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History of Cement Manufacturing Technology
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B Abstract

The Japanese cement industry today produces the best quality portland cement with the lowest energy consumption
and highest labor productivity in the world. In addition, since the 1990s, the industry has been demonstrating a new
role for the cement industry by using industrial and municipal waste as Alternative Fuel and Raw Materials (AFR). The
Japanese cement industry has thus come to pursue two industrial missions: the manufacture of quality cement and
contribution to a sustainable society.

The cement industry in Japan started in the 1870s when the Japanese government constructed the country’s first
cement plant, in Tokyo, which relied on European technology and equipment. For the next 90 years, up until the 1960s,
Japan imported new technology and equipment from Europe and the U.S.A. Rotary kilns, tube mills, vertical mills, kiln
waste-gas boilers/generators, air-quenching coolers, and blending silos were among those imports. Also, major imports
of technology included the addition of gypsum in cement, cement quality standards, and several types of special
cement such as high-early-strength, low-heat, blast-furnace-slag, fly-ash, and silica cements.

During that time, in 1959, Onoda Cement Co. Ltd. (now Taiheiyo Cement Co.) developed a new cement
manufacturing process called the “New Calcined Lime (NCL) Process.” With this process, limestone is separately
calcined in specially designed shaft kilns, then mixed with other raw materials and sent to a rotary kiln for clinker
formation. This produced the astonishing result of a four-fold expansion in unit volume output from the same kiln. The
NCL process is considered the first major “Japan original” cement manufacturing technology.

In the 1960s, the Suspension Preheater (SP) kiln process was introduced from Germany. This process rapidly came
to prevail in Japan because of its high energy efficiency, excellent upscalability, and prolonged operation period.

Soon after the introduction of the SP process, Japanese cement manufacturers and plant builders, observing the NCL
process, began competing with each other to develop a New Suspension Preheater (NSP) process, assuming that unit
volume output would greatly increase if a calciner were installed at the bottom of the preheater. These efforts produced
fruit in early 1970s. A couple of companies successfully developed NSP processes of their own. Each type of NSP
equally achieved higher energy efficiency, better upscalability, and a longer operation period than the SP process.
Consequently, the NSP process made the Japanese cement industry the most energy efficient in the world.

The success of NSP stimulated Japanese engineers to innovative further with cement manufacturing technology. The
O-SEPA separator, the OK vertical grinding mill, and the vertical pre-grinding mill are among their inventions since the
1980s.

Japanese cement chemists, t0o, have made a great contribution to the cement industry’s progress and development.
In 1968, Japan hosted the 5th International Symposium on the Chemistry of Cement. Through this epoch-making
conference, Japanese cement chemists played a major role in elucidating the scientific basis for the formation of clinker
minerals and the hydration of cement, applying the very latest modern technology such as Electron Probe Micro
Analysis (EPMA). In the 1970s, Dr. Yoshio Ono of Onoda Cement created a microscopic method to estimate clinker
quality onsite. This method, called the Ono Method, is now recognized worldwide.

The Japanese cement industry began using AFR as early as the 1960s for the purpose of reducing manufacturing
costs. Since the late 20th century, however, the industrial and municipal waste problem has become a center of focus
along with growing concerns about the global sustainability of natural resources. The Japanese cement industry
realigned its position on the use of AFR from mere reduction of manufacturing costs to the even more positive one of
contributing to sustainability through greater use of alternative fuels and more recycling of raw materials. In pursuing
this new mission, the industry has been developing innovative processes and equipment in order to make greater use of
a wider range of AFR. To date, several processes and kinds of equipment have been successfully developed, such as
the Chloride Bypass Process, the Ash Washing Process, the Biochemical Conversion Process for household waste (AK
System) and Ecocement. These recycling practices are now widely recognized internationally.

Cement consumption in Japan fully matured in the middle of 1990s; however, the Japanese cement industry and its
engineers have great hopes for a future in which the industry is positioned at the core of the sustainable society.
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A Systemized Exploration of Petrochemical Technology

L 4}

E% %E Keizo Tajima

m £

AHbZEIEE. Al XRTZAZ2ERICRBMEFERRG, FRIEER. S9FEREL TV, BXT
(&, 1950 FRICHEEL TRUR, BCEICEZEZEORRKZ G, EXEA, bR, SREE. 28, 77 XFv
TREMI. JLAREMIAE, BARDOEZEZDRLEVESRMICEMHZRETIERERE K> THEK
EoTW3, 1960 FRICEH, TI7XAF Vv IRREREBICHIETEILI -2 DS, EFFHHERZRE
CUTHSREXRZ ANV V252, BERBERREX A, £, ARLZEEFEICEF—PEVLIHLL
EZEIHFHERESE L,

