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1:50,000 quadrangle geological mapping project in Japan
—Overall and individual scenarios of mapping project—

Kazuhiro MiyAazAKI

The Geological Survey of Japan started a geological mapping project in Japan in 1882. This paper summarizes the historical transition of
the strategy of the geological mapping project, which coincides with the transition of the overall scenarios of the mapping project in Japan.
Each geological map has an individual scenario on which integration of research elements is conducted. Each individual scenario depends
on local geology. 1:50,000 quadrangle geological map is the most basic one developed in the Geological Survey of Japan, and | discuss the

mapping project in terms of the overall and individual scenarios.

Keywords : 1:50,000 quadrangle geological map, 1:200,000 quadrangle geological map, 75,000 quadrangle geological map
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Traditional craftwork that can be washed with a dishwasher,
“nanocomposite tamamushi-nuri’

—Expansion from exhibits to daily necessities—

Takeo EBINA" *, Midori SAURA? and Yasukatsu MATSUKAWA?

We developed highly durable lacquerware by applying a protective layer in which resin and clay were mixed on the surface of the
lacquerware. The components of the protective layer were selected from the viewpoints of dispersibility in a solvent, transparency of the
layer, and hardness of the layer. It was confirmed that even after repeated washing with a dishwasher, the color, gloss, and surface flatness
of the protective layer resisted deterioration. We optimized the paste viscosity, spray blowing pressure, and number of coatings to establish
a method of giving a protective layer to products. In addition, we examined designs and productivity, considered user ratings, and created
a product that exhibited the above-mentioned superior characteristics.

Keywords : Lacquer ware, tamamushi-nuri, clay, nanocomposite, hard coat
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Additive manufacturing of ceramic components

—Towards innovation of ceramic industry—

Tatsuki OHJI

Aiming for innovative ceramic manufacturing technologies which enable creative and novel products, a national R&D project “High-
Value Added Ceramic Products Manufacturing Technologies (HCMT)” has been initiated since 2014 as part of the Council for Science,
Technology and Innovation (CSTI), Cross-ministerial Strategic Innovation Promotion Program (SIP), “Innovative design/manufacturing
technologies” program in Japan. The project deals with two key technologies: additive manufacturing (AM) for realizing complex-
shaped ceramic products and reducing their lead-times, and hybrid coating on 3D bodies for enhancing their functionality and durability.
Following an overview of this project and a brief description on the general status of AM technologies, this article focuses on the R&D
strategies and the latest achievements on AM of ceramics in this project. Among a variety of AM approaches, we employ two AM
technologies for making ceramic green bodies; powder layer manufacturing (powder bed fusion or indirect selective laser sintering) and
slurry layer manufacturing (vat photo-polymerization or stereolithography), because of their dimensional accuracy, shape-flexibility,
density-adjustability, etc. The former is a dry forming process, and is suitable for large/porous components, while the latter is a wet one,
being good for small/dense parts. In addition, intensive research efforts are being devoted to ceramic laser sintering (direct selective laser
sintering) which enables concurrent forming and sintering (saving post-sintering-process). This paper describes several 3D prototype
models produced for various application targets using the developed AM technologies, which are never attainable with conventional
methods. The current issues and future perspective for AM of ceramics will be addressed and discussed as well.

Keywords : Additive manufacturing, ceramics, components, powder, slurry, powder bed fusion, stereolithography, laser sintering,

ceramic industry

1 Introduction

Because of their unique and excellent material properties,
ceramics are often used as key parts in many advanced
products and systems in a variety of fields including
manufacturing, energy, environments, 1T, electronics, optics,
bio-technologies, and transportation. It is also noteworthy
that Japanese ceramic industries have maintained the world’s
highest-level manufacturing technologies, which have
brought about almost a half of the global market share of
ceramic-related products, thanks to their incessant efforts for

technological innovation.

Ceramic manufacturing process has been composed of
several miscellaneous steps including powder preparation,
mold making, granulation, forming, dewaxing, sintering,
machining, finishing, etc. (Fig. 1, top). In addition, some of
the steps such as granulation, dewaxing and sintering require
a great deal of thermal energy, indicating higher ratios of
labor and energy expenditures to the total production cost
in comparison with those of other materials. As a result,

production from countries of lower labor and energy costs has
been gradually increasing in recent years, along with their
progress of manufacturing technologies. To maintain and
consolidate the technological superiority and international
competitiveness of Japan’s ceramic industry, it is now
crucially required to develop innovative manufacturing
technologies which enable us to produce creative and novel
products of high value. For this purpose, a national R&D
project “High-Value Added Ceramic Products Manufacturing
Technologies (HCMT)” has been initiated since 2014 in the
CSTI, SIP, “Innovative design/manufacturing technologies”
program of the government of Japan."® The HCMT project
intends to integrate the above-stated miscellaneous steps
of manufacturing process into the two key technologies,
“additive manufacturing (AM)” and “hybrid coating (HC)”
(Fig. 1, middle), which bring about many advantages in terms
of production process as well as product performance. AM
realizes complex-shaping of ceramic products and reduces
their lead-times as will be described later, while HC provides
better surface modification of products and enhances their
functionality and durability,” strengthening the international
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competitiveness of Japan’s ceramic industry. This article
will first briefly outline the HCMT project and describe the
general status of the current AM technologies; then it will
focus on the R&D strategies and the latest achievements on

AM of ceramics in this project.

2 Overview of HCMT project

The HCMT project deals with R&D on “product
manufacturing (PM)” as well as AM and HC. Figure 2 shows
the R&D items in each of AM, HC, and PM. In AM, powder-

layer manufacturing (PLM) and slurry-layer manufacturing
(SLM) technologies are being developed for actualizing
mold-free production of green (or formed) bodies of complex-
shaped components, in addition to ceramic laser sintering
(CLS) which realizes concurrent forming and sintering. HC
focuses on hybrid aerosol deposition (HAD) and fine-particle
thermal spraying (FTS) for highly adhesive coating onto 3D
shaped substrates (including polymer and metal), enhancing
functions and durability of products. Based on these two
developed platforms, we try to establish manufacturing
technologies for a variety of target products of high value in

Conventional ceramic manufacturing

Powder preparation Forming

Mold making Granulation

Additive manufacturing
Complex shaping,
compact process, etc.

