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Preface

I am pleased to present herewith the "NRIM Re-
search Activities 1999". This report is intended to
describe the annual activities at National Research
Institute for Metals (NRIM), focusing on our re-
search programs and the progress we have made
in FY 1999.

As from Jan 2001, the Science and Technology
Agency (STA) and the Ministry of Education, Sci-
ence and Culture were integrated into the Ministry
of Education, Culture, Sports, Science and Technol-
ogy (MEXT). Followingly on April 1 2001, NRIM
and National Institute for Research in Inorganic
Materials (NIRIM), both attached to the MEXT,
are merged into one organization and started as
the National Institute for Materials Science
(NIMS), which is operated as an Independent Ad-
ministrative Institution (IAI). In preparation for the
drastic administrative reform, lots of discussion
was made in NRIM how to administrate the institu-
tion and how to direct the research subjects in FY
1999.

In terms of research direction, STA launched the
"Leading Research Program for IAIs" in FY 1999
in order to endeavor the new research management
system for [Als,. "High Temperature Materials Pro-
ject for the 21t Century", proposed by NRIM,
was selected as one of the test cases in which vari-
ous attempts have been made for the more flexible
research management.

On the other hand, we carried out the mid-point
external assessment for the "New Century Struc-
tural Materials Project" in January 2000, which is
one of the core projects for the 5% long-term re-
search plan. In the 4% Ultra-steel Workshop, held
simultaneously with the assessment, we obtained
excellent evaluation and encouragement from indus-
try and other institutions.

In addition, we conducted the Institute Evalua-
tion in March 2000 where we received encourag-
ing comments from the External Evaluation
Committee. The results of this evaluation are to
be reflected to the establishment of the new institu-
tion.

Through these activities described, 1 believe that
we shall make every effort to render our institute
to be the Center Of Excellence in materials sci-
ence. To all of you, who have supported NRIM,
we greatly appreciate your continued understanding
and encouragement for the new organization
"NIMS"

B I = sagur o2 )

March 2001
Dr. Masatoshi Okada
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[1 Research Programme

Characterization / Properties

1 Composition, Temperature and Pressure-In-
duced Structural Changes and Physical Properties of
Material

1. Hirata, Materials Physics Div.
[April 1998 to March 2001]

When pressure is applied to materials or their
composition and/or temperature are changed, any
structural change(s) are induced, affecting the physi-
cal and electronic properties of materials. The cur-
rent research subject covers the following content.

A: Oxygen position, octahedral distortion, and
bond-valence parameter from bond lengths in
T1.Sn:0: (0 < x = 1), which are deduced based on
the virtual crystal approximation, or Vegard's law,
from the bond lengths of TiO. and SnO..

B: Temperature dependence of the Raman spec-
tra of 1T-TaS.. This topic reveals that the three
broad Raman bands observed above 220 cm’ ex-
hibit noticeable changes of the frequency toward
the low wavenumbers in the vicinity of 200 K,
where 1T-TaS; undergoes a first-order transition of
the charge density wave (CDW).

C: Raman and infrared spectra of CeixMyOuos
(M=Pb, Sr and Ca) and Ce..Bi,VOs as a function
of x, which exhibit noticeable differences between
CerxsMVOsosx  and CeiBiyVOs, among
Ce1sMiVOaos. The x-dependence of position, li-
newidth and intensity of the Raman/infrared modes
is presented and discussed, to substantiate distinc-
tive spectral features.

and

Keywords: lattice distortion, phase transitions, pho-
nons, infrared and Raman spectra.

2 Angle-resolved  Photoelectron  Spectroscopy
Study on Surface Structures and Electronic Properties

M. Shimoda, J.Q. Guo*", TJ. Sato* A.-P.
Tsai* Materials Physics Devision

(*: Aperiodic Solids Research Team, ": CREST, Ja-
pan Science and Technology Corporation, Japan)
[April 1998 to March 2001]

We have performed X-ray photoelectron diffrac-
tion (XPD) and reflection high-energy electron dif-
fraction (RHEED) measurements to investigate the
surface structure of the decagonal AlnNiCois qua-
sicrystal, which is known as a two-dimensional

quasicrystal. RHEED patterns for the surface paral-
lel to the quasiperiodic planes are almost identical
to the selected-area electron diffraction (SAD) pat-
terns taken along the twofold axes of the bulk sam-
ple. The XPD images show clear tenfold-
symmetric patterns, which is consistent with the
long-range orientational order of the decagonal qua-
sicrystal. These facts suggest that the surface has
the same quasiperiodic structure as in the bulk.
We have also found that Ar "-ion bombardment to
the quasiperiodic surface induces a surface phase
transition; Al atoms near the surface are seclec-
tively sputtered and a crystalline layer of Al-
Co(Ni) alloys with bee-like structure is formed.
The crystalline layer consists of multiply-twinned
grains which expose the (110) surface with ten dif-
ferent orientations corresponding to the tenfold-sym-
metry of the substrate. The quasicrystalline
structure are restored by annealing, which means
the quasiperiodic structure is stable even at the sur-
face".

Keywords: photoelectron  diffraction, reflection
high-energy electron diffraction, surface structure,
quasicrystal

Surface structure and structural transition of
decagonal Al-Ni-Co quasicrystal, M. Shimoda,
J.Q. Guo, T.J. Sato, A.-P. Tsai, Surface Sci-
ence 454-456 (2000) 11

)

Fig. Co 2p XPD image from the quasicrystalline surface of the deca-
gonal AlzNi2Coss quasicrystal

3 Coating of photocathode and fundamental inves-
tigation of photoelectron emission from laser illuminated
photocathode for TEM

T Kimoto and M. Amano, Materials Physics
Division



[April 1999 to March 2002]

The higher brightness electron source improves
high resolution microscopy, electron holograph, mi-
croscopic ultimate analysis, coherent electron micro-
diffraction and so on in a transmission electron
microscope (TEM). For this reason a Lanthanum
hexaboride (LaBs) tip whose brightness is about
10 times higher than a conventional Tungsten hair-
pin tip, was developed for a thermal emission type
electron source in the 1980's. In the 1990's a field
emission type electron source whose brightness is
about 10 - 100 times higher than LaB6 tip source
was developed for practical use, which enables us
to perform electron holography.

It is estimated that a photocathode of high quan-
tum efficiency illuminated by a laser beam could
be an electron source for TEM whose brightness
is 100-1000 times higher than a field emission
type electron source. A few purely fundamental
researches have been performed on the characteris-
tics of laser illuminated photocathode so far, but
few fundamental researches on the practical laser il-
luminated photocathode for TEM or other instru-
ments have been carried out. It is necessary for
the development of the practical photocathode to
devise a special method to coat photocathodes
such as Cs;Sb onto the top of a cathode tip, be-
cause their quantum efficiency decrease rapidly
just as they react chemically to small amount of
oxygen’. It is also necessary to cool effectively
the laser illuminated photocathode in the high vac-
uum and high voltage.

In the present research the fundamental experi-
ment is aimed in order to get data for the develop
of a practical photocathode type electron source, a
new type high brightness electron source for
TEM. For this purpose, we verify the effective-
ness of the devised method of coating Cs;Sb photo-
cathode by vacuum evaporation and find the best
coating condition. We measure the temperature of
laser illuminated photocathode which 1is cooled
with a specially devised method for many experi-
mental conditions.

The effect of temperature of the photocathode,
shape of the top of the photocathode tip, environ-
mental vacuum and cathod voltage on the beam
current of the photoelectron from the laser illumi-
nated photocathode was examined. To performe
our research we use the Argon ion laser and the
specially designed devises which were already
made to carry out the present fundamental re-
search. The development of a special cathod tip
which is cooled by Peltier effect was also carried
out besides development of coating method.

Keywords: high brightness electron source, trans-
mission electron microscope (TEM), coating of
CssSb on cathod tip, quantum efficiency for photoe-
lectric effect, laser illumination, Argon ion laser,
vacuum evaporation, cooling of laser illuminated
photocathode

Reference

Laser Illuminated High Current Photocathodes,
L. R. Danielson, C. Lee and P. E. Oettinger, Appli-
cations of Surface Science 16 (1983) 257-267.

4 Development of New High Pressure Tech-
niques and its Application o the Investigation in Newly
Synthesized Compounds

A. Matsushita, J. Tang, J. Ye, T Naka, H.
Abe, S. Ishida and K. Maruyama, Materials
Physics Division

[April 1999 to March 2001]

We have pursued for a number of years a re-
search project in high pressure physics, centering
around the physical properties of magnetic interme-
tallic compounds. One of the recent objects is Fesx
Vi Al compounds. We have investigated the effect
of pressure on the temperature dependence of resis-
tivity in Fe;VAl Heusler compound. We found that
this compound has a pseudo energy gap of a few
hundreds Kelvin at Fermi level. At ambient pres-
sure the electrical resistivity of this compound ex-
hibits a monotonic behavior with a negative
temperature coefficient below room temperature.
The origin of this temperature dependence has
been attributed to the energy gap, but we found
with high pressure experiments that this interpreta-
tion is not true. At higher pressures
tonic behavior changes and a plateau appears
around 100K. After detailed studies
reached a conclusion that we must consider three
temperature dependent factors which affect the elec-
trical resistivity. One is the variation of charge car-
rier density owing to the pseudo energy gap, the
second one is the phonon scattering and the third
one is the magnetic scattering. Especially the mag-
netic scattering seems to dominate at low tempera-
tures; interestingly it is increasing as decreasing
temperature.

In these research projects we mainly used a
piston-cylinder type pressure cell and a cubic anvil
for generating high pressure. The maximum pres-

the mono-

we have

sure obtained with these high pressure techniques
is 9GPa. In this new reasearch project we will de-
velop a new high pressure technique using a dia-



mond anvil cell aiming at higher pressures. We
are planning two programs. One is a program to
develop a technique of electrical resistivity meas-
urement in a diamond anvil cell. Another is a X-
ray diffraction measurement at low temperatures us-
ing a diamond anvil cell.

In this project we pursue another research that
is to explore new compounds containing non-me-
tallic elements or compounds formed with only
non-metallic elements. Previously the research ob-
jects were mainly intermetallic compounds. But we
will explore interdisciplinary fields in this project.

Keywords: high pressure, magnetic materials
Recent Publications

Specific heat of the spin density wave state in
Ce(RuossRho.s)Si; under pressure. J. Tang, T. Mat-
sumoto, H. Abe and A. Matsushita, Solid State
communications, 109(1999), 445.

Effects of Pressure on the Electrical Resistivity
of PriBax)(CuisM,)Qs with M=ZnNi and x=0, 0.01,
0.02. A. Matsushita, S. Horii and Y. Yamada,
Physica C 331(2000), 195.

5 Atom probe microanalysis of advanced metallic
materials

K. Hono, Materials Physics Division
[April 1996 to March 2001]

Properties of metallic materials are controlled by
microstructures. Conventional structural materials
such as steels, aluminum alloys, intermetallics and
superalloys are all strengthened by controlling their
microstructures. The microstructural scale of metal-
lic materials are becoming smaller and smaller,
and many microstuructures in the modern indus-
trial materials are in a subnanometer scale. Mag-
netic properties and other functional properties of
metallic materials are sensitive to their nanosacle
microstructures and interfacial structures. Thus, mi-
crostructural characterizations of metallic materials
in less than a nanometer scale resolution is essen-
tial for understanding the mechanisms of various
novel properties in materials.

This project aims to obtain better understandings
of the underlying mechanisms of mechanical and
magnetic properties of metallic materials by charac-
terizing microstructures of advanced materials. For
this purpose, we employ the atom probe field ion
microscope (APFIM) technique which is capable
of analyzing local chemical compositions with an
atomic resolution. Unlike other analytical tech-

niques, it can detect all alloying elements includ-
ing light atoms such as Li, Be, B, C, N and O
which often make key roles in controlling materi-
als properties. By making use of a three dimen-
sional atom probe (3DAP), it is possible to map
out elemental distributions in alloys in a three di-
mensional real space with a near-atomic resolution.
During the last fisical year, we have installed an
energy compensated three-dimensional atom probe,
by which it became possible to map out alloying
elements with close mass-to-charge ratios. Fig. 1
shows 3DAP elemental maps of Al, Ti, Ni, Co,
and Fe atoms near a 7'/7 interface of Inconel X-
750 alloy. In the 7' precipitate, (002) atomic lay-
ers are resolved corresponding to the internal Ll
ordering of the L1, phase. For complementary mi-
crostructural characterization, conventional transmis-
sion electron microscopy (TEM) and high
resolution electron microscopy (HREM) techniques
are also employed. Our research interests include
nanocrystalline magnetic materials, magnetic thin
films, amorphous and nanocomposite alloys, micro-
structures and phase transformations in steels and
aluminum alloys and other industrial metallic mate-
rials. A

Part of this project is conducted in collaboration
with the Frontier Research Center for Structural
Materials. The most up-to-date reports of this pro-
ject can be found in the following WWW site:

http://www.nrim.go.jp/open/usr/apfim

Inconel X-750 4500 min @ 700° C

o Al Ti . Ni Y Y

{001}

£t

Fig. 1 3DAP elemental maps of 7v'/7 interface of Inconel X-750 al-

loy aged for 75 h at 700 °C.



Keywords: atom probe, APFIM, transmission elec-
tron microscopy, TEM, nanostructure, microstruc-
ture, phase transformation

Related Papers

K. Hono, "Atom probe microanalysis and
nanoscale microstructures in metallic materials"
(OVERVIEW), Acta mater., 47, 3127 (1999).

6 improvement of the Accuracy of Inductively
Coupled Plasma-Mass Spectrometry through Sample
Preparation and isotope Dilution Analysis

K. Sato, K. Ide, T. Kobayashi and M. Amano,
Materials Physics Division
[April 1997 to March 2001]

The latest trend of the international coordination
for standard materials and chemical analysis re-
quires the establishment of standard analytical
methods which are traceable to the SI-unit. Follow-
ing such a trend, we have studied for establishing
the Inductively Coupled-Mass Spectrometry (ICP-
MS) with a matrix separation method and the Iso-
tope Dilution-Mass Spectrometry (ID-MS).

For the quantitative analysis of trace elements in
iron standard materials, it is important to eliminate
the ion scattering effect caused by the matrix, the
effect of space charge and the memory effect. In
this study, the application of metal chelate/solid
phase extraction (SPE) has been examined for the
separation of matrix. Sodium N,N-diethyl dithiocar-
bamate trihydrate (DDTC) was used as the chelat-
ing reagent, and the reversed-phase system solid
phase Bond Elute C18 was used for SPE. The as-
say elements were 7 elements of Ni, Co, Cu, Cd,
In, Pb and Bi. The ID-MS was applied for the
quantitative analysis of Ni.

The optimum condition has been investigated
for the matrix separation using the metal che-
late/SPE. It is necessary to mask Fe’', because
DDTC reacts with Fe’" and forms Fe chelate
which is insoluble in water. Tartaric acid, ammo-
nium oxalate and citric acid ammonium were exam-
ined as the masking reagent. The tartaric acid of
150 g 100 ml™' was necessary for masking the
solution containing 1.0 g of Fe’, which is less
than the amount of other organic acids. The forma-
tion of metal chelate depends on pH. In the solu-
tion below pHS5.0, the DDTC decomposed to
(C2Hs)NH*" and CS., and in the solution pH 5.0 ~
9.9, all metal ions formed the metal chelates. In
the presence of tartaric acid, the Fe chelate de-
creased with increasing pH from 9.9 to 10.6 due

to the masking effect against Fe’'. The Fe chelate
did not formed above pH10.6. While the formation
of Fe chelate was accelerated with increasing the
amount of DDTC. The maximum recovery rate
was obtained at 0.1 M 4.0 ml of DDTC without
the iron chelate formation.

The amount of the solid phase Bond Elut C18
affects the retention ability of metal chelates and
the time of treatment. The Bond Elute CI8 has a
large specific surface area, so it was considered
only a small amount of it was necessary for the
SPE. However 0.25 g of it was not enough for
the perfect retention of metal chelates, and 0.75 ~
1.0 g of it took a lot of time (>10 ml min"") for
the treatment due to the impingement on the solu-
tion flow. The optimum amount of the solid phase
was 0.5 g for the high recovery rate and the short
time treatment.

The elution of metal chelates from the solid
phase must be carried out by using a least amount
of eluate to increase the concentration effect. As
the suitable eluate, 6 M hydrochloric acid, 6 M
Hydrochloric acid + 0.1% hydrogen peroxide, 6 M
nitric acid and 6 M nitric acid + 0.1% hydrogen
peroxide were examined. The 6 M nitric acid
+ 0.1% hydrogen peroxide was found to be best
eluate from the point of recovery rate and repro-
ducibility. The least amount of the eluate was 5 ml

In order to select the enriched isotope material
for Ni analysis using the ID-MS, the effect of iso-
bar elements was examined. The isotopes of Ni
are "Ni (68.07%), “Ni (26.22%), °Ni (1.13%),
“Ni (3.63%), *Ni (0.92%). There are the effects
of isobar elements between *Ni and “Fe, and be-
tween “Ni and “Zn. Thus “Ni was selected as an
enriched isotope material and the calculation was
carried out by using the value of “Ni / “Ni.

The precision of analysis (RSD) of each assay
element obtained by using the metal chelate/SPE
separation ICP-MS method was Co: 0.36, Ni:
0.32, Cu: 0.51, In: 1.66, Pd: 0.97 and Bi: 1.06
(%), respectively. The RSD of each element was
less than 2%.The detection limit (3 ¢ ) of each ele-
ment was Co: 0.38, Ni: 0.43, Cu: 2.90, Cd: 0.93,
In:0.23 and Bi:0.42 ppb (m/m), respectively. The
result shows that the quantitative analyses of sub
ppm (m/m) is possible by this method.

The result of quantitative analysis of Ni in the
iron and steel standard material JSS 001-4 (infor-
mation value: <0.3ppm (m/m) obtained by using
the metal chelate/ SPE separation ID-MS was 0.057
£ 0.005 ppm (m/m). This value has no significant
difference compared with the values 0.033 =£
0.004 ppm (m/m), 0.037 = 0.017 ppm (m/m) (the
non-matrix separation method / ID-MS) and 0.074
+ 0.028 ppm (m/m) (the matrix separation



method / ID-MS), which were obtained by the col-
laboration with the national Institute of Materials
and Chemical Research.

The value obtained by using the metal chelate /
SPE separation ICP-MS) of each assay element in
the iron and steel standard material JSS 001-4 was
Co: 0.32 + 0.05 ppm (m/m) (certified value: 0.3
ppm (m/m), Cu: 0.54 £ 0.09 ppm (m/m) (certi-
fied value: 0.5 ppm(m/m), Pb: 0.16 =+ 0.03 ppm
(m/m) (certified value:0.2 ppm), Cd: 0.15 * 0.05
(information value: <0.3 ppm (m/m), In: 0.019 =+
0.008 (information wvalue: 0.019 £ 0.008 ppm
(m/m) and Bi: 0.3 4 0.01 ppm (m/m) (no-informa-
tion value). The result shows that the analytical
values are in good agreement with the certified val-
ues.

We have proved that the quantitative analysis of
trace elements in iron and steel standard materials
can be carried out with high accuracy and with
high sensitivity by using the metal chelate/SPE
separation ICP-MS / ID-MS method without any
complicated and time-consuming pretreatment.

Keywords: ID-MS, solid phase extraction, DDTC,
high-purity iron.

7 Study on the Unusual Metallic State and Elec-
tronic Structure of Magnetic Materials

H. Kitazawa, Physical Properties Division
[April 1998 to March 2001]

The discovery of high Tc superconductive cu-
prates has stimulated much interest on the physics
and chemistry of various oxides and chalcogen-
ides, which exhibit superconductivity, colossal mag-
netoresistance, metal-insulator (M-I) transition, etc.
One of the interesting problems of these materials
is that the electronic state differs from the conven-
tional Fermi liquid. It is obvious that the electron
correlation should play an important role in the
anomalous metallic state. So far, much work has
been focused on the 3d transition-element oxides,
while 4d or 5d transition-element compounds have
not been paid much attention because of the
weaker electron correlation. Recently, it was found
that the spinel-type chalcogenide CulrS: exhibits
the M-I transition at about 230 K. More interest-
ingly, the external pressure stabilizes the insulating
phase, while the general band theory expects that
the external pressure enhances the overlap of the
related orbitals and leads to a tendency of metalli-
zation. Our aim is to clarify the origin of anoma-
lous physical properties of Culr:Ss and understand
the electron correlation extensively by detailed ex-

perimental research.

We have investigated the M-I transition by the
chemical substitution method. Single-phase polycrys-
talline samples of Cui.ZnInS: (0 < x < 0.9) have
been successfully prepared. The Zn substitution
drastically suppresses the M-I transition. The de-
tailed structural, electrical resistivity and magnetic
susceptibility measurements show some important
clues to the mechanism. A model involving
charge ordering and the dimerization of Ir* has
been proposed to elucidate the main experimental
results. Superconductivity has been found in Cui
ZndnSs (0.25 < x = 0.7) with T¢ below 3.4 K. The
normal-state resistivity shows anomalous behavior,
suggesting that the superconductivity may have
some exotic aspect.

Keywords: metal-insulator transition, electron corre-
lation, 5d transition element, chalcogenides
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8 Optical Studies on Intra~4f-shell Photolumines-
cence in Bulk Growth Yb Doped InP
T Takamasu, H. Suzuki, Y. Imanaka and G.
Kido
[April 1999 to March 2003]

Introduction

Intra-4f-shell  photoluminescence of rare-earth
doped semiconductor system attracts great attention
because of its high efficiency and suitable PL en-
ergy for fiber optics[1]. Many different combina-
tions of rare-earth materials and semiconductors
have been extensively studied, however, photolumi-
nescence mechanism is still unclear so far. The dif-
ficulty in studying such system exists partly in the
absence of good bulk samples. Recently, we have
succeeded in growing good bulk samples of Yb
doped InP crystal which shows very high effi-
ciency of 4f-shell PL below 140K[2]. Here, we re-
port optical properties of this bulk Yb doped InP
under strong magnetic fields.

Exerimental

InP:Yb bulk single crystal was grown by the
modified Bridgman method with W crucibles
sealed in a high vacuum. The initial loaded Yb



concentration is between 0.25% and 5.2%. which
corresponds to 5x10”cm” and 1x10”em’[3]. From
the temperature dependence of magnetization, we
have confirmed that the Yb has only one crystallo-
graphic site and estimated Yb concentration is rang-
ing from 0.25% up to 6.8% depending on which
part of the ingots was used[3]. For the estimation
of the samples, we have performed using CCD
camera and fiber optics system. He-Ne laser was
used for the excitation light source.

Magnetic field was applied with superconducting
magnet up to 8T at 4.2K.

Results and Discussions

For all Yb concentration samples, very sharp 4f

shell luminescence lines were observed at around
E=1.2eV. Figure 1 shows typical temperature de-
pendence of the sample at around 4f shell PL[3].
At low temperature, PL intensity is very high com-
pared with other high quality semiconductor sam-
ples such as GaAs and CdTe. With increasing
temperature, PL intensity is maintained almost con-
stant up to 70K and it shows rapid decrease
above this temperature. At higher temperatures
than 150K, 4f shell PL becomes almost invisible.
Different from those samples grown by MOCVD,
band edge PL at around 1.4eV are very weak at
liquid He temperature; about 10 of 4fshell lumi-

nescence[2]. In Fig. 2, we show temperature de-
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pendence of band edge PL. At low temperature,
very small PL peaks were observed at 1.35¢V and
1.49¢V. The origin of these PL peaks are not clear
at present, however from the temperature depend-
ence of the InP band gap, higher energy peak can
be assigned to the band gap PL and lower peak
to the acceptor level. These small PL peaks be-
comes invisible above 30K. When the temperature
is increased to above 90K, PL peak appears again
around 1.4eV. Intensity of 4f shell PL peaks and
band edge peaks are plotted as a function of tem-
perature in Fig. 3. It is very interesting that the ap-
pearance of the band edge PL and disappearance
of 4f shell PL are in coincidence with each other,
suggesting energy transfer occurs between these
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two PL centers.

For InP:Yb samples, Taguchi et al. have pro-
posed PL mechanism as multiphonon-assisted en-
ergy transfer{5]. Qualitative discussion of their
calculation is adaptable to the present case. How-
ever, in our sample band edge photoluminescence
is invisibly weak which suggest that almost all ex-
cited electron-hole pairs should be recombined in
non-radiative process. It is not likely that the cou-
pling between electron and usual phonon system is
so strong. Some additional mechanism such as
resonant emission of localized phonon is needed
for the quantitative explanation.

Summary

In summary, we have grown the bulk crystal or
InP:Yb using modified Bridgman method. Our sam-
ple shows very sharp and high efficiency PL peak
of Yb 4f shell and almost invisible band edge PL
up to about 100K, suggesting the high quality sin-
gle phase crystal. Temperature dependence of these
two PL intensities support energy transfer mecha-
nism qualitatively.

Keywords: Yb doped InP, optical measurements
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9 Transport and Optical Properties of a Salmon-
Sperm-DNA Film in High Magnefic Fields

KIDO Giyuu, KITAZAWA Hideaki, UJI Shinya
and IMANAKA Yasutaka, Physical Properties
Division

[April 1999 through March 2002]

Every year 6000 tons of salmon sperm must be
disposed of in Hokkaido. Consequently, studies on
ways to productively use the salmon sperm or to
dispose of it with minimal impact on the environ-
ment have attracted much attention. Recently, a
technique has been developed to fabricate a DNA-
lipid complex from salmon sperm, and a DNA
film and a DNA fiber from this complex.

We are evaluating the transport and optical prop-
erties of the DNA-lipid film in high magnetic
fields in order to fabricate films in which the
DNA chain is oriented either perpendicular or par-
allel to the film plane. The DNA chain is aligned
along the direction of stretch of the film, so we
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Figure 1. Magnetic susceptibility for a stretched film of salmon-
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aligned itself with the high magnetic field.



suspected that there would be an anisotropy in the
magnetization of the film. And indeed, we have
measured an anisotropy of 10 % in the magnetic
susceptibility, as shown in Fig. 1. This suggests
that it might be possible to manufacture a DNA
film with vertically oriented DNA chains by apply-
ing a high magnetic field during the manufactur-
ing, a possibility of keen interest to researchers in
this field.

Keywords: Salmon, DNA, alignment, anisotropy

10 Theoretical study on atomic diffusion and elec-
tronic state in metal oxides

T. Sasaki, Computational Materials Science Di-
vision
[April 1999 to March 2002]

The properties of metal materials are changed
by exposing its surface to air. The shiny surface
of steel will corrode if it is not taken care of cor-
rectly; the rust will be made. On the other hand,
aluminum surface can be protected by covering its
surface by alumina. All these phenomena occur by
the oxide formation. The study on the oxide forma-
tion on the metal surfaces has a long history. It
contains not only the phenomenological analysis of
the formation processes but also the model for the
atomic diffusion and the chemical reaction. Never-
theless, the microscopic theory on the oxide forma-
tion, especially, based on the electronic theory has
not been available. Previous studies have revealed
that the oxide formation is governed by the
atomic diffusion between oxides and the interior
bulk metal. At this stage, the diffusion of atoms
occurs with the help of vacancy or self-interstitial
and their electronic states have significant influ-
ence to the diffusion. The present study aims to
elucidate the diffusion processes of atoms in the
oxides including defects theoretically, based on the
state-of-the-art computation techniques; the first-
principles electronic structure calculation methods
terms of the density-functional formalism.
Thanks to the development of high-performance
computers and the progress in the computational
technique, the modern electronic theory can be suc-
cessfully applied to the materials to explain and
predict various physical properties. However, there
are still some unresolved problems. The metal ox-
ides are the cases. This study includes the investi-
gation to explore how far the present electronic
theory can be applied in the metal oxides. The
computations are performed on the Numerical Ma-
terial Simulator System (NEC-SX5/32) installed at

in
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NRIM.

11 Computer simulation on the vortex states and
phase transitions of high-T. superconductors under an
external magnetic field

X. Hu, Y Nonomura and A. Tanaka, Computa-
tional Materials Science Division
[April 1999 to March 2004]

In the superconducting state, an external mag-
netic field applied parallel to the CuO. plane of a
high-T. superconductor induces the so-called Jo-
sephson vortices. The center of a Josephson vortex
enters into a block layer, the layer between two su-
perconducting CuO. layers, in order to save the
condensation energy of superconductivity. The ther-
modynamic phase transition and the lattice struc-
ture of interlayer Josephson vortices have been
attracting considerable interests since the discovery
of high-T. superconductivity. Using large scale com-
puter simulations, we have observed a critical
value in the product of the anisotropy parameter
and the magnetic field in interlayer Josephson-vor-
tex systems. Below (above) this critical value the
thermodynamic phase transition between the nor-
mal and superconducting states upon temperature
sweeping is first (second) order. It is clarified that
the origin of this ftricritical point in the B-T phase
diagram 1is the highly anisotropic layered structure
of high-T. superconductors.

Keywords: high-T. superconductivity, antiferromag-
netism, vortex state, flux-line lattice melting
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Design Factors of Heat Resistant Ferritic

H. Onodera, T. Abe and M. Ohnuma, Compu-
tational Materials Science Division

K. Kimura, Materials Creation Research Sta-
tion

H.Kushima, Strength and Life Evaluation Re-
search Station

[April 1999 to March 2001]

Since the capacity of earth is finite, the most ef-
ficient use of energy and other resources is neces-
sary for sustainable development of the world as
well as the minimization of environmental load.
The concept of Minimum Alloying has been pro-
posed by Kimura et al. to meet these require-
ments. The possibility of minimum alloying has
been suggested from the analysis of NRIM creep
data for heat resistant ferritic steels where the in-
herent creep strength depends mainly on the min-
ute contents of Mo and C. We have examined the
effect of minute solute elements on the long term
creep strength of carbon steels from viewpoint of
M-C atomic pairs between a substitutional solute
atom, M and an interstitial solute atom, C. We
have found a good correlation between the long
term creep strength and the concentrations of Mo-
C and Mn-C atomic pairs in the ferrite matrix esti-
mated by thermodynamic calculations. This result
suggests that the solid solution strengthening due
to M-C atomic pairs plays an important role in
the long-term creep tests of ferritic steels. Thus it
is necessary to optimize the chemical compositions
of alloys with the effect of M-C atomic pairs in
order to improve long-term creep properties of fer-
ritic steels.

In this study, the effect of solute atoms on the
creep properties in Fe-M-C (M=Mo, Mn, Cr, Ti
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and W) ternary systems has been studied from
viewpoint of M-C atomic pairs. And the effect of
each M-C pair has been evaluated in terms of
binding energy of M-C pair and diffusivity of M
atom. Fe-0.1at%M-0.02at%C (M=Mo, Mn, Cr, Ti
and W) alloys and an Fe-0.02at%C binary alloy
were prepared as ingots of 1 kg by vacuum induc-
tion melting. Ingots were hot-pressed at 1373K to
a reduction of 40%, and cold-rolled to a reduction
of 90%. Creep specimens with a gauge length of
30mm and a diameter of 6mm were machined
from rods after annealed at 1523K for 5h. An aver-
age grain size of specimens was about 0.5mm.
The creep tests were performed at 973K under Ar
gas atmosphere. The results of the sudden stress in-
crement tests suggest the existence of instantane-
ous plastic strain alloys. Thus, it is
concluded that the rate controlling process of
creep deformations in the present study is the re-
covery process due to the climb of dislocations.
The recovery rate was measured by the stress dec-
rement test proposed by Mitra and MacLean. The
recovery rate of the Fe-M-C alloy normalized by
that of the Fe-C alloy (7 mc/7r) is shown in Ta-
ble 1. From these results, it is found that Mo has
the largest strengthening effect and the effect de-
creases in the order of W, Ti, Cr and Mn. The re-
covery rate of the Fe-M-C alloys was calculated
from from the binding energy between M and C
atoms and the diffusion coefficient of M atom
based on the model proposed by Sandstrom. The
calculated ratio (7 *mc/ 7T *r) agrees well with the
measured one (7 mc/7r) as shown in Table 1, sug-
gesting that M-C pair reduces the climb rate of dis-
locations due to the interaction with dislocations.

in all

inherent
M-C

Keywords: heat resistant ferritic steels,
creep strength, the minimum creep rate,
atomic pairs, dislocation climbing velocity

The ratio of recovery rate

Alloys Measured Calculated
mc Yre VM T pe
Fe-Cr-C 0.77 0.71
Fe-Mn-C  0.85 0.71
Fe-Mo-C  0.34 0.40
Fe-Ti-C 0.65 0.36
Fe-W-C 0.49 0.91

Table 1 The recovery rate of the Fe-M-C alloy normalized by that of
the Fe-C alloy (7wmc/7re) and the ratio estimated from the model
proposed by Sandstrom (7 *uc/ 7 *re).
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13 First-Principles Theory of Dislocations in Solid
T. Ohno, Computational Materials Science Di-
vision

[April 1998 to March 2001]

Dislocations in solid play important roles in de-
termining electronic, optical, and structural proper-
ties of real materials. The purpose of this work is
to investigate theoretically dislocations in solid by
using first-principles electronic  structure calcula-
tions, and to clarify their effects on various proper-
ties of solid.

The atomic and electronic structures of misfit
dislocations of InAs/GaAs(110) and GaAs/InAs
(110) heterostructures have been investigated using
first-principles calculations. It is found that the
core confined at the InAs/GaAs(110) heterointer-
face has five-fold coordinated In atoms. The sur-
face just above the dislocation line is depressed
and the calculated vertical displacement is about
0.52 A when the InAs epilayer thickness is 4
monolayer (ML), which is in good agreement with
the STM observations. In the GaAs/InAs(110) het-
eroepitaxy, core structures drastically change with
the increase of GaAs epilayer thickness.