AREFEKET 1920 ERICIHEE > LA L. 1940 ERFEF X TRAREAZTICHFEL. S —HOFHE
TEZEREHIETIRENMZEIETH >/ ABEZELVEIEPSERL TV IEERMEFTIEE L TE.
BMTH., KETH. BRTSH. KHMEE. MR, RELZE. AREZEFH - KEORMEZIE. Th
S5OEFTEEITFL TV o 1940 FERICST 7 OXRERIPEEMPFHRE S W, 1950 FRICHBLZE ORI
BEPRBELAEZELE ST ABEERMEKRE(ED o7 EHdH 2RMMEZEN & ORENEL. BhRLE
DERMEFH—FE IRV, ChiZE> T, AEMEFORELUFNICHEEL TV S OEERLFZTE 2 AH
B2 E—BICRARAHL, (LFEEROEBRNLHAIICH .

BAREG. 20OL5 eBRICHEBEFEEZBRD . Lrd, BREEURMICERRLZIEIAFEL L ELS,
AMLZERENEZZTHTEATHLAT TS, BRENICKNTERO—HEE -, CORRICE-T. B<P
1960 FAERF ICIIFRLERMEZRINL . BHERRIH/HREL TV, 1970 FRRFICIE, BHEZEOHL
VWEITEHF—EE L. ERE LENORBEZOLERAFINE -, CORRICERBMMEFZOADAIEHEEL
UZeo IRIBME. EEZVEBFREELETH S, LLd. 2ECHAZIRHBRICE > T, AREERADIR
PP ERU, COEDH, BAFREWPEIXNT —RNTFAKROOIND LS ICE -7, BAORMEZEIE
. BEIPEMBAICOAMEET S L. BHEARRMTHLTE DL 3 ICh 27/, 1980 FRAL 5L, K
FH2OIFLRERBEUVS. RRHIULDF LT 1« P REOEMERERIZREL K>, BEROTEMELE
EEDRFTRWVIEREL 2. AREZE. ZHORBERIZIEADHZEFIEICED> TV o7,

—77. 1980 ERICEEHRAMLESEZ L. HROBMEFZOERBHI K ELEDYIRD . CDEIE L,
2000 F£ALE, PETOREMELFEDEREE, KEEICK > TIMEL TW3, 2010 ERICIE, AR{EFZIEOHL
PRADPSFREEETITICKEL YT IUD20H%, D8, 1990 ERLEIEI. BREFEEED SHR
TEIMKILZESHPERNE, UL, BROERIEZESHIERKEILEIEERAL, AB{LEATORKEEIL
ERBEHUTELS, RROBBEZDOEHRE 2 BA S50 FREMIRENE TOMAALREEZZREEL T
W3,

—7. ROHEDOAMBLZICENTH, IFLUOFRICENTTOEL CBEHSPREHBUB R EDELY
BEo CHOVIERRREOEMEICHEL T, 1990 FALE, BMEFEFETICHLVEARPRIBH TV S,
AEFE. RD10F~20FTRELEDILPHHNEL,

CO&LSICHADERIEZDEERDH T, FHLERMORNERZ. RTORFILEZEATH, ZOHT
BAROAEBEFEREMOMES T EZBAS »ICL 7,



B Abstract

The petrochemical industry involves the production of basic petrochemical products, organic industrial chemicals and
polymers using petroleum or natural gas as the raw material. The industry took hold in Japan in the 1950s and almost
immediately dominated the chemical industry; to this day, the petrochemical industry still remains a key industry,
providing raw materials to a wide range of sectors in the Japanese chemical industry, including pharmaceuticals,
cosmetics, synthetic detergents, paints, plastic molding, and rubber molding. By the 1960s, a mass supply of plastic
products had dramatically impacted society, triggering a polymer revolution and undergirding Japan’s rapid economic
growth. New chemical factory conglomerates sprang up along the coastlines, known as petrochemical industrial
complexes or kombinats.

The petrochemical industry originated in the 1920s in the United States. However, up until the early 1940s, it was
little more than a chemical industry supplying a few organic industrial chemicals. Wood chemistry, oleochemistry,
fermentation chemistry, and coal chemistry had all long flourished prior to the advent of petrochemistry. Petrochemistry
co-existed with these in the U.S. as yet another type of chemical industry. The development of naphtha steam-cracking
technology in the 1940s and the European migration of the petrochemical industry in the 1950s had a major impact on
petrochemical technology. Innovations in petrochemical technology suddenly began to proliferate as the technology
began to be combined with conventional European chemical technology. The petrochemical industry swallowed up the
existing mass-producing chemical industries and quickly assumed a leading role among the other chemical industries.

