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plblished form of this contribution, Q allow 
others to do so, for us. Gownnent Furpeses. 

This chapter reports findings on active R&D efforts in the Japanese casting industries 
directed to the development of new cast alloys and materials, new ceramic and cermet 
materials for application by the foundry industry, and major new process/product 
development activities such as amorphous metals and MHD effects in continuous casting of 
steel rolling ingots. 

The chapter is presented in terms of initiatives being undertaken by the Ministry of 
International Trade and Industry, and R&D on new materials and process/product 
technologies that were discussed in visits to Japanese universities, research institutes, and 
industry. In the many industrial visits, there was a range of approaches to R&D. Some of 
the organizations were entirely involved in production. Others were invoked in R&D 
efforts aimed at process improvements - especially cost reduction. Others were involved in 
both process and new product programs. It is the latter group that are included in this 
chapter. 

MINISTRY OF INTERNATIONAL, TRADE AND INDUSTRY 

The Ministry of International Trade and Industry (MITI) has traditionally played a 
significant role in formulating trade and technology policy in Japan. Both through 
government laboratories and contracts with industrial associations and individual companies, 
MITI has provided both direct and indirect support for applications-oriented research and 
development in Japan. 

The entire JTEC team met with Mr. Mansanori Hirota, Deputy Director Machine 
Parts and Industries Division. This division has responsibilities for a broad spectrum of 
industries and technologies of which casting is a small portion. Mr. Hirota described two 
specific R&D projects sponsored by his division which are currently underway: one aimed 
at the development of "super metals'' and the other on industrial furnace technology. Both 
are being managed by the New Energy Development Organization (NEDO), a quasi- 
governmental organization that carries out a number of other MITI programs. NEDO 
assembles project teams from industry and universities. Actual research takes place in 
industry or university labs, as appropriate to the project. 

Research at Oak Ridge National Laboratory sponsored by the United States Department 
of Energy under contract DE-AC05-960R22464 with Lockheed Martin Energy Research 
Corporation. 
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Super MetaIs Proiect. This is a new program aimed at the development of metal materials 
with controlled microstructures at the molecular level. The objective is the development of 
materials that are both stronger and lighter than currently possible. The FY 1995 (year 
ending March 31, 1996) budget for the project is only Y7 million ($70,000 US at YloO/$). 
FY 1996 funding is expected at roughly the same level. Future year funding is subject to 
negotiations on a year-to-year basis with the Ministry of Finance (MOF), depending on the 
outcome of the early phase. At this extremely modest level of funding, the JTEC team 
surmised that the project is primarily a paper study at this point. The focus of the effort is 
in the areas of intermetallic compounds and amorphous materials. The program is being 
carried out at the National Industrial Research Institute of Nagoya - a site which was not 
visited by the JTEC team. 

Industrial Furnace Project. This project is aimed at the development of improved industrial 
furnaces that could be used for heating, melting, and thermal processing of materials. The 
goals are 30% reduction in energy consumption compared to current furnaces used for these 
processes, as well as reduced emissions. The effort is directed to furnaces fueled with heavy 
oil. The FY 1995 budget is Y1.3 billion ($13 million). Subject to negotiation with MOF, FY 
1996 funding will probably continue at the same level. The project is expected to continue 
through FY 1999. 

Soft Contact Steel Casting. Although not described by Mr. Hirota, the JTEC team became 
aware of a major program sponsored by MITI through the Japanese Research and 
DeveIopment Center for Metals (JRDCM) that is being conducted at the University of 
Nagoya. The program is directed to the use of magnetohydrodynamics (MHD) for casting 
continuous ingots of steel using a "soft contact steel casting" process. The program, which 
started in Ey 1995, has a budget of $24 million over six years. Six Japanese steel companies 
and Asea Brown Bovari (ABB) are involved in the effort. It was projected that a French 
company might also join the program. The JRDCM is headquartered in Tokyo and is an 
association of Japanese metal companies cooperating on pre-competitive R&D. It director 
is a former VP of Nippon Steel. 

UNIVERSITIES 

1. TOKYO UNIVERSITY 

Much of the casting research at the University of Tokyo dealt with fundamental 
issues related to continuous casting of steel and aluminum, thin-wall castings, and directional 
solidification. Extensive studies of the deformation behavior of steel,' stainless steel: and 
a lurn in~rn~.~  during solidification have been carried out to define causes of internal cracking 
during solidification and possible means for avoiding such problems in production 
operations. Although the major emphasis appeared to be on process technology, several 
new cast products were discussed: 
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A low-density aluminum curtain wall composite material was produced through 
suction casting a mixture of molten aluminum with hollow SiO, spheres. The spheres &ere 
produced from volcanic sands which are otherwise a waste material. 

