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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 Il, 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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