movers that use natural gas, a clean
energy source.

The prime mover put into practical use for the first time was a steam engine invented in the UK in 1712. It was greatly
appreciated for use for pumps that pumped water from the coal mines, and it is said that horses that had been used up to
then were set free. Nevertheless, cylinder walls needed to be cooled when steam was condensed by water, the eventual
thermal efficiency of the steam engines remained as low as 1%. Although steam engines were used widely after the advent
of the Industrial Revolution in the 1760s, improvement of efficiency was sought subsequently, and James Watt (UK)
appeared on the scene to invent a condenser, which improved efficiency up to 5%.

In 1792, a coal gas production method was invented in UK, and then gas engines were devised. The gas engine produced
in 1823 was an explosion vacuum engine similar to steam engines at an early stage. Its thermal efficiency was about 10%,
but this gas engine was unable to overtake steam engines from the perspective of reliability.

In 1860, Renoir (France) invented a double-acting and electric ignition type gas engine. Its efficiency was only about 4%
due to the non-compression system. However, this engine was accepted with good reputation because of its very smooth
operation, and so it was used in various sectors.

In 1876, Nicholas Otto (Germany) invented a four-cycle gas engine jointly with Daimler and others and succeeded in
its practical application. The thermal efficiency of this engine was improved to about 14%. Gas engines then established a
definite presence and became widely used throughout the world.

As described earlier, gas engines entered their heyday: gas engines as powerful as 3000 horsepower were produced in
the 1910s. When World War | ended (1918), gas engines’ position as the principal prime mover was supplanted by gasoline
engines and diesel engines, which are easily handled as portable power and which use liquid fuel. Gas engines almost
disappeared in the 1930s. Incidentally, gasoline engines were put into practical use by Daimler in 1883 and the diesel
engine was invented by Rudolf Diesel (Germany) in 1893. It was put into practical use in 1897 by him.

In Japan, gas engines were imported for the first time in 1882 (Meiji 15). After suction gas generators became popular,
gas engines were used extensively in local factories where no electricity was available and were used for propulsion of
small vessels. Many small-sized gas movers and gas engines played active roles nationwide until the outbreak of war in the
Pacific.

Revival of the gas engine occurred when large oilfields were discovered in the Middle East in the 1950s and when dual
fuel (DF) engines capable of burning both liquid fuel and gas fuel were invented in the 1960s for effective utilization of
natural gas emitted from the ailfields. In 1959, an LNG tanker was constructed for trial purposes. Subsequently, natural
gas became available throughout the world, gas engine and DF engines became common again.

In 1986, deregulation of electric power began in earnest. Corporations which placed importance on cost reduction
employed various prime movers as key equipment for cogeneration (combined heat and power). However, adoption of gas
engines, which are inferior to diesel engines in terms of thermal efficiency, was limited to large cities and peripheral areas
where NOx regulations are stringent.

When environmental protection measures were strengthened, environmentally friendly gas engines attracted attention.
From around 2000, engine manufacturers continued their technical development, energetically advancing the progression
of this movement. The proposition of technical development is pursuit of environmental protection and economic efficiency
engendered many new technologies including the practical application of lean combustion in the development stage,
realization of a micro-pilot ignition method, adoption of the Miller cycle, development of knock-suppression technology, and
application of electronic control technology. As an indication of this progress, gas engines’ thermal efficiency and output
are improved to a level compatible with those of diesel engines. NOx reduction is also accomplished. Gas engines have
undergone remarkable growth as key equipment for use in cogeneration.

In recent years, gas engines and DF engines burning LNG and natural gas have been developed even in the marine engine
field. They have been employed as the main engines of northern European ferries and LNG tankers.

Because of changes in social circumstances, gas engines were once forgotten by the world. They later made a
comeback after World War 1, and are currently attracting the attention of people who are actively concerned with the
global environmental protection movement. All domestic and foreign manufacturers have continued to concentrate on the
development of high-performance gas engines. This paper summarizes the results of systematic survey of gas-engine-
related technical developments promoted by Japanese engine manufacturers since 1980 (Showa 55).
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Historical Development of Magnetic Recording and Tape Recorder
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B Abstract

The history of sound recording started with the “Phonograph,” the machine invented by Thomas Edison in the
USA in 1877. Following that invention, Oberlin Smith, an American engineer, announced his idea for magnetic
recording in 1888. Ten years later, Valdemar Poulsen, a Danish telephone engineer, invented the world's first
magnetic recorder, called the “Telegraphone,” in 1898. The Telegraphone used thin metal wire as the recording
material. Though wire recorders like the Telegraphone did not become popular, research on magnetic recording
continued all over the world, and a new type of recorder that used tape coated with magnetic powder instead
of metal wire as the recording material was invented in the 1920's. The real archetype of the modern tape
recorder, the “Magnetophone,” which was developed in Germany in the mid-1930's, was based on this recorder.