Sintering Finishing

Dewaxing Machining

High-value added manufacturing technology

; . . Bone
Industry  Gasting Life Por%gi?g?c zles] prosthesis
cores
Semiconductor Plasma- Water Joint heads
production parts proof parts filter

Innovative ceramic products

Fig. 1 Conventional ceramic manufacturing process and high-value added
manufacturing technology to be developed
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Noritake
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Kyuushu Univ
Tohoku Univ
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Fig. 2 R&D items and participating
organizations of HCMT project
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CLS: Ceramic Laser Sintering, HC: Hybrid Coating,
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PM. Examples are semiconductor production parts, plasma-
resistant parts and ceramic cores of gas-turbine blades in the
industrial field; water-purifying filters and portable toilets in
areas related to everyday life; bone prostheses and ceramic

heads for hip joints in the medical field (Fig. 1, bottom).

Figure 2 also shows the participating organizations of the
HCMT project.™ The core R&D sites are placed at the
National Institute of Advanced Industrial Science and
Technology (AIST) and Osaka University for intensive R&D
using common research facilities and equipment. TOTO
Ltd., NGK Insulators, Ltd., NGK Spark Plug Co., Ltd. and
Noritake Co., Limited dispatch their researchers to core R&D
sites for developing platform technologies in collaboration as
well as product manufacturing for their own targets. These
four companies are known as the “Morimura” Group which
has established the foundation of modern ceramic industries
of Japan since the beginning of the 20" century. In addition,
Japan Fine Ceramics Center (JFCC), Kyushu University and
Tohoku University are in charge of R&D on CLS.

3 R&D strategies for AM of ceramics

AM (additive manufacturing), also known as 3D printing, is
a process by which a three-dimensional body is built through
point, line or planar deposition of material typically using
a print head, a nozzle, or another appropriate equipment.
Objects are produced by not subtracting but adding material,
based on computer-aided design (CAD) files or 3D model
data, without using machining tools or forming dies and
molds. The advantages include the following: (1) Realizing
complex-shaped or integral-structured bodies which are
never attainable by conventional molding approaches (this
enables us to make totally new design of products enhancing
their performance and durability), (2) Saving production
time and cost due to a moldless process (this is particularly
true for large variety-small amount production such as for
new product prototypes and artificial bones and teeth), and
(3) Saving raw materials since only a necessary amount is
consumed while substantial amount of machining loss is
generated in subtractive manufacturing, (4) Actualizing
unique material structures including compositionally or
functionally gradient layer textures. There are a variety of
AM methods, which are classified into seven categories
according to ASTM F2792-12a, “Standard Terminology for

Synthesiology Vol.11 No.2 (2018)

Additive Manufacturing Technologies.” Table 1 shows this

classification with illustrations.

AM has been well developed in the field of polymers and
already has been widely used for fabricating 3D products
of this sort of material to such an extent that household 3D
printers for resin have been commercially available for some
time.®! Some key metal parts have also been successfully
produced by AM;P! for example, GE Aviation has
introduced the additive-manufactured metal fuel nozzles
in combustion systems of aircraft engines that could not be
made conventionally.® The benefits include “25 % lighter
weight than its predecessor part,” “the number of parts of the
nozzle reduced from 18 to 1,” and “5 times higher durability
due to more intricate cooling pathways and support
ligaments.”

Regarding AM of ceramics however, though some complex-
shaped 3D bodies have been prepared with relatively high
precision using vat photo-polymerization (stereolithography),
etc.,”" ™ their product size has been generally limited,
typically to a few centimeters or less, and the status is far
from manufacturing technologies to be used in industries.
Hence, comprehensive R&D efforts on manufacturing
processes including powder preparation, lamination, and
post-process suitable for ceramics are crucially required to
grow AM of ceramics to the level of industrial application,
and this has triggered the HCMT project. ™!

When applying AM methods, which have been used in
the fields of polymers and metal, to ceramics, because of
the difficulty in directly obtaining sintered bodies due to
their intrinsic nature such as high refractoriness and less-
sinterability, it is general to produce green or formed bodies
instead, which are to be sintered in a conventional furnace
afterwards. For example, in powder bed fusion, laser
heat melts polymer binder which is mixed with ceramic
powder to form green bodies. The HCMT project employs
PLM and SLM for forming green bodies as stated above;
the former is categorized into powder bed fusion (also
called “indirect selective laser sintering”) of the ASTM
F2792-12a classification (Table 1), and the latter into vat
photo-polymerization thereof. This is because these two
approaches are known to be superior to the others in
terms of homogeneous microstructure, good properties of
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Table 1. Classification of additive manufacturing technologies, according to ASTM F2792-12a

Method Outline
Liquid binder Powder Nozzle bowd
. N through a nozzle is supply owder
%ﬂdeggtt'ngt. selectively = 1+Binderl
(Aka, printing) deposited to join Formed body
powder materials.
Droplets of build Nozzle Material
material through a Ad}mle"
Material jetting nozzle are
selectively Formed body
deposited.
. Heat, typically of ~ Powder Laser
Powder bed fusion laser sﬁ?ectigely supply Powder
(Selective laser ' =
- ; fuses area of a
sintering, PLM) powder bed Formed body
o Sheets of material Sheelt L Sheet
Shee.t Iamlnatl_on are bonded and supply aser
(Laminated object | ggjectively cut by
manufacturing) laser. Formed body
. . Flowable material
Material extrusion | ig selectively Nozzle . Flowable
(Fused deposition material

dispensed through

modeling) a nozzle or orifice. T LEEY
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Vat photo- photopolymer in a Laser 7 Photo-
polymerization vat is selectively pOIyme;r
(sz&;eo"thography' cured by light, Formed body
typically of laser.
Focused heat, Nozzle
typically of laser, Laser | &