It was at this time that Japan entered the petrochemicals arena. Since it already had mass-producing chemical
industries in place, it was in a position to do more than simply adopt the new petrochemical technology being
introduced; it could take an active role in new technological innovations. Japan’s prior experience meant that by the
late 1960s it was absorbing petrochemical technologies and successively developing its own. By the late 1970s, the
intensive developments in petrochemical technology had eased, and petrochemistry began to spread across the
developing nations. It was during this time that the negative aspects of petrochemistry began to emerge, such as
environmental issues and chemical pollution issues. On top of this, the two oil crises in the 1970s escalated the cost
of petrochemical products, resulting in a demand for low-emission technology and energy-conserving technology. By
this time the Japanese petrochemical industry was no longer simply relying on technology imports and was developing
its own technology. From the 1980s, the challenge was to develop olefin products with at least three carbons, rather
than ethylene products with two carbons. The Japanese petrochemical industry was very active in this field.
Petrochemistry became a substantial chemical industry with a wide range of products in its arsenal.

Meanwhile, significant changes started taking place on the petrochemical world map with the emergence of the
Middle Eastern petrochemical industry in the 1980s. This trend has accelerated since the 2000s with China entering
the industry and huge increases in production. In the 2010s, the core of the petrochemical industry is taking a dramatic
shift away from the West and towards Asia and the Middle East. Accordingly, Western companies have been
successively dropping out of the industry since the 1990s. However, unlike its counterparts in the West, the Japanese
petrochemical industry took a different path. Japan is now not only planning for greater functionalization within the
petrochemical industry, but also developing fields of functional chemistry outside of the conventional scope of
petrochemistry, even incorporating polymer molding technology.

There have also been changes within the conventional scope of petrochemistry, such as significant growth in the
demand for propylene in contrast to ethylene. In response to these changes in business environment, new trends have
been observed in petrochemical technology since the 1990s. Petrochemistry may change significantly in the next
decade or two. This survey report aims to identify the trends in petrochemical technology throughout the history of the
petrochemical industry worldwide and pinpoint Japan’s contribution to petrochemical technology.
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History of Reversal Tillage (bottom plow tillage) Technology
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Bl Abstract

Reversal tillage (bottom plow tillage) is not a familiar term for the general public, and it can be a struggle to explain.
Since the start of agriculture, tilling has been a part of cultivating crops. Though the tools have changed with the times,
from sticks to stone axes to hoes to spades to Western plows, the basic act of digging, turning, and harrowing the soil
appears to have remained the same since the earliest of times. Humans have used hoes and plows to till the soil as
deep as they could, making fields in pursuit of soft soil. They have learned through experience over a long period of
time that tilling is necessary to achieve a bountiful harvest. Agricultural equipment has been improved along with the
advancement in sources of power to pull agricultural implements. Equipment has been made larger, more durable, and
more precise, but the principle is the same.

The best soil condition is one that provides a good environment for sown seeds to germinate, then grow—and
preserves that environment every year. This is closely related to soil structure.

For crops to grow, they must absorb nutrients with their roots, and for that, the roots must be able to grow freely. The
keys are for the soil to have its nutrients distributed in a balanced way over a wide area; have ample organic matter;
have enough water, air, and soil temperature to help it decay; and have ample microorganisms which break it down and
make it easier for the roots to absorb nutrients. If the water and air are appropriate, the soil temperature also rises.
Decomposed organic matter acts like glue to bind together the single particles in the structure of soil into aggregates,
promoting the formation of aggregate structures in the soil.

It is also important that not too much chemical fertilizer is used, and that the soil surface is free of weeds and
harmful insects so that they do not inhibit crop growth.

Roots grow freely as they seek nutrients. Accordingly, soil must be kept reasonably soft over a wide area. To bring
this about, the hardpan (impermeable layer) must be broken up, the soil tilled even deeper, and a wider area loosened
to spread the plowed layer. It is also necessary to improve drainage according to the circumstances. If breaking up the
subsurface soil with a subsoiler or plowsoiler is not enough, ditches may need to be constructed to make the growing
environment good for the crop.

