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PREFACE 

Research work in NRIM has been carried out based on the long-term plan which has 

been revised every 5 years. The 5th Long-term Plan started from April 1997. According 

to the Plan, the promotion of R&D for fundamental technologies and materials 

characterization in materials science is selected as one of the most important policies. 

The research organization for this R&D is called as the Research Core Branch which 

consists of 5 Divisions, 5 Research Groups and 4 Research Teams. 

The research in advanced physical fields, which needs large-scale research facilities, 

is also stressed in the 5th Long-term Plan. The research has been carried out at the 

Center for Advanced Physical Fields, which consists of 3 Stations. In the Center, the 

COE Project and cooperative research have been carried out using the large scale 

research facilities. 

In the 5th Long-term Plan, "Research on the Structural Material for the New 

Century " has been selected as a social-needs-oriented research project. The project has 

been carried out in cooperation with industry and universities at the Frontier Research 

Center for Structural Materials, which consists of 3 Stations. The task force system has 

been employed to promote the R&D efflciently, and the system has been carried out by 

cooperation among the Stations. 

The promotion of the research for constructing databases of fundamental materials 

information is also stressed in the 5th Long-term Plan. With the databases we are 

constructing a knowledge foundation for materials science, accessible through the 

Internet. 

This booklet on the Research Activities in the NRIM shows the details of research 

activities of all the Research Divisions, Research Groups, Research Teams, Stations in 

Centers and all the additional research projects from April 1, 1997 to March 31, 1999. 

Their goals, engaged members and outputs are also included. 

Tetsuya Saito 

Chair of the Preparatory 

Committee for Evaluation 
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CHAPTER 1: ReSearch for MaterialS Science 

The fundamental research for materials science has been promoted at the five 

Divisions in the Research Core Branch which was established on April 1, 1997. They 

consist of the Materials Physics Division, the Physical Properties Division, the 

Computational Materials Science Division, the Mechanical Properties Division and the 

Materials Processing Division. Research cooperation with the Stations in the Frontier 

Research Center for Structural Materials and the Center for Advanced Physical Field 

has been extensively carried out in each Division. Collaboration with other research 

organizations has been mainly supported by the Special Coordination Funds for 

Promoting Science and Technology. 

1 . I Materials Physics Division 

Muneyuki Amano (Director) 

1.1.1 Research work 

Following the 5th Long-term Plan, the R&D of high techniques for materials 

characterization have been promoted at the Materials Physics Division. Efforts for 

introducing new technologies for materials characterization and advanced research 

facilities for physical and chemical analyses have been made. Examples of the output 

are as follows. 

(1) It is possible to map out elemental distributions in alloys in a three-dimensional 

real space with a near atomic scale resolution by using a three-dimensional atom 

probe. 

(2) The physical properties and structural transition of various compounds under 

ultra-high pressure can be measured by using a diamond-anvil technique. 

(3) The surface structure and electronic properties of semiconductors and quasicrystals 

can be studied by using angle-resolved photoelectron spectroscopy. 

(4) High precision chemical analysis of metallic elements in ppb order is possible by 

using skillful sample preparation methods and ICP-MS. 

The members of this Materials Physics Division, as at March 31, 1999, consisted of 

31 researchers, 2 STA fellows, 2 domestic research fellows, 2 special technical staff, 2 

technicians, I graduate student, 2 secretaries and 5 guest researchers. 

The output of the research activities has been markedly increased since the start of 

the 5th Long-term Plan. The number of publications, including submitted papers, was 

l 



140, and the number of patent applications was 7 between April 1, 1977 to March 31, 

1999. The details are shown in the research activities of each Laboratory. 

Support work in physical and chemical analyses is carried out in the 5th Laboratory. 

For the support ofphysical analyses, facilities such as EPMA, TEM, SEM and XRD are 

kept in good condition by 4 researchers, 2 technicians, and I special technical staff. 

Researchers can use these facilities with the help of support staffs. For the support of 

chemical analyses, 11 researchers and I special technical staff have been engaged, by 

using ICP-AES, ICP-MS, GF-J~S, GD-MS, XRFA, etc. The number of samples for 

chemical analyses requested from researchers in 1997 and 1998 fiscal year was 934 

and 1177, respectively. The total number of elements in 1997 and 1998 fiscal year 

amounted 2461 and 3166, respectively. A very serious problem is the decrease in the 

number of supporting staff due to retirement. 

1. 1.2 1*t Laboratory 

Toshiya Hirata (Head), Takayoshi Kimoto, Masahiko Shimoda 

1, 1.2. I Research work 

The 1~t laboratory is concerned with the three topics described below. 

(1) Some materials, Iike perovskite compounds and high T* superconductors, have been 

studied by Fourier.transform infrared and Raman spectroscopy, paying attention to 

the behavior of optic phonons to understand the structural changes and physical 

properties of materials. 

(2) Surface structures and electronic properties of semiconductors, high T* 

superconductors and qusicrystals are under investigation by X-ray photoelectron 

diffraction C(PD), which provides useful information to address the subject issue; 

XPD has been applied to investigate the sulfur-terminated GaAs (OO1)-(2x6) surface 

in detail. 

(3) With the development of a high-speed CCD camera and related techniques, an 

attempt has been made to improve the resolution of imaging in TEM at low 

temperatures. The structural evolution of high T* superconductors at low 

temperatures was significantly elucidated by the improved technique; based on the 

intensities in electron diffraction, a method to determine long-range order 

parameters and/or lattice distortions was successfully constructed. 

<Research themes> 

(1) Infrared and Raman Spectroscopic Study ofMetallic Oxides (General Research: 

April 1995 to March 1998, Toshiya Hirata) 
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(2) Composition, Temperature and Pressure-Induced Structural Changes and Physical 

Properties of Materials (General Research: April 1998 to March 2001, Toshiya 

Hirata) 

(3) Two Dimensional Photoelectron Spectroscopic Studies on Surface Structures and 

Properties (General Research: April 1995 to March 1998, Masahiko Shimoda) 

(5) Angle-Resolved Photoelectron Spectroscopy Study on Surface Structure and 

Electron Properties (General Research: April 1998 to March 2001, Masahiko 

Shimoda) 

(6) Determination of Order Parameters in Alloys from Electron Diffraction Intensities 

Using CCD Camera System and it's Application to Examination of Ordering 

Process (General Research: April 1993 to March 1995, Takayoshi Kimoto) 

(7) In-Situ TEM Observation and Structure Analysis of High T* Superconductors for 

Fusion Reactor at Low Temperature (Nuclear Energy Research: April 1994 to 

Marchl999, Takayoshi Kimoto) 

(8) Coating of Photocathode and Fundamental Investigation of Photoelectron Emission 

from Laser llluminated Photocathode for TEM (General Research: April 1999 to 

March 2002, Takayoshi Kimoto) 

1.1.2.2 Research Products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) T. Hirata: Evolution ofthe Infra-Red Vibrational Modes upon Thermal Oxidation 

ofSi Single Crystals, J. Phys. Chem. Solids, 58, 1497(1997). 

(2) T. Hirata T. Yokokawa: Variable-Temperature X-Ray Diffraction of the 

Ferroelectric Transition ofBi4Ti3012. Sol. Stat. Commun. 104, 673(1997). 

(3) T. Hirata: Pressure, Temperature and Concentration Dependences of Phonon 

Frequency with Variable Grtineisen Parameter: Fits to the Raman-Active Eg 

Mode in Ti02 and Til-'Zr.02 (x ~ O.1), Phys Stat. Sol. (b), 209, 17(1997). 

(4) T. Hirata, H. Takeya: Temperature Dependence of the Raman-Active Blg and Alg 

Modes in YNi2B2C, Phys. Rev. B 57, 1497(1998). 

(5) T. Hirata: Oxygen Concentration Dependence of Raman Active Phonons with 

Variable Gruneisen Parameter in YBa2Cu30*, Physica B, 263-264, 822(1999). 

(6) T. Hirata: Orientation Dependence of Infrared Spectra on Thermal Oxidation and 

Subsequent Etching of Single Crystal Si, Sol. Stat. Commun., 111, 421(1999). 

(7) M. Shimoda, S. Tsukamoto, N. Koguchi: Photoelectron and Auger Electron 

Diffraction Studies of a Sulfur-Terminated GaAs (OO1)-(2x6) Surface, Surface 
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Science, 395, 75(1998). 

(8) M. Shimoda, S. Tsukamoto, N. Koguchi: Coverage and Analysis of a Sulftlr-

Ternrinated GaAs (OO1)-(2x6) Surface: the Effect of Double Sulfur Taeatment, 

Surface Science, 404, 606(1998). 

(9) M. Shimoda, S. Tsukamoto, N. Koguichi: XPD and AED Investigations of Sulfur-

Terminated GaAs (OO1)-(2x6) Surface, 17th European Conference on Surface 

Science, Enschede, The Netherlands, Septemberl6-19, 1997 

(10) T. Kimoto, W. Sun: Improvement of Low-Temperature TEM Imaging of 

(Bi,Pb)2St2Ca2Cu30ro With High-Speed CCD Camera, 6th Asian-Pacific Conference 

on Electron Microscopy, Hong Kong, July 1-5, 1996. 

(11) T. Kimoto, T. Takeda: Long-Range Order Parameter near Grain Boundary in 

Cu3Au and B-Doped Ni3Al Determined from Electron Diffraction Intensities 

Detected by CCD Camera, 6th Asia-Pacific Conference on Electron Microscopy, 

Hong Kong, July 1-5, 1996. 

(12) W. Sun, T. Kimoto, T. Mochiku: High-Resolution Electron Microscopy and Low-

Temperature Electron Diffraction Studies of a Bi2212 Single Crystal Grown by 

Floating Zone Method, J. Superconductivity, lO, 649(1977). 

Oral Presentation: 3 

(1) International Conference: 3 

(2) Domestic Conference: O 

Patent Application 

(1) Laser-Irradiation Electron Gun: T. Kimoto, The Netherlands, 13 July 1998, 

No 10002246. 

1. 1.3 2~d Laboratory 

Akiyuki Matsushita(Head), Jinhua Ye, Takashi Naka, Jie Tang, Hideki Abe, 

Susumu Ishida (domestic research fellow), Koichi Maruyama (domestic research 

fellow), Mitsuru Uehara (guest researcher). Yu Yamada (guest researcher) 

1 . I . 3. I Research work 

We have been pursuing several research projects in high pressure physics, centering 

around the physical properties of magnetic intermetallic conrpounds. Much of our 
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effort centers on an attempt to find novel phenomena which are produced with various 

kinds of electronic interactions acting between electrons in condensed matters. We are 

aggressively pursuing interdisciplinary research work by collaborating with 

researchers in different fields of study, such as synthetic chemistry, organic chemistry 

and so forth. 

One of the current research interests focuses on the superconductivity of 

PrlBa2Cu307_ 6 (Prl23). This compound has been considered to be a non-superconductor 

for about 10 years. We found that the pressure coefficient of Tc, dTc/dP is extremely 

large for the superconducting Prl23[2]. This is in contrast to the previous results for 

(Y.Pr)123, in which large negative values of dTc/dP have been reported. It is surprising 

that a compound with the same chemical composition shows an opposite pressure 

dependence. At present we are investigating the crystal structure of the 

superconducting Prl23 in detail. 

In the research on 3d-intermetallic compounds we recently found some interesting 

phenomena that magnetic or other physical properties can be controlled with heat 

treatment. One concerns the ferromagnetism in Zr-Fe-Co-Si compounds. This 

compound is non-magnetic under normal conditions, but becomes ferromagnetic by 

cooling under a weak magnetic field. We are applying for a patent. Another concerns 

the physical properties of a 3d intermetallic compound, Fe2VAl. This material exhibits 

interesting properties which resemble those of heavy fermion materials, such as an 

enhancement of specific heat at low temperatures, semiconducting temperature 

dependence of electrical resistivity, and so forth. Recently we found that these 

properties are extremely sensitive to heat treatment. For example, a quenched sample 

exhibits a large enhancement of specific heat and does not exhibit magnetic ordering, 

while the enhancement of specific heat is suppressed and a ferromagnetic transition is 

observed for the samples which are annealed at low temperatures. These differences of 

physical properties are closely related to the mixture among the Fe and V atoms. 

Our program also encompasses developing high pressure techniques. In this past 

few years our efforts in this area have been put into high-pressure X-ray diffraction 

techniques. We have constructed a diamond-anvil X-ray diffraction system equipped 

with a monochromator. With this system we can obtain excellent X-ray diffraction data 

under high pressures which are comparable to that obtained using synchrotron 

radiation facilities, Now we are constructing a high-pressure and low-temperature X-

ray diffraction system. Many interesting phenomena under high pressures are 

observed at low temperatures. This X-ray diffraction system would be useful to 

elucidate the origins of novel phenomena found at low temperatures and high 
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pressures. 

<Research themes> 

(1) Control of Electron State by Using High Pressure (General Research: April 1996 

to March 1999, Akiyuki Matsushita) 

(2) Angle Dispersive ｦbrpe Crystal Analysis under Low Temperature and High 

Pressure (Special Coordination Funds for Promoting Science and Technology: 

April 1998 to March 1999, Jie Tang) 

(3) Optimization of Conducting Taansition Temperature of High Temperature Oxide 

Super Conductor (Special Coordination Funds for Promoting Science and 

Technology: April 1998 to March 1999, Jinhua Ye ) 

(4) Development Program of New High Pressure Techniques and Investigation of 

New Magnetic Compounds and their Physical Properties (General Research: 

April 1999 to March 2002, Akiyuki Matsushita) 

1.1.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) J. Ye, T. Shishido, T. Sasaki, T. Takahashi, K. Obara, R. Note, T. Matsumoto. T. 

Fukuda: Synthesis and Characterization of New Quaternary Borocarbides 

RRh2B2C (R=rare earth), J. Solid State Chem. 133, 77(1997). 

(2) J.Tang. H.Kitazawa. A.Matsushita, T.Matsumoto: High-pressure Study of 

Antiferromagnetic Order in CePd2(Al,Ga)3. Physica B 230-232, 208(1997). 

(3) J.Tang, T.Matsumoto, T.Kosaka, T.Matsumura, N.Mori. T.Suzuki: Structural and 

Electrical Properties of TmTe under High Pressure, Advances in High Pressure 

Research in Condensed Matter, 419(1997). 

(4) J. Tang, Y. Okada, Y. Yamada, S. Horii, A. Matsushita, T. Kosaka, T. Matsumoto: 

Pressure Effect on Tc in RBa2Cu408 (R=Sm, Er, Dy) Superconductors, Physica C 

282-287, 1443(1997). 

(5) T. Shishido, J. Ye, T. Sasaki, R. Note, K. Obara, T. Takahashi, T. Matsumoto, T. 

Fukuda: Growth of the Single Crystals in the Systems with R-Rh-B and R-Rh-B-C 

(R= rare earth) from Molten Copper Flux, J. Solid State Chem., 133, 82(1997). 

(6) T.Furubayasi, T.Kosaka, J.Tang, T.Matsumoto, Y.Kato, S.Nagata: Pressure 

Induced Metal-Insulator Taansition of Selnospinel Culr2Se4' J' Phys. Soc. Japan, 

66, 1563(1997). 

(7) H. Kitazawa, S. Nimori, J. Tang, F. Iga, A. Donni, T. Matsumoto, G. Kido: 

Magnetic Phase Transition of Competing System CePtAl, Physica B 237-238, 
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(37) J. Tang, T. Matsumoto, N. Mori: High Pressure Apparatus for in situ X-ray 

Diffraction and Electrical Resistance Measurement at Low Temperature, High 

Pressure Science & Technology, 7, 1496 (1998) 

(38) A. Matsushita, Y. Yamada: Physical Properties of Heusler-type Fe2VAI Compound, 

J. Magn. Magn. Mater., 196-197, 669 (1999). 

(39) J. Tang, T. Matsumoto, H. Abe, A. Matsushita: Specific Heat of the Spin Density 

Wave State in Ce(Ru0.85Rho.15)2Si2 under Pressure, Solid Sate Comm., 109, 445 

(1999). 

(40) J. Tang, T. Matsumoto, T. Naka, T. Furubayashi, S. Nagata, N. Matsumoto: 

Instability of Metallic Phase in Culr2Se4 at High Pressure, Physica B, 259-261, 

857 (1999). 

(41) J. Ye. Z. Zou, K. Oka, Y. Nishihara. A. Matsushita, T. Matsumoto: Superconducting 

and Structural Properties of PrBa2Cu30x Under High Pressure, Physica B, 259-

261, 533 (1999). 

(42) Y. Nishihara, Z. Zou, J. Ye, K. Oka, T. Minawa, H. Kawanaka, H. Bando: 

Superconductive and Non-superconductive PrBa2Cu30,-_y, Bulletin of Materials 

Science, 22, 101 (1999). 

(43) T. Shishido, J. Ye, S. Okada, K. Kudo, M. Oku, A. Yoshikawa, H. Horiuchi, T. 

Fukuda: Relationship between Boron Content and Hardness and Oxidation 

Resistance of the Nonstoichiometric Perovskite-1~rpe ScRh3Bx Compound, J. 

Ceramic Society of Japan, 107, 546 (1999). 

(44) J. Ye, S. Sadewasser, J.S. Schilling, Z. Zou. A. Matsushita, T. Matsumoto: Evidence 

from High-Pressure Experiments that PrBa2Cu30x is a Normal Yba2Cu30.-Iike 

Oxide Superconductor, Physica C, in press. 

(45) A. Matsushita, K. Akagi. T.-S. Liang, H. Shirakawa: Effects of Pressure on the 

Electrical Resistivity of lodine-doped Polyacetylene. Synthetic Metals, in press. 

(46) S. Ishida, T. Naka, A. Matsushita, J. Ye, T. Shishido, T. Fukuda: The Physical 

Properties of the New Quaternary Borocarbides RRh2B2C (R=Gd, Sm and Nd), 

Physica B, in press. 
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Patent application 

(1) Magnetic-Field-Induced Ferromagnetic Silicide, H. Abe, M. Uehara, A. Matsushita, 

1999, H11- 110885. 

Number of oral presentations: 34 

(1) International conference : 4 

(2) Domestic conference : 30 

1. I .4 3'd Laboratory 

Kazuhiro Hono (Head), Mitsuhiro Murayama, De Hi Ping. Yagiao Wu (Graduate 

student), Akihisa Inoue (Guest Researcher) 

1.1.4.1 Research work 

The main goal of this research group is to obtain better understanding of the 

underlying mechanisms of mechanical and magnetic properties of metallic materials by 

characterizing the microstructures with the atomic scale. Atom probe field ion 

microscopy (APFIM) is the main technique employed in this group, which is capable of 

analyzing local chemical compositions with an atomic resolution. The laboratory is 

equipped with an energy compensated time-of-flight atom probe (conventional AP) and 

a three dimensional atom probe (3DAP), both of which are originally designed and built 

in the laboratory. In addition, an 6nergy compensated three-dimensional atom probe 

(EC-3DAP) is now under construction. By making use of a three dimensional atom 

probe (3DAP), it is possible to map out elemental distributions in alloys with a near 

atomic resolution. For conrplementary microstructural characterization, conventional 

transmission electron microscopy (TEM) and high-resolution electron microscopy 

(HREM) techniques are also employed. The research subjects conducted in this group 

includes nanocrystalline magnetic materials, magnetic thin films, amorphous and 

nanocomposite alloys, microstructures and phase transformations in steels and 

aluminum alloys and other industrial metallic materials 

<Research themes> 

(1)Atom Probe Microanalysis ofAdvanced Metallic Materials (Special Research: April 

1996 to March 2001, K. Hono) 

(2)The Nanocrystalline and Supercooled Liquid States ofAlloys (NEDO International 

Joint Research Grant: April 1996 to March 1999, K. Hono) 
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（3）Phase　Tr狐s危r㎜at1ons　under　Unusua1Env蛆on独en七and　ofNew　Mater1a1s（Gra－nt－

　　in－Aid危r　Scien辻過c　Research　on　PriorityAreas，The　Minis虹y　ofEducation，Science，

　　Sports　and　Cu1ture，＃287’The　ehc個a㍍on　of㎜1croscop1c㎜」echanIsms　of　phase

　　trans危r㎜a－tio鵬：Apri11997to　March2000，K，Hono）

（4）Deve1op皿｝ent　of　Microsca1e　Measurement　Technique（G蝸nt一三n・Aid危r　Scie批過c

　　Research　in　Priority　Area　on1’NamscaIe　Magnetis狐and　Transport”，No1281，

　　Minis卿ofE砒cation，Science，Spcrts盆nd　Cu1ture：Apriユ1997to　March2000，K．

　　Hom）

（5）Funぬ鵬就a1Res餓エch　on　the　Mechanis㎜ofthe　Fo亙㎜ation　o齪ine　Stmct㎜e　in比e

　　Nex七Gene蝸tion　Stee1s（Specia1Coo妃ina危ion　Funds危r　Pro㎜oting　Science　and

　　Techno1ogy：Ap細1998to㎜arch1999，K．Hono）

1．1．4，2Res8a叉ch　PΣod一仙cts，虹cIu伍皿g　pape蝸subm批ed（Apri11．1997to

　　　　March31．1999）

（1）H．G　Read，H　M篶rak訟m1，K　Hono　Deco狐pos1亡10n　Precedes　AユPartIt1omng1n

　　MA956，an　ODS　Ferri危ic　S竜ain1ess　SもeeI，Script＆Ma辻飢36，355（1997）．

（2）S．P．Ri篶g叫K．Hom，T．Saku蝸i，I．J．Po1mear：Chsもer　Haraening　in＆n　AgedA1－

　　Cu－Mlg　Anoy：Sc更ip辻a　Mater．，36，517（1997）．

（3）A．A1mazouzi，H．Nu独akura，M．Koiwa，K．Hono，T　S＆kurai：Site　O㏄upation

　　Pre危rence　ofFe　in　N三μ：an　Aもo㎜Probe　S七u蚊Inter㎜e辻a1Iics，5，37（1997）．

（4）HGRead，KHono，APTsa1，AImuehe呈王独ma町A七〇㎜ProbeStud1esof
　　PdNi（Cu）P　S岬ercoo1ed　Liquids，M＆t飢Sci．Enき．A，A2261228，453（1997）．

（5）K．Hono，Y　Zh狐g，A．互no㍍e，T　S＆kurai，APFIMl　S七udies　oa　N＆n㏄rysta王1ization　of

　　A㎜o㎎housA11oys，Ma辻肌Sci．胱g．A，A226／228，498（1997）。

（6）Y　Tanaka一，N．Ki㎜以蝸，K．Hono，K．狛suda，T　Sakひrai，Microstructures　and

　　Mag鵬もic　P更operties　of　Fe－Pt　Per㎜盆nent　Magnet，J．Mag．Mag．Mat肌170，・289

　　（1997）．

（7）K．Hono，T．Sakura三：Rece就Ato㎜hobe　Sもudies＆t　IMR一＆Comp犯hensive

　　Review，Sci．Rep．RnU，A44，223（1997）．

（8）S．P．Ringer，C．R．Huもcムinsoな，K，Hono，I．J．Po1㎜ear，T　S＆kurai二C王鵬もeriRg　and

　　Precip三辻ati6n　Processes　in　Microa11oyed　A1u狐i亙虹m　A11oys，Sc｛．Rep．RITU，A44＝，

　　241（1997）．

（9）K．Ho巫o，T　Hashizume，H．Shinohara，T　Sakurai：ハe1d　Io忍Miαoscopy　of　C60

　　Mo1ecu1es，Sci．Rep．RITU，A44，258（1997）．

（10）H．G．Reaa，W　T．Reym王ds疵，K．Hono，T　Tarひi：APFIM　and　TEM　Studies　of
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　　Draw皿Pear批icWire，Sc吻施Ma吉飢37．1221（1997）。

（11）M．Ohn心ma，E．Abe，K．Hom，H．0忍ode蝸，M．Mitani，H．Fuji㎜ori：Microstmct篶re

　　ofCo・A1－0Granu1ar　A11oy　Th三n　Fiユ㎜s，J1App1．Phys．，82．5646（1997）．

（12）M．Murayama，K．Hono：Sub由虹oscaIe　Microstructure　Cha醐cterization　by　Atom

　　Probe町M：J．Jpn．Soc．Heat趾eat㎜e就，38，20（1998）．（in　Jap舳ese）

（13）M．Muraya㎜a，K．Hono，M．Saga，M．K三kuchi：Pre－precipitation　So1双te　Chste㌘ing

　　in刈一Mg－SiA1Ioys，Mater．Sci．Eng，A，A250，127（1998）．

（14）K．Hono，Y　Zha■g，T．Sak以ra－i，A．Inoue：Microstmc辻ure　ofa　Rapid1y　So1id施ed　A1－

　　4V・2Fe　U1組a－high　Stre■節hA正篶minu独A11◎y　MateムSci．Eng．A．，A250，152（五998）．

（15）M．H．Ho㎎，K。亘㎝o，M．Wぬ蝸be：Micxos七mc施re　o蠣ePt／Pt　Magne虹c　Thin

　　FiI㎜s　wiもh　High　Pe㎎endicu1ar　Coercivity，J．AppL　Phys．84．41403（1998）．

（16）K，Hon◎，M．Muraya㎜a：Nanosca1e㎜icrostrucωraIAna1yses　byAto㎜Pmbe　Fie1d

　　Ion　Microscopy　High　Te㎜perature　Ma七eria1s　ana　Processes，17，69（1998）、

（ユ7）DHPmg，KHom，SH1msawa：Par枇Ioη独gofGaandCo王na胎3遇／Nd2Fe呈4B

　　Nanoco㎜posite　Magnet，J．App1．Phys．83．7769　（1998）．

（18）M．Muraya㎜a，K。亘ono：Three　Dimensiona－1A辻o㎜Probe　Ana1ysis　of　Pre－

　　precipitate　C1鵬tering虹A1－Cu－Mg－Ag　A11oys，Scripta　Maもer．，38．1315（1998）。

（19）M　H．H㎝g，W　T　Rey㎜1ds，K　Ho巫o　Aもo㎜Probe　and　Tra鵬狐1ss1on　E1ectr㎝

　　Microscopy　Investiga七ions　of　Heavi1y　Drawn　P鮒1itic　Stee1Wire，Met．Mat弧

　　Trans．A，30A，717（1999）．

（20）L，Reich，M．Muraya㎜a，K．Hon◎：3DAP　Study　o㍑he　E脆c亡of　Mg　and　Ag

　　Add1t1ons　on　Prec1p1竜a伍on1亙A1－Cu（一h）A11oys，Proc．hter　Conf　A1u㎜1亙u皿AI1oys

　　6（ICAA－6），Toyohashi，Japan，Ju1y5・1O，1998，645。

（21）M，Muraya独a，K．Hono：Atom　Probe　Characterization　ofPreprecipitate　C1usters

　　痂d　Pr㏄ip畑tes　in刈一Mg－Si（一Cu）A11oys，Proc．Int飢Conf　A1u㎜inu㎜A11oys6

　　（IC＾一6），Toyoh盆shi，Japan，Ju1y5－10．1998，837．

（22）S．Hirosawa，H．Ka皿ekiyo，D．H．Ping，K．Hono：Ma騨e±ic　Prope由es　and

　　Micxos危mcture　of　Thick　Fe3B／Nd2Fe14B　Nanocomposite　Perma鵬nt　Magnets

　　Produced　by　Low－speed　Me1七Spinning　Technique，Proc．14th　Inもer．Workshop　on

　　Rare　Ea枇Magneもs　and　Their　App1icaもi㎝s，Werksto艇I油r㎜我tionsgeseuscha銑

　　㎜bH，H＆亘nburg，1998，pp．215．

（23）M，Murayama，Y　Kataya㎜a，K．Hono：Micrcs板uctura1Evo1utio双i巫PH17－4

　　Stain1ess　Sもee1鮒er　Long　Term　Aging批40ぴC，M1et．M就肌Trans．A．，30A，345

　　（1999）．

（24）L．Reich，M，Muraya狐盆，K．Hono：Evo玉uもion　ofΩPhas⑧in　anALCu－Mg－Ag　A豆豆oy－

　　a　Three－d－imensiona豆Atom　Probe　Study　Acta　MateL46．6053（1998）．
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（25）K．Hono，M．Ohnuma，D．H．Pi双g，H．0noae鰍：Cuαむs拓泌ng　a双a．S三P飢砒ionhg

　　in　the　Ea－rIy　Crys七a1hzation－S完age　ofanFe循5Si13．5B』Nb§Cu1A㎜o卯hous’A11軌．Ac施．

　　Matex47，997（1999）．　　　　　一　　　　「∴　　’　　　　　㌔’’

（26）M．Ohnu独a一，K．Ho巫o，H－O亙odera，J．S．Peae鵬en，S．M1ta㎜，H　亙Ψmor1

　　’D三s伽ibu亡io氾ofC6P蛆tic1esin　Co・A1－O　Gr狐u1arThi皿Fi1㎜s，Matl　Sむi，Fo触血，307，

　　171（1999）．

（27）D．H－Ping，K．Hono，A．Ino鵬，Oxygen　Distribution　in　Zr65Cu15A1ユoPd旦o

　　Naムocrystauine刈1oys，M1at．Sci．Foru狐，307，31（1999）、’1

（28）K．Hono，D・H・Ping：APFIM　Stωies　of　N＆noco血posite　So危and　Hard　Magne伍c

　　Mateでia1s　Mat，Sci．Foru㎜，307，69（王999）．．．

（29）M．0hn似㎜a，K．Hono，H　Onodera，J．S　Pede蝸en，S　L三ndem尤h．Cu　C1αstermg

　　St＆ge　be危re　the　C町stau1zat1on　1亙　Fe－S1－B－Nb－Cu　A11oys，Nanostructurea

　　M鮎e由Is，inpress∴

（30）M．一〇h丘u狐a，K．・Hom，一H。＝Onod蹴a，・一S．Mitani，J．G．一Ha，H．趾ji㎜ori：

　　Microstructu鵬Ch狐ge　in　Co4μ1g035G峨nuI盆r　Thin亙i1㎜s　by　An鵬a1ing，

　　Nanos虹uct亡鵬d　M1ateriaIs，虹press．一

（31）M，Mu蝸ya聰a，K．Hono：Pre－precipi由te　C1血s竜ers　a亡d　Precipit就ion　processe昌ia

　　A1－Mg－Si　a玉1oys，Acta　Mat肌47．1359一（1999）．

（32）D．H．■Ping，K二Hono，H．」Kanekiyo，一．S．駈ros＆w＆：Mech＆nis狐of　Grain　Size

　　Re航e鵬nt　ofFe3B／Nd2Fe14B　Nanoc◎㎜posite　Per㎜独e鮎Magneもby　Cu　Ad砒ion，

　　J．’App1．Phys．85．2448（1999）。

（33）D．H．P虹g，K．’Hoηo，H．Xanekiyo，S．Himsawa：E脆ct　of　CひA搬ition　on　the

　　Micros虹udtひre　a－nd＝Ma．g鵬tic　Pmpeエties　oポa－n　Fe3B／Nd2Fe｛4B　N＆mc◎独posite

　」Magnet，J．Mag．Soc．ぬpa叫23．1101（1999）．

（34）D．H．P虹g，K．亘ono，A．Inoひe：Micros虹ucturar　Charac亡eriza七ion　of　a－R郎id1y

　　So1id－i旋d　U1trahigh－Stregnth　AIg4．5Cr3Co1．5Ce1－Ano玄Metan．Mat肌丁醐ns．A，in’

　　press・

（35）S．P．Ringe皿，K，Hono：Mic芝ostructura1Evo1utio公一anaAge・ha紬en虹ginA1u狐inu独

　　A11oys：Aもo㎜Probe　Fie1a　Ion　Microscopy乱づa　T撒nsmission　E1ec虹on　Microscopy

　　Sωdies，M1ateヱCha脇cもer三zatio浴，｛d　press．

（36）K．Hono，D．H．Ping：A壬o㎜Probe　S乞udies　of　Nanocrys乞a呈至iza虹on　ofA㎜o㎎hous

　　A11oys　MateL　Ch訟脇cterization，inp舵ss．

（37）M．W　Chen，一A．hoひe；一■T．Sakur＆i；D．H．Pi㎎，K．H㎝o：I㎜purity　Oxygen・

　　Redis故ibuもion　in・a　N狐㏄辻ysta11ized　Zr65Cu15Aユ1oPdlo　Me毛a11ic　G1ass，AppI．Phys．

　　Le枕．74，812（1999）．

（38）D．亘．Ping，K．Hono，A．houe：Oxygen　Distribution　ih　Zr－b＆sed　Meta亘王ic　G1裏sses
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MRS Proceedings, 554 (1999), in press. 

(39) L. Reich, S. P. Ringer, K. Hono: Origin of the Initial Rapid Age-hardening in an 

Al-1.7Mg- 1.1Cu A110y, Phil. Mag. Lett. (1999), in press. 

(40) Y. Q. Wu, D. =H. Ping, K. Hono, A. Inoue: Atom Probe Characterization of an a-

Fe/Nd2Fel4B Nanocomposite Magnet with a Remaining Amorphous Phase, IEEE 

Mag. Mag. (1999), in press. 

(41) D. H. Ping, K. Hono, H. Kanekiyo, S. Hirosawa: The Microalloying Effect of Cu and 

Nb to the Microstructure and Magnetic Properties of Fe3B/Nd2Fel4B 

Nanocomposite Magnet. IEEE Mag. Mag., (1999), in press. 

(42) K. Hono, M. Murayama, L. Reich: Clustering and Segregation of Mg and AgAtoms 

during the Precipitation Processes in Al(-Li)-Cu-Mg-Ag alloys, Proc. Inter. Conf. 

Solid -> Solid Phase Transformations '99. May 24 -28, 1999, Kyoto., in press. 

(43) K. Hono, D. H. Ping: Atom Probe Studies of Nanocrystallization of Amorphous 

Alloys. Proc. Inter. Conf. Solid -> Solid Phase Transformations '99. May 24 -28, 

1999, Kyoto, in press. 

(44) M. Murayama, K. Hono: The Effect of Aging on the Clustering and Precipitation 

Process in Al-Mg-Si alloys, Proc. Inter. Conf. Solid - Solid Phase 

Transformations '99, May 24 -28, 1999, Kyoto, in press 

(45) K. Hono, D. H. Ping, S. Hirosawa: Effect of Cu on Microstructural Evolution of 

Nanocrystalline Soft and Hard Magnetic Materials, MRS Proceedings, in press. 

(46) K. Hono, M. Murayama: 3DAP Studies of Solute Clustering and Precipitation in 

Aluminum alloys, Materia Japan, 38 (1999), in press. (in Japanese) 

(47) K. Hono: Atom Probe Field lon'Microscopy, Ferum 4, 474 (1999). (in Japanese) 

(48) K. Hono: Atom Probe Microanalysis and Nanoscale Microstructures in Metallic 

Materials (Overview), Acta Mater. in press. 

(49) S. K. Maloney, K. Hono, I. J. Polmear, S. P. Ringer: The Chemistry of Precipitates 

in an Aged Al-2. IZn- 1.7Mg at.o/o Alloy Scripta Mater. in press. 

(50) M. Murayama, Z. Horita, K. Hono: Microstructural Evolution in an Al-Cu Aloy 

Deformed by Equal Channel Angular Pressing, Mater. Trans. JIM, in press. 

(51) M. Murayama, K. Hono, H. Hirukawa, T. Ohnuma, S. Matsuoka: The Combined 

Effect of Molybdenum and Nitrogen on the Fatigued Microstructure of 316 type 

Austenitic Stainless Steel, Scripta Mater. (1999) in press. 

(52) D. H. Ping, K. Hono, H. Kanekiyo, S. Hirosawa: Microstructural Evolution of 

Fe3B/Nd2Fel4B Nanocomposite Magnets Microalloyed with Cu and Nb, Acta Mater. 

submitted. 

(53) M. Ohnuma, K. Hono H Onodera S Ohnuma H FuJlmon J S Pedersen 
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Microstructures and Magnetic Properties of Co-Al-O Granular Thin Films, J 

Phys. submitted. 

Appl. 

Patent Application: 

(1)Alloys for Nanocomposite Rare Earth Magnets and its Processing Method: 

K. Hono, D.H. Ping, T. Hirosawa, H. Kanekiyo, K. Shigemoto, September 18, 1998, 

HI0-264104 

(2) Fatigue Resistant Steel: T. Ohmura, H. Hirukawa, S. Matsuoka. M. Murayama. K. 

Hono. K. Tsuzaki, Febr.uary 27, 1999, H-096766 

Oral Presentation: 47 

(1)International Conference : 31(1997: 13, 1998: 18), 

(2)Domestic Conference: 16 (1997: 6, 1998: 10) 

Awards: 

1997.1 Tsukuba Research Promotion Award (Ibaraki Prefecture), K. Hono 

1997.3 Distinguished Achievement Award (Japan Institute for Metals), K. Hono 

1997.3 Metallography Award (Japan Institute ofMetals), M. H. Hong and K. Hono 

1997.3 Metallography Award (Japan Institute ofMetals), M. Murayama and K. Hono 

1. 1. 5 4th Laboratory 

Muneyuki Amano (Head), Morimasa 

Ishikawa, Hiroaki Isago, Yutaka Kagaya, 

Nakajima ( Guest researcher) 

Saito, Masatoshi Fukamachi, Nobuhiro 

Md. Hasan Zahir (STA fellow), Shinichiro 

1.1.5.1 Research work 

In this laboratory 4 kinds of research works have been carried out. 

(1) The pair-correlation-analysis method has been applied for improving the 

resolution of X-ray images which are obtained by electron probe and have a 

resolution of less than several !~; m. The resolution of more than I ~L m was 

accomplished. 