Similar to the United States, Japan also has growing quantities of radiologically 
contaminated scrap metal (RSM). In an attempt to develop controlled reuse opportunities 
for such scrap, a process is being developed for production of nodular iron containers from 
RSM. The process leads to production of a cylinder without the use of a core through 
vertical centrifugal casting'. By stopping rotation at a critical time, the remaining unsolidified 
metal will drop to form a cast bottom for the cylinder. Figure 1. shows a schematic of the 
process. Cylinders having a height of 300 mm, and outer diameters ranging from 176 mm 
to 190 mm have been produced from a 196 mm diameter steel mold. Variations in diameter 
result from different thicknesses of mold coating which is one of the critical parameters for 
the process. Similar results have also been demonstrated for producing cylinders from 
aluminum alloy AC4C 
(6.7% Si, 0.4% Fe, 0.15% 
Cu, 0.06% Mn, 0.35% 
Mg, 0.06% Zn, bal. 

A r e s e a r c h  
program on white cast 
iron for rolls is centered 
on materials containing 
17% Cr, 5% W, 1.4% Si 
and 2.5% C. 

W o r k  o n  
directional solidification 
processes includes studies 
of uni - di r e c t ion ally 
solidified W-Cr cast irons 
to apply phase selection 
criteria to elucidate the 
sequence of solidification 
of the various carbide 
forms (M,C versus 
M 7 W  Theoretical 
studies of directional 
solidification of peritectic 
alloys indicate that phase 
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9 n I n 
igure 1. Principle of Manufacturing a Container by 

Centrifugal Casting. 

selection criteria can be applied to project competitive growth processes of stable and 
metastable phases during solidification. Potential peritectic systems range from carbon and 
Cr-Ni steels, copper alloys, rare earth permanent magnet materials, and high T, 
superconductors'. 
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2. TOHOKU UNIVERSITY, DMSION OF FOUNDRY ENGINEERING 

The bulk of the research effort at the Tohoku University Division of Foundry 
Engineering relates more to casting process technology than to the development of new cast 
materials. Several ongoing efforts are directed toward the goal of improved thin-wall 
castings. These include studies of the fluidity of eutectic and hyper-eutectic &-Si alloys' , 
and studies of the deformation of the shell formed at initial melt/chill contact for Fe-C 
alloys" and low-melting materials (Bi, Sn, Pb, Sn-Pb)". 

A new process for casting titanium alloys called ADCAST has resulted from studies 
of the fluidity, shrinkage and mold reaction of titanium alloys in precision casting. The 
graduate student carrying out this research is the son of the owner of the company funding 
the research. 

3. NAGOYA UNNERSlTY 

Much of the research effort discussed at Nagoya University is related to the long- 
term research interests of Professor Asai in the application of electromagnetic fields to the 
processing of materials. Some of the new areas of application included: 

Soft Contact Steel Casting. The steel industry program at Nagoya University is funded by 
Nippon Steel, Kawasaki, Kobe, Sumitomo, NKK, and Daido in conjunction with MITI. The 
goal is the development of a process in which steel plate can be rolled immediately after 
continuous casting without the need for intermediate cooling, scarfing, and reheating. This 
requires the production of a high quality surface in the as-cast billet so that scarfing prior 
to rolling could be eliminated. The improvement of the cast surface is achieved by ''soft 
contact solidification" whereby the billet barely touches the surface of the casting nozzle. 
Consequently, there is no need for a flux to lubricate the process. Synchronous imposition 
of a magnetic field during mold oscillation is key to the process. The process may have 
parallels to methods used in the aluminum industry for electromagnetic casting of direct chill 
ingots for sheet production. The use of magnetic fields as a "bottle" for constraining the 
molten metal permits solidification to occur with no physical mold/metal contact. This, in 
turn leads to the formation of very smooth surfaces capable of being hot worked without 
surface conditioning. It was estimated that significant work is still required before the "soft 
contact" process can be commercialized. If fully implemented, application of the process by 
the Japanese steel industry could result in a reduction of Japan's total energy consumption 
by 0.2%. Such potential provides more than adequate incentive to MITI and the companies 
involved in the program. 