After World War II , the USA conducted extensive research on the technology of the requisitioned
Magnetophone and subsequently developed a modern professional tape recorder. Since the functionality of this
tape recorder was superior to that of the conventional disc recorder, several broadcast stations immediately
introduced new machines to their radio broadcasting operations. The tape recorder was soon introduced to the
consumer market also, which led to a very rapid increase in the number of machines produced. In Japan, Tokyo
Tsushin Kogyo, which eventually changed its name to Sony, started investigating magnetic recording technology
after the end of the war and soon developed their original magnetic tape and recorder. In 1950 they released the
first Japanese tape recorder.

In the 1960's several cartridge-type tape recorders were developed to meet the requirements of car-stereo
devices, and finally, the compact cassette system was introduced. Japanese manufacturers contributed to
improving the basic recording performance of compact cassette recorders and to expanding the variety of
available products, especially small-sized tape recorders. As a result, they attained a large market share in the
worldwide tape recorder market. In 1979 the “Walkman,” a portable compact cassette player, was introduced
to the market, and in a very short period it became very popular all over the world. The product concept of the
Walkman was well accepted, and it changed the style of audio listening dramatically.

In this report | briefly describe the history of sound recording, particularly the progress and relation of magnetic
recording technologies in the compact cassette system. | also describe the product concept and downsizing
technologies of the Walkman. In the last section, | explain the development of digital audio tape (DAT), an
advanced tape recording system that led to the rise of digital audio technology.

Japanese audio manufacturers joined the tape recorder market relatively soon after the end of World War
II . Around 1970 the technical capabilities of device manufacturers increased rapidly, and many superior
devices such as precision mechanical components and high-performance electrical devices became available
on the domestic market. The synergy effect between product design and device technologies improved the
competitiveness of the final products, and Japanese audio manufacturers achieved success in the compact-
cassette tape recorder market. They changed the style of listening and the audio product itself with their
introduction of the stereo-headphone “Walkman” in 1979. They ultimately succeeded in getting a huge market
share of the worldwide audio market.

Many people have recently been enjoying listening to music supplied in a digitally compressed format with
small portable devices and headphones. However, it is hoped that the Japanese audio industry will develop a
revolutionary new product or service for a more comfortable listening experience with even better sound.
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A Systematic Survey of Technologies Developed for Color Negative Films
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B Abstract

Human beings have a genuine desire to record the memories of their pleasant and impressive experiences, and
could however realize it only by writing and drawing for a long time, until a technology designated as silver halide
photography was invented in Europe about 200 years ago. Then, enormous efforts and resultant remarkable
inventions made by many people have steadily improved this technology, and made it possible for it to take root
in the industry.

Silver halide photography was introduced to Japan from Europe in the mid-nineteenth century. Owing to
their sincere and delicate character, Japanese people made extensive efforts to catch up with this technology,
particularly that for domestic production of photographic films. As a result of their tenacious efforts and labors,
Japanese companies became to develop their own unique silver halide photographic technologies in the 1980s.
Subsequently, they became to be one of the leaders in producing silver halide photographic materials with world’
s highest-class performances.

Since the history of silver halide photography was already dealt with in details in several reference books, it is
only briefly described here. Instead, this paper mainly describes the technical progresses for the establishment of
color negative films with world’s highest-level performance since the 1980s in Japan.

Color negative films are provided with many functions that made it possible to take pictures of beautiful
landscapes simply by shedding their light images on them in a camera. Although there are many technical data
and reports on color negative films, they are dispersed too widely to be used effectively in future. Taking into
account this situation, the present author has collected those data and reports as many as possible, and put them
in order here to give a systematic survey on the technologies for color negative films. Color negative films have
the highest sensitivity among silver halide photographic materials and are provided with many functions. They
include color negative films for amateur consumers, those for business in photo studios, and those for movies.