(2) A numerical simulation method has been applied to improve the accuracy of 

trace element analyses by using EDS and WDS. The resolution of more than 1 

masso/o was accomplished. 
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(3) Efforts to make metal-phthalocyanine complexes with unusual electronic 

structures are being made with an intention to apply them for molecular 

devices. Their electronic structures have been investigated mainly based on 

spectroscopy, electrochemistry, and spectroelectrochemistry. Some complexes, 

particularly antimony complexes, have been found to show intriguing 

spectroscopic and electrochemical properties, indicating that they have quite 

unusual electronic structures. 

(4) Mirror-finishing surfaces for metals could be obtained by using glow discharge 

plasma with Kr/Ne mixture. 

<Research themes> 

(1) Improvement of Resolution in EPMA Xray Image (General Research: April 1995 to 

March 1998, Masatoshi Fukamachi) 

(2) Evaluation of Structures with Trace Analysis (General Research: April 1998 to 

April 2000, Masatoshi Fukamachi) 

(3) Investigation on Synthesis and Characterization of Metal Complexes with High 

Electron-Spin Multiplicity (General Research: April 1997 to March 2000, Hiroaki 

Isago) 

(4) Investigation on the Degenerate Electronic Ground State and Electronic 

Transitions of Metal Complexes with High Symmetry (Special Coordination Funds 

for Promoting Science and Technology: April 1998 to March 1999, Hiroaki Isago) 

(5) Study on Flat and Mirror-Finishing by Glow Discharge Plasma Using Rare Gases 

(General Research: April 1995 to March 1998, Morimasa Saito) 

1 1.5.2 Research Products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) N. Kobayashi, H. Miwa, H. Isago. T. Tomura: An Adjacent Dibenzotetra-

azaporphyrin: A Structural Intermediate between Tetraazaporphyrin and 

Phthalocyanine, Inorg. Chem., 38, 479(1999) 

(2) H. Isago, C. C. Leznoff, M. F. Ryan, R. A. Metcalfe, R. Davids, A. B. P. Lever: 

Aggregation Effects on Electrochemical and Spectroelectrochemical Properties of 

[2,3,9,10,16,17,23,24-0cta(3,3-dimethyl-1-butynyl) phthalocyaninato] cobalt (II) 

Complex. Bull. Chem. Soc. Jpn., 71, 1039(1998) 

(3) H. Isago, D. Terekhov, C. C. Leznoff: Synthesis and NMR Studies of a Single 

Isomer of an Alkynyl Substituted Binuclear Phthalocyanine, J. Porphyrins 

Phthalocyanines, 1, 135(1998) 
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(4) Y. Kagaya. H. Isago: Synthesis of Dichloro(phthalocyaninato)antimony(V) 

Perchlorate, Tetrafluoroborate, and Hexafluorophosphate and Electrochemical 

Reinvestigation on the New Complex Salts, Bull. Chem. Soc. Jpn., 70, 2179 (1997) 

(5) Y. Kagaya. H. Isago: Rapid Reactions of Phthalocyanies with Tellurium 

Tetrachloride in Non-Aqueous Solutions, J. Porphyrins Phthalocyanines, in press. 

(6) C. C. Leznoff, Z. Li, H. Isago, D. S. Terekhov: The Syntheses of Octaalkynyl-

phthalocyanines. J. Porphyrins Phthalocyanines, submitted. 

(7) M. Saito: The Relationship between Relative Sensitivity Factors and lonization 

Potential in DC Glow Discharge Mass Spectrometry Using Ar/0.20/0vol,oloH2 Mixture, 

Anal. Chim. Acta, 355, 129(1997) 

(8) M. Saito: Effect ofAr/H2 and Kr/H2 Mixtures as Discharge Gas on the lon Intensity 

in DC Glow Discharge Mass Spectrometry. Fresenius' J.Anal.Chem.,357, 18(1997) 

(9) M. Saito: Matrix Effects and the Relationship between the Relative Sensitivity 

Factors and the lonization Potential in Glow Discharge Mass Spectrometry Using 

Kr/0.20/0H2 Mixture, BUNSEKI KAGAKU, 48,78(1999) 

Oral Presentation: 22 

(1) International Conference: 5 

(2) Domestic Conference: 17 

Patent Application 

(1)Phthalocyanine Radical Anion: H. Isago. Y. Kagaya, Md. H. Zahir, September 25, 

1998, 10-271627, Patent No. 2949230 

(2)A Manufacturing Process for Phthalocyanine Radical Anion: H. Isago, Y. Kagaya, 

Md. H. Zahir, September 25, 1998, 10-272257, Patent No. 2958461 

1 . I .6 5th Laboratory 

Muneyuki Amano (Head), Katuyuki Takahashi, Yoshisuke Nakamura, Takeshi 

Kobayashi, Takayuki Yoshioka, Katura Yamada, Masayoshi Kiyokawa . Kazuhiro 

Honma, Kazuyuki Ogawa, Shinji Ito, Takashi Kimura, Koichi Sato, Kunikazu Ide, 

Shinichi Hasegawa, Hitoshi Yamaguchi, Ryousuke Hasegawa (guest researcher), 

Hitoshi Suzuki (technician), Kenji Matsuda (technician), Isao Hamano (special 

technical stafO, Toru Awane (special technical stafD 
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1. I .6. I Research work 

Systematic study on the improvement of various kinds of analytical technologies 

has been carried out to promote the R & D of new metallic materials by using advanced 

facilities for physical and chemical analyses. The aim of this research is to increase the 

adaptable range of samples a:nd elements, and also to improve the detection limits and 

precision in instrumental analytical methods. For direct analyses, glow discharge mass 

spectrometry (GD-MS) and graphite furnace atomic absorption spectrometry (GF-AAS) 

are used. For separation analyses, inductively coupled plasma-mass spectrometry 

(ICP-MS), X-ray fluorescence analyzer (XRFA) and inductively coupled plasma-atomic 

emission spectrometry acp-AES) are used. For microarea analyses, electrom-probe 

microanalyzer (EPMA), scanning electron microscope (SEM), transmission electron 

microscope (TEM) and X-ray diffractmeter (XRD) are used. The suppQrt work for 

physical and chemical analyses has been also undertaken in the 5th Laboratory 

<Research themes> 

(1) Development of Techniques for High Precision Analyses of Elements in Metallic 

Materials (General Research: April 1997 to March 2000, Takeshi Kobayashi) 

(2) Development of High Techniques for Sample Preparation and Analysis by Means of 

ICP-MS (Special Coordination Funds for Promoting Science and Technology: 

April 1997 to March 2000, Koichi Sato) 

1.1.6.2 Research Products, including papers submitted (April 1997 to 

March 1999) 

(1) S. Itoh, R.Hasegawa: Measurement of Isotope Ratios of Boron and Silicon by Glow 

Discharge Mass Spectrometry Using a Small Quantity of Sample, J. Japan Inst. 

Metals 62,289(1998) (in Japanese) 

(2) S.Itoh, R.Hasegawa: Studies oflon Formation in GDMS Ion Sources. J. Japan Inst. 

Metals 63,783(1999) (in Japanese) 

(3) S.Itoh, H.Yamaguchi, T.Yoshioka, T.Kimura, T.Kobayashi. Optimization of 

Measuring Condition for the Determination of Carbon and Nitrogen in Steel by 

Glow Discharge Mass Spectrometry, Tetsu to Hagane 85(1999),in press (in 

Japanese) 

(4) S. Hasegawa, T. Kobayashi, R. Hasegawa: Determination of Trace Aluminum in 

lron and Steel Samples by Graphite Furnace Atomic Absorption Spectrometry, J. 

Japan Inst.Metals 62, 1163(1998) (in Japanese) 
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(5) S.Hasegawa, T.Kobayashi, K.Sato, S.Igarashi, K.Naitoh: Determination of Trace 

Elements in High Purity lron by Chromazurol B Separation ICP-MS, J. Japan 

Inst. Metals, submitted (in Japanese) 

(6) T. Kobayashi, S. Hasegawa, T. Yosioka, R. Hasegawa: Determination of Trace 

Elements in Acidic Sample Solution of lron and Steels by GF-AAS, CAMP-ISIJ, Il, 

638(1998) 

(7) T.Kobayashi, S.Hasegawa, T.Yoshioka: Determination of Trace Elements in Acidic 

Solution of lron and Steels by GF-AAS, Tetsu-to-Hagane 85,40(1999) (in Japanese) 

(8) H. Yamaguchi, S. Itoh, S. Igarashi, K. Naitoh, R. Hasegawa: Trace Analysis of 

High Purity Copper by Total Reflection X-ray Fluorescence Spectrometry, 

Fresenius J. Anal. Chem. 362,395(1998) 

(9) H.Yamaguchi, S.Itoh. S.Igarashi. K.Naitoh. R.Hasegawa: TXRF Analysis of 

Solution Samples Using Polyester Film as a Disposable Sample-Carrier Cover, 

Anal. Sci. 5,909(1998) 

(10) H.Yamaguchi, S.Itoh, S.Igarashi, K.Naitoh, R.Hasegawa: An Improvement of 

Microdroplet-X-ray Fluorescence Analysis, Bunseki Kagaku(1999),in press (in 

Ja panese) 

(11) K.Yamada, R.Hasegawa. O.Kujirai: Determination of Seventeen Impurities in 

High Purity Titanium and Titanium Disilicide by ICP-AES. Mater. Trans. JIM 39, 

663(1998) 

(12) Y.Nakamura, K.Takahashi, O.Kujirai, H.Okochi: Evalution of Electrothermal 

Vaporization, Emission Intensity-Time-Wavelength Measurement and Time 

Resolution Combined with an Axially Viewed Horizontal Inductively Coupled 

Plasma Using an Echelle Spectrometer With Wavelength Modulation, J.Anal. 

At.Spectrom. 12,349(1997) 

(13) Y.Nakamura, K.Ide, R.Hasegawa: Use of an Ulutrasonic Nebulizer and Long Torch 

for Improving the Sensitivity in an Axially-viewed Horizontal ICP-AES. Bunseki 

Kagaku 48,339(1999) (in Japanese) 

(14) T.Kimura, H.Doi, K.Hashimoto, E.Abe, Y.Isoda: Phase Equilibria in the TiAl-rich 

Portion ofTi-A1-Sb System at 1373 and 1573 K, J.Japan Inst. Metals 61, 385(1997) 

(in Japanese) 

(15) T.Kimura, Y.Yamamoto, K.Hasimoto, H.Moriya: Residual Strain in Powders of L12 

(AIMn)3Ti Titanium Trialuminide with Additions of Zr, Ga, Ag or V, J.Japan 

Inst.Metals 63, 174(1999) (in Japanese) 

(16) K.Ogawa, T.Kikuchi, S.Kajiwara: HREM Observations of Continuously Changing 

Intermediate Structures between f,c.c. and b.c,e. at the Austenite-Martensite 
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Interfaee, J. PHYS.N FRANCE7,C5-119 (1997) 

(17) K.Ogawa, T.Kikuchi, S.Kajiwara, T.Matsunaga, S.Miyazaki: Coherent 

Subnanometric Plate Precipitates Formed During Crystallization ofAs-Sputtered 

Ti-Ni films, J. PHYS.IV FRANCE 7, C5-221(1997) 

(18) K. Sato, K. Ide, M. Kohri, R. Hasegawa : Method of Sample Dissolution by 

Microwave-Digestion, The 1997 Fl~caJ Year Research AccompJl~hment Beport. 

June,1998 (in Japanese) 

(19) K. Ide, M. Kohri. K. Sato. Y. Inoue. H. Okochi : Silid Phase Extraction of Mono-

and Di-substituted Organotin Compounds in Seawater. Inter. Thace Analy. Symp. 

'98, 93 (1998) 

(20) K. Ide, M. Kohri, K. Sato, Y. Inoue, H. Okoehi : Silid Phase Extraction of Mono-

and Di-substituted Organotin Compounds in Seawater, Bunseki Kagaku 48, 245 

(1999) (in Japanese) 

Oral Presetation: 51 

(1) International conference: 3 

(2) Domestic conference: 48 

Patent 

(1) Analytical Apparatus of Ultra Low Contents of Oxygen and Hydrogen: 

H. Okochi, T. Yoshioka. Y. Morimoto, Japan, 25 April, 1990, 2-111264, 

16 April, 1999, patent N0.29 14389 

(2) A Formed Filter Paper MediuriL for Microdroplet Analysis by X-ray 

Fluorescence Spectrometry: H. Yamaguchi, S. Itoh, S. Igarashi, K. Naitou. R. 

Hasegawa, Japan, 20 November, 1998, 10- 331467 

(3) Ti-Ni ShapeMemory Alloy and its Production Method: S. Kajiwara, T. Kikuchi, K. 

Ogawa, S. Miyazaki, T. Matsunaga, Japan, 8-066820, 19 March,1999, patent 

N0.2899682. 
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1.1.7 Researchers in the Materials Physics Division 

Age and research fields of researchers in the Materials Physics Division. 

1999) 

(March 31, 

Age of Number Metal- Solid-state Crystallog- Physical Chemical 
Researchers lur Ph sics ra h Anal sis Anal sis 

60 - 6 o 1 O 1 4 

50 - 60 13 1 1 o 4 7 

40 - 49 6 o 2 o o 4 

30 - 39 12 8 2 1 1 o 

22 ~ 29 4 
1 3 o o O 

Summation 41 10 9 1 6 15 

1.1.8 Research Budgets in the Materials Physics Division 

Research budgets in the Materials Physics Division.(yen) 

Klnds ofbud ets 1997 1998 
Special Research 22,848,000 27, 1 70, OOO 

Research on Structural Materials 3,000,000 3,000,000 
for 21*t Century 

General Research 27,084,000 27,972,000 

Special Coordination Funds for 17,250,000 28,015,000 
Promoting Science and Technology 

Supplementary Budgets o 41,470,000 

New Energy and Industrial Tech- 3,000,000 3,000,000 
nology Developing Organization(N 

EDO) 
Summation 73,182,000 130,627,000 

21 



l.2 Physical Properties Division 

Giyuu Kido (Director) 

1.2. I Research work 

Electronic properties such as the electrical conductivity, magnetic susceptibility, 

superconductivity, etc. are the most important characteristics in materials. 

Especially, investigation of these properties in new materials is an important basis 

of materials science. Noble phenomena and valuable properties are expected in the 

materials of a strongly correlated electron system, Iow-dimensional system and nano-

structured materials. Various compounds containing rare-earth metals have been 

synthesized at high temperatures using special techniques. At the High Magnetic Field 

Research Station, world-largest class magnet systems are open to various users. 

Systems to measure transport properties, optical spectra, magnetization, and NMR 

have been developed for the hybrid magnet, Bitter magnet, pulsed magnets and 

superconducting magnets. Low dimensional organic conductors, superconducting 

materials, heavy fermion systems have been investigated. 

Collaborative studies have been carried out between the 1~t and 2~d laboratories of the 

Physical Properties Division as well as with the Materials Physics Division, High 

Resolution Beam Research Station, Extreme High Vacuum Research Station, other 

research organizations and universities 

The members of the Physical Properties Division, as at March 31, 1999, consisted of 

13 researchers, 3 STA fellows, 5 visiting researchers, 4 joint-doctoral course students, 2 

graduate students, I secretary, 2 special technical staffs, 8 COE fellows, 3 technicians and 

12 guest researchers. 

The output of the research activities has increased since the start ofthe 5th long-term 

plan. The number of publications, including papers submitted, amount to 102, patents 

submitted are 6 between April 1, 1997 to March 31, 1999. The details are shown in the 

research activities of each Laboratory. 

1 .2.2 1*t Laboratory 

Giyuu Kido (Head, 1997 FY.), Hideaki Kitazawa (Head, 1998 FY.), Tadashi 

Takamasu, Mitsutake Oshikiri, Kanji Takehana, Seiichi Kato, Hiroyuki Suzuki, 

Yasutaka Imanaka 
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1.2.2. I Research work 

(1) Various crystals have been synthesized with tetra-arc furnace, tungsten mesh heater 

and image furnaces. Anomalous magnetization processes were found in ternary 

compounds RT~B* (m=1,2, n=1,2,3) system, RNi5, etc. Single crystals of diluted 

magnetic semiconductors were grown by using the Bridgeman technique with 

sealed tungsten crucibles. 

(2) Magneto-optical apparatuses have been constructed for high field magnets in the 

High Magnetic Field Research Station. Field dependence of the phonon spectra in 

the spin-Peierls compounds CuGe03 and the cyclotron resonance of II-VI quantum 

well have been studied in the far-infrared range. In the visible range, magneto-

photoluminescence spectra have been investigated for 2D electrons of hetero-

structures and quantum dots. 

(3) A magnetometer has been developed with pulsed high magnetic field to establish the 

evaluation technique of permanent magnets. 

(4) Coil winding machines were developed to make pulsed field magnets with strong 

Cu-Ag wire. 

<Research themes> 

(1) Spectroscopic Study of Low Dimensional System in High Magnetic Fields 

(General Research: April 1997 to March 1998, Giyuu Kido) 

(2) Study on the Unusual Metallic State and Electronic Structure of Magnetic Materials 

(General Research: April 1998 to March 2001, Hideaki Kitazawa) 

(3) Development of Measuring Techniques for Quantum Effects in High Magnetic Fields 

and Research in Strongly Correlated Electron System 

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 2000, Giyuu Kido) 

(4) Magneto-optical Study on Semiconductors in High Magnetic Fields 

(Special Coordination Funds for Promoting Science and Technology: April 1997 to 

March 1998, Tadashi Takamasu) 

1 . 2. 2. 2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K.Nishizawa, Y.Sakaguchi, H.Hayashi, H.Abe, G.Kido: Ultrahigh Magnetic Field 

Effects on the Dynamic Behavior of Radical Pairs in Micellar Solutions, RIKEN 

Review No. 15, (1997) 

(2) P.H.Wagner, V.Metlushko, L.Taappeniers, A.Vantomme, J.Vanacken, G.Kido, 
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　　　VVMo幽cha王ko叉Y遇my巫seraede：Magnetotr鋤spor圭h　Ep並axia1ThiηFiユ㎜s　of

　　　the　Ma騨e士ic　Peτovskite　Pro．5Sro．5M忍03，Physica一豆Rev三ew　B，55．3699（1997）

（3）　A．Donηi，A，Fur王er，H．Kit＆zaw＆，M．Zo11iker：Neu虹on　Crysta王1i鵬一E王ectric　Fie1d

　　　Spec虹oscopy　of　RPd2Aら（R坦Ce，P巧Nd），，J．Phys．Ccndens．Mlatter，9．5921

　　　（1997）

（4）　S．NiInori，A．P　Tsai，G．Kido：Ma騨etizaもion　of　A1・Pd－Mn　Quasicrysta1in　Higb

　　　Magnet三c　Fie王d，Physica　B，237－238，565（1997）

（5）　K．Ma－tsuhira，TSakakib蛆a，H．A狐三もsuka，K．Tenya，K．K＆狐ishi㎜a，T，Goto，G．

　　　Kido：Sing1e・si竜eムnd　Inter－site　E脆cts　in　HeaW　Fermion　Co㎜pound　CeRu2Si2

　　　Studied　by　Constant　Vo1u㎜e　Di1u辻ion，J．Phys．Soc，Jpn．，66．2851（1997）

（6）　D．X．L三，YH＆ga，H．Shida，T．Suzu虹，YS．Kwon，G．K三do：Mag鵬もic　Proper七ies　of

　　　Stoichio独e虹ic　Gd　Monopnictides，J．Phys．Condens．：M1a枕叫9．10777（1997）

（7）　H．Kitazawa，A．Donni，R　Fischer，J．Tang，G、困do，F　F鋤th，M．Zo1hker：

　　　Mag亙etic　Properties　ofNdPtA1，Physica　B，234－236，644（王997）

（8）　H．Kitazawa，S．Ni㎜ori，J．Tang＝，且Iga一，A．Don虹，工Matsu独oto，G．K己do：

　　　Mag鵬tic　Phase皿ansi虹ons　of　Co狐peti公g　System　CePtA1，Physica　B，237－238，

　　　212（1997）

（9）　J．Ta双g，H．Kitazawa，A．Mats鵬hi金a，T．Matsumoto：High－pressure　S乞udy　of

　　　Ant施no一㎜ag鵬亡ic　Order　in　CePd2（A1，Ga）3，Physica　B，230－232，208（1997）

（10）　H．Abe，H．Suzu虹，HX三七a孕wa，TMa竜su㎜oto，G．Kido：Su㏄essive酬e1d　In曲ced

　　　Magnetic　Phase　Transi亡ions　of　Heavy　Fer㎜ion　Co狐poηnd　CeRh2Si2，J．Phys．Soc．

　　Jpn．，66．2525（ヱ997）

（11）’K．NishizaWa，YSakahuchi，H二Hayashi，H．Abe，G．Kido：AL＆ser　F1a－sh　Phoもo1ysis

　　　Stωy　ofthe　E錨ects　ofU1tra－high　Ma－gnetic　Fie1dsひp　to29．6T　oむDyna独ic

　　Behavior　ofRadica1Pairs　in　Miceu＆r　So1utions，Che独ica1Physics　Le枇ers，267，

　　　501（1997）

（12）K．Mats沁ira，TSakakibara，H．A皿i吉suka，G．Kido：Un鵬びa工Low　Te㎜pe醐圭ure

　　　Behav三〇r　i丞Di1uted　Ko公do　La一枕ice　Co㎜pound　Ce1．、（Lao．63Yo．37）、Ru2Si2，（x≧0．05），

　　　J．Phys．Sco．Jp公．，66．4009（1997）

（13）A．Donni，A．Furrer，E．B舳er，H．Kitazawa，M．Zo11三ker：Crysta呈旦ine－e1ec虹ic　Fie1d

　　　Exc三竜aもions　of　RPd－2G＆3（R＝Ce，Pr，Nd）Studied　by　Powder　Ne磁芝oa　Scattering，

　　　Z．Phys．B．104，403（1997）

（14）　TIto，　H．Y堅ma－guchi，　K．Ok＆be，　T．Ma－suIn：　Sing1e－crysもa呈　Grow比　　aユd

　　　Characteτ主z銚ion　of　Cu20．a公d　CuO，J．：Mlater．Sci．，33．3555（1998）

（15）H．Abe，H．Kiもazawa，H．Suzuk｛，G．Kido，T．M1a一全sumo竜o：Mag鵬tic　Prope村ies　of

　　　CeRh2S三2狐d　CePd2Si2Sing1e　Crysta王s，J．Mag．Mag．Mat．，177－181，479（1998）
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（16）L．Keu叫A．Donni，H．Kitazawa，J．Tang，F．F舳曲，M．Zo1趾er：Magne七ic

　　　Prop鉗もies　ofPrPdA王and　NdPdA1，Physca　B，2虹一243，660（1998）

（17）H．Kito，S，Ike由，S，Takekawa，H．Abe，H，Ki七azawa：Ide桃描cation　of　the　New

　　　I銚er狐e土a11ic　Co醐pounds　Y3Ni4B4C3a皿d　Y1N三1BlC1，Re1atea　Ho独oIogous　Series

　　　（LnC）触（B－Ni2－B）、，Physica　C，291，332（1997）

（18）H．Abe，H．酌もazawa，H．Suzuki，G。蛆do，丁一Maもsu狐oto：High一£e1d　Magnetiza圭ion　of

　　　CeRh2Si2a恐d　CePd2Si2，　Physica　B，246－247，141（1998）

（19）H．Suzuk三，H．Kiもazawa一，T　Nak段，J，T＆ng，G．K1ao：Studies　ofPressu吏e　E脆cts　on

　　　the　He段vy　Fer独ion　Compounds　of　C⑧Pb3，Sohd　State　Co醐Inun．，107，447（1998）

（20）H．Kitazawa，A．Donn｛，L．Kene巧J，Tang，F　Fauth，G．Kido：Mag鵬tic　Strucもures

　　　of　tbe　Rare－ear叱h凹at三nひ㎜A亘㍗醜in週es　RPtAi（R＝1Ce，Pr，Nd），　J．So1ia　Sぬte

　　　Che㎜．，140，233（1998）

（21）S．K批o，H．Kitazawa，H．Suzuki，G．Kido：The　E錨ect　ofQuadmpo亘e　Inte江a－ction　o汀

　　　High一逓e工d　Mag皿etiz批io篶of　PエNi5Sing1e　CWsta1，3．Phys．Soc．Jp皿．67，250ユ

　　　（1998）

（22）H．Ab⑧，亘．K｛毛azawa，H．Aoki：de　Haas－van　A王phen　E艶cもS七ωy　of　CeRh2Si2，J．

　　　Phys．Soc．Jpn．，67．1852（1998）

（23）TT＆k盆㎜asu，YOika－wa，G・Kido，A・Endo，M．Kato，SXatsu㎜oto，YIye：Non1inear

　　　T蝸nsport　Properties　of　SampIes　wi辻h　Imer　Cur蛇批Con亡acもs　in　Qna桃um　Han

　　　Regi皿e，Phys三ca　B，256＿258，78（1998）

（24）YI㎜anaka，TTaka独asu，GKdo，GK狐czewsk1，TWo〕tow1cz，J　Kossut　Cyc1o虹㎝

　　　Reso蝸双ce　in　High　Mobi批y　CdTb／CdMg庇2D　E1ectron　Syste㎜i双the　I銚eger

　　　Quan亡u独コ81a11Regi㎜e，Physica　B，256＿258，457（1998）

（25）FNihey　K．Nakamu蝸，Ml．A．Kas亡鵬r，TTaka皿asu，G．Kido：hsu1ator－quantum

　　　Ha－n　I．1qu拙丁蝸鵬1t1on独Ant過oもLa枕1ces，Phys三ca　B，249－251，302（1998）

（26）TTakamasu，G，Kiao，M．Obno，N，Miura，A，Endo，M．Ka－to，S．K就sumoto，YIye：

　　　PossibIe　ExpIana伍o■of　the　High　Temperature　Ex吉蝸po1ated　Vahe　of　Diagona1

　　　Resist三vi士y叡t　v＝1in　terms　ofSkyで㎜ions，Physi脇B，249－251，391（1998）

（27）B．E．Co1e，　TTaka狐asu，　K．Takehan＆，　R．Go1dhahn，　D．Schu1ze，　G．Kido，

　　　J，M．Chamber1ain，G．Gobsch，’Ml．Henini，G．Hi11：Interba双d　Spectroscopy　of　p－type

　　　GaAs／（A王，Ga）As　Qu＆nt｛m　weus　at　Low　Ho1e　Densities，Phys三c＆B，249－251，607

　　　（1998）

（28）M．W＆kasa，K．Nis血izaw＆，H．Abe，G．肥do，H．H＆yashi：Sat篶蝸tionofMagnet三c　Fie1d

　　　E俄ects砒e　to　the　△g　Mlech＆nis搬篶nder　U1trahigh　Fie王ds　of　up　to28エ

　　　J．A㎜．Chem．Soc、，120．10565（1998）

（29）K．Takehan＆，M．Oshikir三，T．Takamasu，M．Hase，G．Kido，K．Uchinokura：Mag鵬to一
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　　　optic副Meas双re独enセof　CuGe03虹F脳・三n血a－red　Region，J．Mag．Mag．Ma一宅肌，177・

　　　181，699（1998）

（30）K．Takeha鵬，丁一Tak＆狐as以，M．Hase，G　Kido，KUch1なokura．Mag鵬tos虹1ct1on

　　　Measure㎜e鮎s　ofCuGe03in　High　Ma－gnetic　F三e1ds，Physica　B幽6－247，246（1998）

（31）H1Abe，H．脆tazawa，H．Su醐ki，G．Kido，TMatsu㎜oto：High・五e1a　Magnetization　of

　　　CeRh2Si2＆ユd　CePd2Si2，，Physica　B246－247，141（1998）

（32）T．Taka㎜asu，G．㎜do，M．0hno，N．Miura，A．Endo，M．Kato，S．Kaセsu㎜oto，YIye：

　　　E施cts　of　Skyr泌io亙Exci危ations　on　the　Tempera吉ure　Depe双aence　of　Diagona．1

　　　Resistivity　a七v：1Quantu㎜Ha11Regi独e，Physica　B246－247，12（1998）

（33）X．C．K㎝，RR．de　Boer，R．Grossing恥　G．Wiesinger，H．Suz泌ki，H．Kitazawa，

　　　TTaka㎜asu，G．肥do．Magnet1c　Amso虹opy　and　Magnet1c　Phase　Trans1t1o皿s　m

　　　R2Fe17wi曲R＝X　Ce，P4Nd，S皿，Gd，Tb，Dy　Ho，週篶丁独，Lu，J．lM1ag，Mag．Ma辻er．，

　　　177＿181．1002（1998）

（34）立Oikawa，T．Ta－ka一㎜asu，G．Kiao，A．Endo，M．Kato，S．Katsu㎜oto，YIye：Ef胎ct　of宅he

　　　Inner　Current　Contacもin　Qu狐t以㎜H＆11Regi独e，4th　hter．Sy独p．on　Ad－vanced

　　　Phys三ca玉Fie1d，Tsukuba　March9一王2，333（工999）

（35）K．Takeha－na，　TTaka㎜a－su，　M．Hase，　G．Kho，　K．Uchinokura：　F脳一in肢ared

　　　Spec虹oscopy　in　Spin－peier1s　C◎㎜pound　CuGe03under　High　M1agnetic　Fie1ds，4th

　　　Inter．Sy㎜p．onAd惚nced　PhysicムIFie1d，Tsukじba　March9－12，263（1999）

（36）TKagaya㎜a，G．0o独i，YOnuki，且今rug盆，亘．Kato迂i，TGo危o：Magnetos虹iction　and

　　　Mlagnetization◎f　the　Heavy一危r㎜ion　Co㎜pound　CeInCu2，4th　Inter．Sy㎜p．on

　　　Advanced　Physica1Fie蝸，TsukubaMarch942，213（1999）

（37）HAbe，H　SuzukI，H　Kitazawa，G．Kido亘1gh・丘e1d　Magnet1zat1on　of　Rh・b＆sed

　　　Inter皿etaユ1ics，4th　Inter，Sy独p．on　Advanced　Physica1Fie1d1，Tsukuba　March9・12，

　　　203（1999）

（38）H．㎜tazawa，H．Suzuki，H．Abe，K．Hashi，G．肥do：Ano独a1ous　Mag鵬tizaセion　of

　　　GdPd2A13S虹g1e　C町staユin　High　M＆gnetic　Fie1d，4th　Inter．Sy㎜p，on　Advanced

　　　Physica1Fie1d，Tsukuba　March9－12，199（1999）

（39）THerman鵬do由篶ADonn1，R酌sch叫LKener，GBot七ger，MGuも㎜a巫n，
　　　H．Kitazawa，J．Tang：Su㏄essive　Magnet三c　Ordering　of　the　Tb　Sひb1attices　i皿

　　　Tb3Pd20Si6，4th　hter．Sy搬p．on　Advanced　Physica1Fie1d，丁馳kuba　Ma犯h9－12，

　　　195（1999）

（40）K．Hashi，H．Kitaza－wa，H．Suzuki，H．Abe，3．Tang，G．Kido：Subs批uも三〇na1E戯ect　on

　　　Tr1angu1趾La枕1ce　Ant1胎no狐agne吉GdPd2A13，4th　h乏er．Sy狐p　on　Advanced

　　　Pysica1Fie1d，Tsukuba－March9－12，193（1999）

（姐）S，K就o，H，Kitazawa，H．Suzuki，G．Kido：H三gb一畳e1dMagnet三zationofRNi5（R＝Pr，Dy
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　　　Tb），4th　Int欲．Sy独p　oaAd－vanced　Phys1ca1F1e1d，Tsukub＆March9・12，189（1999）

（42）E．Matsuoka，M．Kosaka，H．Suzuki，H．Kitazawa，G．Kido，YUwa乞oko：Magnetic

　　　Properties　of　CeGa　Sing1e　C町sta1，4th　Inter．Sy独p，on　Adva丞cea　Physica1Fie1d，

　　　丁鰍kuba　March9・12，185（1999）

（43）M．Kosaka，YUwatoko，TSeino，H．Onodera，H．Suzuki，H．Ki七aza－wa，G．Kid◎：High

　　　醐e1d　Mag鵬杭za伍on　of　Ce3SnC，4th　hter．Sy㎜p　on　Advanced　Phys1ca1F1e蝸，

　　　TsひkubaMarch9・12，五81（1999）

（44）T．Tsutaoka，YlNaka㎜ori，丁一Tokひn＆ga，MlKosaka，M．Uwatoko，H．S泌zuki，

　　　H。㎜tazawa，Yl㎜do，H．Kado㎜ats以，T．Itoh：High　Fie1d　Mag鵬伍zation　of　R7Rh3

　　　（R：Tb，Dy　Ho，Er），4曲Inter．Sy㎜p．◎n　Adv狐ced　Pkysica1Fie1d，Tsukuba　March

　　　9－12，167（1999）

（45）H．Suzuki，　H．Abe，　HXitazawa，　G．Kido：1Mlag鵬tic　Pmper虹es　of　Ter皿ary

　　　Compound－s　of　CeNi2×2（X＝Sb，As，P），4th　In亡er．Sy脳p．onAdvanced　Physica1Fie1d，

　　　Tsびkμba－M＆rch9－12，155（1999）

（46）K，Aka－ba鵬，S．Lan，TKawa㎜u峨，YOkada，M．Kawabe，TTakamas以，G．Kido：

　　　Mag鵬亡o1u㎜1鵬sce丞ce　S軸出es　of　hGaAs　se1£organ1zed　Qひa就u㎜　Dots　on

　　　GaAs（311）B，4級Inter．Sy㎜p．on　Adva－nced　Physica・1Fie1d，Tsukuba　M1arch9・12，

　　　147（1999）

（47）Y1Terai，　S．Kuroda，　KTakita一，」TTaka㎜asu，　G．Kido：　High一丘eId　Mg皿eto－

　　　Photoh㎜inescence　Study　of　Se准organized　Quantu㎜Do亡s　of　Cd1｝Mn，Tb　Grown

　　　by　MlBE，4th　In拓r．Sy㎜p，on　Advanced　Physic＆1Fie1d，Tsukuba　March9－12，

　　　119（1－999）

（48）H．Suzuki，YI㎜anaka，TTaka㎜asu，H．Kiもazawa，G．Kido：Photoh狐inescence血o㎜

　　　Yb　Doped　in　InP　BuIk　Crystaヱunder　High　Ml＆gne虹c　Fie亘d，ψ養Inもer．Syinp．on

　　　Advanced　Physica－1Fie1d，Tsukuba　March9－12，u5（1999）

（49）YI㎜an＆ka，T．肪ka㎜＆su，G巡do，G．Karczewski，TWojtowicz，J．Kossut：

　　　趾oto1u㎜inescence，Cyc1otron　Reso脇此e　i公C柵e　ana　CdMnTe2DEG　aもHigh

　　　Mag鵬虹c　Fie1ds，4th　hter，Sy㎜p．on　Adva忍ced　Physica1Fie1d，Tsukub＆March9－

　　　12，111（1999）

（50）T．Takamasu，YOik＆wa，YI㎜a脇ka，G．Kユdo：E脆ct　of　Fi篶ite　Current　on

　　　Phot0王ひminescence　of’Qu狐t｛zed　Two　Di独easiona1　E1ec虹o忍　Syste㎜　in

　　　GaAs／A1GaAs，4ぬI磁e更．Sy㎜p．on　Adv＆nced　Physic＆1Fie1d，Tsuk曲a－M1arch9・12，

　　　107（1999）

（51）H．A㎜itsuka，THo灯㎜a，TSakakiba蝸，H．Mit＆独ura，TGoto，H．Abe，H．Suzuki，

　　　H．附tazawa，G．Kido，K．Sugiya㎜a，YlMiyako，M．Date：High　Fie1d　Study　ofthe5f

　　　Sもates　in　URu2Si2and亡he　Re王a七ed　Co㎜pounds，4th　Inter．Sy㎜p．on　Advanced
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(52) 

(53) 

(54) 

(55) 

(56) 

(5 7) 

(58) 

(59) 

(60) 

Physical Field, Tsukuba March 9- 12, 29(1999) 

H.Kitazawa, H.Suzuki, H.Abe, J.Tang, G.Kido: Magnetic Properties of Induced 

Ferromagnet PrPtAl, J. Appl. Phys., 4480(1999) 

T.Herrmannsdorfer. A. Donni, P. Fischer, L. Keller, G.Bottger, M. Gutmann, H. 

Kitazawa: Successive Magnetic Ordering of the Tb Sublattices in Tb3Pd20Si6, J. 

Tang. J. Phys.: Condens. Matter, 2929(1999) 

H.Kltazawa, H. Suzuki, H. Abe, J. Tang, A Donni, Y. Isikawa, G. Kido: Magnetic 

Properties of Geometrically Frustrated System RPdAl (R=Ce and Pr), Japanese J. 

Appl. Phys., 227(1999) 

H.Kltazawa, H.Suzuki, H.Abe, J.Tang, G.Kido: High-field Magnetization of 

Triangular Lattice Antiferromagnet: GdPd2A13, Physica B, 259-261, 890(1999) 

E.Matsuoka, H.Suzuki, H.Kitazawa, G.Kido, Y.Uwatoko: Magnetic Properties of 

CeGa Single Crystal, Physica B, 259-261, 112(1999) 

K.Kamioka, A.Oyamada, K.Hashi, S.Maegawa, T.Goto, H.Kitazawa, Y.Isikawa: 

NMR Studies of CePdAl below IK, Physica B, 259-261, 121(1999) 

H.Abe, H.Suzuki, H.Kitazawa: High-field Magnetization of CeRh2(Sil'*Ge~2, 

Physica B, 259-261, 56(1999) 

S.Kato, G.Kido: Measuring Method for Magnetic Properties of Permanent 

Magnets Using Pulsed Magnetic Fields: to be published in J. Magnetics Society of 

Ja p an. 