Levitation Melting. Levitation melting is being developed as a method to eliminate contact 
between the material being melted and a crucible. Major emphasis is on reactive materials 
such as TiAI in which contact and chemical reaction with ceramic crucible materials pose 
serious problems. The process can be carried out in vacuum or in special atmospheres 
which also contribute to the ability for producing castings of high purity. Through control 
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of electromagnetic forces it is possible to control levitation and physical shape of the melt 
without producing undo turbulence within the hot liquid. Although emphasis is currently 
on high temperature melting materials where suitably non-reactive crucibles are not 
available, it may also have application in high volume production for single shot melting in 
die casting. 

Inclusion Separation. Separation of inclusions is difficult by flotation or gravity when the 
density of the inclusion is close to that of the metal. Theoretical analysis indicates that a 
direct magnetic field magnifies the difference between metallic and non-metallic particles 
and aids separation. Lab experiments confirm the ability to reduce silicon and iron content 
of molten aluminum. Prof. Asai holds a patent on this process, which could be of great 
commercial interest for the processing of contaminated aluminum scrap metal. 

Clad Steel products. Prof. Asai described work at Nippon Steel for continuous simultaneous 
casting of a stainless steel cladding over a carbon steel core. The process produces a fine 
definition and bonding of the two alloys and thereby allows rolling to thin gages. The fine 

'definition is produced through the use of a magnetic field that keeps the two liquids 
separated in the caster's nozzle through suppression of convection. More expensive 
conventional methods for producing clad steel products involve either hot roll bonding of 
sheets or plasma spraying of the cladding. 

RESEARCH INSTITUTES 

1. TOHOKU UNIVERSITY, INSTITUTE OF MATERIALS SCIENCE 

The Tohoku University Institute of Materials Science occupies facilities at the old 
campus in the central part of the city of Sendai that are separate from those of the College 
of Engineering. The Institute is housed in a multi-story facility of recent construction. Our 
visit was with Professor Inoue who was cited as the second most-quoted worker in the field 
of materials science by a recent study in Science Magazine. The same study ranked Tohoku 
University as the sixth most-quoted institution in materials science (after Oak Ridge 
National Laboratory). Professor Inoue's major efforts are devoted to the study of amorphous 
metallic rna te r ia I~ '~* '~~~~.  

Prof. Inoue has a staff of about 30 research associates. His efforts are supported by 
Japanese industry and the Japanese Government (Primarily the Ministry of Education, 
Culture and Science, as well as other ministries). The ratio of government to private 
funding has been in the range of 4:l to 3:l. The level of industrial funding has been fairly 
constant and depends on the number of industrial workers on his staff at any time. He 
indicated a budget of 30,000,000 yen to support operating and overhead costs for his 
operations, which is equivalent to a cost of 1,000,000 yen for supporting each associate. 
These costs do not include the salaries of his associates. 

In the several research laboratories under Prof. Inoue's direction, there was a 
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complete range of processing, testing and analytical equipment to support his studies on 
amorphous metallic materials. Professor Inoue presented a comprehensive review of the 
history of the efforts of his group on amorphous and nano-crystalline metallic materials. In 
addition to interest in these materials in the amorphous state, there is also interest in them 
as precursors to nano-crystalline materials. These new materials are being developed for 
their unique properties including: 

Mechanical properties: high strength, high toughness 
Physical properties: soft magnetic properties (Fe & Co base alloys), soft 
superconducting behavior (Mo and Nb base alloys), high magnetostriction 
Chemical properties: corrosion resistance, catalytic activity. 

Over the period they have progressed in understanding of the proper compositions 
to the point that bulk amorphous materials can be produced using conventional casting 
procedures. Whereas, conventional glassy materials are produced at cooling rates of from 
102 to loo "K/Sec, the earlier amorphous metal compositions required cooling rates of from 
lo6 to lo4 OK/Sec. The cooling rates for some of the newer compositions are now similar 
to those of conventional glassy materials. The goal has been the development of 
compositions which simultaneously exhibit: 

1. 

2, 
3. Low cooling rates. 

A large difference between the crystallization temperature (TX) and glass 
forming temperatures (Tg), AT,= (Tx-Tg); 
A high reduced glass forming temperature (TBRm,; and 

To achieve these conditions, Prof. Inoue's group has developed 3 rules for metallic 
glass forming: 

1. 
2. 
3. 