A phenomenological theory of growth behavior
in semiconductor heteroepitaxy has been developed
that includes the effects of the formation of
Stranski-Krastanov (SK) islands and misfit-disloca-
tions (MDs). This theory can reproduce the vari-
ous types of growth behavior
heteroepitaxial growth. Moreover, a procedure for
determining the phenomenological parameters that
includes atomistic calculations has been formu-
lated. The critical thickness of InAs/GaAs(110) ob-
tained by this procedure is in good agreement
with the experimentally obtained value.

observed in

Keywords: dislocation, first-principles calculations
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14 NRIM Long-Term Fatigue Data Sheet Project-|
H. Irie, Mechanical Properties Division

S. Matsuoka, K. Yamaguchi, A. Ohta, T. Abe,
K. Miyahara, N. Nagashima, H. Hirukawa, K.
Kobayashi, M. Shimodaira, E. Takeuchi, T. Oh-
mura, M. Hayakawa, Y. Furuya, M. Kimura,
N. Suzuki and H. Maeda, Strength and Life
Evaluation Research Station Frontier Research
Center for Structural Materials

[April 1997 to March 2002]

The project aims at the establishment of long
term standard reference data on the fundamental fa-
tigue properties of Japanese engineering materials
most commonly used for machines and structures
under fatigue conditions.

Since 1975, NRIM has established standard data
base of conventional fatigue properties of various
metals and their welded joints and published 83
data sheets and 16 technical documents. In the
documents, fatigue fact data of wvarious metals,
their relationships with basic mechanical properties
such as elasticity, the fracture mechanism and so
on were summarized and described under funda-
mental investigations on fatigue phenomena.

Recently the life of machines and constructions
has been strongly required to be elongated from
the ecological and economical points of view. Ac-
cording to the classical theory of fatigue, many of
steels have their fatigue limit and there is no prob-
lem for any longer time if they will be used be-
low the fatigue limit. However it has been pointed
out that the fatigue limit decreases again for
longer use, for instance at, more than 10" cycles.
Then we will start again the production of long
term standard reference data even with some tech-
nical difficulties.

In this new project, (1)fatigue data of high
strength steels for machine at more than 10" cy-
cles, (2)fatigue data of heat resisting steels from
low to high cycle fatigue regions under controlled
strain, (3)fatigue data of titanium alloys for up to
long term use and (4)fatigue data of welded joints
for big constructions considering residual welding
stress will be produced and published as data
sheets. In addition, in each category of data pro-
duction basic researches on fracture mechanism of
metal due to fatigue from the micro and macro
points of view and development of new evaluation
methods will be carried out.

The data sheet project of NRIM has a program-
ming system for deciding materials and testing
methods in order data to be widely used. A com-
mittee, members of which are selected from engi-
neer and/or researcher of typical steel making and



fabricating companies, is organized and discusses
the testing program with NRIM.

In 1999, the following fatigue tests and re-
searches have been conducted.

1) Long-term fatigue test at room temperature

The first candidate of steel JIS SUP 7 for
spring material has been being tested by rotary
bending type testing facilities of up to 100Hz aim-
ing 10" cycles fatigue data will be finished in
2000. In addition to this normal test, fatigue tests
with an ultra-sonic fatigue facility with 20kHz
have been tried and compared with the normal
tested results in order to shorten the long-term test-
ing. In longer testing time up to 10° cycles, the fa-
tigue occurred inside of specimen not at the
surface. However, no remarkable decrease in fa-
tigue strength has been observed.

The nano-indentation technique with AFM, devel-
oped by NRIM will be used to make clear the re-
lationship between the fracture orientation and
inclusion inside of metal. For the 2" and 3" speci-
mens, a carbon steel JIS S40C and a chromium
and molybdenum steel JIS SCM440 were selected
and sampled. After decision of heat, treatment con-
ditions, these metal will be tested.

2) Long-term high temperature fatigue test

Recently developed and nearly practically used
heat resistant steels NF616(9Cr-2W) and HCMI2A
(12Cr-2W) for power plant were selected to be
tested under a strain control up to 10° cycles
(partly 107 cycles). Testing temperatures were con-
ducted at the room temperature and high tempera-
ture among 400 to 700°C. In 1999, all tests of
HCMI12A steel were finished and a fatigue data
sheet has been edited for publication. According to
the result, the S-N curve folded to the higher
stress level at more than 10" cycles and fractures
were occurred inside of specimen at more than
10° cycles. The next, specimen of NF616 tests
started to be tested. And after NF616, 2.25Cr-1Mo
steel and 25Cr-20Ni steel were selected to be
tested.

3) Fatigue test of Ti alloys

3 heats of Ti-6Al-4V alloy with a heat treat-
ment at 930°C, one hour (air cooling) and an-
nealed at 705°C, 2 hours (air cooling), have been
fatigue tested from low cycle to high cyclo fatigue
region. The S-N curves were classified into two
types, especially in low to middle region of frac-
ture cycle. However, the fatigue limit of all heats
was nearly the same value. All of fatigue tests of
this alloy were finished and a fatigue data sheet
has been edited for publication. For the next tar-
get, another Ti-6A1-4V alloy of a different strength
level with a heat treatment at 955°C, one hour
(air cooling) and annealed at 550°C, 4 hours (air
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cooling) were selected and fatigue tests started.

4) Fatigue test of welded joints

In order to obtain basic fatigue properties of
practical are welded construction, fatigue test of
large scale specimen were carried out and at the
same time the influence of residual stress on fa-
tigue properties has been investigated, by measur-
ing residual stress. Large scale specimen and small
rib cross welded joint of JIS SMS570Q steel were
produced. In large scale specimen, the slit type
welding was carried out in order to get the maxi-
mum residual stress. Comparing of fatigue test re-
sults using both welded joint indicated that the
small size rib welded joint can simulate practical
large scale joint if residual stress is correctly evalu-
ated. However, the rib cross welded joint with a
slit could not obtain high weld residual stress com-
parable to yield stress of base metal because of
shortage of restriction by previous welded beads.
Then the other welding procedures were tested in
order to obtain high residual stress. The same fa-
tigue test will be carried out with specimens of
JIS SM400B steel after SMS570Q steel.

Keywords: fatigue properties, standard reference
data, steel, aluminum alloy, titanium alloy
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F Abe, H Tanaka, K Kubo, M. Murata, M.
Tabuchi, E. Baba, M. Shimizu, K. Yokokawa,
T Ohba, H. Kushima, H. Miyazaki and K. Sa-
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Station Frontier Research Center for Struc-
tural Materials

K. Kimura and S. Muneki, Materials Creation
Research Station Frontier Research Center for
Structural Materials

M. Yamazaki, H. Hongo and T. Watanabe, Me-
chanical Properties Division

[April 1996 to March 2001]

The major objectives of the NRIM Creep Data
Sheet Project are to produce long-term creep and
creep rupture data up to more than 10° hrs for
heat resistant steels and alloys, which are pro-
duced in Japan, and to publish the data as a series
of NRIM Data Sheets. This project has been con-
tinued since 1966 and the series of NRIM Data
Sheets have been distributed not only in Japan but
also in abroad. In fiscal year 1999, we published
3 sheets listed in the Table.

The data sheet No.33A is the second version of
Fe based 21Cr-20Ni-20Co-3Mo-(Nb+Ta)-N superal-



loy steel widely used as material of turbine blade
and contains long-term creep rupture data up to
14,000 hrs, tensile strength data at high tempera-
ture, typical microstructures of received and frac-
tured steels, results of statistical analysis of creep
rupture data, for example the rupture strength of
30,000 hrs and so on.

The data sheet No. 27B is the final version of
NCF800H-P corrosion resisting and heat resisting
superalloy. It contains creep rupture data up to
150,000 hrs creep strain data up to 100,000 hrs,
tensile strength data at high temperatures, typical
microstructures of as received and creep ruptured
specimen, properties of as-received specimen, re-
sults of statistical analysis of creep rupture
strength up to 100,000 hrs and others.

The data sheet No. 40A is the second version
of STB 510 carbon steel tube for boiler and heat
exchanger. It contains long-term creep rupture
strength data up to 60,000 hrs, tensile strength at
high temperature, microstructure of as received
and creep ruptured specimens, results of statistical
analysis of creep rupture strength up to 30,000 hrs
and so on.

With the testing and publication program, we
have done researches on long term creep and rup-
ture behavior of heat-resistant steels and alloys.
Long-term creep deformation behavior of ferritic
Mod. 9Cr-1Mo and 2.25Cr-1Mo steels has been in-
vestigated and also microstructural evolution
creep stressed austenitic stainless steel(18Cr-8Ni)
have been quantitatively investigated.

1) Long-term creep deformation behavior.

The relationship between long term creep
strength up to 40,000 hrs and microstructural evolu-
tion of Mod. 9Cr-1Mo ferritic heat resisting steel
was investigated. The creep rupture strength re-
markably fell down at more than 100,000 hrs. It
caused from that a local recovery of structure pri-
marily progressed at prior austenitic grain bound-
ary and the accelerating creep occurred at early
time when the creep strain rate in low strain re-
gion has not reached at sufficient small value.

Comparison of long term creep properties be-
tween two 2.25Cr-1Mo ferritic heat resisting steels,
one was sampled from a 190,000 hrs used steel in
a plant and other was of not used steel. The ini-
tial creep strain rate of used one at high stress re-
gion was lower at smaller stress and the nearly
same strain rate as the not used one was revealed
under the critical stress. This critical stress corre-
sponded to the yield stress at the same temperature.

2) Microstructural evolution in austenitic stain-
less steels

Following the data sheet publishing schedule,
the investigation on structural evolution and its

in
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analysis in long term crept SUS 316 austenitic
stainless steels has started.

On the bases of already published Atlas of Mi-
crostructure Data Sheet M-1(March 31, 1998), an
investigation while hardness change in crept steel
can be used for the diagnostics of the deterioration
degree of steel was carried out. The hardness of
crept stainless steel depended on many positive
and negative factors, such as the increase of dislo-
cation density by creep deformation, the decrease
in it by recovery, rearrangement of dislocation dis-
tribution, precipitation state of carbide particles,
grain growth and so on. These phenomena de-
pended strongly on the crept time, the stress level,
and deformation. Then a simple or universal rela-
tionship between hardness change and material
properties could not be recognized. However,
while the hardness change under low level of
stress showed the same behavior in steel under ag-
ing treatment, it was indicated that the material de-
terioration in practical plant can be evaluated
using the hardness measurement in aging treatment.

Keywords: long-term creep, creep rupture, stress
relaxation, microstructural evolution
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16 Fatigue Behavior and Microstructure of Metals
F Morito, Mechanical Properties Division
[April 1999 to March 2002]

When pure metals are subjected to cyclic plastic
strains, they may harden or soften depending on
their initial structures. Thus, in the an-
nealed state usually become harder while those
that are cold worked generally soften. Such a fa-
tigue hardening or softening in deformation resis-
tance can be detected by corresponding changes in
indentation hardness, flow stress, damping response
and the cyclic stress-strain response of the material.

Fatigue damage process develops preferentially
at the sites of cyclic strain localization. As a di-
rect consequence of strain localization, therefore,
crack nucleation occurs and crack growth proceeds
in the material.

In order to understand changes in the deforma-
tion resistance and the strain localization during fa-
tigue, we must study the dislocation structure as
well as the surface slip pattern associated with cy-
clic deformation process. It is also necessary to
clarify any obvious correlation between the interior
dislocation structure and the surface slip band struc-
ture.

metals



We examined the fatigue behavior in pure
nickel and 304 stainless steel with FCC structure.
Specimen was bar type of 80 mm total length
with 4 mm ¥ and 8 mm gauge length. Fatigue
tests at room temperature were carried out at a fre-
quency of 4 Hz in the load control mode and a
stress ratio of R=0.1 or -1.

In fatigue of the work hardened materials under
R=-1, the fatigue softening existed typically in
pure nickel, but it did not occur in 304 stainless
steel. Under R=0.1, no fatigue softening existed in
both materials. In fatigue of annealed materials un-
der both stress ratios, the fatigue hardening existed
in both materials.

In the fatigue softened pure nickel, the micro-
structure was mainly subgrain formation. In the fa-
tigue hardened pure nickel under R=-1, the loop
patch formation was observed in low stress ampli-
tude, while the subgrain formation was observed
in high stress amplitude. In the fatigue hardened
304 stainless steel under R=-1, oriented disloca-
tions and stacking faults were recognized in low
stress amplitude, while cell-like structure with high
dislocation density existed in high stress ampli-
tude. The reason why no fatigue softening oc-
curred under R=-1 in work hardened 304 stainless
steel is considered that cross-slip deformation was
difficult due to lower stacking fault energy.

Based on the above results, particular attention
is paid on the fatigue behavior and microstructure
in iron and molybdenum with BCC structure. We
examine details of the surface slip band structure,
dislocation arrangement, crack nucleation and their
relations during fatigue deformation. We compare
the characteristics of fatigue damage process in
BCC crystals with those in FCC crystals. It is pos-
sible to reveal the mechanisms of fatigue softening
and hardening behavior.
Keywords: fatigue softening, fatigue hardening,
stress ratio, microstructure

17 Dynamic Microstructural Change and Mechani-
cal Properties in Ceramics at High Temperatures

K. Hiraga, K. Nakano, B.-N. Kim and K.
Morita Mechanical Properties Division
[April 1998 to March 2001]

Most of polycrystalline ceramic materials show
plasticity at high temperatures under the aid of
grain boundary sliding accommodated by matter
transport through or across grain boundaries. The
failure of such accommodation at localized bound-
ary regions leads to the occurrence of intergranular

-15-

cavities, which grow into facet sized ones and coa-
lesce to form intergranular microcracks. This study
aims to get basic information on microstructural
factors relating to such deformation and fracture
processes. Special attention is placed on the effects
of dynamic microstructural changes on constitutive
behavior and cavitation damage during deformation
at relatively low tensile stressed (6/E=10"), at tem-
peratures higher than 1600 K. The followings are
within the scope of the present study.

(1) theoretical modeling and simulation for defor-
mation and microstructural evolution:  dynamic
grain growth and grain boundary sliding during dif-
fusional creep has been analyzed on the basis of
grain boundary diffusion mechanisms. Superplastic
deformation and microstructural evolution such as
grain growth and grain elongation during deforma-
tion have been also analyzed by incorporating the
mechanisms of Lifshits grain boundary sliding and
static and dynamic grain growth. The analysis re-
veals a close relationship between grain boundary
sliding and grain boundary migration, i.e., grain
growth.

(2) deformation mechanisms in undoped and
silica-doped zirconia polycrystals: the datails of de-
formation behavior and relating microstructural as-
pects are under investigation as a function of
stress, temperature and grain size using HRTEM
and creep machines, by which concurrent tensile
strains at gauge portion can be monitored directly
with a resolution of 5 /tm using an optical exten-
someter. The study has revealed new aspects of
high temperature deformation in tetragonal zirconia
polycrystals such as intervention of a diffusional
creep mechanism at Jow stresses and cotribution of
intragranular  dislocations to an accommodation
process at high stresses.

(3) cavitation and failure mechanisms in fine-
grained oxides: stereological analysis of cavity size
distributions have revealed the detailed features of
cavity nucleation and growth behavior during high
temperature tensile deformation in superplastic and
superplastic-like oxide ceramics. The study have
also revealed a close relationship between the oc-
currence of microcracks causing faifure and the for-
mation and growth of cavities growing into sizes
larger the grain The stress-,
temperature- and grain-size-dependence of cavity
nucleation and growth are under investigation in
connection with stress concentration and relaxation
at multiple grain junctions and constraints for cav-
ity growth from surrounding grains.

current size.

Keywords: grain growth, grain boundary sliding,
diffusional creep, superplasticity, stress concentra-
tion, dislocation activity, cavitation, microcrack,



modeling

18 Fracture Mechanism of Welded Structure of
Stainless Steel at Cryogenic Temperature

T Ogata and T Yuri, Mechanical Properties
Division
[April 1999 to March 2002]

In the applications of cryogenic technology,
there are projects of constructing large scale facili-
ties of superconducting magnets at liquid helium
temperature(4K) and clean energy to transport and
store liquid hydrogen(20K). It is very important
to evaluate the mechanical properties of the materi-
als including weld metals in practical environment
to keep the reliability of large scale structures
used at cryogenic temperatures and in high mag-
netic field. comprehend the me-
chanical properties such as continuous data of
fracture toughness from room temperature to liquid
helium temperature, and also to clarify the effects
of hydrogen-gas environment at low temperatures
on deformation and fracture behavior of structural
materials for the design of structure and selection
of materials. Especially, hydrogen embrittlement
at low temperatures in the large scale structures of
stainless steels is an important subject. In this
study, we are going to carry out high-cycle and
low cycle fatigue tests on stainless steel welds
with delta ferrite but less weld defects and clarify
the effects of brittle structure on fatigue properties,
carry out the J-evaluation tensile tests by round
bar with circumferential notch on the specimens
sampled from the welds and hydrogen-charged to
evaluate fracture toughness of the welds in detail
and effects of hydrogen on the welded structure,
and carry out tensile and fracture toughness tests
from room temperature to liquid helium tempera-
ture in high magnetic field and investigate the ef-
fects of high magnetic field and weld structure on
the mechanical properties of unstable austenitic
stainless steels at each temperature.

In 1999, we investigated low-cycle fatigue prop-
ertiecs of aluminum alloy base metal (A5083) and
weld (A5183) at cryogenic temperatures, and we
found that the degradation of low-cycle fatigue
properties of AS5183 at low temperature was due
to intergranual failure caused by the [-phase at
the grain boundary, and it is possible to minimize
the degradation of fatigue properties in aluminum
alloy welds at cryogenic temperatures if the occur-
rence of blowholes and intergranual failure can be
controlled by optimizing the welding process. We
also studied the effects of O -ferrite and long time

It is required to
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hydrogen-charging on fracture toughness of SUS
304L weld joints using the small tensile specimen,
and found that fracture toughness is lower in weld
metals than in base metals and decreases as the
amount of O -ferrite increases, the toughness de-
creased in 5% and 10% 0 -ferrite welds by 9ppm
hydrogen-charging, however, toughness decreased
only in 10% welds by 4ppm hydrogen-charging,
which means that less amount of 0 -ferrite weld
has less influence of hydrogen embrittlement.

Keywords: structural material, stainless steel, cryo-
genic temperature, magnetic field, tensile proper-
ties, fatigue properties, hydrogen embrittlement

19 Search for Group IV Elements Compounds In-
cluding Alkaline-earth-metal Elements

M. Imai and T Hirano, Mechanical Proper-
ties Division
[April 1999 to March 2001]

Si is still one of the important materials in the
present LSI technology. With progress of the tech-
nology, the problems arise that cannot be solved
with the materials used conventionally. Therefore,
search for new Si-related materials with new func-
tion and properties becomes more important. Sili-
cides are one of the potential constituents of
microelectric and optoelectronic device. Among the
silicides, silicides including alkaline-earth-metal ele-
ments have unique structures like a layer-by layer
packed structure, clathrate structure, and so on.
For the reasons above, we studied alkaline-earth
metal disilicides (MaSi;, Ma=Ca, Sr, Ba) for recent
several years. We synthesized metastable phases of
alkaline-earth metal disilicides BaSi: under high-
pressure and high-temperature condition, and stud-
ied structure and electronic properties of these
phases. BaSi: was chosen as samples because of
their unique atomic configurations and large com-
pressibility of Ba atoms. BaSi: was found to be a
semiconductor with an orthorhombic structure at
ambient conditions. We synthesized BaSi, with a
cubic structure and a trigonal structure, and found
that trigonal BaSi; is a hole metal while cubic

BaSi: is an n-type semiconductor. It is rarely
known that high-pressure metallic phase is
quenched at ambient condition. Furthermore, it

was found that trigonal BaSi; is a superconductor
with onset temperature of 6.8K. We also observed
pressure-induced structural phase transition with in
X-ray diffraction measurements, and  dis-
cussed about the similarity among the transforma-
tion sequence under pressure in three MaSi..

situ



In this project, we are studying Si clathrate com-
pounds, and CaAlSi,, which has a layer-by-layer
packed structure, and related materials.

The Si clathrate compounds were discovered in
alkali-metal-Si system for the first time, and their
physical properties were investigated many years
ago. Crystal structure of the Si clathrate com-
pounds consists of Si polyhedral cages, and alkali-
metal atoms are incorporated inside the cages. Af-
ter recent discovery of superconductivity of alkali-
metal-doped fullerides, the Si clathrate compounds
has attracted attention again. This is because the
shape of polyhedral cage is close to that of
fullerene, and the expected Debye frequency for
the tetrahedrally coordinated Si network seems to
be favorable for the superconductivity of the BCS
mechanism. Now two Si clathrate compounds,
{(Na, Ba):Sis and (K, Ba)sSis, are known as super-
conductors. In this study, we are trying to synthe-
size the Si clathrate compounds the other
system, and investigate their physical properties.

in

Key words: silicides, alkaline-earth metals, electri-
cal resistivity
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20 Characterization and Evaluation of Cryogenic
Structural Materials

T. Ogata and T Yuri, Mechanical Properties
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Division
[April 1997 to March 2002]

For design and development of large scale cryo-
genic applications, such as a nuclear fusion reac-
tor, a superconducting power generator, a super-
conducting magnetic levitated train, and so on, it
1s very important to construct intellectual infrastruc-
ture through international pre-standardization for
promoting practical use of advanced -cryogenic
structural materials, high-strength stainless steels,
high-Mn steels, and large thickness weld joints.
This research has been carried out with a close
contact with the VAMAS Technical Working
Area(TWA) 17, cryogenic structural materials,
which has been organized in the Versailles Project
on Advanced Materials and Standards to promote
the prestandardization program on material proper-
ties tests of glass fiber reinforced polymer (GFRP)
composite materials and alloys at liquid helium
temperature. The base is to develop an under-
standing of mechanical-property determinations at
liquid-helium temperature (4.2 K) and establish a
unified method. A series of international interlabo-
ratory comparisons of both tensile and fracture
toughness tests for high-strength stainless steels, a
titanium alloy, and a aluminum alloy, and compres-
sion and shear tests for composite material G-
10CR were performed so far. Fifteen research in-
stitutes from eight nations have participated in the
projects of TWA 17, such as the University of To-
kyo, Tohoku University, National Institute of Fu-
sion and Science, and Osaka University in Japan,
FZK in Germany, RAL in United Kingdom,
NHMFL, CTDI, and UCLA in USA, SEP in
France, EMPA in Switzerland, Tech Univ. in Vi-
enna in Austria, and so on.

In this research we are going to establish and re-
port pre-standard testing methods of a) tensile test
in high magnetic field, b) an advanced fracture
toughness evaluation method by round bar with cir-
cumferrential notch, and c¢) interlaminar shear test
of G-10CR, glass fiber reinforced plastic, at cryo-
genic temperature.

In 1999, we have performed investigation, analy-
sis, and international round robin tests on testing
conditions and procedures of each research sub-
jects. As a chairman and the office of TWA 17,
we held the Technical Working Party meeting
twice in USA and Japan attended by participants
to this programs from each country, discussed and
agreed the results so far and details of testing
items of these round robin
tests. According to the agreement of the 14th
TWP meeting held on July 12, 1999, a draft of
the international standards "Metallic Materials -

and procedures



Tensile Testing in Liquid Helium" was discussed
in TWA 17 and submitted to ISO TC164/SC1 the
end of 1999 as a New Work Item for the SCI.
The draft was distributed to the delegates to the
SC1 and this proposal will be accepted with at
least five countries approval. This draft is based
on ASTM E 1450 and added a recent view of VA-
MAS activities and JIS Z 2277(Tensile Testing
Method for Metallic Materials in Liquid Helium);
a diameter of a standard specimen is 7 mm but al-
ternatives are allowed, main strain measurement
methods use extensometers but strain gages are
also allowed and so on.

Keyword: structural material, cryogenic tempera-
ture, standardization, tensile test, fracture toughness
test, shear test

Publication:

Results of VAMAS Activities on Pre-standardiza-
tion of Mechanical Properties Evaluation at 4K,
Advances in Cryogenic Engineering (Materials),
Vol.46(2000)p.427-434

21 Microstructural Control for High Performance
Refractory Metals

T. Fujii and K. Kamihira, Materials Process-
ing Division
[April 2000 to March 2003]

For the wider utilization of b.c.c refractory met-
als such as moybdenum and tungsten, development
of high performance refractory metals is necessary.
However, those refractory metals undergoes a se-
vere loss of ductility after recrystallization, weld-
mg or heavy neutron irradiation. It is generally
accepted that such a problem is due to intergranu-
lar embrittlement. This is the greatest weak point
of these metals.

Fortunately, NRIM (National Research Institute
for Metals) has succeeded in establishing a new
technology to develop commercial scale molybde-
num and tungsten single crystals and their multi-
layer crystals with a desired crystallogaraphic
orientation from hot-rolled sheet doped with a cer-
tain amount of oxides by means of secondary re-
crystallization. However, a few research and
development for preparation of the polycrystalline
refractory metals with high strength and toughness
by a microstructural control, ie. microstructure,
grain boundary and texture control, have been car-
ried out.

Thus, the main purpose of this study is to de-
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velop a new microstructural control means for
preparation of high performance polycrystalline-re-
fractory metals such as molybdenum, tungsten and
their alloys throught solid state processes.
control,  refractory

Keywords:  microstructural

metal, solid state process

22 Crystal growth and dissolution mechanisms in
peritectic system

K. Maiwa and T Fujii, Materials Processing
Division
[April 1998 to March 2000]

We intend to clarify the mechanisms of crystal
growth and dissolution in a peritectic system in
this subject. For this purpose, we chose Sr(NOs).
— H,O peritectic system as an example, in which
the crystal growth and dissolution processes can
be observed in situ in a transparent liquid at room
temperature. Above and below the peritectic tem-
perature, 7, = 29.3°C, Sr(NO:). phase and Sr(NO:):
4H,0 phase are equilibrated with the liquid in this
system, respectively. A peritectic reaction 1s ex-
pected at peritectic point in equilibrium. It was ob-
served, that in the liquid of the
composition of the peritectic point at the tempera-
tures below 7, both solid phases could grow. In
these conditions, the growth rate of the low-tem-
perature phase was much larger than that of the
high-temperature phase and the difference in the
growth rate between two phases increased with the
decrease of the temperature. It is followed that the
latter was engulfed in the former simply due to
the difference in growth rate, which resulted in a
'peritectic texture'.

however,

Keywords: peritectic reaction, incongruent melting,
crystal growth
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23 Application of lonization Separation Technique
to Gaseous Process

Y. Ogawa and O. Kujirai, Materials Process-
ing Division
[April 1998 to March 2001]



Ionization separation methods are effective to re-
move impurities from a gaseous matrix by electro-
static field. The objective of this study is to
investigate basically photoionization and surface
ionization as the separation technique. It
found using photoionization that there were many
unknown high-lying energy levels lutetium
which is the last member of the rare-earth ele-
ments and has the filled 4f electron shell. Light
and middle rare-earth atoms have an unfilled 4f
electron shell and complex spectral configuration.
The research of unknown high-lying energy levels
of these atoms is important to understand energy
transition and electron configuration of rare-earth
atoms and to apply photoionization to them.

The research is composed of the following two
subjects.

1. Study of high-lying energy levels of light and
middle rare-earth atoms by resonance pho-
toionization.

2. Study of the basic features and characteristics
of the surface the separation
method.

was
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elements
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24 Fabrication and characterization of nano-struc-
tured materials

Y Sakka, K. Ozawa, T Uchikoshi, T. S.
Suzuki, H. Okuyama and O. O. Vasylkiv¥, Ma-
terials Processing Division, *STA fellow

[April 1999 to March 2002]

Nano-structured materials can be classified into
two general categories. One category consists of
materials of only nanosized materials. The other
consists of materials where nanosized particles are
distributed within the intra- and/or inter-grains of
micronsized grains. These nano-structured materials
have been receiving increasing attention due to
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their unique chemical and physical properties
which cannot be obtained from the conventional
materials. However, the processing of the nano-
structured has not been established. In this study
two types of processing are conducted to fabricate
nano-structured materials. One is synthesized by
consolidating fine powders through a colloidal proc-
essing followed by sintering. The other is nano-po-
rous materials with layered perovskite structures
through the soft chemical processing i.e. a sol-gel
or a hydrothermal processing.

Nano-size Y-doped zirconia powder with con-
trolled secondary particle size was synthesized by
hydrolytic coprecipitation. Hydrous-zirconia gel pro-
duced by urea precipitation results in a nano-pow-
der with a primary particle size of 5-8 nm and
secondary aggregate size of 45-65 nm.

The colloidal processing is a useful tool for con-
solidating nano-sized particles with desired pore
size distribution. An important factor is to control
the interparticle interaction liquid. Alumina
and/or zirconia compacts with a narrow pore size
distribution, which was determined by mercury po-
rosimetry, was produced by slip cast, pressure fil-
tration or electrophoretic deposition technique.
Sintering characteristics of the green compacts and
mechanism of preparing nano-structured materials
are examined.

in

Powder and film of antimonic acid have been
prepared by a direct reaction of Sb(O-n-CiHj) or
Sb metal with H,O: aqueous solution. Bismuth or
yttrium doped antimonic acids were prepared by re-
acting an H,O: aqueous solution with Sb(O-i-
C3H7)3 and Bi(O—i—C3H7)3 or Y(O~i~C3H7)3. The con-
ductivity of 0.1 mol% Bi:O; (or Y.0:) doped anti-
monic acids was found to be high (1.0°10°Scm™).
Effect of the water vapor pressure and nano-pore
structure on the proton conductivity is studied.

Keywords:
sintering, nanocomposite

nanoparticle, colloid, antimonic acid,
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25 Diffusion Bonding between Transition Metals
(Cr, Fe, and Ni) and Metals of Group IV~VI

T, Kasugai and K. Ei, Advanced Materials
Processing Div.
[April 1999 to March 2002]

It is difficult to apply fusion welding processes,
such as an arc welding or an electron beam weld-
ing, to dissimilar metals joining because a large
amount of brittle metallic compounds form in the
weld metals. On the other hand, the size of metal-
lic compounds and diffusion layer in dissimilar
metal joints can be easily controlled by a solid
state diffusion bonding.

The basic metallurgical knowledge on the dis-
similar metal bonding zone has been scarce until
now, and it is difficult to estimate the size/kind of
metallic compounds at the bonding zone based on
phase diagrams. The diffusion process in the bond-
ing zone of dissimilar metals, moreover, is not sim-
ple, but a diffusion or wup-hill
diffusion phenomena have been observed in bond-
ing zone between Ni-Cr alloy or stainless steel
and metals of group IV.

In this study, joinability of the diffusion bonding
between transition metals (Cr, Fe, and Ni) and met-
als of group V, the formation of metallic com-
pounds in the bonding zone between transition
metals (Cr, Fe, and Ni) and metals of group V,
diffusion processes, and bonding crack are investi-
gated in the connection with the periodic table.

few negative

Keywords: Diffusion bonding, Cr, Fe, Ni, Metals
of Group V

26 Cladding or Coating Processes by Utilizing
Semi-Solid Processing

I. Dendo, T Shirota and T Kimura, Ad-
vanced Materials Processing Division
[April 1999 to March 2002]

In the recent years, much interest has been
arisen in composite or combined materials because
of engineering materials become
more and more severe and versatile. Accordingly,
various processing techniques have been attempted

requirements
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for manufacturing composite materials or for com-
bining dissimilar materials. We also have been pro-
posed new methods for combining dissimilar
materials, in which cladding and forming are simul-
taneously performed by utilizing semi-solid process-
ing. On the basis of our proposals, this study
consists of two sub-themes as described in the fol-
lowing.

One is on cladding process combined plastic
working of solid metal with squeeze forming of
semi-molten metal. A metal block heated up in
semi-molten state is inserted into a dissimilar hol-
low metal in solid state, and then the hollow
metal is bulge-formed in a shaped die by pressuriz-
ing the semi-molten metal. Through this process-
ing, a shaped part clad in a skin of dissimilar
metal is manufactured. The experiments are being
conducted so as to grasp feasibility and problems
in this process. The semi-molten metals employed
are Al-Si alloys. Three kinds of metallic pipe,
stainless steel, copper and aluminum, are used as
the hollow metals.

Another is on coating process with particle-dis-
persed composite by means of pressure infiltration
under semi-molten state. When a pressure is ap-
plied to semi-molten metal covered partially with
powder layer, liquid component oozes out and infil-
trates into the powder layer. Consequently, a block
or part coated partially in a composite layer is fab-
ricated through this process. Some experiments are
being carried out to explore the fundamental char-
acteristics of this mode in combination of semi-
solid Al-Si alloys and alumina powder.

Keywords: semi-solid processing, cladding, coat-
ing, composite, plastic working, infiltration

27 Effect of Interface Damage on Fatigue Crack
Growth for Fiber-Reinforced Titanium Alloy Matrix Com-
posite

C. Masuda, Y Tanaka and Y-F Liu, Ad-

vanced Materials Processing Division
[April 1999 to March 2002]

Continuous SiC fiber reinforced titanium alloy
matrix composites are attractive for structural appli-
cations such as in gas turbines, because of their
high specific modulus and strength, and good sta-
bility at high temperature. Improvement of fatigue
resistance of the composite at high temperature is
an important research subject which should be real-
ized before application. The fatigue life of the
composite in vacuum at high temperature is signifi-
cant longer than that at room temperature. The fa-



tigue crack growth mechanism of the composite is
fiber bridging which operated behind the tip of the
matrix crack. It is suggested that the interface fric-
tional sliding length is longer at high temperature
than that at room temperature, and the interface
shear sliding stress is due to the reduction of load
transfer potential by the interface wear.

The effect of the interfacial damage on fatigue
crack growth behavior of the composite was stud-
ied using in-situ observation technique in vacuum
at room (T=293K) and high temperature (T=
823K), and the following results were obtained.

(1) The fatigue crack growth rate of the compos-
ite decreases with increasing test temperature. and
decreases with increasing applied stress intensity
range. The acceleration of the crack growth is
strong dependent on the fiber fracture by interface
wear. The degradation of bridging fibers in the
crack wake is severe at room temperature, and
this behavior is dependent on the test temperature.

(2) The increase in the test temperature results
in the decrease of the fatigue crack growth rate.
The crack opening displacement along the crack
wake at T=823K is smaller in comparison to that
at T=293K, and this tendency is dependent on the
applied stress range. The associated increase in the
crack tip shielding is explained on the basis of
crack closure due to matrix relaxation by fatigue
creep behavior.