S.Kato, G.Kido: Measuring Method for Magnetic Properties of Permanent 

Magnets Using Pulsed Magnetic Fields, to be published in IEEE Transactions oh 

Magnetics 

(note: H. Abe and J. Tang are researchers of Materials Physics Division) 

' Oral Presentation :69 

(1) International Conference: 24 

(2) Domestic Conference: 45 

･ Patent Application 

(1) Wire Taping Machine: G.Kido, K.Sakamoto, No-09-304283, September 11, 1997. 

(2) Growth Method of Bulk Single Crystal: G.Kido, H.Suzuki,No.-10-329406, September 

19, 1998. 

(3) Drum Controlling Coil Winding Machine: G.Kido, K.Sakamoto, No.-11-060830, 

March 8, 1999. 
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(4) Linear Controlling Coil Winding Machine: G.Kido, K.Sakamoto, No.-11-060831, 

March 8, 1999 

(5) Sulfide Spinel Super Conducting Material: H.Suzuki, H.Kitazawa. T.Matumoto, 

No.-11-102202, April 9, 1999. 

(6) Pulsed Field Magnetmeter: S.Kato, G.Kido,No.- 11-104780, April 13, 1999. 

1.2.3 2~d Laboratory 

Haruyoshi Aoki (Head, 1997 FY.). Giyuu Kido (Head, 1998 FY.), Tadashi Shimizu, 

Sinya Uji, Taichi Terashima, Atuo. 

l.2.3.1 Research work 

(1) Low dimensional electron systems and highly correlated electrons have been 

investigated under high magnetic fields up to 20 T and low temperatures down to 25 

mK. We focused on the high field state of organic conductors and the metamagnetic 

transition in highly correlated electron systems. 

(2) Development of the nuclear double resonance spectrometer was carried out, with a 

wide frequency range, from 10 to 200 MHz. It was found that the dimension of the 

Cu spin system plays an important role in the formation of spin gap state Cu oxide 

su perconductors. 

<Research themes> 

(1) Study on Strongly Correlated Electron System under Multi-extreme Conditions. 

(R&D on New Superconducting Materials: April 1997 to March 1998,Haruyoshi 

Aoki, April 1998 to March 1999, Giyuu Kido) 

(2) Development of Measuring Techniques for Quantum Effects in High Magnetic Fields 

and Research in Strongly Correlated Electron System 

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 1998,Haruyoshi Aoki, April 1998 to March 2000., Giyuu Kido) 

1.2.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) C.Haworth, H.Aoki, T.Terashima, H.Takeya, K.Kadowaki: De Haas-Van Alphen 

Effect Studies of HoNi2B2C, Physuca B, 237-238, 296(1997) 

(2) T.Terashima, C.Haworth, H.Takeya, S.Uji, H.Aoki, K.Kadowaki: Small 
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　　　Sup破conduc吉i亙g　Gap　o丞Part　ofthe　Fer㎜i　Sur血ce　ofYNi2B2C血o㎜the　de　Haas－

　　　van　A1phen　E脆ct，Phys　RevB，56．5120（1997）

（3）　T，Terashi狐a，S，Uji，H．Aoki，W．Joss，YHag＆，A．Uesawa，T．Suzuki：Femi　Sur勉ce

　　　and　Mag鵬tic　Phases　of　the　Low－ca－rrier－de鵬ity　Strong1y　Co泄e1a亡ea　E1ec枕on

　　　Syste㎜Ce耳Phys．Rev　B，55．4197（1997）

（4）　M．Takashit＆，H．Aoki，T．Mats以狐oto，C．J．臨wo撒，T．Terashi㎜a，A．Uesawa，

　　　T．Suzuki：High1y　Anisotropic　Pressu舵Depende口ce　of　the　Fer独i　Sw血ce　of　CeSb，

　　　Phys．Rev－Le亡．，78．1948（1997）

（5）　HIkezawa，HAoh，MTa－kash1ta，C．JHaworth，SU〕1，TTerash1独a，KMaeza－wa，

　　　R．Se枕ai，Y0ヵαki：Fermi　Sur血ce　Properties　of　Ferro㎜agnetic　CeRu2Ge2，Physica

　　　B，237－238，2三0（1997）

（6）　G．Bo枕ge4RFischer，A．Donni，P．Beras走e駅i，YAoki，H．Sato，亙Fauth：Long・r＆nge

　　　Mag鵬tic　Order　ofthe　Er　ions　in】…：r2Ba雀Cu7014－g2，Phys．Rev　B，55，R12005（1997）

（7）　S．Uji，M，Chapara1a，L．Seg眺TSzabo，J．S．Brooks，M．Toku独oto，N．肥noshita，

　　　TKimshita，YTanak盈，H．Anzai：Magnetic　Phase皿ansition　and　E錨ective　Mass　in

　　　（BEDT・TTF）2KHg（SCN）4，Sy批hetic1Mleta1s，86．2065（1997）

（8）　S　U〕1，　J　S　Brooks，　M　ChaparaIa，　S．Takasak1，　J狛醐ada，　H　Anza王．　Ra－p1d

　　　Osci11ation　and　Fermi・sur血ce　Recol1stmction　due　もo　Spin－density・wave

　　　For㎜挑ion　in　the　Organic　Conductor（TMTSF）2PF6，Phys．RevB，55．12446（1997）

（9）　S．UJ玉，J　S　lBmoks，M　Chapara1a，S　Takasak1，J狛㎜ada，H　A皿za1Two　Dユs±1nct

　　　Magnetic　Osci11a亡io鵬in　a　High一丘e1d　Spi征density－wave　Phase危r　the　Organ手c

　　　Conductor（TMTSF）2C104，Phys　R帥B，55．14387（1997）

（10〉S．Uji，J．S．Brooks，S．T＆kasa蛙，J．狛㎜ada，H．Anzai：Origin　of　Rapid　Osci1ation　in

　　　the　Meta1丑ic　Phase　危r　the　Orga口ic　Condびctor　⑫MTSF）2Cヱ04，Sohd　State

　　　Co独独un．，103，387（1997）

（n）T．Te蝸shi独a，C．Haworth，M．Takashita，H．Aoki，N．Saもo，TKo㎜atsubar＆：HeaW

　　　Fer㎜ions　Su㎞ve七he　Meもamagnetic　Transi七ion　in　UPd2A王3，Phys．R飢B．，55，

　　　R13369（1997）

（12）S．Uji，T．Terasbima，H．Aoki，S．Va脆us，J．S．Brooks，K．狛独amoをo，YOkano，H．Sawa，

　　　R．Kato：Phase　Transtion　and　Magnetoresista一皿ce虹a　Quasi－one・dimensiona1

　　　Conductor（TMET－STF）2Au（CN）2，SyntheticMeta1s，86．2065（1997）

（13）S　Uj三，TTerash1㎜a，H　Aok1，J　S　Brooks，M．Toku狐oto，S　Takasak亘，J狛狐ada，

　　　H．Anzai：Te㎜perature　aI1d　Magn銚ic　Fie1a　Depe立d－ences　of　Rapid－Osci11挑ions　in

　　　Fie湿hduced　Spin－de鵬ity－wave　Pb鵬eあr仰MTSF）2C王04，Synthetic　Meta王s，86．

　　　1909（1997）

（14）s．Uj三，M．Chapa－ra1a，S，Hi11，P．S．Sandhu，J．Qua豆1s，L．Seger，J，S．B丈ooks：E施ctive
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　　　Mass＆篶a　Co独bination　Freque双cies　of　ae　Haas－va巫A1phe公0sc㎜a伍ons　inκ

　　　（BEDT－TTF）2C篶（NCS）2，SynセheticMeta1s，86．1573（1977）

（15）S　U】1，　H　Aok1，　TTerash1m＆．　Su㏄ess1ve　Metama帥et1c　阯ans1t1o鵬　　and

　　　Magnetores1stance　m　the　Low－ca酎1er－de亙s1ty　Strong1y　Co狐e1ated－E1ectron

　　　Syste㎜CeP”．Phy　Rev　B，58，309（1998）

（16）TTe醐shi独a，C．Hawo批h，M．Takashi七a，S．Uji，H．Aoki，YHag＆，A．Uesawa，

　　　TSuzuk1・蘭曲Magnet1c　F1e1d畑vA　E脆ct　Measure鵬nts　of　Ceg　J　Mag　Mag

　　　M1ate正，177－181，421（1998）

（17）M．Takashita，H．Aoki，C．J．Haworth，TMat舳㎜oto，丁一Terashi㎜a，S．Uji，C．Terakura，

　　　TMiura。，K，Ma－ezawa，R．Se批a－i，YOmki：dHvA　E脆ct　ofCeRu2Si2under　Pressu鵬，

　　　3．M1a－g．Mag．Ma一亡eL，177＿181，417（1998）

（18）H．Aoki，M．Takashita一，C．J．Haworth，TMatsu㎜oto，TTerashi狐a，S．Uji，C．Terakura，

　　　TMiura，A．Ue船w＆，TSuzuki：aHvA　E脆ct　of　CeSb　under　Pressure　in　the

　　　A銚i飴rro㎜ag鵬tic　Phase，J．Mag－M盆g．Ma－t飢，177481，371（1998）

（19）C．J1Haworth，H．Aoki，M．Takashita一，TTerasbi醐a，TMatsu㎜oto，N．Sa－to，S．Kunii：

　　　The　Fer㎜i　Sur勉ce　of　CeB6u皿der　Pressure，J．M1a－g．Mag．Ma土eL，177－181，369

　　　（1998）

（20）M．Takashita，H．Aoki，C．J。亘awo村h，T．Matsu㎜oto，T』e蝸shi㎜a，S．Uji，C．

　　　Terakura，T　Miu蝸，A．Uesawa，，T　Suzuki：De　Haas－v＆n　AIphen厄鑓ect　of　CeSb

　　　under　Pressure，J．Phys．Soc．Jpn．，67．3859（1998）

（21）S．Hiu，S．Uji，Ml．Takashi辻a，C．Terakひ醐，T　Terashima，H．Aoki，J．S．Bmoks，Z．

　　　Fisk，，J．Sar蝸o：溜u玉k　Qびanω㎜Hau　E飽c辻虹η一1M1o40亘1，Phys．Rev　B，58．

　　　10778（1998）

（22）YT＆nak＆，MSato，NSatoh，RHor1ba，HOhta，TKun1㎜oto，KNag盆saka一，GKido：

　　　Infrared一＆ctivePhononLined－uetoa－Pha－seTra－nsitiona七around6Kinα皿一

　　　NPPy（TCNQ）2，Phys．R帆B，58．3105（1998）

（23）S．Uji，J，S．Brooks，Y　Iye：跳e王a－induced．Phase冊ansition　i篶Kish　Gra－phite，

　　　Physica　B，299＿302，246（1998）

（24）S．Uji，J．S．Brooks，S．Takasaki，J．Ya一狐aaa一，H．Anzai：Rapid　Osci11磁ion　of　Ha11

　　　Resistaace　in　High　Fie豆d　Spin－density－wave　Pha－se鉤r（TMTSF）2C104，，P丘ys三ca　B，

　　　121＿124，246（1998）

（25）TMa－sumi，H．Y註㎜aguchi，TIto，H．Shi㎜oya一㎜a：New酌ne　Stmctures　Ne鮒the

　　　Optica1Absorption　Edge　of　CuO磁Low　Te独pera－twes，J．Phys．Soc．Jpn．，67，67

　　　（1998）

（26）H．Y金独aguch三，TIto，TMa－su㎜i：L蹴ge　Po1＆rons　Photodoped　三n　Pure　CuO，

　　　J．Phys．Soc．Jpn．，67．1102（1998）
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（27）A．Goto，T．Shi㎜izじ，H．Aoki，M，Isobe，YUeda：Amma呈ous　Meta11ic　Sもate　Coexist三ng

　　　with　the　Charge　Density　Wave　i以Rb3Cu8S6Sωdied　by　NMR　ana　Spin　Ec血o

　　　Doub1e　Reso皿ance（SEDOR），J．Phys．Soc．Jpn．，67，王560（1998）

（28）A．Goto，T．Shi狐｛zひ，H．Aoki，M．Kato，K．兄shi㎜u蝸，K．Kosuge，T．M＆七sumoto，

　　　YY益㎜ada　AI1iso故opy　Study　of比e　Spin一亘＆枕ic⑧Re1axation　Rates就the　Cu（1）

　　　Chain　Sites　ofYBa2Cu307and　YB2Cu408，J，Phys．Soc．Jpn．，67，759（1998）

（29）A．Go全o，TShi㎜i醐：Ro王es　of比e　InもerIa－ye正Spin　Cone1ations　in比e　Cu　NMR

　　　Re1axation　Rates　of　Bi－and　Tri一玉ayered　High－Tc　Cuprates，Phys．RevB，57．

　　　7977（1998）

（30）S．Uji，J．S．Brooks，S．Tanaka，S．Maki，J．狛m＆da，S．Nakaもsuji：Corre1ation　between

　　　Rapid　Osci11a一亡ion＆nd　High　Fie1ds　Spin－density－w＆ve　Phasesおr（TMTSF）2C104，

　　　4竜h　Inも肌Symp．onAdv狐ced　Physica1Fie玉d，307（1999）

（31）S．Uji，C，Terakura一，TTerashi㎜a，H．Aoki，YOk＆no，R．Kato：Di醐ensiona1CΣossover

　　　in　Superconductivity危r（TMET－ST亙）2BF4，4曲I就飢Sy㎜p，on　A伽anced　Physica1

　　　Fie1d，Tsukuba　M奴ch9－12，303（1999）

（32）S．Uji，C．Te蝸kuraヨTTe脇shi狐a，H．Aoki，H．M，Yまma独oto，J．狛maura，R．Kato：

　　　ARgu1ar　DepeI1den土Mange吉oresist＆nce　Osc三王1＆虹on三n　an　O㎎anic　Conauctor

　　　（BEDT＝TTF）2Br（DIA），4th　Int肌Sy狐p．on　Adv棚ced　Pbysica亘Fie1d，Tsukuba

　　　March9－12，299（王999）

（33）S　U］I，C　Teraku蝸，TTerash三ma，H　Ao虹，H　N呈sh1kawa，I　Ike独o辻o，K　KikuchI

　　　Cohereコ亡一incoheエent　Transi亡ion　i皿危he　E1ecもronic　Conducもion｛br　a　Quasi・one－

　　　dimensiona工Organic　Conductor（DMET）2I3，4th　In士e正Sy㎜p．oηAdvanced　Physica1

　　　FieH，Tsukuba　March9－12，295（1999）

（34）TShimizu，T．Matsu狐oto，A．Goto，K．脆shi㎜ひra，K．Kosuge：Spi汲Suscepもibi1ity　of

　　　比e　One　Di独e巫siona－1Ant施rromagnet　CuO，4th　Inも飢　Sy㎜p．o巫Ad▽anced

　　　Physica1Fie1d，Tsukuba　M1疵ch9－12，285（1999）

（35）T．Shi皿izu，T．Ma士su㎜o辻o，P．C．Ham㎜e1，J．D．Thompson：P更ess蛆e　Depe巫d－ence　of

　　　the　Cu－NQR　Re至狐a辻ion　Times　in　the　High・Tc　Ma毛ei＆1YBa－2Cu408，4竜h　ht飢Symp．

　　　onAdvanced　Physic＆1Fie1d，Tsukub＆M搬ch9－12，283（1999）

（36）AlG6壬o，TShi㎜izu，M．Isobe，YUe由：Super1｛near　T　Dependence　ofthe　Spin－1a枕ice

　　　Re1＆xation　Rates　i巫KCu4S3，4tb　In辻er．Sy㎜p．onAdvanced　Physica1Fie1d，Tsukuba

　　　M脳cb9－12，273（1999）

（37）A．Goto，T．Shimizu，M．Kato，K．Ybs虹狐ura，K．Kosugel　A磁i虹ro㎜＆gnetic　Ordering

　　　i公PrBa2Cu306S竜ud治d　by　NMlR，4th　Inも肌Sy㎜p．on　Advanced　Physica呈Fie1d，

　　　Tsukuba　M1arch9－12，271（1999）

（38）TTerashima，C，Te蝸一kura，S．Uji，H．Aoki，J，S，Quaユ1s，D．H盆王至，J．S，Brooks，TFukase：
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(39) 

(40) 

(4 1) 

(42) 

(43) 

(4 4) 

(45) 

(46) 

(47) 

Fermi Surface Study of the A15 Superconductor V3Si, 4th Inter. Symp . on Advanced 

Physical Field, Tsukuba March 9- 12, 2 15(1999) 

T.Miura, H.Aoki, M.Takashita, C.Terakura. S.Uji, G.Kido: dHVA Effect Study of 

CeBi in the Ferrimagnetic Phase, 4th Inter. Symp. on Advanced Physical Field, 

Tsukuba March 9- 12, 165(1999) 

T.Ebihara, K.Koizumi, S.Uji, C.Terakura, T.Terashima. H.Suzuki, H.Kitazawa, 

G.Kido: de Haas-van Alphen Effect in a Field Induced Ferromagnetic State of 

CePbs, 4th Inter. Symp. on Advanced Physical Field, Tsukuba March 9-12, 

16 1 ( 1999) 

N.Nakayama, N.Kimura, H.Aoki. S.Uji, T.Komatusbara: Fernri Surfaces of 

La3Pd20Ge6, Ce3Pd20Gee, 4th Inter. Symp, on Advanced Physical Field, Tsukuba 

March 9-12, 157(1999) 

H.Aoki, M.Takashita, N.Kimura, C.Terakura, T.Terashima, S.Uji. T.Matsumoto, 

K.Maezawa, R.Settai. Y.Onuki: Pressure Effect on the Fermi Surface Properties of 

the Heavy Fermion Compound CeRu2Si2, 4th Inter. Symp. on Advanced Physical 

Field, Tsukuba March 9-12, 37(1999) 

G.Kido, T.Takamasu, K.Takehana. T.Imanaka, M.Oshikiri: Magneto-optical Study 

on Low Dimensional Materials in High Magnetic Fields, 4th Inter. Symp. on 

Advanced Physical Field, Tsukuba March 9- 12, 55(1999) 

C.Terakura, T.Miura, T.Terashima, H.Suzuki, S.Uji, H.Aoki, A.Ramakrishnan, 

B.Becker, A.A.Menovsky, G.J.Nieuwenhuys, J.Mydosh: Metamagnetic Taansition 

and dHVA Effect ofU2Rh3Si5, Physica B, 259-261, 1087(1999) 

T.Miura, H.Aoki, H.Kitazawa, M.Takashita. C.Terakura, S.Uji, G.Kido: dHVA 

Effect Study of CeBi in the Ferromagnetic and Ferrimagnetic Phases, Physica B, 

259-261, 1089(1999) 

A. Goto, T. Shimizu: Magnetic Scaling in the Underdoped Superconductor 

Hg0.8 Re0.2 Ba0.2 Ca2 Cu308 Studied by 63Cu NMR, to be published in Phys. Rev. B. 

A. Goto, T. Shimizu: NMR Studies of Low Energy Magnetic Excitations in High-Tc 

Cuprates, to be published in Butsuri. (in Japanese) 

Oral PreSentation: 61 

(1) International Conference: 26 

(2) Domestic Conference: 35 

Award : 

(1) JPSJ Research Article Prize: G. Kido, March 30, 1999 
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(2) The Young Researcher Award: The Japan institute of Metals, 

T.Terashima, September 24, 1997 

1.2.4 Researchers in the Physical Properties Division 

Age and research fields of researchers in the Physical Properties Division. 

(March 31, 1999) 

Age of Number of Solid-state 
Researchers researchers Ph sics 

60 - o O 

50 - 60 1 1 

40 - 49 2 2 

30 - 39 10 10 

22 ~ 29 o o 

Summation 13 13 

1.2.8 Research Budgets in the Physical Properties Division 

Research budgets in the Physical Proerties Division. (yen) 

Kinds ofbud ets 1997 1998 
General Research 8,316,000 9,500,000 

R&D on new Superconducting 22,913,000 25,338,000 
Materials 

Special Coordination Funds for 78,625,000 68,951,000 
Promoting Science and Technology 

Supplementary Budget 12,000,000 13,000,000 

Summation 121,854,000 ll6,789,000 
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1 . 3 Computational Materials Science Division 

Takehiko Matsumoto (Director) 

1.3. I Research work 

In the field of computational science, it is remarkable that computer performance 

is greatly enhanced and the algorithm for analyses is progressing significantly. With 

the technological and scientific advances, we aim to predict materials properties, and 

develop new materials. In this case, it is essential that the phenomena in materials are 

theoretically understood in terms of the motion and structures of electrons and atoms. 

Therefore, we require advance in the methodological and analytical techniques that 

are fitted to the hierarchy of materials, for example, from a microscopic property, due 

to electrons, to a macroscopic strength in structural materials. 

For these targets, we currently investigate the following subjects. (1) First-

principles simulations for structures and reaction processes on materials surfaces. (2) 

Research of magnetic properties, materials design and structural predictions by large 

scale simulations based on theoretical analyses. (3) Evaluation of materials strength 

by molecular-dynamics simulations and finite element method. (4) Construction of 

databases for promoting materials development. Consequently, we have achieved 

outstanding results. 

The members of the Computational Materials Science Division, as at March 31, 

1999, consisted of 21 researchers, 2 postdoctoral (domestic) research fellows, 2 

graduate student and 2 secretaries. The productivity of the research activities has 

been increased since the start of the 5th Long-term Plan. During April 1, 1977 to 

March 31, 1999, the number of publications, including submitted papers, is about 86, 

and 9 plenary and invited talks were given at international conferences. The details 

are shown in the research activities of each Laboratory. 

1 . 3 .2 Ist Laboratory 

Masatoshi Nihei (Head), Yuji Asada, Masao Sakamoto, Ets. uo Nakata 

1.3.2. I Research work 

(1) The mesoscopic simulation method, using the continuum mechanics, was developed 

to analyze the microscopic deformation of polycrystalline materials. This research 

work was carried out in collaboration with the Strength and Life Evaluation 

Research Station. 
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(2) The prototype of a new unification system, DIMNET, has been developed to utilize 

a networking environment and to treat many materials scientific databases of 

various different types which are located on different sites bound with a network 

system such as by INTERNET 

(3) A numerical database, SUPERCON, for superconducting materials has been 

constructed and is updated every month. A Tc-prediction system using the neural 

network method has been developed using a data set from the SUPERCON as the 

training data. 

<Research themes> 

(1) Modeling and Simulation for the Prediction of Material Strength 

(Special Coordination Funds for Promoting Science and Technology-Virtual 

Experiments for Material Design Project-: April 1995 to March 1998, 

Masatoshi Nihei) 

(2) Development ofUnification System for Distributed Materials Scientific Data 

utilizing Networking Environment 

(Computational Materials Research: April 1995 to March 2000, 

Masatoshi Nihei) 

(3) Development of Knowledge Database for High-Tc Superconducting Materials 

(Multi-core project: April 1~95 to March 2000, Ynji Asada) 

l.3.2.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) J.Onodera, J.Onoue, M.Nihei: A Fatigue Design Procedure for Screw Threads 

Using Predicted S-N Curves, Teans. JSME, 63-605A, 207(1997) 

(2) M.Sakamoto, M.Nihei: Local Stress-Strain Behavior of Polycrystalline 

Materials, J. of SMSJ (Zairyou), 48-1, 44(1999) 

(3) M.Nihei: Development of International Standards - Activities of ISO/TC 164 

(Mechanical Testing of Metals) -, J. of JSME, 102-966, 305(1999) 

(4) M.Sakamoto, M.Nihei: Construction of Material Strength Database for Springs, 

Trans. of JSSR, 44, 31(1999) 

(5) Y.Asada, E.Nakada, S.Matsumoto, H.Uesaka: Prediction of Tc for Yba2Cu30. Doped 

with Ca Using Neural Network, J.Superconductivity 10, 23(1997) 
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Oral Presentation: 6 

(1) International Conference: O 

(2) Domestic Conference: 6 

1.3.3 2~d Laboratory 

Takahisa Ohno (Head). Taizo Sasaki, Jun Nara, Tsuyoshi Miyazaki. Yoshitaka 

Takeyama, Shin'ichi Higai (domestic research fellow), Takahide Ezaki Goint-doctoral 

course student) 

1.3.3.1 Research work 

The thermal reaction processes on various solid surface systems, such as 

semiconductor surfaces and metal surfaces, have been theoretically investigated by 

using first-principles total-energy calculation techniques within density functional 

theory. The structural stability and optimum atomic arrangement of semiconductor 

surfaces such as GaAs have been theoretically determined. First-principles 

simulations for the adsorption of atoms and molecules on semiconductor and metal 

surfaces, for example, Si on H-terminated Si(OO1), C12 on GaAs(OO1). 02 on A1(111), and 

Ti on Si(OO1), have been performed, which clarify the microscopic mechanism of 

epitaxial growth, etching, oxidation, and interface formation. Atomic and electronic 

structures of misfit dislocations in semiconductor hetero-interfaces such as 

InAs/GaAs(110) have been theoretically studied. Methodological and numerical 

techniques have been developed for first-principles total-energy calculation. 

<Research themes> 

(1) Study on the First-principles Simulation for Surface Reactions (Computational 

Materials Research: April 1994 to March 2000, Takahisa Ohno) 

(2) Virtual Experiments for Material Design Project I "Theoretical Study on the atomic 

motions on surfaces" (Special Coordination Funds for Promoting Science and 

Technology: April 1995 to March 1998, Taizo Sasaki) 

(3) Virtual Experiments for Material Design Project 11 "Theoretical Study on the 

structural control for metal-semiconductor" (Special Coordination Funds for 

Promoting Science and Technology: April 1998 to March 2000, Taizo Sasaki) 

(4) First-Principles Study on Dislocations in Solid (Joint Research Promotion System 

on Computational Science and Technology: April 1998 to March 2001, Takahisa 
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Ohno) 

l 3.3.2 Research products, including paper submitted (April 1, 1997 to 

March 81, 1999) 

(1) J. Nara, T. Sasaki, T. Ohno: Theoretical Investigation on Delta Doping of Se 

Atoms in GaAs, Appl. Phys. Lett. 70, 3534(1997) 

(2) J. Nara. T. Sasaki. T. Ohno: Adsorption and Diffusion of Si Atoms on the H-

Terminated Si(OO 1) Surface : Si Migration Assisted by H Mobility, Phys. Rev. Lett. 

79, 4421(1997) 

(3) A. Taguchi, T. Ohno: Erbium in GaAs: Coupling with Native Defects, Phys. Rev. B. 

56, 9477(1997) 

(4) S. Tsukamoto, T. Ohno, N. Koguchi: Scanning Tunneling Microscopy and First-

Principles Investigation on GaAs(OO1)(2x6)-S Surface Formed by Molecular 

Beam Epitaxy, J. Crystal Growth 175, 1303(1997) 

(5) T. Miyazaki, K. Terakura: (DI-DCNQI)2Cu as a Unique Member of DCNQI-Cu 

Family: A Theoretical Study of High-Pressure Phases, Phys. Rev. B 56, R477 

(1997) 

(6) T. Ohno, T. Sasaki, A. Taguchi: First-Principles Calculations of Diffusion of 

Chlorine Atoms in GaAs, Mater. Res. Society Symp. Proc. 442, Defects 1)7 

EJectronlcMaterl~Js II, p.529 (1997) 

(7) T. Ohno: Theory of Surface Electronic States. EJectromb States ofSurfaces and 

Interfaces, Surface Science Series Vol. 4, ed. by A. Koma (M:aruzen, Tokyo 1997) 

(8) J. Nara, T. Sasaki, T. Ohno: First-Principles Calculations on Diffusion of Si 

Adatoms on H/Si(OO1)-(2xl) Surfaces, Appl. Surf. Sci. 130-132, 254 (1998) 

(9) T. Sasaki, Theoretical Study on the Pressure-Induced Instability of the B1 

structure of lonic Materials, The Review of High Pressure Science and 

Technology, vol.7, 169(1998) 

(10) B.D. Yu, Y. Miyamoto, O. Sugino, T. Sasaki, T. Ohno: Favorable Formation of the 

C49-TiSi2 Phase on Si(OO1) Determined by First-Principles Calculations, Appl. 

Phys. Lett. 72, 1176(1998) 

(11) B.D. Yu, Y. Miyamoto, O. Sugino, T. Sasaki, T. Ohno: Unusual Ti-Adsorption and 

Activation of Si-Ejection on Si(OO1), Phys. Rev. B. 58, 3549(1998) 

(12) Z. Fang, K. Terakura, H. Sawada, T. Miyazaki, I. Solovyev: Inverse versus 

Normal NiAs Structures as High Pressure Phases of FeO and MnO, Phys. Rev. 

Lett. 81, 1027(1998) 

(13) T. Ogitsu, T. M. Briere, K. Kusakabem S. Tsuneyuki, Y. Tateyama: First-
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(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(2 o) 

(2 1) 

(22) 

(23) 

(2 4) 

(25) 

(26) 

(27) 

(28) 

Principles Study ofthe Ortho-KC60 Polymer, Phys. Rev. B. 58, 13925(1998) 

S. Tsuneyuki, Y. Tateyama: Theoretical Design of BCN Heterodiamond, The 

Review of High Pressure Science and Technology 9, 268(1998) 

T. Ohno, T. Sasaki, A. Taguchi: Ab Initio Investigations on Diffusion of Halogen 

Atoms in GaAs, Materials Science Forum 258-263, 1821(1998) 

T. Ohno: Breaking of Backbonds of GaAs(OO1) Surfaces by Adsorption of Chlorine 

Molecules, Proc. 24th Inter. Conf. on Physics of Semiconductors (World Scientific 

Publishing, 1998) 

J. Nara, T. Ohno: Exotic Effects o,f Hydrogen Termination During Silicon 

Epitaxial Growth, Proc. 24th Inter. Conf. on Physics of Semiconductors (World 

Scientific Publishing, 1998) 

T. Ohno. J. Nara. T. Sasaki: Diffusion of Si Adatoms on H-Terminated Si(OO1) 

Surfaces, Mater. Res. Society Symp.Proc. 492, Mjcroscopic SlinuJatjon of 

InterfacjaJ Phenoml)2a 1~2 SoJjds and Ljqujds, p.275 (1998) 

T. Ohno: Behavior of Fluorine Atoms in Compound Semiconductors, Oyobuturi 

Vol.67, N0.2, 155 (1998) 

J. Nara, T. Sasaki, T. Ohno: Theory ofAdsorption and Diffusion of Si Adatoms on 

H/Si(lOO) Stepped Surfaces, J. Crystal Growth 201/202, 77(1999) 

T. Ezaki, T. Ohno: Theoretical Investigations ofAdsorption of Fluorine Atoms on 

the Si(OO1) Surface, to be submitted to Surf. Sci. (1999) 

T. Sasaki, T. Ohno: Adsorption of the Oxygen to the Al(111) Surface, 

Computational Mater. Sci. 14, 8(1999) 

T. Sasaki, T. Ohno: Dissociation Process of 02 on the A1(111) Surface, Surf. Sci. (in 

press) 

T. Miyazaki, T. Ohno: First-Principles Study of the Electronic Structure of the 

Organic Solids (CH3)4N[M(dmit)2]2 (M=Ni and Pd): Role of Dimerization and the 

Stability of the Formation of a Dimer, Phy. Rev. B. 59, R5269(1999) 

N. Katoh, T. Miyazaki. T. Ohno: First-Principles Study on the Insulating State 

ofAlpha'-NaV205, Phy. Rev! B. 59, R12723(1999) 

Q.K. Xue, Q.Z. Xue, R.Z. Bakhtizin, Y. Hasegawa, I.S.T. Tsong, T. Sakurai, T. 

Ohno: Structures of GaN(OOO1) 2x2, 4x4 and 5x5 Surface Reconstructions, Phys. 

Rev Lett. 82, 3074(1999) 

Y. Tateyama, S. Tsuneyuki: Material Design of BCN Compounds via First-

Principles Calculations, NEW DIAMOND, No. 53, 6(1999) 

B. D. Yu, Y. Miyamoto, O. Sugino, A. Sakai, T. Sasaki, T. Ohno: Dimer 

Reconstruction at Metal-Silicide/Silicon Interfaces: A First-Principles Study, 
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(29) 

Mater. Res. Society Symp. Proc., Advanced Interconnects and Contacts, (1999) (in 

press) 

T. Ohno: Surfaces as Quantum Mechanical Materials, Handbook of quantum 

Mechanjcs (Asakura, Tokyo 1999) 

Oral Presentation: 58 

(1) International Conference: 24 

(2) Domestic Conference: 34 

1 . 3.4. 3'd Laboratory 

Hidehiro Onodera (Head), Masato Shimono, Masato Ohnuma, Taichi Abe, 

Masahiko Katagiri, Tu Geng (domestic research fellow) 

1.3.4.1. Research work 

Atomic configurations, such as long range ordering and short range ordering, not 

only play a significant role on relative phase equilibrium but also affect the physical 

properties of alloys. For establishing materials design technologies, based on 

predictions of atomic configuration, the cluster variation method and the central atoms 

model have been applied to thermodynamic analyses on atomic configurations in 

intermetallic compounds and solid solution alloys, respectively. For nanocrystalline 

and amorphous alloys, microstructural analyses have been performed by small-angle 

X-ray experiments and the molecular dynamics simulation to make clear the formation 

process of these microstructures on the atomic level. The molecular dynamics 

technique has also bcen applied to make clear the microscopic mechanism of the 

martensitic transformation from a metastable fcc phase into a stable bcc phase in Fe-

Ni alloys and the hydrogen-induced amorphization in C 15 Laves phases. 

<Research themes> 

(1) Thermodynamic Analysis of Formation Processes of Metastable and Stable Phases 

(General Research: April 1997 to March 2000, Hidehiro Onodera) 

(2) Improvement of the Long Term Creep Strength of Ferritic Steels by the Minimum 

Alloying (Special Coordination Funds for Promoting Science and Technology: April 

1996 to March 1998, Hidehiro Onodera) 

(3) Virtual Experiments for Material Design Project (Special Coordination Funds for 
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Promoting Science and Technolog~r: April 1995 to March 2000, Hidehiro Onodera) 

(4) Molecular Dynamics Study on Superplastic Deformation and Embrittlement due to 

Grain Boundary Segregation (Joint Research Promotion System on Computational 

Science and Technology: April 1997 to March 2000, Hidehiro Onodera) 

1.3.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M. Ohnuma, J. Suzuki, S. Funahashi, H. Onodera, Y. Hamaguchi: Small-Angle 

neutron scattering study on amorphous Fe-Cu-Nb-Si-B alloys, Mater. Sci. & Eng. A, 

Rapidly Quenched & Metastable, Materials supplement, 183(1997) 

(2) M. Ohnuma, K. Hono, E. Abe, S. Mitani, H. Onodera, H. Fujimori: Microstructure of 

Co-Al-O granular alloy thin films, J. Appl. Phys, 82, 5646(1997) 

(3) H.Onodera, T.Abe. M.Shimono, M.Ohnuma: Design of Alloys Based on the 

Prediction ofAtomic Configuration, Proc. Int. Symp. on Processing, Designing and 

Properties ofAdvanced Materials (ISAEM-'97), Toyohashi, Japan, 13 1(1997) 

(4) T.Abe, H.Onodera, K.KimuraA, K.Halada. K.Ijima: Improvement of the ecobalance 

of ferritic steels by the minimum alloying, Proc. 3*d Inter. Conf. on 

ECOMATERIALS, 47(1997) 

(5) H.Onodera, T.Abe: Alloy Design Based on the Prediction ofAtomic Configuration, 

Australasia-Pacific Forum on Intelligent Processing and Manufacturing of 

Materials, Austaralia, 117 1(1997) 

(6) M. Ohnuma, S. Linderoth, N. Pryds, M. Eldrup, A.S. Pedersen: On the Effect ofAl 

on the Formation of Amor~)hous Mg-Al-Cu-Y A110ys, MRS proceedings series, 

554(1998) 

(7) M.Shimono, H.Onodera: Molecular Dynamics Study on Liquid-to-Amorphous 

Transitions in Ti-AI Alloys, Mater. Trans. JIM, 39, 147(1998) 

(8) T.Suzuki, M.Shimono: Simulation of Martensitic Transformation in Fe-Ni Alloys, 

Proc. 3*d pacific Rim Inter. Conf. on Advanced Materials and Processing (PRICM 3), 

Hawaii, USA, 1193(1998) 

(9) H.Onodera, M.Yamazaki: Computational Materials Science, Materl~Js Scl~nce and 

Eng7~2eerl~2g, edited by H.Hojo, published by Shokabo, 199(1998) 

(10) H.Onodera: Design of Titanium Alloys and Intermetallic Compounds, Metals and 

Technology, 68, 444(1998) 

(11) T.Abe, H.Onodera: Effect of Solute Elements on the Creep Properties of Ferritic 

Steels, Proc. 3*d Inter. Workshop on Super Steels, 136(1998) 

(12) K. Hono, D.H. Ping, M. Ohnuma, H. Onodera: Cu Clustering and Si Partitioning 
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in the Early Crystallization Stage of an FeCuNbSiB Amorphous Alloy, Acta Mater., 

47, 997(1999) 

(13) M. Ohnuma, K. Hono, H. Onodera, J.S. Pedersen, S. Mitani, H. Fujimori: 

Distribution of Co Particles in Co-Al-O Granular Thin Films, Mater. Sci. Forum, 

307, 171(1999) 

(14) T.Suzuki, M.Shimono, S.Takeno: Vortex on the Surface of a Very Small Crystal 

during Martensitic Transformation. Phys. Rev. Lett., 82, 1474(1999) 

(15) Taichi Abe, Hidehiro Onodera, Kazuhiro Kimura, Hideaki Kushima: Effect of M-

C(M:=Mo, Mn and Cr) Atomic Pairs on Creep Properties of Fe-M-C Ternary Alloys, 

J.Japan Inst. Metals, 63, 717(1999) 

(16) M. Ohnuma, K. Hono. H. Onodera, S. Mitani, J.G. Ha. H. Fujimori: Microstructure 

Change in C046All9053 Granular Thin Films by Annealing, Nano Stuc. Mater., in 

press 

(17) M. Ohnuma, K. Hono. H. Onodera, J.S. Pedersen, S. Linderoth: Cu Clustering 

Stage before the Crystallization in an Fe-Si-B-Nb-Cu Amorphous Alloy, Nano.Struc. 