Use multi-component systems containing three or more elements. 
There should be significantly different atomic size ratios, >12%. 
The mixtures should have large negative heats of mixing. 

Glass formation is encouraged when several phases are formed during normal crystallization 
as crystallization is suppressed by the long-range rearrangements required for the formation 
of the several phases. A high liquid-solid surface energy becomes a barrier to crystallization. 
Prof. Inoue indicated that both nucleation and growth of the crystalline phases should be 
difficult for good amorphous metal systems. 

Figure 2. presents experimental results for numerous alloy systems showing variations 
in critical cooling rates versus reduced glass forming temperatures. Figure 3. presents results 
for the same systems showing cooling rate versus ATx. Figure 4. shows atomic radii of the 
constituent atoms for new Mg, Ti, and Al-base amorphous alloys. Figure 5. presents a 
summary of the reasons for the achievement of glass forming tendencies. 
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Through their many studies, Prof. Inoue's group have demonstrated solidification of 
amorphous metal materials using the following procedures: 

1. Water quenching a melt in a quartz tube. 
2. Casting in a copper mold. 
3. High pressure die casting. 
4. Arc Melting in a water-cooled crucible. 
5.  Uni-directional solidification. 
6. Suction casting. 

Consolidation of powdered amorphous metals has been demonstrated by both hot 
pressing and warm extrusion. 

The use of a wedge-shaped copper mold has been most useful for the determination 
of critical cooling rates for amorphous structure formation as well as the prediction of 
interface velocities versus cooling rates for uni-directional solidification. By water quenching 
a melt in a quartz glass tube, amorphous structures in a Zr-AI-Ni-Cu alloy have been 
produced with a diameter of 16 mm. Using a uni-directional zone melting method, samples 
of a Zr-AI-Ni-Cu-Pd alloy have been produced with a thickness of 10 mm, width of 12 mm, 
and length of 300 mm. 
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critical cooling rate for glass formation 
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Mechanical studies on amorphous metal systems have shown them to exhibit 
Newtonian viscous behavior (stress proportional to strain-rate) with no indications of work 
hardening. Tensile elongations up to 15,000% have been demonstrated when such materials 
are deformed in the supercooled liquid region. Nano-crystalline structures can be formed 
when amorphous metals are heated to temperatures at which crystallization can occur. The 
extremely fine structures so produced demonstrate high-temperature quasi-viscous second. 

superplastic behavior (stress proportional to the square root of strain rate). With such ultra- 
fine structures superplastic behavior can be obtained at strain rates as high as 1 
reciprocal 

For the various amorphous metal compositions which are under investigation, 
potential applications include: 

1. Bio-medical applications based on high corrosion resistance, particularly with 
no grain boundaries. 

2. EIectro-processes. 
3. Small mechanical parts. 
4. Magnetic applications. 

Akihisa Inoue 

gure 4. Atomic radii of the constituent elements for new ternary amorphous alloys 

As an example, studies of high strength aluminum alloys are being carried out for 
YKK (zipper manufacturer). Amorphous structures have been produced by melt spinningin 
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numerous systems including: 

- Al-La 
- Al-early transition metal 
- Al-Ca-Mg 
- Al-Ca-late transition metal 
* Al-Si-transition metal 
- Al-Misch metal-Ni 

Recent research has shown that very 
high strengths can be obtained by 
production of Al based materials with a 
mixed amorphous + fcc Al structure. Such 
structures can be produced by controlled 
cooling conditions in which the equilibrium 
intermetallic phase formation is avoided, 
but a meta-stable fcc Al phase can be 
nucleated. Similar studies with an Fe-Nd-B 
alloy have shown that the formation of a 
mixed triplex nanostructure consisting of 
bcc Fe, tetragonal Fe,,Nd,B and remaining 
amorphous phases. The triplex 
nanostructure is a magnetically hard 
material, while the totally amorphous 
structure has soft magnetic behavior. 

i 

- AI-Ca 
- Al-late transition metal 
- Al-Ca-Zn 
- AI-B-transi tion me tal 
- Al- Ge-transi tion me tal 
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kgure 5. Summary of the reasons for the 
achievement of large glass forming ability 
for ternary alloy systems. 