The nutrients inside soil decrease as they are absorbed by the crop. Therefore, soil productivity decreases unless
organic matter is added. In addition to retaining the remaining nutrients, more organic matter than was absorbed by the
crop must be returned to the soil. This cyclical farming method is a condition for creating the ideal soil for crops and is
the basis for sustainable farming.

A general explanation of the system of agricultural operations involves many stages: (1) draining (subsoiler,
plowsoiler, trench excavators); (2) fertilization and compost-spreading (broadcaster, manure spreader); (3) plowing
(bottom plow, rotary tiller, driven disk plow, stubble cultivator); (4) harrowing and soil preparation (rotary harrow, vertical
harrow, disk harrow, laser level); (5) sowing and transplanting (drill, rice transplanter, planter); (6) pest control (sprayer),
(7) fertilizer addition; (8) harvesting (combine, harvester); and (9) drying and preparation (dryer, huller, sorter).

The methods for Item (3) plowing in the system of agricultural operations can be loosely classified into (a) reversal
tillage (bottom plow tillage); (b) tillage by stirring (rotary tiller), and (c) minimum tillage (stubble cultivator, driven disk
plow).

Reversal tillage (bottom plow tillage), the theme of this systemization, is an effective method of improving and
maintaining the physical condition of soil, a basis for farming. Deep tilling brings about the expansion of the rhizosphere,
the plowing in of organic matter, the renewal of surface soil, the homogenization of soil, the use and conservation of
potential soil productivity, and the enhancement of work efficiency. It also makes possible the preparation of a suitable
soil environment before the sowing process.

Farming in Hokkaido since its development in the Meiji era had been mainly of crops and livestock by way of animal-
powered mechanized farming in the Western style under the guidance of many Western experts such as Capron. In the
Western world, mechanized farming using tractors was already widely in use before World War II.

In contrast, the mechanization of farming in Hokkaido started to progress only after the war, in the mid-1950’s.
However, the speed of adoption was higher than anyone would guess. The animal-powered mechanical system which
had been in use since its development in the Meiji era was at once abandoned for the system of mechanized tractors,
advancing to the current state of farming in Hokkaido today.

Behind the rapid advancement of the mechanization of farming was a socioeconomic policy seeking to secure food
to stabilize the social conditions of postwar confusion. One goal was to increase the then the insufficient production of
food as soon as possible to get away from complete reliance on the U.S for food. There was the additional anticipation
of using the labor of farming villages made redundant by mechanization to further other industries.

Furthermore, a system with a feudalistic farming-village structure was not suitable for the occupation policy, and
there was a need to reform this and expedite the modernization of farming. The Agricultural Land Act, the Agricultural
Cooperatives Act, and the Agricultural Basic Act were enacted as basic policies. Hokkaido has a vast amount of
agricultural and uncultivated land. In the varying context of the times, improving and developing these and expediting
their preparation as a base for increased production of food was a pressing issue. For this reason, also, the adoption of
large-scale mechanization was an urgent matter.

Chapter 1 presents the start of agriculture. Tilling of the field began with jabbing and digging soil with sticks. For this
reason, most utensils are shaped for easy holding and piercing. It evolved to form an angle for easier driving and
became a primitive hoe. It progressed further and became shaped like a spade to be pulled by human force. This
appears to be the primitive form of the modern plow. The principle of soil plowing and overturning has been the same
since 4,000 years ago.

Chapter 2 explains the wari, a plow introduced from Korea and China that underwent extensive improvement in
Japan during the Edo period. It was the beginning of deep tilling for increased yield. The course of events led to the
research of many such as Genzo Matsuyama and Shinjiro Takakita starting in the latter half of the Meiji period,
culminating in the completion of the modern tanshori (short-heel plow).

Chapter 3 presents the origins of the Western plow and the development which became the basis for the plow of
today.

Chapter 4 describes the introduction of the Western plow to Hokkaido and the changes of the mechanization of
farming. A plow pulled by three animals brought by the Prussian merchant Gaertner to the village of Nanae in 1869 is



said to be the first. The Hokkaido Development Agency imported plows from the U.S. in 1874 as key farming
equipment. Capron established the farming internship program to spread technology and made efforts to popularize the
Western way of farming. The Western style farming equipment introduced at that time is also explained, as well as the
sequence of events regarding the advancement of Hokkaido farming equipment.

Chapter 5 describes the changes in plows for tractors and the tilling of farmland. Agriculture is not so simple that
European and American products can be applied as-is to Japanese soil. The process leading to a domestic plow is
explained, from the period of imitation to the development of a Japanese original curve on the plow and a solution for
the problem of soil attachment.

