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M Abstract

Scientists surmise that the paintings on the walls of the Altamira Cave date back to the Paleolithic period. For what purpose did early human beings paint them? Was it to
pray for success in hunting? Or to celebrate their success? While we cannot be sure, we know that expressing and recording prayers and emotions are instinctive desires of
human beings. The colors used in these cave paintings were natural inorganic pigments. However, natural organic colors derived from animals and plants had been widely
used since ancient times. During the age of the Roman Empire, garments of Tyrian purple, worn only by the emperor, were dyed using secretions from mollusks collected from
the Mediterranean Sea (later determined to be 6,6' -dibromoindigo). The dye was considered to extremely precious. Cloth that wrapped Egyptian mummies was dyed in indigo,
as well as in red from dyes derived from the madder plant (alizarin compound). Scientists believe that the purpose of dyeing in this instance was not just for color but also to
preserve the mummies. It is also well-known that indigo, beside coloring and preserving, can be also used as a pesticide. Furthermore, many materials used in plant dyes are
also used as herbal medicines. There is a saying that medicine and diet are equally important for one’ s health. We can say the same for medicine and color.

Returning to the topic of dyes used for fibers (cloth, paper), natural dyes were used for a long time to dye fibers made of natural materials, such as cotton, silk and wool. In
1856, the first synthetic dye, mauveine, was invented by William Henry Perkin, triggering the development of many other synthetic dyes by European chemical companies.
This led to the near disuse of natural dyes.

Synthetic fibers were created from about 1930, and manufacturers created synthetic dyes to color these fibers. Since the 1980s, pigments and dyes have also come to
be used in the electronics industry for products such as printers (pressure-sensitive, thermal, inkjet, sublimation transfer, electrophotographic printers), displays (color filters,
polarizing films, organic light-emitting diodes, guest-host liquid crystal displays) and optical media (CD-R, DVD-R). They have made our lives more convenient and comfortable.

Dyes have also contributed to the development of agricultural chemicals and pharmaceuticals by serving as the root of fine chemicals. The synergy of these developments
has in turn led to the further development of dyes.

Many of Japanese dye companies were established by making effective use of byproducts from the production of coke, used in manufacturing steel, and as a result of the
national production of dyes as set forth by government policies.

Coke is made from the dry distillation of coal. During this process, tar is created as a byproduct. Using compounds found in tar, including benzene, naphthalene,
acenaphthene and anthracene, dye intermediates such as aniline, naphthol and anthraguinone can be produced, leading to the creation of dyes. In the past, the dye industry
was a technologically advanced sector of the chemical industry.

Before World War | (1914 ? 18), imports from Europe, especially Germany, dominated the Japanese market. However, as imports from Germany ceased because of the war,
Japanese manufacturers launched production, mainly of sulfur dyes, which were relatively easier to manufacture. For example, in Taisho 3 (1914), Mitsui Mining Company,
Ltd. (currently Mitsui Chemicals, Inc.) began to manufacture alizarin red through the manpower and technological capabilities of its Tokyo industrial laboratory. In Taisho 5
(1916), Japan Dyestuff Manufacturing Company, Ltd. (currently Sumitomo Chemical Company, Ltd.) was established as a state-owned company and began producing dyes.

After the war ended, the import of dyes resumed. Japanese dye companies were hit hard, but thanks to government protection (tariffs, subsidies, etc.), domestic production
expanded steadily.

As Japan entered World War I, the dye industry was taken over by the military. It was devastated by the damage from war. After the war, the industry enjoyed temporarily
strong periods, for example during the Korean War. Overall, however, its slump continued. The industry reorganized through the formation of cartels, but its weak performance
continued for a long time.

On the technological front, research materials seized from Germany by Allied forces were published as part of the “PB” series (named after the 1940s U.S. Publication
Board). Using these materials, Japanese dye manufacturers attempted to raise their technological level, but were limited to domestically manufacturing products whose patents
had expired and products with minor modifications.

From the 1960s, Japanese companies pursued American and European dye companies in the area of disperse dyes for polyester fibers. They proceeded with technological
developments aimed at overtaking these rivals, and by the 1990s, they had almost achieved this goal. However, dye companies in India, Indonesia, South Korea and China
unceasingly threatened Japanese dye companies, helped in part by the steeply appreciating yen. In response, Japanese chemical companies spun off their dye divisions, and
dye companies formed joint ventures or merged with American or European manufacturers, without a change for the better. Today, control for the lead in the manufacture of
fiber dyes has been ceded to India and China for the most part.

For mass production items whose patents have expired and whose performance has risen to a practical problem-free level, Japanese and Western dye companies have no
chance of winning if they compete simply on price. Even if they conduct R&D to differentiate the performance of their products, they cannot help but reflect this cost to the
products’ price.

However, from the 1980s to this day, Japanese chemical companies, in partnership with electrical and precision equipment manufacturers, have become world leaders
in the development of electronic parts and products that use pigments as key materials. They did this by utilizing their technological knowledge accumulated from the
development of fiber dyes. Representative products are as follows.

* Materials for printers

Colors for inkjet printers and sublimation transfer printers

Organic photoconductors (OPC) for electrophotographic systems (e.g. Xerox)

Pigments for toners and electrical static image development

Colors for blue-line, pressure-sensitive and thermal printers (stabilized diazonium salt, couplers, leuco dyes, etc.)
** Materials for displays

Color filters, polarizing films, pigments for plasma displays

Guest-host LCDs, pigments for OLED displays
* Materials for optical media

Pigments for CD-R, DVD-R

American and European manufacturers lag distantly behind Japanese companies in these fields, and Asian manufacturers have not yet achieved such level of technological
expertise. However, Japanese companies must continue to unflaggingly pursue technological developments.

In addition to the technologies for synthesizing dyes (minute adjustment of color, improving colorfastness, removing impurities/purifying dyes, etc.), which were cultivated as
Japanese manufacturers developed dyes for fibers, technological advancements from the following areas also contributed greatly to the successful development of products
in the new fields above: technologies for analyzing microscopic surfaces; microencapsulation technologies; desalination, purification and enrichment through reverse osmosis;
surface modification technologies; infrared LED technologies; and coordination chemistry.

Future applications of colors include environmental-related and medical-related fields. Society has great expectations for the dye technologies accumulated so far by
Japanese companies and for their further developments.
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