The history of technologies developed for color negative films is composed of the progresses in color
reproduction and sensitivity for taking precise pictures at any time and place. The evolution of black-and-white
films was followed by the invention of color films and subsequent progress in color reproduction owing to the
development of remarkable technologies such as colored couplers and DIR (Development Inhibitor Releasing)
couplers. The sensitivity and latitude of exposure for taking a picture were enhanced so remarkably that one can
take a picture only by pressing the shutter of a camera with high shutter speed at any time and any place, even
when a photographic subject is moving. In contrast to the oldest photography, heliography that was invented at
the beginning of 19th century and had ISO sensitivity of as low as 0.00005, color negative films has become
to have ISO sensitivity of 800-1600 at the end of the 20th century, thus achieving sensitivity increase by more
than 10 million times for each of three primary colors. In the history of this development, Japanese companies
especially promoted sensitivity from ISO100 to 400-1600 and have been taking the lead in realizing ultrahigh
sensitivity. This paper is undertaken to describe, not only the progress of color negative films since the 1980s,
but also details of hard works endured for the development of important technologies with silver halide grains and
functional couplers in color negative films.

Since color negative films are now overwhelmed in market by digital still cameras, they will not play a central
role again in ordinary photography in future. However, technologies created during the development of color
negative films are expected to be transmitted to new areas developing for future. When researchers encounter
difficulties, it might be helpful for them to know what hardships their predecessors faced, how they thought, and
what good fortunes they caught to overcome the hardships. The present author would be happy if this paper could
be of some help for young researchers to make breakthroughs in their research activities in future.

B Profile M Contents
"\ — . T AR EDIT - oeeeeeeerrreeeeee e 277
AR = v T T P R — 278
E TR SRR R e 2 - EERES 8. NZ—RHT 4 L LDEEEE BB oo 283
A 4. PESEORENSERNS -7 (L LBEETORN - 286
i o HIL AN, Al R B3 KB BT EHIL
WSS KSR LA AT (LR (D250 S MASAMOEAN DR 293
BAISOES ] KBRS IERE LA LA s T (L8 6. RABRIMDF v v F 7y T EREERT 1 VLD
HRIS0EA T §i§§i7 ol )Mgﬁ’f’fﬂ\’ﬁﬁmﬂ%bif EEL E—RERAEHSERFAYFT) - 296
B 56 e e O
RS A e 5 h ¢ AL 7. BZRERANNS 1960 EREFCODFOSREHHRERORE - 300
RN 8. 1970 ERDHS—RAT « LLADBIFE - 306
R0~ ﬁﬁ%%j;fég;k LTAT = AT 4 L AOTE 9. 1980 FERDHS—RHT « ULDRIFE - 309
Eﬂ:,’fc/ﬂ: S — w
TR~ 55 Ly b B F O 10. 1990 FRDAS—KHAT 1 L LDFFE - 323
ST E 11. 2000 FLUEDHS —RHT 4 LLADBEH - 332
PRATE S WTRERE (> 7 2o A SR 12 IRESEICHII D EERMAEDRE. WE - 344
T A 13, BADEREELLORIERERUEER0ZR - 355
PH23EAR RS T R 5 — 14, BEDEEHFE oo 358
TAHEHRAR HS—ZH T A IVILDTRGEALE eoveeeverereereeeenes 360
NS—RAT A WLDBRIRHE—T oo 361
NS—RHT A WLDRIFRERLER oo 362