Directed energy
deposition

selectively fuses <— Powder
materials as being Formed body

deposited.

the produced materials, wide shape flexibility, and high
dimensional accuracy of the obtained products. In addition,
material density (or porosity) can be adjusted over a wide
range by combining these two approaches. Typical forming
procedure of PLM is shown in Fig. 3. It consists of the
following: (1) Mixing ceramic powder and polymer binder
and putting them in the supply part, (2) Supplying the mixed
powder to the forming stage and smoothing them using a
squeegee (Fig. 3) or a roller to make a thin layer (typically
~0.1 mm), (3) Melting the binder of the desired part by
scanning laser heat and bonding the ceramic powder, (4)
Lowering the forming part by the formed layer thickness, (5)
Repeating the above process of (2) to (4) for a 3D green body
of a desired shape, and (6) Dewaxing and post sintering the
obtained green body in a conventional furnace. PLM is a dry
forming process itself and does not need a drying process
of a wet body which often leads to undesired distortion and

deformation of a green body. This, therefore, is advantageous
particularly in making large-scaled products. On the other
hand, the lack of fluidity of powder results in low density of
green and sintered bodies, indicating that PLM is suitable
for producing porous bodies. For example, a previous study
on similar AM approaches for alumina showed that the
green and sintered densities are around 30 % and 40 %,

respectively.™

It has been reported that the sintered density
was substantially improved to 80 % or more when additional
treatments of warm isostatic press and slurry infiltration
on the green bodies were done; however, it is essentially
important to increase the densities without such treatments
in view of industrial application. For this purpose, in the
HCMT project, we adjust and optimize the whole process
from powder preparation (binder selection, powder mixture,
powder fluidity evaluation, etc.) and lamination (powder

supply, laser irradiation, etc.) to post-process (dewaxing,
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sintering, etc.), resulting in the sintered density of 84 %,
without the additional treatments, in a simple-shaped
alumina plate (50 x 50 x 5 mm) for specific mixed powder

and experiment conditions.”

Figure 4 shows SLM’s procedure, which includes the
following: (1) Mixing fine ceramic powder and liquid
photopolymer and putting them into the slurry supply,
(2) Supplying the mixed slurry from the slurry supply on
the substrate and smoothing them using a knife edge for
forming a thin layer (typically several 10 um), (3) Curing the
photopolymer by laser light for the desired part, (4) Lowering
the substrate by the formed layer thickness, followed by
the same remaining processes as PLM (5, 6). SLM is a wet
approach and therefore has characteristics totally opposite
to PLM; due to the high fluidity, it is advantageous for
producing dense parts of complex-shapes with high precision.
It has been reported that careful selection of raw powder in
SLM of alumina resulted in a high sintered density of 99 %
with a bending strength of ~800 MPa.™ On the other hand,
undesired deformations and distortions often are generated
during the drying process, which leads to unsuitability for
making large-sized products. Therefore, the HCMT project
is aimed at avoiding such deformations and distortions by
optimizing the processing conditions and modifying the

forming apparatus. It is also critically important to disperse

¢ €8 (M
o | % L .
& . . _Ceramic
k( p Wad WL " powder
A7 't,‘m” € \Polymer
L ¢ binder
@)
Squeegee 3 -
h Laser heat
| —

@) . T @ .
Powder Powder

Supp|y Forming stage Supp|y
- ¥ .

Fig. 3 Typical forming procedure of powder-layer
manufacturing (PLM). The number in parenthesis
corresponds to that of the description in the text.
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the fine ceramic particles densely into the slurry, for example
by using ceramic powder having bi-modal size distribution,
with sufficient degassing for reducing sintering-shrinkage as

well as obtaining dense bodies.

As stated above, it is extremely difficult to obtain sintered
bodies by directly laser-sintering ceramic powder in AM.
For example, Qian, et al.” investigated direct-laser-sintering
of alumina, and revealed three detrimental phenomena in
the sintered body including glassy parts due to overheating/
rapid cooling, unsintered parts due to heat lack, and cracks
due to thermal stress. If it is realized successfully, however, it
will bring enormous benefits of savings in the post sintering
process which needs substantial cost and time. The HCMT
project, therefore, also deals with direct laser sintering of
oxide and non-oxide ceramics (CLS); the approach includes
full-packing ceramic powder in a layer, optimizing laser
irradiation conditions for critical temperature control, etc.

4 Platform technologies in PLM

For optimizing AM procedures of ceramics, there are a
number of technical items that should be carefully examined
and properly selected. This chapter discusses what sorts
of technical items there are, how they are connected and
correlated to each other and what should be considered and

(1)
Liquid photo- @ €T ¢
polymer P ¢ o ,\“" y
=3 W i A
Ceramic 5 (. L
powder O %" ¢ (P
- CeLe¢ .9
Knife edge (3) : Slurry

Laser light supply

.

Forming stage

Substrate (4) '

Fig. 4 Typical forming procedure of slurry-layer
manufacturing (SLM). The number in parenthesis
corresponds to that of the description in the text.
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selected in each of the technical items in order to obtain
sound products through an AM approach, taking an example
of PLM.”Z The total procedure of PLM can be roughly
divided into three processes, including powder preparation,
lamination (or PLM itself), and post process. Figure 5 shows
technical processing items as well as evaluation items in each

of these three processes.

In the powder preparation, ceramic powder is mixed with
polymer binder to be melted by laser heat as described
above by some appropriate method. The mixed powder
used in PLM should have sufficient flowability, which is
generally obtainable with a spherical shape and size of
~50 pum. Therefore, when the powder size is below 10 pm
which is typical for so called fine ceramics, granulation
process including spray-drying is frequently used to produce

spherical granules of such a size. The mixed powder is
evaluated in terms of flowability including angle of repose,
compression ratio, Hausner ratio as well as their size and
shape, etc. Angle of repose is the angle measured in degrees
between the horizontal plane and the steepest slope at which
loose powder remains in place without sliding. Compression
and Hausner ratios are given by (D-D,)/D, and D,/D,,
respectively, where D; is the tap density and D, is the static
bulk density. When the flowability increases, these three
indices all decrease. Suitability of powder to lamination
of PLM is also examined in a simple preliminary powder
test, where a lump of powder placed in the forming stage
is leveled by using a squeegee. If the powder is flowable
enough and not so cohesive, the surface becomes smooth
without dimples and cracks, which appear with powder
cohesive and less flowable, as shown in Fig. 6 (a) and (b),

Powder -
. Lamination Post process
preparation P

Processing

Ceramic powder: Powder supply: Debinding:

type, size, o 00... layer-thickness, heating schedule,
additives, ©$% o..: ° leveling pressure, atmosphere,
etc. > .o'o (squeegee e etc.