Keywords: fiber-reinforced Ti alloy matrix compos-
ite, fatigue crack growth rate, crack closure, inter-
face wear
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28 Fabrication and characterization of nano-struc-
tured materials
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* Materials Processing Division,
** High Magnetic Field Research Station,
**% Mechanical Property Division
[April 1998 to March 2001}

TS.

Concerted Amplification is defined as “Induced
non-linear phenomena in the proceeding reaction
fields by external stimulation”. Research on ad-
vanced materials processing on the basis of con-
certed amplification started in 1998 by special
coordination funds of STA. In this study to fabri-
cate advanced ceramics by colloidal processing, ex-
ternal fields such as magnetic field, ultarsonication,
electric field, etc. are applied during the consolida-
tion stage.

The controlled development of texture in ceram-
ics is a topic of recent interest in processing be-
cause it allows improved tailoring of various
properties. Textured alumina was synthesized by us-
ing colloidal processing and a high magnetic field.
Fine alumina powder dispersed in suspension was
oriented under a high magnetic field (10T) owing
to crystal magnetic anisotropy. When the green
compact prepared by slip casting in a high mag-
netic field was annealed at high temperatures,
grain growth occurred with grain alignment. Dur-
ing annealing at high temperatures plate-like grains
grew, thus the degree of alignment increased. The
c-plane of alumina was perpendicular to an ap-
plied magnetic field.

Electrophoretic deposition (EPD) usually requires
the use of non-aqueous colloidal suspensions, to
avoid the problems of void formation by the elec-
trolysis of H.O. We found that no voids were
formed in the deposit prepared by aqueous suspen-
sion using a palladium. The preparation and charac-
teristics of suspensions are important for factors
such as deposition rate, zeta potential, and particle
size distribution. The zeta potential and, hence, sus-
pension stability, of TZ3Y-ethanol system were in-
creased by washing. As a result, EPD rate
increased dramatically from the as-received condi-
tion. There were no significant beneficial effects
of washing on the aqueous system, indicating a
much greater sensitivity to ionic contaminants in
an ecthanol suspension especially for the TZ3Y.
Green densities prepared by EPD using aqueous
suspensions were higher than those by EPD using
ethanol suspensions and similar to those by slip
casting using aqueous suspensions.

Cubic antimonic acid suspensions were synthe-



sized by a direct reaction of Sb(O-n-C:Hs); or Sb
metal with H.O. aqueous solution. Antimonic films
were successfully prepared on the stainless steel
and Si(100) substrates by the EPD using the syn-
thesized suspensions. The proton conductivity of
antimonic were evaluated by an ac impedance
method at room temperature under controlled lev-
els of relative humidity.

Keywords: colloidal processing, electrophoretic
deposition, high magnetic field, antimonic acid, tex-
tured alumina
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29 Evaluation of Mechanical Properties for Metal
matrix Composites

C. Masuda, Y Tanaka and Y.-F. Liu, Process-
ing Materials Division
[April 1996 to March 2001]

Metal Matrix Composites (MMC) have numer-
ous potential applications in situations requiring
light weight and high stiffness materials with high
temperature capability. As metal matrix composites
have anisotropic structures, those mechanical prop-
erties are significantly depended upon the fiber di-
the composites compared with the
conventional steels, aluminum alloys and so on. In
order to obtain the reliable mechanical properties
for metal matrix composites and to propose a test
standard to ISO, an international cooperative re-
search for the round robin test (RRT) of mechani-
cal properties for MMC has been continued in
operation carried out since 1992. About eight or-
ganizations from United State of America, United

rection in
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Kingdom, Germany, France, and Japan are in-
volved in this technical working area of VAMAS
Project.

Up to now a tensile test has been carried out
for a SiC whisker reinforced aluminum alloy ma-
trix composite (SiCw/Al) supplied from NASA
and machined into testpieces by NRIM. Recom-
mended test procedures include appropriate test-
piece dimensions, testing rates, methods of
gripping and strain measurement techniques. Meth-
ods for measuring Young's modulus, proportional
limit, proof stress, tensile strength and elongation
to failure at room and 200°C were also defined.
Data obtained from RRT were analized and the ten-
sile test method for MMC at room temperature
will be proposed to ISO. The scatter and uncertain-
ties in the modulus measurements at 200°C were
lower than those measured from an earlier RRT at
room temperature on the same material. The main
reason for the variation in strength was the tem-
perature profile and thermal history of the testpiece.

There are no standards for the fatigue testing of
MMC, although a large number of different test
methods and conditions have been reported. This
makes accurate comparison of data and test meth-
odology difficult. Titanium alloy matrix composite
and SiCw/Al composite were tested for fatigue con-
dition at room temperature and/or high tempera-
ture. The fatigue lifes of the composites were
dependent on the surfacing process of the test-
piece. RRT will be started after the test conditions
are decided.

Keywords: metal matrix composites, standardization
of test method, tensile test, fatigue test, aluminum
alloy matrix composite, titanium alloy matrix com-
posite

30 The Development of High Strength High Con-
ductive Cu Base In-Situ Composite

HG. Suzuki, C. Masuda, E. Takakura, 8.
Sakai and S. Sun, Materials Processing Divi-
sion

[Sept 1998 to March 2000]

Cu base in-situ composites, Cu-15%Cr-X alloys,
have been studied to increase the strength keeping
the electrical conductivity high level. The X ele-
ments are Sn, Fe, Si. The combination of Fe-C
and Fe-P was examined, but results were not suc-
cessful because of the failure of melting practice.
Main results are as follows.

1) The addition of 0.1 to 0.5wt% of Sn causes
the retardation of recovery and recrystallization of



dislocation structures introduced by a heavy cold
rolling and resulted in a banding structure. This ef-
fect leads to the increment of strength by about
100MPa compared with that of Cu-15%Cr. It is
noted that Cr phase work-hardens in the early
stage of cold rolling, but after n>2 work softern-
ing occurs. The aging treatment after cold rolling
accerelates the precipitation hardening due to the
Cr precipitation in Cu matrix and the recovery of
electrical conductivity are remarkable. The addition
of Sn appears to accerclate the precipitation of Cr
in Cu matrix and does not precipitate itself.

2) The addition of 0.2 to 0.5% of Fe is not so
effective to increase the strength, because 80% of
Fe partitions to Cr phase and work-softens the Cr
phase and also Fe lowers electrical conductivity.
Additional studies on the elements such as Si and
Ni are studying now.

Keywords: Cu alloy, high strength, electrical con-
ductivity, cold rolling, composite
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31 Development of Brazing Technique for the
Fabrication of Rocket Engine

Ken Sasabe, Jeremy Paul Weston*, Takayoshi
Kasugai, Materials Processing Division

* Frontier Research Center for Structural Ma-
terials, Joining and Interface Research Station
[Oct. 1999~March 2001]

A lot of parts of engines for the launching
rocket of satellites are fabricated using brazing
technique. Many quantities of brazed joints are ex-
posed to the cryogenic hydrogen and to the high
temperature combustion gas during running of
rocket engine. By means of the marked tempera-
ture difference, large thermal strain is developed in
joints very often. Such a radical condition for
brazed joint can never experienced in other cases
without in the case of rocket engine, and the very
high performance and the very high reliability are
required for brazed joint of rocket engine.

The most important property of brazed joint of
rocket engine is low cycle fatigue at high tempera-
ture induced by cyclic temperature change caused
by the repetitions of running and stop of combus-
tion. Therefore, the properties of low cycle fa-
tigue of brazed joint at high temperature must be
understood enough.

The design and fabrication of rocket engines are
carried out under the evaluations owing to the com-
bustion tests of the real models and the results
based on the past flights, and the evaluations of
joint properties under the operating conditions of
rocket components has not been carried out enough.

On the other hand, mechanical properties of
brazed joint, especially the properties under cyclic
load, are depend on stress and/or strain distribu-
tions of filler metal layer of joint. Therefore, it is
not reasonable to evaluate mechanical properties of
brazed joint using usual evaluation methods for ho-
mogeneous The evaluation methods
should reflect the behaviors of filler metal in joint
under real operating conditions.

Furthermore, the analysis of mechanisms of low
cycle fatigue of brazed joint is an unexplored aca-
demic field, and the approach to it is not known.
From these viewpoints, we are carrying out the
analyses of the elements to clarify the mechanisms
of low cycle fatigue of brazed joint and the funda-
mental research to establish the evaluation methods
of joint characteristics.

materials.
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Preparation of lonic Conductors by Pressuriza-

H. Nakamura, Team of Director of Special Re-
search
[April 1998 to March 2002]

There have been many researches related to
solid-state electrolytes consisting of oxide ceram-
ics, some of which have been in practical use as
an oxygen sensor. For the real-time measurements
of the chemical species specific to a solid-state
electrolytes, it is necessary to synthesize solid-
stated ionic conductors that show selectivity to indi-
vidual species. Since many compounds that show
selectivity to air pollutants decompose readily at
elevated temperature, there has been little attempt
of synthesizing complex compounds that can be
used as an electrochemical sensor to air pollutants.

In this study, pressurized sintering was applied
to prevent the decomposition of otherwise degrad-
able compounds such as nitrates for the synthesis
of solid state electrolytes. The technique made it
possible us to create types of solid electrolytes de-
rived from complex compounds that show ionic
conductivity sufficient for the use as a sensor at
relatively low temperature. The purpose of this
study is to produce solid electrolytes for determin-
ing corrosive gases quantitatively.

Keywords: ionic conductor, solid-state electrolyte,
charge carrier, electrical conductivity

33 High Temperature Materials 21 Project

H. Harada, High Temperature Materials 21
Project

[June 1999 to March 2004]

In June 1999, NRIM launched an R&D project,
"High Temperature Materials 21 (HTM 21) Pro-
ject", the Phase 1 (1999.6-2004.3), within a
scheme of "Leading Programme for Independent
Administrative Corporations". The budget is 314M.
¥ (about 3M.$) / year.

In this Project we develop high temperature ma-
terials for advanced power engineering systems, in-
cluding ultra-high efficiency (65%) gas turbines
for power generations, advanced jet engines, high
performance space rockets and so on.

Guided by knowledge obtained through materials
design and experimental microstructural/deformation
analysis researches, we develop Ni-base superal-
loys, ceramics(Si3N4), and refractory superalloy,
which are the main three materials to start with in

4.

this Project.

We have clear targets for developments; the tem-
perature capability under 137MPa for 1000h creep
rupture is to be 1100°C for Ni-base superalloys,
1500C for ceramics, and 1800°C for refractory su-
peralloys. With Ni-base single crystal superalloys,
we have reached up to 1075°C and the alloys,
TMS-75 and TMS-82+, are now being tested in
an industrial gas turbine generating power to To-
kyo. With ceramics, Yb addition to crystalise grain
boundaries has been found effective to improve
the temperature capability. For refractory superal-
loys, Ir- and Rh-base refractory superalloys were
invented by us and investigated extensively in
terms of microstructure and mechanical properties
up to 1800°C .

A wide range of materials design methods, in-
cluding statistical thermodynamics, thermodynamics,
and empirical approaches, are being investigated
and applied to actual development of the materi-
als. In-situ high temperature analysis methods are
being developed. As an example, high temperature
(1250°C) TEM observation of Ni-base superalloys
has been successfully made and for the next step
in-situ creep observation is scheduled. To enhance
practical use of the new materials we develop a
virtual gas turbine in computers to evaluate the ma-
terials performance and the gas turbine efficiency
we can reach before actual gas turbine test.

We collaborate internationally with many re-
search organisations and companies based on fifty-
fifty contributions and co-ownership of the results.
(see High Temperature Materials 21 Project in
http://www.nims.go.jp)

Keywords: Ni-base superalioy, Ir/Rh-base Refrac-
tory Superalloys, Si3N4, Materials Design, Micro-
structure Analysis, Virtual Gas Turbine

34 Control of the In-plane Texture of High-Tc Su-
perconducting Thin Films for Microwave Applications

M. Fukutomi, K. Komori, K. Kawagishi and
K. Togano, Ist Research Group
[April 1998 to March 2001}

A near term application of high temperature su-
perconducting (HTS) thin films is microwave de-
vices such as resonators and filters, where large
area, high quality films deposited onto technologi-
cally important substrates are required. The HTS
thin films dealt with in this research falls into two
categories: 1) YBCO thin films on lattice-mis-
matched substrates such as MgO, sapphire and sili-
con; and 2) YBCO thin films on substrates having



no template for epitaxial growth such as polycrys-
talline metal or ceramic substrates. In order to suc-
cessfully obtain these films, in-plane misorient-
ations, i.e., the high-angle tilt boundaries need to
be kept to a minimum because they severely in-
crease the microwave surface resistance Rs of the
film. Therefore, the development of suitable buffer
layers for epitaxial growth of HTS films is one of
the main goals of our work. In the past years, ef-
forts have been made to develop YBCO films
with a fairly low Rs on polycrystalline copper sub-
strates with a Cr/in-plane textured YSZ double
buffer layer. An interesting potential application
for this material is in the construction of rf reso-
nant cavities for particle accelerators. As for the
films of the first category , we have recently devel-
oped smooth and epitaxial YBCO films on large
area (100)MgO(30x30mm’) substrates. The use of
CeQy/YSZ(Y:0s-stabilized ZrO,) double buffer lay-
ers was found to greatly improve superconducting
properties with high reproducibility. Preliminary re-
sults on Rs measurements indicate that YBCO
films grown on CeO»/YSZ buffered MgO have ap-
parently good microwave properties compared with
those on bare MgO.

Part of this research has been performed in a
collaboration with High Energy Accelerator Re-
search Organization.

Keywords: YBCO thin film, buffer layer, in-plane
texture, microwave surface resistance
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A control of reaction at the atomic level on the
solid surface and/or film/substrate interface is essen-
tial for developing materials with higher quality
and microscopic devices. This study is to elucidate
kinetics and dynamics on reactions of ions, neutral
atoms and plasmas with solid materials. There are
two main targets in this study:

1) Using a pump/probe technique with ultrashort
pulse laser, we are observing lattice vibrations in
solids on a time scale of 10-100 fs. This gives us
direct information to understand lattice dynamics
for phonon-defect interactions and carrier excita-
tions in damaged materials. The dephasing of the
coherent phonons in bismuth due to the lattice de-
fects has been successfully observed. Dynamics of
non-equilibrium carriers and the phonon-plasmon in-
teractions in defective semiconductor are also be-
ing discussed, based on the time-resolved
reflectivity measurements.

2) We are also going to measure the mechanical
properties of Ni;Al bicrystal specimens under an
environment of hydrogen atoms, in order to exam-
ine the effect at interface defects induced by hydro-
gen atoms from viewpoint of kinetics. A method
of highly-ductile Ni;Al thin foils at room tempera-
ture has been developed. For testing hydrogen em-
brittlement, the bicrystals having different 2-
values have been also fabricated, and the kinetic
properties on the hydrogen embrittlement will be
studies.

Keywords: defect, ultrashort pulse laser, coherent
phonons, hydrogen
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Changes in microstructure and degradation in me-
chanical properties induced by the irradiation with
energetic particles are critically important for the
structural materials of nuclear application.  They
significantly influence the endurance of structural
components of nuclear reactors. In this research
project, deformation and fracture of materials un-
der irradiation are being studied experimentally
and theoretically for the nuclear materials to be
used in the advanced nuclear energy sources like
the fusion reactors and the next-generation light
water reactors. Emphasis is placed on the under-
standing of deformation and fracture properties of
the advanced materials under irradiation, and also
on the development of new methods to suppress
the radiation-induced degradation.

Damage by energetic particles causes atomic dis-
placements and introduces migrating point defects
and stable defect agglomerates in the material. Mi-
gration of point defects, especially the interstitial
atom that has a very strong strain field, is influ-
enced by the external stress field and induces
unique material degradation phenomena. One of
the most important degradation for the nuclear reac-
tor materials is the radiation-induced deformation.
Very active plastic deformation is produced by the
synergistic effect of migrating point defects and ex-
ternal stress even at rather low temperatures and
stress levels”.

It is, on the other hand, well known that a
metal fatigue is one of the crucial mechanical prop-
erties those determine the life of structural compo-
nents. We have revealed that the fatigue fracture
is affected by the simultaneous irradiation in 316
stainless steel”. Fatigue life under the irradiation
with 17 MeV protons at 60 ‘C was larger than
that of the unirradiated condition, and even that of
the post-irradiation after the same amount of irra-
diation as the in-sity fatigue, in a load-controlled
tensile-tensile fatigue testing of side-notched speci-
mens. Investigation has been carried out to clar-
ify whether the elongation of the fatigue life is
caused by the irradiation hardening or by the dy-
namic effect of irradiation. Yield stress was meas-
ured as a function of irradiation up to that at the
fracture of the in-sity irradiation fatigue, i.e. the
pre-irradiation dosage of the post-irradiation test-
ing. The increment of yield stress was roughly
proportional to a square root of the number of
atomic displacements, and the yield stress had
been possibly increased by 25% prior to the post-
irradiation testing from that for unirradiated speci-
mens. During the in-situ irradiation, yield stress
started from the original and gradually
reached to this pre-irradiation value at last on the
point of fracture. The number of fatigue cycles to

value

-26-

initiate crack was also evaluated from the SEM
analysis of the striation pattern on the fracture sur-
face, which corresponds to the advance of fatigue
crack at each cycle. It was found that both crack
initiation and crack propagation were suppressed
under in-situ irradiation. These two sets of experi-
ments clearly indicate that the elongation of fa-
tigue life under im-situ irradiation is not directly
caused by the irradiation hardening, i.e. the interac-
tion of stable defect clusters and moving disloca-
tions. Rather, it appears to result mainly from the
dynamic interaction of migrating point defects and
dislocations, in other words, the dynamic effect of
in-situ irradiation.

Keywords: radiation damage, point defects, defor-
mation, fatigue
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37 Influence of Nuclear Transmutations on Low
Activation Structural Materials for Fusion Reactor Appli-
cation

N. Yamamoto, J. Nagakawa, Y. Murase and Y.
Fukuzawa, 2nd Research Group
[April 1996 to March 2001]

Radio-activation of materials has been recog-
nized as one of the most crucial issues in the
field of nuclear fusion technology from the view-
point of waste management, environmental safety
and public acceptance for the utilization of fusion
power. The problem is much intensified for first
wall/blanket structural materials used in a proto-
type reactor and the beyond, owing to large radia-
tion doses of fusion neutrons. Because such
heavy irradiation causes material deterioration in
many cases, the development of radiation-resistant
structural materials with low activation characteris-
tics has been hence strongly demanded on the es-
tablishment of fusion reactors. order to
contribute such activities, we have investigated the

In



influence of nuclear transmutational elements on
material integrity using accelerator irradiation tech-
nique with a primary concern on gaseous elements
(helium and hydrogen) which are known to often
induce severe grain boundary embrittlement.

The means of @-particle irradiation with a cy-
clotron was employed for the purpose of simulat-
ing neutronic in a fusion
reactor. Using this method, creep test specimens
of a representative low activation martensitic steel,
F82H (Fe-8Cr-2W-0.2V-0.04Ta-0.1C), were irradi-
ated with @-beam at 823 K with a helium concen-
tration of about 1000 appm. These temperature
and helium content roughly correspond to the con-
ditions specified in a typical DEMO reactor de-
sign. Creep tests were subsequently performed at
the same temperature so as to obtained creep data
up to 3.6 Ms. To clarify the effects of helium,
unirradiated reference samples which underwent
the same histories as those of helium implanted
ones were similarly examined.

No meaningful degradation was detected in
terms of the creep lifetime, and the stress depend-
ence of creep rupture time was nearly the same be-
tween implanted samples and  Thelium free
controls. The elongation at rupture also seems to
have been identical. The data of each sets lay
within a commonly acceptable error band regard-
less of the presence or the absence of helium.
addition, the fracture appearance remained per-
fectly transcrystalline and ductile even after such a
large helium introduction, and there observed no in-
dication of grain boundary separation caused by he-
lium. These facts, which are well in agreement
with the previous results on 100 and 300 appmHe
implantations, imply that materials of this kind
would have a promising potential to endure helium-
induced mechanical deterioration for long time serv-
ice in fusion environments.

helium production

In

Keywords: helium embrittlement, hydrogen embrit-
tlement, ferritic steel, vanadium alloy
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1. Introduction

Materials composed of isotopically selected ele-
ments realize the essential solution of subjects
such as induced activity, He embrittlement, and
compositional change caused by reactions with en-
ergetic particles. Moreover, the isotopically con-
trolled materials have been pointed out to improve
various physical properties of crystallines.

The objectives of the program are (1) to de-
velop CO, laser with oxygen isotope, which ex-
pands the infrared wavenumber region of the laser
emission and to search infrared laser with a wide
range of wavenumber, (2) to synthesis isotopically
controlled materials such as silicon and boron com-
pounds, and (3) to utilize isotopes by transmuta-
tion, including simulation studies.

2. Main Results

2.1 Development of isotopically controlled laser
and searching infrared laser with a wide range of
wavenumber

Usual pulse CO, laser is limited in emission of
wavenumber as 931-956cm™, 966-983cm’, 1033-
1057cm™ and 1069-1085cm™. If “C or "O is re-
placed by the other isotpe such as "C or 'O, then
new emission lines appear due to the different
stretching and bending modes of isotopic CO:
from those of usual CO. gas.

In order to achieve the isotope laser, a closed-cy-
cle CO; laser system is examined. It is necessary
to use isotope CO» effectively because of its high
cost. When the laser is emitted by discharge, iso-
tope CO: is consumed with the reaction as

CO; = CO + %0, (D)
Then the catalyzer composed of CuO is installed
in the circulation system to recombine CO and O:



to return CO.. The system was operated with a
mixture gas of CO, CO,, N, and He where the ra-
tio of O and "0 is 1:1 in volume. Odd lines of
P17 and P19 which were not available for natural
gas, were first observed.

Free Electron Laer (FEL) is also examined to
be used as the other laser covering a wide wave-
number region. The one which is available in the
infrared wavenumber region and has a consider-
able high power is the FELIX of the FOM in the
Netherland. The FELIX emits the infrared laser at
5-30 1m(333-2000cm’) and at SMW. The use of
this laser also is being examined under the coop-
eration with the FOM institute and Los Alamos
National Laboratory. The enrichment of silicon iso-
topes in the SiF, formed and residual Si:F¢ was ob-
served in 10, 12 and 25 #m absorption bands.

2.2 Synthesis of isotope silicon films and growth
of isotope single crystals

It is necessary to take out silicon metal from iso-

topically concentrated SiFs or Si:Fs gas to examine
physical properties of isotopically con-
trolled silicon and its compounds. Silicon flake
was deposited by a plasma CVD method. Natural
SiFs gas was used to find the optimum condition
of Si film formation prior to isotopically enriched
gases. Microwave of 2.45GHz with a power of
8.4x10"Wm™” was applied to the gas at 13.3Pa-
266Pa at a flow rate of 30-500SCCM. Ar and H2
are added as a plasma assisting and scavenging
gases, respectively. The substrate temperature was
kept at 523-873K. The films formed were exam-
ined with SEM, XRD and weighed for measuring
formation rates. It is found that polycrystalline Si
films were formed in the present experimental tem-
perature range. That is, silicon can be produced
through the decomposition reactions of fluoro-
silane gases by the plasma CVD. The optimum
temperature to obtain silicon films with a high effi-
ciency was 623-723K. The maximum conversion
efficiency from fluoro-silane to silicon metal was
28%.
Natural boron is composed of "B of 19.9% and
"B of 801%. Since relative mass difference be-
tween B and "B is very large, mass effect on
physical properties of boron is expected. In the pre-
sent study, single crystalline isotope boron was
tried to be prepared using zone melting technique.
The starting materials were 99.5%'°B and 99%''B
powders. After isostatically pressed to a cylindrical
shape under hydrostatic pressure of 2000kgW/cm’,
the isotopic boron powders were sintered in a vac-
uum at 1873K. The sintered rod was then zone
melted on the seed crystal under flowing Ar gas.

Finally isotope boron single crystals with a size
of 10mm ¢x40mm could be formed. The observa-
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Fig.1 Thermal conductivity of [3-Boron single crystals with a natural
isotope abundance and 93%"B.

tion of the cross section of the crystals indicated a
smooth surface and the growth direction was identi-
fied to be <l100> by X-ray Laue back reflection
analysis.

The boron single crystals prepared are 93.2%'B,
99%'B and natural boron (19.9%'°B and 80.1%
"B). Physical properties such as latice constant,
thermal diffusivity, and heat capacity for boron sin-
gle crystals are being measured.

Fig.l shows the temperature dependence of ther-
mal conductivity of natural boron and ""B. The bo-
ron with single isotope clearly improved the
thermal conductivity.

2.3 Utilization of isotopes by transmutation

The simulation code, IRAC, calculating transmu-
tation was improved by combining with a neutron
transport calculation code and introducing multi-
step reactions to predict more precisely the trans-
mutation of materials including isotopically con-
trolled materials. FENDL2.1 was introduced as a
newest nuclear data file covering both stable and
unstable nuclides for various nuclear reactions. Us-
ing the improved calculation code, synthesis of
new materials through the transmutation and annihi-
lation of radioactive nuclides with a long half-life
are being examined.

SiC has excellent nuclear properties and has
been considered as a structural material of fusion
reactors. Since SiC intrinsically brittle,
SiC composites with a high purity and favorable
mechanical properties are being developed using
chemical vapor infiltration process.

itself is

Keywords: isotopically controlled materials, iso-
tope separation, free electron laser, silicon, boron,

chemical vapor infiltration, silicon carbide, transmu-
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39 Development of Light Weigfht High Strength
Ti,AiNb Titanium Intermetallic Alloy

M. Hagiwara, Third Research Group
fApril 1999 to March 2003]

The ordered orthorhombic TiAINb (O phase)-
based titanium intermetallic alloys are considered
as potential materials for aircraft engine applica-
tions due to their higher room temperature
strength, ductility and fracture toughness than con-
ventional TiAl(¢:) and TiAl(7) alloys. Among
various O phase-based alloys, two phase O+B2 (or-
dered bec phase) alloy such as Ti-22AI-27Nb s
said to have the best balance of tensile, creep and
fracture toughness. One main drawback of these O
phase-based alloys is that the service temperature
is limited to 750 °C due to a degradation of tensile
strength, creep resistance, thermal stability and en-
vironmental resistance. Moreover, they exhibit
lower elastic modulus and higher density compared
to those for ¢, and 7 alloys.

The objective of the present research project is
to develop advanced light weight high strength O

-20.

phase-based alloys having superior combinations of
mechanical properties in the temperature range up
to 1,000 °C .

So far, a systematic study was conducted to im-
prove room and high temperature mechanical prop-
erties of O phase-based alloys by microstructural
and compositional modifications, and the homogen-
ious dispersion of fine ceramic particulate such as
TiB.

The spherical @, particles which were formed
during the hot rolling in the (®. +B2) two phase
region just below the B2 transus temperature were
found to be very stable when the hot-rolled mate-
rial was reheated in the B2 single phase region,
and therefore relatively small prior B2 grains rang-
ing from 50 u#m to 80 fm in diameter were ob-
tained by the pinning effect of these undissolved @,
particles. This fine-grained microstructure showed
an excellent combination of room temperature ten-
sile strength and ductility. For example, room tem-
perature tensile elongation of 7 % and tensile
strength of 1,371MPa were obtained for a Ti-22Al-
27Nb alloy.

The transition metal elements such as Mo, W
and V were substituted for a portion of Nb in a
Ti-22A1-27Nb alloy. The substitution was made so
that the (B phase stability in the modified alloy is
equal to that in Ti-22A1-27Nb. It was found that
the substitution of 2 %W for 7 %Nb (Namely Ti-
22A1-20Nb-2W) was quite effective in increasing
the tensile strength at temperatures above 923 K
and reducing the steady state creep rate and pri-
mary creep strain.

In order to further improve the high temperature
mechanical properties of orthorhombic alloys, TiB-
reinforced particulates composites were produced
using the gas atomization P/M method. The disper-
sion of TiB was very fine (less than 2 #m in di-
ameter) and uniform. The high temperature tensile
strength, creep and Young's modulus of the com-
posites were found to be superior than those of
the corresponding unreinforced matrix alloy.

Keywords: titanium intermetallics, particulate com-
posites, powder metallurgy, microstructure, mechani-
cal properties

Related Papers

1. Microstructures and Mechanical Properties of
Blended Elemental Powder Metallurgy TiAIND
Intermetallics, S. Emura, J.H. Liu, M. Hagi-
wara, Y. Kawabe and A. Okada, Titanium '95
edited by P.A.Blenkinsop, W.J.Evans and
H.M.Flower, The Institute of Materials, (1996):
404-410



2. Modulated Microstructure in  Ti-22Al-11Nb-
4Mo Alloy, F. Tang, S. Emura and M. hagi-
wara, Scripta Materialia, 40(1999):471-476

3. Reinforcing effect of in situ grown TiB whisk-
ers on Ti-22Al-11Nb-4Mo alloy, F. Tang, S.
Emura and M. hagiwara, Scripta Materialia,
43(2000):573-578

4. Tensile properties of tungusten-modified ortho-
rhombic Ti-22A1-20Nb-2W alloy, F. Tang, S.
Emura and M. hagiwara, Scripta Materialia,
44(2001):671-676

5. Creep behavior of tungusten-modified ortho-
thombic Ti-22A1-20Nb-2W alloy, F. Tang, S.
Emura and M. hagiwara, Scripta Materialia
43(2000):1065-1070

40 Improvement of Thermal and Mechanical Prop-
erties of L1-type titanium trialuminide

K. Hashimoto, K. Kasahara, E. Abe, T
Kimura, M. Nakamura, Y. Yamamoto, 3rd Re-
search Group

[1997~2000]

Intreduction

Ll>-type titanium trialuminides, (AIM):Ti modi-
fied from DOuxn-type ALTi by alloying of transition
metals, M are interesting materials for engineering
applications because they are very light and oxida-
tion resistant, and show good strength up to fairly
high temperatures. However application is limited
by their brittleness. Much work relating to micro-
alloying and microstructural modification has been
carried out on the ductility improvement of the tri-
aluminides. Unfortunately, these studies have not
yet accomplished the satisfactory tensile elongation
more than 1%, while they recognized that the duc-
tility depended on the amount and kind of the al-
loying elements, M and/or additive quaternary
elements.

Recently, it has been confirmed in our labora-
tory that ductility of intermetallic compounds exhib-
its a positive linear relationship with the residual
strain, which is obtained by peak profile analysis
from the X-ray diffraction of powder specimen af-
ter milling of the intermetallic alloy. Since the X-
ray diffraction analysis and the preparation of the
powder specimen of the intermetallic alloy are so
easy that ductility evaluations of many intermetal-
lic alloys are carried out with lower cost, smaller
labor, and shorter time compared with mechanical
testing, i.e., bending or tensile testing.

Thus, by applying the relation between the resid-
ual strain and the ductility to the titanium trialu-
minides of (AIM);Ti alloys with Cr or Mn as a
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Fig.1 Single-phase regions of the L1x-type litanium trialuminide in ter-
nary Al-Ti-Mn and AlTi-Cr systems at 1450K.  Small ellipse;
(AICr)sTi single-phase region, Large ellipse; (AMn)sTi single-phase re-
gion

ternary element, M, the screening of alloy composi-
tions which may exhibit good ductility has been
performed and then the tensile elongation has been
estimated by three-point bending test for the alloys
with the selected compositions.
Composition screening

Firstly, to change widely the compositions of
the (AIMn):Ti or (AICr);Ti single-phase alloy, the
Ll,-type titanium trialuminide single-phase region
at 1450K has been determined by EPMA and X-
ray diffraction analysis for many alloys heat-
treated at 1450K for 24h. Thus, the Ll.-type tita-
nium trialuminide single-phase regions at 1450K
are confirmed to be large and small elipses in Fig-
ure | for the AI-Ti-Mn and Al-Ti-Cr ternary sys-
tems, respectively"”. For the AI-Ti-Mn-V and Al-
Ti-Cr-V quaternary systems, the Ll.-type titanium
trialuminide single-phase at 1450K has
been also determined by changing the amount of
V up to 12 mol% with holding the constant con-
tent ratio of ALTiMn or ALTi:Cr in the ternary al-
loys. The results obtained are shown in Figures
2(a) and (b)"?. The maximum solubilities of V in
Al-Ti-Mn-V and Al-Ti-Cr-V systems were deter-
mined to be 9mol% and Smol%, respectively.

Secondly, the effects of Cr or Mn as a ternary
element, M on the residual strain of (AIM)Ti
single-phase alloys which were selected based on
Figure 1 have been examined using powdered
specimens. The results obtained are summarized in
Figure 3", In both of the Al-Ti-Cr and Al-Ti-Mn
ternary systems, relatively large residual strains are
observed at alloy compositions of about 25mol%
Ti contents with relatively higher Cr or Mn con-
tents in the Ll:-single phase regions in each ter-

regions
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Fig.2 Single-phase regions of the L1ztype titanium trialuminide in quaternary Al-Ti-Mn-V and ALTi-Cr-V systems at 1450K. The maximum solubility of
vanadium in the regions in quaternary Al-Ti-Mn-V and Al-Ti-Cr-V systems is 9 and 5 mol%, respectively.
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Fig.3 Composition dependence of the residual sirains for ternary Al-Ti-
Mn and Al-Ti-Cr Alloys. The larger residual strains are observed at
composition with lower Ti content and with relatively higher ternary
element content. The maximum value was obtained for the alloy with
manganese.

nary system. The maximum residual strain was
obtained from Mn ternary system. By the similar
way, the effect of V as a quaternary element on
the residual strain of (AlIMn);Ti alloys with several
compositions, which exhibited relatively large resid-
ual strain in Fig.3(a), has been examined. The rep-
resentative results obtained are shown in Figure
4%, The addition of 6mol% vanadium shows rela-
tively larger residual strain among those alloys
with the addition of vanadium of 4 -7 mol%.
Effect of microstructure on the room tempera-
ture ductility and thermal properties

Bending tests and microstructure analysis have
been performed for the alloys, which have rela-
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Fig4 Residual strains of the L1z-single phase alloys in the quater-
nary Al-Ti-Mn-V system. (a) ternary alloys, (b) alloys with 4 mol% va-
nadium, and (c) alloys with 6 mol% vanadium.

tively large residual strain. Actually, the maximum
bend strain at room temperature was obtained for
the alloy having the largest residual strain and its
elongation of 0.8% exceeded well the strain re-
ported in the previous papers regarding to the Ll.-
type titanium trialuminide alloys. On the other
hand, it is confirmed from this experiment that the
residual strain is a necessary condition, but it is
not a sufficient condition for the good ductility of
the Ll.-type titanium trialuminide alloys. Based on
this result, further precise composition screening
has been carried out in the vicinity of the maxi-
mum ductility alloy composition including reconfir-
mation of the vanadium content. One of the



(AlMn):Ti

(AlMn)sTi(V)

0 0.4 0.8 1.2 1.6 2

strain%

Fig.5 Load-strain curves at room temperature for alloys with and with-
out vanadium addition.

results is shown in Figure 5. The load-strain curve
exhibits about 1.5% elongation and softening due
to vanadium addition.