EEAIRI DR ERE

Systematic Research of Adhesive Technology

| g 4}

wu;% Eﬁﬁ_ Shigekazu Yanagisawa

m £E5

BREHOEERIIH. AHBPrEEZFEVROHZEICIBEE > 7, HHEEORHREICEShTWS [V 70X
Ml 3. KIEhZBCEDICRKAT A7 7V s TREHL SFEBZEEK L TV B EELPN TV D, HRNEOZT
Tld. BRIGOREEET 2 7-HICKRT7 X7 7V hHfEDHNO  ($2ITHT 4000 ). #2ITHT 2000 FHEICKZ 27V
DOEH [VIWDRELE—FK]| OFERPELZEDEMADERE. X VREZITOT7HT 17 EBROBTFULER
BEWLHBRAT AT 7V HPEDhTWVWS, £/, FRIZ T TR, BPRE - NELXLEEEEET S
ICBPLLEHOh TV,
BARICETH2EEROIRETYIE, I—Oy/NERBICKAT X7 7)U b OfER T 4000 FERTOBIEFRIC (L,
REICESIBSRPEEEIEE. BOXREE ., ARMPBICKRT AT 7IVNEE > THRBAALZLPSET
BoTW, &, BB - FRERICIE., ERTRUELR TV ZREMIEZEL T, BRAGOERICER
SN, FEREBEZHAL TENALER, BEOBELEICER SN . E5ICHEFOLBEXEETF
THLNB LD ICRBOEBICFEOA TV, REHMTIIEBEHICZLVESD, NER. Gk EERBRALTE
BFHELTW, hAERILABEGERUE. BREZETI2RBIHEU AL >1-OT. BMMMORBIZFER»EL.
EREROVDHICHEL SEHEFOFBRMEEHLN TV, £/, hPERBOESHE L T, BR. BF.
TAZAR (GEH. iR, Bt . BH5. MEELETHYBHARRICEI X THEYREEEHR I AL o1
BEEROEXNLERE LTI, ks, BEAl. fE, JE. FRE. FTE8A. hEF5H. RERLED S
%, COIBERAIE. BEShIMHPEEROEAZRGLE. HEERITKRD 5 h TOV S EXYMHRE FYDMH
ZXETHA M METH B, LU TRETRABEDEMFHILERRTH 5,

AREMRRIL., BEF P EBBMORBERICEDOL S ITERL. FHEZEIC - HESICEMUL TEAHITOVT,
ERAEHROICL TERIIVICHESD., RFEERA-BDTH 5,
EEMICKEHEERBELELTE, BRNTIEEEESD. DHPETEREHTEE_RERKETH S, 18t
ICAXYXTEY, 19HBICHPITTTITICR, K4V, ZAUD, BRANEGH > TO - FEEERIL. BH
T¥, MHTHE JLTE ELEECKZTLEEREDESULAEY. ZOER. BEEWOIIREIEELLEST
BT, BE - EROMEAILTICHEE. VYNMNDEEFEPRET S LHICEEREERNPEBRL 7=,
FEARIEFEIEO—BELT. ARE. R, AT U L EEPESREN, SREBESRLICHEL =, &
hoDERBIEIIRERE L TELNZ EHICESHELTREL TV o, ©OCKN, 7/ —JUEE. 1
L7#E. EZILBERETH D, HRODRARBEZFORETH - -EBR ., Mkt M. MAMLE
PURENFERRBEFPEREL > TEE (B 1 OEMTESH) ., 19 HIRBFEICE D ERRTHEEAR(LED
EHSEAE, ERBELEZOBRELS, BEoRKBEOES - BEROESIRENICREBL. T7XFy
JTIEORBICE > TEBRIDOEHMPFSECRMIESND LI ICE T, BERIS ESL, R dL. EZI
B, TRXFIBELEEHLOVTIXFy IPRETZEHICSHTEORAERFE I (552 OEMESH). 20
HIEFEICA D & BAFILE. BhEZORBICEI S DERBIESEEN. ARELEhDZLIICEB, £
LTIhoZ2ERDEL TRYANESHRERERIEREL., EEFHEORENICHLEL (53 OFEMEH O
BRzlz/, SHTIE. BEBMIEEEEZDHSWHIAFTCEELBEHEZ LTV, FIAIDHEE, REM
HMETHIRX VBEOEERTEZEAEOELFHREEEMEIE. BEL, BIXEEDOFEEZEDL L THE
BEEZETIE. PILIALOREE L THEAOBESMICERAIhTWS, 5. HHERSXAHRBEED
P EHBRAEORIEIEATLS (B4 DOEMERH . §%6. BEE. 21x. N, REBELZEDS
BTEELFIPHHFEINATVS, COKDICEE - BEFOEMEHFORRIE. ERUSBRICAKTEEZLK
BERALTZEEDTH B,



B Abstract

Adhesives have a long history extending from the time human beings first started to use utensils. The Book of Genesis
in the Old Testament relates that natural asphalt was used for “Noah’s Ark” to provide waterproofing applied to void
spaces from inside, thereby preventing water leakage. In ancient Babylonia, natural asphalt was used to secure the eyes of
sculptures (4,000 B.C.). The use of the adhesives was noticed in bonding of ornaments such as jewels and shells in the
“Standard of Ur” , remains of Ur, which flourished at about 2,000 B.C., and in sun-dried bricks used in the Acadian palace
of Mesopotamia. Furthermore, in ancient Egypt, glue was used extensively for the bonding of coffins, furniture, and papyrus.