°§22¢% | OF roller),
I etc.
| |

Binder: -

type, size, melting A

point, cohesiveness, Ere'h:atmg' Infiltration:
adhesiveness, epending melted metal, slurry
wettability, o oooooo' 1| on binder's H mpi

burnability, 639690 melting

etc. Qo %R point. »

Pogoo I I
— I Laser P . .

Mixing: irradiation: ost sintering:
dry- or wet- laser type, power. heating schedule,
mixing, = = scan spacing, o atmosphere,
granulation, scan speed, pressure,

drying, etc. ete. m etc.
Evaluation

Starting powder
evaluation:

size & shape,
flowability*, packing
density (static bulk
density, tap density)

Formed body
evaluation:

delamination,

appearance (cracks,

distortion, etc.), green
density, strength, etc.

Sintered body
evaluation:

appearance (cracks,
delamination,
distortion, etc.), sinter
density, strength, etc.

*Flowability: angle of repose, compression ratio, Hausnerratio, preliminary powder test

for lamination, etc.

Fig. 5 Technical processing items and evaluation items in starting powder preparation, lamination, and post-process
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respectively. The powder flowability is also important for
making a sufficiently filled powder layer. Because the layer
is formed only by smoothing the powder by a squeegee, etc.
without pressure, the powder density of the layer is almost
equivalent to the static bulk density of the powder. It should
be noted that since the mixed powder contains polymer
binder as well, the density of ceramic powder itself is further
lowered. It is, therefore, essentially required to have a well
filled powder layer to get high densities of the resulting
green and sintered bodies, which also leads to reduction of
undesired deformation/distortion. It has been known that
proper combination of coarse and fine powders leads to closer
packing; however, powder flowability is generally degraded

when containing fine powder.

In the lamination, the first step is formation of the powder
layer, whose thickness is to be determined from the mixed
powder size; it is preferably 1.5 to 5 times larger than the
powder’s maximum size. The thicker the layer is, the higher
the production rate; however, it results in larger steps of
side surfaces. The thickness also should be determined so

that laser-heat is sufficiently transferred to the bottom of the

Fig. 6 Preliminary powder test for lamination, (a) Smooth
surface with flowable powder, (b) Dimples and cracks
with less flowable powder

Synthesiology Vol.11 No.2 (2018)

layer. Insufficient heat transfer causes a large temperature
distribution thickness-wise, frequently resulting in warping
and inter-layer delamination of a green body. Next, pre-
heating mixed-powder is made before lamination, depending
on the binder’s melting point. For example, when employing
wax-based binder whose melting point is 80-120 °C,
temperature difference is usually small thickness-wise
and successful lamination is easily attainable without pre-
heating. On the other hand, for nylon-based binder with
melting point of 150-200 °C, higher laser power or slower
laser scan is usually required to melt it, which leads to a
large temperature difference thickness-wise and frequent
appearance of warping as described above. An example of
warping which was observed in a green body with nylon-
based binder is shown in Fig. 7 (a). Pre-heating the mixed
powder closely to the melting point is effective for avoiding
such warping. Laser irradiation conditions including laser
type, power, scan spacing, and scan speed should be carefully
chosen depending on the types of the polymer binder and
ceramic powder, etc. An issue often occurring during the
lamination is sliding of a green body embedded in powder
and formation of a gap, as shown in Fig. 7 (b). This sliding is

(c)

Fig. 7 (a) Warping observed in a green body with nylon-
based binder, (b) Sliding of a green body and formation
of a gap, (c) Successful formation of a green body
embedded in powder. The body is rectangular-shaped
with 7 mm width and 50 mm length.
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made when the body is trailed by powder being re-coated on
it and is more likely to occur typically in the following cases:
(1) the binder is still heated and adhesive, (2) the squeegee
moves too fast, or (3) the mixed powder is too flowable. Thus,
it can be resolved by cooling the binder sufficiently, lowering
the squeegee movement speed, or lowering the powder
flowability. Figure 7 (c) shows an example of successful
formation of a green bogy without the above issues (embedded
in powder).

In the post process, first the binder is removed from the
obtained green body by burning it out. The heating schedule,
pressure, atmosphere, etc. for this process should be carefully
selected so that undesired deformation and distortion would
be minimized while the binder is melted and burnt out.
Infiltration is often employed for densification. A typical
example is siliconized silicon carbides (SiSiC), where
melted Si is infiltrated through porous SiC-C green bodies
produced by PLM, followed by reaction between Si and C
for formation of secondary SiC and densification.” Free
carbon produced during burning the polymer binder can be
used for this reaction. Slurry infiltration into green bodies
also can increase green and sinter densities as already stated.
B9 1n post-sintering, selection of conditions including heating
schedule, pressure, atmosphere, etc. is crucial for obtaining
sound sintered bodies, and knowledge and experiences so
far on sintering of conventional green bodies are of great use
for it. The green and sintered bodies are evaluated in terms
of appearance (cracks, delamination, distortion, etc.), green/
sinter densities, strength, and others.