For the alloy having 1.5% elongation, oxidation
resistance and thermal shock resistance have been
examined by mass gain measurement at 1273K for
up to 100h in air and by Ar-arc remelting in a
water-cooled Cu crucible, respectively. The good
oxidation resistance comparable with ALTi and the
good thermal shock resistance which did not ex-
hibit any crack during remelting have been con-
firmed.

Conclusion

This paper describes a development process of
an Ll,-type titanium trialuminide alloy with good
ductility and thermal properties. The results ob-
tained are as follows.

The Lls-single phase regions in the ternary Al-
Ti-Mn and AI-Ti-Cr systems and in the quaternary
Al-Ti-Mn-V and Al-Ti-Cr-V at 1450K were con-
firmed by experimental methods. Screening of ap-
propriate alloy composition for good ductility was
performed by using the positive relation between
ductility and residual strain obtained from X-ray
diffraction measurement. After screening of the al-
loy composition, the room temperature ductility of
the alloys was determined by bending test. The
maximum bend strain of 1.5% was obtained for
the quaternary Al-Ti-Mn-V alloy containing about
2 mol%V. The alloy also exhibited good oxidation
resistance and thermal shock resistance.

Keywords: Intermetallic compound, Ll.-type tita-
nium trialuminide, Room temperature ductility,
Aluminum-titanium-manganese ternary system,
Aluminum-titanium-manganese-vanadium quaternary
system, Oxidation resistance, Thermal shock resis-
tance
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41 Functions of hydrogen in environmental degra-

dation of structural materials (Environmental embrittle-
ment behavior and hydride formation of intermetallic
compounds)

Morihiko Nakamura, 3rd Research Group
[1998 ~ 2000]

TiAl based intermetallic alloys have attractive
high temperature characteristics like high strength,
high elastic moduli and relatively good oxidation
resistance, and they are expected to be used for
high temperature applications such as airplane and
rocket engine components as well as automobile
engine systems. In particular, the development of
hydrogen propulsion systems is expected for aero-
space vehicles in the near future. This means
that the alloys will be exposed to severe environ-
ments, which can be hydrogen ranging from liquid
hydrogen to high-temperature gaseous hydrogen,
and then it is required to examine the degradation
of the alloys exposed to a high temperature hydro-
gen gas and to study the suppression of the degra-
dation. Meanwhile, TiAl based alloys are known
to exhibit environmental embrittlement in labora-
tory air at room temperature, which is one of the
reasons why they exhibit poor room temperature
ductility in air, although their ductility is affected
by microstructure and alloy composition. The en-
vironmental embrittlement in air is considered to
be the embrittlement which is caused by hydrogen
generated through reaction of moisture in air with
the alloy surface. Thus it is required to study the
mechanical properties of TiAl based alloys in a
gaseous hydrogen atmosphere in a wide tempera-
ture region. When the alloys are exposed to a
high temperature hydrogen gas, a large amount of
hydrogen permeates into the alloys and may cause
hydride formation, hydrogen-induced microstructure
change, etc. These changes may result in embrit-
tlement of the alloys.

The purpose of this work is to clarify the micro-
structure change like formation of hydrides and em-
brittlement behavior for TiAl base alloys which



are exposed to hydrogen environments, and to dis-
cuss the relationship between them.
1. Tensile properties of TiAl based alloys exposed
to a high temperature hydrogen gas

Ti-49at%Al was prepared by vacuum arc melt-
ing, hot-isostatic-pressed at 1473 K under an argon
atmosphere of 120 MPa, and homogenized at 1473
K for 24 h, followed by isothermal forging at
1473 K to a thickness reduction of about
80%. Tensile specimens with a gauge section of
15 X 4 X 1.5 mm were cut from the forged ingot,
and annealed at 1423 K for 4 h or at 1573 K for
2 h in an argon gas, followed by cooling in the ar-
gon gas. Then, all the specimens were electro-
polished. These heat treatments resulted in the
equiaxed grained 7 single phase structure and the
dual phase structure (the equiaxed 7 grains with
the laths consisting of fine 7/0, lamellae), respec-
tively.

Before tensile testing, some of the specimens
were exposed to a flowing hydrogen gas of 0.1
MPa at 1073 K for 3 h, followed by furnace-cool-
ing in the flowing hydrogen gas. Tensile tests
were carried out at a strain rate of 2 X 10 s in
vacuum (better than 2 X 107 torr). The test tem-
perature was room temperature, 473 K and 573
K. The hydrogen content in the exposed speci-
mens was evaluated from weight change before
and after thermal desorption analysis.

The embrittlement caused by exposure to a high
temperature hydrogen gas was affected by the mi-
crostructure of the Ti-49at%Al, and the dual phase
specimens exhibited less embrittlement than the sin-
gle phase ones. That is, the dual phase speci-
mens contained a larger amount of hydrogen
(about 340 wppm) than the single phase ones
(about 250 wppm), when they were exposed to hy-
drogen in the same condition. However, the for-
mer exhibited relatively good elongation of 1.5%
to 2% in vacuum at temperatures from room tem-
perature to 573 K, while the latter exhibited no
elongation, and fractured below the 0.2% offset
stress. The fracture surfaces of the dual phase
specimens were scarcely different from those of
the single phase ones, and exhibited transgranular
cleavage fracture with a small mount of intergranu-
lar facets. The increase in 0.2% offset stress and
work hardening rate were observed for the dual
phase specimens. No hydrides were observed by
optical microscopy, transmission electron micros-
copy and x-ray diffractometry for the hydrogen-ex-
posed specimens of both the dual phase structure
and the single phase. Thus, the change of the ten-
sile properties with exposure to the high tempera-
ture hydrogen was considered to result from not
hydrides but solute hydrogen.
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2. Microstructure change with Ti-49at%Al exposed
to a high temperature hydrogen gas

The microstructure of Ti-49at%Al with the dual
phase structure was investigated using high-resolu-
tion transmission electron microscopy (HREM).
The dual phase specimens cut from the forged Ti-
49at%Al ingot were exposed to a high temperature
hydrogen gas in the same condition as mentioned
above. In the 7 phase specimens, no
change of the microstructure with the hydrogen ex-
posure was observed by TEM. So, only the dual
phase specimens were observed in detail using
HREM. The results obtained are as follows.
1) No hydride was observed in the matrix 7
phase of the dual phase specimen.
No hydride was also observed in the «-
phase of the laths composed of the fine 7/,
lamellae.
Amorphous regions were observed along the
fine 7/&, lamellar interfaces, and the chemi-
cal composition of the amorphous region is ap-
proximately equal to that of the . phase
and is much different from that of the 7
phase. Thus, the amorphous regions were
considered to form in the «. phase along the
interfaces.
The amorphous regions formed in the Ti-Al-H
system, when the hydrogen content was high,
because the regions were existent along the 7
/¢, interfaces, which might be the paths of
hydrogen flow the dual phase speci-
men. The amorphous regions changed to the
nanocrystalline @, phase regions when the
specimen was heated in the TEM.
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42 Development of Basic Superconducting Tech-
nology for High Field Micro-SMES

K. Inoue, Y. Yoshida, Y. lijima and A.
Kikuchi, 4th Research Group
[April 1997 to March 2002]

Because the stored energy density of SMES (Su-
perconducting Magnetic Energy Storage) is in-
creased rapidly with increasing the magnetic field,
the increase of the operation field make the fabrica-
tion of micro-SMES (compacted SMES) possible.
The operation field is determined mainly by the J-
B properties of superconducting wire used for
SMES. There are two kinds of commercialized su-
perconducting wires; Nb-Ti wires for low fields
and NbsSn wires for high fields. Although Nb;Al,
NbisGe, Nb;Ga, Ni-2212, and Bi-2223 have not yet
been commercialized, they are the most promising
candidate superconducting materials for increasing
the operation field of SMES because of their large
potentialities due to higher Hw(4.2 K)'s than that
of NbsSn. Recently we found that the Nb;Al multi-
filamentary wire, fabricated through the rapid-heat,
quench, and transformation (RHQT) process,
showed not only 2-5 times larger J. in high fields
than that of the commercialized Nb:Sn multi-
filamentary wire but also excellent strain toler-
ances. The large J. in high fields and the excellent
strain tolerance are the most required properties
for the superconductor used for the micro-SMES.
In this study we are investigating the coil fabrica-
tion technique, stabilization, and improvements of
superconducting properties for the NbsAl multi-
filamentary wire and other high-field superconduc-
tors. Superconducting lead and
conducting magnetic shield are also being studied
as the basic technologies for the micro-SMES.

We studied the Ge addition to the NbsAl multi-
filamentary wire, which improved remarkably not
only T. from 179 K to 19.4 K, but also Hn(4.2
K) from 262 T to 40 T, but drastically reduced
J{(4.2 K) in fiscal 1998. In fiscal 1999, we suc-
ceeded in drastic improvement of J. with Al-Ge
core reduction to 0.3 um. J(25 T, 42 K) of 150
A/mm’ was obtained for the Nby(Al, Ge) multi-
filamentary wire. According to the transmission mi-
croscope  observations the filament included
Nbs(Al, Ge) phase, Nb:Al phase, NbsGe: phase,
and remaining Nb phase. With decreasing the Al-
Ge core size, the volume fraction of superconduct-
ing Nbs(Al, Ge) phase increased, which caused the
drastic improvement of J.. However, the Nbi(Al
Ge) volume fraction were still much smaller than
50 % for the wire with 0.5 #m core. Therefore
the intrinsic J. of Nbs(Al, Ge) filament are 2-3

current super-

-34-

times larger than the obtained J.. The additional ef-
fects of Ge to the NbsAl wire should be studied
in more detail.

For stabilizing the superconductivity of Nbs:Al
wire, we studied pure-Cu coating on the wire. At
first we tried Cu-electroplating on the NbsAl wire
rapidly-heated/quenched. However, the firm Nb ox-
ide layer on the Nb surface, which has large elec-
trical resistance and thermal one, prevent the
stabilization of the NbsAl wire. Therefore we stud-
ied Cu-ion plating on the NbsAl wire in the next
step. We found that the Cu-ion plating with
thicker than 1 #m in thickness removed the Nb
oxide layer efficaciously, and prevented the refor-
mation of oxide layer on the Nb surface. We
found that Cu-electroplating after Cu-ion plating
on the Nbs;Al wires stabilized their superconductiv-
ity remarkably.

In collaboration with Nippon Keiki Works, Ltd.
and Mitsui Mining & Smelting, Co. Ltd., we fabri-
cated a large-scaled superconducting Bi-2223 mag-
netic shield through plasma spraying. In a large
zero-field chamber surrounded by the magnetic
shield, we have succeeded in measuring the mag-
netic pulsed fields caused by human brain activi-
ties in fiscal 1998. In fiscal 1999, we studied the
Bi-2223 formation mechanism during the heat treat-
ment on the as-sprayed layer. As sprayed layer
was composed of amorphous phase, which is trans-
formed rapidly to Bi-2212 phase, 3-5 Cu phase,
and 2-1 Pb phase. Bi-2223 phase were formed
gradually by the reaction among Bi-2212, 3-5 Cu,
and 2-1 Pb at about 838 °C .

The current lead, transporting current from an ac-
dc converter at room temperature to a supercon-
ducting magnet at cryogenic temperature in the
SMES, must be high conductive for current, and
low conductive for heat. In many oxide supercon-
ductors, Y-123 film is the most promising material
for the current lead in SMES, because of its high
J(77 K) in high fields. However, only Y-123
films with good alignment in crystal orientations
show high J.. We studied on the fabrication proc-
ess of Ni substrates with 2-axcess alignments for
using them the substrates of Y-123 films in fiscal
1998. In fiscal 1999, we tried to fabricate Y-123
films with good 2-axcess alignments by electron-
beam evaporation. As a buffer layer, we used an
Y,0; layer between the Ni-substrate and the Y-
123. We selected simple mono-layer as the buffer
layer in order to reduce the fabrication cost.

Keywords: Nbi;Al, Bi-2223, Rapid-Heat, Quench,
Transformation, J., Superconducting Shield, Current
Lead



Recent Publications

Magnetic Shielding Properties of Bi-2223 Super-
conducting Hollow Cylinder Made through Plasma
Spraying Process, Y. Yoshida, K. Inoue, Y.
Kamekawa, K. Nakayama, K. Hoshino, A. Koike
and E. Sudou, Cryogenic Engineering (in Japa-
nese), Vol. 33 (1998). 60-67.

Nbs(Al, Ge) Multifilamentary Conductor Fabri-
cated by Continuous Rapid-Heating/Quenching Proc-
ess, Y. lijima, K. Inove, M. Kosuge and T.
Takeuchi, Proc. of MT-15 (1998): 1040-1043.

New NbsAl Multifilamentary Conductor and Its
Application to High Field Superconducting Mag-
net, K. Inoue, Y. Iijima, T. Takeuchi, T. Kobay-
ashi, K. Fukuda, K. Nakagawa, G. Iwaki and H.
Moriai, Physica B, Vol.246&247 (1988): 364-367.

Structure and lrreversibility Field of TI1-1223
phase Synthesized through the Substitution of TIF
for TLOs;, A. Kikuchi, K. Inoue, K. Tachikawa,
Physica C, Vol. 337, (1999): 180-186.

Effects of Additional Elements to NbsAl Multi-
filamentary Wire Fabricated by Rapid-Heating/
Quenching Process, Y. lijima, A. Kikuchi, K.
Inoue and T. Takeuchi, IEEE Trans. on Appl. Su-
percond. Vo. 9, (1999): 2696-2701.

Preparation and Characterization of Y.0:; Buffer
Layer and YBCO Films on Textured Ni Tape, A.
Ichinose, G. Daniels, N. Heing, D.C. Larbalestier,
A. Kikuchi, K. Tachikawa and S. Akita, IEEE
Trans. on Appl. Supercond. Vo. 9, (1999): 2280-
2283.

New Nb;Al-Based Al15 Multifilamentary Wires
with High J. in High Fields, Y. lijima, A. Kikuchi
and K. Inoue, to be published in Cryogenics,
(2000).

Development of Nb;Al Conductors Having Great
Potentialities in High Energy Physics, K. Inoue, to
be published in Proc. of ELOISATRON Workshop,
(2000).

Improved Critical Current Density of Rapidly-
heated/Quenched and Transformed Nbi(Al, Mg)
and Nbiy(AlL, Ge Multifilamentary Wires, A.
Kikuchi, Y. lijima, K. Inoue, T. Asano and M.
Yuyama, to be published in Proc. of 4" EUCAS,
(2000).

43 Investigation of New Nonlinear Optical Crys-
tals for Wavelength Modulation, Single Crystal Growth
and Principle Technology Development for Optical De-
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Sasaki”, T. Katsumata” and M. Sato™: 4th Re-
search Group
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Crystal on BaO-B203-ALO; system is one of the
SHG (Second Harmonic Generation) crystals. We
have already reported that a substitution of Al or
Ga for B on the [5-BaB.0s was effective to im-
prove properties of the [-BaB.Os crystal, such as
an increase of viscosity and surface tension, a sta-
bilization of low temperature phase and an in-
crease of hardness, and an intensity increase of
the SHG. There are many crystal phases on the
Ba0O-B.0:-Al:O; system according to the JCPDS
card. One of the phases (BaAlL:B.O;) was reported
as a high SHG active phase by Chen et al..

In this work, forming crystal phases were investi-
gated by means of a solid state reaction method
and a liquid state reaction method for crystals
listed in the JCPDS card on the BaO-B,0;-AlLOs,
BaO—Bzo3—Ga20, LizO-BzO}*Ale}, Li,0-B20:-Ga,0;
systems. Single crystals were tried to grow by our
original pulling down method. Furthermore, formed
crystals were characterized on a viewpoint of the
SHG. Since there is no date on the BaO-B;0s-
Ga,0; system in the JCPDS card, we assume the
crystal phase on the Ba0-B:0;-Ga,0; system is
similar to that on the BaO-B,0;-ALO; system.

Crystals, from BaCOs, Li;COs;, BOs, ALO; and
Ga:0; (99.99%) source materials, were formed by
the solid state reaction at 700-800°C or by the lig-
uid state reaction at 950-1000°C for 5 hours using
a Pt crucible in an air atmosphere. Formed phase
was investigated by powder X-ray diffraction. Melt-
ing mode was investigated by TG-DTA as a con-
gruent melting or not. The SHG properties were
investigated by a radiation of the YAG laser to
the powder samples prepared by the formed crys-
tals.

For the Ba-type systems, the phases by the
solid state reaction were almost in agreement with
those in the JCPDS card. The phases by the liquid
state reaction were almost glass not crystal. Melt-
ing mode was almost incongruent melting. On the
other hand for the Li-type systems, crystals were
formed by the liquid state reaction and by the
solid state reaction. The melting mode was almost
congruent melting.

For the SHG properties, the SHG was observed
on the BaO-B;0:-AlLOs;, Ba0-B.05-Ga,0; and LiO-
B.0:-Ga,0: systems and not on the Li:O-B.Os-
A10; system.

Crystals were grown by the pulling down
method, but transparent crystals were difficult to
grow yet.

We think on a viewpoint of the melting mode
and the SHG properties that the crystals on the
Li;0-B.05-Ga,0; system are promising for the



SHG applications.

This research was performed in collaboration
with the Institute for Materials Research, Tohoku
University, and the Institute of DEO for a crystal
growth and a characterization on nonlinear optical
oxides. '

Keywords: frequency modulation, crystal asymme-
try, substitution, refractive index, dielectric constant
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44
plantation

Surface modification by plasma source ion im-

H. Shinno, M. Kaise, and S. Ikeno, 2nd Sub-
group, 4th Research Group

Plasma-source ion implantation is a coating
method, which is useful for ion implantation to sur-
faces of three-dimensional complex shaped sub-
strates, with much lower expenses than beam-line
ion implantation. In this experiment, DLC (dia-
mond like carbon) coatings were fabricated by
ion in a plasma of
acetylene, and dependence of deposition rate on im-

plasma-source implantation
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Fig.1 Raman spectrum of a carbon film deposited by plasma-source

ion-implantation using glow-discharge plasma by pulse voltages.

plantation conditions was studied. The plasma was
ignited using an r. f. generator with a frequency
of 13.56 MHz. Two glass substrates (15 X 15 X ]
mm) were mounted on an aluminum substrate
holder (30 X 40 X 1 mm). Positive ions in the
plasma were accelerated and implanted to the sub-
strates by pulse voltages applied to the substrate
holder. Pulse voltages were —5 ~ —20 kV, pulse
widths were 10 ~ 20 (s and pulse frequencies
were 100 Hz ~ 1 kHz. When the gas pressure
higher than about 2.6 Pa, glow-discharge
plasma was ignited by the pulse voltages, and the
plasma-source ion implantation could be performed
without the r. f. discharge. Without the r. f. dis-
charge, plasma was concentrated around the sub-
strate, so that contamination of inner wall of the
chamber by carbon coatings was eliminated. Fig. 1
shows a Raman spectrum of one of obtained
films. Analysis of the Raman spectrum suggested
that the film was DLC.

Optically transparent DLC coatings are desirable
for hard coatings on glassware, so that mixed
gases of acetylene and oxygen was used to make
DLC coatings, because residual graphite in DLC
films might be removed by oxygen. Effects of
gas composition on deposition rate of DLC films
were studied using two kinds of mixed gases A
and B. A is a mixed gas of acetylene ((100-X)
%) + argon ((X X 0.95) %) + oxygen ((X X 0.05)
%), and B is that of acetylene ((100-Y) %) + oxy-
gen (Y %). With increasing X or Y, deposition
rate decreased and became zero when X ~ 90 and
Y ~ 10. From this result, it was concluded that
oxygen decreased deposition rate of DLC films ef-
fectively, while argon didn't. In this experiment,
all the films were colored and transparent DLC
films were not obtained.

While hard coating such as DLC or ¢-BN (cu-
bic boron nitride) are well known, CN (carbon ni-
tride) is expected to be harder than diamond. One
of the purposes of this experiment is to synthesize

was



CN films using ion implantation technique. CN
films were synthesized by nitrogen ion implanta-
tion into carbon films deposited by magnetron sput-
tering. The carbon films had compressive or
tensile internal stress when the sputtering gas
was argon or nitrogen, respectively. Nitrogen ions
were implanted into the carbon films at room tem-
perature and at a low temperature near that of lig-
uid helium. During the room-temperature ion-
implantation, most nitrogen atoms escaped from
the films and radiation damages of the films were
severe. On the other hand, during the low-tempera-
ture ion-implantation, nitrogen stayed in the films
and formed blisters. This suggested that the forma-
tion of CN compounds were possible in these
films.

Sintered TiAl - 3 ~ 40 at% TiN, TiAl - 3 ~ 40
at% TiB,, TiAl - 3 ~ 40 at% SiC and TiAl - 3 ~
40 at% TiC complex alloys were produced from
TiAl and ceramics powder. Micro-Vickers hardness
of inner part of the complex alloys was increased
from 300 to 670 with ceramic concentration. In
surface of the complex alloys, ALTiIOs + TihAIC,
ALTiIOs + TiAIC and ALTIOs + Ti.SiC were
grown. Micro-Vickers hardness of the surface lay-
ers in TiAl - 20 ~ 40 at% TiB: and TiAl - 20 ~
40 at% SiC was Hv1200 ~ Hv2000. Wear proper-
ties of the surface layers was superior to that of
stellite. In complex alloys of less than 20 at% ce-
ramics, low toughness of the surface layers
brought low wear resistance.

45 Research and Development of High-Perform-
ance Light Alloys for Hydrogen Storage

C. Nishimura, S. Hwang, M. Komaki,
Ozaki and H. Numata, 4th Research Group
M. Amano, Materials Physics Division
[April 1997 to March 2001]

T

Hydrogen can be regarded as an ideal energy in-
termediary for the following reasons: (1) it is al-
most inexhaustible, (2) clean and tender to
ecology, (3) easy to be stored and transported.
There is no doubt that hydrogen will play an im-
portant role in the near future after the fossil-en-
ergy era. In scope of the large-scale use of
hydrogen as an energy intermediary, it is inevita-
ble to establish the technological fundamentals of
materials related to hydrogen-energy applications.
In this study, it is aimed to give guidelines for de-
veloping high-performance light alloys for hydro-
gen storage, based on magnesium, which can be
applied in automobiles as gas-containers or batter-
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ies.

Mechanical alloying was used to synthesize B2
and other structures for the following two reasons:
(1) it produces alloys with nanometer-sized grains
(typically <100nm) enhancing the chemical and
physical properties, (2) it is a room temperature
process based on solid state reaction with low pro-
duction cost. Synthesized powders were tested for
their hydrogen storage performance using PCT
measurements.

Thus far, Mg-Ag, Mg-Ag-M (where M = Pd, Ti
or V, atomic percent = 10) and Mg-La have been
extensively studied, among B2-type intermetallic
compounds having 50:50 atomic percent of each
element. In all cases, B2 structure was readily
formed by mechanical alloying. In most cases, hy-
drogen was absorbed during the first activation
process in PCT measurements. The highest hydro-
gen absorption was obtained in Mg-La B2 alloy,
at approximately 1.2 wt.%.

Other alloys such as MnV (B2 structure),
MnVZr (amorphous), TiAg (B1l structure) and
LaMg: (DO; Structure) were also examined using
the same procedure. Amorphous MnVZr alloy ab-
sorbed some amount of hydrogen (H/M< 0.5) due
to the inclusion of Zr. LaMg; alloy was found to
absorb relatively large amount of hydrogen, similar
to that of B2 structured alloy LaMg.

Keywords: hydrogen storage, magnesium, mechani-
cal alloying, B2 structure
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46 Designing of function and structure for func-
tionally graded system

Y. Shinohara, 4th Research Group
[April 1999 to March 2002]



Use of waste heat is demanded to save the lim-
ited energy resource in the earth. Most of waste
heat is not easy to use efficiently, because it is re-
leased not continuously but intermittently and from
small equipments in our living environment. Low
temperature of waste heat, less than 800K, also
makes it difficult to use. One answer to how to
use waste heat is a small power generating device
that can work intermittently at the heat source less
than 800K.

Lead telluride PbTe is typical thermoelectric ma-
terial applied in the temperature range from 300K
to 800K. It has been already used for power gener-
ating devices at special locations, ie. space, deep
sea, desert, pole, efc., which have not been ap-
plied to use of waste heat. We need more than
30% higher thermoelectric energy conversion effi-
ciency 77 of PbTe. The higher 7 is achieved by
the higher figure-of-merit Z(= a’/(0 k), «:
Seebeck coefficient, 0 :electrical resistivity, K:
thermal conductivity). PbTe has variations of Z
with temperature and the Z has a maximum at the
corresponding temperature 7m, as shown in Fig.l.
The 7. can be shifted by increasing its carrier con-
centration »n. When the n changes gradually in
PbTe, the Z can be kept high in a wide tempera-
ture range, as indicated by a dotted line in Fig.1.
The graded carrier concentration can improve 7
of PbTe by 30% theoretically.

The graded carrier concentration has, however,
not been realized, because the ordinary P/M proc-
ess to form metal/ceramics compositional gradient
cannot be applied to. We need a new process for

(1K)

Figure of merit

Tm

Tm

300 700
Temperature (K)

Fig.1 Variations of figure-of-merit with temperature for low-n and high-
n PbTe

PbTe. Generally, the diffusion process forms con-
tinuous gradient of diffusant. When the dopant can
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diffuse from one side of the non-doped PbTe in-
got, the graded carrier concentration should be suc-
cessfully formed. However, there are few reports
on dopant diffusion in PbTe, especially n-type do-
pants. In this research, a high purity of the non-
doped PbTe ingot has been prepared and the diffu-
sion of n-type dopants into the PbTe has been in-
vestigated fundamental research of the
controlled diffusion process. As a result, it was
clarified that the diffusion of ZrCl: n-type dopant
into the PbTe was as slow as the self-diffusion of
Pb in PbTe.

as a

47 Development of Essential Technique for Im-
proving Coil Current Density in Superconducting Magnet

K. Inoue, Y. Yoshida, Y. lijima and A.
Kikuchi, 4th Research Group
[April 1998 to March 2001]

Recently we succeeded in development of new
process, called as Rapid Heating/Quenching and
Transformation (RHQT) process, in order to fabri-
cate NbsAl multifilamentary wire. Through the
RHQT-process, we can obtain Nb;Al wire having
3-5 times larger J. than those of commercialized
wires. However, to improve coil current density in
superconducting magnet by using the Nb:;Al wire,
stabilization of the Nbs;Al wire is very important
for low field applications. On the other hand, J. of
the RHQT-processed Nbi:Al reduced severely in
fields above 20 T so that the improvement of I,
in higher fields than 20 T is required for high
field applications.

The RHQT process includes a short heat treat-
ment at 2000°C, which is much higher than the
melting points of excellent electrical conductors,
such as Cu, Ag, and Al Simple electrical Cu-plat-
ing after the RHQ-treatment could not stabilize suf-
ficiently the Nb;Al wire, because the Nb oxide
layer on the surface of Nb matrix prevents the
thermal and electrical contact between Cu and Nb.
In order to break the Nb oxide layer, we studied
the Cu-ion plating on the RHQT-processed NbsAl
in fiscal 1998. The combination of Cu-ion plating
and Cu-electrical plating was found to be very ef-
fective to stabilize the NbsAl wire. However the
process increases the wire stabilization cost. In or-
der to reduce the wire stabilization cost, we stud-
ied the bonding between Cu and Nb under high
pressures and high temperatures in fiscal 1999. We
found that good metallurgical bonding between Cu
and Nb were obtained under 10 kg/mm’ and 500
C, when we used oxygen-free Cu. On the other
hand the good bonding could not obtained be-



tween Nb and tough-pitch Cu. By using the new
point of view, we are developing a new economi-
cal stabilization method.

In order to clear up the cause of high J. in the
RHQT-processed Nb;Al, we performed electron
transmission microscope observations. We found 3
kinds of lattice defects in the NbsAl; grain bounda-
ries, subgrain boundaries, and stacking faults. The
stacking faults are formed parallel with space of
10-20 nm in each subgrain, and seem to be main
effective pinning centers in this superconductor. Or-
dinarily, grain boundaries are well known act as
the main pinning centers in superconducting Al5
compounds, such as NbsSn and V:Ga. However,
the grain sizes of NbsAl are 0.5-2 fm, and too
Jarge to explain the high J. in Nbs;Al. According
to the EDX analysis, the Al concentration around
the stacking faults is higher than that between the
stacking faults. Therefore the composition of
Nb;Al matrix shifts from the stoichiometric compo-
sition to Nb-rich composition with the formation
of stacking faults, and reduces its T. and He a lit-
tle. The stoichiometric NbsAl is known to have
the best values of T. and He.

According to the microstructure observations and
the Nb-Al phase diagram, we obtained some ideas
to fabricate Nb;Al wire with stoichiometric compo-
sition, resulting into Double Rapidly-Heating/
Quenching (DRHQ) process. In this process, an
Nb/Al microcomposite wire is applied to the RHQ
treatment to obtain Nb-Al supersaturated bee fila-
ments. The resulting wire is applied to the second
RHQ treatment to obtain stoichiometric Nbs;Al fila-
ments, and then annealed at 750-800°C to improve
the long-range ordering in the Nbs;Al crystal struc-
tures. The peak temperature during the second
RHQ treatment is controlled to be about 1900°C,
while that of the first one is about 2000°C. The
Nb:Al wire, fabricated by the DRHQ process,
shows T. of 184 K and Ho(4.2 K) of 30 T,
which are similar to those of arc-melted stoichio-
metric NbsAl. The most interesting result is its ex-
cellent J.(4.2 K) in fields above 20 T, e.g., 200
A/mm’ at 25 T, 270 A/mm’ at 24 T, and 270
A/mm’ at 23 T.

Keywords: Nb:Al,
Transformation, J.
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48 Creation of Multi-functional Materials by As-
semblage of Primitive Functions

N.  Shinya, M. Kobayashi,
Egashira, T Konno, H. Fudouzi
Hase, 5th Research Group

[April 1997 to March 2002]

T Dan, M
and M.

Research on intelligent materials is one of the
most important frontiers in the material science.
The intelligent materials are the materials which
have systematized and cooperative functions. They
work as mechanical parts or electronic devices.

We proposed a particle assemblage to create in-
telligent materials. We must give materials multi-
ple functions the functions work
cooperatively. It will be realized through accurate
three dimensional arrangement of various particles,
each of which has a primitive function such as sen-
sor, processor and actuator. In other words, we con-
sider that micro-meter sized particles are the unit
of materials and unit of function.

A key of the particle assemblage is a method to
integrate various kinds of particles. Each kind of
the particles must be placed at a prescribed posi-
tion. More accurate positioning is required than
achieved by the conventional methods. Thus, we
have developed three methods, i.e., ordered mix-
ture, manipulation by a microprobe, and particle ar-
rangement using electron/ion beams. Detail of each
method is described below.

1. Ordered mixture

The ordered mixture of semiconducting BaTiO;
particles and In particles are formed by an forced
electrification process. The particles are separately
enclosed in a metallic vessel, and electrified at the
opposite polarity by applying high voltage at the
vessel. When both particles are sprayed in the
same space at the same time, the ordered mixture
is formed by the electrostatic force.

The packed bed of the ordered mixture of
BaTiO; and In particles shows the same PTC prop-
erty with the sintered bulk BaTiOs. The PTC prop-
erty of a packed bed of semiconducting BaTiO;
particles, however, is different from that for the
bulk. The resistance is more than 100 times higher
than that of the packed bed of the ordered mix-
ture. It is attributed to high contact resistance be-
tween the semiconducting particles. While for the
ordered mixture, In particles existing between the
BaTiO; particles remove the high contact resistance.

PTC materials are expected to be good heater
materials, because of their self-temperature control-
lability. We, therefore, made a prototype heater as
follows. The ordered mixture was packed between
two electrodes of thin copper plates, and they

and make
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were enveloped in a polyimide bag. The bag was
sealed after evacuation. Then, the electrodes and
the particulate layer were isotropically suppressed
by the atmospheric pressure and fixed each other.

It is noticeable that the heater is formed without
sintering process and is flexible despite BaTiOs; is
the ceramic materials.

2. Manipulation by a microprobe

The manipulation system is composed of a tung-
sten microprobe, a probe positioning system,
stages for movement of substrates, and a CCD
camera for the observation. Particles of less than
100 2#m on a metallic substrate can be adsorbed
to the tip of the probe, carried to any positions on
the substrate, and welded by controlling the ap-
plied voltage between the probe and the substrate.

The welding has done by the two-step dis-
charge. High voltage of about 10 kV is applied to
the probe in touch with the particle (contact dis-
charge). The probe is lifted up for about 50 #m,
and 2kV is applied again to the probe (non-con-
tact discharge).

The strength of welded particles was measured
by pushing the particles with the tip of the sheet
spring till the bond is broken. The breaking shear
strength was calculated from the maximum strain
of the sheet spring. When the gold particles were
welded only by the contact discharge, the strength
is too weak to measure by the device. The bond
became tougher after the non-contact discharge.
The estimated strength is fairy good comparing
with that for the matrix material.