Mater. in press 

(18) M. Ohnuma, K. Hono, H. Onodera, S. Ohnuma, H. Fujimori, J.S. Pedersen: 

Microstructure and Magnetic Properties of Co-Al-O Granular Thin Films, J. Appl 

Phys, submitted 

(19) M.Ohnuma, N. H. Pryds, S. Linderoth, M. Eldrup, A. S. Pedersen, J.S. Pedersen: 

Bulk Amorphous (Mg0.98Alo.02)60Cu30Yro Alloy, Scripta Mater. in press 

(20) M.Shimono, H.Onodera: Order-disorder Transition in HCP Binary Alloys -Next-

to-nearest-neighbor Interaction~-, phys. Rev. B, submitted 

(21) M.Shimono, H.Onodera. T.Suzuki: FCC-BCC Phase Taansition in lron under a 

Periodic Boundery Condition, Mater. Trans. JIM, in press 

(22) M.Shimono, H.Onodera, T.Suzuki: Atomistic Simulation of the Martensitic 

Taansformation with a Periodic Boundery Condition, Proc. Inter. Conf. on Solid-

Solid Phase Transformations (PTM '99), Kyoto. Japan, (1999), in press 

(23) M. Katagiri, H. Onodera : A Molecular Dynamics Study of Hydrogen Induced 

Amorphization -Softening Effect by Incorporation of Hydrogen-, Mater. Taans., JIM, 

in press 

(24) M. Katagiri, H. Onodera: A Molecular Dynamics Study of Hydrogen Induced 

Amorphization - Role ofAtomic Relaxation -, Journal of Computer-Aided Materials 

Design, in press 

(25) M. Katagiri, H. Onodera : A Molecular-Dynamics Simulation of Hydrogen-Induced 

Amorphization, Taans. MRS-J, in press 
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(26) M. Katagiri. D. L. Patrick, R. M. Lynden-Bell: Molecular Dynamics Simulation of 

Atomic Force Microscopy - imaging Single-atom Vacancies on Ag(OO1) and Pt(OO1) -, 

Surface Science, in press 

(27) T.Suzuki, M.Shimono: Evolution of Lattice Vibration through Vortex into Change 

of Crystal Structure - a Path in Martensitic Transformation -, Proc. Inter. Symp. 

and Exhi. on Shape Memory Materials '99 (SMM '99), Kanazawa, Japan, (1999), in 

press 

(28) T.Suzuki. M.Shimono: Role of Lattice Defects in Martensitic Transformation, Proc. 

Int. Conf. on Solid-Solid Phase Transformations (PTM'99), Kyoto, Japan, (1999), in 

press 

(29) Taichi Abe, Hidehiro Onodera: Effect of M-C(M:=Mo, Mn, and Cr) Atomic Pairs 

on Creep Properties of Ferrite Alloys in Fe-M-C Ternary System. CFEMS-8, in 

press 

(30) H.Onodera: Design of Titanium Alloys. 112termetaJJjc Compounds and Heat 

Resl~tant Ferrjtjc SteeJs, ComputatjonaJ MaterliaJs Desl~~n, Springer-Verlag, in 

press 

Oral presentations: 63 

(1) International Conference: 22, 

(2) Domestic Conference: 41 

Awards 
(1) Young Researcher Award: IUMRS-ICA-97, 1997, Masato Ohnuma 

(2) Commendation by the Minister of State for Science and Technology 

Hidehiro Onodera 

1998, 

1.3.5 4th Laboratory 

Xiao Hu (Head), Yoshihiko Nonomura 

1.3.5.1 Research work 

(1) The phase transitions and phase diagrams of high-Tc superconducting materials in 

an external magnetic field have been clarified by means of large scale compufer 

simulations. 

(2) The mechanism of high-Tc superconductivity has been studied by focusing on the 

43 



competition and unification of anti-ferromagnetism and d-wave superconductivity. 

(3) Micromagnetic theory has been formulated for nano-scale magnetic phenomena, 

such as spin reorientation transitions in ultrathin magnetic films and multilayers. 

<Research themes> 

(1) Theoretical and Computational Research on the Nano-scale Magnetic Materials 

and Phenomena (Special Coordination Funds for Promoting Science and 

Technology: April 1997 to March 1998, Xiao Hu) 

(2) Theoretical Study on New Phenomena in Ultrathin Magnetic Films and 

Multilayer Systems (General Research: April 1997 to March 2000, Xiao Hu) 

(3) Computor Simulation on Vortex States and Phase Transition in High Tc 

Superconductors (Computational Materials Research: April 1999 to March 2004, 

Xiao Hu) 

1.3.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) X. Hu, S. Miyashita, M. Tachiki: 5-function Peak in the Specific Heat of High-Tc 

Superconductors: Monte Carlo Simulation, Phys. Rev. Lett. 79, 3498(1997) 

(2) X. Hu, S. Miyashita, M. Tachiki: Simulation for the First-order Vortex-1attice 

Melting Transition in High-Tc Superconductors. Physica C, 282-287, 2057(1997) 

(3) X. Hu: Magnetization Reversal and Coercive Force in Ultrathin Films with 

Perpendicular Surface Anisotropy: Micromagnetic Theory. Phys. Rev. B 53, 

8382(1997) 

(4) M. Tachiki, X. Hu: Mystery of Vortex in Superconductors. Mathematical Science, 

412, 34 (1997) 

(5) X. Hu: Micromagnetic Theory of Ultrathin Magnetic Films, J. Mag. Soc. Japan, 

2 1, 128 l(1997) 

(6) X. Hu, M. Tachiki: Structure and Phase Transition of Josephson Vortices in 

Anisotropic High-Tc Superconductors, Phys. Rev. Lett. 80, 4044(1998) 

(7) X. Hu, S. Miyashita, M. Tachiki: Monte Carlo Simulation on the Phase Transition 

in the Flux States of High-Tc Superconductors: B I I C Axis. Phys. Rev. B 58, 

3438(1998) 

(8) X. Hu, Y. Kawazoe: Micromagnetic Study on Ultrathin Magnetic Films, Conrput. 

Mater. Sci. 10, 198(1998) 

(9) M. Tachiki, S. E. Shafranjuk, X. Hu: Vortex Lattice Structure and Josephson 
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Plasma in High-Tc Superconductors, Chinese J. Phys. 36, 171(1998) = invited 

(10) T. Yorozu, X. Hu: Magnetization of a Trilayer Structure with Alternate In-Plane 

and Out-of-Plane Anisotropies, J. Appl. Phys. 84, 3278(1998) 

( 1 1) Y. Nonomura: New Quantum Monte Carlo Study of Quantum Critical Phenomena 

with Trotter-Number-Dependent Finite-Size Scaling and Non-equilibrium 

Relaxation, J. Phys. A: Math. and Gen. 31, 7939(1998) 

(12) X. Hu: Spin Reorientation in Ultrathin Magnetic Films with Normal Surface 

Anisotropy, Condensed Matter News, 7, 18(1998) 

(13) X. Hu, T. Koyama, M. Tachiki: Phase Diagram of a Superconducting and 

Antiferromagnetic System with SO(5) Symmetry, Phys. Rev. Lett. 82, 2568(1999) 

(14) X. Hu, M. Tachiki: Monte Carlo Simulation on the First-order Flux Lattice Melting 

in High-Tc Superconductors, Advances lh Superconductjvity XI, ed. by N. 

Koshizuka and S. Tajima (Springer-Verlag, Tokyo 1999), 579 

(15) T. Yorozu, X. Hu: Magnetization Hystereses in Trilayer Systems with an In-plane 

Component Defect, J. Appl. Phys. in press 

(16) Y. Nonomura, X. Hu, M. Tachiki: Flux-line Entanglement as the Mechanism of 

Melting Transition in High-Temperature Superconductors in a Magnetic Field, 

Phys. Rev: B 59, R11657(1999) 

(17) N. Ito, Y. Ozeki, Y. Nonomura: Non-equilibrium Relaxation Study on Equilibrium 

State, Butsuri 54, 336(1999) (in Japanese) 

Oral Presentation: 39 

(1) International Conference: 21 

(2) Domestic Conference: 18 

1.3.6 6th Labolatory 

Katsuyuki Kusunoki (Head), Norio Akaiwa 

1.3.6.1 Reseach work 

(1) The dynamical processes of deformation and phase transition of crystalline 

materials have been studied using molecular-dynamics simulations. 

(2) Microstructural evolution in elastically stressed solids, spinodal decomposition, and 

particle coarsening under microgravity have been studied using the sharp and 

diffuse interface models. 
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<Research themes> 

(1) A Computer-Simulation Study of the Plastic Deformation of Crystals (General 

Research: April 1997 to March 2000, Katsuyuki Kusunoki) 

(2) Numerical Simulation of Phase Separation (General Research: April 1998 to 

March 2000, Norio Akaiwa) 

1.3.6.2 Research Products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K. Kusunoki: Melting-temperature Depression at Crystal Interfaces with Large 

Lattice Mismatch, submitted to Phys. Rev. Lett. 

(2) N. Akaiwa, P. W. Voorhees: Numerical Simulation of Microstructural Evolution in 

Elastically Stressed Solids Using Interfacial Model, Proc. Conf. on Computational 

Engineering and Science, 3,989(1998) 

(3) N. Akaiwa, P. W. Voorhees: Large Scale Numerical Simulation of Particle 

Coarsening in Elastically Stressed Solids. Materials for Advanced Power 

Engineering, 5, 1421(1998) 

(3) N. Akaiwa, P. W. Voorhees: Large Scale Numerical Simulation of Microstructural 

Evolution in Elastically Stressed Solids, Mater. Sci. and Engi. A, in press. 

(4) J. Alkemper, V. Snyder, N. Akaiwa, P. W. Voorhees: Dynamics of Late-Stage Phase 

Separation: A Test of Theory, Phys. Rev. Lett. 82,2725(1999) 

Oral Presentation: 16 

(1) International Conference: 6 

(2) Domestic Conference: 10 
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1.3.7 Researchers m the Conrputational Matenals Scrence Drvrsron 

Age and research fields of researchers in the Computational Materials 

Divisions (March 31, 1999) 

Science 

Age of Number of Physics Metallurgy Chemistry Mechanics 
Researchers Researchers 

61 - o o o o o 

50 - 60 6 2 3 O 1 

40 - 49 5 3 1 o 1 

30 - 39 8 4 3 1 O 

22 ~ 29 2 2 O o o 

Summation 21 10 7 1 2 

1.3.8 Research Budgets in the Computational Materials Science Division 

Research budgets in the Computational Materials Science Division 

Kinds ofbud ets 1997 en 1998 Cylen 
General Research 14,994,000 15,350,000 

Multi-core project 20,432,000 20,060,000 

Special Coordination funds for Promoting 40,453,000 13,020,000 

Science and Technology 

Computational Materials Research 13,211,000 13, 1 36,000 

Joint Research Promotion System on 
14,998,000 22,943,000 

Computational Science and Technology 

o 
Supplementary Budgets 

3,500,000 

Summation 104,088,000 88,009,000 
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1 .4 Mechanical Properties Divirsion 

Hirosada lrie (Director) 

1.4.1 Research work 

Basic research on the mechanical properties of metals under various environments, 

and development of heat-resistant intermetallic compounds and metallic oxides or 

metallic nitrides with high ductility have been carried out according to the 5th Long-

term Plan. Examples of the achievements are: 

(1) The substructure change under fatigue loads and its effect on fatigue properties in 

titanium alloys have been basically investigated. 

(2) A fine grain aluminum with high ductility at high temperatures has been developed 

and the dynamic behaviors of the grain boundary of aluminum and zirconium oxides 

have been experimentally and theoretically investigated. 

(3) Dynamic mechanical properties of structural materials at temperatures from room 

temperature to ultra low temperature and their testing methods have been studied 

and an international standardization VAMAS project has been conducted. 

(4) Single crystal Ni3Al intermetallics with high ductility have been developed and the 

deformation properties of single- and poly-crystal Ni3Al have been basically 

investigated. 

(5) Creep properties of TiAl intermetallics at high temperatures, for gas nuclear power 

plants, and austenitic and ferritic steels for BWR, have been investigated from the 

metallurgical point ofview, and creep data have been stored. 

The members of Mechanical Properties Division, as at March 31, 1999, consisted of 

21 researchers, 4 graduate students, 4 guest researchers and I secretary. 

The productivity of the research activities has been increased since the start of the 

5th Long-term Plan. The number of publications, including submitted papers, were 

about 85 between April 1, 1997 and Match 31, 1999. The details are shown in the 

research activities of each laboratory. 

1 . 4.2 Ist Laboratory 

(3.1 Biomaterial Research Team) 
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l.4.3 2*d Laboratory 

Toshio Kainuma (Head), Ryuichi Hamano, Funrio Morito, Shozou lkeda (guest 

researcher) 

1.4.3.1 Research work 

(1) The fatigue behavior and the dislocation substructure during fatigue of titanium 

alloys such as Ti, Ti-3Al-8V-6Cr-4M0-4Zr and Ti-6Al-4V were studied to understand 

the changes in deformation resistance and the strain localization. The effects of 

maximum stress and R value (R=-1 or O. 1) on the fatigue properties of titanium and 

its alloys were examined for both rolled and annealed states. In addition, the change 

in the substructure and dislocation configuration under fatigue stress were 

examined with optical and transmission electron microscopes. The results of 

fatigue tests showed that softening or hardening process by cyclic stress has a close 

relationship with substructure change, except for Ti-6Al-4V alloy. 

(2) In order to investigate the influence of environment on the fatigue properties of iron 

and aluminum alloys, fatigue experiments of these alloys have been carried out 

under argon gas and corrosive environments. Using cyclic loaded specimens under 

various environments, crack formation, the deformation behavior of structure and 

fractured surface have been investigat,ed from macroscopic and microscopic points of 

view. These results can be utilized for the improvement of anti-corrosion properties 

by controlling material structures. 

<Research themes> 

( 1) Relationships between Fatigue Behavior and TEM Structure of Titanium Alloys 

(General Research: April 1997 to March 1999, Toshio Kainuma ) 

(2) Dependence of Fatigue Property on Environment 

(General Research: April 1997 to March 2000, Ryuichi Hamano) 

1.4.3.2 Research Products, including papers submitted(Apnl 1,1997 to 

March 3 1, 1999) 

(1) F.Morito: Structures and Properties of Molybdenum-Rhenium Alloys, Rhenjul22 and 

BhenjulnAJloys, B. D. Bryskin, ed., TMS, (1997), 559-568. 

(2) F.Morito: Weldability and Fracture of Mo-50010Re Welds, Proc. 14th Inter. Plansee 

Seminar, H. Kneringer, P. Rdhammer, P. Wilhartitz, eds., Plansee AG, 1(1997), 

1037-1049. 

(3) A.V.Krajnikov, F. Morito, V. N. Slyunyaev: Impurity-induced Embrittlement of Heat-
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affected Zone in Welded Mo-based Alloys, Inter. J. of Refractory Metals and Hard 

Materials, 15,325(1997). 

(4) F. Morito, J. Takahashi, S. Muneki, T. Kainuma: Fatigue Behavior and 

Microstructure of Pure Titanium, NovAerospace AppJjcatlbns of lytanlum, F. H. 

Froes, P. G. Allen and M. Niinomi, eds., TMS p.p. 29-36(1998). 

(5) V. P. Chakin, F. Morito, V. A. Kazakov, Y. D. Goncharenco, Z. E. Ostrovsky, Radiation 

Embrittlement of Mo-Re Welds under Low Temperature lrradiation in the SM 

Reactor, J. Nuc. Mater., 258-263,883(1998). 

Oral presentation: 9 

(1) International conference : 3 

(2) Domestic conference: 6 

1.4.4 3'd Laboratory 

Keijiro Hiraga (Head), Keishi Nakano, Byung-Nam Kim, Koji Morita, Hideo 

Yoshinaga (guest researcher) 

1.4.4.1 Research work 

Basic aspects of high temperature deformation and failure in fine-grained oxide 

ceramics have been investigated, placing special attention on such dynamic 

miciostructural changes as grain ~rowth, precipitation of intergranular phases, and 

intergranular cavitation. The following issues are within the scope of this investigation: 

O theoretical modeling of static and dynamic grain growth, R examination of the 

microstructural aspects of deformation and failure in superplastic zirconia in relation 

ivith intergranular segregation and/or precipitation of amorphous phases, R 

quantitative analysis of cavity nucleation and growth behavior in alumina- and 

zirconia-base materials with and without second phases, R analysis of tensile failure 

in superplastic oxides in relation with intergranular cavitation, microcracking and 

crack extension behavior, and R development of new superplastic oxides and related 

powder processing. The last one has been performed in cooperation with this 3*d 

Laboratory of the dhemical Processing Division and has achieved a success in firstly 

attaining substantial superplasticity in alumina-base materials. 
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<Research themes> 

(1) Research on Fundamental Science of Frontier Ceramics (1) 

(Special Coordination Funds fot Promoting Science and Technolo~y: April 1995 to 

March 1998, Keijiro Hiraga) 

(2) Research on Fundamental Science of Frontier Ceramics (II) 

(Special Coordination Funds for Promoting Science and Technology: April 1998 to 

March 2000, Keijiro Hiraga) 

(3) Dynamic Microstructural Change and Mechanical Properties in Ceramics at High 

Temperatures (General Research: April 1998 to March 2001, Keijiro Hiraga) 

1.4.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) T. Uchikoshi, Y. Sakka, K. Ozawa, K. Hiraga: Preparation and Sintering of Silica-

doped Zirconia by Colloidal Processing, Mater. Res. Soc. Symp. Proc.,457, 33(1997). 

(2) K. Hiraga, K. Nakano: Cavitation Damage Mechanisms in a Superplastic Zirconia 

(3Y-TZP), Mater. Sci. Forum., 243-245, 387(1997). 

(3) K. Hiraga, H. Yasuda, Y. Sakka: The Tensile Creep Beha,vior of Superplastic 

Tetragonal Zirconoa Doped with Small Amounts of Si02, Mater. Sci. Eng., A234, 

1026(1997). 

(4) H. Yasuda, K. Hiraga: Cavity Damage Accumulation and Fracture in Si02-Doped 

Zirconia during Superplastic Deformation, Mater. Sci. Eng. A234, 343(1997). 

(5) T. S. Suzuki. Y. Sakka, K. Hiraga: Colloidal Processing for Fine Particles of Al203-

15volo/o Zr02 System, J. Jpn. Soc. Powder and Powder Metall., 44, 356 (1997). (in 

Ja panese) 

(6) K. Nakano, T. S. Suzuki, K. Hiraga, Y. Sakka: Superplastic Tensile Ductility 

Enhanced by Grain Size Refinement in a Zirconia-Dispersed Alumina, Scripta 

Mater. 38, 33(1998). 

(7) T. S. Suzuki, Y. Sakka, K. Nakano, K. Hiraga: The Effect of Ultrasonication on the 

Colloidal Dispersion of Al203 and Zr02 Powders by Adsorption of Polyelectrolyte, 

submitted to J. Am. Ceram. Soc. 

(8) T. Uchikoshi, Y. S~kka, K. Ozawa. K. Hiraga: Preparation of Fine-Grained 

Monoclinic Zirconia Ceramics by Colloidal Processing, J. Mater. Res., 13, 840(1998). 

(9) T. S. Suzuki, Y. Sakka, K, Nakano, K. Hiraga: Effect of Ultrasonication on Colloidal 

Dispersion ofA1203 and Zr02 powders in pH Controlled Suspensions, Mater. Taans. 

JIM, 39, 689 (1998). 

(10) T. Uchikoshi, K. Ozawa, Y. Sakka, K. Hiraga: Fabrication of Nanostructured 
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Monoclinic Zirconia Ceramics by Colloidal Processing, Mat. Res. Soc. Symp. Proc., 

520, 103(1998). 

(11) Y. Sakka, T. Uchikoshi, K. Ozawa, K. Hiraga: Preparation of Fine:Grained ZircQnia 

Systems by Colloidal Processing, Ceramic Trans., 83, 233(1998). 

(12) Y. Sakka, T. S. Suzuki. K. Nakano, K. Hiraga: MicrQstructural Control and 

Superplastic Property of Zirconia Dispersed Alumina Ceramics, J. Jym. Soc 

Powder and Powder Metall. 45, 1186(1998). (in Japanese) 

(13) T. Uchikoshi, Y. Sakka, K. Ozawa, K. Hiraga: Pressure Filtration and Sintering of 

Fine Zirconia Powder, J. Euro. Ceram.. Soc., 18, 669(1998). 

(14) K. Ozawa, Y. Sakka, T. Uchikoshi, K. Hiraga: Preparation of Zr02 Powders Doped 

wit, h Si02 by Hydrolysis ofTetraethoxysilane, J.: Ceram,,Soc. Jpn., 106, 2.34(1998). 

(in Japanese) 

(15) Y. Sakka, T. Uchikoshi. K. Ozawa, T. S. Suzuki,.K. Hiraga: Preparation of Fine-

Grained Zirconia and Alumina Ceramics Systems Through Colloidal Proces~ing, 

Adv. Sci. Technol., 14, 593(1999). 

(16) Y. Sakka, T. Uchikoshi, K. Ozawa, K.. Hiraga: Preparation and Some Properties of 

Si02-Doped Zr02, Adv. Sci. Technol., 14, 81(1999)l 

(17) S. Akutsu, Y. Sakka, T. S. Suzukii, K. Hiraga, S. Itou: Colloidal Processing and Some 

Properties of Alumina Dispersed Tetragonal Zirconia, Trans. MRS Jap.an, in press. 

(18) T. S. Suzuk,i, Y. Sakka, K. Naka~lo, K* Hiraga' Colloidal Processing and 

Superplasticity of Monoclinic-, Tetragonal-, and Cubic-Zirconia Dispersed 

Aluminas, Trans. MRS Japan, in press. 

(19) T. S. Suzuki, Y. Sakka, K. Nakano, K. Hiraga: Superplastic Tensile Ductility in a 

Zirconia-Dispersed Alumina Produced by Colloidal Processing, Mater. Sci. Fprum. 

304-306, 489(19. 99). 

(20) KL Hiraga, K. Nakano, T. S. Suzuki, Y. Sakka: Cavitation Damage During High 

Temperature Tensile Deformation in Fine-Grained Alumina Doped with Magnesia 

or Zirconia, Scripta Mater, 39, 1273(1998). 

(21) B-N. Kim, K. Hiraga, Y. Sakka, B-W. Ahn: Analysis of Dynamic Grain Growth 

Behavior during Superplastic Deformation Using a Grain Boundary Diffusion 

Mechanism, J. Jpn. Inst. Met4ls, 63, 589(1999).(in Japanese) 

(22) K. Hiraga, K. Nakano, T. S. Suzuki, Y. Sakka: Cavity Damage Accumulation in a 

Zirconia-Dispersed Alumina, Mater. Sci. Forum, 304-306, 431(1999). 

(23) K. Morita, Y. Sakka, K. Hiraga: Crack-Like Cavitation il~ a 0.3 wt"/o Si02-Doped 

Tetragonal Zirconia, Mater. Sci. Forum, 304-306, 663(1999). 

(24) K. Morita, K. Hiraga~ Y. Sakka: Creep Cavitation ~nhanced by Glass Pocket 
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Formation in a Tetragonal Zirconia Doped with 0.3 wto/o Pure Silica, Mat. Res. Soc. 

Symp. Proc., 539, 125(1999). 

(25) T. Uchikoshi, Y. Sakka, K. Hiraga: Effect of Silica Doping on the Electrical 

Conductivity of 3 molo/o Yttria-stabilized Tetragonal Zircinia Prepared by Colloidal 

Processing, J. Electroceram. in press 

(26) K. Hiraga, T. S. Suzuki, Y. Sakka, K. Nakano: Superplasticity in Zirconia-Dispersed 

Alumina Prepared by Colloidal Processing, Proc. 8th Int. Conf. on Mech. Behaviour 

of Mater, Victoria, 98 1(1999). 

(27) B-N. Kim, K. Hiraga, Y. Sakka: Dynamic Grain Gowth Enhanced by Diffusional 

Mechanism during Superplastic Deformation of Ceramics, RecrystaJJl~:atjon and 

ReJated Phenomena, ed. by T.Sakai and H.G.Suzuki, Jpn. Inst. Metals, 507(1999). 

(in Japanese) 

(28) B-N. Kim, K. Hiraga, Y. Sakka, B-W. Ahn: A Grain Boundary Diffusion Model of 

Dynamic Grain Growth during Superplastic Deformation, Acta Mater. in press. 

Oral Presentation: 44 

(1) International Conference: 16 

(2) Domestic Conference: 28 

Award: 

Award for Progress in Powder Metallurgy: Japan Society of Powder and Powder 

Metallurgy, 1998, Keijiro Hiraga, Tohru S. Suzuki. Yoshio Sakka 

1.4.5 4th Laboratory 

Toshio Ogata(Head), Tetsumi Yuri 

1.4.5. I Research work 

(1) Evaluation techniques for the effects of temperature and gas environments on the 

deformation and fracture behavior of materials, from room temperature to cryogenic 

temperatures have been developed. The effects of the solidification structure, the 

amount of delta-ferrite, and a hydrogen-gas environment on the mechanical properties 

of austenitic stainless steels and aluminum alloy at low temperatures have been studied 

and valuable data ofhigh-cycle and low-cycle fatigue properties ofthose materials at 4K 

have been obtained. 
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(2) Constructing the intellectual infrastructure of the evaluation techniques of tensile 

properties and fracture toughness properties of cryogenic structural materials in 

cryogenic temperatures and in high-magnetic field has been promoted with 

international collaboration and the strong relation to the VAMAS(Versailles Project on 

Advanced Materials and Standards), and suitable testing conditions for the tests in 

cryogenic temperatures and in high-magnetic field have been proposed. NRIM has 

been leading this international project on cryogenic structural materials and more than 

eleven research institutes from seven countries have participated in the international 

round robin tests of the project. 

<Research themes> 

(1) Effect of Cryogenic Temperature and Gas-environment on Deformation and Fracture 

Behavior (General Research: April 1996 to March 1999, Toshio Ogata) 

(2) Constructing Intellectual Infrastructure through International Pre-standardization 

for Promoting Practical Use of Advanced Materials - Characterization and 

Evaluation of Cryogenic Structural Materials (Special Coordination Funds for 

Promoting Science and Technology: April 1997 to March 2000, Toshio Ogata) 

1.4.5.2 Research Products, including papers submitted (April 1, 1997 to 

March, 1999) 

(1) T. Yuri, T. Ogata, M. Saito, Y. . Hirayama: High Cycle Fatigue Properties ofAustenitic 

Stainless Steel Welds at Cryogenic Temperatures, Tetsu to Hagane, 84, 888(1998) 

(in Japanese) 

(2) H. Nakagawa, M. Yabumoto. M. Saito, S. Okaguchi, H. Fujii, Y. Wada, T. Iida, T. 

Ogata: Effects of Delta-ferrite Phase on the Mechanical Properties of the Weld 

Metals of Austenitic Stainless Steels at Low Temperatures, Proc. World Hydrogen 

Energy Conf. XII, 3, 1853(1998) 

(3) H. Fujii, M. Yabumoto, T. Ogata, M. Hayashi, M. Saito, S. Okaguchi, Y. Wada, T. Iida, 

H. Nakagawa: Evaluation of Mechanical Properties of Austenitic Stainless Steels 

and Aluminum Alloy in Liquid Hydrogen, Proc. World Hydrogen Energy Conf. XII, 3, 

1892(1998) 

(4) T. Ogata. D. Evans, A. Nyilas: VAMAS Round Robin Tests on Composite Material 

and Solder at Liquid Helium Temperature, Advances in Cryogenic Engineering 

Materials, 42, 269(1998) 
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Oral presentation: 14 

(1) International conference: 3 

(2) Domestic conference: 11 

l.4.6 5th Laboratory 

Toshiyuki Hirano (Head), Aiko Aoki, Motoharu Imai, Toshio Mawari, Masahiko 

Demura, Naoya Ohmura (guest researcher) 

1.4.6.1 Research work 

(1) Mechanical ~nd electrical properties of intermetallic compounds, alunrinides and 

silicides are focused to study. R The room-temperature brittleness of 

polycrystalline Ni3Al has been significantly improved by directional solidification. R 

The stoichiometry effect of Ni3Al on plastic deformation has been found using high-

quality single crystals. @ pressure-induced phase transitions in BaSi2 have been 

measured by in-situ x-ray diffraction. 

(2) Certain species of microorganism accelerate the aqueous oxidation of metals and 

inorganic compounds. Thiobaccilus ferroxides, was applied in this study. A 

significant catalytic influence of the microorganism on the oxidation process 

included the secondarily solid phase on the surface. ~) The role of the 

crystallographic orientation of the sulfide on the reaction mechanism of the bacterial 

oxidation were clarified. R An AFM observation in tapping mode at the pyrite 

surface was carried out. The untreated (100) surface was distinguished by a regular 

array of round humps at AFM, however, the round humps disappeared and etching 

pits were produced by the oxidation after 30 hrs oxidation. The results obtained here 

will receiv wide application to solving the environmental problems caused by 

microorganism; bacterial corrosion of metals or acidic drainage of closed mines. 

<Research themes> 

(1) Fabrication of Ni3Al-Base Intermetallic Compounds by Unidirectional Solidification 

(General Research: April 1997 to March 2000, Toshiyuki Hirano) 

(2) Fundamental Studies of the Microbial Reaction with Inorganic Compounds 

(General Research: April 1996 to March 1999, Aiko Aoki) 

1.4.6.2 Research Products, including papers submitted ( April 1, 1997 to 

March 31, 1999) 
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(1) M.Demura, T.Hirano: Stress Response by the Strain-Rate Change in Binary, 

Stoichiometric Ni3Al Single Crystal, Phil. Mag. Lett. 75, 143 (1997) 

(2) E.P.Geroge, M.Imai, T.Hirano: Effect of Alloy Stoichiometry on Grain Boundary 

Chemistry and Fracture Behavior ofDirectionally Solidified Ni3A1, Intermetallics, 5, 

425 (1997) 

(3) T.Hirano, T.Mawari, M.Demura. Y.Isoda: Effect of Directional Growth-Rate on the 

Mechanical Properties ofNi3Al, Mater. Sci. Eng. A239-240,324 (1997) 

(4) D.Golberg, M.Demura, T.Hirano: Compressive Flow Stress of a Binary 

Stoichiometric Ni3Al Single Crystal, Scripta Mater., 37, 1777(1997) 

(5) D.Golberg. M.Demura, T.Hirano: High Temperature Yield Stress of Binary 

Stoichiometric and Al-rich Ni3Al Single Crystals, 2~d Inter. Symp. on Structural 

Intermetallics. Champion, Pennsylvania. Sep.21-25, 1997 

(6) M.Imai, T.Hirano, T.Kikegawa, O.Shimomura: In-situ Measurements of 

Orthorhombic-to-Trigonal Transition in BaSi2 under High-Pressure and High-

Temperature Conditions, Phys. Rev. B, 55, 132 (1997) 

(7) M.Imai, T.Hirano, T.Kikegawa, O.Shimomura: Phase Transitions of BaSi2 at High 

Pressures and High Temperatures. Phys. Rev. B, 58, 11922 (1998) 

(8) D.Golberg, M.Demura, T.Hirano: Single Crystal Growth and Characterization of 

Binary Sotichiometric and A1-rich Ni3Al. J. Cryst. Growth, 186, 624(1998) 

(9) D.Golberg, M.Demura, T.Hirano: Effect of Al-rich Off-Stoichiometry on the Yield 

Stress of Binary Ni3Al Single Crystals, Acta Mater., 46, 2695 (1998) 

(10) T.Hirano, D.Golberg, M.Demura: Effect of Deviation from Stoichiometry on the 

Mechanical Properties of SingleLCrystal Ni3Al, 2~d Inter. Symp. on Interstitial and 

Substitutional Solute Effects in Intermetallics, Rosemont. Illinois, October 11-15, 

1998 

(11) T.Hirano. M.Demura, E.P.George, O.Umezawa: Recrystallization in Binary 

Sotichiometric Ni3Al, Grain Growth in Polycrystalline Materials 111, Pitttuburgh, 

PA, June 14-19, 1998 

(12) D.Golberg, M.Demura, T.Hirano: Structure and Yiled Strength of Directionally 

Solidified Ni3Al Intermetallic Premelted with MoSi2 , Intermetallics, 7, 109 (1999) 

(13) T.Hirano, M.Demura, E.P.George, O.Umezawa: Fabrication of Large-Grained 

Binary Sotichiometric Ni3A1, Scriptra Mater., 40, 63 (1999) 

(14) T.Hirano, M.Demura, D.Golberg: Compliance to Schmid Law in the Stress Anomaly 

Regime of Binary Sotichiometric Ni3Al, Acta Mater., in press 

(15) A.Aoki: Characterization of the Secondary Mineral Particles during the 

Biooxidation of Pyrrhotite. Proc. IBS'97 (1･997) PM3 l 
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(16) A. Aoki: Acid Bacterial Leaching of Pyrite Single Crystal, Proc. IBS'99 (1999) vol.A, 

p35 

(17) A. Aoki: Treatment of Inorganic Metal Sulfide by Microorganism, Natural 

Resources Technology 44,32(1997) (in Japanese) 

(18) A. Aoki: Design of Bacteria Monitoring Apparatus by Using a Widely Used 

Biological Microscopy and Analysis of the Pictures Obtained, Res. Rep. for the Grand 

of the Japan Mining Promotion Society (1997) 94 (in Japanese) 

･ Oral Presentation: 22 

(1) International Conference: 4 

(2) Domestic Conference: 18 

l.4.7 6th laboratory 

Hirosada lrie (Head). Tatsuhiko Tanabe (Head of Ist Laboratory.), Isao Mutoh, 

Masakazu Fujitsuka, Masayoshi Yamazaki, Hiromichi Hongo. Takashi Watanabe, 

Munenori Nakazawa (guest researcher) 

1.4.7.2 Research work 

(1) Properties of TiAl intermetallics for gas nuclear power plants and W-Re alloys for 

the first wall of fusion reactors have been investigated. (D The effect of 

microstructures on the creep rupture properties of TiAl at ultra high temperatures of 

up to 1373K has been investigated. Larger grain size leads to a better creep rupture 

life and strength. The presence of a 2 phase at grain boundaries causes also better 

creep strength at higher temperatures and better rupture ductility at lower 

temperatures. ~ The effect of Re content on the thermal and mechanical properties 

of W was investigated. Thermal conductivity decreased with increase of Re content. 

Pure metal(W) and alloys showed different temperature dependence of diffusivity 

from each other. Further, the effect of neutron lirradiation on the thermal 

conductivity of W-Re alloys was studied and the diffusivity of W and W-5010Re 

decreased at a neutron fluence larger than 1020 n/cm2, while those of 10010Re and 

25010Re increased. Room temperature ductility and strength of W increased with an 

increase in Re content. 

(2) The creep properties of welded joints in austenitic and ferritic steels for Fast Breeder 

Reactor have been investigated and the life prediction technique using these data is 
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under development. RThe relation between creep behavior and microstructural 

evolution was investigated in SUS304 steel plates. During the creep rupture test, for 

more than 105 h the creep rate-time curve showed a complicated behavior depending 

on precipitation of carbides and/or the a phase. R The creep rupture test results 

on the welded joints of 2.25Cr-1Mo steel multi-1ayer weldment showed that the 

fracture location shifted from the base metal to the weld metal as the stress 

decreased. ~) Creep damage in 316FR steel was inspected ultrasonically. The 

possibility of assessment of creep damage by ultrasonic inspection in austenitic 

stainless steel was indicated. @ The creep rupture curve and rupture life of 

welded joints of SUS 304 plates can be successfully simulated with use of a simple 

analysis model, developed at the NRIM, considering residual stress. 

<Research themes> 

(1) Improvement of High Temperature Properties in Materials for High/Ultra-High 

Temperature Use 

(General Research April 1996 to March 1999, Tatsuhiko Tanabe) 

(2) Remaining Life Prediction for Weldments in FBR Based on Creep Damage 

Evaluation 

(Nuclear Energy Research: April 1996 to March 2001, Tatsuhiko Tanabe) 

1.4.7.3 Research Products, including papers submitted (April 1,1997 to 

March 31, 1999) 

(1) I. Mutoh, Y. Kawano, T. Tanabe, M. Nakamura: Effect of Microstructure on the 

Creep Rupture Properties of Ti-49at.oloAl at High Temperatures. Report ofthe 123 

Comn7jttee on Heat-Resl~tl~2gMaterl~~Js andAJJoys, Japan Soc. for the Promotion of 

Science., 38, 139(1997). (in Japanese) 

(2) I. Mutoh, Y. Kawano, T. Tanabe, M. Nakamura: Effect of Microstructure on the 

Creep Rupture Properties of Ti-49at.o/oAl, ICM&M'97 Inter. Conf. on Materials and 

Mechanics'97, p .335,(1997). 

(3) T. Tanabe, Y. Kurata, I. Mutoh, H. Tsuji, K. Hiraga, M. Shindo: Creep Damage in 

Welded Joints of Ni-Base Heat-Resistant Alloy Hastelloy XR, J. Mater Sci. and Eng, 

A234-236, 1087(1997). 