Chapter 6 describes the improvement of the soil layer and soil of farmland, the tools used—the plowsoiler and the
plow for Okinawa. Hokkaido has much volcanic ash soil, peat, and other undesirable soil, making soil layer improvement
a necessary challenge. Equipment used in improving soil of developed farmland is explained, along with its effects. The
effect of a plowsoiler is also explained—a product of a new idea to make use of subsurface soil. Also presented is the
history of development by a soil tilling machinery manufacturer who took on the heavy clay soil of Okinawa.

Chapter 7 describes the tilling of paddy fields, harrowing, and soil preparation (laser level). Paddy fields in Japan total
2,450,000 hectares (9,459 square miles), taking up about half of cultivated land. Making use of this has been a long-
term issue with the phenomenon of excess rice, but farming technology has certainly progressed. This chapter explains
a new method of tilling using new laser levels.

Chapter 8 explains the tilth of farmland, including what the ideal soil structure for crops should be and why plow
tilling is necessary.

Chapter 9 explains plow tilling and the tractor draft control system. The condition at the completion of tilling greatly
affects the procedures that follow. The draft control system is set so that tilling can be done, adapting to the variations
of the field. This system is explained.

Chapter 10 explains the basics of the types and functions of bottom plows.

Chapter 11 explains how plow tilling technology is applied to construction. Plows which bring up soil, overturn it, and
crush it are often used outside of agriculture. Some examples are presented. Some typical uses are explained, such as
measures against ash from volcano eruptions, lake-bottom plows for laying water pipes on lake floors, laying of
foundations using plow tilling, zero-soil removal burial of contaminated soil.

Chapter 12 presents an aspect of the production of lightweight and durable plows. Plows are mainly manufactured in
the great farming countries of Europe and the U.S. A wide range of tractors from 20 to 200 PS are used in Japan for
farming, from small-scale to large-scale. A wide variety of applicable products are also becoming available in smaller
lots. Plows filling such needs are described.

With broad agreement having been reached by the Japanese government regarding TPP, the paths to be taken by
those who farm as their main or subsidiary business are expected to become clearer. In the category of agricultural
products, the major players are the U.S., Canada, Brazil, Australia, and New Zealand. Japan cannot compete in terms
of size of operations, but is expected to be able to compete in terms of quality and security. It is hoped that this
systemization of technology will become a reference point as successors to agricultural management continue to use
reversal tillage (plow tilling) to prepare sustainable soil to put attractive farming into practice.
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A Systemized Exploration of the Development of Arc Welding Technology
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B Abstract

Welding, the fusing together of metals, has become a processing technology indispensable for the industrial products
of today. Many methods using electric energy have been developed to raise the localized temperature at the joint for
welding. Arc welding, in particular—using heat from an electric arc to fuse the base material—plays a major role in
various industrial fields. The electric arc used in arc welding was discovered in 1807. The application of welding
methods using this arc became full-fledged since electricity generators appeared in 1860, and most major arc welding
methods in use today were developed around 1950. Arc welding was introduced to Japan in 1914. In the 100 years
since, its arc welding technology has developed greatly, and Japan has established itself in recent years as a major
country leading the welding world globally.

This report outlines such arc welding technology, focusing on the course of its development in Japan, and is
organized as described below. Chapter 1 gives an overview of the theme of the report—welding technology—and where
it stands as processing technology, as well as the role played in it by arc welding. Chapter 2 is an overview of the arc
welding method, describing the characteristics of the welding arc and the principles and features of the major methods.

The main subject of this report starts in Chapter 3, laying out the course of development of processes in arc welding,
categorized by arc welding method. The arc welding methods featured include shielded metal arc welding, submerged
arc welding, Tungsten Inert Gas (TIG) welding, Metal Inert Gas (MIG) welding, Metal Active Gas (MAG) welding, and
pulsed MAG/MIG welding. Other arc welding featured are plasma arc welding, self-shielded arc welding, electrogas arc
welding, arc stud welding, as well as narrow-gap welding. Chapter 4 documents the course of development of welding
equipment and welding power supply used in arc welding, classified by period: the embryonic phase of the early
1900's, the pioneering phase of the mid-1900's, the progressive phase of the late 1900's, and the modern phase (since
1969). Chapter 5 describes the course of development of arc welding materials such as welding rods and welding wire,
and shield gases used in arc welding.

Chapter 6 is the conclusion of this report, and reiterates the course of development of arc welding technology
described in Chapters 3 to 5. The course of development of welding processes, welding power supplies, and welding
materials are each summarized in a flow chart. Issues currently facing arc welding technology are also outlined.
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