Microscopic  observation also supported the
above results. Ring-like upheaval existed at the
fractured surface of the substrate. The welded parti-
cle touched the substrate at the ring, i.e., the inter-
face was the inside the ring. When the particle
was welded by the contact discharge, the particle
is bonded at a little part of the interface. When
the particle was welded by the two step discharge,
the bonding area increased equal to the interface
area.

Characters "N", "R", "I" and "M" are assembled
from gold particles of 50 f#m as an example of
the microstructure fabricated by our apparatus.
Each character stands on a gold substrate by itself,
The character "M" cannot be assembled, unless
each particle is bonded together.

3. Particle arrangement using electron/ion beams

An electrified pattern is drawn on an insulating
substrate by irradiation of an electron beam or an
ion beam. A suspension is prepared from the parti-
cles to be arranged and an inert non-polar solvent.
The substrate is dipped into the suspension for
about 30 seconds. Since the particles are attracted
to the electrified pattern by the electrostatic force



in the suspension, they are arranged as the electri-
fied pattern.

Silica particles of 5 fm can be arranged on a
electrified line. The line composed of the particles
is about 30 um wide. The arranged particles are
fixed by a heat treatment or by a coating treat-
ment. When the electrified spots are formed at a
distance of 50 #tm, we can arrange one particle of
10 m diameter at each spot.

The measurement of zeta potential showed that
the silica particles are charged negatively in the
suspension. Thus, both the Coulomb's force and
the gradient force will work on the particles in
the suspension. The value of each force is numeri-
cally estimated by using the electric field analysis
software. The results showed that the Coulomb's
force is larger than the gradient force at which the
particles are far from the electrified pattern. The
gradient force, however, dominates near the electri-
fied pattern.

Keywords: Intelligent materials, multiple functions,
particle assemblage

49 Development
Thin Films by Sputtering

of Advanced Shape Memory

A. Ishida, T. Sawaguchi and M Sato, 5th Re-
search Group

[April 1997 to March 2002]

The effects of film composition and heat treat-
ment conditions on the microstructure and shape
memory behavior of Ti-rich Ti-Ni thin films have
been investigated. Ti-rich Ti-Ni thin films of five
compositions, Ti-45.2, 46.1, 47.0, 47.9 and 485
at.%Ni were prepared with a carousel type magne-
tron sputtering apparatus. The sputter-deposited
thin films were annealed at 773, 823 and 873K
for 1h. Transmission electron microscopy revealed
that Ti-45.2at.%Ni thin films contain randomly ori-
ented Ti:Ni particles, while the other films contain
Ti;:Ni precipitates with the same orientation as that
of the TiNi matrix. In addition to these TiNi pre-
cipitates, GP zones were also observed in Ti-47.9
and 48.5at.%Ni thin films annealed at 773K for
lh. The shape memory behavior of these annealed
Ti-Ni thin films was investigated with a thermome-
chanical tester. Every specimen showed a two-
stage transformation in a low stress range, while it
showed a single-stage transformation in a high
stress range. The martensitic transformation tem-
perature was found to decrease with increasing Ti
content and decreasing annealing temperature. How-
ever, thin films containing GP zones showed sig-
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nificantly low transformation temperatures despite
of low Ti content (Fig. 1). On the other hand, the
R-phase transformation temperature was not found
to be sensitive to film composition, except for thin
films with GP zones, which showed slightly low R-
phase transformation temperatures. The critical
stress for slip deformation was found to increase
with increasing Ti content and decreasing anneal-
ing temperature. GP zones were helpful in increas-
ing the critical stress of Ti-47.9 and 48.5at.%Ni
thin films. The recoverable strain was found to in-
crease with decreasing Ti content and annealing
temperature. In particular, the thin films containing
GP zones showed large recoverable strains. A plas-
tic strain could not be detected when the two-
stage transformation took place in a low stress
range, but it appeared when the transformation be-
havior changed from a two-stage manner to a
single-stage manner at a high stress. In general the
transformation temperatures of Ti-rich Ti-Ni thin
films are considered to be relatively higher than
those of Ni-rich Ti-Ni thin films. Especially the R-
phase transformation temperatures were found to
be nearly 340K, regardless of composition and
heating conditions. This characteristic seems to
make Ti-rich Ti-Ni thin films applicable to practi-
cal devices.

Keywords: microactuator,
thin film, Ti-Ni, sputtering

shape memory effect,
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50 Study on the Processing and Assessment of
Ecomaterials

K. Halada, K. Minagawa, K. [jima and H.
Yoshizu, Ecomaterials Research Team
[April 1997 to March 2000]

ECOMATERIALs, which have high recyclability
and give less environmental load to the eco-sphere
without deteriorating their properties, are expected
to be coming materials adapting to the sustainable
development. It is an approach from materials sci-
ence and engineering to the Industrial Ecology to-
wards the coming Sustainable Society. The coming
paradigm of the Post mass production is often
called Dematerialization. This comes from the re-
consideration of mass production, in which it was
believed that the resources were infinite and the ca-
pacity of global environment was also infinite. De-
materialization means to decrease the mass of
materials which the mankind uses, but does not
means needlessness of materials. Materials will cir-
culated mainly among producers and service provid-
ers to realize effective circulation system to
decrease the input/output of material from/to the
environment. In this coming era, the material tech-
nology will become more important, because we
to and products with
higher quality adequately. Materials should have
the properties of 1) lower environmental loading,
2) flexibility of production, 3) long life and the
possibility of progressive maintenance.

This study consists of two parts. One part is the
experimental feasibility study on the new process-
ing technology for the coming dematerialization
era. The processing with higher materials effi-
ciency is the key concept of this study. The materi-
als efficiency does not means the direct amount of
materials per product, but the total amount, in
which fuel materials and raw materials are
cluded, of materials in the lifecycle per intended
service. The expected processing technology is not
only the process with lower energy consumption
nor lower emission but the process which can con-

have circulate materials
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trol the microstructure of material to assemble into
proper part of the aimed material. From this view-
point, powder-metallurgical technology is selected
as one of the most available process. Following
the Fe-Fe composite, utilization of Cu in the recy-
cled steel is investigated.

It has been a great problem to separate Cu
from the scrap of Fe-based alloys. Powder-metal-
lurgical technology can solve this problem by us-
ing the Cu as a reinforcement element instead of
removing Cu in Fe. Rapidly solidufied powder and
warm heavy-rolling consolidation was used to con-
trol the dispersion of Cu. As the result, a refined
microstructure in which the disperse precipitate
pinned the crystal grain was obtained in a Fe-Cu
composite material, with the tensile strength of
1000MPa and about 8% elongation.

The other part of this study is to establish the
assessment technology of ecomaterials. In the ear-
lier work on ecomaterials, MLCA(materials life cy-
cle analysis) was established as an assessment
method, and the environmental load data of metals
and alloys were calculated and collected into data-
base. In this work, further development of MLCA
is investigated to give the guideline of DfE (de-
sign for environment) and Eco-Design of products
to the user of materials. As the utilization of
MLCA in future should be used as an environ-
mental element of life cycle engineering, the ex-
changeblilty of data with CAD and STEP
seeked. And, the predictability of the environ-
mental data change in the improvement of the
process is also the required property of the data-
base in order to deal with the development of
flexible processes. At the first part of the study,
the retrieval interface and the data structure of
"the environmental load database of steel alloys”
is modified.

These works had prepared the new research pro-
ject named "Barrier-Free processing for Design for
Environment" and were succeeded to the project re-
search.

1S

Keywords: ecomaterials, materials efficiency, recy-
clability, processing, materials environ-
mental life-cycle analysis, computerized materials
data

powder

Recent Publication

Barrier-Free Processing to improve Resource-effi-
ciency through Life Cycle of material, Koh-
mei.Halada, Proc. 4" Intnl. Conf. on Ecomaterials
1999 Gifu (1999)



51
MLCA

Materials  Efficiency Accounting based on

K. Halada, K. Ijima, H. Yoshizu, K. Mina-
gawa, Ecomaterials Research Team
[April 1999 to March 2002]

A National Research Project "Barrier-Free Proc-
essing of Material for Life-Cycle Design for Envi-
ronment" has launched by Science & Technology
Agency from 1999 for 5 years with 34 partici-
pants and collaborators. "Materials Efficiency Ac-
counting based on MLCA" plays an important part
of the Research Project.

Outline of the Barrier-Free Processing Project is
the process innovation which can connect the "Ma-
terials Selection of Ecomaterials" and "Design for
Environment (DfE)".

Here the relation among barrier-free processing,
ecomaterials and Design for Environment is simpli-
fied as follows.

(Barrier-free processing)
= (Materials Selection of ecomaterials)
X (Innovation of materials-processing)
X (DfE oriented)

The research project consists of three parts;
1) Innovative Processing for Materials' Circulation,
2) Materials Tailor-processing for Design for X,
3) Materials Efficiency Accounting.

"Innovative Processing for Materials' Circula-
tion" is the investigation focused on the appropri-
ate processing for the recycled materials which
contains man-made impurities and have various
shapes. "Materials Tailor Processing for Design for
X" is the investigation on the noble processings
which can control the shape and properties to-
gether and are suitable to Design for Environment.
Regarding "Materials Efficiency Accounting”, basic
concept of materials efficiency is determined by;

1 / (Materials efficiency)

= (Total Materials Requirement)
/ (factor for DfE for objected service)

Factors for DfE are started to investigated by mak-
ing inventory of demands of DfE on materials.
The method for estimation of Total Materials Re-
quirement will be established based on the investi-
gation of practical mining process and theory of
extraction. "Materials Efficiency Accounting based
on MLCA" takes the part of accounting TMR (To-
tal Materials Requirement) base on the methodol-
ogy of our developed MLCA.

TMR is just the amount of the materials which
are moved from the earth by mankind. In the
work of World Resource Institute, TMR was under-
estimated. Accounting was based on the amount of
ore which is the output of mining but the input
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from the earth in that work., and the related mate-
rial flows such as induced one by energy were not
considered. When we calculate TMR, @ all materi-
als which are associated should be accounted, and
@ socially induced material flow also should be
concerned. In 1999, the fundamental data of TMR
of Fe, Cu, Al, Zn, Pb, and coal are collected. The
dispersion of the data and the university of the
data are investigated.

Keywords: ecomaterials, materials efficiency, recy-
clability, materials environmental life-cycle analy-
sis, total materials requirement
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52 Fabrication of quasicrystals and invetigations
of their properties

A.P. Tsai, Aperodic Materials Research Team
[October 1, 1996 to November 30, 2001]

In this year, we have achieved three topics: 1)
discovery of new stable qusicrystals in ternary Cd-
Mg-RE and binary Cd-Yb and Cd-Ca alloys, 2) ap-
proach to a catalyst for quasicrystal and 3) devel-
oping new method for structural analysis for
icosahedral quasicrystals.

1) Discovery of new quasicrystals in ternary Cd-
Mg-RE and binary Cd-Yb and Cd-Ca alloys. A
new stable icosahedral quasicrystal has been found
in Cd-Mg-Dy system in annealed states. The new
icosahedral phase was examined to possess a sim-
ple icosahedral lattice and have stioichimetry ap-
proximating Cd66Mg21Dyl13. Peak widths of
powder x-ray diffraction patterns claims that the
icosahedral phase has same level of perfection as
that of icosahedral Al-Pd-Mn. Following this work,
we have confirmed stable icosahedral quasicrystal
in a series of Cd65Mg20RE1S(RE=Y, Eu, Gd, Tb,
Dy, Ho, Er Tm, Yb and Lu) alloys.” This is the
largest group of alloys among all the known quasi-
crystalline alloys found till now. Among these al-
loys icosahedral quasicrystal in Cd-Mg-Yb system
is specially stable which formed in as-cast state as
well as in annealed state. This led us revisiting
the binary phase diagram of Cd-Yb. Interestingly,
a phase remained unknown at Cd5.7Yb existing
neighbor to a crystalline phase at Cd6Yb. The
Cd6Yb is a body centered cubic phase with a



space group of Im3 and a lattice parameter of
1.5.nm. By analyzing the detailed structure, we
found the Cdé6Yb could be regarded as an ap-
proximant of icosahedral phase, in which a cluster
structure locates at origin and body center. This
convinced that the Cd5.7YDb is probably an icosahe-
dral quasicrystal.”’ An alloy of Cd5.7Yb prepared
by induction furnace was identified to be an icosa-
hedral quasicrystal. According to the similarity in
phase diagram the other binary stable quasicrystal
was found in a CdCa alloy.”

2) Approach to a catalyst for quasicrystals

Steam reforming of methanol (CH;OH + H.O ->
3H» + CO:) has been performed on a stable Al-
CuFe quasicrystal for the first time.”’ The AlCuFe
quasicrystal after leaching in NaOH aqueous solu-
tion reveals excellent activity. Catalytic reaction is
estimated by the production rate of H. of the
above-mentioned reaction equation which reaches
235 l/kgmin at 573K for steam reforming of metha-
nol. The activity is due to Cu nanoparticles at the
surfaces of quasicrystalline grains which are gener-
ated by the leaching treatment. The quasicrystals
have two advantages: one is their brittle nature,
which allows them to be crushed efficiently; the
other is the involvement of Fe, which suppresses
the sintering effect of Cu particles. The catalytic
activity of the Al-Cu-Fe quasicrystal reaches to the
same level of industrial catalyst. The quasicrystals
have potential to use as a catalyst.

3) developing new method for structural analysis
for icosahedral quasicrystals

A novel density modification method is applied
for the first time to phase reconstruction of X-ray
single crystal data of quasicrystals.”’ The structure
of icosahedral Zn-Mg-Ho quasicrystal has been de-
termined by means of this ab initio structure deter-
mination with a framework of 6D description. The
location, size and the shape of the occupation do-
mains are deduced. This suggested Ho sites in the
3D structure are consistent with the results of mag-
netic diffuse scattering and the present method is
available to quasicrystal structure.

Keywords: quasicrystal, binary stable quasicrystal,
cadmium-magnesium-rare  earth metals  system,
cadmium-ytterbium
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53 Study on Combustion Synthesis of Useful in-
termetallic Compounds
Y. Kaieda, N. Oguro, Y. Hosoya, Combustion
Synthesis Research Team
[April 1999 to March 2002]

The reactions in combustion synthesis to pro-
duce the intermetallic compounds are revealed fun-
damentally. The propagation of the reaction front
and the synthesis process of the intermetallic com-
pounds synthesized through the reaction are also
studied. Investigation by the thermal analysis with
rising temperature at constant and/or in alternating
velocity is carried out to reveal the conditions for
the initiation of the reaction, the propagation and
the synthesis. The influence of pressure and con-
vection on the phenomena in the reaction process
of the system containing gaseous phase or liquid
phase is studied using a high gaseous pressure ap-
paratus.

The selection of the combinations of elements,
which is focused in the present study, will be in-
vestigated. The system of the combination that
might exhibit the effect of convection and pressure
during the reaction and synthesis process is se-
lected considering the system that performs the ef-
fect of liquid and gaseous phase. The system of
elements, in which the safety during the experi-
ment is assured, is selected.

The processes including high frequency induc-
tion vacuum melting and casting conventionally
produce most intermetallic compounds. It is diffi-
cult to control accurately the chemical components
of intermetallic compounds produced by the con-
ventional process. The industrial process including
a combustion synthesis method, which is a newly
developed manufacturing process in the present in-
stitute, produces homogeneous intermetallic com-
pound. The chemical components and the impurities
in the specimens industrially produced by the proc-
ess are revealed. These properties are vitally impor-
tant when the combustion synthesis method is
applied to an industrial mass production process
for producing intermetallic compounds.

Keywords: combustion synthesis, intermetallic com-
pound
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54 Promotion of Collaborative Studies Using
User Facilities of Center for Advanced Physical Fields

K. Yoshihara
[From April 1999]

In the Center for Advanced Physical Fields, the
world's leading facilities have been installed, such
as a 40 T class hybrid magnet system, a 1000
keV ultra-high-voltage transmission electron micro-
scope and an XHV integrated process. They are
very powerful facilities and have potentialities to
create new research fields by joint studies with re-
searchers in the broad area.

As the first step to promote collaborative studies
between the Center for Advanced Physical Fields
and external researchers, high magnetic field facili-
ties are now open to the domestic and interna-
tional users. In 1999 we accepted 73 proposals
from external users (58 from universities, 7 from
public laboratories and 8 from private companies).
They included a basic experiment of an MHD heli-
cal type thruster for a superconducting electromag-
ship. This was an effort
collaboration with the Institute of Electrical Engi-
neering, China and Kobe University of Mercantile
Marine, Japan. It was performed successfully.

Experimental apparatus commonly used for wide
area researches have been prepared for promotion
of the collaborative studies. A tensile test machine
working in a condition of high magnetic fields
and high temperatures was developed in 1999.

netic international n

Keywords: collaborative study, user facility, high
magnetic field, high-resolution beam, extremely
high vacuum

55 Development of New Superconductors for Nu-
clear Fusion Use

T. Takeuchi, High Magnetic Field Station
[April 1999 to March 2004]

The main purpose of this study is to develop
the new superconductors to be used for the nu-
clear fusion reactor. The superconducting conduc-
tors for the nuclear fusion are required to have
(1) large critical current density (J;) in high fields,
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(2) high tolerance to mechanical stress and strain,
(3) large current carrying capacity, (4) low sensitiv-
ity to radiation, (5) high stability to electromag-
netic disturbances, (6) low ac losses. Recently, we
have developed a new Nb;Al multifilamentary su-
perconductor, which is based on a Jelly-Rolled
(JR) Nb/Al composite and fabricated by rapid-heat-
ing and quenching a wire of such composites with
subsequent transformation annealing to form NbsAl
phase. In contrast to the conventionally fabricated
NbsAl conductors, the transformation from super-
saturated bcc-solid-solution Nb(Al)ss enables the
highly stoichiometric A15-NbsAl to form with fine
grains, and the J. characteristics are significantly
improved over the whole range of magnetic fields,
in particular, in the fields more than 20 T. The re-
sulting substantially improved high-field perform-
ance 1is compatible with the excellent strain
tolerance. Thus, the transformed NbsAl conductor
is promising as a realistic alternative to NbsSn for
the fusion reactor use.

However, the raid-quenching process does not al-
low Cu to be included as a basic composite con-
stituent of the strand, because the conductor is
heated up to 2000°C far above the melting point
of Cu. The Cu sheath would be melted and re-
acted with the JR Nb/Al composites and form un-
ternary compounds of Cu (Fig. 1(a)).
Thus, an important and urgent issue with regard to

wanted
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Fig. 1. (a) Cross-section of as-quenched wire with Cu stabilizer and
without diffusion barrier to JR Nb/Al filaments. The Nb-Al-Cu ternary
compound forms at the JR Nb/Al filaments side, and Nb dissolves in
Cu at the Nb-sheath side. (b) Cross-section of Cu-cladding JR
Nb/Nb(Al)ss conductor.



the practical use of Nb;Al is the incorporation of
stabilizers into Nb;Al conductors. An electroplated
thick-layer of Cu would be peeled off by the heat-
cycle of soldering, etc, since the oxidation of the
strand's surface makes it difficult to ensure both
electrical and mechanical bonding between the Cu
and the Nb. All the methods we have developed
for the external incorporation of Cu to the strand's
surface are based on the ductile nature of the as-
quenched JR Nb/Nb(Al)s composite at room tem-
perature. The as-quenched JR Nb/Nb(Al)s with-
stands a variety of subsequent deformation of
bending, bundling, drawing, flat-rolling etc., with-
out a serious degradation in J. after transforma-
tion, as reported previously. In this year, we have
developed a so-called "mechanical-cladding method"
where an as-quenched composite is wrapped longi-
tudinally with Cu and groove-rolled for ensuring
mechanical bonding. Fig. 1 (b) shows the cross-sec-
tional structure of a Cu-cladding Nb/Nb(Al)s com-
posite (1.5 x 0.72' mm®). The volume ratio of Cu
to Nb/Nb(Al)ss strand is 0.45; this value can be in-
creased by using a thicker Cu. The starting 1.26
mm® -Nb/Nb(Al)-wire is plastically deformed to
an almost rectangular shape (1.2¥ x 0.62' mm’),
with a total reduction of area, R4, of 42 % at Cu-
cladding.

As reported previously, J. was rather enhanced
at the beginning of deformation of Nb/Nb(Al)s
strand; J. of the Cu-cladding Nb/Nb(Al)sx compos-
ite is increased from 80 A/mm’ to 220 A/mm’ at
22 T by 42% RA. Such an enhancement in Je
well compensates the reduction in cross sectional
area, I at 22 T is increased by 60% for 26%
RA. Thus, mechanical cladding with an appropri-
ate amount of deformation is quite an effective
way to incorporate a large-volume-fraction Cu-stabi-
lizer; this is true, for example, for monolithic
Nbs;Al conductors of a 1 GHz NMR magnet where
a rectangular cross-section of conductor is allowed.

Keywords: transformed Jelly-rolled Nbs;Al, current
carrying capacity, Nb-matrix ratio, wire diameter

56 Development of 1 GHz NMR Spectrometer

H. Wada, T. Kiyoshi, T. Takeuchi, K. Itoh, A.
Sato, T. Numazawa, M. Yuyama, M. Kosuge,
H. Nagai and F. Matsumoto, High Magnetic
Field Research Station

T. Shimizu, A. Goto, T. Terashima and S. Uji,
Physical Properties Division

H. Kumakura and H. Kitaguchi, Ist Research
Group

[April 1995 to March 2002]

High Tc oxide superconductors (HTS) are ex-
pected to be able to induce much higher magnetic
fields than low 7c metallic superconductors (LTS)
when used at 4.2 K. We have initiated a program
in which we will develop a 1 GHz superconduct-
ing NMR spectrometer including a 23.5 T super-
conducting  magnet; such magnet must be
constructed using HTS coils in combination with
LTS coils. In our design the LTS coils are oper-
ated in persisting mode at a field of 21.1 T in a
132 mm diameter bore. The HTS coil is expected
to generate an additional field of 24 T in a 54
mm room temperature bore. The cryostat has been
designed to replace the HTS coil when necessary.
This enables parallel development of the LTS and
HTS coils. Those coils are cooled with atmos-
pheric superfluid helium at 1.8 K.

Development of high performance metallic super-
conductors is one of the key issues of this pro-
gram. We have developed high critical current
(Nb,T1):Sn conductors and Ta reinforced (Nb,Ti):Sn
conductors for this project. The former conductors
are made from Cu-15wt.%Sn-0.3wt.%Ti bronze ma-
trix and their critical current density is improved.
The latter conductors have 0.2 % yield strength of
over 300 MPa at 4.2 K. We have finished wind-
ing all the LTS coils.

The development of the oxide inner magnet is
the most critical issue in this project. From the
viewpoint of field generation, we succeeded in gen-
erating a field of 234 T by the combination of
LTS and HTS magnets. A persistent mode of op-
eration to achieve field stability of less than 0.01
ppm/h is considered the most difficult to achieve.
To realize it, we have developed superconducting
joint techniques between Bi-2212 and NbTi conduc-
tors and between Bi-2212 conductors themselves.
A newly developed multi-layered coil generated a
field of 2.8 T at 4.2 K without a back-up field. It
used one continuous Bi-2212 round conductor with
a length of 254 m and no joint in the winding.
As a persistent current switch made of NbTi/CuNi
was connected with joints between Bi-2212 and
NbTi, its persistent mode of operation was carried
out. A central field at the start point was 2.43 T.
Observed field stability after 50 hours was 6720
ppm/h, but a central field of 1.4 T could be main-
tained at that time.

A test operation of the constructed cryostat was
performed. A tank of wax whose volume was as
same as that of the magnet was installed in the
cryostat instead of the magnet. It took 18 days to
cool down from room temperature to 2.2 K. The
atmospheric superfluid helium bath was cooled
down to 1.55 K.
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57 Fundamental Studies on Very High Magnetic
Field Generation

T Kiyoshi, T. Asano, S. Matsumoto, M. Ko-
- suge, M. Yuyama, A. Sato, F. Matsumoto, H.
Nagai, T. Numazawa, T Takeuchi, K. Itoh
and H. Wada, High Magnetic Field Research
Station

[April 1998 to March 2001]

Generation of very high magnetic fields is ex-
pected to open new frontiers of science and tech-
nology. To realize such high fields, continuous
studies on magnet design, magnet fabrication, cool-
ing system and materials should be performed.

New applications of magnetic fields often re-
quire special magnets based on new concept. Uni-
form magnetic force field magnets are now under
development for a new application to structural bi-
ology. A magnet is usually designed and fabri-
cated to achieve uniform magnetic field as well as
uniform magnetic field gradient. In this new appli-
cation, uniform magnetic force field is important
because it has recently been found that the growth
of protein crystals is affected by the presence of
magnetic force.

Uniform magnetic force field magnets are super-
conducting magnets because they must be continu-
ously run for several days to grow protein
crystals. The first magnet generating uniform force
fields up to 224 T'/m is in operation for protein
crystal experiments. In a cylindrical space of 10
mm in diameter and 10 mm in height, the mag-
netic force field fluctuation along the z-direction is
better than 0.4 %, and the ratio of radial compo-
nent to axial component is less than 1.9 %. It was
made of NbTi conductors and cooled with a G-M
refrigerator. From October 1999 to April 2000, it
has operated continuously at 202 T?/m (a central
field of 8.24 T) without any trouble.

In order to cancel gravity by magnetic force, a
magnetic force field of 1400 T/m is required in
the case of water. The second uniform force field
magnet using NbsSn and NbTi conductors is now
under development. It is designed to generate mag-
netic force fields up to 880 T/m with a central
field of 17.1 T. In a sample space of 10 mm® X
10 mm, the force field fluctuation along the z-di-
rection is better than 1 %, and the ratio of radial
component to axial component is less than 2 %.

This study has been carried out in cooperation
with the National Institute of Bioscience and
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Human-Technology and the National Institute of
Materials and Chemical Research and partially sup-
ported by CREST of JST.

Keywords: high magnetic field,
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58 Development of Magnetic Separation System

T Ohara and H. Wada,
Field Research Station
[April 1999 to March 2001]

Strong  Magnetic

Recent progress in magnet technology has real-
ized economically and operationally favorable
cryocooler-cooled superconducting magnets. These
types of magnets are now being used in much
broader areas of science and technology than be-
fore, resulting in the establishment of a new scien-
tific area called New Magneto-Science. One of the
promising applications in this area is magnetic
separation. The primary advantages of energy sav-
ings, compact size, and increased speed are only
fully realized when magnetic separation systems
are operated with superconducting magnets. The
full-scale application of these systems will contrib-
ute greatly to the preservation of the global envi-
ronment.

We constructed a Bi-2223 magnet system with a
200mm room temperature bore, and operated it for
both a test run and for demonstration of the separa-
tion of slurries containing fine «-hematite par-
amagnetic particles. The magnet generated 1.7T at
the center and more than 1T in its 1l-liter room
temperature bore. It was excited up to its maxi-
mum magnetic field in one minute, and the mag-
net temperature gradually increased during the
excitation from the initial temperature of 12K. Af-
ter being cyclically excited up to the maximum
magnetic field about twenty times within a period
of nine minutes, the magnet temperature stabilized
to between 35-38K. For a magnetic separation sys-
tem, to obtain high running efficiency rapid ener-
gizing and de-energizing are very important
because the separation should be done at maxi-
mum field strength, and the separated particles
should be removed at zero field strength. Our test
results showed that nearly 100% of the hematite
particles successfully separated from the
slurry, and that the Bi-2223 magnet was thermally
stable against repetitive excitation. This indicates
that the Bi-2223 magnet is suitable for magnetic
separation applications.

We also developed a

were

numerical simulation



method of High Gradient Magnetic Separation
(HGMS) processes. We use a computational fluid
dynamics (CFD) computer program to simulate the
effect of fluid flow, particle diffusion, and mag-
netic forces on the transport of particles. Using
this method, we can simulate the time-dependent
spatial and temporal concentration of particles in
an HGMS system. In this numerical method, we
first calculate the steady-state fluid velocity and
magnetic fields. We then simulate the unsteady mi-
gration of particles through these velocity and mag-
netic fields, yielding the particle size-dependent
concentration at every point in the system, and as
a function of time. By calculating the fraction of
particles that penetrate through the system, we can
calculate the capture efficiency of the system,
which is an important parameter for magnetic fil-
ter systems. This CFD-based simulation technique
is effective for designing and evaluating HGMS
systems.

We conducted this research in collaboration with
the Electrotechnical Laboratory, Agency of Indus-
trial Science and Technology, Ministry of Interna-
tional Trade and Industry, Iwate Industrial
Promotion Center, and Iwate University.

Keywords: ultra-fine particles, high gradient mag-
netic separation, Bi-2223magnet, computer simula-
tion, CFD
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59 Materials Development through Control of

Phase Transformations by High Magnetic Field

H. Ohtsuka,
Station

[April 1998 to March 2002]

High Magnetic Field Research

Structural and functional control of materials
through solid/solid phase transformations in a high
magnetic field is investigated for the development
of new materials or the improvement of materials
characteristics. Effects of a high magnetic field
on diffusional transformation behavior and trans-
formed structure in Fe-based alloys have been in-
vestigated. The specimens used in this study are
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Fe-0.4C (mass%) and Fe-1.5Mn-0.1C-0.05Nb for
ferrite transformation, and Fe-13Mn-1.0C and Fe-
0.8C for pearlite transformation. Ferrite and pear-
lite transformations are accelerated by a magnetic
field. The acceleration of ferrite transformation is
due to (1) increase of nucleation rate, (2) increase
of growth rate at some temperature range and (3)
decrease of austenite grain size by magnetic field,
and the effect of (1) is the dominant factor. The
Fe-C phase diagram was calculated under various
magnetic fields using the susceptibility of ferrite
and austenite at high temperatures, and by the
Weiss's theory and it was found that (1) A; tem-
perature, (2) carbon content of ferrite and (3)
eutectoid carbon content are all increased by a
magnetic field. The direction of lamella of pear-
lite observed on the specimen surface was affected
slightly by a magnetic field. Effects of a high
magnetic field on transformed structure in aus-
tenite to ferrite transformation were studied and it
was found that aligned structure along the direc-
tion of applied magnetic field is formed in aus-
tenite to ferrite transformation. This result shows
that the application of high magnetic field is use-
ful for the control of structure and variants of
transformed phase.

Keywords: phase transformation, magnetic field,
structure, ferrite, pearlite
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60
perature

Advanced cryogenic system for ultra low tem-

A. Sato, T. Numazawa, H. Nagai, F. Matsu-
moto, S. Nimori and M. Maeda, High Mag-
netic Field Research Station

[April 1999 to March 2004]

Superconducting magnet performance will be in-
creased when operated at low temperature below 4
K. The stability of the magnet will be also in-
creased by improvement of heat transfer characteris-
tics especially in the superfluid helium.

In the conventional method, we need a vacuum
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Figure 1 Cooling system overview.

Figure 2 Cross section photograph of the heat exchanger.
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pump to get a saturated superfluid helium and a
cryostat with complex structure. As the result the
cooling system will become larger and more com-
plicated. So the use of the low temperature is lim-
ited by the surrounding space.

In this research, we aim to develop a handy,
small cooling system with a practical cooling
power at temperature below 2 K. We will develop
an advanced 0.3 K cryogenic refrigerator by using
our research results on the 2 K refrigerator and the
regenerator. The 2 K refrigerator will be used in
the conduction cooled high magnetic field magnet
system, in which the safety against magnet quench
will be highly improved.

This research consists of the following two re-
search items.

1. Cooling system

The Joule-Thomson (JT) expansion cooling sys-
tem combined with GM refrigerator has been devel-
oped to prove the validity of our system (Fig.1).
JT circuit of an existing GM/JT refrigerator was
modified by adding vacuum pump and purifier.
The heat exchanger was used without modifica-
tion. Cooling test was performed using a helium
gas cylinder as a high pressure source. The mini-
mum temperature of 2.03 K was achieved. To
achieve lower temperature and higher cooling
power, we need a heat exchanger of more highly
efficiency and less pressure loss. We have devel-
oped the heat exchanger packed with copper
spheres for low pressure side. The copper sphere
surface will increase the heat transfer area. Figure
2 shows the cross section of the heat exchanger.
The optimum conditions of size of the copper
spheres and thickness of silver-plating and the tem-
perature for the heat treatment were decided.
These results can be applied to an experimental
model of 2 K refrigerator.

2. regenerator with high heat capacity

A magnetic material is promising as a regenera-
tor to achieve ultra low temperature. A new mag-
netic regenerator materials for refrigerator has been
studied. Some rare-earth oxide magnetic materials
have potential to provide a high heat capacity be-
low 4 K. We found that perovsikite GdAIO; (GAP)
had considerably large volumetric capacity below
4 K. The volumetric capacity of the GAP is four
times larger than the one of HoCu, at 3.5 K. A
great improvement of the cooling power is ex-
pected compared with a refrigerator using a con-
ventional regenerator. Fine particle of the poly
crystal GAP between 100 and 500 microns in di-
ameter were fabricated by a chemical process. We
have established the fabrication condition of the
high quality GAP polycrystalline sphere.

The refrigeration test was done with a 4 K pulse



tube refrigerator with a 3.3 kW compressor unit
from a practical point of view. The cooling power
was increased remarkably from 165 mW to 250
mW at 4.2 K by changing the HoCu; to the GAP
in the low temperature portion of the second regen-
erator. The minimum temperature without heat
load was reduced from 2.9 K to 2.5 K.

61 Test Methods for Superconductors

H. Wada, K. Itoh, M. Yuyama, A. Sato, T
Takeuchi and M. Kosuge, High Magnetic
Field Research Station

H. Kitaguchi, T. Kuroda and K. Kumakura,
Ist Research Group

[April 1997 to March 2002)

It is very important to establish and standardize
the test methods for metallic and oxide supercon-
ductors in order to promote their development and
utilization. In this study we work on pre-standardi-
zation of test methods, together with a large num-
ber of domestic and overseas research laboratories,
in the framework of VAMAS. Results obtained
will be the base of the international standards at
the IEC/TC90; an international organization respon-
sible for the standards of superconductors.

In this study we intend to establish and pre-stan-
dardize;

1) critical current measurement methods of Ag-
sheathed oxide superconductors,

2) critical current measurement methods under
mechanical strain and

3) ac loss measurement methods.