As seen so far, many of the technical processing items
are closely connected and correlated to each other; such
close relations are expressed by solid lines in Fig. 5. It can
be said that particularly powder preparation substantially
affects many of the subsequent processes of lamination
and post process. For example, the properties of the binder
are critically important for the powder supply, pre-heating
and laser irradiation of the lamination (melting point,
cohesiveness, adhesiveness, wettability, etc.), while they are
also crucial to the debinding and infiltration (where burnt
binder is often used for reaction with infiltrated ones) of the
post process (melting point, burnability, etc.)). Thus, powder
preparation is the most essential process in PLM, similarly
to the cases of conventional ceramic processing. Sound

Table 2. Bulk density, Young’s modulus, specific
stiffness (Young’s modulus/bulk density) and flexural
strength of PLM-produced SiSiC and conventional one
(molding approach).

PLM Conventional
Bulk density 3.0 3.0
Young's modulus (GPa) 340 340
Specific stiffness 113 113
Flexural strength (MPa) 290 320

products can be obtained only after all the technical items
are properly selected and performed. It should be noted that
the approach for examining and integrating the technical
items into optimal AM technology described in this chapter
is employed similarly in SLM and CLS.

5 Prototype models produced by AM

Taking advantage of the developed AM technologies, the
HCMT project has manufactured several types of unique
prototypes aimed at various target applications, some of
which are described in this chapter. The first are stage models
produced by PLM, which are anticipated as basic structures
for ceramic exposure stages used in future semiconductor
industries; some examples are shown in Fig. 8, in comparison
with a conventional structure.™?4 1 A |ight and stiff
exposure stage of large scale and complex shape is critically
needed for next generation IC chip production where more
accurate positioning and higher throughput will be strongly
required. While the conventional rib structure produced
by molding consists of simple walls (), AM can make that
having windows in the walls (b), and furthermore truss
structures of light weight/high stiffness (c-e), which were
not obtainable until now. The models of (b-€) are siliconized
silicon carbides (SiSiC) which are obtained by Si infiltration
into SiC-C green bodies followed by reaction-sintering,
as described above. Their feature is high specific stiffness
(‘Young’s modulus/bulk density) and very little sintering-
shrinkage, both of which are advantageous for application
to large-sized exposure stage products. In order to fully
recognize AM as industrial manufacturing technologies, it
is crucially important for products produced by AM to have
properties equivalent to those of conventional ones. Table 2

compares bulk density, Young’s modulus, specific stiffness,

Synthesiology Vol.11 No.2 (2018)
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and flexural strength of PLM-produced SiSiC with those
of the conventionally manufactured high-rigidity SiSiC.
It should be noted that specific stiffness, which is the most
important property for stage application, equals to that of
the conventional ones. R&D should proceed for improving
flexural strength to 320 MPa or higher.

One of the advantages of AM is its capability of producing
complex-shaped parts directly from computer aided design
files or data. Using computer simulation based on structural
topology optimization techniques, it is now possible to
optimize rib structures of stage models. Figure 9 shows
an optimal rib structure obtained thereby in comparison
with a conventional one, and a SiSiC exposure stage model
(green body) produced by PLM based on that structure.?
The weight is reduced to half or less while maintaining the
same vertical stiffness (the simulation neglects horizontal
stiffness). The thinnest part of the model is approximately 3
mm in thickness.

Because of their chemical resistance, durability, and other
properties, ceramic filters currently are used for various
applications, one of which is in a water-purification device.
The water paths of the filters are unidirectional straight
channels, simply because they are produced by extrusion
molding. Employing the AM techniques, however, enables
us to make the channels more complicated, such as, for

(a)

example, spiral channels as shown in Fig. 10 (a).""%% 1t will
bring several potential benefits including increase of contact
area between water flow and the channel, local control of
water flow (flow velocity, laminar flow vs. turbulence, etc.)
and others, which may lead to improving the performance
and miniaturizing the device. Figure 10 (b) shows an alumina
filter model produced by PLM, containing spiral channels
of 3 mm diameter, which can be identified from the traces
of the cut model.™® Similar filter models have been also
manufactured by SLM, and the joining technologies for

making a long-sized filter base are also under development.?®

Besides the above-stated ones, the HCMT project has
manufactured several other types of prototype models,
including artificial alumina knee joints whose internal
surface has salient parts, which were difficult to make
conventionally, to improve fixation into bones,™™" bone
prosthesis with uniform pore size and no closed pores which
leads to sufficient infiltration of bone cells and dense bones,”
2"l and ceramic cores for cooling systems of gas-turbine
blades with remarkably shortened production time and wide

flexibility of the structure design.™

Notable progresses have been made in direct laser sintering
of ceramics as well. % A thin formed layer of alumina
with high green density of 83 % has been successfully
obtained by dewaxing and drying slurry layer containing

(b)

Fig. 8 SiSiC exposure stage models for IC chip production
(@) Conventional rib structure produced by molding approach, (b) PLM-produced rib structure having windows in the walls,
and (), (d) & (¢) PLM-Produced truss structure of light weight/high stiffness
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optimal mixture of different sorts of alumina powder. Laser-
irradiating this highly-packed green alumina layer has led to
full densification without such glassy parts, unsintered ones,
and cracks as reported previously.” The laser absorption
coefficient was adjusted by using a proper amount of material

having a different coefficient from alumina.

6 Summary and future perspectives

This article describes the R&D strategies and the current
achievements on AM of ceramics in the HCMT project,
which has been initiated since 2014. The two AM
technologies, PLM and SLM, which are advantageous in
terms of dimensional accuracy, shape-flexibility, density-
controllability, etc., are being developed for producing
ceramic green bodies. A variety of 3D prototype models
for varied target products have been manufactured so far
by using the developed AM technologies. Furthermore,
intensive research efforts are being devoted to ceramic laser
sintering. In order to ensure the developed technologies,
7 and 26 patents have been applied for on PLM and on the

(a) (b)

200 x 200 x 80 mm

Fig. 9 (a) Conventional rib structure, (b) Optimal rib
structure obtained by computer simulation based on
structural topology analysis, and (c) an SiSiC exposure
stage model (green body) produced by PLM based on
the structure (b)

HCMT project as a whole, respectively, as of March, 2018.