(4) M. Fujitsuka, I. Mutoh, T. Tanabe, T. Shikama: High Heat Load Test oiTungsten and 

Tungsten-Rhenium Alloys, Proc.1997 Fall Meeting of the Atomic Energy Soc. of 

Japan,vol. 1,p . 144(1997). (in Japanese) 
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(5) H. Tsuji, T. Tanabe, Y. Nakasone, T. Nakajima: Creep Behavior of Hastelloy XR 

under Varying temperature/Load, ibid., vol.3,p.920(1997).(in Japanese) 

(6) I.Mutoh,Y. Kawano, T. Tanabe, M. Nakamura: Effect ofMicrostructure on the Creep 

Rupture Properties of Ti-5 Iat.o/*Al, Abstract of 122nd Meeting of Japan Institute 

of Metals,p27 1(1998).(in Japanese) 

(7) M. Nakamura, M. Nobuki, T. Tanabe, T. Kumagai, I. Mutoh, E. Abe: Microstructural 

Control and High Temperature Properties of TjAl base Alloys, Inter. metallics, 6, 

637(1998). 

(8) I. Mutoh, Y. Kawano. T. Tanabe, M. Nakamura: Effect of Microstructure on Creep 

Rupture Properties of Ti-5lat.oloAl at High Temperatures, 3'd pacific Rim Inter. 

Conf. on Advanced Materials and Processing,vol.2,p33 1(1998). 

(9) T. Kumagai, S. Utsunomiya. I. Mutoh. T. Tanabe, M. Nakamura: Observation of 

Creep Deformation Structure in ti-5lat.o/oAl, Abstract of 123*d Meeting of 

JIM,p352(1998) .(in Japanese) 

(10) M. Fujitsuka, I. Mutoh, T. Tanabe, T. Shikama: Effect of Re Addition on Thermal 

and Mechanical Properties of W, Advances in Science and Technology Vol.24, 

Innovative Materials in Advanced Energy Technologies, ed. P.Vincenzini, Techna, 

Faenza, p339(1999). 

(11) M. Song. K. Furuya, T. Tanabe, T. Noda: High-Resolution Electron Microscopy of T 

-TiAl lrradiated with 15KeV Helium lons at Room Temperature, J.Nucl.Mater., 

271-272, 200(1999). 

(12) M. Yamazaki. Y. Yamauchi: Construction and Utilization of the Network System at 

NRIM, Surface Technology, 48, 623(1997). (in Japanese) 

(13) K. Nakacho, M. Yamazaki: Estimation of Creep Life of Thick Welded Joints Using a 

Simple Model. Proc. Welding Structure Sympo'97,p.93(1997). (in Japanese) 

(14) M. Yamazaki, H. Hongo. T. Watanabe, J. Kinugawa, T. Tanabe, Y. Monma: Local 

Variability of Creep Properties for 304 Stainless Steel Welds, Proc. 35th Symp. on 

Strength of Materials at High Temperatures, p. 169(1997). 

(15) H. Hongo, M. Yamazaki, T. Watanabe, J. Kinugawa, T. Tanabe, Y. Monma: Creep 

Behavior ofLow Carbon-Medium Nitrogen Type 316 Weld Metals, ibid., p.164. 

(16) M. Yamazaki, H. Hongo, T. Watanabe, K. Kimura, T. Tanabe, H. Irie, T. Matsuo: 

Correlation between Creep Rate-Time Curve and Microstructual Parameter in 

austenitic Heat Resisting Steel, Report of the 123 Committee on Heat Resisting 

Materials and Alloys, Japan Soc. for the Promotion of Science. vol.39, 

p. 111(1998), .(CAM:PS-ISIJ,vol. 11, p. 1169(1998)) (in Japanese) 

(17) M. Yamazaki, H. Hogo, T. Watanabe, K. Kimura, T. Tanabe, H. Irie. T. Matsuo: 
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Temperature Dependence of Creep Rate-Time Curve in SUS304 Ruptured at 

approximately 105 h, Report ofthe 123 Committee on Heat-Resisting Materials and 

Alloys, Japan Soc. for the Promotion of Science.vol.39, p. 183(1998).(in Japanese) 

(18) M. Yamazaki, H. Hongo, T. Watanabe, K. Kimura, T. Tanabe, H. Irie, T. Matsuo: 

Effect of Temperature on Creep Deformation in SUS304, Report of the 123 

Committee on Heat-Resisting Materials and Alloys. Japan Soc. for the Promotion of 

Science, vol.40(1999), p.25.(CAMPS-ISIJ,vol. 11(1998),p. 1170.) (in Japanese) 

(19) M. Yamazaki, H. Hongo, T. Watanabe. K. Kimura, T. Tanabe. H. Irie. T. Matsuo: 

Effect of Carbon and Nitrogen on Creep Rate-Time Curves in SUS304, Report of the 

123 Committee on Heat-Resisting Materials and A110ys, Japan Soc. for the 

Promotion of Science,vol.40, p. 127(1999). (in Japanese) 

(20) M. Yamazaki, H. Hongo, T. Watanabe, H. Irie: Creep Properties of Welded Joint(1), 

J. Japan Welding Soc., 67,475(1998).(in Japanese) 

(21) T. Watanabe, M. Yamazaki. H. Hongo. J. Kinugawa: Creep Properties of Welded 

Joint(II), J. Japan Welding Society, 67,531(1998). (in Japanese) 

(22) H. Hongo, M. Yamazaki, T. Watanabe, J. Kinugawa: Creep Properties of Welded 

Joint(III), J. Japan Welding Soc., 67, 1(1998). (in Japanese) 

(23) K. Kubo, T. Watanabe, M. Tabuchi, J. Kinugawa, F. Abe: Creep Rupture Properties 

of High Chromium Steel with Simulated HAZ Heat-resisting, CAMPS-ISIJ, 

11, 1251(1998). (in Japanese) 

(24) T. Watanabe, M. Yamazaki, J. Kinugawa, T. Tanabe, N. Onogi: Hardness 

Distribution Change due to Aging in Fine-Grained Region of Heat- Affected Zone in 

2.25Cr-1Mo Weld, CAMPS-ISIJ, 12, 436(1999). (in Japanese) 

(25) T. Watanabe, M. Yamazaki, H. Hongo. J. Kinugawa, T. Tanabe. Y. Monma: Long-

Term Creep-Rupture Properties and Microstructure of Weld Metal on 2.25Cr- IMO 

Steel Thick Plate, J. Society Mater. Sci. Japan, 48, 122(1999). (in Japanese) 

(26) H. Hongo, M. Yamazaki, T. Watanabe, J. Kinugawa, T. Tanabe, Y. Monma: Creep 

Deformation Behavior of Weld metal and Heat Affected Zone on 316FR Steel Thick 

Plate Welded Joint, J. Society Mater. Sci. Japan, 48, 116(1999). (in Japanese) 

(27) M. Yamazaki, T. Watanabe, J. Kinugawa, T. Tanabe, Y. Monma: Heterogeneity of 

Creep Properties of Welds in 304 Stainless Steel Plate, J. Society Mater. Sci. Japan, 

48, 110(1999). (in Japanese) 

(28) T. Watanabe, M. Yamazaki, H. Hongo, T. Tanabe: Long-Term Creep Rupture 

Properties and Microstructural Change in Welds of 2.25Cr-lMoThick Plates, 

Progress in Mechanical Behavior of Materials and Processing, ICM8, 2, 659(1999). 

(29) T. Watanabe, M. Yamazaki, H. Hongo, T. Tanabe: Creep Behavior of Weld Metals for 
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Low Carbon-Medium Nitrogen Type 316 Steel, Progress in Mechanical Behavior of 

Materials and Processing, ICM8, 2, 629(1999). 

(30) M. Yamazaki, H. Hongo, T. Watanabe, T. Tanabe: Influence of Welding Performance 

on Creep Rupture Properties of Welds in 304 Stainless Steel Thick Plates, Progress 

in Mechanical Behavior of Materials and Processing, ICM8, 2, 641(1999). 

Oral presentation : 30 

(1) International conference : 2 

(2) Domestic conference: 28 

1.4.7 Researchers in Mechanical Properties Division 

Age and research fields of researchers in Mechanical Properties Division (March31, 1999) 

Age of Researchers Number of Researchers Metallurgy Solid state Physics Chemistry Others 

60 - 2 2 

50 - 59 11 6 1 4 

40 - 49 8 3 2 3 

30 - 39 2 1 1 

22 ~ 29 2 2 

Summation 25 14 1 3 7 

1.4.8 Research Budget in Mechanical Properties Division 

Research budgets in Mechanical Properties Division (yen) 

kinds ofbud ets 1997 1998 
Nuclear Energy Research 8,101,000 11,597,000 

General Research 2 1, 120,000 21,876,000 

Special Coordination Funds for 27,945,000 32,534,000 
Promoting Science and Technology 

Summation 57, 166,000 66,007,000 
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l.5 Materials Processing Division 

Hirowo G. Suzuki (Director) 

1 .5. I Research work 

The processing techniques for the fabrication of materials are very important to 

realize advanced materials. The developments of the processing techniques to control 

the microstructures, the physical properties as well as the functions of materials are 

indispensable and attractive research targets. The main targets ofthis Division are as 

follows. 

(1) To make clear the processing mechanisms, such as solid, Iiquid and vapor phase 

processing, solidification, powder and joining processes. 

(2) To develop new computer aided processing techniques to fabricate advanced 

materials requiring a lower processing energy, in view of ecological needs. 

(3) To clarify the deformation and fracture mechanisms of the advanced materials 

related to the research work in this Division, and to obtain fundamental physical 

data in order to analyze or separate the elements of advanced materials. 

1 .5.2 1*t Laboratory 

Tadayuki Fujii (Head), 

Kazushige Kamihira 

Kenjiro Goto, Koji Maiwa, Kinichi Honda, 

1.5.2. I Research work 

(1) A new technique for preparation of the oriented single crystals of refractory metals 

through solid state processes has been developed. Consequently, molybdenum and 

tungsten single crystals with a desired crystallographic orientation could be easily 

produced. 

(2) Selenium (VI) removal from wastewater has been studied by using a fluidized bed 

process. 

(3) Crystal growth process in a Sr(N03)2-H20 binary peritectic system have been 

studied by using an optical microscope. It was found that both high-(Sr(N03)2) and 

10w- (Sr(N03)2 ' 4H20) temperature phases can grow simultaneously in a liquid with 

a composition near the peritectic point when the liquid is cooled below Tp. 

<Research themes> 

(1) Control of the Oriented Single Crystals of Refractory Metals through Solid State 
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Low Carbon-Medium Nitrogen T~pe 316 Steel, Progress in Mechanical Behavior of 

Materials and Processing, ICM8, 2, 629(1999). 

(30) M. Yamazaki, H. Hongo, T. Watanabe, T. Tanabe: Influence of Welding Performance 

on Creep Rupture Properties of Welds in 304 Stainless Steel Thick Plates, Progress 

in Mechanical Behavior of Materials and Processing, ICM8, 2, 641(1999). 
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(1) International conference : 2 

(2) Domestic conference: 28 

1.4.7 Researchers in Mechanical Properties Division 

Age and research fields of researchers in Mechanical Properties Division (March31, 1999) 

Age of Researchers Number of Researchers Metallurgy Solid state Physics Chemistry Others 

60 - 2 2 

50 - 59 11 6 1 4 

40 - 49 8 3 2 3 

30 - 39 2 1 1 

22 ~ 29 2 2 

Summation 25 14 1 3 7 

1.4.8 Research Budget in Mechanical Properties Division 

Research budgets in Mechanical Properties Division (yen) 

kinds ofbud ets 1997 1998 
Nuclear Energy Research 8,101,000 11,597,000 

General Research 2 1, 120,000 21,876,000 

Special Coordination Funds for 27,945,000 32,534,000 
Promoting Science and Technology 

Summation 57, 166,000 66,007,000 
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l.5 Materials Processing Division 

Hirowo G. Suzuki (Director) 

1 .5. I Research work 

The processing techniques for the fabrication of materials are very important to 

realize advanced materials. The developments of the processing techniques to control 

the microstructures, the physical properties as well as the functions of materials are 

indispensable and attractive research targets. The main targets ofthis Division are as 

follows. 

(1) To make clear the processing mechanisms, such as solid, Iiquid and vapor phase 

processing, solidification, powder and joining processes. 

(2) To develop new computer aided processing techniques to fabricate advanced 

materials requiring a lower processing energy, in view of ecological needs. 

(3) To clarify the deformation and fracture mechanisms of the advanced materials 

related to the research work in this Division, and to obtain fundamental physical 

data in order to analyze or separate the elements of advanced materials. 

1 . 5.2 Ist Laboratory 

Tadayuki Fujii (Head), 

Kazushige Kamihira 

KenJrro Goto, Koji Maiwa, Kinichi Honda, 

1.5.2. I Research work 

(1) A new technique for preparation of the oriented single crystals of refractory metals 

through solid state processes has been developed. Consequently, molybdenum and 

tungsten single crystals with a desired crystallographic orientation could be easily 

produced. 

(2) Selenium (VI) removal from wastewater has been studied by using a fluidized bed 

process. 

(3) Crystal growth process in a Sr(N03)2-H20 binary peritectic system have been 

studied by using an optical microscope. It was found that both high-(Sr(N03)2) and 

low- (Sr(N03)2 ' 4H20) temperature phases can grow simultaneously in a liquid with 

a composition near the peritectic point when the liquid is cooled below Tp. 

<Research themes> 

(1) Control of the Oriented Single Crystals of Refractory Metals through Solid State 
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Process (General Research: April 1997 to March 2000, Tadayuki Fujii) 

(2) Selenium (VI) Removal from Wastewater by a Fluidized Bed Process (General 

Research: April 1997 to March 2000, Kenjiro Goto) 

(3) Crystal growth and dissolution in Peritectic System (General Research: April 1998 

to March 2001, Koji Maiwa) 

1 5.2.2 Research products, including papers submitted(April 1, 1997 to 

March 31, 1999) 

(1) K. Maiwa, M. Plomp, W.J.P van Enckevort, P.Bennema: AFM Observation of Barium 

Nitrate {111} and {100} Face: Spiral Growth and TWo-Dimensional Nucleation 

Growth, J. Crystal Growth N0.186, 214 (1998). 

(2) K. Kamihira. K. Honda, T. Fujii: Preparation of Molybdenum Single Crystal with a 

Desired Orientation by Means of Zone Annealing, J. Jpn. Soc. Powder and Powder 

Metallurgy, 44, 770(1997). (in Japanese) 

(3) K. Honda. K. Kamihira, T. Fujii : Crystallographic Orientation Relationship between 

the Primary and Secondary Recrystallized Grains in Multi-Layer Molybdenum 

Crystals, J. Jpn. Soc. Powder and Powder Metallurgy, 45 ,801(1998). 

(4) M. Shimizu, K. Itoh,T. Fujii, T. Igarashi, K. Okamoto: Solar Thermal Thruster Made 

of Single Crystal molybdenum, Acta Astronautica, 41 ,23(1998). 

(5) M. Shimizu, K. Itoh, T. Fujii, T. Igarashi, K. Okamoto: Single Crystal Molybdenum 

Solar Thermal Thruster for Microsatellites, Proc. 49th Inter. Astronautical Congress, 

Sep. 28-0ct. 2 (1998), Melbourne, Australia. 

(6) M. Plomp, K. Maiwa, W.J.P. Enckevort : Atomic Force Microscopy Observations of 

Hollow Cores on the {111} and {100} Faces ofBarium Nitrate, J. Crystal Growth 

No. 198/199 ,246(1999). 

(7) K. Tsukamoto, E.Yokoyama, K.Maruyama, K. Maiwa. K.Shimizu, R.F.Sekerka, 

S.Morita, S. Yoda: Tra.nsient Crystal Rate in Microgravity, J. Jpn. Soc. of 

Microgravity 15, 2(1998). 

(8) X. L. Liu, K. Maiwa, T. Tsukamoto: Heterogeneous Two-dimensional Nucleation and 

Growth Kineteics, J. Chem. Phys. 106,1870(1997). 

Oral presentation: 4 

(1) International Conference: O 

(2) Domestic Conference: 4 

Patent Application : 

(1) Oriented Molybdenum or Tungsten Single Crystal and Munufacturing Method 
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there0L T. Fujii. K. Honda , July 8 , 1997, USA Patent Application No. 08/890.005. 

Registered Patent: 

(1) Single Crystal of Dispersion Strengthened Molybdenum and Munufacturing Method 

thereofi T. Fujii, K, Honda, Oct.3, 1997, Japan Patent N0.2702669. 

(2) Single Crystal of Precipitation Strengthened Molybdenum and Manufacturing 

Method thereofi T. Fujii, K. Honda. July 8, 1997, Japan Patent No. 2535774. 

(3) Oriented Molybdenum or Tungsten Single Crystal and Process for Production 

thereof T. Fujii, K. Honda, March 30, 1999, Japan Patent N0.2920202. 

1 . 5.3 2~d Laboratory 

Chitoshi Masuda (Head), Youichi Ogawa, Osamu Kujirai, Eiju Takakura, Yoshihisa 

Tanaka. Yufu Liu, Shigeki Sakai (visiting researcher), Shoujin Sun (STA fellow), 

Evelyne Peron Gonia (STA fellow) 

1.5.3. I Research work 

(1) New high strength and high electrical conductive Cu-Cr in situ composites were 

developed and the deformation and fracture mechanisms were examined for those 

composite s. 

(2) Interfacial damage mechanisms of titanium alloy matrix composites for a high 

specific strength and high temperature resistance were examined and modeled. 

The interfacial sliding mechanism was very important to prolong the fatigue life at 

high temperatures. 

(3) The mechanical properties for metal matrix composites, such as the tensile 

properties for SiCw/A2009 MMC at room and high temperatures, were evaluated 

and the testing method was proposed to ISO standard. In the near future, fatigue 

properties will be evaluated for SiCw/A2009MMC and titanium alloy matrix 

com posite. 

(4) Interfacial damage during the cyclic loading condition for titanium alloy matrix 

composites is very important for their practical application. The effect of the 

interfacial damage on crack propagation at high temperatures are examined and 

the damage process is calculated in order to improve the fatigue properties. 

(5) High-lying energy levels of light and middle rare-earth atoms have been studied by 

using the laser resonance photoionization method and the characteristics of surface 
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ionization have also been studied. 

<Research themes> 

(1) High Strength and High Electrical Conductive Cu Base in-situ Composites (General 

research: April 1998 to March 2001, Hirowo G. Suzuki, Eiju Takakura(1999-)). 

(2) Effect of Interfacial Damage on Fatigue Fracture Mechanism for Titanium Alloy 

Matrix Composite at High Temperature (General research:April 1996 to March 1999, 

Chitoshi Masuda). 

(3) Evaluation of Mechanical Properties for Metal Matrix CQmposites. (Special 

Coordination Funds for Promoting Science and Technology: April 1997 to March 

2000, Chitoshi Masuda) 

(4) Effect of Interfacial Pamage on Fatigue Crack Propagation Mechanism for Titanium 

Alloy Matrix Composites(General Research; April 1999 to March 2002. Chitoshi 

Masuda) 

(5) Study on the Efflciency of Resonance Photoionization Process (General Research: 

April 1995 to March 1998, Youichi Ogawa) 

(6) Application of lonization Separation Technique to Gaseous Process (General 

Researclr April 1998 to March 2001, Youichi Ogawa) 

1.5.3.2 Research products, including papers submitted (April 1,1997 to 

March 31, 1999) 

(1) Y. F. Liu, C. Masuda, Y. Tanaka: Analysis of Cylindrical Model with 

Circumferencail Crack of Composite, JSME, 63, 1886(1997) (in Japanese) 

(2) J. L. Bobet, C. Masuda: X-ray Diffraction Analysis of Thermal Residual 

Stresses in SiCfri-15-3 Composite, Eur. J. Solid Inorg. Chem., 34, 1093(1997). 

(3) K. Adachi, S. Tsubokawa, T. Takeuchi, H. G. Suzuki: Plastic Deformation of 

Cr Phase in Cu-Cr Composite during Cold Rolling, J. Japan Inst. Metals. 

61,391(1997). (in Japanese) 

(4) K. Adachi, S. Tsubokawa, T. Takeuchi, H. G. Suzuki: Strengthening 

Mechanism of Cold-Drawn Wire of In-situ Cu-Cr Comp.osite, J. Japan Inst. 

Metals, 61, 397(1997). (inJapanese) 

(5) K. Mihara, T. Takeuchi, H. G. Suzuki: Effect of Carbon Addition on 

Solidification Structure and Strength of Cu-Cr in situ Composite, J. Japan Inst. 

Metals, 61, 1044(1997). (in Japanese) 

(6) Y. Jin, K. Adachi, T. Takeuchi, H. G. Suzuki: Correlation between the 

Electrical Conductivity and Aging Taeatment for a Cu- 15wteloCr Alloy Composite 
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Formed in situ, Mater. Lett., 32,307(1997). 

(7) J. L. Bobet, C. Masuda: Estimation of Residual Stresses in SiC/Ti-15-3 

Composites and their Relaxation during a Fatigue Test, J. Mat. Sci., 32, 

6357(1997). 

(8) K. Mihara, T. Takeuchi, H. G. Suzuki: Effect of Zr on Aging Characteristics 

and Strength of Cu-Cr In-situ Composite, J. Japan Inst. Metals, 62,238(1998). 

(9) K. Mihara, T. Takeuchi. H. G. Suzuki: Effect ofTi on Aging Characteristics 

and Strength of du-Cr In-situ Composite , J. Japan Inst. Metals, 62, 599(1998). (in 

Japanese) 

(10)Y. F. Liu, Y.Tanaka, C. Masuda: Analysis of Fiber-Matrix Cylindrical 

Model with a Circumferential Crack, Int. J. Fracture, 88, 87(1998). 

(11) Y. Jin. K. Adachi, T. Takeuchi, H. G. Suzuki: Aging Characteristics of 

Cu- Cr In-situ Composite, J. Mater. Sci., 33, 1333(1998). 

(12) Y. Jin, K. Adachi, T. Takeuchi, H. G. Suzuki: Correlation between the Cold-

Working and Aging Teeatments in a Cu-15wto/oCr in situ Composite, Metall. 

Trans., 29A, 2195(1998). 

(13) Y. F. Liu, Y. Tanaka, C. Masuda: Debonding Mechanisms in the Presence 

of the Interphase in Composite, Acta Mater., 46, 5237(1998) 

(14) Y. F. Liu, C. Masuda , R. Yuuki: Parameters on the Fracture Behavior of 

Fiber-Reinforced Ceramics, Mechanics ofMaterials, 29, 111(1998). 

(15) Y. F. Liu, Y. Tanaka, C. Masuda: An Effrcient BEM to Calculate Weight 

Functions and its Application to Bridging Analysis in an Orthotropic Medium, 

Computational Mechanics, 22, 418(1998). 

(16) K. Mihara, T. Takeuchi, H. G. Suzuki: Effect of Carbon Addition on 

Solidification Structure and Strength of Cu-Cr In-situ Composite, Mater. 

Trans, JIM, 39, 1093(1998). 

(17) S. Q. Guo, Y. Kagawa, Y. Tanaka, C. Masuda: 

Microstructure and Role of Outermost Coating for Tensile Strength of SiC 

Fiber, Acta Mater. 46, 5941(1998). 

(18) S. Q. Guo, Y. Kagawa, H. Saito, C. Masuda: Microstructural 

Characterization of Interface in SiC Fiber-Reinforced Ti- 15-3 Matrix 

Composite, Mat. Sci. Eng., A246, 25(1998). 

(19) O. Kujirai, Y. Ogawa: Observation of Even-Parity Autoionization States of 

Lutetium Atom by Optogalvanic Spectroscopy, J. Phys Soc. Japan, 67, 

1056(1998) 

(20) Y. Tanaka, Y. F. Liu, C. Masuda: Observation ofFatigue Damage Process in 

66 



SiC/Ti-15-3 Composite at High Temperature, Met. Trans., 30A, 221(1999). 

(21) D. L. Zhang, K. Mihara, E. Takakura, H. G. Suzuki: Effect ofthe Amount of 

Cold Working and Aging on the Ductility of a Cu- 150/0Cr-0.2010Ti in situ 

Composite, Mater. Sci. & Engineering A, A266,99(1999). 

(22) H. G. Suzuki, E. Takakura, D. Eylon: Hot Strength and Hot Ductility of 

Titanium A110ys - a Challenge for Continuous Casting Process, Mater. Sci. & 

Engineering A, A263,230(1999) . 

(23) Y. Kagawa, C. Masuda: Numerical Analysis ofthe Interface Problem in 

Continuous Fiber Ceramic Composites, ComputatjovaJMateljaJs Desl~n, 

Edited by T. Saito, Springer, 280 (1999). 

(24) Yufu Liu, Y. Kagawa , R. Yuuki: Analysis of Initial Debonding Propagation 

in Layered Materials. J. Mat. Sci., Letter, 18, 131(1999). 

(25) Y. Ogawa, O. Kujirai: Study of Even-Parity Autoionization States of Lutetium 

Atom by Laser Resonance Photoionization Spectroscopy, J. Phys. Japan, 68, 

428(1999) 

(26) Y. F. Liu, Y. Tanaka. C. Masuda: In-situ Detection of Fiber Break and 

Analysis of its Effect on Stress Transfer during Tensile Test of a Metal Matrix 

Composites, Composites: Manufacturing and Applied Science (in press). 

(27) Y. F. Liu, Y. Kagawa: Release Rate for Interface Debond Crack in Ceramic-

Matrix Composites, Composite Science and Technology(submitted). 

Oral Presentation: 27 

(1) International Conference: 8 

(2) Domestic Conference : 19 

Patent 

(1) Manufacturing of High Strength and High Electrical Conductivity Cu-base 

Alloy: K. Adachi. T. Takeuchi, T. Mitsui, H. G. Suzuki: Japan Patent No. 

2869859. 

(2) Manufacturing of High Strength and High Electrical Conductivity High Cr-

added Cu Alloy: K. Mihara, T. Takeuchi, N. Sakuma, H. G. Suzuki, S. 

Miyauchi:Japan Patent No.HIO- 140267 . 

(3) Manufacturing of High Strength and High Electrical Conductivity High Cr= 

added CuAlloy: K. Mihara, T. Takeuchi, N. Sakuma, H. G. Suzuki, S. Miyauchi: 

Japan Patent N0.2895796 
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Award: 

1998.3. Mishima Award, Japan lron & Steel Institute, Hirowo G. Suzuki 

l .5.4 3*d Laboratory 

Yoshio Sakka (Head), Satoru Ohno, Kiyoshi Ozawa, Tetsuo Uchikoshi, Hideo 

Okuyama, Tohru S. Suzuki, Mika Eguchi (domestic research fellow), Satoshi Akutsu 

Ooint-graduate course student), Kenichi Sodeyama (visiting researcher) 

1.5.4.1 Research work 

(1) Fine-grained materials are prepared through colloidal processing, such as slip 

casting, pressure filtration, tape casting, etc. Excellent mechanical and electric 

properties are obtained. Especially on superplasticity, in collaboration with the 

Mechanical Property Division, approximately 5500/0 tensile elongation for alumina-

based ceramics, and 10000/0 tensile elongation for zirconia-based ceramics, without a 

glass-phase, were established. 

(2) Proton conductive antimonic acids fine powders and films were prepared by soft 

chemical processing, such as ion-exchanged reaction, sol-gel processing and 

autoclave reaction. High proton conductive antimonic-based film at room 

temperature was prepared and the conduction mechanism was examined 

(3) Nanoparticles were prepared by DC plasma or RF plasma methods. Dumbbell-type 

metal (Fe,Co,Ni)-TiN nanocomposite particles were prepared showing unique 

catalytic properties. Titanium oxide fine powders prepared by RF plasma CVD 

showed excellent photocatalytic activity for the decomposition of water. 

(4) Research for advanced materials processing is conducted using external fields to 

create non-linear amplification effects. High microstructure control using extremely 

high-magnetic fields or electric fields was examined. 

<Research themes> 

(1)Characterization of Photocatalytic Properties of Ultrafine Particles Synthesized by 

Plasma Processing (General Research: April 1996 to March 1999, Satoru Ohno) 

(2)Synthesis and Utilization of Mesoporous Materials (General Research: April 1996 to 

March 1999, Yoshio Sakka) 

(3)Material Processing Using External Fields to Create Non-1inear Amplification 

Effects (Special Coordination Funds for Promoting Science and Technology: April 

1998 to March 2001. Yoshio Sakka) 
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1.5.4.2 Research Products, including papers sublnitted (April 1, 1997 to 

March 31, 1999) 

(1) T.S.Suzuki, Y. Sakka, K. Hiraga: Colloidal Processing for Fine Particles ofAl203-

15volo/oZr02 Systems, J. Japan Soc. Powder Powder Metall.,44, 356(1997). (in 

Ja panese) 

(2) K. Ozawa, Y. Sakka, M. Amano: Preparation and Electrical Conductivity 

Measurement of LiSb08 thin Films, Mater. Res. Soc. Symp. Proc., 453, 617 (1997). 

(3) Y. Sakka, K. Sodeyama, T. Uchikoshi, K. Ozawa, M. Amano: Characterization of 

Proton Conducting Antimonic Acids with Amor~)hous, Cubic and Monoclinic 

Strucutres, Mater. Res. Soc. Symp. Proc.,453, 629(1997). 

(4) T. Uchikoshi, Y. Sakka, K. Ozawa, K. Hiraga: Preparation and Sintering of Silica-

Doped Zirconia by Colloidal Processing, Mater. Res. Soc. Symp. Proc.,457 33(1997). 

(5) Y. Sakka, H. Okuyama, T. Uchikoshi, S. Ohno: Morphology and Hydrogen 

Desorption Characteristics of Ni-TiN Nanocomposite Particle Prepared by RF 

Plasma, Nanostruct. Mater. 8,465 (1997). 

(6) K. Sodeyama, Y. Sakka, Y. Kamino, K. Hamaishi: Processing and Some Properties of 

Shirasu/Alumina Light Weight Composites, J. Ceram. Soc. Japan, 106,8 15(1997). (in 

Japanese) 

(7) K. Sodeyama, Y. Sakka, Y. Kamino, H. Seki, K. Nishimoto, M. Yazaki: The 

Manufacturing Process of the Fine Shirasuballoons Using a Fluidized Bed Furnace, 

J. Soc. Powder Tech. Japan, 34, 697 (1997). 

(8) K. Ozawa, Y. Sakka, T. Uchikoshi, K. Hiraga: Preparation of Zr02 Powders Doped 

with Si02 by Hydrolysis ofTetraethoxysilane. J. Ceram. Soc. Japan, 106, 234 

(1998). 

(9) K. Sodeyama, Y. Sakka. Y. Kamino, K. Hamaishi, T. Kokusho. H. Seki:Preparation 

and Properties of Lightweight Pottery Using Shirasuballoons, J. Ceram. Soc. Japan, 

106, 333 (1998). (in Japanese) 

(10) Y. Sakka, T. Uchikoshi, K. Ozawa, K. Morita. H. Yasuda, K. Hiraga: Preparation 

and Some Properties of Si02-doped Tetragonal Zirconia. Proc. US-JAPAN Workshop 

on Electrically Active Ceramic Interfaces, 97 (1998). 

(11) K. Ozawa, Y. Sakka, M. Amano: Preparation and Electrical Properties of Three 

l~rpes ofAntimonic Acid Films,J. Mater. Res., 13, 830 (1998). 

(12) T. Uchikoshi, Y. Sakka, K. Ozawa, K. Hiraga: Processing ofFine-Grained 

Monoclinic Zirconia Ceramics by Colloidal Processing, J. Mater. Res., 13, 840 

(1998). 

(13) T. Uchikoshi, Y. Sakka, K. Ozawa, K. Hiraga: Pressure Filtration and Sintering of 
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Fine Zirconia Powder, J. Europ. Ceram. Soc., 18, 669 (1998). 

(14) T. S. Suzuki, Y. Sakka, K. Nakano, K. Hiraga: The Effect ofUltrasonication on the 

Colloidal Dispersion ofAl203 and Zr02 in pH Controlled Suspension, Mater. Trans., 

JIM, 39, 689 (1998). 

(15) T. Uchikoshi, Y. Sakka, K. Ozawa, K. Hiraga: Fabrication of Nanostructured 

Monoclinic Zirconia Ceramics by Colloidal Processing, Mater. Res. Soc. Symp. Proc., 

502, 103 (1998). 

(16) Y. Sakka, T. Uchikoshi. K. Ozawa, T. S. Suzuki. K. Hiraga: Preparation of Fine-

Grained Zirconia Systems by Colloidal Processing., Ceram. Trans., 83, 233 (1998). 

(17) Y. Sakka. K. Sodeyama: Preparation of Shirasu/Alumina Lightweight Composites 

through a Colloidal Processing, Ceram. Trans., 83, 283 (1998). 

(18) Y. Sakka, T.S. Suzuki, K. Nakano, K. Hiraga: Microstructure Control and 

Superplastic Property of Zirconia Dispersed Alumina Ceramics, J. Japan Soc 

Powder Powder Met., 45, 1186(1998). (in Japanese) 

(19) T. Ishigaki, T. Sato, J. Tanaka, Y. Sakka, Y. Moriyoshi: Application of Titanium 

Carbite Powders Taeated in RF Induction Plasma Al203-TiC Composite Ceramics, 

J. Japan Inst. Metal., 63, 82(1999). (in Japanese) 

(20) T.S. Suzuki, Y. Sakka, K. Nakano, K. Hiraga: Superplastic Tensile Ductility in a 

Zirconia-Dispersed Alumina Produced by Colloidal Processing, Mater. Sci. Forum, 

304-306, 489(1999). 

(21) M. Eguchi, K. Ozawa, Y. Sakka, T. Kishi: Electrochemical Property of 

(H3N(CH2)3NH3)[V4010i as a Lithium Insertion Host, J. Japan Soc. Powder 

Powder Met. 46, 305 (1999). 

(22) K. Ozawa. Y. Sakka, M. Amano: Preparation and Electrical Conductivity of 

Bismuth-doped Antimonic Acids, Mater. Res. Soc. Symp. Proc., (1999) in press. 

(23) K. Sodeyama, Y. Sakka, Y. Kamino, H. Seki: Preparation of Fine Expanded Perlite, 

J. Mater. Sci., 34,2461 (1999). 

(24) Y. Sakka, T. Uchikoshi, K. Ozawa, K. Hiraga: Preparation and Some Properties of 

Si02-doped Zr02, Adv! Sci. Tech., 14B, 81 (1999). 

(25) Y. Sakka, T, Uchikoshi, K. Ozawa. T.S. Suzuki, K. Hiraga: Preparation of Fine-

Grained zirconia and Alumina Ceramics Systems through Colloidal Processing, 

AdvL Sci. Tech., 14B, 593 (1999). 

(26) Y. Sakka. K. Hiraga: Preparation Methods and Superplastic Properties of Fine-

Grained Zirconia and Alumina Based Ceramics, J. Chem. Soc. Japan, 1999, 493 

(1999). (in Japanese) 

(27) T.S. Suzuki, Y. Sakka, K. Nakano. K. Hiraga: Colloidal Processing and 
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Superplasticity of Monoclinic-, Tetragonal-, and Cubic-Zirconia Dispersed 

Aluminas, Trans. Mater. Res. Soc. Japan, (1999) in press. 

(28) S. Akutsu, Y. Sakka, T.S. Suzuki, K. Hiraga, S. Itou: Colloidal Processing and Some 

Properties ofAlumina Dispersed Tetragonal Zirconia, Teans. Mater. Res. Soc. 

Japan, (1999) in press. 

(29) T. Uchikoshi, Y. Sakka, K. Hiraga: Effect of Silica Doping on the Electrical 

Coductivity of 3 molo/o Yttria-Stabilized Tetragonal Zirconia Prepared by Colloidal 

Processing, Journal of Electroceramics, in press. 

(30) T. S. Suzuki, Y. Sakka, K. Nakano, K. Hiraga: The Effect of Ultrasonication on the 

Colloidal Dispersion ofAl203 and Zr02 Powders by Adsorption of Polyelectrolyte, 

submitted to J. Am. Ceram. Soc. 

(31) T.S. Suzuki. Y. Sakka, K. Nakano, K. Hiraga: Fabrication of Superplastic Zirconia-

Dispersed Alumina Through Colloidal Processing, submitted to Mater. Trans. JIM. 

(32) H. Okuyama, K. Honma, S. Ohno: Photocatalytic Activity of Ultrafine Particles 

Synthesized by an RF Plasma CVD, J. Japan Inst. Met., 63, 74 (1999). (in 

Ja panese) 

Oral Presentation: 49 

(1) International Conference: 15 

(2) Domestic Conference: 34 

Patent Application 

(1) Al203 Superplastic Ceramics and Making Process thereof Y. Sakka, T.S. Suzuki, K. 

Nakano. K. Hiraga, August 25, 1997, Japanese Patent Application, H9-227965. 

(2) High-Proton-Conductive Antimonic Acid Film and Method of Manufacturing Same: 

K.Ozawa, Y.Sakka, T,Uchikoshi, and M.Amano, Sept. 26, 1997, US Patent 

Application, 08/938,521 

(3) Monoclinic Dense Zirconia and Making Process thereof T. Uchikoshi, K. Ozawa, Y. 

Sakka, K. Hiraga, Feb. 27, 1998, Japanese PatentApplication, HIO-48433. 

(4) Al203 Superplastic Ceramics and Making Process thereofi Y. Sakka, T.S. Suzuki, K. 

Nakano, K. Hiraga, March 25, 1998, US Patent S.N., 09/047, 213. 

(5) Bismuth-Doped Antimonic Acid: K. Ozawa, Y. Sakka, T. Uchikoshi, M.Amano, July 2, 

1999, Japanese Patent 2945975 (Application HIO-278691). 