In addition to these, we intend to establish a data-
base system containing electromagnetic, thermal
and mechanical property data of superconducting
and other materials, which are necessary for design-
ing superconducting and cryogenic devices.

In fiscal 1999, we summarized the results ob-
tained before in the domestic round robin tests on
the critical current measurement method of oxide
superconductors. We drafted a measurement stan-
dard (guideline) and submitted it to the VA-
MAS. The draft was then discussed at the
IEC/TC90 and published as an international stan-
dard.

In the same year, we developed a critical cur-
rent measurement apparatus with a variable field-to-
sample-angle mechanism and a variable tempera-
ture cryostat. Using this apparatus, we success-
fully measured the angular dependence of the
critical current for a PAIR processed Bi-2212 tape
conductor at 10-50 K and estimated the highest op-
erating temperature of the conductor as a magnet
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winding to be approximately 20 K.

As for the strain effect measurement methods,
we made a literature survey and preliminary meas-
urements on "uniaxial" and "bending" strain effect
measurement methods. We established a simple
and reliable bending method and proposed a round
robin test based on this method.

As for the database system, we investigated the
scope, data format, accessibility, etc. and con-
structed a small test system, in which we placed a
stable and a database
server. We could access the database from most
of popular web browsers via Internet. We con-
firmed that the system was workable from view-
points of accessibility, search time and search-
result and graphics presentations. In consultation
with experts in the field of cryogenics we have
been choosing materials and properties to be input-
ted to the data-base. So far we have inputted
more than 3,000 data of thermal conductivities,
thermal expansion coefficients, specific heats, resis-
tivities, Young's moduli and Poisson ratios for cop-
per, aluminum and stainless steels. We have also
inputted more than 1,200 data of thermal conduc-
tivities, thermal expansion coefficients and specific
heats for some other metallic elements and alloys.

reliable workstation as

Keywords: international standard,
measurement method, database

superconductor,

62 Measurement technologies and reference mate-
rials for low temperature thermophysical properties of
solids

A. Sato, T. Numazawa, F Matsumoto and H.
Nagai, High Magnetic Field Station
[April 1997 to March 2002]

A national project has been started in 1997 to
establish measurement technologies and reference
materials for thermophysical properties of solids.
We have joined the project for low temperature
properties of solids on heat capacity and thermal
conductivity. Since it is required to clarify the un-
certainly in measurements and the characters of ma-
terials for reliable thermophysical property of data,
we started to develop the both measurement sys-
tems by using the latest technologies. For heat ca-
pacity system, we have developed a heat relaxation
method in the temperatures between 0.3 K and
200 K and the magnetic field up to 12 T. By us-
ing newly developed dilution refrigerator, the tem-
perature region will be extended down to 0.1 K.
A new chip with RuO; sensor has been developed
to measure 0.1 K region. For thermal conductivity



system, a steady heat flow method was used and
it covered the temperatures from 2 K to 200 K
with the magnetic field of 5 T. The measurement
range has been extended from 0.5 K to 300 K
with magnetic field of 8 T. Several candidates of
reference materials have been measured. Some gar-
net, ortho-alminate and vanadate oxide crystals in-
cluding rare-earth elements have been chosen and
measured from the view point on the sharp mag-
netic transition peaks in the heat capacity and on
the large magnetic field dependence of the thermal
conductivity. Polycrystal of transparent YAG has
been measured on thermal transportation proper-
ties. There was a clear relation between the defec-
tion of the crystal and the thermal conductivity.

Keywords: measurement technology, reference ma-
terials, low temperature thermophysical properties
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63 Measurement technologies and reference mate-
rials for low temperature thermal expansion of solids

A. Sato, T. Numazawa, F Matsumoto and H.
Nagai, High Magnetic Field Station
[April 1997 to March 2002]

A national project has been started in 1997 to
establish measurement technologies and reference
materials for thermophysical properties of solids.
We have joined the project to study low tempera-
ture thermal expansion property of solids. We have
developed a thermal expansion measurement sys-
tem between 5 K and 300 K. Strain gage sensors
were used with a clip which was consisted of Ti-
6Al-4V. This clip can be easily set to samples.
The cold stage, which controls the sample tempera-
ture between 5 K and 300 K has been built by us-
ing a helium 4 refrigerator. The temperature
controller could set the sample temperature within
0.1 K error above 20 K. The thermal expansion
clip has been calibrated by using several reference
materials such as Cu or Ti. The total error from
300 K to 10 K was estimated within 10 %. We
have established most simple method to measure
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the thermal expansion and sample preparation. Sev-
eral materials have been listed to measure the ther-
mal expansion below 300 K. Since most materials
show very small amount of thermal expansion
change below 20 K, the selected materials are con-
sidered from some unique magnetic properties
such as a sharp lambda magnetic transition in RSb
system (R=Ho, Dy, Gd) or Yahn-Teller effect in
DyVO.. In particular, DyVO, showed clear anom-
aly on thermal expansion at 14 K where its crys-
tal structure changes.

Keywords: measurement technology, reference ma-
terials, low temperature thermal expansion
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field uses

Development of superconductors for ultrahigh

T Takeuchi, High Magnetic Field Station
[April 1999 to March 2002]

Recently, the so-called 'Rapid-Heating, Quench-
ing and Transformation' (RHQT) method has been
developed to obtain long and ductile supersaturated-
solid solution Nb(Al)s, which is subsequently trans-
formed to stoichiometric NbsAl with fine grain
structures, The achieved high stoichiometry ac-
counts for the substantially improved high-field per-
formance and is compatible with the excellent
strain tolerance that makes NbsAl superior to
Nb3Sn conductors. Thus, the RHQT Nb;Al conduc-
tors are promising as a candidate for large-scale ap-
plications such as fusion magnets, accelerator
magnets and GHz class NMR magnets.

Je-B-T characteristics which are important for
the magnet design, were measured for RHQT JR
and RIT Nbs;Al conductors in this work. Further, a
critical surface of the J.-B-T characteristics are
given by a temperature scaling law, which agrees
well with the experimental results in wide tempera-
ture and field ranges. The critical surface enables
us to evaluate J. in low magnetic fields and low
temperatures, where the current capacity is too
large to measure it. Fig. 1 shows the critical sur-



Fig. 1. 3D critical surface for RHQT JR NbsAl wire and experimental
results.

face of the J-B-T estimated for the measured
RHQT JR NbsAl wire. The J. at 10 T, 4.2 K is es-
timated as 3400 A/mm’ from the scaling law,
which is important for design of superconducting
accelerator magnets. Besides, the results of the scal-
ing law suggests that J. at 1.8 K, 23.5 T which is
the field desired for the 1 GHz NMR magnets,
may be estimated from J. at 4.2 K, 21.0 T for
convenience.

Keywords: transformed NbsAl
high field, temperature scaling
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65 Development of Fundamental Technologies for
Excited Neutral Beams

Y. Yamauchi, Neutral Beam Unit, High Resolu-
tion Beam Research Station
[April 1997 to March 2002]

The electronic states of surfaces play significant
roles in chemical reactions and crystal growths on
surfaces of materials. The excited neutral beams
are promising probes to get information from ex-
actly outmost surfaces rather than electron or pho-
ton beams. Fundamental technologies to generate
excited neutral beams are being developed.

In spite of the fact that photoelectron spectra or
electron-excited secondary electron spectra include
the information on the outermost layer, photons
and electrons penetrate through the outmost layer
and reach to more deeper layers. Those spectra
contain the information on deeper layers where the
ejected electrons are generated. Thus some ambigu-
ity remains whether any features of spectra are
originated from the outmost layer or the deeper
layers. On the other hand excited neutrals also
may release their internal energy to the surface
electrons. The slow neutrals with a kinetic energy

-52-

of several tens meV are reflected by the potential
which comes from the surface atoms and never
reach to the deeper layers. The ejected electrons
pick up only the information on the electronic
state outside of the top-most layer. Therefore slow
excited neutrals are essentially sensitive to the elec-
tronic state of adsorbed molecules or states spa-
tially extended wave function from the surface to
the vacuum. Further the spin selected neutral
beams enable us to understand surfaces more pre-
cisely.

The present project includes two kinds of tech-
nologies, 1. e., generating techniques for excited
neutral beams and detecting techniques for secon-
dary particles ejected from irradiated surfaces. As
regarding to the beam forming, a beam system cre-
ating high density neutral beams under a clean vac-
uum environment, exciting atoms by
impacts, removing ions and high Rydberg atoms,
selecting the velocities, and polarizing the electron
spins of atoms will be developed. Means to meas-
ure the energy angular distribution and the spin po-
larization of ejected low energy electrons will also
be investigated.

Based on the fundamental technologies devel-
oped during the course of the present project, we
have constructed an SPMDS apparatus. The appara-
tus is a scanning Auger electron microscope (cylin-
drical (CMA), PHI 590A)
combined with a metastable helium atom beam
source and a Stern-Gerlach analyzer. The pulsed
discharge version of
source simultaneously produces a metastable he-
lium atom beam pulse and He I photon pulse but
they reach the sample at different times. Both the
MDS and UPS spectra are obtained in the same
sample configuration by switching the time win-
dow of the signal acquisition from the CMA. Ra-
diation of 1083nm from a laser diode (SDL 6702)
is circularly polarized by a 1/4 plate then pumps
He(2'S) of the incident beam up to He(2’P) with
an increased or decreased spin quantum number un-
der a magnetic field of 0.3 Gauss parallel to the
radiation path. The polarization degree of the inci-
dent He(2'S) examined by the Stern-Gerlach experi-
ment is nearly unity except that the incident beam
contains about 10% He(2'S). The polarization of
He(2’S) is able to be reversed by simply rotating
the 1/4 plate. MDS is so surface sensitive that a
slight contamination from residual gases even un-
der the UHV environment of 5 x 10" Torr causes
a detectable deviation in their spectra. Therefore,
the SPMDS spectra for the two opposite polariza-
tions of Ms= +1 and Ms= -1 are alternately meas-
ured 100 times
contamination effect. For this rather rapid alterna-
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tion of energy scanning, a data acquisition system
is developed by integrating two multi-channel scal-
ers and a computer controlled 1/4 plate rotator
with interface electronics.

The apparatus has been successfully employed
for the measurement of the spin dependence for
SPMDS spectra of iron films deposited onto
MgO(100) substrates in two opposite spin polariza-
tions. Iron films were grown on MgO(100) single
crystal substrates in the measurement chamber by
the vapor deposition of 99.99% iron using an elec-
tron bombardment evaporator (Omicron EFMB3).
The pole figure of the x-ray diffraction of the iron
film indicated that the structure was bec Fe and
that Fe(100) was parallel to MgO(100) but the
[010] direction of Fe was parallel to the [011] di-
rection of MgO. The remanence of the iron film
was checked by the simple ex-situ magneto optical
Kerr effect experiment. The iron films were mag-
netized in plane and transverse to the primary
beam. At the analyzing spot of the CMA, the mag-
netic field was adjusted to 0.1 Gauss in the paral-
lel or antiparallel direction to the remanence of
the iron films. The spin dependence of SPMDS
spectra was clearly observed for the magnetized
iron film. The capability of the SPMDS apparatus
in the investigation of the magnetism of outermost
surfaces has been confirmed.

Keywords: neutral beam, metastable atom, excited
neutral, surface
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66 Advanced characterization of micro and nano
meter scale structure of materials by brilliant synchro-
tron x-rays at the SPring-8

K. Sakurai and H. Eba,
Beam Research Station
[April 1997 to March 2002]

High Resolution

The present research program aims to establish
new techniques for analysis with super precision
and high resolution to evaluate micro and nano me-
ter scale structure of materials. So far, micro X-
ray fluorescence (XRF) imaging has been per-
formed by a 2D positional scan of a sample

K3~

against a collimated beam. Although a synchrotron
microbeam can enhance the spatial resolution
down to 1~0.1 fm, the total measuring time be-
comes quite long (a few hours to a half day),
since one needs a number of scanning points in or-
der to obtain a high-quality image. In this report,
the performance of alternative technique based on
completely different concept is demonstrated.

In the present experiment, a grazing-incidence ar-
rangement is employed to make primary X-rays il-
luminate the whole sample surface. Parallel-beam
optics and extremely-close-geometry are adopted in
order to detect XRF with a CCD camera. Since
scanning of the sample and/or incident beam is
not necessary, the measuring time is reasonably
short, typically 20sec.~3min. The spatial resolution
is given as a product of the collimation (i.e., angu-
lar divergence), ¢ and distance from the sample
surface to the CCD device, d. Therefore it is ex-
tremely important to shorten the distance d. De-
tails of the present XRF microscope are described
elsewhere.

Figure 1 shows an X-ray image for a patterned
chromium thin film (~1000A ) evaporated on the
glass substrate (commercially available, for check-
ing resolution). The image is in very good agree-
ment with the optical image, and that X-ray
fluorescence can give information on specific ele-
ments. The estimated spatial resolution is around
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20 pm. It should be noted that the exposure time
required is only 50 sec.

Another example is shown in Fig.2. This is an
image for silver dendrites grown from solution
dropped on a silicon wafer. Different patterns are
observed, for example, in the area A and B. This
is because of different reaction rate due to concen-
tration fluctuation and other conditions for diffu-
sion. The image is obtained by 4 shots to the
different part of the sample, because the synchro-
tron beam is vertically small. Although a CCD
camera is not used as an energy-dispersive detec-
tor in this case, the use of tunable monochromatic
synchrotron radiation can identify the kind of ele-
ments by differentiating the images obtained at the
incident X-ray energy below and above the absorp-
tion edge of the element of interest. In the same
way, chemical-state imaging can be also performed
by using chemical shifts of absorption edges. The
authors would like to thank Prof. A. lida for his
valuable discussion.
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67 Surface Chemical Analysis

K. Yoshihara, The Center for Advanced Physi-
cal Fields

M. Yoshitake, Extreme High Vacuum Station
[April 1998 to March 2000]

Surface chemical analysis is a relatively new
field, starting embryonically in 1968 in a few Uni-
versity departments. The major growth in applica-
tions of the techniques occurred in the last decade
as the instrumentation developed. During this pe-
riod the field of applications of surface analysis,
both in academic research and in industry, grew
widely to range from failure processes in advanced
materials to the development of catalysts and mi-
croelectronics.

This project is closely related to the VAMAS ac-
tivity. Within the VAMAS research project three
main objectives were defined. (i) to provide the
measurement infrastructure required for setting stan-
dard methods of specifying surface chemical analy-
sis. (i) to develop an agreed base for principles,
definitions and equations for relevant aspects of
surface analysis techniques and (iii) to identify ref-
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erence procedures for materials, data, instrumenta-
tion and measurement methods. To meet these
objectives, 31 sub-projects have now been estab-
lished in VAMAS community. It is easier to under-
stand the structure of this program if we note that
the work naturally falls into one or more of five
distinct areas. (i) the development or validation of
the basic theory for the physical process involved
in the techniques. (ii) the understanding and cali-
bration of the measuring instruments. (iii) the de-
velopment or calibration of software for data
reduction and for communication. (iv) the develop-
ment of reference materials and (v) the determina-
tion of reference data. Below we describe, briefly,
developments in these areas.

In 1992, ISO/TC201 committee has been estab-
lished, the objective of which is the standardiza-
tion of surface chemical analysis. This committee
has liaison with VAMAS Surface Chemical Analy-
sis group and the fruits of VAMAS activities are
transferred to ISO/TC201 as the ISO standards.

Since the VAMAS project has started in 1982,
we have investigated the reliability of the quantifi-
cation with AES and XPS with round robin, and
proposed calibration procedures for the energy and
intensity scales. Since 1989, we have also been
constructing the spectral data processing system.
This system is called Common Data Processing
System (COMPRO). COMPRO is designed to be
a program to convert an original spectral data file
structure to common one (VAMAS standard data
transfer format), to assess the data processing pro-
cedures proposed by scientists, to calibrate energy
and intensity scales, to check a spectrum, and to
build both spectra and correction factor database.
In this system, the spectral data acquired on differ-
ent instruments and/or computers can be compared
to one another. By using this software, users of
surface analytical machines can easily use the cali-
bration process proposed by the VAMAS commu-
nity.

Nowadays, it becomes very important to analyze
the small area of surfaces, so that primary beam
current density increases and may deteriorate the
surface structure, and gives wrong information on
surfaces. So it becomes important to estimate the
degradation and to find the procedure to minimize
the damage of surfaces. Since 1997, we have
started a new research project on the damage in-
duced by the primary beam.

In XPS, it is often observed that the X-ray flux
may cause changes in the surface structure and
chemistry in the surface region of organic materi-
als. R.G. Copperthwaite summarized the radiation-
induced chemical damage. (SIA 17, 2(1980)) G.
Beamson and D. Briggs published the handbook



of X-ray spectra of organic materials and reported
the degradation rates by X-ray flux in 1992. (High
Resolution XPS of Organic Polymers, John Wiley
& Sons, Chichester(1992)) Recently, Organic Mate-
rials Group of Surface Analysis Society of Japan
reported the degradation rates of nitrocellulose by
X-ray radiation, and concluded that peak intensity
change of N is the indicator of the degradation if
it is normalized by the X-ray source intensity. (J.
Surf. Anal. 5(2), 220 (1999), J. Surf. Anal. 5(2),
224 (1999)). However, there is no standard guide
to estimate the relation between the degradation
rate and X-ray source strength.

The objectives of this project are: (1) to de-
velop a procedure to estimate the degree and possi-
ble the nature of the degradation caused by X-ray
irradiation during analysis, and (2) to evaluate the
possibility of using the degradation behavior to esti-
mate a relative X-ray source flux, density. To
achieve these objectives, the Surface Analysis Soci-
ety of Japan (SASJ) has prepared 3 kinds of or-
ganic materials [ie. nitrocellulose + cellulose
acetate (NC+CA), poly(vinylchloride) (PVC), and
poly(tetrafluoroethylene) (PTFE)] which
tached to a thin aluminum sheet. These specimens
were distributed to the participants and 40 insti-
tutes from 7countries returned the results.

From this round robin, we can get the following
conclusions: (1) it is rather difficult to find the cor-
relation between silver intensities and the degrada-
tion rates of polymers in the interlaboratory test
using various (2) there exists the
fairly good correlation between the degradation
rate of PVC and that of NC+CA, if the analysis
is carried out using achromatic X-ray sources, (3)
the degradation behavior of PTFE is so compli-
cated, and it is hardly possible to get the correct
degradation rate, (4) PVC and NC+CA will be
good indicators to determine X-ray source strength
in common.

are at-

instruments,
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68 Development of Low Frictional Vacuum Materi-
als with Strain Energy by Supersaturation as Trigger
for Self-organization

M. Tosa and A. Kasahara, Extreme High Vac-
uum Station

K. Yoshihara, Center for Advanced Physical
Fields

[April 1999 to March 2001]

Hexagonal boron nitride (h-BN) segregated on
the surfaces of metals or alloys doped with boron
and nitrogen can form the preferred (0001) crystal
basal plane parallel to the base substrate material
surface by self-organization. The binding force be-
tween c planes is much smaller than those of
other planes and the friction force on the plane
will be small in case of the horizontal force due
to easy slide of the plane. The property of the
small adsorption force of segregated h-BN layer
will be applied to the vacuum micro scanning
probe system without large sliding friction which
leads to the development of the advanced memory
media disc system with a huge amount of memory
volume. This study therefore aimed the fabrication
of h-BN Iayer with preferred (0001) crystal plane
parallel to the base substrate by means of the con-
trol of surface segregation using strain energy.

The co-sputtering deposition process and the fol-
lowing vacuum annealing can prepare the h-BN
compound layer on the surface of the sputtered
film substrate with BN and alloy targets. Segre-
gated BN can cover the film substrate prepared by
the co-sputtering copper and BN, Tribological prop-
erty of prepared BN film is evaluated with sliding
friction force. We developed the vacuum micro-fric-
tion measuring device which can measure sliding
friction force in range of from an atmospheric pres-
sure down to ultra high vacuum pressure of 10®
Pa by a tandem turbo molecular pumping system.
The range of loading weight can be also changed
from about several 10 N down to less than 100/
N in the same range of vacuum pressure. The fric-
tion coefficient (/) of the substrate of mixture of
BN and copper partially covered with h-BN keeps
less than 0.1 and the value can be less than one-
third compare with no BN covered substrate at an
atmospheric pressure of 10° Pa and in the ultra
high vacuum of 10° Pa. Decrease in loading
weight from IN to below ImN increases the fric-
tion coefficient of no BN covered substrate by sev-
eral ten while that of BN partially covered



substrate can keep almost constant (between 0.1
and 0.2) without large increase.

This shows therefore that the BN surface segre-
gation can well improve vacuum micro-tribological
property of the material and can be a good candi-
date for vacuum mechanical material and micro-
gap scanning system in a vacuum.

Keywords: self-organization, surface segregation,
co-sputtered film, vacuum tribology, hexagonal bo-
ron nitride
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69 The Chamber Material for Standard Vacuum
Pressure Measurement

M. Tosa and A. Kasahara, Extreme High Vac-
uum Station

K. Yoshihara, Center for Advanced Physical
Fields

[April 1997 to March 2002]

Calibration of standard vacuum pressure gauge
requires the surface modification method to gener-
ate the standard pressure field with accurately con-
trolled constant pressure and the study of the
interaction among the chamber wall material sur-
face and the hydrogen behavior of deposition and
permeation and residual gas molecules. The main
residual gas in the vacuum chamber mainly con-
tains hydrogen molecules in the ultra high vac-
uum. The reduction of the hydrogen behavior is
therefore inevitable for the generation of standard
stable vacuum field for the calibration of standard
vacuum pressure gauge and the project aims the
development of advanced surface modification of
the vacuum chamber wall material which can re-
duce the hydrogen behavior to disturb the steady
standard vacuum field.

The improvement of surface modification is stud-
ied by the application of surface segregation of
hexagonal boron nitride (h-BN) on the copper sur-
faces. Copper metal is excellent in low hydrogen
solution, high thermal and electric current conduc-
tivity and high vacuum packing but suffers from
easy oxidation which becomes large outgassing
source. The surface of h-BN is excellent in low
gas adsorption but is brittle and the preparation of
BN layer on the substrate is not so easy. Co-sput-
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tering deposition technology using helicon radio fre-
quency wave with a sintered disc of BN and Cu
disc deposited the mixture of Cu and BN
(Cw/B/N) on the Cu substrate. Helicon radio fre-
quency sputtering deposition method can separate
BN and Cu targets and can control wide range
sputtering plasma yield with little damage on the
substrate surface by plasma. Annealing the Cu/B/N
film removed all three main copper Auger spectra
peaks observed with Auger electron spectroscopy
(AES), decreased carbon and oxygen peaks largely,
then boron and nitrogen peaks increased much
higher. Scanning AES image shows the perfect uni-
formity of the surface coverage by BN and little
gas adsorption on the surface after an atmospheric
exposure. X-ray photoelectron spectroscopy (XPS)
measurement shows that 7 bond shake-up satellite
of boron peak peculiar to h-BN. It is concluded
that h-BN segregated uniformly on the all surface
of the deposited film. The diffraction image re-
vealed that segregated BN layers had the preferred
orientation and tended to cover the segregated sur-
face with the basal ¢ plane (0001). Atomic force
microscope (AFM) measurement shows that the sur-
face of the segregated h-BN layer has same value
of van der Walls' force as that of a sintered h-BN
disc ( ~ InN). Lateral friction force on the surface
of Cw/B/N film after annealing is kept nearly con-
stant 0.03nN as the load increases. The friction co-
efficient on the surface of as deposited film
increases from 0.03 to 0.26 as the load increase,
which also increases from 0.01 to 0.17 on the sur-
face of the segregated h-BN layer. The distribution
of the lateral friction force and coefficient on the
surface of the h-BN layer of Cu/B/N films shows
much more homogeneity than that of as deposited
film.

This concludes therefore that the BN surface seg-
regation layer on the substrate mixed with BN and
copper can weaken surface interaction with atmos-
pheric gas molecules in the vacuum chamber and
can much lower gas adsorption on the surface of
the chamber wall for the steady standard vacuum
field.

Keywords: gas adsorption, gas permeation, gas de-
sorption, standard pressure gauge, surface segrega-
tion, co-sputtered film, hexagonal boron nitride
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70 Combinatorial Study on Interface and Surface
of Functional Materials

Toyohiro Chikyow, Extreme High Vacuum Re-
search Station
[June 1999 to March 2004]

For the future Large Scale Intergrated Curcuit
(LSI), functional oxide materials, which is com-
posed of several elements, are required to realize
a better performance with more high density pack-
ing, higher processing speed and more power sav-
ing. For this purpose, some of the candidates are
already on naminated. However, it is difficult to
find optimum stoichiometry for several elements in
a short term. Also, growth of oxide requires oxy-
gen atmosphere; surfaces of semiconductor materi-
als must be exposed in an oxygen free atmosphere
in their grawth to avoid their surface oxidation. To
avoid the surface oxidation, some surface passiva-
tions or protection layers must be deposited on the
surface before oxide growth. But this process also
provides us a developing term problem to choice
best termination or passivation method. In both
case, a lot of elements and parameters must be
handled. To solve the problem of handling, in this
research program, a combinatorial methodology is
employed to find best stoichiometry or best termi-
nation. Also it is used to find an answer to com-
promise the contradictory growth conditions of
oxide and semiconductors. The combinatorial meth-
odology was proposed from a hint and an analogy
of the Combinatorial Chemistry.

1) Combinatorial methodology for material science
and sythesis

In this method, lots of combinations of materi-
als are formed on a substrate using masks or com-
position gradient system in one experiments. In
some case, a combination of materials is formed
with a temperature gradient heating system. Using
these equipments, a set of samples are made in a
short term, providing an efficient material synthe-
sis. Another advantage of this method is that only
one experiment can bring an accurate date because
except variations, other parameters are commonly
fixed. This factor also gives another efficiency in
understanding phenomena in material synthesis.

2) High Throughput interface structure characteriza-
tion

In the combinatorial oxides growth, a large num-
bers of sample are made with a number of varia-
tions in one experiment. For investigating these
interfaces, position specified sampling and quick
fabrication for the high resokution transmission
electron microscopy (HRTEM) are required. For
this purpose, a micro sampling method was em-
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ployed. The micro sampling method is a combina-
tion of the focused ion beam system and small
chip manipulation. At the beginning, a specimen,
2micron *15 micron in size was cut from the inter-
ested region on the combinatorial samples. The
specimen was picked up by manipulator and fixed
on the edge of TEM sample mesh. Thin foils are
fabricated from the specimen by FIB to character-
ize the interface structure. It was only required for
several hours from the beginning to the end. TEM
apparatus is equipped with the electron energy loss
spectroscopy and imaging system. Elemental infor-
mation and mapping is possible. The obtained im-
ages and chemical information are also delivered
using Internet.

3) New idea for abrupt oxide/Si interface formation

An As-terminated Si (100) surface shows a
chemically stable surface because whole dangling
bonds at the surface are filled with electrons. Actu-
ally this surface showed durability in an oxygen at-
mosphere for more than 30 min at 400 C. On this
surface, oxide materials are expected to grow with
a sharp interface. Actually on the As-terminated Si
surface, an abrupt interface of CeO./Si was ob-
served by high resolution transmission electron mi-
croscopy (HRTEM). On the conventionally
processed Si surface, however, SiO. and additional
amorphous CeQO, regions were observed as ever re-
ported. Apparently, From the results, surface passi-
vation including the As-termination was found to
play a crucial role for the abrupt oxide/Si interface
formation.

In the successive research, another interfacial lay-
ers and oxides materials which have higher dielec-
tric properties are investigated by combinatorial
synthesis and high throughput charaterization in-
cluding micro sampling method.

Keywords: Combinatorial, oxide, semiconductor, in-
terface, HRTEM
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tion

A. Ota, N. Suzuki, Y. Maeda and N. Nguyen,
Strength and Life Evaluation Research Station
H. Irie, Mechanical Properties Division

[April 1997 to March 2002]

Building steel is one of major mass-produced
items in the steel market. Easier recyclability,
more efficient and less skilled welding and en-
hanced mechanical properties will be required for
the building steels in the next century to construct
sustainable infrastructure. However, present high
strength steels of 600-800 MPa in tensile strength
contain the alloying elements undesirable for recy-
cle, and their welded joints show very poor fa-
tigue strength, only one-tenth of tensile
strength.

Low strength C-Si-Mn ferritic steels are poten-
tial alternatives, since they are easy to recycle and
weld. To overcome the low strength, in the pre-
sent study, the ultrafine grain structure has been
aimed to create the ferrite grain size under | mi-
cron and double the strength for a 0.15wt%C steel
(SM490 grade). An ultra-fine grain ferrite-cemen-
tite structure was produced with a ferrite grain
size less than 1 micron. Based upon the prelimi-
nary accomplishments, the 18 mm square rods
were manufactured. They showed tensile strength
of 680MPa and ductile-to-brittle transition tempera-
ture of 77K.

High speed and no defect welding has to be de-
veloped coincident with preserving the ultra-fine
grained microstructure from its heat in the heat-
affected-zone (HAZ). In arc welding, an ultra-nar-
row gap arc welding processing was developed
with an idea of simultaneous control of low heat
distribution and large electricity input to make the
HAZ as narrow as possible. Nineteen mm-thick
steel plates joined by 2-pass processing showed a
2mm-wide HAZ. And further, a high-power CO2
laser one-pass welding has been elucidated. A
main problem is that plasma generation due to
metal evaporation deteriorates the efficiency of la-
ser beam heat. A high-power machine has been
successfully introduced for further studies.

The samples having the ultrafine grain micro-
structure were subjected to various welding process-
ing. The arc-welded samples showed 'softening' at
the HAZ according to input heat. The spot-welded
sample revealed almost ideal hardness distribution
without any specific hardened region at the whole
joint. The hardness variation was characterized in
terms of microstructural evolution on welding.

Welded specimen large enough to simulate the
conditions for service was subjected to mechanical
tests with a large capacity of power to evaluate

1.e.
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the fatigue property. The lower fatigue strength of
welded joints has been tried to basically increase
by using a newly designed welding rod with a
lower transformation temperature. With introducing
compressive residual stress at the welded joints,
the fatigue strength of high tensile steel's joint
was successfully improved by a factor of three.
The fatigue strength of structure member of box
section 3.5 m long beams was also improved by
inducing compressive residual stress on longitudi-
nal corner weld. Reliable data have been accumu-
lated for the full S-N curves.

Defects might be introduced into the materials
and their joints through welding process. Tolerable
size of the defects becomes smaller under higher
stress conditions expected. Hence, more reliable in-
spection techniques have been developed like super-
sonic CT scanning of defects in a welded joint
and magnetic flux leak detection by DTF for sur-
face flaws. Laser speckle technique was advanced
to follow the strain change at a bead both on heat-
ing and on cooling during welding process. The
transformation in steels was monitored by chasing
the strain deflection.

Finite Element Method was successfully applied
to clarify the relationship between strain given in
the thermo-mechanical processing and evolved fer-
rite grain size. And a simulation system to predict
the deformation and fracture behavior of welded
points has been also developed by combining calcu-
lation of stress and strain distribution and experi-
mental tensile tests.

Keywords: ferritic steels for welded structures,
grain refinement, welding process, heat-affected-
zone, residual stress, welded joint, tensile strength,
fatigue strength, simulation

72 Advanced Ulra-High-Strength  Steels
MPa-plus class)

(1500-

S.  Matsuoka, Frontier Research Center for
Structural Materials Strength and Life Evalua-
tion Research Station

[April 1997 to March 2001]

There is an increasing demand for ultra-high-
strength steel that has a tensile strength exceeding
1500 MPa, for example in the use of higher-
strength bolts in the construction industry and in
the weight reduction of automobile parts and main
cables of long-span suspension bridges. The key to
practical implementation does not lie the
achievement of the high strengths but rather in pre-
serving the necessary reliability in the delayed frac-

in



ture and giga-cycle fatigue properties of the steel.
In the search for advanced ultra-high-strength
steels, the center is trying to develop new marten-
sitic steels that contain carbide-free boundaries and
hydrogen trap sites to give high delayed fracture

resistance. Other martensitic steels containing a

large amount of nitrogen is also developed in or-

der to attain a high fatigue resistance. Studies of
the mechanisms of delayed fracture and fatigue
will reveal new concepts for material design. Such
studies require atomic-scale analysis of fine precipi-
tates and interphase boundaries by AP-FIM and
nanoscopic analysis of deformation and fracture
structures by AFM and nano-hardness tester. Other
works will include standardizing the evaluation of
delayed fracture and constructing a database that
contains fatigue property data for 10" cycle tests.

In the resent year, the activities are summarized
in the following.

1. The delayed fracture test and thermal desorp-
tion analysis of diffusible hydrogen have been
conducted for quenched-and-tempered SCM440
(0.4C-0.24S5i-0.81Mn-1.03Cr-0.16Mo) low al-
loy steel with the tensile strength of 1400
MPa, changing the diameter and notch geome-
try of specimens. In order to examine the in-
fluence of applied stress and specimen
geometry on critical diffusible hydrogen, the
stress-strain  state at the notch root was ana-
lyzed by the finite element method.

2. The high resistance to delayed fracture was re-
alized for ausformed SCM440 steel with the
tensile strength of 1450 MPa. The critical dif-
fusible hydrogen was 4 times higher for aus-
formed SCM440 steel than for quenched-and-
tempered one.

3. Based on the idea that the mechanical proper-

ties of inclusions were important to eliminate

the fish-eye-type fracture on the giga-cycle fa-
tigue of high strength steels, fatigue
were carried out for quenched-and-tempered

SUPI2 spring steel with the tensile strength

of 1800 MPa where the mechanical properties

of inclusions were controlled. The inclusion-
type origin disappeared, while the facet-type
origin newly appeared. It was apparent that
strengthening the base metal as well as con-

trolling the inclusion was necessary to im-

prove the giga-cycle fatigue properties.

Developing the nano-indentation and nano-

fractgraphy, the new analytical method of mi-

crostructures in nano-, mezo- and macro-scale

was established. It was discovered that the
nano-hardness was half of macro-hardness for

SCM440 steel with the tensile strength of

1400 MPa and that the steel was strengthened

tests
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mainly by block boundaries.