While AM of ceramics has numerous advantages as
already stated, there are also several issues which should
be taken into consideration when using it for industrial
applications: (1) Profitable almost only for large variety-
small amount products, (2) Facilities sometimes can be very
expensive, requiring substantial initial costs, (3) Difficult
to apply to ceramics, for which melting and solidification
are not available in principle, (4) Currently usable only for
producing green bodies, which are to be post-sintered in a
conventional furnace, (5) Whether AM products give us the
same properties as those of conventional ones is not certain,
(6) Some restrictions apply to powder used, e.g., the grains
should be free flowing, requiring a preferably spherical shape
and size of ~50 pm when supplying them to the forming
stage in some methods including binder jetting and powder
bed fusion. In order to overcome these issues and establish
AM as manufacturing technologies in ceramic industry,

further R&D efforts are critically required in the future.

@ CEX>> oS S°s0
’ \‘
“\4“73;
Conventional Complicated structures,

straight channels e.g., spiral channels

Fig.10 (a) Conventional water-purification ceramic filter
has unidirectional straight channels, while the AM
techniques enable more complicated channels, e.g.,
spiral ones. (b) an alumina filter model produced by PLM,
containing spiral channels of 3 mm diameter whose
traces are observed in the cut model
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Discussions with Reviewers

1 Overall
Comment (Toshimi Shimizu, AIST)

This “report” describes research centered on additive
manufacturing (AM), of which the author serves as the leader,
of the R&D project on high-value added ceramic products
manufacturing technologies (HCMT) of the Cross-ministerial
Strategic Innovation Promotion Program (SIP). It is a focused
presentation of the technological platform of powder-layer
manufacturing (PLM), an AM technology for making ceramic
products that have uneven thickness or complex shapes that are
difficult to process, and of prototypes made from the technology. It
is a very effective presentation in understanding the processes that
form PLM and the interconnection of the related technological
elements. As a report that presents an example of development
of technology that has practical value that is expected to lead to
innovation, it is suitable for Synthesiology.

Comment (Akira Kageyama, AIST)

Of ceramic technology and industry in which Japan has
excelled, this report summarizes the process by which the HCMT
project was started as a national strategical project, and how it
succeeded, against the decline of Japan’s world market share
along with the improvement of technological level of developing
countries. It presents the selection of elemental technologies and
integration of each technology, focusing on AM as technology
that forms ceramic products of complex shapes that were difficult
to make with the conventional technology. It is also worth reading
as a report on management of R&D in which collaboration
and role assignment was necessary among the participating
universities, AIST, and companies. Of the necessary technologies
covering a wide range, PLM is selected, and it describes in detail,
within the allowed range of disclosure, each of the elemental
technologies such as the optimization of raw material powder,
which is bound by confidentiality. R&D discussion is presented in
an easy to understand manner, and it is well worth being printed
in this journal.

2 Content, structure, research scenario (draft report)
Comment (Toshimi Shimizu)
The first draft that was submitted as a research paper and the

second draft that was submitted as a report did not satisfy the
qualities that are required of Synthesiology. For a writing to be
accepted, it needs to cover seven topics: 1. research objective, 2.
research target and relationship to society, 3. scenario, 4. selection
of elements, 5. relationship among elements and their integration,
6. evaluation of results and future perspectives, 7. originality. The
first and second draft did not cover these. Specifically, 1) for 3.
scenario, the scenario of hypothesis was not rationally described;
2) for 5. relationship among elements and their integration, the
relationship among elements and integration were not rationally
described using scientific words; 3) for 7. originality, much
information that was already publicly known was presented and
it lacked originality. Therefore, its content as it was unfortunately
did not apply to a research paper or a report of Synthesiology,
which need to focus on the research scenario and specific research
processes. The draft covered the whole R&D of AM, and lacked
depth in its description of the scenario and hypothesis, and the
relationship and integration among elements.

The reviewer suggests focusing on PLM technology actively
being promoted at AIST as a revision of the content of the report.
How about using a diagram which would help the reader to
understand and describing in detail each elemental technology
related to PLM, how they are corelated, and the process by which
they are integrated and optimized?

Answer (Tatsuki Ohji)

According to your advice, | revised the text, and in Chapter 4
“Platform technologies in PLM,” | have categorized and described
in detail each elemental technology of the three processes of
powder preparation, lamination, and post process, have presented
the relation to other elemental technologies using a diagram (Fig.
5). Especially with strongly related elemental technologies, they
were emphasized in the diagram, and the process by which they
were integrated and optimized was described. Evaluation items
for each process are also considered. Furthermore, in Chapter 5
“Prototype models produced by AM,” the subject was narrowed
down to a ceramic stage model and a ceramic filter model attained
by PLM, and other prototype models were simply described along
with references.

Comment (Akira Kageyama)

The first draft was submitted as a research paper, and
after a review, additions were made, and the manuscript was
resubmitted as a report. In the second draft, the significance of the
technologies and their positions are easier to understand as more
detailed descriptions were added of the R&D that was bound by
confidentiality. However, as a report, it needs to strongly state
how technology is introduced to society and how it is to be useful,
but this point is not expressed clearly. | suggest a revision on
this line. If you rearrange and reorganize the structure, the way
of expression, and figures and tables, the point of the report will
become clear. For example, a report according to the editorial
policy needs to present 1) the aim, 2) the process of development
(the course to the goal), and 3) the outcome. Keeping this in
mind, the report can be arranged to include 1) the global state
of ceramic industry and the situation that Japan faces (situation
analysis), 2) the issues that need to be solved in order to overcome
the situation, and why the issues were chosen (problem analysis),
3) what was decided technically and in management in order to
clear or solve the issues (decision analysis), and 4) the results
of R&D and management executed in this project with the
above-mentioned 1) to 3) in mind (output and/or outcome). The
manuscript already includes these aspects, so why not revise the
whole structure and try to make it simpler and clearer?

The manuscript is also rather long. In the second draft, as,
taking PLM as an example, the relationship and integration
of elemental technologies are described, couldn’t the section
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concerning other R&D related to AM be reduced or deleted by
stating that “similar integration of elemental technologies is
attempted as PLM”? It is also useful to use references. | also
suggest narrowing down examples presented in the Chapter 5
“Prototype models produced by AM.”