2. NATIONAL INDUSTRIAL RESEARCH INSTITUTE OF NAGOYA 

The JTEC team did not visit the National Industrial Research Institute of Nagoya. 
The institute is jointly sponsored by the Agency of Industrial Science and Technology and 
the Ministry of International Trade and Industry. We learned that this center will be 
responsible for the "Super Metals" program on intermetallics and amorphous metals. During 
the trip we learned that the center is also involved in a program of reactive synthesis and 
melting of intermetallics through chemical reaction and subsequent pouring with vacuum 
assist. 

Recent publications by members of the center indicate extensive ongoing efforts in 
the following areas: 
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0 

The melting and casting of Ti-& intermetallic compounds using a cold crucible 
levitation melting process followed by investment casting.” 
Semi-solid forming of partially remelted magnesium  alloy^.'^^' 
Preparation of Sic whisker reinforced AI alloy composites by compocasting.18 

INDUSTRIAL R&D 

1. RYOBI 

Ryobi is very 
active in the development 
of die cast aluminum 
composites for wear 
applications. Although 
these materials are of 
great interest, there are 
several negative features: 
high production costs, 
machinability, recycling, 
and high materials cost 
(e.g carbon fibers). 
C o m p o s i t e s  h a v e  
i n t e r e s t i n g  a n d  
appropriate uses in 
applications where creep 
s t r e n g t h  and hea t  
resistant concerns are 
critical. They believe that 
cylinder liners will be 
specified to be produced 
from composite materials 
by automotive engineers 
in the future. Brake 
components are another 
possible application. 
They have developed the 

Table I. Properties of Ryobi RX 1000 Metal Matrix 
Composites. 

I 8920 I 7240 I I 7450 

RX 1000 metal matrix composite material for die casting operations which are described in 
Table I. 

Ryobi’s management believe that squeeze casting may be better than die casting for 
higher performance components, even though the process is more expensive. At present 
Ryobi is producing wheels, cross members, and certain components for high performance 
cars like the Mazda Rx7 by squeeze casting. 
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2. KUBOTA 

Kubota Corporation's New Materials Group has two major initiatives within their 
materials group: process technologies and materials technologies. The process technologies 
deal with HIP (hot isostatic pressing) and CIP (cold isostatic pressing). The materials 
technologies deal with issues such as corrosion resistance, heat resistance needs, and 
creation of new businesses. The R&D group is integrated with manufacturing, marketing, 
sales, and business development. 

Kubota has excellent capabilities in HIP and CIP and sintering. Their HIP machine 
used for Si,N, production is one of the largest of its kind in the world. The largest HIP 
product they have produced is a ceramic component of 500 mm in diameter and 50 mm in 
wall thickness which they claim is the largest ever produced in the world. 

Kubota are producing composite rolls for hot rolling mills by HIPing. These are 
composed of consolidated high speed steel powder for the outer layer and a steel having 
high toughness, such as AISI 4140, for the inner layer. The outer layer material and the 
inner layer material - the composite sleeve - is shaped by HIPing. Subsequently, the sleeve 
is shrink-fitted onto the shaft which is made of AISI 4140. The materials has a 
homogeneous microstructure with very fine dispersed carbides. The lives of the composite 
were claimed to be 5-7 times longer than traditional rolls, 

Kubota manufactured cylinders for extrusion machinery which have been produced 
from rapidly solidified powders which were then bonded using HIP. These had enhanced 
corrosion and impact resistance for plastic extrusion machinery. 

Kubota is producing skid buttons, which are used by the steel industry to support re- 
heated slabs, using HIPed chromium matrix alloy. They claimed the new skid buttons are 
four times more wear resistant than that of heat resistant steel. It is anti-oxidizing and can 
be utilized at temperatures in the vicinity of 1350" C. They are supplying skid buttons to 
most of the major steel producers of Japan, having manufactured over 4,000 pieces since 
1988. 

Kubota has a very intense effort in the development of ceramics for advance die 
casting processes. Their ceramics are claimed to have higher strength, toughness, and 
corrosion resistance against molten aluminum compared to traditional ceramics used in the 
industry. Maximum dimensions of the Kubota ceramics for the die casting industTy ar 50" 
in length, 20" in diameter, and 2" thick. They work very closely with end users and 
customers in producing state-of-the-art ceramics for the die casting industry. They produce 
two kinds of materials for such applications: KN, a silicon nitride product, and MC, a 
composite material consisting of a titanium matrix containing ceramic particulates distributed 
throughout the matrix. Applications of the KN material in die casting include transfer ladles 
for Ube squeeze casting systems, transfer tubes for Toshiba electro-magnetic pump systems, 
riser stalks for low pressure die casting, heater element tubes for holding furnaces, 
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thermocouple protection tubes, nozzles and a variety of other applications. Ceramic 
composites of the MC material are used as shot sleeves for high pressure aluminum die 
casting for both horizontal and vertical machines. The composites have very high insulation 
properties to die sleeves as well ashigh corrosion resistance to molten aluminum. The 
physical properties of the Kubota KN and KC materials for the foundry industry are 
presented in Table 11. 