Keywords: martensitic steel, delayed fracture, giga-
cycle fatigue, AP-FIM, SPM, nanohardness tester

73 Strategic Research on Advanced Ferritic
Steels for 650 “C USC Boilers (R&D of Structural Mate-
rials for 21* Century)

Fujio Abe, Strength and Life Evaluation Re-
seavch Station
[April 1997 to March 2002]

The creep rupture strength has been improved to
develop advanced 9Cr steels for application to
large diameter and thick section boiler components
such as main steam pipe and header of ultra-super-
critical (USC) plant which will be operated at 650
‘C and 350 atmospheric pressure. The resistance
to Type IV cracking strength loss in welded joints
is also serious for construction of thick section
boiler components. The further improvement of
creep rupture strength of 9Cr-3W base steel has
been obtained by the fine precipitates of FePd
base Llo type ordered phase and by the small
amount of boron through stabilizing tempered
martensitic microstructure. Figure 1 summarizes
schematically the effect of MX carbonitries, FePd-
L1o ordered phase, Fe:W Laves phase and boron
on the creep rate versus time curves. The fine pre-
cipitates of MX carbonitries and FePd L1, ordered
phase decreases the creep rate from the initial
stage of creep, because they present after temper-
ing before creep test. Boron extends the transient
region to longer times, resulting in a decrease in
minimum creep rate. The precipitation of Fe:W oc-
curs during creep and the decrease in creep rate
with time becomes more significant with increas-
ing time in the transient region. But the large
coarsening of the Fe;W promotes the acceleration
of creep rate after reaching a minimum creep rate.
Full annealed high Cr ferritic steel is another candi-
date from a viewpoint of minimized degradation in
creep strength due to microstructural evolution at
long times.

Keywords: ferritic heat resistant steel, ultra-super-
critical power plant, alloy designing, creep, steam
oxidation, fatigue, welded joint
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Figure 1 Effect of MX, FePd-L1o, FeaW and boron on creep rate of
9Cr steel at 650 °C.
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74 Enhanced Durability of Structural Steels in Ma-
rine Environment

T. Kodama
[FY 1997 to 2001]

Among structural steels for the use in marine
and coastal environments we have concentrated
our effort on the development of stainless steels
and coatings that show corrosion n
splash zone, and low alloy weathering steels for
coastal atmosphere. In the case of stainless steels,
its performance in seawater should be evaluated

resistance
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by the resistance to localized corrosion since it
poses a more serious problem than general corro-
sion. For low-alloy steels that are used in atmos-
phere, on the contrary its performance is evaluated
by the mass loss resulted from general corrosion.
Low-alloy steels with different alloying elements
were tested for coastal atmosphere using a new ac-
celeration test developed in our laboratory.
Materials Creation Studies

In the creation of new stainless steels highly re-
sistant to marine corrosion, we have focused on
cleanliness and nitrogen addition. The nitrogen ad-
dition was motivated by the preservation of less
common metals such as Ni, Cr or Mo and the de-
velopment of fully austenitic, resource-saving
steels with the minimum addition of Ni. In this
case as a reference material type 316L steel was
used. For attaining high content of N in steels, we
have developed a system of pressurized electroslag
remelting (PESR), in which a stainless-steel rod
(primary electrode) was melted by Ohmic heating
through the slag layer under pressurized N. atmos-
phere of 1 to 4 MPa to form a 20kg ingot. By
PESR a primary electrode of type 316L stainless
steel was converted into 1.2% N bearing steels.
Cross-sectional analyses of the ingot showed uni-
form distribution of N both in radial and coaxial
directions. The N-bearing 316L SS, however,
showed sensitization due to Cr nitride precipitaion
when it was quenched from 1200 °C. By thermody-
namical analyses it was revealed that single aus-
tenitic phase becomes stable under the condition
of minimum Ni or Mn addition and sufficiently
high Cr and N contents. Proposed optimal composi-
tion ranged 23Cr-(0 to 2)Mo-(0 to 4)Ni-(lto
1.5N. The high-N and low-Ni austenitic stainless
steel showed high strength (os) of 1300 MPa and
very high resistance to localized corrosion in sea-
water. Figure 1 shows the crevice corrosion poten-
tial in artificial seawater plotted as a function of
chromium  equivalence to crevice corrosion
(Cr+3Mo+10 N). New high-N stainless steels are
immune to crevice corrosion at 35 °C and at very
noble potential as high as that of oxygen evolution
in artificial seawater.
Joining and Surface Coating Study

High-N steels suffer from damages and degrada-
tion following melting and heat cycles during weld-
ing such as blowhole formation at the joints and
sensitization at heat affected zone (HAS). The
blowhole formation is associated with the release
of dissolved nitrogen from substrate metal when it
is melted. Actually blowholes were observed at
the joints of 18Cr-14Ni-2.5Mo-0.8N when it was
arc-welded using a filler of 20Cr-12Ni-4Mo steel.
A proposed compromise to the blowhole formation



is the use of high-alloy filler such as 30Cr-20Ni-
SMo-Fe that shows higher N solubility than that
of substrate metal. The higher solubility of the
filler prevents the formation of N bubbles at the
joints by absorbing the released nitrogen. The
welded part was cut into small test specimens to
serve for localized electrochemical measurements.
Figure 2 shows localized pitting potential of
welded portion of 18Cr-14Ni-2.5Mo-0.8N meas-

ured electrochemically for specimens cut from
weldments.  Degradation in pitting resistance oc-
curs when ordinary weld metal is used. The

welded part showed a pitting potential as high as
that of substrate metal when high alloy filler was
employed. The sensitization of HAS occurs simi-
larly to the case of carbide formation in stainless
steels. The formation of Cr-nitride and related Cr-
depletion zone was analyzed both experimentally
and theoretically.

Spray coating gives a promising technique for
the production of corrosion-resistant materials,
where our goal is to develop a spray coating
method that may substitute the titanium cladding.
We employed high velocity oxy-fuel (HVOF)
spray method in which high velocity particles are
sprayed at relatively low temperature resulting in
the formation of a pore-free film with improved ad-
herence. Particles of stainless steels and nickel
base alloys were sprayed on carbon steels to form
corrosion resistant coatings by means of HVOFR
Samples coated with pore-free films retain higher
potential after prolonged immersion in seawater.
For samples with higher porosity the potential
drops to a value close to that of carbon steel
when penetrated seawater reaches the coat-
ing/substrate interface. The penetrated seawater in-
duces galvanic corrosion to substrate metal, which
leads to the peeling of the coating. The combina-
tion of HVOF and Hastelloy C as a coating metal
gives good corrosion performance. Basic studies
have been conducted for the eclucidation of im-
proved galvanic behavior of nickel-base alloys.
Evaluation of Atmospheric Corrosion and Devel-
opment of Low-Alloy Steels

The development of acceleration tests was initi-
ated from a very basic standpoint; phenomenologi-
cal but nanoscale analyses of water condensation
on metal surfaces and rust nucleation on metal sur-
face. The instrumental techniques included atom-
force microscopy (AFM) and Kelvin force micros-
copy (KFM), which are applied to in-situ corro-
under wet/dry conditions.
Conventional scanning probe microscopes (SPM)
such as atomic force microscope (AFM) and Kel-
vin force microscope (KFM) allowed the scanning
of limited area of approximately 100 f1m. We

sion  measurements
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have developed a new technique of super Kelvin
force microscope (SKFM) which allowed us to
measure profile and potential of wider area rang-
ing nm to cm. By SKFM, it is demonstrated that
corrosion proceeds by the repetition of the transfer
of chloride ion to form FeCl: at corrosion front
and the subsequent absorption of water owing to
its its deliquescence property.

Alloyed elements in steels dissolve either in cati-
onic or anionic state in aqueous media followed
by the precipitation in the form of rust. Since rust-
ing is the process of colloidal coagulation of iron
(oxy)hydroxides, the protective nature of rust is in-
fluenced by anions and cations coexistent in water
phase because they affect the coagulation process
either by sorption or by forming double oxides
with iron. Detailed analyses of alloyed elements
have been carried out from the viewpoint of ther-
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Fig.3 Effect of the content of alloying elements on the relative corro-
sion resistance of low alloy steels in the dry/wet/rinse cycle.

modynamics of double oxide formation, and the
characterization, electrochemisty and material trans-
port of rust. The roles of alloyed elements are clas-
sified into 1) double-oxide formation in the form
of spinels, etc. 2) incorporation of oxyanions and
noble elements into the rust. The incorporated ani-
ons change the structure and transport mechanism
of rust. Figure 3 shows the relative corrosion loss
of low alloy steels determined in wet/dry/rinse cy-
cles simulating coastal atmosphere. Based on the
fundamental data alloy design and actual exposure
tests are in progress.

For macroscopic evaluation of atmospheric corro-
sion, a high-accuracy testing facility for atmos-
pheric test was installed within NRIM. Other than
NIRM site atmospheric exposure tests are in pro-
gress at marine and subtropical sites of Japan
Weathering Test Center (JWTC). Test specimens in-
clude both standard low alloys and developed al-
loys. The former consists of steels with basic and
simple composition and is to be served for data-
base which is to be accessed by internet.
Conclusion

A pressure electroslag remelting (PESR) system
allowed to create innovative austenitic stainless
steels with high nitrogen content. The new steels
showed excellent resistance to seawater corrosion
and high strength. A new method of welding is
also demonstrated for the high-N stainless steels.
In the field of low-alloy steels guiding principles
for alloy designing have been shown based on ther-
modynamics and electrochemistry.
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Re-

Because of various additives, the recycling of
metallic materials used for automobile parts and
other aspects should be solved. Nowadays, the re-
cyclabiliy of materials should be fulfilled in devel-
oping new structural materials. In the present
research, 3 kind of metallic materials and process-
ing methods for improving recyclability are con-
cerned.

The damping performance of the M2052 alloy
was evaluated in the conditions that were close to
those in the practical use in 1999. The damping
behavior of the M2052 alloy was clarified, includ-
ing the strain amplitude dependence in the range
of 1 X 10°~1 X 107, and the frequency dependence
in the range of 0.01~5000Hz. In the present re-
search, the strain amplitudes in the high order reso-
nant peaks of a beam sample were obtained by
measuring the single amplitude of the force sensor
in the first vibration mode and the strain ampli-
tude on the beam surface, effective loss factors
were then calculated for the high-frequency vibra-
tions. It enabled us to discuss the difference in the
logarithmic decrement with the reverse Q value in
the strain-amplitude dependent damping alloy. It be-
came clear that a large damping capacity could be
expected for the low-frequency vibrations in the
low temperatures with the present research. The
centrally revealed that
M2052 alloy sustained quite a large damping ca-
pacity even for the vibrations of more than
3000Hz, and this result was confirmed with the ap-
plication as the damping rings in engine cylinders.

In order to develop the high-strength sintered
iron alloy which is suitable for recycling, the fabri-
cation process for the active fine powder which
has the excellent sinterability was researched. We
succeeded in developing the hybrid atomizing
method in 1998. In this year, deposition was tried
to make fine powder by this method. As the re-
sult, it became clear that the fine powder piled up
in the positions along the flow of inert gas in the
high-strength sintered iron alloy deposition equip-
ment chamber. It was also confirmed that the con-
solidation of the powder particles occurred during
the pile up of the powder, since fine powder parti-

exciting  measurement



cle were in the highly active condition.

From the viewpoint of the steel recycle, the de-
velopment of the alternate material of free-cutting
steels is one of the urgent problems. The effect of
boron nitride (hBN) dispersed in the steel on the
high-temperature lubrication during machining was
examined. As the result, the decrease in the cut-
ting resistance, improvement of chip disposability,
and the lubricating effect of hBN were confirmed
in deformation flow layer in the back surface of
chip. Furthermore, the improvement of the tool
wear resistance was also expected.

Keywords: Damping alloys, Ultrafine steel parti-
cles, Ultrasonic vibration, Casting, Chip-disposabil-
ity, Martensite
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Zero-emission is the keyword for sustainable so-
ciety. Materials nowadays must give high perform-
ance, then materials are becoming complicated and
difficult to be recycled. Finally those materials are
disposed as wastes. It is an urgent problem in ma-
terials engineering to reduce these wastes. There-
fore it is important to develop new processes
which enable us to utilize the material which has
been disposed.

In this research, we focused on copper rich iron
scrap and steel cans. Hot rolling process induces
crack forming on the steel with high copper dur-
ing steel making process. Then the steel with high
copper is now abandoned. The end material of



steel can is an aluminum alloy. Steel cans are
used as scrap in steel making process but the end
material is removed as alumina.

In the case of copper rich iron scrap,
adopted a powder processing, together with cold
forming process, to utilize copper rich iron scrap.

Until now, it is known that the tensile strength
of iron alloys can be increased by precipitating
fine € Cu. In the field of powder metallurgy Fe-
Cu-C alloy is often used, but liquid Cu appears
during liquid sintering and deteriorate the sinterabil-
ity.

In this experiment, Fe-Cu alloy melt was rap-
idly solidified by atomizing to obtain Cu super
saturated iron powder. V-groove cold rolling make
it possible to obtain high tensile strength from
these powders. We establish an method which
eliminate the bad effect of copper.

In the case of steel cans, the end material is fi-
nally oxidized. The energy loss in this process is
significant. We must find another process to utilize
steel cans, then we tried to use these as the raw
material of iron castings. Small amount of alumi-
num has been used to control the matrix structure
until now, but significant amount of aluminum
was not used in iron castings. Therefore we investi-
gated the structure change and mechanical proper-
ties of iron castings which contain 0~20%
aluminum.

It is found that aluminum modify the structure
of cast iron and improve the abrasion resistance.
And aluminum content is easily controllable be-
cause the yield rate is high and concentration
change during melting is small. We found steel
cans are suitable to use as a raw material for iron
castings.

we

Keywords: Eco-material, Recycle, Powder Metal-
lurgy, Copper, Cast Iron, Aluminum
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Life management of Nuclear Power Plant (NPP)
for the acquisition of renewal license is one of the
worldwide primary concerns. From the viewpoint
of the integrity evaluation of structural materials,
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therefore, the interaction between aging degrada-
tion of the materials and environmentally assisted
cracking (EAC) is one of the important issues to
be investigated.

The objectives of this research are to investigate
the interaction between aged structural materials
and EAC such as stress corrosion cracking, corro-
sion fatigue in high temperature water, and to miti-
gate the enlargement of local damage in weld
joints by using a laser beam technique.

1. Material degradation

In this year, microscopic observations by means
of SEM, AFM, KFM were conducted in order to
investigate the initiation of localized corrosion of
nitrogen bearing stainless steels with and without
manganese in saline solution. As a result, the
higher the nitrogen content, the better the localized
corrosive property for both series of materials. It
was also found that the materials with manganese
showed poor corrosion property compared to that
without manganese due to MnS inclusions. It was
interesting to know that the difference between sur-
face potentials of both ALQO; and SiO, inclusions
could be successfully detected by KFM. This
means that the microscopic approach by probe mi-
croscope can be promising techniques to reveal the
mechanism of localized corrosion.

2. Mitigation for the enlargement of local damage
by laser beam technique

As one of the evaluations for corrosion behavior
of weld metal of SUS304 stainless steel which
was treated by CO, laser beam after welding, elec-
trochemical approach was conducted by using a
micro-vibration-electrode in 8N- HNOs; solution. It
was found that the post-treatment by laser beam
technique for the HAZ was able to suppress the
initiation of corrosion pits. Further investigation
for the effect of laser beam will be carried out us-
ing thermally aged materials, which simulate sensi-
tized welded region.

In-situ observation by a laser speckle method
has been applied in order to measure the local
strain behavior of weld metal in laser processing.
A two-dimensional in-situ high temperature strain
measurement system was newly developed. After
optimization of measurement conditions such as
the location and the sensitivity of sensor, intensity
of laser light, selection of proper band-pass filters
and so on, in-situ high-speed measurement of high
temperature local strain by laser-speckle method
was successfully made.

Keywords: aging degradation, localized corrosion,
light water reactor, weld joints, laser beam
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The materials used in atomic power plants de-
grade due to the initiation and growth of various
kinds of damages induced by neutron irradiation,
creep and so on. The present study aims to de-
velop the programs to simulate the initiation and
growth behavior of damages and mechanical prop-
ertics of damaged materials by using micro, meso,
and macroscopic computational method. The mate-
rial designing method to prevent the embrittlement
and the evaluation method of material reliability
will be discussed.

1. Dynamical process of irradiation-induced de-
fects and their effects on materials properties.

With use of computer simulations, this study
aims to elucidate how the atomistic defects such
as vacancies and interstitials in irradiated materials
develop into microscopic and mesoscopic ones
such as clusters of vacancies and interstitials and
their complexes. Also we study how these defects
affect the mechanical properties of the materials.
For these purposes, we perform calculations based
on atomistic models such as molecular-dynamics
and the Monte Carlo simulations. Recently, we car-
ried out the calculations of phonon density of
states of alpha iron crystals with a point defect
such as a vacancy or an interstitial atom. All the
atoms surrounding the point defect are relaxed
through molecular-dynamics. The results for a crys-
tal with an interstitial atom show that, compared
to cases for a perfect crystal and a crystal with a
vacancy, several peaks appear at rather high vibra-
tional frequency of about 13THz. The migration
process of the interstitial atoms in the alpha iron
crystal is also investigated.

2. Computational analysis for deformation and
fracture of damaged materials at high tempera-
tures.

The prediction method for degradation of ten-
sile ductility of materials including He bubbles by
using FEM analysis had been developed. In the
present research, we are planning to conduct the
computational simulation for creep and fatigue frac-
ture properties of materials including damages
such as He bubbles, creep voids and cracks. The
3D FEM codes, which can deal with creep, crack
growth and fracture mechanics have been devel-
oped. The computational simulations of creep
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crack initiation and growth from the He bubbles
have been conducted. The creep fracture criteria
have been investigated by comparing the computa-
tional analysis and experimental results of CT
specimens. The simulation programs that take diffu-
sive growth of He bubbles and creep voids into ac-
count are also being developed.

Keywords: computer simulation, irradiation dam-
age, molecular-dynamics, phonon density of states,
diffusion of point defects, helium embrittlement,
FEM, creep fracture
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Mechanical properties of thin films and coatings
become a subject of much concern, because they
are widely used in a large number of industrial
fields. In this study, depth sensing indentation
(DSI) technique is developed to measure hardness
and elastic of thin films and coat-
ings. The study is closely related to the new tech-
nical working area TWA 22 "Mechanical properties
of thin films and coatings" among VAMAS pro-
jects.

In this financial year, DSI was carried out for
gold, platinum, silicon oxide and diamond like car-
bon thin films with thickness of 0.1, 0.3 and 1.0
pm deposited on a sapphire substrate. The con-
tact depths for the gold and platinum films in-
crease  with  increasing the film thickness,
corresponding to the decrease in the plastic defor-
mation resistance. On the other hand, the DLC
coatings show the same contact depth in the vari-
ous film thicknesses. These results suggest that
the constraint by the hard substrate is different for
various film/substrate systems even under the same
conditions of the film thickness and applied
load. Measurements under various time-dependent
conditions reveal that the hardness of the gold and
platinum films depend on the loading rate ranges

modulus



from 0.01 to 1.0 mN/s. In particular, it is more de-
pendent for the thicker films. This is considered
that a time-dependent deformation mechanism such
as creep deformation contributes to the plastic de-
formation resistance in the soft metals.

Key Words: Thin films, Coatings, Elastic modu-
lus, Hardness, Depth sensing indentation
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Many steel structures were damaged on Hanshin-
Awaji great earthquake of January 17, 1995. The
drastic example was the brittle fracture of steel
box columns in high-rise buildings. This study
aims at developing the toughness evaluation
method useful for real-size components.

In the resent year, Charpy impact tests were car-
ried out for two heats of SM490A steel with high
and low toughness, using the specimens with the
radius curvature of notch of 0.1, 0.25 (standard)
and 0.5 mm. Test temperature was between -100
and 80°C. Fracture surfaces were observed by a
scanning electron microscope SEM. The
fracture region was formed ahead of the cleavage
fracture region. Similar appearance was observed
in large-scale specimens fractured under the load-
ing simulated Hanshin-Awaji earthquake. The rela-
tionship between Charpy impact energy and depth
of ductile fracture region showed the unique
curve, while the relationship between Charpy im-
pact energy and test temperature was dependent on
the toughness of the steel and the radius curvature
of notch of the specimen. This suggests that the
depth of ductile fracture region is the important
factor when the toughness is evaluated for the real-
size component.

ductile

Keywords: Hanshin-Awaji earthquake, structural
steel, brittle fracture, toughness, fractgraphy
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It is necessary to establish the test method of
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creep crack growth in order to evaluate the reliabil-
ity and residual life of high temperature compo-
nents. The standard method of creep crack growth
test for advanced heat resisting materials was pro-
posed based on the results of VAMAS collabora-
tive work; Technical Working Area (TWA) 19 for
"High temperature fracture of creep brittle materi-
als". This methodology was extended to the new
VAMAS TWA25 for "Creep/fatigue crack growth
in components”, which has started in 1999. The ob-
jectives of TWA2S5 is to establish the accurate and
reliable procedures for monitoring and assessing
time dependent crack growth at elevated tempera-
tures in components which contain defects.

The effect of mechanical constraint on creep
crack initiation and growth under multi-axial stress
condition is an important factor for evaluating frac-
ture life of components. For this purpose, Japanese
group: Tohoku University, IHI and NRIM that par-
ticipates in VAMAS TWA25 is conducting the fol-
lowing research program. The effect of notch
configuration on crack initiation and growth is in-
vestigated by using circular notched specimens.
Creep crack growth in fine-grained heat affected
zone of weldment is a serious problem. The test
and evaluation method of crack initiation, growth
and life for welded joint is investigated on ad-
vanced heat-resisting steels. The round robin tests
have started in 1999.

We are also investigating the evaluation method
of crack initiation and growth for creep brittle ad-
vanced heat resisting materials. The round robin
tests on 2 types of TiAl intermetallic compound,
which have full lamellar and duplex structures
have been conducted. The effect of microstructures
and fracture mode on creep crack growth proper-
ties was clarified and the life evaluation equations
for both TiAl were derived.

Keywords: creep crack growth, component, me-
chanical constraint, VAMAS project, TiAl interme-
tallic compound
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Strength and Life

It is very important to make clear the creep
mechanism controlled by dislocation glide and
climb in order to improve high temperature
strength of structural materials. Many phenomenol-
ogical understandings of creep mechanism have
been well done so far. However, the creep mecha-
nism is not understood in terms of dislocation mo-
tion because the dislocation motion is not directly
observed at high temperature. The purpose of this
study is to establish analysis method for dynamic
dislocation motion at high temperature under stress
and to make clear factors controlling creep defor-
mation in high chromium ferritic steels.

1. Development of analysis method for dynamic
dislocation motion at high temperature

The high resolution CCD camera was introduced
to FE-TEM and suitable temperature for in-situ ob-
servation of dislocation motion in TEM was exam-
ined for high chromium ferritic steel.

2. Study of controlling process of high tempera-
ture deformation

High chromium ferritic steels have tempered
martensitic lath structure and is strengthened by
M2Cs, MX carbonitrides, Laves phase and solute
atoms. These strengthening factors are very compli-
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cated and change during creep deformation. We
have to investigate individually the effects of the
strengthening factors on dislocation glide and
climb in order to make clear controlling process
of creep. The coarsening process of the MX carbo-
nitrides has not well understood because the MX
particles are too small to measure the change of
particle size during creep. In this study, we ob-
served the coarsening of MX carbonitrides during
aging and creep at 650, 700 and 750°C in ASME-
P92 steel. The coarsening of MX carbonitrides dur-
ing aging can be controlled by Ostwald ripening
mechanism. It is concluded that creep deformation
accelerates the MX coarsening by pipe diffusion
of dislocation contacting with the MX carboni-
trides during creep. The stress dependence of mini-
mum creep rate decreases with increasing testing
temperature. The value of stress exponent is 5.7 at
750°C. At higher temperature, the decrease of co-
herent strain between the MX carbonitrides and ma-
trix by coarsening of the MX decreases the
strengthening effect of the MX. The decrease of
the strengthening effect can be related to low
stress dependence of minimum creep rate at higher
temperature.

Keywords: dislocation motion, creep, microstruc-
tural change, high chromium ferritic steel
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International Cooperation

Apr. 1999 to Mar. 2000
International Collaboration Research

Australia

1. Studies on conductor fabrication Processes of high-
Tc BiSrCaCuO super-conductors (University of Wol-
longong)

2. A comparison of high energy density beam and
arc welding technique for joining advanced materi-
als of both the metal-matrix composite and inter-
metallic compound types (CSIRO)

3. Development of Novel Rare Earth Permanent Mag-
nets and Their High Magnetic Field Study (Univer-
sity of South Wales)

China

1. Environmental life cycle analysis of materials (Bei-
jing University of Aeronautics)

2. Enhancement of Superconducting Properties in
Bi:SrCa:Cu;Ox/Ag Wires and Tapes (Northwest In-
stitute for Metal Research)

3. Comparison Researches of Materials Life Cycle As-
sessment (MCLA) Between Japan and China (Si-
chuan Union University)

4. Atomic-scale Structure Fablication using Scanning
Tunneling Microscope (STM)
of Vacuum Physics)

5. Environmentally Assisted Cracking (EAC) of Struc-
tural Materials for Light Water Reactors (Shanghai
Research Institute of Materials)

6. Joint Research on Synthesis and Analysis of Nano-
structured Materials in an Atomic Scale (Tsinghua
University)

(Beijing Laboratory

EU

1. Research on Materials for Nuclear Fusion Reactor
(KFA-Julich etc.)

2. Evaluation Model of the Characterization Data of
Materials (Institute for Advanced Materials, Joint
Research Center, Petten Site)

3. Effects of Strain on Super-conducting Properties
and Microstructure for High Tc Super-conducting
Tapes and Wires (University of Twente)

4. Research on the Particle Assembling Process using
Nanometer-sized Particles (Lund University)

Finland

1. Assessment of Long-Term Creep Rupture Strength
of Heat Resistant Steels (VIT Manufacturing Tech-
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nology)

France

1. Superconducting and cryogenic materials (Service
National des Champus Intenses, CNRS)

2. Structural Study of Disordered Materials by Syn-
chrotron Radiation X-rays (Centre de Recherches
sur les Matériaux a Hautes Températures, CNRS)

3. Study on Microstructure and Super-conducting
Properties of High Temperature Superconductors
with High Critical Current Density (Laboratoire des
Materiaux et du Genie Physique)

4. Atomic-scale Single Electron Transistor (CEA Sa-
clay)

5. Materials Processing using High Magnetic Fields
(CNRS/MATFORMAG)

6. Effects of Strain on Superconducting Properties
and Microstructure for High Tc Superconductors
(Laboratoire des Champs Magnetiques Intenses)

Germany

1. High Performance Superconducting Materials (For-
schungszentrum Karlsruhe)

2. Development of Documentation Panel, Numerical
Data (Fachinformationszentrum Karlsruhe)

3. Designing of New Continuous Refining Process
(Haus der Technik e.v. Essen)

4. Nanoscopic Evaluation of Material Properties (Max-
Planck-Institiit fiir Eisenforchung Gmbh, Universitét
des Saarlandes)

5. In Vitro and In Vivo Biocompatibility of Biomateri-
als (Free University of Berlin)

6. Joint Research on the Structural Analysis of Clus-
ters and Interfaces by Sub-Angstrom Electron Mi-
croscopy (Max-Planck-Institute fiir Metallforschung)

7. Study on the Electronic Band Structure using GW
Method based on the Linear Muffin Tin Orbital
Method (MAX-Planck-Institut FKF)

8. Development of Intelligent Life Assessment in
Power and Process Plants (University of Stuttgart)
9. Characterization of High-field Performances for Ox-
ide  Superconductors (Georg-August-Universitit

Géttingen Institute fiir Metallphsyk)

Hungary

1. Noise Analysis of Single Electron Transister (De-
partment of Physics, Jozses Attila University)



India

1. Studies of quasi-crystalline based composites (In-
dian Institute of Science)

italy

1. Superconducting properties of advanced supercon-
ductors in time-varying magnetic fields (EDISON
SPA, R & D)

2. Intercomparison of methods and materials for
strain measurements at cryogenic temperatures (In-
stituto di Metrogia "G. Colonnetti" -C.N.R)

3. Mechanism of Deformation, Fracture and Corro-
sion in Ni-base Superalloys (Istituto Tecnologia Ma-

teriali e Processi Energetici)
Korea

1. Performance characterization of materials at high
temperature (Korea Research Institute of Standards
and Science)

2. Evaluation of the high temperature properties for
titanium-based particulate Composites (Korea Ad-
vanced Institute of Science and Technology)

3. Studies on the fabrication of Bi-2223 superconduct-
ing wire and its application (Korea Institute of
Machinery and Metals)

4. Fabrication and characterization of semiconductor
quantum dots (Korea Research Institute of Stan-
dards and Science)

5. Plasma assisted surface modification on metallic
biomaterials (Korea Institute of Machinery and Met-
als)

6. Application of pulsed high magnetic fields for the
measurement of high-performance permanent mag-
nets (Korea Research Institute of Standards and Sci-
ence)

Netherlands

I. Studies for Measuring Technique of Quantum Ef-
fect and for Strongly Corre-Lated Electron System
(Amsterdam University)

2. Study on Magnetic Properties of Steels at High
Temperature (Delft University of Technology)

3. Assessment of Environmental Loading of Materials
(Center of Environmental Science Leiden Univer-
sity)

4, Interface Roughness and Thickness of Thin Film
Multi-layer Structures (FOM Institute for Atomic
and Molecular Physics)

5. Study on Electronic Instabilities in Magnetic Mate-
rials With F-electrons Under Multi-extreme Condi-
tions (University of Amsterdam)

6. Design and Evaluation of Super-alloys for Gas Tur-
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bine Applications (University of Twente)

7. Characterization of High-field and Strain-tolerance
Performances for Super-conductors (University of
Twente)

Poland

1. Magnetization and Optical studies in Diluted Mag-
netic Semiconductors in High Magnetic Fields (Pol-
ish Academy of Science)

Sweden

1. Fabrication and characterization of semiconductor
quantum dots (Lund University)

2. Atomic-scale Single Electron Transistor (Chalmers
University of Technology)

Switzerland

1. Research and Development of High Performance
Ceramic  Super-conducting Wires (University of
Geneve)

2. Characterization of Oxide Superconductors (Univer-
sity of Geneve)

3. Research on Fabrication of Highly-reliable Struc-
tural Ceramics through Advanced Powder Process-
ing (Swiss Federal Institute of Technology)

4. Evaluation of High Temperature Properties for Tita-
nium and Ceramic Matrix Composites (Swiss Fed-
eral Laboratory for Materials Testing Research)

UK.

1. Quantum Properties of Nanostructures of Com-
pound Semiconductors (University of Nottingham)
2. Prediction Technology of Life and Remaining Life
of Huge Structures under Service Condition and its

Application to Design (The Welding Institute)

3. Assessment of Ultra-Long-Term Creep Rupture
Strength of Heat Resisting Steels (GEC Alsthom
Generators Ltd.)

4. Research of Methods for Large-scale Numerical
Simulations (University College London)

5. Measurement and -Evaluation Methods for Critical
Current in High Temperature Superconductors (Uni-
versity of Cambridge)

US.A.