Award: 

(1) Award for Improvement of Basic Research on Powder and Powder Metallurgy, Japan 
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Society of Powder and Powder Metallurgy (May 1998), Y. Sakka, T.S. Suzuki, 

K. Hiraga 

(2) Excellent Poster Award, Mater. Res. Soc. Japan (Dec. 1998), T. S. Suzuki 

l.5.5 4th Laboratory 

Tasuku Dendo (Head), Tohru Shirota, Shigeo Yamamoto, Takayoshi Kasugai, 

Kazuo Ei 

1.5.5. I Research Work 

(1) Plastic deformation processes under semi-molten state, in which solid and liquid 

phases coexist, have been attempted so as to explore new controlling methods of 

microstructure and/or texture in the formed materials. 

(2) The joinability of the diffusion bonding between stainless steel and metals of group 

I¥r-VI has been studied in connection with the periodic table. In this study, the 

formation of metallic compounds and the diffusing process in the bonding zone of 

these metals have been investigated. 

(3) The effects of segregation at the grain boundary and micro structures on the 

corrosion resistance of stainless steel have been studied in the welded zone by high 

heat input TIG arc welding, and in the rapid solidification layer by a high power 

C02 Iaser. 

(4) Machinability of Ti oxide dispersed steels has been studied from a metallurgical 

perspective in order to develop recyclable free cutting steels in stead of lead 

containing steels. 

<Research themes> 

(1) Micro Structure Control with Plastic Deformation under Mushy State 

(General Research: April 1996 to March 1999, Tasuku Dendo) 

(2) Diffusion Bonding of Stainless Steel and Metals of Group IV-VI 

(General Research: April 1996 to March 1999, Takayoshi Kasugal) 

(3) Effect ofAging Degradation on Localized Corrosion of Structural Materials for Light 

Water Reactors 

(Nuclear Energy Research:April 1996 to March 2000, Yasuyuki Katada) 

(4) Manufacturing Process of Recyclable Pb-free Cutting Steel 

(Pollution Prevention Research: April 1996 to March 2001, Akira Sato) 
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1 5.5.2 Research Products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) T. Shirota, T.Dendo, K. Hashimoto, H. Dohi, T. Kimura, M, Nakamura: Synthesis of 

Ti-AI Intermetallic Compounds by Pressure Infiltration, J. Japan Society for 

Technology of Plasticity 38,75(1997) (in Japanese) 

(2) T. Dendo, T .Shirota, B. Han, T. Kimura: An Attempt for Fabrication of Clad Parts 

through Semi-Molten Processing, 5th Inter. Conf. on Semi-Solid Processing ofAlloys 

and Composites, Golden Colorado, June 23-25, 1998 

(3) K. Ei, H. Irie, T. Kasugai: Corrosion Property for Solid State Bonded Joint of 

SUS304L Stainless Steel and Zr, Tetsu-to Hagane, 85,405(1999) (in Japanese) 

･ Oral Presentation: 12 

(1) International Conference: 1 

(2) Domestic Conference: 11 

Patent Application : 

(1) Process for Fabricating Partially Composite Metal thereofi T. Dendo, T.Shirota, 

B. Han, February 25, 1998, N0.44020(Heisei 10) 

(2) Cladding Process of Metal thereofi T. Dendo, T. Shirota, B. Han, February 25, 

1998,N0.44021(Heisei 10) 

(3) Pressuring Method of Molten or Semi-molten Metal thereofi T. Dendo, T. Shirota, 

B. Han, February 25, 1998, N0.44022(Heisei 10) 

1.5.5.3 Researchers in the Processing Materials Division 

Age and research fields of researchers in the Processing Materials Division 

Age of Number of Crystal Powder Casting Composite 
Researchers Researchers Growth Metallur Materials 

61 - o o o o o 

51 - 60 15 4 2 6 4 

41 - 50 4 O 2 o 1 

30 - 40 15 1 3 o 3 

Summation 26 5 7 6 8 
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1.5.5.4 Research Budgets in the Materials Processing Division 

Research Budgets in the Materials Processing Division (yen) 

Kinds ofbud ets 1997 1998 
General Research 16,104,000 15,750,000 

Special Coordination Funds for o 26, 165, OOO 

Promoting Science and Technology 

New Energy and Industrial Tech- O 20,380,000 
nology Developing Organization (N 

EDO 
Summation 16, 104,000 62,295,000 
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Chapter 2 Research for Materials Development 

5 Research Groups, numbered from Ist to 5th , are conducting R&D on the specified 

materials following the 5th Long-term Plan of the NRIM. They are the 1*t Research 

Group (Superconducting Materials), the 2~d Research Group (Advance Nuclear 

Materials), the 3*d Research Group(Advanced High Temperature Materials), the 4th 

Research Group (Energy Conversion Materials) and the 5th Research Group (Intelligent 

Materials). All of the research subjects of the Groups are expected to bring a new 

breakthrough in the field of materials science and to become the forefront of the next 

generation of technology. Each Group is organized to perform intensive and effective 

work under the leadership of a Supervising Researcher during the research term. 

Each Group will be reviewed after the beginning of its own 5-year project, depending on 

the results of the research and the social demands at that time. 

2.1 1't Research Group (Superconducting Materials) 

Kazumasa Togano (Supervising Researcher) 

2.1.1 Research work 

The application of superconducting materials will have an impact on the economy, 

environmental control, transportation, electric power technology, medicine, 

communications and other areas offundamental research. The importance ofR & D of 

the new superconducting materials, such as oxide high temperature superconductors, is 

stressed in the 5th Long-term Plan of the NRIM. 

The target of the Ist Research Group is to establish the basic technologies for the 

application of high temperature superconductors (HTSC). The Group is developing 

various processes to synthesize high quality single crystals, wires and films of HTSC. 

The relation between the structure and electromagnetic properties of HTSC is also 

studied to understand the vortex state and pinning mechanism of HTSC. The 

information obtained here is fed back to the processes to optimize their parameters. 

The Group consists of 5 Subgroups and the following subjects are being studied. 

(1) Understanding Electromagnetic Phenomena 

As fundamental research for the improvement of characteristics, clarification of 

electromagnetic phenomena, such as the behaviors of magnetic flux in HTSC, is being 

conducted by using high quality single crystals. The newly discovered Josephson 

Plasma phenomena are also being studied for future application to new-type electronic 

devices. 
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(2) Development of the Processes for HTSC Wires 

The development of the wire making process of HTSC, such as Bi-Sr.Ca-Cu-O 

originally developed in the NRIM, and trial production of coils is being conducted 

Comprehensive work on the microstructure and phase changes during processing are 

being carried out to achieve large improvements of critical current density. 

(3) Structure Control by Thin Film Synthesis 

The structure control and growth mechanism of HTSC thin films are being studied 

by using various deposition techniques, such as alternative sputtering technique. The 

technology of atomic layer control established in this work will be applied to the 

fabrication of high quality devices. 

(4) Microstructure Control by Vapor Deposition Techniques 

Studies on the texture control of YBaCuO film on metallic substrates are being 

conducted to overcome the weak link problem of this material. The Group has 

succeeded to develop its own technique of modified bias sputtering (MBS) which 

enables the in-plane alignments of the YSZ buffer layer and the YBCO film. 

The members of the 1~t Research Group, as at March 31, 1999, consisted of 17 

researchers, 2 STA fellows, I domestic research fellow, 3 joint-doctoral course students, 

1 secretary and 7 guest researehers. 

The number of publications, including submitted papers, are about 97, patents 

submitted are 5, between April 1, 1977 to March 31, 1999. The details are shown in 

the research activities of each Subgroup . 

Most of the funding for the R & D of HTSC in the Ist Research Group is provided from 

the Multi-core Research Project on Superconducting Materials which was set up by the 

Science and Technology Agency in 1988. 

2.1.2 Ist Subgroup 

Kazuto Hirata (Subgroup Leader), Hiroyuki Takeya, Takashi Mochiku 

2.1.2.1 Research work 

(1) To understand the mechanism of superconductivity in high T* superconductors 

(HTSCs) and to make clear the superconducting states of HTSCS ' in an 

electromagnetic field, a phenomenological approach has been made to establish a 

theory based on the experimental results. 

(2) Pinning mechanism of vortices in HTSCS has been studied on high-quality single 
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crystal of HTSCS to improve the critical current at high temperatures and high 

magnetic fields. 

(3) The intrinsic Josephson effect has been studied on single crystalline HTSCS to 

find a new function for fabricating micro devices. 

(4) To improve critical currents in HTSCs, computer simulation study has been 

made to calculate the physical parameters by incorporating hypothetical and 

artificial pinning centers. 

(5) Co-existence of magnetism and superconductivity has been studied on single 

crystalline ReNi2B2C(Re = rare earth elements). 

(6) Growth of single crystalline HTSCS has been studied, and the growth under 

microgravity assumed. 

<Research themes> 

(1) Understanding ofthe Mechanism of Superconductivity inHTSCS. 

(Multi-core project: April 1995 to March 2002. Kazuto Hirata) 

(2) Study on the Pinning Mechanism of Vortices in HTSCs. 

(M:ulti-core project: April 1995 to March 2002, Kazuto Hirata) 

(3) Fabrication of Intrinsic Josephson Junctions and Evaluation of their Physical 

Properties (Multi-core project: April 1995 to March 2002, Kazuto Hirata) 

(4) Computer Simulation Study on the Mechanism of HTSCs. 

(Joint Research Promotion System on Computational Science 

and Technology: April 1997 to March 1999, Kazuto Hirata) 

(5) Coexistence of Magnetism and Superconductivity in Single Crystal of Boro-carbide 

System 

(Aprill997 to March 1998, Hiroyuki Takeya) 

(6) Single Crystal Growth of HTSCS under Microgravity 

(Japan Space Forum, April 1997 to March 2000, Kazuto Hirata) 

2.1.2.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) T. Mochiku: Preparation of Single Crystal. Bl~muth-Based Hl~h-Temperature 

Supercovductors, eds. H. Maeda and K. Togano (Marcel Dekker, New York, 1997), 

227(1997). 

(2) Y. Matsuda, M.B. Gaifullin, K. Kumagai, M. Kosugi, K. Hirata: Interlayer Phase 

Coherence in the Vortex State of Bi2Sr2CaCu208+~ Proved by Josephson Plasma 

Resonance, Phys. Rev. Letters 78; 1972(1997). 

(3) T.Mochiku, K.Hirata, K.Kadowaki: Crystallinity Improvement of 

Bi2Sr2CaCu208+b Single Crystal by TSFZ Method Phislca C282 287 475(1997) 
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（4）YMatsωa，M3Ga1舳1m，K．Ku㎜aga三，K　K＆dowakI，T．M㏄b肱u，K　H1蝸ta

　　Excitatio亙　of　Josephson　P1as㎜a　and　恥rtex　Osci11a七ion　Modes　in

　　B12Sr2CaCu208。δ㎜ParaueIMagnet1cF1e1ds，Phys．Rev　B55，R8685（1997）

（5）W．Pmsseit，M．Ra卿，K．Hirata，T　M㏄hiku：Intri鵬三cJosephso”uncti㎝sunder

　　M11crowave　I泄aa1at1o皿，Phys1ca　C293，25（1997）

（6）Yl　Matsωa，M．B．Gai釦uin，M．Kosugi，K．Ku㎜agai，K．Hira敏Exci鮎i◎n　of

　　Josephso心p1as㎜on　i皿the　Vbrtex　Sもa一七es　of　Bi2Sr2CaCu208＋δ，Physica　C293，

　　王3（1997）．

（7）S．Takahashi，M1．Tachiki，I．Ikeya，K．蛆ado，T．lM：ochiku，K．K＆dowaki：Josepbson

　　凹as㎜a一週xcita七ion　in　High－Tc　Superconductors　with亙ini亡e　Di㎜ensions，Physic＆C

　　293，64（1997）．

（8）M．Kosugi，YMlatsuda，M．遇．Gai細亘五虹，K．Ku独ag＆i，N．Ch肢ぴ皿c亡o，J．Sh三独oya独a，

　　K．Kishio，K．Hirata，M．Konczykowski：In七er1ayer　J◎sephson　C◎up1ing　of

　　Bi2Sr2CaCu208，6wi出Co1umn弧De危cts　Probea　by　P1as㎜a　Resonance，Physica

　　C293，208（1997）．

（9）M．Kosugi，YMa亡suぬ，M．B，Gai血1I虹，K．Ku㎜agai，N．Chiku独oto，J．Shi狐oya㎜a，

　　K．Kishio，K．Hira施，M．Konczykowski：h丑uence　of　Co1u㎜泌蹴　De飴cもs　on

　　InterIayer　Coherence　in　Bi2Sr2CaCu208、δ血o㎜Josephson　P1as㎜a　Resonance，

　　Physica　C282－287．2073（1997）．
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' Oral Presentation:48 

(1) International Conference: 18 

(2) Domestic Conference: 30 

2.1.3 2~d Subgroup 

Hiroaki Kumakura (Subgroup Leader), Hitoshi Kitaguchi, Hiroki Fujii, Akiyoshi 

Matsumoto, Yeon Soo Sung (STA fellow) 

2.1.3.1 Research work 

(1) Bi2Sr2CaCu20*(Bi-2212) multilayer tape conductors were developed by applying a 

Pre-Annealing and Intermediate Rolling (PAIR process) before heat treatment. 

The PAIR processed tapes showed very excellent critical current densities (Jc) in a 

field of 10-30T at 4.2K. These high Jc values were attributed to the improved 

microstructure obtained by the PAIR process. Bi-2212 wire conductors having 

round cross sections were also fabricated by applying the ROtation ~yS mmetric 

~rranged lape-in-tube (ROSAT) method. The ROSAT wires show very small 

anisotropy with respect to field orientation, in spite of excellent Jc values at 4.2K 

and are promising as conductors of solenoid magnets. 
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(2) Development of a prototype oxide superconducting magnet for magnetic separation 

system is now in progress. We fabricated Bi-2212 and Bi2Sr2Ca2Cu30y(Bi-2223) 

small magnets and tested them at various temperatures using a cryocooler. Both of 

the magnets showed excellent thermal and electromagnetic stabilities at 

temperatures above 20K, indicating that a bismuth oxide superconducting magnet 

is promising for magnetic separation systems. 

<Research themes> 

(1) Development of High-Tc Oxide Superconducting Tapes and Wires having Excellent 

Performance (M:ulti-core Project: April 1995 to March 1999, Hiroaki Kumakura) 

(2) Development of an Oxide Superconducting Magnet for Magnetic Separator (Multi-

core Project: April 1995 to March 1999, Hiroaki Kumakura) 
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K. Inoue, K.Togano: Development of Bi-2212/Ag Superconducting Insert Magnets 

81 



for High Magnetic Field Generation, Adv. Superconductivity IX, 977(1997). 
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Tapes, Appl. Superconductivity 5, 151(1997). 
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　　Bi2Sr2Ca2Cu30，Tapes，Adv　Supeエcon細c虹vi辻y　X正，927（1999）．

（42）TMuroga，J．Sato，H．Kitaguchi，H．Ku狐akuraヨK．Togano，M．Ok＆d＆，E錨ect　of　Ag

　　Substr就e　on北he　Microstmcture＆nd　Jc　of　Bi・2212／Ag　Tapes　Prepa更ed　by　a　Dip・

　　Coaもing　Meもhod一，Adv　Supe更conducもivity　XI，935（1999）．

（43）K，No吉o，YKimひra，A．Naga七＆，M．Iwaku狐a，亘．Kumakura一，S．Kosaka，TKa一鵬ko，

　　N．Sadakata，A．K1mura，YNaga三：Resu1ts　ofRRT　on　Bi（2223）／AgTape　Samp1es　and

　　Tberma1Properties　of　High　Tc　Sup跳conducもors，Adv　Superconductivity　XI，

　　一1493（1999）．

（44）H．Ku狐＆kひ蝸：”Fabricati㎝ofHigh－Tc　Oxide　Supercon虹cti㎎Tapes　and　Wires”in

　　茄’幼　脆1ηρθrゑ后αrθ　8uρθrooηゴαo6oz5　易η∂　1ko血o　8α1ρθ”ooηゴαo彦o”8，　ed．By　S．

　　Tanu互na　and　Y　Iye，（Kyo－ritu　Tokyo1999）

（45）H．Ku狐＆kura，H．K工ta－guchiヨK．Togano，TMuroga，J－Sa－to　and　M．Okada：The

　　In且uence　ofAg　Subs虹就e　on　the　Grain　A1ign醐e械a－nd　Cri毛ic＆1Cひrrent　Deなsity　of

　　Bi－2212Tape　Conduc毛o蝸，IE亙E　Tra－ns．AppI．Superconぬcもivity（accepted）
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（46）H．Kit＆guchi，　H・Ku狐akひra，　K．Togano，　H．Mi包o，　THase騨wa，　T．Koizumi：

　　　Bi2Sr2CaCu20x／Ag　Mu王虹王ayer　T即es　wiもh　Jc（4．2K，10T）of500，000A／c狐2by　Using

　　　PAIR　Process，IE週E　Tra鵬．App王．Supexconぬc虹v三もy（accepted）

（47）丁冊sh豆numa，H　K1雀aguch玉，H　Kumakura，K　Ito血，K　Togam，H　M三ao，B．

　　　Cbenevier：Loca1Jc　Distribution　in　Supe犯onducting　Oxide　La－yer　of　Bi・2212／Ag

　　Tapes，IEE週Tra－ns．App呈．Superconductivity（凱㏄ep辻ed）、

（48）H．Fujii，H．Ku狐akura，K．Toga－no：Pmperセies　of（Hg，X）一1223　Superconducもors

　　　Syn曲esized　und－er　Ambient　Condi七ions，IEEE　Trans．App1，Superconductiv｛ty

　　　（a㏄eptea）

（49）M．0ka由，K．Taaaka，T．Wakuda，K．0hata，J．Sato，H．Kび㎜aku蝸，丁肥yoshi，H．

　　　鮒aguch1，KToga篶o，H　WaぬA　New　Sy㎜㎜e七r1ca1Arr狐ge㎜e銚ofT段pe－Shaped

　　M砒i触a独e地　危王Bi－2212／Ag　R㎝na－Sh即ed　Wire，IEEE　Trans．App亘、

　　　Superconductivi七y（accep危ed）

（50）　M．0ka由，K．Tanaka，TWakuda，K．Ohata，J．Sato，H．Ku㎜aku蝸，丁瓜yoshi，H、

　　砒＆guch1，KTogano，H　Wada　Fabnc＆t1㎝of　B1－2212／Ag　Magneもs危r　H王gh

　　Mag1鵬虹c　Fie1a　ApPhcatio鵬，I児EE　Trans．ApP1．Superconductiv北y（a㏄ep七ed）

0ra1present就ions：73
　（1）Inもernatio亙a王Con危rence：　33

　（2）Do㎜estic　Con舶rence：　40

Pa加nt　ApPhcatio鵬

（1）Me比od　of　Bi－2212Sup航onぬctor　Fabricaもion：H．Ki雀泓guchi，H．Miao，H．

　Ku㎜akura，I（．Togano，1997

（2）F＆bricaもion　Me比od　ofOxide　Supercon曲cting　Co㎜pos北es：K．Togano，H，Ku狐akura，

　H．肥吉aguchi，T．Mu王oga一，May19．1998，AppIication　Number10・136441

（3）Me七hod　of　Oxide　Superconduc辻or　Fabrica－tio忍：K．Toga迅o，H．Ku独akura一，H．

　Kitaguchi，T．Mひroga，M段y19．1998，App亘ication　Nu㎜ber10－136442

Aw趾d一：

Award　ofSuperconducもor　Sc三ence　ana　Techno呈ogy：The　Sqc三e乞y　ofNon一阯ad三tiona｝

Techno亘ogy：Apri1．1998，H．Ku㎜akur＆and　K．Tog＆no，、

2．1．4　　3「d　Subgアoup‘

　Takeshi　Hat＆no　（Subgroひp　Leader），Ak虹a　Ishii，Shun三cb三Ahsa－wa一，脆shihiko

T＆kano，Stepbane　L＆bat（STA一免11ow），Keikichi　Nak段mura（guest　researcher）
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2.1.4.1 Research work 

(1) New synthesis root to grow Bi2Sr2CaCu208+8 (2212) ribbon-shaped films has been 

developed. The ribbon-shaped films have been grown under ambient pressure from 

2212 powder material on a silver substrate by the so called "partial melt and slow 

cooling" heat treatment procedure. The films have both better surface morphology 

and T~s. 

(2) In order to keep a better surface morphology, thin films of Bi2Sr2CaCu208+6 (2212) 

were deposited by pulsed laser ablation onto MgO(100) single crystal substrates at 

temperature about 50-100K Iower than the decomposition point of the 2212 phase. 

The films were accurately post-annealed in the atmosphere. The T. ofthe annealed 

films reached 75-80K retaining their the surface smoothness. We found that the film 

deposited at lower substrate temperature showed only the 2212[100] // MgO[100] 

epitaxial relation. After annealing, the lh-pJane direction completely rotated by 45', 

and only the 2212[110] // MgO[100] epitaxial relation became observable. (3) 

Atomically lay~r-by-1ayer deposition: Superlattice films of bismuth-based oxide 

Bi2Sr2Ca3Cu4012/Bi2Sr2CalCu208 for a nd su perconductors, instance 

Bi2Sr2Ca4Cu50i4/Bi2Sr2Cu06, have been sequentially synthesized. It was observed 

that the superconducting transition temperatures were enhanced by forming 

superlattice films of over doped (Bi2Sr2CalCu208, Bi2Sr2Cu06) and under doped 

(Bi2Sr2Ca3Cu4012, Bi2Sr2Ca4Cu50i4) Phases. 

<Research theme> 

(1) Characterization and Application of Superconducting Thin Films Synthesized by 

Atomic Layer-by-Layer and Epitaxial Growth Methods. 

(M:ulti-core project: April 1995 to March 2002, Takeshi Hatano) 

2 1 4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) T.Hatano: High-T. Superconductors - Layer-by-Layer Growth, Metals and 

Technology 68, 505 (1998). 

(2) T.Hatano. S.Labat, A.Ishii, S.Arisawa, K.Togano: Stress Induced Change in Hole 

Concentration in Superlattice Films of Bi-based Superconductors, Applied 

Superconductivity Conference, Palm Springs Desert, Sept. 13-18, 1998. 

(3) T.Hatano, A.Ishii, S.Labat,S.Arisawa, K.Togano: Strain Effects in Artificially 

Layered BSCCO Superconductors, Trans. MRS-J 24 (1999) 

(4) A.Ishii, T.Hatano. K.Nakamura, Superconducting Properties and lh-plane 

Orientation of Bi2Sr2Ca(*_1)Cu*Oy Thin Films Synthesized by Pulsed Laser Ablation, 

J. Japan Inst. Metals 61, 879 (1997). (in Japanese) 
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(5) S.Arisawa, T.Hatano, K.Nakamura, K.Togano: Effect of the Substrate of h2-sjtu 

Fabrication of Borocarbide Thin Films, Physica C, 308, 67(1998). 

(6) S.Arisawa, T.Hatano, K.Togano: Fabrication and Characterization of Borocarbide 

Thin Films Grown by in-situ Process, J. Korean Physical Society. (in press.) 

(7) S.Arisawa, H.Miao, H.Fujii, A.Ishii, S.Labat, T.Hatano, K.Togano: Preparation and 

Superconducting Properties of Extremely Thin Bi2Sr2CalCu20* Ribbon-like Thin 

Films on Silver Substrates, Physica C 314, 155(1999). 

･ Oral presentations: 13 

(1) International Conference: 5 

(2) Domestic Conference: 8 

･ Patent application: 

(1) Fabrication Method of Bi-based High- T* Superconducting Thin Films: A.Ishii, 

T.Hatano, K.Nakamura. Japan, Sept. 19, 1997, No. 255623, 1997. 

(2) Fabrication Method of Ribbon Like Thin Films of High Tc Superconductors: 

S.Arisawa, T.Hatano, K.Togano, H.Miao, Japan, Feb. 25, 1999, No. 49114, 1999. 

･ Award(s) : 

Young ResearcherAward: The Japan Institute of Metals. Sep. 1998. S. Arisawa 

2.1.5 4th Subgroup 

Masao Fukutomi (Subgroup Leader), Kazunori Komori, Kyouko Kawagishi 

2.1.5.1 Research work 

Studies on high temperature superconducting (HTS) thin films for microwave 

applications have been carried out using a laser ablation technique and rf magnetron 

sputtering. To fabricate microwave quality HTS films with a good in-plane epitaxy, 

suitable in-plane oriented buffer layers have been developed using plasma and ion beam 

techniques. A sapphire rod resonator has been used to evaluate the microwave surface 

resistance, Rs, of the films. In order to establish this method as the standard for Rs 

measurements for HTS films, research into the Rs measurement methods is also 

conducted as a member of the domestic "round-robin test" committee. Part of this 

research was performed in collaboration with the High Energy Accelerator Research 

Organization and MITSUBA Corporation. 
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<Research themes> 

(1) Control of the In-plane Texture of High-T. Superconducting Thin Films for 

Microwave Applications( General Research: April 1998 to March 2001, Masao 

Fukutomi) 

(2) Texture Controll of YBa,Cu30* Thin Films by Vapor Deposition Techniques 

(research subject of "Characterization and Application of Superconducting Thin 

Films Synthesized by Atomic Layer-by-Layer and Epitaxial Growth 

Methods")(R&D on New Superconducting Materials: April 1995 to March 2001, 

Masao Fukutomi) 

2.1.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M.Fukutomi.S.Kumagai.H.Maeda: Fabrication of YBa2Cu30y Thin Films on 

Textured Buffer Layers Grown by Plasma Beam Assisted Deposition, Australian J. 

Physics 50, 381 (1997) 

(2) J.Liu, K.Asano, E.Ezura. S.Inagaki. S.Isagawa, H.Nakanishi. M.Fukutomi, 

K.Komori, M.Saitoh: Dependence on the Microwave Field of the Surface Resistance 

for YBa2Cu307_ 6 Films Fabricated on Copper Substrates, Appl. Phys.Lett. 73, 3450 

(1998) 

(3) S.Kumagai, S.Aoki, M.Saitoh, M.Fukutomi, K.Komori, K.Togano: Fabrication of 

YBa2Cu30y Thin Films on Textured Buffer Layers Grown by Modified Bias 

Sputtering Technique, Proc. 2~d Japanese Romanian Joint Seminar on Applied 

~lectromagnetics and Mechanics, June, 1998. 

･ Oral Presentation: 8 

(1) International Conference: 1 

(2) Domestic Conference:7 

2. 1.6 5th Subgroup 

Yoshiaki Tanaka (Subgroup Leader), Tsuneo Kuroda, Y.C.Guo (STA fellow) 

2.1.6.1 Research work 

Fabrication processes for the Bi-system oxide superconductors by the powder-in-tube 

technique have been studied with emphasis on high mechanical strength and high 

critical current density properties. 
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<Research themes> 

(1) Fabrication of Ag-Cu Alloy Sheathed Oxide Superconducting Wires with High 

Strength and High Jc Properties (General Research: April 1998 to March 2000, 

Yoshiaki Tanaka) 

(2) Improvement of Electrical and Mechanical Properties in High Temperature 

Superconductors (STA Fellow Research: May 1997 to July 1998, Y.C.Guo) 

2.1.6.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 19999 

(1) Y.Tanaka, T.Kuroda, K.Miura, Y.Abe, Y.Suga, M.Ishizuka. T.Yanagiya, S.Yasuhara: 

Bi-2212 Ag-Sheathed Round Cross Section Wires, Proc. Inter. Symp. on 

Superconductivity(ISS'97), Gifu, Japan, October 27-30, 1997. 

(2) Y.C.Guo, Y.Tanaka, T.Kuroda, S.X.Dou, Z.Q.Yang: Addition of Nanometer SiC in the 

Silver~sheathed Bi2223 Superconducting Tapes, Physica C, 3 11, 65 (1999) 

(3) Y.C.Guo, J.X.Jin, H.K.Liu,Y.Tanaka, S.X.Dou: Long Lehgths of Silver-Clad Bi2223 

Su perconducting Ta pes with High Current Carrying Ca p acity, A ppl. 

Superconductivity 5, 163 (1997). 

(4) M.Ishizuka, Y.Tanaka, T.Yanagiya, Y.Suga, Y.Abe, T.Kuroda, S.Yasuhara, K.Miura: 

Fabrication of Bi-22 12 Multifilamentary Round Cross-Sectional Wires Consisting of 

Double-Tube Core Wires, Proc. 9th CIMTEC World Forum on New Materials Symp., 

VI-Science and Engineering of HTC Superconductivity, 

･ Oral Presentation: 1 1 

(1) International Conference: 3 

(2) Domestic Conference: 7 

This project will be performed in collaboration with Sumitomo Heavy Industries, Ltd, 

Kanagawa and Sukegawa Electric Co. Ltd, Ibaraki. 
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2. 1.7 Researchers in the Ist Research Group 

Age and research flelds of researchers m the Ist Re~earch Group. (March 31, 1999) 

Age of Number of Materials Physics Chemistry Electronics 
Researchers Researchers Science 

60 - 2 o 1 1 o 

50 - 60 3 2 1 o o 

40 - 49 5 4 1 o o 

30 - 39 8 6 1 1 o 

22 ~ 29 6 5 o o 1 

Summation 24 17 4 2 1 

Students and visitors from universities and industry are not included. 
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2.1.8 Research Budgets in the Ist Research Group 

Research budgets in the 1*t Research Group (yen) 

Kinds of Budget 1997 1998 

Core Research for Evolutional Science and 91,000,000 140,690,000 
Technology 

1*t SG 5,000,000 5,000,000 
Multi- Core p roject(M:echanism) 22,983,000 22,889,000 
Multi-Core project (Vortices) 12,645,000 12,351,000 
Multi- Core project(Junction) 

Joint Research Promotion System 15,483,000 11,500,000 

Special Coordination Funds for Promoting 9,000,000 
Science and Technology 5,400,000 5,400,000 
NASDA: Microgravity 

2~d SG 38,460,000 25,795,000 
Multi- Core project(Wire) 29,091,000 43,046,000 
Multi-Core project(M:agnetic Separation) 

Special Coordination Funds for Promoting 5,000,000 
Science and Technology 

3rd ,4th SG 12,695,000 24, 195,000 

Multi-Core projectCrhin film) 7,150,000 
General Research 9,000,000 
Supplementary Budget 

5th SG 3,000,000 1,900,000 

General Research 

Summation 249,757,000 308,9 16,000 
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2.2 2~d Research Group (Advanced Nuclear Materials) 

Koichi Yagi (Supervising Researcher) 

2.2.1 Research work 

Researches related to nuclear technology and materials are conducted in some 

Research Groups, Research Divisions and Centers in the NRIM. The nuclear research 

subjects carried out in NRIM are totally regulated and controlled by the Nuclear Energy 

and Materials Research Committee. The 2nd Research Group takes charge of some 

specific research fields of that nuclear research. 

Understanding of the interaction between materials and energetic particles, which 

are produced from nuclear reactions, is an important subject concerning the study on 

radiation damage of nuclear materials and the development of irradiation resistant 

materials. Because it is predicted that the materials for advanced nuclear reactors serve 

under severe conditions, to clarify the mechanisms of radiation damage and to establish 

its control principals are essential. Therefore, dynamic studies on the radiation damage 

of materials by energetic particles and the development of innovative irradiation 

resistant materials are pursued by this Research Group as follows. 

(1) Surface reaction and damage processes studied by real-time measurements 

(2) Dynamic response of materials under irradiation 

(3) Development of isotopically controlled materials 

(4) Data-free-way system for advanced materials 

(5) Understanding the chemical reactivity of molecules on solid surfaces and clusters 

The members of the 2nd Research Group, as at March 31, 1999, consisted of 12 

researchers, I domestic research fellow, I secretary and 7 guest researchers. 

The research activities of this group are very high since the start of the 5th Long-

term Plan owing to the clear purpose of this research group being very clear. The 

number of publications, including submitted papers, are 109, patents submitted are 7 

from April l, 1997 to March 31, 1999. The details are shown in the research activities of 

each Subgroup . 

2.2.2 1't Subgroup 

Masahiro Kitajima (Subgroup Leader), Akiko N. Itakura, Kunie Ishioka, Kouichi 

Murakami (guest researcher), Yasushiro Nishioka (guest researcher),Akira Miyamoto 

(guest researcher), Takaya Kawabe (guest researcher), Kiminori Ushida (guest 

researcher), Hrvoje Petek (guest researcher) 
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2.2.2.1 Research work 

Dynamics and kinetics of chemical reaction and defect growth on material surfaces 

under irradiation of ions, atomic/molecular beams and light have been studied by using 

pump-probe reflectivity techniques (coherent phonon measurements), Raman 

spectroscopy, resonance enhanced multiphoton ionization (REMPI) spectroscopy, and 

high-sensitivity surface stress measurements. 

<Research themes> 

(1) Real-Time Investigation on Surface Reactions and Defect Growth Processes under 

lrradiation ( Nuclear Energy Research: April 1994 to March 1999, Masahiro 

Kita jima) . 

(2) High-Resolution Real-Time Investigation on Defect Formation Processes under 

Surface-and Interface-reactions (Nuclear Energy Research: April 1999 to March 

2004, Masahiro Kitajima) 

2.2.2.2 Research products, including papers submitted (Aprill, 1997 to 

March 31, 1999) 

(1) K. Ishioka, K.G.Nakamura, M.Kitajima: Raman Measurements on Ge under 

lrradiation of 5-keV He+. J. Mater. Sci. Lett., 16, 281(1997). 

(2) K.G, Nakamura, K. Ishioka, M. Kitajima, K. Murakami: AB INITIO Caluculation of 

the Hydrogen Mblecule in Silicon, Solid State Commun., 101, 735(1997). 

(3) K.G. Nakamura, M. Kitajima: Vibration and Rotation of Hydrogen Molecule in 

Silicon, Jpn. J. Appl. Phys., 36, 2004(1997). 

(4) E. Asari, K.G. Nakamura, T. Kawabe, M. Kitajima: Observation of Relaxation 

Processes of Disorder in lon-irradiated Graphite Using Raman Spectroscopy, J. Nucl. 

Mater., 244, 173(1997). 

(5) K. Ishioka, K.G. Nakamura, M. Kitajima, N. Fukata, S. Sasaki, K. Murakami, S. 

Fujimura, J. Kikuchi, H. Haneda: Raman Spectroscopic Study on Hydrogen 

Molecules in Crystalline Silicon Treated with Atomic Hydrogen, Appl. Surf. Sci., 

117/118, 37(1997). 

(6) K.G. Nakamura, I. Kamioka, M. Kitajima: Pulse Molecular Beam Reactive 

Scattering of 02 on Semiconductor Surfaces Studied with Resonance Enhanced 

Multiphoton lohization, Appl. Surf. Sci., 117/118, 42(1997). 

(7) I. Kamioka, M. Kitajima, T. Kawabe, K.G,Nakamura: GeO Desorption in Reactive 

Scattering of an Oxygen Molecular Beam with a Ge(100) Surface, Jpn. J. Appl. 

Phys., 36, 3469(1997). 

(8) N. Fukata, S. Sasaki, K. Murakami, K. Ishioka, M. Kitajima, S. Fujimura, H. 
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Haneda: Hydrogen Molecules in Hydrogenated Silicon, J. Sur. Sci, Jpn., 18, 495 

(1997). (in Japanese) 

(9) H. Kimura, K. Ishioka, M. Sato: Estimation of SHG Properties on Polycrystalline 

Ba(Bl-*M~204 (M:AI or Ga), J. Mater. Sci. Lett., 16, 1375(1997). 

(10) K. Ushida, K.G. Nakamura: Subpicosecond Carrier Dynamics in GaAs Studied with 

Optical Heterodyne Detection, Solid State Commun., 103,525(1997). 

(11) N. Fukata, S. Sasaki, K. Murakami, K. Ishioka, K.G. Nakamura, M. Kitajima. S. 

Fujimura, J. Kikuchi, H. Haneda: Hydrogen Molecules and Hydrogen-related 

Defects in Crystalline Silicon, Phys. Rev., B56, 6642(1997). 

(12) K.G. Nakamura, M. Kitajima: 2D Trajectory Calculations on the Eley-Rideal 

Reaction, J. Sur. Sci. Jpn., 18, 700(1997). (in Japanese) 

(13) N. Fukata, S. Sasaki, K. Murakami, K. Ishioka, K.G. Nakamura, M. Kitajima. S. 

Fujimura, J. Kikuchi, H. Haneda: Hydrogen Molecules in Defective Silicon, Jpn. J. 

Appl. Phys., 36, L1456(1997). 

(14) K.G. Nakamura, K. Ishioka, M. Kitajima: Hydrogen Molecule in Group IV Element 

Crystal, Jpn. J. Appl. Phys., 36, L1479(1997). 

(15) A. Endou, A. Stirling, R. Yamauchi. E. Broclawik, M. Kubo, A. Miyamoto, K.G 

Nakamura, M. Kitajima: Quantum Chemical Study on SiO Desorption from Si (111) 

Surface, Surf. Sci., 387, 59(1997). 

(16) M. Kitajima: Defects in Crystals Studied by Raman Scattering, Critical Review in 

Solid State and Materials Sciences, 22, 275(1997). 

(17) K.G. Nakamura, K. Ishioka, M. Kitajima. K. Murakamim: Hydrogen Molecule in 

Silicon Crystal, Mat. Res. Soc. Symp. Proc. ,469, 229(1997). 

(18) K.G. Nakamura. K. Ishioka, M. Kitajima, A. Endou, M. Kubo, A. Miyamoto: 

Theoretical Calculation of Hydrogen Molecule in Silicon, J. Chem. Phys., 108, 3222 

(1997). 