Answer (Tatsuki Ohji)

As you pointed out, | have revised the manuscript as follows:
The global state of ceramic industry and the situation of Japan,
and the significance of the HCMT project in order to break
through the situation was described in Chapter 1 “Introduction”;
R&D under this project and the managerial system was written in
Chapter 2 “Overview of HCMT project”; the technical strategy
of AM was summarized in Chapter 3 “R&D strategies for AM
of ceramics” and Chapter 4 “Platform technologies in PLM”; and
the outcomes up to now were presented in Chapter 5 “Prototype
models produced by AM.”

As | have responded to the previous comment, | have focused
on the prototype model of PLM in Chapter 5 “Prototype models
produced by AM,” and have greatly reduced the descriptions of
technologies other than PLM in Chapter 3 “R&D strategies for
AM of ceramics,” and have added a sentence that you suggested
to the end of Chapter 4 “Platform technologies in PLM.”

3 Technical terms and drawings (figures)
Comment (Toshimi Shimizu)

The readers of Synthesiology are not specialists of ceramic
technology, but general engineers, researchers, and readers. For
the engineers not related to the ceramic field, it would be difficult
to understand the various and numerous technical terms that are
used throughout this report. Since the report is written assuming
that the technical terms are understood, understanding of the
content by the general reader would not be deepened with such
difficulty. Lack of unity of terms can also be seen.

The shortest course to explain technical terms is to use

Synthesiology Vol.11 No.2 (2018)

drawings. Extreme examples are the processes of shaping the
raw material, sintering, and the post process, which are nothing
special for engineers of the field, need to be explained from the
basics by using drawings to the general reader and engineers from
other fields. Regarding classification of AM, and technological
explanation of PLM and slurry layer manufacturing (SLM), how
about organizing technologies with overviews and characteristics
by using drawings?

Answer (Tatsuki Ohji)

As you pointed out, | have used drawings in Table 1
“Classification of AM,” and diagrams (Figs. 3, 4) of PLM and
SLM of the revised (final) draft. In the diagrams on PLM and
SLM, I have used numbers that correspond to explanations in the
text. In the related diagram of elemental technologies (Fig. 5), |
have also used simple illustrations. Concerning technical terms,
they have been unified to the most general terms that are used in
the materials field.

4 Intellectual properties (draft)
Comment (Akira Kageyama)

| imagine that there are many intellectual properties
generated through this project. Couldn’t you write about this in
the last chapter, Chapter 6” Summary and future perspectives”?
For example, it can be a phrase like “so and so number of patents
on PLM, and so and so number of patents on the HCMT project
as a whole have been filed.” Intellectual property is one of the
important outcomes of R&D, and is a yardstick to measure
international competitiveness of technology.

Answer (Tatsuki Ohji)

As you indicated, | have added the following sentence to
Chapter 6 “Summary and future perspectives”: “In order to ensure
the developed technologies, 7 and 26 patents have been applied
for on PLM and on the HCMT project as a whole, respectively, as
of March, 2018.”
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Synthesiology Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words,” the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies
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are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (Item 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas
for which the products have already been introduced into
society, but research and development conducted for the
purpose of future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well.
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews
such as opening statements, research papers, and editorials.
The Editorial Board, in principle, should commission
overviews. Research papers are description of content and
the process of research and development conducted by the
researchers themselves, and will be published after the peer
review process is complete. Editorials are expository articles
for science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item Requirement

Peer Review Criteria

1 Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

o | Relationship of research

goal and the society for the society.

Describe relationship of research goal and the society, or its value

Relationship of research goal and the society
is rationally described.

Scenario Pt agred »
3 scientific words” .

Describe the scenario or hypothesis to achieve research goal with

Scenario or hypothesis is rationally described.

4 Selection of elemental

Describe the elemental technology(ies) selected to achieve the

Elemental technology(ies) is/are clearly

technology(ies)

research goal. Also describe why the particular elemental
technology(ies) was/were selected.

described. Reason for selecting the elemental
technology(ies) is rationally described.

Relationship and
integration of elemental
technologies

Describe how the selected elemental technologies are related to
each other, and how the research goal was achieved by composing
and integrating the elements, with “scientific words” .

Mutual relationship and integration of
elemental technologies are rationally
described with “scientific words” .

Evaluation of result and
future development

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented
research.

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

Originality

Do not describe the same content published previously in other
research papers.

There is no description of the same content
published in other research papers.

Synthesiology Vol.11 No.2 (2018)
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Instructions for Authors

1 Types of articles submitted and their explanations

The articles of Synthesiology include the following types:

« Research papers, reports, commentaries, roundtable talks,
and readers’ forums

Of these, the submitted manuscripts of research papers,
reports, and commentaries undergo review processes before
publication. The roundtable talks are organized, prepared,
and published by the Editorial Board. The readers’ forums
carry writings submitted by the readers, and the articles are
published after the Editorial Board reviews and approves. All
articles must be written so they can be readily understood by
the readers from diverse research fields and technological
backgrounds. The explanations of the article types are as
follows.

(D Research papers

A research paper rationally describes the concept and the
design of R&D (this is called the scenario), whose objective
is to utilize the research results in society, as well as the
processes and the research results, based on the author’s
experiences and analyses of the R&D that was actually
conducted. Although the paper requires the author’s
originality for its scenario and the selection and integration
of elemental technologies, whether the research result has
been (or is being) already implemented in society at that
time is not a requirement for the submission. The submitted
manuscript is reviewed by several reviewers, and the
reviewers will recommend whether the manuscript should
be accepted, revised, or declined. The author completes
the final draft based on the discussions with the reviewers.
Views may be exchanged between the reviewers and authors
through direct contact (including telephone conversations,
e-mails, and others), if the Editorial Board considers such
exchange necessary.

(2) Reports

A report describes a development example of technology
which has practical value as well as an example of new
technology which has been put to practical use. It contains
1) the aim, 2) the process of development (the course to
the goal), and 3) the outcomes. The submitted manuscript
is checked by the Editorial Board. The authors will be
contacted if corrections or revisions are necessary, and
the authors complete the final draft based on the Board
members’ comments.