1. Research and development on systems and materi-
als for magnetic refrigeration (Francis Bitter Na-
tional Magnet Laboratory, MIT)

2. Databases on high temperature superconducting ma-
terials (National Institute of Standards and Technol-

ogy)



3. Studies of high-strength/high-conductive materials
and their application to high-field magnets (Francis
Bitter National Magnet Laboratory, MIT)

4. Fundamental studies on the conductor fabrication
of high temperature oxide superconductors (Na-
tional High Magnetic Field Laboratory)

5. Measurement and evaluation methods for supercon-
ducting properties (National Institute of Standards
and Technology)

6. Developments and applications of extremely high-
field magnets and magnet systems (National High
Magnetic Field Laboratory)

7. Joint Research on the "in-situ" analysis/evaluation
of atomic and micro-structural changes in materials
(Argonne National Laboratory)

8. Study of nano-composites magnetic materials for
cryogenics (National Institute of standards and Tech-
nology)

9. Fundamental study of vortex state in high Tc super-
conductors (Argonne National Laboratory)

10. High pressure research on strongly correlated elec-
tron systems (University of California)

11. Effect of high magnetic field on solid/solid phase
transformations (North-western University)

12. Studies on mechanisms of nanoscale microstruc-
tural evolution in advance metallic materials (Uni-
versity of Virginia)

13. Study on the mechanical properties of direction-
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ally solidified intermetallic compounds (Oak Ridge
National Laboratory)

14. Evaluation of thick coatings formed by advanced
thermal spray processes (New York State Univer-
sity)

15. Photolysis of Silicon Compounds by Infrared
Free Electron Laser (Los Alamos National Labora-
tory)

16. Basic Studies on Mechanisms of Micro-structural
Evolution in Next Generation Steels (Virginia Poly-
technic Institute and State University)

17. Study on the Flux-line States
Plasma in High-Tc Superconductors (Argonne Na-
tional Laboratory)

18. Physical Properties of the Transition Metal Com-
pounds under High Pressure (Carnegie Institution
of Washington)

19. Development of Nb;Al Multi-filamentary Super-
conductor (Ohio State University)

20. Analysis and Numerical Modeling of High En-
ergy Beam Welding Phenomena (Penn State Univer-
sity)

21. Joint Research on Materials and System for Adia-
batic Demagnetization Refrigerator (NASA/Goddard
Space Flight Center)

22. Superconductors for
(University of Wisconsin)

and Josephson

Large Scale Applications



[1 List of Visiting Foreign Researchers who came to NRIM from Apr.1999 toMar.2000

*STA Fellows

Country and Name

Affiliation

Term

Research Subject

Australia

Donna Nicole Perera*

Ninh the Nguyen®

Steve Hwang*

Austria

Harald. W. Weber

Belarus

Victor E. Borisenko

Belgium

Alexandre Mayer

Johan Vanacken

China

Ya Xu

Feng Tang

Yuefeng Gu*

Hai Qiu

Guo Junging
Yang Wen

University of Sydney

University of Sydney

University of Western Australia

Atominstitute  der

Qestereichschen Universitit

Belaruisan State University of

Informatics and Radioelectronics

Universitaires Notre-Dame de

la Paix

Katholieke Universiteit Louven

Japan Science and Technology
Corporation (JST)

IST

Shanghai Jiao Tong University

The University of Tokyo

JST

China Institute of Atomic En-
ergy

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 1999.8.31

1999.9.11 ~ 2000.3.31

1999.10.15 ~
1999.10.19

1999.12.13 ~
1999.12.18

1999.8.20 ~ 1999.8.30

2000.3.13 ~ 2000.3.17

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 1999.9.30

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31
1999.4.1 ~ 2000.3.31

Experimental and Theoretical Char-
acterization of Grass-forming Multi-
component Metallic Alloys

Evaluation for Fatigue Strength of
Welded Joints in Residual Stress
Field

Improvement of Hydrogen Desorp-
tion of Mg-based Hydrogen Stor-
age Alloys by Microstructure

Control using Powder Processing

Evaluation Methods and Standardi-

zation of Superconductors

Fabrication and Characterization of
Compound  Semiconductor Nano-

structures

Simultation of the Tunneling Pro-
jection Microscopy

Materials with Atomic-scale Struc-
ture

Effects of High Magnetic Field on
Solid/Solid Phase Transformations
and Structural Control of Materials
by Magnetic Field

Evaluation of High Temperature
Mechanical Properties for Ti2AINb-
based Intermetallic Alloys

Grain  Boundary Structures and
Ductility Improvement of Platinum
Group Metals based Refractory Su-

peralloys

Study on the Strength and Tough-
ness of Ultra-fine Grained Steel
and its Welded Joint

Production of Single Quasicrystals

Interfacial Control and Evaluation
of Properties of CVI SiC/SiC Com-

posites




Country and Name

Affiliation

Term

Research Subject

Yaquio Wu*

Yuning Jiao*

Jiang-Qing Su*

Fuxing Yin

Xiaopeng Jiao

Tu Geng

Daozhi Liu*

Guanghan Cao*

Chu Feng Min

Kewei Gao*

Jian Xin Zhang*

Gu Hongwei*

Dong Jianxin*

Dong Junhua*

Chinese Taipei

F.R.Chen

Institute of Materials Research,

Chinese Academy of Science

Institute of Metals Research,

Chinese Academy of Science

Institute of Metals Research,

Chinese Academy of Science

JST Domestic Research Fellow

Institute of DEO

JST Domestic Research Fellow

Faculty of Materials Science
and Engineering, Tianjin Uni-
versity

Department of Physics, Zheji-

ang University

Chinese Institute of Atomic En-
ergy

University of Science and Tech-
nology, Beijing

of Metal

Chinese Academy of Sciences

Institute Research,

Beijing General Research Insti-

tute for Non-ferrous Metals

Department of Materials Sci-
ence and Engineering, Univer-
sity of Science and Technology
Beijing

Institute of Corrosion and Pro-
of Metals,

Academy of Science

tection Chinese

National Tsing Hua University

1999.4.1 ~ 1999.9.30

1999.4.1 ~ 2000.1.31

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 1999.9.30

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 1999.9.30

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.9.1 ~ 2000.2.29

1999.9.14 ~ 2000.3.31

1999.9.30 ~ 2000.3.31

1999.12.9 ~ 2000.3.31

2000.2.28 ~ 2000.3.31

2000.1.10 ~ 2000.3.31

1999.11.14 ~
1999.11.20

Microstructures and Properties of
Nd-Fe-B  based
Magnets

Nanocomposite

Research on Structure Formation

by Solidification Processing

Study on the Mechanical Proper-

ties of Grain Boundaries in NisAl

The Development of High-strength
Mn based Damping Alloys with
the Introduction of Hard and Ferro-

magnetic Particles

Growth and

Characterization of New Nonlinear

Investigation, Crystal

Optical Crystals for Wavelength

Modulation

Design of Heat Resistant Alloys
based on Thermodynamic Calcula-

tions

Development of Fe-based Shape

Memory  Alloys  with  Perfect

Shape Recovery

Substitutional Effect on the Thio-
spinel Compound CuM2S4 (M=5d

Transition Metal Elements)

Fundamental Research of High

Resolution Electron Microscopy

Hydrogen Embrittlement of TiAl

based Alloys

Development of Advanced Shape
Memory Thin Films by Sputtering

Study of Properties and Structural
Changes in Superconducting Materi-
als and Strong Correlation Materi-

als under Pressure

Investigation on the Relationship

between High-temperature Creep

Properties and Microstructural

Changes of Ni base Superalloys

Mechanism of Rust Formation on

Steel in Coastal Atomosphere

Application of Maximum Entropy
Method

Electron Microscopy

toward High Resolution
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Country and Name

Affiliation

Term

Research Subject

Czech

Josef Nemec*

Vladimir Matolin

Egypt

Abdel-Monem Mohamed

El-Batahgy*

France

Stephane Odasso*

Fabrice Dugain*

Retal Christophe

Stephane Labat*

Peter Wyder

Ludvic Renaud

Xavier Sauvage

Marc de Boissieu

Jean-Claude Vallier

Claude Landron

Gastaldi Joseph

Oliver Portugal

Gerald Da Costa

Germany

Gerd Kley

Academy of Science of the
Czech Republic

Charles University

Central Metallurgical Research

and Development Institute

Research Center on the Mecha-
nism of Crystal Growth

Institute Laur-Langevin

Universite de Rouen, UFR Sci-

€nce

MATOP, URA CNRS, Faculte

de St. Jerome

Grenoble High Magnetic Field
Laboratory

Laboratoire de Micro-scopie
lonique URA CNRS and Uni-

versite de Rouen

Universite de Rouen, UFR Sci-

ences
UMR/CNRS

Centre de Recherches sur les

Tres Basses Temperatures

Centre de Recherche sur la

Physique des Hautes Teparature

CRMC2/CNRS
Institut National des Science
Appliqueesservice National

Champs Magnetiqués Pulsé

Laboratoire de Micro-scopie,
Ionique URA CNRS and Uni-

versite de Rouen

Federal Institute for Materials
Research and Testing (BAM)

1999.4.1 ~ 2000.3.31

1999.8.26 ~ 1999.9.1

2000.1.30 ~ 2000.3.31

1999.4.1 ~ 1999.4.30

1999.4.1 ~ 2000.3.31
1999.4.1 ~ 1999.8.31

1999.4.1 ~ 1999.8.17

1999.11.20 ~
1999.11.27

1999.11.28 ~ 1999.12.4

1999.11.28 ~ 1999.12.4

2000.2.5 ~ 2000.2.10
2000.2.20 ~ 2000.2.24

2000.2.22 ~ 2000.3.19

2000.3.4 ~ 2000.3.14
2000.3.12 ~ 2000.3.18

2000.3.20 ~ 2000.3.29

1999.11.5 ~ 1999.11.13

Changes in Creep Strength and
Governing  Factor of Inherent
Creep Strength of 12Cr Ferritic

Creep Resistant Steels

Formation of Eitaxial Thin Alumi-
num Oxide Film on Niobium Sin-
gle Crystal

Study on Creep Strength Property
of Welded Joint oh High Cr Fer-

ritic Creep Resistant Steel

Electron Transport Measurements
in Lead Nanostructures Patterned
onto Ideal Si(111)-(1x1)}:H Tem-

plates
Neutron Scattering on Quasicrystals

3 Dimension Atom Probe Analysis
of Guinier Preston Zones in Al-
Ag Alloy

A Study of Inplane Stress on Su-
perconducting Properties of High-
Tc Superlattice Films

Development of High Field Mag-

nets

Development of an Energy Com-
pensated
Atom Probe

Optical Tomographic

HREM Observation of Cu-Nb in-
situ Metal Matrix Composite

Neutron Scattering on Quasicrystals

Evaluation Methods and Standardi-

zation of Superconductors

Structural Study of Disordered Sys-
tem by Synchrotron Radiation X-

rays

Neutron Scattering on Quasicrystals

Materials with Atomic-scale Struc-

fures

Development of an Energy Com-
pensated
Atom Probe

Optical ~ Tomographic

Investigation on Barrier-free Proc-

essing for Design for Environment
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Country and Name

Affiliation

Term

Research Subject

Manfred Dauemling

Markus Pristovsek

Wolfgang J. Ossau

India

Budaraju Srinivasa
Murty*

Aparma Yarrama-Reddy*

Srinivasa Ranganathan*

Jayavel Ramassamy*

ltaly

Ilaria Salvatori*

Korea

Iksu Chong

Yeon Soo Sung*

Chang-Seok Oh*

Kim Kyung-cho

Ji Yen Park

Soo Young Kang*

Dong Woo Lim

Lim Cha-Yong

Kwang Soo Shin

Yeon Soo Sung

NKT Research Center

Institiit fur Festkoer-perphysik,

Technische Universitit Berlin

Waurtzburg University

Indian Institute of Tech-nol-

ogy, Kharagpur

National Physical Laboraory

Indian Institute of Science

Crystal Growth Centre, Anna

University

Centro Sviluppo Materilai

JST Domestic Research Fellow

Argonne National Laboratory

Korea Electric Power Re-
search Institute (KEPRI)
Korean Science and
Engineering Foundation Post-
doctoral Fellow

Korea Atomic Energy Rese-

arch Institute

Seoul National University

Korean Industrial Property Of-

fice

Korea Institute of Machinery

and Materials

Research Institute of Industrial
Science and Technology (RIST)

JST

2000.3.6 ~ 2000.3.10

2000.3.6 ~ 2000.3.18

2000.3.26 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.4.25 ~ 1999.5.24

1999.8.16 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 1999.10.29

1999.4.1 ~ 2000.3.31

1999.4.20 ~ 2000.3.31

1999.9.1 ~ 2000.2.29

1999.9.30 ~ 2000.3.31

1999.10.4 ~ 1999.10.10

1999.10.12 ~ 1999.11.1

1999.10.31 ~ 2000.2.29

1999.11.1 ~ 2000.3.31

Evaluation Methods and Standardi-

zation of Superconductors

Investigation on New Functional

Materials by Atom-Sublime Process

Materials with Atomic-Scale Struc-

tures

Nanocrystallization of Amorphous
Alloys

Study on Surface Segregation in
and Property

with Segregation

Films of Surface

The Role of Clusters in Quasicrys-

tals
High-Quality Single Crystal
Growth of High-Tc

Superconductors and their Proper-

ties

The Basic Research for Control-
ling of Ausenite Grain Sizes of
SUS304

Synthesis and Properties of High

Tc Superconducting Materials
Development of Large Current Car-
rying  Bi-based  Oxide
conducting Tapes

Super-

Thermodynamic Calculation for Ni-

base Superalloys

Development of Non-destructive

Evaluation Techniques for Micro-

structure and Small Defects in
Steel
Synthesis and Irradiation Effects

of SiC Composites

Design of Heat Resistant Interme-

tallic Compound

Materials with Atomic-Scale Struc-

tures

Electron Microscopy Study of Refined

Microstructure in Alminum Alloys

Surface Characterization by
Grazing-Incidence X-ray Techniques

using Synchrotron Radiation

Formations of Large Supercooling

State and New Functional Materials
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Country and Name Affiliation Term Research Subject
Song-yop Hahn School of Electronical Engi- 1999.11.10 ~ Evaluation Methods and Standardi-
neering, Seoul National Univer- 1999.11.11 zation of Superconductors
sity
Kang-Sik Ryu Korea Electrotechnology Re- 1999.11.10 ~ Materials with Atomic-Scale Struc-
search Institute 1999.11.14 tures

Jae-Young Leem

Hong, Hyun UK

Oh Jun Cheol

Kim Shae-Kwang

Kyung Sub Lee

Malaysia

Md. Hasan Zahir*

Myanmar

Thi Thi Lay

New Zealand

Shoujin Sun*

Netherlands

Jan-Kees Maan

Joseph Perenboom

Nigeria

Joseph Anireju Lori

Russia

Viatcheslav E. Korsoukov*

Korea Research Institute of

Standards and Science (KRISS)

Korea Advanced Institute of

Science and Technology

Pohang University of Science

and Technology

Sung Kyun Kwan University

Institute of Science and Tech-
nology of Sungkyunkwan Uni-

versity

University of Sains Malaysia

JST Domestic Research Follow

The University of Canterbury

University of Nijmegen
Labora-

High Field Magnet
tory, University of Nijmegen

Department of Chemistry, Ah-

madu Bello University

Ioffe Physical Technical Insti-
tute, Russian Academy of Sci-

ences

1999.11.28 ~ 1999.12.4

2000.1.17 ~ 2000.2.24

2000.1.17 ~ 2000.2.25

2000.1.18 ~ 2000.2.25

2000.3.7 ~ 2000.3.9

1999. 4.1 ~ 1999.10.29

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.11.21 ~
1999.11.27

2000.3.26 ~ 2000.3.31

2000.2.21 ~ 2000.3.31

1999.9.30 ~ 1999.11.29

Fabrication and Characterization of
Semiconductor Quantum Dots La-

SErs

Study on the Fabrication of NI3Al-
based
by Directional Solidification

Intermetallic  Compounds

APFIM and HREM Investigations
of the Microstructures of Fe-Cr-
Co-Mo Steel

Cladding Process Combined Plas-
tic Working with Semi-Molten
Processing

Thin
Films for Advanced Substrate Ma-

Fablication of Monolayer

terials

Synthetic, Spectroscopic and Elec-
tro chemical Investigation of Metal-
Phthalocyanine Complexes that
Show Unusual Electronic Absorp-

tion Spectra

Photon  Probe

Quantum Effects due to Nanostruc-

Measurement  of

tures

The High
Strength High Conductive Copper

Development  of

Base in-situ Composites

Development of High Field Mag-

nets

Generation and Application of
High Magnetic Fields

Study on Elucidation of Reaction
Mechanism between Biomaterial
Surface or Metallic Ions and Bio-

molecules

Surface Reactions induced by Sur-
face Stress
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Country and Name

Affiliation

Term

Research Subject

Victor L. Mironof

Alexei Grigorievich
Vitukhnovsy

Slovak

Michael Rabara

Spain

Hang Ping Miao

Nicolas Garcia

Sweden

Peter Johansson

Switzerland

Rune Flikiger

Turkey

Coskun Isci

Yusuf Hascicek

UK.
Philip Blazdell*

Timothy M. King

Jeremy P. Weston*

David Cardwell

Gavin R. Bell

John Gisby

Robert F. Brooks

Colin Walters

Institute for Physics of Micro-
structutres, Nizhny Novgorod

Lovedev Physical Institute,
RAS (Russian Academy of
Science)

University of Tokyo

JST

Laboratorio de Nanotechnologia

Division of Solid State The-

ory, Dept. of Physics,Univ. of
Lund

University of Geneve

Dokuz Eylul University

National High Magnetic Field
Laboratory

Brunell University

Kochi Univ. of Technology

University of Cambridge

University of Cambridge

Imperial College of London

National Physical Laboratory

National Physical Laboratory

Rutherford Appleton Laboratory

1999.12.13 ~ 1999.12.18

2000.2.5 ~ 2000.2.20

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

2000.3.20 ~ 2000.3.31

2000.2.28 ~ 2000.3.4

2000.2.13 ~ 2000.2.20

1999.9.5 ~ 1999.9.13

1999.10.15 ~
1999.10.19

1999.4.1 ~ 2000.3.31

1999.4.1 ~ 2000.3.31

1999.5.21 ~ 2000.3.31
1999.10.16 ~
1999.10.20

2000.1.6 ~ 2000.1.22

2000.3.5 ~ 2000.3.18

2000.3.5 ~ 2000.3.18

2000.3.20 ~ 2000.3.24

Fabrication and Characterization of
Compound  Semiconductor Nano-

structures

Electronic States and Photon Emis-

sion from Dendrimer Molecules

Basic Research in the Develop-
ment of Superconducting Magnets

for Fusion Use

Formations of Large Supercooling

State and New Functional Materials

Gigantec  Magneto-Resistance  at

Nanometer-scale Contact

Quantum Effect
Extreme High

Research on the
Growth using the

Vacuum Fields

Studies on the High Temperature

Superconductors

Materials with Atomic-Scale Struc-

ture

Evaluation Methods and Standardi-

zation of Superconductors

Novel Forming of Ceramic Coat-
ings

Research Concerning Upgrade of
the Materials by Atom-Sublime

Process

Study on Brazing for the Construc-
tion of Rocket Engine

Evaluation Methods and Standardi-

zation of Superconductors

Investigation on New Functional

Materials by Atom-Sublime Process

Dispersion Properties of Inclusion
in Molten Metal by the Cold Cru-
cible Levitation Method

Dispersion Properties of Inclusion
in Molten Metal by the Cold Cru-
cible Levitation Method

Evaluation Methods and Standardi-

zation of Superconductors
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Country and Name

Affiliation

Term

Research Subject

Mohamed Henini

Ukraine

Oleg Orestovich
Vasylkiv*

Alexander D. Pogrebnjak

Lyudmyla A. Karache-

viseva*

Hanna Borodidians'ka

Oleksandr Marchenko

U.S.A.

James Dintaman Martin

Easo P. George

Justin Schwartz

John Dudley Corbett

Dongle Shi

O.L.Krivanek

John L. Lyman

Vladimir V. Semak

James R. Anderson

R. C. Birtcher

C. W. Allen

Murray Gibson

F. B. Dunning

University of Nottingham

Science
Problems of the Ukrainian Na-

tional Academy

Institute of Materials

Surface
Modification, Sumy State Uni-

Sumy Institute for

versity

Institute of Semi-conductor

Physics

Institute for Materials Science

Problems of Ukrainian Na-

tional Academy of Sciences

Institute for Physics, Ukrainian

National Academy of Sciences

North Carolina Univ.

Oak Ridge National Laboratory

National High Magnetic Field

Laboratory (NHMFL)
of

Chemistry, Iwoa State Univer-
sity

Dept. of Materials Science and

Ames Laboratory, Dept.

Eng., Univ. of Cincinnati

University of Washington

Los Alamos National Laboratory

Applied Research Laboratory,

Pennsylvania State University

University of Maryland

Argonne National University

Argonne National University

Argonne National University

Department of Physics, Rice

University

2000.3.25 ~ 2000.3.30

1999.4.1 ~ 2000.3.31

1999.11.1 ~ 1999.11.18

2000.1.10 ~ 2000.3.9

2000.1.18 ~ 2000.3.31

2000.2.5 ~ 2000.3.31

1999.7.27 ~ 1999.8.3

1999.9.16 ~ 1999.10.21

1999.10.11 ~
1999.10.14

1999.10.13 ~
1999.10.19

1999.10.16 ~
1999.10.20

1999.11.16 ~
1999.11.19

1999.11.28 ~

1999.12.11

1999.11.28 ~

1999.12.11

2000.1.11 ~ 2000.1.19

2000.1.16 ~ 2000.1.22

2000.1.16 ~ 2000.1.22

2000.1.22 ~ 2000.1.27

2000.2.6 ~ 2000.2.12

Materials with Atomic-Scale Struc-

tures

Synthesis and Sintering of Nano-
size Powders and Characterization

of Nano-phase Materials

Material Surface Modification by

High-Current Ion Implantation

Structural and Chemical Features
of Microporous n-Si Photonic Ma-

terials

Study on the Fabrication of NizAl-
based

by Directional Solidification

Intermetallic  Compounds

Self-Assembly of Organic Mole-

cules on Metal Surfaces

Halide
Materials-Inorganic Liquid Crystals

Open Framework Metal

Study on the
Embrittlement in

Hydrogen Induced
Intermetallic

Compounds

Development of High Temperature

Superconductors

Cluster Chemistry in Intermetallic
Polar Salts

Evaluation Methods and Standardi-

zation of Superconductors

Atomic Resolution Electron En-

ergy Loss Spectroscopy

Enrichment of Silicon Isotopes
with Infrared Free-Electron Laser

Irradiation

Analysis and Numerical Mopdelling
of High Energy Beam Welding

Materials with Atomic-Scale Struc-

ture

Observation of Nano-meter Sized
Precipitates Inside Metals

Observation of Nano-meter Sized

Precipitates Inside Metals

High Resolution Electron Micros-
copy Observation of Amorphous

Structures

Spin Polarimetry of Electrons
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Country and Name

Affiliation

Term

Research Subject

J. W. Morris, Jr.

Lee Heatherby

Jack Crow

John R. Miller

Areneil Reyes

Univ. of California, Berkley
Metal and Ceramics Division,
Oak Ridge National Laboratory

NHMFL

NHMFL

NHMFL

2000.2.21 ~ 2000.2.25

2000.3.1 ~ 2000.3.11

2000.3.4 ~ 2000.3.11

2000.3.5 ~ 2000.3.8

2000.3.12 ~ 2000.3.18

Analysis and Numerical Mopdelling
of High Energy Beam Welding

Thin-Film Fabrication and Surface

Analysis of Nanostructures

Development of High Field Mag-

nets

Research on the Basis Making for
Promoting the Practical Application

of International Advanced Materials

NMR Research on Solid State
Physics
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[  Brief Introduction of STA Fellowship Program

In response to growing calls from the international
community for greater international cooperation, the
STA Fellowship program was established to provide
foreignresearchers with opportunities to conduct re-
search at Japanese national laboratories and public
corporations which are not part of the university sys-
tem.

The program is managed by the Japan Science and
Technology Corporation (JST) Which is one of the
key organizations for implementing policies of the
Science and Technology Agency (STA) in coopera-
tion with the Japan International Science and Technol-
ogy [Exchange (JISTEC). Fellowship
qualifications are as follows:

1. Possession of Ph.D. or equivalent qualifications.

2. Long term fellowship is less than 35 years of
age or have received his/her PhD within the last 6
years. Short term fellowship is no limitation of age.

3. Good health to do research-work and live in Ja-

Center

-87-

pan.

4. Skillful language of Japanese or English words.

The tenure is from 6 months to 2 years (long term
Fellowships), or 1 ~ 3 months (short term Fellow-
ships).

JST provides fellowships with a round-trip airline
ticket, a monthly living expenses, a family allowance,
an initial international moving allowance, accommoda-
tions (long term fellowships), accommodations allow-
ance (short term fellowships).

And to the long term fellowships it is paid the
travel cost in Japan related to research activities but
it is not applied to the short-term fellowships. Re-
search expenses will be paid to the host institutes.

Further information can be obtained at JISTEC:
2-20-5, Takezono, Tsukuba City, Ibaraki Pref. 305-
0032, Japan.

Phone +81-298-53-8250

Fax = +81-298-53-8260



[1 Organization

Organization of NRIM

Organization

( Director-General Masatoshi OKADA, Dr. Eng. 1——————’ Advisory Committee
rDeputy Director-General Tetsuya SAITO, Dr. Eng. 1
’Visiting Research Officers.
] Planning Office Tetsuji NODA, Dr. Eng.J
Administration Division Mitsugi CHIBA
General Affairs Section Katsuhiro MINAGAWA
Accounts Section Gorou MASUDA
Safetv and Facility Control Section Masaru TODA
Technical Support Section Kazuo OHSHIMA
Materials Physics Division Muneyuki AMANO, Dr. Eng.
Physical Properties Division Giyu KIDO, Dr. Eng.
Computational Materials Science Division Takehiko MATSUMOTO, Dr. Sci.
Mechanical Properties Division Hirosada IRIE, Dr. Eng.
Materials Processing Division Hiroo SUZUKI, Dr. Eng.
L_| 1st Research Group (Superconducting Materials) Kazumasa TOGANO, Dr. Eng.
2nd Research Group (Advanced Nuclear Materials) Kouichi YAG!, Dr. Eng.
3rd Research Group (Advanced High Temperature Materials) Morihiko NAKAMURA, Dr. Eng.
4th Research Group (Energy Conversion Materials) Kiyosi INOUE, Dr. Eng.
5th Research Group (Intelligent Materials) Norio SHINYA, Dr. Eng.
Special Research Officer Toshiaki KODAMA, Dr. Eng.
Special Research Officer Hiroshi HARADA, Dr. Eng.
1 Center for Advanced Physical Field Director Kazuhiro YOSHIHARA, Dr. Eng.
High Magnetic Field Research Station Hitoshi WADA, Dr. Eng.
High Resolution Beam Research Station Kazuo FURUYA, Dr. Eng.
Extreme High Vacuum Research Station Nobuyuki KOGUCHI, Dr. Eng.
ﬂ Frontier Research Center for Structural Materals Director. Akira SATOU, Dr. Eng.
L Materials Creation Research Station Akira FUKUZAWA, Dr. Eng.
Jointing and Interface Research Station Chiaki SHIGA, Dr. Eng.
Strength and Evaluation Research Station Toshihiko TAKAHASHI, Dr. Eng.
{ Material Testing Office. Toyosuke HAYASHIW

[1 Budget and Personnel in Fiscal Year of 2000

Budget Personne
Research and Facilities 6,420 Administrative staffs 79 (8)
Personnel expenses 3,685 Researchers 322 (4)
Total 10,105 Total 401(12)
unit : million yen Number in parenthesis : Material Testing Office

-88-



How to get NRIM

To NRIM Tsukuba Site
1-2-1 Sengen, Tsukuba-shi, Ibaraki 305-0047
Phone +81-298-59-2000, Fax +81-298-59-2029

To NRIM Meguro Site
2-2-54 Nakameguro, Meguro-ku, Tokyo 153-0061
Phone +81-3-3718-2271, Fax +81-3-3719-2177

To Mno//
JR Railway
w—— - Expressway /
Mt. Tsukuba
A e

Tsukuba ~ Pacific Ocean
Science City -
NRIM > //
(Tsukuba Site) y f Teuchiura
() Arakawaoki
—
Joban /
Expressway /
7
e /

New Tokyo

International %
. . 2
Airpont 7
%,

Zrrp

/ Higashi-Kanto
Expressway
N

0 2]0 4

L I

JR Yamanote Line

Ebisu )
NRIM —
(Meguro Site)

To Yokchama

IFIIIIIIIIIIVIVYIVIYi £ LLLLLL,
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NRIM

@‘_ (Sakura Site)

Tsukuba Center
Bus Terminat

Minami-
Ohdori

L4

Noda
Avenue

Expressway

Yatabe
Interchange

Tsukuba Science
Laboratories

Tsuchiura
Gakuen
Avenue

v

_ Tsuchiura
Tsuchiura- Interchange

? Joban Arakawaoki
Station

Bus Terminal

To Ueno

Tsuchiura
Station

Tsukuba Site

Tokyu Toyoko Line

KDD Lab.

Tokyo
Kyosai
Hospital

N

. ~
Meguro River NN
N

’

'Yokohama

Police Department

To Shibuya To Shibuya

Research Center

Japan Defense Agency

NRIM

Ebisu Station

(Tokyo Site)

Meguro
Incineration

Tokyo Site
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aging degradation

alignment

alkaline-earth metals

alloy designing

Aluminum

aluminum alloy matrix composite

List of Keywords

Aluminum-titanium-manganese ternary system 30
Aluminum-titanjum-manganese-vanadium quaternary system 30

anisotropy
antiferromagnetism
antimonic acid
APFIM

AP-FIM

Argon ion laser
atom probe

B2 structure

Bi-2223

Bi-2223magnet

binary stable quasicrystal
boron

brittle fracture

buffer layer

C

19, 22

37
33
47
43
27
66
24

cadmium-magnesium-rare earth metals system 43

cadmium-ytterbium
Cast Iron

Casting

cavitation

CFD

chalcogenides

charge carrier
chemical vapor infiltration
Chip-disposability
cladding

coating

coating of Cs3Sb on cathod tip
Coatings

coherent phonons
cold rolling
collaborative study
colloid

colloidal processing
Combinatorial
combustion synthesis
component
composite

43
63
62
15
47

23
27
62
20
20

66
25
22
44
19
22
56
44
66
20, 22

-91-

computer simulation
computerized materials data
cooling of laser illuminated photocathode
Copper

co-sputtered film

Cr

crack closure

creep

creep crack growth

creep fracture

creep rupture

cryogenic temperature
crystal asymmetry

crystal growth

Cu alloy

current carrying capacity
Current Lead

Damping alloys

database

DDTC

defect

deformation

Degradation

delayed fracture

Depth sensing indentation
dielectric constant
Diffusion bonding
diffusion of point defects
diffusional creep
dislocation

dislocation activity
dislocation climbing velocity
dislocation motion

DNA

Eco-material
ecomaterials

Elastic modulus
electrical conductivity
electrical resistivity
electron correlation
electrophoretic deposition
excited neutral

extremely high vacuum

fatigue

47, 64
42

63
55, 56
20
20
59, 66
66
64
13
15, 17
36
18
22
45
33

62
49

25
25
54
58
66
36
20
64
15
12
15
11
66

63
42
66
22, 23
16

22

52
44

25, 59



fatigue
fatigue
fatigue
fatigue
fatigue
fatigue
fatigue
Fe
FEM
ferrite
ferritic
ferritic steel

ferritic steels for welded structures
fiber-reinforced Ti alloy matrix composite
first-principles calculations

flux-line lattice melting

fractgraphy

fracture toughness test

free electron laser

frequency modulation

crack growth rate
hardening
properties
softening

strength

test

heat resistant steel

gas adsorption

gas desorption

gas permeation
giga-cycle fatigue
grain boundary sliding
grain growth

grain refinement

H

Hanshin-Awaji earthquake
Hardness

heat resistant ferritic steels
heat-affected-zone

helium embrittlement
hexagonal boron nitride
high brightness electron source
high chromium ferritic steel
high field

high field magnet

high gradient magnetic separation
high magnetic field

high magnetic field

high pressure

high strength

high-lying energy level
high-purity iron
high-resolution beam
high-T. superconductivity
HRTEM

hydrogen

hydrogen embrittlement
hydrogen storage

12,

26,
55,

44,

15,

56
56
56
58
15
15
57

66
65
11
57
64
56

66
51
47
47
2
47

22
18

44
10
56
25
26
37
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ID-MS

incongruent melting

infiltration

infrared and Raman spectra
inherent creep strength
in-plane texture

Intelligent materials

interface

interface wear

Intermetallic compound
intermetallic compound
international standard

ionic conductor

Ir/Rh-base Refractory Superalloys
irradiation damage

isotope separation

isotopically controlled materials

J
Je

L
L12-type titanium trialuminide
laser beam
laser illumination
"laser,"

lattice distortion

light water reactor

localized corrosion

long-term creep

low temperature thermal expansion

low temperature thermophysical properties

M

magnesium

magnetic field

magnetic materials
Martensite

martensitic steel
materials characterization
Materials Design
materials efficiency
materials environmental life-cycle analysis
M-C atomic pairs
measurement method
measurement technology
mechanical alloying
mechanical constraint
mechanical properties
metal matrix composites
metal-insulator transition

33,

50,

18
20

11
24
39
56
20
30
44
49
23
24
64
27
27

38

30
64

18

64
64
13
51
50

37
48

62
58
53
24
42
42
11
49
51
37
66
29
22



Metals of Group V
metastable atom
microactuator
microcrack
microstructural change
microstructural control
microstructural evolution
microstructure
Microstructure Analysis
microwave surface resistance
modeling
molecular-dynamics
multiple functions

nanocomposite
nanohardness tester
nanoparticle
nanostructure
NbsAl

Nb-matrix ratio
neutral beam

Ni

Ni-base superalloy
NMR spectrometer

optical measurements
Organic films
Oxidation resistance
oxide

oxide superconductor

particle assemblage
particulate composites
pearlite

peritectic reaction
phase transformation
phase transformations
phase transitions
phonon density of states
phonons

photoelectron diffraction
plastic working

point defects

powder metallurgy
Powder Metallurgy
powder processing

Q

quantum efficiency for photoelectric effect

20
52
41
15
66
18
13
29
24
24
16
64
39

19
58
19

38
45
52
20
24
47

54
30
56
47

3

-93-

quasicrystal
Quench

radiation damage
Rapid-Heat

rare-earth elements
recyclability

Recycle

reference materials
reflection high-energy electron diffraction
refractive index

refractory metal

residual stress

resonance photoionization
Room temperature ductility

S

Salmon
self-organization
semiconductor
semi-solid processing
shape memory effect
shear test

Si3N4

silicides

silicon

"silicon carbide, transmutation"
simulation

sintering

solid phase extraction
solid state process
solid-state electrolyte
spectrometer

SPM

sputtering

stainless steel

standard pressure gauge
standard reference data
standardization
standardization of test method
steam oxidation

"steel, aluminum alley"
stress concentration
"stress ratio, microstructure”
stress relaxation
structural material
structural steel
structure

substitution
superconducting magnet
Superconducting Shield
superconductor
superplasticity

33,

33,

50,

15,

43
38

25
38
18
42
63
51

36
18
57
18
30

55
56
20
41
17
24
16
27
27
57
19

18
23
53
58
41
15
56
12
17
22
59
12
15
14
13

65
48
36
47
33
49
15



surface

surface ionization
surface segregation
surface structure
synchrotron radiation

temperature scaling

tensile properties

tensile strength

tensile test

textured alumina

the minimum creep rate

Thermal shock resistance

thin film

Thin films

TiAl intermetallic compound

Ti-Ni

titantum alloy

titanium alloy matrix composite
titanium intermetallics

total materials requirement
toughness

Transformation

transformed Jelly-rolled Nb3Al
transformed Nb3Al superconductors
transmission electron microscope (TEM)

U

ultra-fine particles
Ultrafine steel particles
ultrashort pulse laser
Ultrasonic vibration

55,

17,

33,

52
18
56

53

51
15
57
22
22
il
30
41
66
66
41

22
29
42
66
38
45
51

47
62
25
62

-94-

ultra-supercritical power plant
uniform magnetic force field

user facility

vacuum evaporation
vacuum tribology
VAMAS

VAMAS project
vanadium alloy
Virtual Gas Turbine
vortex state

water-cooled magnet
weld joints

welded joint
welding process
wire diameter

XPS
X-ray fluorescence

Y-123
Yb doped InP
YBCO thin film

5d transition element

57,

59
47
44

55
54
66
26
24
10

47
64
59
57
45

54
53

38

24
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