(19) M. Kitajima, K. Ishioka, K.G. Nakamura, N. Fukata, K. Murakami, J. Kikuchi, S. 

Fujimura: Hydrogen Molecules in Crystalline Silicon, Materials Science Forum, 

258-263, 203(1997). 

(20) N. Fukata, K. Murakami, K. Ishioka, K.G. Nakamura, M. Kitajima, H. Haneda, S. 

Fujimura, J. Kikuchi: Thermal Stability of Hydrogen Molecules in Crystalline 

Silicon, Materials Science Forum, 258-263, 2 11(1997). 

(21) K. Ishioka, K.G. Nakamura, M. Kitajima, N. Fukata, K. Murakami, J. Kikuchi, S. 

Fujimura: Trapping Site of Hydrogen Molecules in Crystalline Silicon, Materials 

Science Forum, 258-263, 235(1997). 

(22) I. Kamioka, K. Izumi, M. Kitajima, T. Kawabe, K. Ishioka, K.G. Nakamura: 
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Translational Energy Distribution of CO Produced in Infrared-Laser-Assisted 

Reaction of 02 With a Graphite Surface, Jpn.J. Appl. Phys., 37, L74(1998). 

(23) K.G. Nakamura, K. Ishioka, M. Kitajima, N. Fukata, K. Murakami, A. Endou, M 

Kubo, A. Miyamoto: Hydrogen Molecule Trapped in Silicon Crystal, Appl. Surf. Sci., 

130-132, 243(1998). 

(24) M. Kitajima, 'K. Ishioka, S. Tateishi, K. Nakanoya, N. Fukata, K. Murakami, S. 

Fujimura, S. Hishita, M. Komatsu, H. Haneda: Effects of Crystal Disorder on the 

Molecular Hydrogen Formation in Silicon, Mater. Sci. Eng., 130-131, 243(1999). 

(25) K.G. Nakamura: Potential Energy Surface of Hydrogen Abstraction by an H Atom 

on the Monohydride Si(100) Surface, Chem. Phys. Lett., 285, 21(1998) . 

(26) K. Teraishi, H. Takaba, A. Yamada, A. Endou, I. Gunji, A. Chaterjee, A. Miyamoto, 

K. Nakamura, M. Kitajima: Quantum Chemical Study on the Oxidation Process of a 

Hydrogen Terminated Si Surface, J. Chem. Phys., 109, 1495(1998). 

(27) E. Asari, M. Kitajima, K. Nakamura: A Kinetic Study of the Recovery Process of 

Radiation Damage in lon-irradiated Graphite Using Real-time Raman 

Measurements, CARBON, 36, 1693(1998). 

(28) A. Endou, T.W. Little, A. Yamada, K. Teraishi. M. Kubo, S.S.C. Ammal, A. 

Miyamoto, M. Kltajima, F.S. Ouchi: Density Functional Calculation on the 

Interactions ofNF3 With Si. J.Appl. Phys., submitted. 

(29) A.Yamada, A. Endou, H. Takaba, K. Teraishi. S.S.C. Ammal, M. Kubo. K.G. 

Nakamura, M. Kitajima, A. Miyamoto: Tight-binding Molecular Dynamics 

Simulation of Desorbed SiO Molecule during the Oxidation of Si(111) Surface, Jpn. J. 

Appl. Phys., in press. 

(30) K.Teraishi, A. Endou, I. Gunji, M. Kubo, A. Miyamoto, M. Kitajima: Use of 

Umbrella Sampleing in the Calculation of the Potential of the Mean Force for 

Silicon Surface Oxidation, Surf. Sci., in press. 

(31) N. Itakura, M. Kitajima, T. Narushima, T. Kawabe: A Study on Surface Stresses in 

Olasama Oxidation Processes; J.Va. Soc. Jpn., (in Japanese), in press. 

(32) N. Itakura, M. Kitajima, T. Narushima, T. Shimizu. Y. Nishioka: Hydrogenation-

Induced Changes in Optical Parameters on Silicon S}~faces. J. Vac. Soc. Jpn., 42, 

(in Japanese), in press. 

(33) K.G. Nakamura, T. Narusima, M. Kitajima: Surface Stress in Silicon Oxide Layer, 

Transaction ofMaterials Research Society ofJapan, in press. 

(34) K. Ishioka, K. Ushida, K. Nakamura, S. Hishida, M. Kitajima: Effect of lon 

lrradiation on Coherent Phonon Dynamics in Bismuth, Jpn. J. Appl . Phys., part 

2(Letters), in press. 
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(35) A.Yamada, A.Endou, H. Takaba, K. Teraishi, S.S.C. Ammal, M. Kubo, K.G 

Nakamura, M. Kitajima, and A. Miyamoto: Tight-binding Molecular Dynamics 

Simulati'on of Desorbed SiO Molecule during the Oxidation of Si(111) Surface, Jpn. J. 

Appl. Phys, in press. 

(36) M. Kitajima, K. Ishioka, K. Nakanoya, S. Tateishi. T. Mori, N. Fukata, K. 

Murakami, S. Hishida: Three Different Forms of Hydrogen Molecules in Silicon, Jpn. 

J. Appl. Phys., 38, Part 2, No. 7A, pp. L691(1998). 

(37) K. Murakami, K. Ishioka, M. Kitajima. S. Tateishi, K. Nakanoya, T. Mori, S. 

Hishida: A New l~rpe ofHydrogen Molecules in Silicon, Physica B, submitted 

(38) M. Kitajima. K. Ishioka, K. Murakami, K. Nakanoya, T.Mori: Temperature 

Dependence of the Hydrogen Merecures in n- and p. ~pe Silicon, Phisica B, 

submitted ' 
(39) K. Ishioka, M. Kitajima, S. Tateishi. K. Nakanoya, N. Fukata, K. Murakami, S. 

Hishita: Hydrogen Molecules in Multivacancies in Silicon, Phy. Rev. Lett., submitted 

Oral Presentation: 68 

(1) International Conference: 20 

(2) Domestic Conference: 48 

Patent Application 

(1) Formation Method of Ultra-thin Silicon Oxide Film Having a MOS Device 

Characteristics, M. Kitajima, et al. Oct. 17, 1997, 09-282413 

2.2.3 2~d Subgroup 

Johsei Nagakawa (Subgroup Leader), Norika2:u Yamamoto, Yasumitsu Fukuzawa, 

Yoshiharu Murase, Shigeo Okuda (guest researcher) 

2.2.3.1 Research work 

(1) Fatigue fracture of SUS 316 SS under irradiation in load-control mode was found by 

light-ion irradiation experiments and FEM calculation to be different not only from 

the unirradiated but also from post-irradiation behavior. 

(2) The transient nature of the signiflcant enhancement of irradiation creep at 60~C 

was investigated by computer simulation and proved by light-ion irradiation 

experiments. 
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(3) A Iow radio-activation martensitic steel, F82H (Fe-8Cr-2W-V,Ta), demonstrated its 

fairly good resistance against helium embrittlement through post helium 

implantation creep testing. 

(4) Helium induced grain boundary fracture of Fe-Ni-Cr austenitic materials was 

shown to be triggered by unstable growth of intergranular bubbles with over critical 

sizes. 

<Research themes> 

(1) Research on the Deformation and Fracture of Materials under lrradiation (Nuclear 

Energy Research: April 1993 to March 1998, Johsei Nagakawa) 

(2) Understanding and Improvement of Radiation-Induced Degradation in the 

Advanced Nuclear Materials (Nuclear Energy Research: April 1998 to March 2003, 

Johsei Nagakawa) 

(3) Influence of Nuclear Transmutations on Low Radio-Activation Structural Materials 

for Fusion Reactor Application (Nuclear Energy Research: April 1996 to March 2001, 

Norikazu Yamamoto) 

2.2.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) J. Nagakawa: Materials Deformation Induced by Radiation Damage, Nucl. Engi. 

43, 46(1997). 

(2) Y. Murase, J. Nagakawa, N. Yamamoto, H. Shiraishi: Void Swelling in Proton 

lrradiated Fe-Cr-Ni Ternary Alloys, Fusion Technology 1996, 503(1997). 

(3) J. Nagakawa: Materilas Deformation produced by Atomic Displacement Damage, 

Proc. Research Topics NRIM 1997, 7(1997). 

(4) J. Nagakawa: Research on the Materials Deformation and Fracture under 

lrradiation, Progress Report on the Nuclear Research in National Laboratories , 

37, 90-1(1997). 

(5) Y. Murase, J. Nagakawa, N. Yamamoto, H. Shiraishi: Void Swelling in Fe-15Cr-

xNi Ternary Alloys under Proton lrradiation, J. Nucl. Mater. 255, 34 (1998) 

(6) J, Nagakawa: Calculation ofRadiation-Induced Deformation in the ITER Vacuum 

Vessel, J. Nucl. Mater. 258-263, 289(1998). 

(7) Y. Murase, J. Nagakawa, N. Yamamoto, H. Shiraishi: Effect of Cold-Work on 

Void Swelling in Proton lrradiated Fe-15Cr-20Ni Ternary Alloys, J, Nucl. Mater. 

258-263, 1639(1998). 

(8) J. Nagakawa: Research on the Materials Deformation and Fracure under 

lrradiation, Progress Report on the Nuclear Research in National Laboratories, 
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(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(2 1) 

38, 89(1998). 

J. Nagakawa et al.: Materials Deformation and Fracture under lrradiation, NRIM 

Project Report 20, (1998), in press. 

J. Nagakawa, Y. Murase, N. Yamamoto: Development of In-Beam Creep-Fatigue 

Machine, Proc. IEA/JUPITER Joint Symposium on Small Specimen Technologies 

for Fusion Research, (1999), in press. 

J. Nagakawa: Radiation Damage in Fusion Reactor Materials, in Computatjonal 

Materl~ls Desl~n, ed. by T. Saito, (Springer 1999), in press. 

J. Nagakawa: Low Temperature lrradiation Creep, in ProbJems in Materl~Js 

System for the Next-step Fusjon Devjces, ed. by H. Matsui, (Tohoku Univ. 1999), 

in press. 

J. Nagakawa: On the Creep Deformation and Fatigue Fracture under lrradiation, 

Progress Report ofMaterials Tech. Commettee for LWR, JRCM, (1999), in press. 

t. Murase, J. Nagakawa, N. Yamamoto, Y. Fukuzawa: Creep-Fatigue Response of 

200/0CW 316SS under lrradiation at 60~C, ASTM STP 1366, (1999), in press 

N. Yamamoto, J. Nagakawa, Y. Murase, H. Shiraishi: Bubble Microstructure and 

its Correlation to Creep Rupture Properties in Austenitic Alloys Implanted with 

Helium, Proc. 4th Japan-China Symp. on Materials for Advanced Energy Systems 

and Fission and Fusion Engineering, 161 (1997). 

N. Yamamoto: Influence of Nuclear Transmutations on Low Activation Structural 

Materials for Fusion Reactor Application, Progress Report on the Nuclear 

Research in National Laboratories , 37, 2-1 (1997). 

N. Yamamoto, J. Nagakawa, Y. Murase, H. Shiraishi: Helium Embrittlement ofTi 

and P Added Austenitic Alloys Crept at 923 K. Fusion Engrg. Des., 41, 111 

(1998). 

N. Yamamoto. J. Nagakawa, Y. Muirase, H. Shiraishi: Mircostructural 

Observation of Helium Implanted and Creep Ruptured Fe-250/0Ni-15010Cr Alloys 

Containing Various MC and MN Formers, J. Nucl. Mater. , 258-263, 1628 (1998). 

N. Yamamoto, J. Nagakawa, Y. Murase, H. Shiraishi: Effect of Combined Addition 

of Ti and P on Creep Rupture Properties of Helium Implanted Fe-250/0Ni-15010Cr 

Alloy, J. Nucl. Mater. , 258-263, 1634 (1998). 

N. Yamamoto: Influence of Nuclear Transmutations on Low Activation Structural 

Materials for Fusion Reactor Application, Progress Report on the Nuclear 

Research in National Laboratories, 38, 2-1 (1998). 

N. Yamamoto, J. Nagakawa, Y. Murase, H. Shiraishi: Creep Rupture Properties of 

Titanium- and Phosphorus- Modified Fe-250/0Ni- 15010Cr Alloys Preimplanted with 
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(22) 

Helium, Proc. IEA/JUPITER Joint Symposium on Small Specimen Technologies 

for Fusion Research, (1999), in press. 

N. Yamamoto, J. Nagakawa, K. Shiba: An Evaluation on Helium-Embrittlement-

Resistance of Low Activation Ferritic/Martensitic Steel F82H, J. Nucl. Sci. 

Technol, (1999), in press 

Oral Presentation: 23 

(1) International Conference: 8 

(2) Domestic Conference: 15 

2.2.4 3'd Subgroup 

Mitsutane Fujita (Subgroup Leader), Hiroshi Araki, Hiroshi Suzuki, Tetuji Noda 

(Director of Planning Office), Koichi Yagi (Supervising Researcher) 

2.2.4. I Research work 

(1) The isotope separation method has been developed using by a C02 Iaser with an 

oxygen isotope, and its application to materials has been studied by using synthetic 

isotopically controlled materials, such as silicon and boron compounds, or isotopes 

by transmutation, including simulation studies. 

(2) The preparation of isotopically purified silicon, for determining standard molar 

mass, was carried out by using highly purified silicon enriched with 28Si. 

(3) The development of SiCL/SiC composites has been studied by using chemical vapor 

infiltration processe s . 

(4) The distributed material database, named "Data-Free-Way", has been built in 

cooperation between the NRIM and the other three organizations. 

(5) The NRIM discussed with FIZ Karsruhe and MPA Stuttgart to mutually exchange 

materials information. 

<Research themes> 

(1) Isotope Separation and Its Application to Materials (Nuclear Energy Research: April 

1997 to March 2002, Koichi Yagi) 

(2) Preparation of Isotopically Purified Silicon for Determining Standard Molar Mass 

Image (Special Coordination Funds for Promoting Science and Technology: April 

1997 to March 1999, Koichi Yagi ) 

(3) Development of Chemical Vapor Infiltration Process for SiCfysiC Composites Image 
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(Special Coordination Funds for Promoting Science and Technology: April 1997 to 

March 2001, Koichi Yagi) 

(4) Research on Utilization Technique of "Data-Free-Way" System for Nuclear 

Materials (Nuclear Energy Research: April 1995 to March 2001, Mitsutane Fujita) 

(5) Building of Globalizing System for Mutual Usage of Material Information (Special 

Coordination Funds for Promoting Science and Technology: April 1998 to March 

1999, Koichi Yagi) 

2.2.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) H.Suzuki, H.Araki, T.Noda: Enrichment of Silicon Isotopes by Infrared Laser 

lrradiation, J. Jpn. Inst. Met. 61, 145(1997). (in Japanese) 

(2) T.Noda: High purity SiC/SiC Composites, New Mater. 17, 62(1997).(in Japanese) 

(3) T.Noda, H.Araki, S.Ito, M.Fujita: Impurities and Evaluation of Induced Activity of 

SiCL!SiC Composites, Proc. 2~d IEA WS on SiC Ceram. Compos. For Fusion Appli., 

121(1997). 

(4) A.Sagara. O.Motojima, S.Inagawa, K.Watanabe, H.Yamanishi, H.Chikaraishi, 

A.Kohyama, H.Matsui, T.Muroga, N.Noda, T.Noda, N.Ohyabu, T.Satow, 

A.A.Shishkin, S.Tanaka. T.Terai, K.Yamazaki, J.Yamamoto, FFHR Group : Blanket 

Design Using FLiBe in Helical-type Fusion Reactor FFHR, J. Nucl. Mater. 248, 

147(1997). 

(5) H.Suzuki, H.Araki, N.Ishikawa, T.Noda: Formation of Nano-crystalline SiC Films by 

Laser CVD at Low Temperatures, J. Surface Analysis, 3, 426(1997). 

(6) T.Noda, S.Ito: Impurities and Evaluation of Induced Activity ofV Alloys, Proc. IEA 

WS on Vanadium Alloy Development, 677(1997). 

(7) S.Tanaka, I.Shiota. H.Suzuki, T.Noda: Enrichment of 28Si by Infrared Laser 

lrradiation, Functionally Graded Materials, 725(1997). 

(8) J.Yu,Y.Chen, Y.Wang, W.Zhang, S.Xu, T.Noda: Re~earch on plasma-facing component 

materials, J, Nucl. Mater. 233-237, 771(1997). 

(9) A.Sagara, O.Motojima, S.Imagawa, O.Mitarai, T,Noda: Design Studies of Helical-

type Fusion Reactor FFHR, Fusion Eng. & Design, 41, 349(1998). 

(10) T,Noda: High Purity SiC Composites, Nucl. Viewpoints, 44, 60(1998). 

(11) T.Noda: Analyses and Evaluation ofActivation for Nuclear Materials, J. Plasma & 

Fusion, 74, 701(1998). 

(12) T.Noda, H.Suzuki, N.Nogi: Prospect of Isotope Controlled Materials, Bulletin of 

ISIJ, 3, 23(1998). 
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（13）A．Saga醐，K．YWat＆n組be，K。池㎜azaki，O．Motoji㎜a，M．趾j三w鮒a，O．Mi竜a蝸i，

　　S　Imagawa，H狛独a■亘s血1，H　Ch1kara1sh1，A　Kobya㎜a，H　Mats㎜，TM皿roga，TNoda，

　　N．Ohy＆bu，TSa－toW，A．A．Sh三shkin，S．Tanak＆，TTerai，TUda一：LHD－丁卯e　Co独pact

　　Hehca1Reac辻ors，㎜A－CN－69〃TP103，1（1998）．

（14）TUda，A　S＆ga－ra，O　Moto〕1㎜a，H　Ya独a㎜sh1，S　Tanaka，TT破a1，TNoda：Study　of

　　Sa危辻y　CoI1cept危r　a　He1ica1－type　Fusion　Reactor　FFHR，Fひsio皿Eng．＆Desigむ，42，

　　115（1998）、

（15）H．Araki，乱Suzuki，W狛㎎，S．Sato，T．Noda：醐ect　of既gh　Temperature　Heat

　　Tre批㎜enいn　Va㎝u狐oひMicrost辻ucture　a皿d　Bendi早g　Pエoperties　of　SiC／SiC

　　Co㎜pos1tes　Prepared　by　CW，J　Nuc1Mat肌258－263．1540（1998）

（16）THin◎ki，WZha㎎，AXohya独a，S．Sato，T．Noda：E脆ct　of　Fiber　Coaもing㎝

　　工趾er血cia1Shear　S虹ength　of　SiC／SiC　by　Nano－iなdentation　Techηique，J．Nuc｝．

　　Mate篶258＿263．1567（1998）．

（王7）WZh凱㎎，THinoki，YKa辻oh，AXohya㎜a，TNoda，T．Mumg盆，J．Yb：CrackInitiation

　　and　Gmwもh　Characteristics　in　SiC／SiC　undeエhde批at｛on　Tes亡，J．Nuc1．Mater．258－

　　263．1577（1998）．

（18）TNoda，H．Suzuki，H．Arak三：Si亘icon　Iso吉ope　E忍rich独ent危r　Low　Activ就ion，Fusion

　　週ng．＆Design，41，173（1998）．

（19）A．Sag鮒a，T．M以roga，O．Mo亡oj三㎜a，TNoda，S．Tanaka，T．Ter＆i，A．Kohya㎜a，

　　H．Maもsui：Maもeria1s　Design　and　Re1a辻ed　R＆D　Issues危r　the　Force舟ee　He1ic段亘

　　Reactor（FFHR），J．Nud．M1at肌258－263．2079（1998）．

（20）N．Nog三，THirano，KHonda，S．Tanak＆，TNoぬ：Prepara虹on　of　the　Iso亡opic凱11y

　　Controued　B－B105SingIe　Crysta1s　by比e　FZ　Technique，J．Sur勉ce　AnaIysis，3，

　　280（1998）．

（21）H．Suzu虹，YTak帥ch三，S．I辻o，I．Shiota，TNoda：Oa・王ine　Form＆tion　of　Isotopica11y

　　Con虹〇三1ed　Si硝1ms血o㎜F1uo吏o－sihne，J．Su更血ce　Ana－1ysis，3，372（1998）．

（22）H．Y金㎜anishi，A．Sagara，O．Mo亡ojima，TNoda，S．Tanaka，T．Te峨i，T．U由：Design

　　Studies　o公Nuc1ear　Prope吏ties　on比e　FLiB⑧B呈狐keもおr　Hehca1一もype　Fus三〇巫Reacもor

　　FFHR，Fus三〇巫Eng．＆Des三gn，41，583（1998）．

（23）T．Nod＆，M．恥j三ta，M．gkada：Tr独s独ut＆吉三〇nandIn加cedActiv三もyofW附s辻Wa11of

　　Fusio迅Reactors，J．Nuc王1M就e更．，258－263，934（1998）．

（24）M．Fujita，N．兄koyam設，YTachi，R．Nakajima：Distribuもed　M＆teria1Database　o巫the

　　htemeも（Present　Sta乏us　ofData一趾ee－Way　Sys竜e狐），RIST　News，No．24，25（1997）．

　　（inJapanese）

（25）TAも＆go，S．Kikuchi，J．脂tey盆狐a，M．～jit＆，H．H弧ada，丁泌kokawa，S．Sugaw＆ra，

　　TMiy＆zaki：An　Experi㎜e就of　Research　Couabor銚ion　betwee忍ぬpan狐d　USA
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　　Using　Broadband　Rese趾ch　Network，J．h如．Processing＆Manage㎜e亙t，40，

　　404（1997）．（in　Japanese）

（26）M．肺jita，T．脆kokawa　T－No由：A　Materiaun危r狐＆tion　Sys七e独by　Using　the

　　htemet，Proc．Pos亡14tもSMiRT　Se㎜i脇㍗Paris，Aug．23－26，33（1997）

（27）M，Fujita，X．Kusuno虹：For㎜ation　of　ICOS　C1uste正就Chise1Point　in　Necking

　　Process，Proc．2皿d　ht眺　Sy独p．on　Adv　PhysicaI　FieId　Characteriza－tio孤　of

　　Nanostmc触res，Tsukuba，Feb，19・21，521（1997）．

（28）M．Fujiもa，YKuriha蝸，M．Shindo，N．珊koya㎜a，YTachi，SXam，S．Iwata：A

　　Distributea　Database　Syste㎜危r　MutuaI　Usage　of　Ma七eria－Is　In危r皿ation（Data一’

　　趾ee・Way），ea．byS．Nishiji触a，S．Iwata，ASTM　STP1311，249（1997）．

（29）T．脆kokawa，H．Harada，M．趾jit包：Open　Labo蝸もory危r　M登敏ia王Design　Using

　　工nter鵬t，　Pr◎c．33正d　Aηn，Meet．In危．Sci．Tech．Tokyo　Oc乞、14一玉5，79（1997）、（in

　　Japa一双ese）

（30）H．Tsuji，N．脆koya㎜a，M．Fujita，YKu正ihara，S．K狐o，YTachi，K，Shi㎜ura，

　　R．Nakaji㎜a，Slwata：A　Dis虹ibuted　Ma亡eria1Database　on　In七emet　Rece就Ac虹vity

　　ip　Data一趾ee－W鋤hoc．6thAnη．Co皿五JS　ofIn如r㎜ation　and　Know1edge，Tokyo　May

　　23，43（1998）．（in　Jap＆nese）

（31）H．Tsuji，N．Kaji，M．Fujita，S．K＆m，YTachi，K．Shi㎜ura，R．Nakaji㎜a，S．Iwata：

　　Dis虹ibuted　Database　Syste㎜危r　Advanced　Nuc1ear　Mutua1Materia1s（Da一亡a－Free－

　　Way），Proc．9ぬInter　Con£on　Mlodern　M1ateri盆ヱs＆鴉chno玉ogies，F1orence（Ita玉y），

　　417（1998）．

（32）H．Tsuji，N．Kaji，M．Fuji七a，S．Kano，YTachi，K．Shi狐ura，R．Na－kaji㎜a，S．Iwata：

　　Distrib砒ed　Da－taba－se　Syste狐危r　M砒ua1Usage　of　Maもeria1hおr㎜磁ion（Data－

　　Free・W会y），P犯c．6㍗hter．Con£on　Maもeriais危r　Power　Engi鵬ering，P孤t　nヱ，Liege

　　（BeIgiu㎜），1739（1998）．

（33）丁篶kok凱wa，M．Fujita，H．Ha蝸aa：Re独ote　Experi㎜en雀危r　Materia1Science　Fie1d

　　Using　Bmaaband　Research　Netwo此，Proc，34th　Ann．Mee七．In危．Sci．Tech．Tokyo

　　Oct．12－13，131（1998）。（in　Japanese）

（34）M．Fujiもa，M．Utsumi，TNo虹：A　Da七a－baseあr　Tra鵬危r㎜ation　of　Nuc1ear　M就eri＆Is

　　on　Intemeも，Proc．1997Sy㎜p．on　Nuc1ear　Data，Tokai，Nov27・28，34＝6（1998）．

（35）H．Tsuji，一N．Ybkoya㎜＆，M．Fujita，YKuriムara，S．Ka双o，YT＆cb三，K，Shi狐ura，

　　R．Nakaji㎜＆，S．Iw＆もa：Prese滅Stat鵬of　Daもa一趾ee－Way　Distr三bu竜ed　Datab＆se

　　Syste醐危rAdvan㏄d　Nuc王earMate幽豆s，J．Nuc1．Maも肌271＆272，486（19b9）．

（36）M．Fujita，M．Uもsu狐i，TNoda：Retr三eva王Trans㎜utation　and　Dec＆y　Process　of

　　Nuc胴es　UsiRg　Nuc1⑧a－r　Reacもion　Database　oむhtemet，Pr㏄．1998Symp．o双

　　Nuc豆ear　Da辻a，Toka－i，Nov19・20，Tokai，302－307（1999）．
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(37) M.Fujita, J.Kinugawa, H.Tsuji, Y.Kaji, S.Kano. Y.Tachi, K.Shilnura, R.Nakajima, 

S.Iwata: Some Analyses of Mechanical Properties in Neutron-Irradiated 316 

Stainless Steel Using Distributed Database (Data-Free-Way), Proc. ISFNT-5, Roma, 

1999, in press. 

(38) M.Fujita: A Trial on Fact Database for Materials, Materials, 38, 24(1999). (in 

Ja p anese) 

(39) T.Yokokawa, M.Fujita, H.Harada: Remote Experiment for Design of Ni-base 

Superalloy Using Broadband Research Network, Tetsu-to-Hagane, 85, 82(1999). (in 

Ja panese) 

(40) M.Fujita, A.Okada, T.Kasugai: Some Properties Prediction System for Welded Heat 

Affected Zone on Internet, Quar, J. Jnp. Weld. S., 17, 168(1999). (in Japanese) 

(41) Y.Tachi, J.Saito, M.Fujita, J.Kinugawa, H.Tsuji, Y.Kaji, K.Shimura, R.Nakajima, 

S.Iwata: Utilization of Image Data in Distributed Material Database named Data-

Free-Way, J. Nucl. Sci. Technol. (1999) in press 

Oral Presentation: 82 

(1) International Conference: 27 

(2) Domestic Conference: 55 

Patent: 

(1) Synthesis of Pure Disilicon Hexafluoride: T. Noda. H. Suzuki, H. Araki; 1997, 

N0.2664048 

(2) Synthesis of Pure Disilicon Hexafluoride: T. Noda, H. Suzuki, H. Araki, 1997, 

S.N.08/526919 in USA. 

(3) High Purity SiC Composites and the Production: T. Noda. H. Araki, A. Kohyama: 

1998, HI0-143044 

(4) Production Method of SiCfySiC Composites: T. Noda, H. Araki, A. Kohyama, 1998, 

H 10- 143045 

(5) Isotopical Silicon Film and the Production Method: H. Suzuki, H. Araki, T. Noda: 

1999, requesting 

(6) Retrieval System of CCT Diagrams: M. Fujita, T. Kasugai, 1998, HI0-217278. 

Award: 

(1) Commendation by the Minister of State for Science and Technology 1997, May 29 

from Science and Technology Agency, T, Noda. 

(2) Best ofReport Award 1998 Spt.20, from The Japan Institute of Metals, H. Suzuki, H. 
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Araki, T, Noda. 

(3) Persons of Scientific and Technological Information Research Merits, 1998 Oct.14 

from Japan Science and Technology Corporation, M. Fujita. 

2.2.5 4th Subgroup 

Masanori Yata (Subgroup Leader) 

2.2.5. I Research Work 

Our experimental program is aimed to understand the chemical reactivity of 

molecules on solid surfaces and clusters and to understand the elementary processes of 

the reactions usmg "state selected" molecular beams. Our final goal is to obtain the 

answers to the following questions: (1) how will the initial state of reactants affect the 

elementary process of the reactions? And how can we control the branch ratio of the 

product yield by the way in which the reactants are excited ? 

<Research theme> 

(1) Control of the synthetic process of transition-metal oxides by "state-controlled" 

molecular beam techniques (Special Coordination Funds for Promoting Science and 

Technology: April 1997 to March 2000, Masanori Yata) 

2 2 5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M. Yata, H. Rouch, K. Nakamura: Kinetics of Oxygen Surfactant in Cu(OO1) 

Homoepitaxial Growth. Phys. Rev., B56, 10576(1997). 

(2) M. Yata, H. Rouch. K. Nakamura: Role of Oxygen Adatoms in Homoepitaxial Growth 

of Cu(OO1), Mater. Res. Soc. Symp.Proc. 528, 59(1998). 

(3) M. Yata. H. Rouch, K. Nakamura: Kinetics of Okygen Surfactant-mediated Epitaxial 

Growth of Cu(OO1), J. Surf. Sci. Soc. Jpn., 19, 92(1998). 

(4) K. Nakamura and M.Yata: An Interpretation ofthe Temperature-dependent Growth 

Mode of Copper on the Cu(OO1)-(2r2Xr2)R45' -O Surface, Surf. Sci. 417, 268 

(1998). 

(5) M.Yata and H. Rouch: Control of the Initial Oxidation dn Cu(OO1) Surface by 

Selection of Translational Energy of02 Molecules, Appl. Phys. Lett., 75, 1(1999). 

(6) M. Yata and Y.Saito: The Interaction of 02 Molecules with Clean and O-covered 

Cu(OO1), Surf. Sci., in press. 
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(7) M. Yata and Y.Saito: 

Phys. submitted. 

Dynamics of the Initial Oxidation of Cu(OO1) Surface, J. Chem. 

Oral Presentation: 10 

(1) International Conference: 3 

(2) Domestic Conference: 7 

2.2.6 Researchers in the 2nd Research Group 

Age and research fields of researchers in the 2~d Research Group. (M:arch 3 l, 1999) 

Age of Number Metal- Solid-state Process- Data- Mechanics 
Researchers lu r h sics In base 

60 -

50 - 59 3 1 1 1 

40 - 49 5 2 2 1 

30 - 39 4 1 2 1 

22 ~ 29 

Summation 12 4 4 2 1 1 

2.2.7 Research Budgets in the 2~d Research Group 

Research budgets in the 2~d Research Group (yen) 

Kinds ofbud ets 1997 1998 
Nuclear Energy Research 113,727,000 117,742,000 

Special Coordination Funds 15,750,000 45,477,000 
for Promoting Science and 
Technology 

Supplementary Budget O 25,000,000 

Summation 129,477,000 188,219,000 
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2.3 3rd Research Group (Advanced High Temperature Materials) 

Morihiko Nakamura (Supervising Researcher) 

2.3. I Research Work 

We need to improve high temperature materials for the eflicient use of thermal 

energy in order to conserve natural resources and to protect the environment. 

Following the 5th Long-term Plan, the R&D of advanced high temperature materials for 

high temperature applications has been promoted at the 3*d Research Group. Efforts for 

fabrication and improvement of advanced high temperature materials have been made . 

The research work at the 3*d Research Group are divided into two groups: in the first 

group, ultra-high temperature materials, Iike Ni base superalloys and "refractory 

superalloys" are studied, and in the other, Iight-weight high temperature alloys like 

TiAl base, Al3Ti base and Ti2AINb base alloys, are studied Examples of the outcomes 

are shown next. 

(1) Advanced Ni base superalloys for higher temperature uses have been developed 

with the alloy design system which we developed. 

(2) "Refractory superalloys" for ultra-high temperature applications have been proposed 

and realized using Pt group metals like lr and Rh as base metals 

(3) The high temperature deformability of T~I base alloys has been improved through 

isothermal forging and macroalloying, and the room temperature ductility ofAl3Ti 

base alloys like (Al. Mn)3Al are studied by the addition of a 4th element. 

(4) The high temperature strength of Ti2AlNb base alloys has been improved through 

compositional and mierostructural modification, and fabrication of the alloys has 

been carried out using powder metallurgy techniques. 

The member of the 3*d Research Group, as at March 31, 1999, consisted of 17 

researchers, 3 STA fellows, I domestic research fellow, 4 visiting researchers, 1 

graduate student and 4 guest researchers. 

The output of the research activities has been increasing since the start of the 5th 

long-term plan. The number ofpublications including submitted papers is 111, patents 

submitted or registered are 12 from April 1, 1997 to March 31, 1999. The details are 

shown in the research activities of each laboratory. 
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2.3.2 1't Subgroup 

Hiroshi Harada (Subgroup Leader), Shizuo Nakazawa, Yoshikazu Ro, Yutaka Koizumi, 

Hideyuki Murakami, Yoko Yamabe-Mitarai, Yuefeng Gu (STA Fellow), Chang-Seok Oh 

(STA Fellow), Xi-Hong Yu (visiting researcher), Makoto Osawa (visiting researcher), 

Takayuki Sakai (visiting researcher), Takehisa Hino (visiting researcher), Chiaki 

Tanaka (guest researcher), Yomei Yoshioka (guest researcher). 

(Fifth Laboratory; Computational Materials Division) 

Toshihiro Yamagata (Head), Tadaharu Yokokawa, Toshiharu Kobayashi 

2.3.2. I Research work 

The 3*d and 4th generation Ni-base single crystal (SC) and directionally solidified (DS) 

superalloys for advanced power generation gas turbines and aeroengines have been 

(lare being) developed under collaborations with Rolls Royce, NEDO (M:ITI), IHI, 

Toshiba, Kawasaki, and so on. NiTi-base high temperature alloys were newly proposed 

as high specific-strength materials and evaluated. "Refractory superalloys" for ultra-

high temperature uses were also proposed and being realized with using Pt group 

metals, e.g., Ir and Rh, as base metals. Atomistic level computer modellings using CVM 

and Monte Carlo simulations supported by our experimental work with APFIM, High 

Temperature X-ray Diffractometry, etc, as well as more empirical alloy design method 

based on databases, were established and used mainly in the Ni-base superalloy 

develo p ments. 

The work above in this Subgroup led to "High Temperature Materials 21 Project" 

launched in June 1999, as a Leading Project for "Dokuritu Gyousei Hajinnka" taking 

place in April 2001. 