In Japan, the use of the adhesives (natural asphalt) started as early as the Jomon Era, 4,000 years ago, in the same
fashion as it was used in Europe for the production of bow and arrows, and for spears used for hunting. The end of a stick
was cracked. Then natural asphalt was coated onto stone arrowheads or other arrowheads and sandwiched. Subsequently,
they were bound with vines. As for Japanese lacquer, dry lacquer technology was developed in the Nara and Heian
Periods. Clothes were coated with lacquer and laminated, and were used for production of coffins and Buddhist statues.
The combination of raw lacquer and sand gravel was applied to repair cracked clay vessels and pottery vessels. This
combination was also used for the bonding of gold leaf, as found with the golden halls of Chusonji temple and Kinkakuji.
Adhesion force developed by Japanese lacquer alone was insufficient. Therefore, wheat flour and rice paste were added
for use as the adhesive. In Japan, meat-eating habitual practices were not popular from the time Buddhism was introduced.
The use of animal glue was delayed. It was first imported from China at the beginning of the Heian Period. No important
improvement in adhesives peculiar to Japan such as lime plaster, calcium sulfate, starch powder {(rice starch, rice paste,
kan-nori (glue made in the cold from the root of the Tororo plant)}, birdlime, or pine resin occurred until the Meiji Era.
Adhesives comprise primarily a major component, hardener, catalyst, solvent, diluent, plasticizer, tackifier, filling materials,
etc. Of these items, the major component is the main material, which governs basic physical properties and solid substance
properties required for adhesives such as the material to be bonded and practical conditions after bonding. At present, most
raw materials are derived from chemical products.

This research summarizes, chronologically and systematically, how adhesives (mainly major components) have evolved
together with the progress of fundamental technology and how they have contributed to industry and society.

As historical events, the Industrial Revolution can be cited as an important influence for technology in Europe, whereas
the Meiji Restoration and World War Il can be cited for Japan. The Industrial Revolution, which started in UK in the 18th
century and which had spread to France, Germany, the United States, and Japan by the 19th century, brought substantial
changes in machinery, textile, and rubber industries, as well as transport and distribution, etc. Bonding processes played
important roles. Adhesives for metals emerged together with the development of welding technology for the assembly of
machines and vehicles, and riveted joints.

Furthermore, as part of the coal chemical industry, synthesis of phenic acid, acetic acid, formalin, etc. was started while
synthetic resins were introduced continually. These synthetic resins, which include celluloid, phenol resin, urea resin,
vinyl resin, and others, were used and developed for use in the form of adhesives and in molded components. Synthetic
adhesives with improved adhesion strength, water resistance, heat resistance, durability, etc., which were said to be
drawbacks of the conventional natural adhesives, became mainstream (First technological renovation). In the second half
of the 19th century, organic synthetic chemistry progressed rapidly in Europe and the United States, thereby ushering in
an era of synthetic resin chemistry. After World War 1l, bonding and adhesives made rapid progress. Progress in adhesives
was supported by the availability of copious amounts of less expensive raw materials for adhesives because of the progress
of the plastics industry: new plastics such as synthetic rubber, vinyl resin, and epoxy resin were introduced and applicable
fields were developed (Second technological renovation). Around the middle of the 20th century, many synthetic resins
were introduced together with progress of high polymer chemistry and petroleum chemistry and were used widely. Diverse
adhesives containing these materials as major components were developed; adhesive characteristics were improved
remarkably (Third technological renovation). At present, adhesion technology is playing an important role in every field of
daily life and industry. In recent years, new composite materials, combinations of adhesion technologies for carbon fiber
and degenerated epoxy resin, are applied to structural members of planes in the aviation industry instead of aluminum
alloys making use of light weight and energy-saving features. In addition, development of new applications for automotive
parts and wind-power generation blades has been taking place (Fourth technological renovation). In the future, adhesion
technology is expected to play important roles also in the fields of resource conservation, energy conservation, labor
reduction, environmental issues, etc. As described above, outcomes of technological renovation in bonding and adhesives
have been contributing greatly to the development of modern society.
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