Table 11. Properties of Ceramic Products from Kubota Available to the Foundry 
Industry 

Kubota is also producing porous metal parts for use by the foundry industry. These 
are powder metallurgy products which are sintered to have controlled porosity in the range 
of 1530% The size of the pores and their distribution are independently controlled 
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between 20 to 100 micron diameter. These products have low thermal conductivity and high 
strength. They have produced porous parts from H13 and AIS1 1304 powders for 
applications in aluminum die casting and plastic injection molding. The products also have 
potential applications as die materials and core boxes.' There may also be applications as 
filtration devices. 

2. KYOCERA 

Kyocera is a well-established company in the field of ceramics. They have been 
active in the development of advanced ceramic products for use by the foundry industries. 
Their fine ceramic division produces a wide variety of materials: high purity alumina; silicon 
nitride (high reliability); silicon carbide (high wear, used in applications such as mechanical 
seals); zirconia (scissors, knives, watchbands); aluminum nitride (for high thermal 
conductivity applications); cordierite; titania; and cermets. The silicon nitride produced by 
Kyocera is based on their own proprietary technology, whereas their competitors material 
are based on the Lucas Corporation's SIALON patent. Si,N, stalk tubes developed for the 
low pressure permanent mold sector have demonstrated a 2-year life under proper 
conditions. 

The products available from Kyocera at present for metal casting applications include: 

0 Ladles 0 Die-cast sleeves 
0 Stalks 0 Thermocouple protection tubes 
0 Heater tubes 0 Degassing pipes and rotors 
0 Fixtures for wetting processes Pumps 

They produce two types of silicon nitride for use with molten aluminum. They have 
granted an exclusive license to market these products in the U.S. to Pyrotek. Table 111. 
presents typical properties of the Kyocera ceramics available to the foundry industry. they 
cannot achieve the desired property levels using ductile iron. 

4. ASAMAGIKEN 

Asama Giken appears to be more active in the area of development than research. 
They are funding research at a local university to investigate uses for spent sand with no 
positive results thus far. They are active in the application of the Komatsu finite element 
program, "SOLDIA," for simulation of solidification for the optimization of mold and gating 
designs. The software includes capabilities for heat and fluid flow, calculation of cooling 
rates, application of the Niyama criteria for shrinkage. The program is run on a Sun work 
station and about 24 hours of running time are needed for each simulation run. In orders 
from Honda, all design data are received in digital form on diskettes with no drawings. 

A major development effort relates to the production of thin-walled exhaust 
Asama Giken has been successful in reducing the manifold manifolds for Honda. 
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thicknesses from 6 mm to 3 mm. However, the newest target is 2 mm. At this thickness 
they feel they have a practical limit of 4% Si in their ductile iron product using their present 
gravity methods. They indicated that about 5% Si would be needed to achieve property 
targets. As a result they indicated that the thinner manifold would have to be cast stainless 
steel because of improved thermal fatigue, oxidation and corrosion resistance, with serious 
competition from stamped 13% Cr steel. 

Table 111. Properties of Ryobi RX 1000 Metal Matrix Composites. 

- ?Ea Hardness Hv kg/mm' k420 I 424 350 

I 2-4 - aaae Fracture Toyghners Ktc MPsfi  5.7 6.7 

+>5C$ Young's Moclutur kg/mm* 30,000 30,600 10,oOo 

rlcy'l?& Poisson's Ratio - 
- 

I_ - 0.28 0.28 

SUMMARY 

On the basis of the obsewations of the JTEC team, it appears that Japanese 
universities and research institutes are leading long-term R&D thrusts for the development 
of new materials casting technologies. Significant efforts include amorphous metals, 
intermetallics, application of magneto-hydrodynamics in the continuous casting of steel, and 
energy efficient furnace technology. Industrial R&D seems focused more on process 
improvements than on new product technologies, but significant efforts in new cast materials 
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included cast metal matrix composites, materials substitutions for thinner wall products, and 
advanced ceramic products for foundry industry applications. 
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