(3) Commentaries

Commentaries describe the thoughts, statements, or trends
and analyses on how to utilize or spread the results of R&D
to society. Although the originality of the statements is
not required, the commentaries should not be the same or
similar to any articles published in the past. The submitted
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manuscripts will be checked by the Editorial Board. The
authors will be contacted if corrections or revisions are
necessary, and the authors complete the final draft based on
the Board members’ comments.

(4 Roundtable talks

Roundtable talks are articles of the discussions or interviews
that are organized by the Editorial Board. The manuscripts
are written from the transcripts of statements and discussions
of the roundtable participants. Supplementary comments
may be added after the roundtable talks, if necessary.

(5 Readers’ forums

The readers’ forums include the readers’ comments or
thoughts on the articles published in Synthesiology, or
articles containing information useful to the readers in line
with the intent of the journal. The forum articles may be
in free format, with 1,200 Japanese characters or less. The
Editorial Board will decide whether the articles will be
published.

2 Qualification of contributors

There are no limitations regarding author affiliation or
discipline as long as the content of the submitted article
meets the editorial policy of Synthesiology, except authorship
should be clearly stated. (It should be clearly stated that all
authors have made essential contributions to the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or English.
Accepted articles will be published in Synthesiology (ISSN
1882-6229) in the language they were submitted. All articles
will also be published in Synthesiology - English edition
(ISSN 1883-0978). The English edition will be distributed
throughout the world approximately four months after the
original Synthesiology issue is published. Articles written
in English will be published in English in both the original
Synthesiology as well as the English edition. Authors who
write articles for Synthesiology in Japanese will be asked to
provide English translations for the English edition of the
journal within 2 months after the original edition is published.
3.1.2 Research papers should comply with the structure and
format stated below, and reports and commentaries should
also comply with the same structure and format except
subtitles and abstracts are unnecessary.

3.1.3 Research papers should only be original papers (new
literary work).

3.1.4 Research papers should comply with various guidelines
of research ethics.

3.2 Structure

3.2.1 The manuscript should include a title (including
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subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).

3.2.2 Title, abstract, name of author(s), keywords, and
institution/contact shall be provided in Japanese and English.
3.2.3 The manuscript shall be prepared using word processors
or similar devices, and printed on A4-size portrait (vertical)
sheets of paper. The length of the manuscript shall be, about 6
printed pages including figures, tables, and photographs.

3.2.4 Research papers, reports, and commentaries shall have
front covers and the category of the articles (research paper,
report, or commentary) shall be stated clearly on the cover
sheets.

3.2.5 The title should be about 10-20 Japanese characters (5-
10 English words), and readily understandable for a diverse
readership background. Research papers shall have subtitles
of about 15-25 Japanese characters (7-15 English words) to
help recognition by specialists.

3.2.6 The abstract should include the thoughts behind the
integration of technological elements and the reason for their
selection as well as the scenario for utilizing the research
results in society.

3.2.7 The abstract should be 300 Japanese characters or less
(125 English words). The Japanese abstract may be omitted
in the English edition.

3.2.8 The main text should be about 9,000 Japanese
characters (3,400 English words).

3.2.9 The article submitted should be accompanied by
profiles of all authors, of about 200 Japanese characters (75
English words) for each author. The essential contribution
of each author to the paper should also be included. Confirm
that all persons who have made essential contributions to the
paper are included.

3.2.10 Discussion with reviewers regarding the research
paper content shall be done openly, and the Editorial Board
will edit the highlights of the review process to about 3,000
Japanese characters (1,200 English words) or a maximum
of 2 pages with the names of the reviewers disclosed. The
edited discussion will be attached to the main body of the
paper as part of the article. Regarding the reports and the
commentaries, discussion with the Editorial Board members
will be opened at the Board’s discretion. In this case,
the Editorial Board will edit the discussion to about 800
Japanese characters (less than half a page) with the names of
the Board members disclosed.

3.2.11 If there are reprinted figures, graphs or citations
from other papers, prior permission for citation must be
obtained and should be clearly stated in the paper, and the
sources should be listed in the reference list. A copy of the
permission should be sent to the Publishing Secretariat. All
verbatim quotations should be placed in quotation marks or
marked clearly within the paper.

3.3 Format

3.3.1 The headings for chapters should be 1, 2, 3..., for
subchapters, 1.1, 1.2, 1.3..., for sections, 1.1.1, 1.1.2, 1.1.3,
for subsections, 1.1.1.1,1.1.1.2,1.1.1.3.

3.3.2 The chapters, subchapters, and sections should be
enumerated. There should be one line space before each
paragraph.
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3.3.3 Figures, tables, and photographs should be enumerated.
They should each have a title and an explanation (about 20-
40 Japanese characters or 10-20 English words), and their
positions in the text should be clearly indicated.
3.3.4 For figures, image files (resolution 350 dpi or higher)
should be submitted. In principle, the final print will be in
black and white.
3.3.5 For photographs, image files (resolution 350 dpi or
higher) should be submitted. In principle, the final print will
be in black and white.
3.3.6 References should be listed in order of citation in the
main text.
Journal — [No.] Author(s): Title of article, Title of
journal (italic), Volume(lssue), Starting page—-Ending
page (Year of publication).
Book — [No.] Author(s): Title of book (italic), Starting
page—Ending page, Publisher, Place of Publication
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There is a wide gap between scientific achievement and its utilization by society. The history of
modern science is replete with results that have taken life-times to reach fruition. This disparity has
been called the valley of death, or the nightmare stage. Bridging this difference requires scientists
and engineers who understand the potential value to society of their achievements. Despite many
previous attempts, a systematic dissemination of the links between scientific achievement and
social wealth has not yet been realized.

The unique aim of the journal Synthesiology is its focus on the utilization of knowledge for the
creation of social wealth, as distinct from the accumulated facts on which that wealth is engendered.
Each published paper identifies and integrates component technologies that create value to society.
The methods employed and the steps taken toward implementation are also presented.
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