<Research themes> 

(1) Atomic Arrangement Design of Ultra-high Temperature Alloys 

(Computational Materials Research: April 1995 to March 2000, Hiroshi Harada) 

(_9) Virtual Experiment for Materials Design (Phase 1) 

- Design of High Temperature Materials by Using Statictical Thermodynamics 

Calculation -

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 1998, Hiroshi Harada) 

(3) Virtual Experiment for Materials Design (Phase 2) 

- Design of Refractory Superalloys -

(Special Coordination Funds for Promoting Science and Technology: April 1998 to 
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　March2000，Hiroshi　Ha－raaa）

（4）Deve呈op狐e銚ofS虹g1e　Crysもa1Supe吏a．11oys危r　High　E鑓ciency　Gas

　Turb三neS

　（NEDO　Research　Grant危rAavanced　Techno1ogy：October1997to　March

　2000，H鼓oshi玉｛arada）

2．3，2．2臨se趾ch胆od．ucts，inch出ng　pape蝸s曲泌1航ed（Ap刮1．1997竜o

　　　　lMlaxch31．1999）

（1）　Yue免双g　Gu，Y伯㎜abe－Mi辻arai，Yl　Ro，T．脆kokawa，H．Harada：Microstruc七ures

　　　a巫d　Compressive　Properties　ofIr－15Nb　Re血凱c毛oxy　Supera－noys　Containing　Nicke1，

　　　Scripta　M包をeL，39，723（1998）

（2）　Yue免ngGu，YY註㎜abe－Mit般ai，XihongYu，YRo，H．亘arada：E脆c亡sofNickeI

　　　Aωぬon　on　S虹en節h＆nd趾acture　Behav三〇r　of　Ir－15Nb　Two　Pbase　Re血ac亡ory

　　　Supe蝸uoy　Ox拓rd－Kobe　M1就eria1s　Se㎜【ina王1998，Poster　pape篶p．1（1998）

（3）　㌔e島ng　Gu，Y晦㎜abe－M三亡a蝸i，Y　Ro，丁一珊kokawa，H．Ha蝸da：E施cts　ofNickeI

　　　Conten七〇n　Micros虹uctures　and　Co㎜pressive　Properties　of　Ir－15NもRe血acもory

　　　Supera11oy　JSPS123Co㎜㎜ittee　Research　Report，39，137（1998）

（4）　Yue飴ng　Gu，Y　Ya独乱be－Mitarai，Y　Ro，H1Harad＆：Microstruc七篶res　and

　　　De血r㎜ation　Behavior　of　Ir－Nb　Two　Phase　Re丘actory　Supe蝸11oys危r　V虹ious　Nb

　　　Content，Scripta　Ma也er，40．1313（1999）

（5）　Yue胎巫gGu，Y狛㎜abe－Mitarai，YRo，丁一珊kokawa，andH．Haraぬ，Superior

　　　Mech痂ica1Proper辻ies　and　Frac辻㎜e　Behavior　of工r－15aも％NもTwo－phase

　　’Re血acもory　Supezanoys　wi尭h　N三cke三Addiもions，Mlet．丁閉ns．A，a㏄epted

（6）　Yue飴ng　Gu，Y　Yまmabe・Miもa蝸i，Y　Rc，Y必kokawa一，H．Ha蝸da，h丑uence　of

　　　N三cke1．Addition　o巫S虹ength　and趾acture　Behavioエof　h－15Nb　Two－phase　Auoy

　　　Maも．Res．Soc．Sy㎜P．PrOc，（1998）

（7）　Yue飴ag　G亡，Y狛mabe－Mi亡arai，Y　Ro，ana　H．Ha蝸da，M三crostrひcもures＆nd

　　　Mechanica1Pmperties’of　Ir－Nb－Ni此c－L12Two－phase　Re缶ac亡oW　Superauoys，

　　　IUMRS－ICAM1199，in　press

（8）　Y鵬免ng　Gu，Y　Y註mabe－M三もarai，X三hoag珊，＆nd　H．Ha蝸d＆，M三crostmcもures　and

　　　Co㎜pressive　Proper北ies　of　Ni－dopea　Rh－15Nb　Two－phase　Re血actory　Supera1王oys，

　　　Materia至s　Le械ers，inpress

（9）　Y鵬飴ng　Gu，Y　Y註狐abe－M三t＆蝸i，Y　Ro，T　Yokoka－wa，T．M＆mko，H．H鮒a－da，

　　　M三crostruc七u丈es＆忍d　Fracもure　Behavior　of　h・15Nb・XN｛aなd　Rム・15Nb－XNi　Two－

　　　pbase　Re血acもory　Supe醐11oys，ATEM1199宣in　press

（1O）　H．Harada，YY虹nabe－Mita更ai：Super＆11oys　fbr　Gas　Tび更bines；Present＆nd　Future
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(11) 

(12) 

( 1 3) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(2 1) 

(22) 

(23) 

(Review paper), Zairyo Kagaku (Journal of Japan Institute of Materials Science), 

34, 63 (1997) (in Japanese) 

H. Harada : High Temperature Materials Design (Review paper), JSPS 123 

Committee Research Report, 38, N0.3 (Special Issue for the 40th Anniversary 

Seminar) 185 (1997) (in Japanese) 

H. Harada, T. Yamagata: Researches on Superalloys for Gas Turbines at National 

Research Institute for Metals (Review paper), J. Gas Tarbine Soc. of Japan, 25, 

110 (1997) (in Japanese) 

H. Harada: Development of Superalloys for High Efficiency Gas Tarbines (Review 

paper), Kogyo Zairyo, 46, 114 (1998) (in Japanese) 

H. Harada, H. Murakami : Materials Design; Its Application to High Temperature 

Materials (Review paper), JIM Seminar Textbook, p. 6 1 (1998) (in Japanese) 

H. Harada: Design of Ni-base and lr-base Superalloys, Oxford-Kobe Materials 

Seminar 1998, p. 131 (1998) 

H. Harada, T. Yamagata: GT-Related Research at NRIM (Review paper), Bulletin 

of Gas Turbine Society of Japan, 46 (1998) (in Japanese) 

H. Harada and H. Murakami, Design of Ni-base Superalloys (Review paper), 

ComputationalMaterjaJs Desl~2, Springer-Verlag, ed. by T. Saito, in press 

T. Hino, Y. Yoshioka, K. Nagata, H. Kashiwaya, T. Kobayashi, Y. Koizumi. H. 

Harada, T. Yamagata: Design of High Re Containing Single Crystal Superalloys 

for Industrial Gas Tarbines, 6th Liege Conf. on "Materials for Advanced Power 

Engineering 1998", p. 1129 (1998) 

T. Hino. Y. Yoshioka, K. Nagata, H. Kashiwaya, T. Kobayashi, Y. Koizumi, H. 

Harada, T. Yamagata: Design of High Re Containing Single Crystal Superalloys 

for Industrial Gas Turbines, Met. Mat. Trans. A, submitted 

T. Hino, Y. Ishikawa, Y. Yoshioka, K. Nagata, T. Kobayashi, Y. Koizumi, H. Harada, 

T. Yamagata: Design of Single Crystal Superalloys for Industrial Gas Turbines, 

Inter. Gas Turbine Congress 1999 Kobe, November (1999), submitted. 

T. Kobayashi, Y. Koizumi, S. Nakazawa. H. Harada and T. Yamagata: Design of a 

High Rhenium Containing Single Crystal Superlloy with Balanced Intermediate 

and High Temperature Creep Strengths, 4th Inter. Charles Parsons Turbine Conf. 

ofAdvances in Turbine Materials, Design and Manufacturing, p. 766 (1997) 

T. Kobayashi, Y. Koizumi, T. Yokokawa. S. Nakazawa, H. Harada, T. Yamagata: 

Design of a Third Geneiration Single Crystal Superlloy with Excellent Phase 

Stability, JSPS 123 Committee Research Report, 39, 9 (1998) (in Japanese) 

T. Kobayashi, Y. Koizumi, H. Harada, T. Yamagata, A. Tamura, S.Nitta: Design of 
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(24) 

(2 5) 

(26) 

(2 7) 

(28) 

(2 9) 

(30) 

(3 1) 

(32) 

(33) 

(34) 

3'd Generation DS Superalloy TMD-103, 6th Llege Conf on "Matellals for 

Advanced Power Engineering 1998", p. 1079 (1998) 

Y. Koizumi, T. Kobayashi, T. Kimura, M. Osawa and H. Harada: 3*d Generation 

Single Crystal Superalloys with Excellent Processability and Phase Stability, 6th 

Liege Conf. on Materials forAdvanced Power Engineering 1998, p. 1089 (1998) 

Y. Koizumi, T. Kobayashi, H. Harada, T. Yamagata: Creep Life Extension of a 

Single Crystal Superalloy by Re-heat-treatment, 4th Inter. Charles Parsons 

Tarbine Conf. of Advances in Tarbine Materials, Design and Manufacturing, p. 

679 (1997) 

M. Maldini, T. Yamagata, H. Harada, V. Lupinc. M. Yamazaki: Effect of a Thermo-

mechanical Taeatment on Gamma' Morphology and Creep Behavior Single Crystal 

Nickel-base Superalloys, 1lth Congress Inter. Federation for Heat Treatment and 

Surface Engineering, p. 131. Florence, Italy, October (1998) 

H. Murakami, P.J. Warren, T. Kumeta, Y. Koizumi, H. Harada: Microstructural 

Evolution of ~ / ~ ' Two Phase Quaternary Alloys, J. Surface Analysis, 56(1997) 

H. Murakami, P.J. Warren, T. Kumeta, Y. Koizumi, H. Harada: Microstructural 

Characterization of NiTi-Based ~ 2 / Ni2TiAl-based ~ ' Two Phase Alloys, Proc. 

the 2*d Inter. Symp. on Structural Materials, Seven Springs, U.S.A, p. 877 (1997) 

H. Murakami, P.J. Warren. T. Kumeta (Ibaraki University), Y. Koizumi. H 

Harada: Microstructural Evolution of ~ 2 NiTi-Based / ~ ' Ni2TiAl-based Two 

Phase Alloys, The Asian Science Seminar, p. 323 (1997) 

H. Murakami. Y. Koizumi, T. Yokokawa, Y. Yamabe-Mitarai and H. Harada: Atom-

probe Microanalysis of lr-bearing Ni-base Superalloys, Materials Science and 

EngineeringA250, p. 109 (1998) 

H. Murakami, M. Osawa, T. Yokokawa, Y. Koizumi, T. Yamagata, H. Harada: The 

Location of Atoms in lr-containing Ni-base Single Crystal Superalloys, 6th Liege 

Conf. on Materials for Advanced Power Engineering 1998, p. I139 (1998) 

H. Murakami, T. Yokokawa, M. Osawa, Y. Koizumi, H. Harada: Atomistic 

Investigation of lr-containing Ni-base Single Cryatal Superalloys, Oxford'Kobe 

Materials Seminar 1998, p. 13 (1998) 

H. Murakami, H. Harada, Y. Saito: Design and Analysis of Ni-base Superalloys on 

an Atomistic Basis, J. Japan Inst. Metals, 63, 723 (1999) (in Japanese) 

M. Osawa, T. Yokokawa, T. Kobayashi, Y. Koizumi, H. Harada: X.-ray Diffraction 

Measurement of Gamma/Gamm-prime Lattice Misfit and Lattice Distortion in 

Ni-base Superalloys, Oxford-Kobe Materials Seminar 1998, Poster paper, p. 8 

(1998) 
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（35）1≡［S凱to，K．Itoh，M　Sh1m1zu，Y漁独包be・M1t脳a1，H．H拠aaa，T　Mamko，Y

　　　Naka測ura：So1ar　Thema1Thmster　Maae　ofIridium，21st　ht飢Sy㎜p．on　Space

　　　Tech孤o1ogy　and　Science，98・a・2・02，p．1，O血iya，Japa－n，Ma－y（1998）

（36）Y　Y金㎜abe－M1tara1，Y　K〇三zum1，H　Mu蝸ka㎜1，Y　Ro，T．M脳必o，H　H狐aaa：Rh－

　　　base　Re舷ctory　Supera11oys危r　U1虹a－high　Temperaもure　Use，Script＆Mat肌，36，

　　　393（1997）

（37）Y狛㎜abe－Miもarai，YRo，T．Y〕kokawa，TMamko，H，Harada：GmwthofL12

　　　P王ec1p並ates　In　FCC　Ma虹1x1n　Ir　B1na．ryA11oys，The　As1an　Sc1ence　Se㎜1n蝋p．277

　　　（1997）

（38）Y　Y註狐abe・M1ta一醐ユ，Y　KoIzu㎜1，H　M以蝸ka㎜1，Y　Ro，T　Maruko，H　Hara－da

　　　P1atinu㎜Group　Meta1s　Ba－se　Re血ac危ory　Supera11oys，Mat．Res．Soc．Sy㎜p．，vo1，

　　　460，p．701（1997）

（39）Y狛独abe－Mi也a蝸i，Y　Ro，T　Mamko，丁珊kokawa，H．Harada：P1at虹u㎜Group

　　Met盆1s－base　Re血actoW　Sup鉗a11oys危r　U1t醐一high　Te㎜pexa一七u蛇Use，S虹uctura1

　　Inter㎜e七段uics1997，p．805（1997）

（40）Y滋皿aba－M並a脇i，Y　Ro，T1Mla醐ko，H，Harada：玉r・base　Re血acto町Superauoys

　　危rU1t蝸一highTe㎜pe蝸もu犯Use，Met．Mat．Trans．A，29A，537（1998）

（41）Y　Ya独abe－Mit脳ai，Y　Ro，T．Mamko，丁兄kok段wa，H．Harada：P鵬cipiセate　Shape

　　Dependence　of　S七rength　in　h・b盆se　Re血a．ctory　Super＆11oys，6th　Liege　Con£on

　　“M1批鮒ia1s危rAdv棚cea　Power　Engineering1998”，p．u4＝7（1998）

（42）Y臨㎜a－be－Mitarai，Y　Ro，T　Mamko，H．H狐ada一：Microstructure　Dependence　of

　　Strength　of　Ir・base　Re血a－ctory　Supera11oys，】1ntenne亡anics，7，49（1999）

（43）Y1狛㎜abe－Miもarai，H．Harada：Design　ofRe血a－ctory　Supe醐旦1oys　Basea　on　Ir　and－

　　Rh，U．S．一JapanWorkshop　on帖町High他皿pe峨ture　Stmctu峨IMa敏ia1s，p．1ヱ7，

　　Ha－waii，Dece㎜ber9－11（1998）

（44）Y狛㎜訟be－M1七a蝸1，Y　Ro，T　Maruko，H　Harada　Prec1p晦t1on　h趾aemngofIr－Nb

　　　弧d　h－Zr＆11oys，ScriptaM＆t。，40，109（1999）

（45）Y　Y狐abe・Mit脳＆i，X｛hong　Yh，Yde免ng　Gu，Y　Ro，S．N段kazawa，T　M奴uko，H．

　　H般ada，Microstmctu鵬s＆nd・High　tempe蝸tu鵬sもrengもhs　of　h－b＆sed－and　Rh－

　　based　Re舳ctory　Supe蝸豆1oys，ATEM’99，inp迂ess

（46）丁篶kokawa，M．Os＆wム，H．Muraka独i，T　Kobaya－shi，Y　Koizu獺i，T　Y麦magat＆，H．

　　Ha蝸da一：High　Te独per銚ure　Measu丈e㎜ent　ofGa㎜㎜a／Gam狐a－p泣独e　Latもice　Mis鼠

　　　虹＆3「雀Gene醐もion　N三一base　Supera豆1oy6th　Liege　Con虹ence　on　M＆teri乱1s血r

　　Adva－nced　P◎wer　Engi鵬ering1998，p．1121（1998）

（47）T．Ybkok盆wa，K．Oh公o，H．Mu吏ak＆狐i，T．Kobayashi，T．Y註搬ag就a，H．Har＆da一：

　　A㏄u献e　M脇sure鵬銚of　L鮒ice　Mis五t　between　Ga狐狐a狐d　Ga㎜㎜a－pri搬e
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　　　Phases　in　Nicke1－ba－se　Supera11oys　at　High　Te㎜peratures，Advances　in　X－ray

　　　Ana1ysis，Vo1，39，p；449（1997）

（48）T　Y3kokawa，H．Harada，K．Ohao：X－ray　Dif缶acto㎜etric　Measure二ment　of　Laももice

　　　M三s鼠beもween　Ga一狐㎜＆／Ga独独a－prime　Phases　of　Ni－base　Supera1呈oys　a－t　High

　　　Te狐perat篶res，J，JapanWe1di㎎Soc三e軌67，34（1998）（i巫Japa蝸se）

（49）S，Ybshitake（M1itsub三shiMa亡er三a1），VNa蝸yan，H．Harada，H．K．D．H，Bhadeshia，

　　　D．J．C．lMlackay：Es滅㎜ation　ofthe　Ga一狐ma＆nd　Gam㎜a－pri狐e　La枇ice　Pa蝸㎜e吉ers

　　　in　N三cke亘一base’Superauoys　Us三ng　Neura1Netwoτk　Ana1ys三s，王SIJ　hter．，38，495

　　　（1998）

（50）XihongYu，YY註㎜abe－Mita蝸i，Y鵬飴ngGu，H．Harada一：TheImes虹gationonh－

　　　Nb－N三・A1Quatemary　Re血acもory　S哩e蝸玉1oys，Aeros脾ce㎜a竜eria1s，The　1畠t

　　　Ox血rd－Kobe　Materia至s　Se㎜ina更1998，Pos乞er　pape篶p．17（1998）

（51）X曲ong　Yu，Y　Y塾㎜段be－Mit＆rai，Y－Ro，Y鵬危ng　Gu，H．Harad＆：Deve1op㎜e皿t　of

　　　Quater皿aw　h－Ta－Ni－A1Re血ac吉ory　Supera1玉oys，Scripta　Mate皿，虹press

（52）Xihong　Yd，Y狛㎜abe－Mitarai，Y　Ro，H．Hara一由：New王y　Deve1oped　Quatemary

　　　Ref搬c七〇ry　Supera11oys，IUMRS－ICAM’99，in　press

（53）Xiho皿gYu，YYa独abe－Mita醐三，YRo，H．H搬ada：DesignofQua毛emaryIr－NかNi－

　　　A1Re血ac亡ory　Supe脇11oys，Me士．Mat　Tr＆ns．A，｛n　press

（54）H．Fujii（Osaka　Universi辻y），D．J．C．MacKay（Universiもy　ofCambr姻ge），H，K．D．H．

　　　遭hadeshia（Universiもy　of　Ca㎜bridge），H．H鮒ad＆，K．Nogi（Osaka　University）：

　　　Esもi㎜ation　of　Creep　R哩ture　Streng比in　N三cke1－b鵬e　Sup甑a1王oys，6th　Liege　Conf－

　　　on　Ma危eriaIs血rAdvanced　Power週なまneer虹g1998，p．ヱ40王（1998）

。0ra1Presenta伍on：60

（1）Ia辻ernation＆1：　26．

（2）Do狐es乞ic　Con免吏ence：　34

・pate趾ApP11cat1ons

（1）Nicke1・based　Sing王e　Crysta1A11oy　and　a　Method　ofMa巫u血cも＆ring　the　Sa㎜e：

　T．Kobayashi，Y　K〇三zum三，S．Nakazawa，H．H脳ada，T．Y塾狐agat＆，

　Japan：October31．1997，09－316111

　　EU（5countr主es）：Ocもober30．1998．98308931．9

　　USA：Septe㎜ber23．1998，09／五59，494

（2）Ni－base　Supe閉11oy　a　Mle比od　ofMa一巫ufacturing出e　Sa狐e，and＆Gas・Turbi鵬Pa一τts

　　made　ofthe　Same：

　THino，YYbshioka，TSuzuki，TKobayashi，
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　　丁脆kokawa，Y　K01zumI，H．Ha蝸da，

　　JapaI1：August13．1998，10－228986

（3）N1・base　Supera11oy　a　Method　ofManu血ctひnng　the　Sa独e，and　a－Gas　T肌rbme　Parts

　　独ade　of七he　Sa亘ne：

　T　H三皿o，Y脆shioka，T　S以zuki，T　Kobayashi，

　T．必kok＆wa，YKoizu㎜i，H．Harada，

　　Ja脾n：March4．1998，10－067671

　　USA：M狐ch3．1999，09／261，230

（4）Ni－base　Supera11oy　a　Me出od　ofManび血c帥ring　the　Sa㎜e，and　a　Gas冊rbine　Parts

　　ma－de　of七he　S＆me：

　THim，Y珊shioka，K．Naga亡a，T．Koba－yashi，

　Y　Koizu㎜i，S．Nakazawa，TY〕kokawa一，H．Harada，

　　Japan：亙ebruaエy25．1999，11－049031

（5）Nicke1－base　Supe蝸1Ioys　with　Iridiu㎜Addi伍on：

　T　Kol〕aya－shi，Y　Koizu独i，H．Murakami，Y　Ro，Y狛㎜abe，S．Nakazawa，H，Hara一由，

　丁狛㎜agata

　October28．1998，09－295552

（6）AMeもhod　ofManu血ctur虹g　N玉cke1－bas8Directiona11y　So1ia逓es　Supe蝸11oys：

　T　Kob盆yashi，Y　Koizu㎜i，H．Haraぬ，丁狛独agata，A．Ta㎜ura，S．Ni枇a，

　　Ja脾n：M趾ch2．1998，10－066204

　　USA：Febエuary26．1999，09／257910

　　］巨：U（7countries）：ム征arch2．1999．99104190．6

（7）Re缶actory　Supe蝸11oy　and　a　Manu危cturing　Method　ofthe　Sa㎜e：

　Y　Y註㎜abe・Mi辻arai，Yue危ng　Gu，XihongYu，Y　Ro，S．Nakazawa，H．Harada，

　　Japan：Feb．2．1999，11－025540

・patentre騨危ered

（1）NiT三一ba－se　High　Spec過c－s虹⑧ngth　Heat　Resistan北A11oys：

　Y　Koizu狐i，S．Nakazawa，Y　Ro，H．Ha醐由，

　No▽e狐1〕er11．1998，3apan2847177

（2）AMethoa　ofMa公u血伽r三ng　Nicke亘一base　D泣ecti6na11y　SoIid描es　Superauoys：

　T．Kob＆ya－shi，Y　Koizumi，H．H脳ada，T　Y金独aga辻a，A．Tamu更a，S．N搬a，

　　Japa忍：Ma－rch26．1999．2905473

・Award

（1）JIM“Shorei－sho”｛br　Encou更age三ngツbung　Scien完ist，
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September, 1997, Yoko Yamabe-Mitarai 

(2) Commendation for Achievements, STA, 

May, 1997, Toshiharu Kobayasi 

2.3.3 2~d Subgroup 

Aperiodic Materials Research Team 

2.3.4 3'd Subgroup 

Masuo Hagiwara (Subgroup Leader), Satoshi Emura, Feng Tang (domestic 

research fellow) 

2.3.4. I Research Work 

(1) The effect of compositional and microstructural modification, and the homogeneous 

dispersion of fine ceramic particulates such as TiB and Er203 on the elastic modulus, 

density and high temperature mechanical properties of orthorhombic Ti2AlNb 

intermetallic alloys have been studied. 

(2) The fatigue behavior of conventional titanium alloy-based particulate composites 

such as Ti-6Al-2Sn-4Zr-2M0/100/0TiB has been evaluated under the creep-fatigue 

interaction, and the fracture mechanisms have been analyzed. 

<Research themes> 

(1) Research and Development of High Temperature Ti2AlNb Titanium 

Aluminide-Based Composites (General Research: April 1997 to March 

1999, Masuo Hagiwara) 

(2) Evaluation of High Temperature Properties for Titanium-Based 

Particulate Composites (Special Coordination Funds for Promoting 

Science and Technology: April 1997 to March 1998, Masuo Hagiwara) 

2.3.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M. Hagiwara, S. Emura, Y. Kawabe, S.J. Kim: Low Cost Synthesis of P/M Ti Alloys 

and Ti-based Particulate Composites, Non-Aerospace AppJl~atiov of Titanjum, ed. 
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by F. H. Froes, P.G. Allen and M. Niinomi, p.21 (TMS, Warrendale 1998), TMS 

Annual Meeting, San Antonio, February 16-19, 1998 

(2) M. Hagiwara, S. Emura, S.J. Kim, M. Niinomi: P/M synthesis of Ti Alloy-Based 

Particulate Composites and Their Properties, Advanved Materl~ls and Processl~2gs, 

ed. by M.A. Imam, R. Denale, S. Hanada, Z. Zhong and D.N. Lee, p.361 (TMS, 

Warrendale 1998), 3*d pacific Rim Inter. Conf. on Advanced Materials and 

Processing (PRICM-3), Hawaii, July 12-16, 1998 

(3) M. Hagiwara, S.J. Kim, S. Emura, F. Tang: Improved High Cycle Fatigue Strength 

of BE PfM: Ti-6A1-1.7Fe-0.1Si Alloy and Ti-6Al-1.7Fe-0.1Si/10TiB Composites, 

Powder Metallurgy, World Congress and Exibition 1998, Granada, October 18-22, 

1998, in press 

(4) F. Tang. S. Emura, M. Hagiwara: Effect of Compositional Modification on the 

Density, Young's Modulus and Mechanical Properties of Orthorhombic Ti~AlNb-

Based Alloys, Xi'an Inter. Titanium Conf., Xi'an, September 15-18, 1998, in press 

(5) M. Hagiwara, S. Emura, Y. Kawabe: Synthesis and Property Evaluation of P/M Ti-

6Al-2Sn-4Zr-2MolTiB Particulate Composites, Tetsu-to- Hagane. 83, 821(1997) (in 

Ja panese) 

(6) M. Niinomi, S. Takahashi, M. Hagiwara, S. Emura, Y. Kawabe, S.J. Kim: Fracture 

Toughness and Microstructure in TiB Particulate-reinforced Ti-6Al-2Sn-4Zr-2Mo 

Composites, Tetsu-to-Hagane. 84, 452 (1998) (in Japanese) 

(7) M. Hagiwara, S.J. Kim, S. Emura, Y. Kawabe: Improvement of High Cycle Fatigue 

Strength of P/M Ti-6Al-2Sn-4Zr-2MolTiB Particulate Composites by the 

Modification of Matrix Microstructure, Tetsu-to-Hagane, 84, 678 (1998) (in 

Ja panese) 

(8) S. Emura, M. Hagiwara, Y. Kawabe: Microstructural Control and Improvement of 

Fatigue Properties in Ti3Al-Nb Based Alloys Produced by Blended Elemental 

Powder Metallurgy, J. Japan Inst. Metals, 62, 621 (1998) (in Japanese) 

(9) S. Emura, M. Hagiwara, Y. Kawabe: Effect ofaMatrix Microstructure on the High 

Cycle Fatigue Properties of TiB Particulate Reinforced Ti3Al-Nb Matrix 

Composites, J. Japan Inst. Metals, 63, 383 (1999) (in Japanese) 

(10) S. Wanikawa. S. Emura, M. Hagiwara: MA Synthesis of TiC-Reinforced Titanium 

Composites and Particle Size Dependence of Tensile Properties, J. Japan Soc. 

Powder and Powder Metall., 46, 484 (1999) (in Japanese) 

(11) M. Hagiwara, S.J. Kim: Low Cost Synthesis and Property Evaluation of BE P/M Ti 

Alloys and Ti-Based Particulate Composites, Metals Mater. 4, 141 (1998) 

(12) M. Hagiwara, S.J. Kim: Blended Elemental P/M Synthesis of Ti-6Al-1.7Fe-0.1Si 
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( 1 3) 

( 1 4) 

(15) 

(16) 

Alloy with Improved High Cycle Fatigue Strength, Scripta Mater., 39, 1185 (1998) 

F. Tang, S. Emura, M. Hagiwara: Modulated Microstructure in Ti-22Al-1lNb-4Mo 

Alloy, Scripta Mater. 40, 471 (1999) 

L. Wang, M. Niinomi, M. Hagiwara, S. Emura, Y. Kawabe, S.J. Kim: Relationship 

Between Fracture Toughness and Microstructure of Ti-6Al-2Sn-4Zr-2Mo Alloy 

Reinforced with TiB Particles, Mater, Sci. Eng.. A263, 31 9 (1999) 

S. Emura, M. Hagiwara: Blended Elemental P/M Synthesis and Property 

Evaluation of an Orthorhombic Ti-22A1-27Nb Alloy, submitted to J. Japan Inst. 

Metals (in Japanese) 

F. Tang, M. Hagiwara: Tensile and Fracture Behavior of Ti-22Al-1lNb-4Mo Alloy, 

submitted to Scripta Mater. 

･ Oral Presentation: 10 

(1) International Conference: 4 

(2) Domestic Conference: 6 

･ Patent Application 

(1) Particulate-Reinforced Titanium-Based Composites and Their Manufacturing 

Method: M. Hagiwara, S. Emura, Y. Kawabe, 

Registered on November 20, 1998. Patent No:2852414 

(2) Light Weight High Strength Titanium Alloy for High Temperature Application: 

M. Hagiwara, F. Tang, S. Emura, 

Applied on September 14, 1998'. Application No:260683 

2.3.5 4th Subgroup 

Minoru Nobuki(Subgroup Leader), Kenki H~shimoto. Kazuo Kasahara, Tatuo 

Kumagai, Eiji Abe, Kewei Gao (STA fellow), Yasuhisa Yamamoto (visiting researcher), 

Tokuzo Tsujimoto (guest researcher) 

2.3.5. I Research work 

(1) The a - T Phase transformation kinetics and structure evolution during the rate 

control cooling process of gamma TiAl alloys have been studied as a function of 

temperature by using SEM, EPMA and HRTEM. 

(2) Microstructure modification of gamma TiAl alloys has been performed by 
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isothermal die forging after heat-treatment and their mechanical properties have 

been examined with tensile tests at high temperatures. 

(3) The microstructure and room temperature ductility of titanium trialuminides 

single-phase alloys have been studied by EPMA. SEM, Iaser-micrography, X-ray 

diffractometry, hardness tests and 3-point bend tests. 

(4) Structure analyses ofquasi-crystals are performed using HRTEM. 

<Research themes> 

( 1) Microstructure Control and Properties of Intermetallic Alloys in Ti-AI Alloy Systems 

(General Research: April 1997 to March 2001, Minoru Nobuki) 

(2) Local Fluctuation of Structure for Intermetallic Phases with Non-equilibrium and 

Non-stoichiometric Compositions (Special Coordination Funds for Promoting Science 

and Technology: April 1, 1997 to March 31, 1998, EijiAbe) 

(3) Role of Hydrogen in Environmental Embrittlement of Structural Materials (Hydride 

Formation and Embrittlement Behavior of Intermetallic Compounds) (Special 

Coordination Funds for Promoting Science and Technology: April 1, 1998 to March 

3 1 , 2001, Morihiko Nakamura) 

2.3.5.2 Research products, including papers submitted (April l, 1997 to 

March 31, 1999) 

(1) E. Abe, S. Kajiwara, T. Kumagai, M. Nakamura: High-resolution Electron 

Microscopy of Twin Interfaces in Massively Transformed T -TiAl, Phil. Mag. A, 75, 

975 (1997). 

(2) E. Abe, M. Nakamura: The Structure ofAntiphase Domain Boundaries in Massively 

Transformed T -TiAl Studied by High-resolution Electron Microscopy, Phil. Mag. 

Lett., 75, 65 (1997). 

(3) E.Abe, T. Kumagai. M. Nakamura: The a - 7 Phase Teansformation Mechanisms in 

ｦivo-phase 7 -TiAl Based Intermetallic Alloys, Proc. of Int. Symp. Structural 

Intermetallics-2 (TMS-AIME, Warrendale), p. 167- 176 (1997). 

(4) E. Abe, T. Kumagai, S. Kajiwara. M. Nakamura: Microstructure of Massively 

Transformed T -TiAl Phase Studied by High-resolution Electron Microscopy, MRS 

Symp. Proc. Vol. 460, p. 201 (1997). 

(5) T. Kuinagai, E. Abe, M. Takeyama, M. Nakamura: Microstructural Evolution of 

Massively Transformed T -TiAl during Isothermal Aging, Scripta Mater. 35, 495 

(1997). 
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(6) T. Kumagai, E. Abe andM. Nakamura: Formation Qf Fine r Grain Structure 

through Fine a 2/ 7 Lamellar Structure in Ti-rich TiAl Alloy, MRS Symp . Proc. vol. 

460, 135 (1997). 

(7) E. Abe: Ultra-fine Lamellar Structure and Local Structure of a 2 Ordered Phase 

with Supersaturated Al, in V7tra-jZne worJd, MaterjaJs - SoJjd state physjcs based 

on mjcroscopl~ observatjon, (Japan Electron Microscopy Society), p 54 (1997) 

(8) E. Abe, M. Ohnuma and M. Nakamura: Structure of a New Phase Formed during 

Crystallization of Titanium-aluminide Amorphous Film, Proc. Int. Congress on 

Electron Microscopy- 14, Vol II, p.77 (1998) 

(9) T. Kumagai. E. Abe and M. Nakamura: Microstructure Evolution through the a - T 

Phase Transformation in a Ti-48at.oloAl Alloy, Metall. Trans. A, 29A, 19 (1998). 

(10) E. Abe, M. Ohnuma and M. Nakamura: The Structure of a New Phase Formed 

during the Early Stage of Crystallization of Ti-48at.o/oAl Amor~)hous Film, Acta 

Mater. (1999) in press. 

(11) E. Abe, K. Niinobe, M. Nobuki, M. Nakamura and T. Tsujimoto: High-temperature 

Phase Transformation in Cr Added TiAl Base Alloy, MRS Symp. Proc. vol. 460, p. 

201 (1999). 

(12) E. Abe, K. Nilnobe. T. Kumagai, M. Nakamura and T. Tsujimoto; Transmission 

Electron Microscope Study of the Non-equilibrium a - T Phase Transformation in 

Ti-AI Intermetallic Alloys, Proc. PTM'99 (1999) in preSs. 

(13) K. Kasahara, K. Hashimoto, T. Kimura, M. Nakamura, T. Tsujimoto: Influence of 

Aluminizing Treatment on Oxidation Resistance and on Room Temperature 

Ductility ofT~l Based Alloys, Zairyou-to-Kankyo, 47, 29 (1998) 

(14) K Kasahara, K Hashimoto, T Kimura, M Nakamura, T Tsujimoto: Effects of 

Aluminizing on Tensie Property and High-Temperature Oxidation of T~l-base 

Alloys, Corrosion Engineering 47, 23 (1998) 

(15) K Niinobe, Y Tomoda, T Tsujimoto, M Nobuki: Superplasticity in Titanium 

Aluminides Containing Chromium, Mater. Sci. Forum, vol. 304-306, p. 201 (1999) 

(16) Y. Yamamoto, K. Hashimoto, T. Kimura, H. Moriya, M. Nobuki, N. Khono: 

Solubility Limits ofAdditional Element,Zr,V,Ag,Ga in L12-(AIMn)3Ti Phase at 1450 

K, J. Japan Inst. Metals, 62, 844 (1998) (in Japanese) 

(17) T. Kimura, Y. Yamamoto, K. Hashimoto, H. Moriya: Residual Strain in Powders of 

L12-(AIMn)3Ti Titanium Trialuminides with Additions of Zr,Ga,Ag or V, J. Japan 

Inst. Metals, 63, 174 (1999) (in Japanese) 

(18) K. Hashimoto, Y. Yamamoto, T. Kimura, H. Moriya, M. Nakamura: Effect of 

Vanadium Addition on Lattice Parameter and Distortion of L12-(Al, X)3Ti Phase, J. 
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　　Japan　I忍st．“征eta1s，63，808（1999）（i亙Japanese）

（19）KHash1moto，Y狛ma㎜oto，T．Ki㎜ura，MNobuk1．E施ctofV室nadm㎜on
　　Resid蝸1Stra三n　i亙L12一町pe（A1Mな）3TiσηAnoy　Powders　and　Bend　D以cti1ity　ofPre－

　　M㎜1ngAuoys，Met．皿ans．，JIM，40，400（1999）

（20）M．Naka狐u醐，M．Nobuki，T。丁包nabe，T．Ku㎜agai，I．Mutoh，E．Abe：Microstmctじ鵬

　　Contro1and　H王gh　Te㎜［pe醐竜ure　Propert1es　of　T蜘Base　A旺oys，h台er㎜eta1五cs，6，

　　637－641（1998）．

（21）T　Ku独a－ga－i，M．Nakamura：Microstmcture　and　Environ㎜enta1E狐bri枕Iemen危of

　　T㎜Base刈1oys，in1～ξ1ρor彦o吻1書o1θo〆1切泌・o啄θ〃1η1伽㎡1ro〃伽θηま∂！1肋ろ1プ砿1θ1ηθ〃6

　　o〆8かαo肋〃1脇加〃白ゐ一1；The　Imn　and　Stee1s　Ins七i七耐e　of　Japan，1999，p．92．（in

　　Japanese）

（22）M．Naka㎜ura：Inter皿【eta11ic　Co㎜pounas　in漉舶虹∂！8ヒ加〃oθoη捌’助他㎜ρθ”aω1rθ

　　8かθ〃8泌，ed．by　K・lM1搬uya㎜a（Uchida　Roukakuho，Tokyo1997），p．314．

（23）T．J．Sato，E1Abe，A・R　Tsai：A　Nove1DecagonaI　Quasicrysta1in　Zn・Mg・Dy，Syste㎜，

　　J＆p．J．App1．Phys．，36，L1038（1997）．

（24）M．Oh皿u㎜a，K．Hon◎，E．Abe，H．0n◎dera，S．Mitani，H．趾j三脳o江i：Micros虹㏄tuエe

　　ofCo－A1－O　Granu1ar　Fi1㎜s，J．App1．Phys．，82．5646（1997）．

（25）E．Abe，T．J．Sato，A．P　Tsai：The　Structure　of趾ank－Kasper　Decagona1

　　Qu＆sicrysta1in　Z阯Mg・Dy　Sys七e㎜：A　Co脳pa－rative　Study　wi此AレNi・Co　Sysもe㎜，

　　PhiI．Mag．Le批．，77，205（ヱ998）．

（26）E．Abe，A．P．Tsai：High－reso1ution　E1ectmn　Microscopy　Study　on　Zn－Mg－Y

　　Icosahea蝸1Q皿asicrysね1，Proc．ofAperiodic97’，P．235（1998）．．

（27）E　Abe，T　J　Sato，A　P　Ts組1．HRTEM　Study　ofもhe　Zn・Mg・蝸re－earth　Decagona1

　　Quasicrysta1，In七．Con駅ess　on　E玉ec辻ron　M＝icroscopy－14，Vb玉．I工I，p．23（五998）。

（28）A1ok　Singh，E．Abe，A．R　Tsai：A　Hexag1ona1Phase　Re1aもed　t◎Qua－sicryst＆11ine

　　Phases　in　Zn・Mg・r狐e　Earth　Syste狐，PhiL　Mag．Le枕．，77，95（1998）．

（29）A1ok　Si皿gh，E．Abe，A．R　Tsai：An　E1ec加on　Di趾acセion　Study　of＆Hexagona1Phase

　　in　a　Zn－M＝g－S独a一亘1oy　Xn七。Co公gress　on　E1ec虹oなMicroscopy－14，V61．nI，p．61（1998）．

（30）AIok　Singh，E．Abe，H．Taka－kura，A．P　Tsai：An理ectron　Microscopic　Study　of

　　Hexagona1Pha－ses三n　Zな一Mg－RE　a11oys，MICRON，sub㎜i伐ed．

（31）T，J．S就o，E．Abe，A．P↑sai，Co㎜posit三〇n　and　St＆bi1ity　of　Decago■a－1Q篶asicrysta1

　　iなZn一瓦圧g－RE　Syste独，P血i．Mag．Let七、，77，213（1998）．

（32）T　Moch三ku，M．Nakabara・，E・Abe，T　Ka・㎜iyama，H・Asa－no，K．Hira七a，F・Izumi：

　　CWsta王　Strucω史e　of　Sr1，gNd王．lCu2．lNbo．g08　a－nd　Sr2（Ndo．75Ceo．25）Cu2Nb01G：

　　Ba2YCひ3）6寺d一蛇呈ated　Compounds　with　Nb060cta－hedroa，Proc．of10童h　Int．Sy狐p．

　　on　Supercond－ucもiviもy（1998）in　press、
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(33) P.J. Steinhardt, H.-C. Jeong, K. Saitoh, M. Tanaka, E. Abe, A.P. Tsai: Experimental 

Verification of the Quasi-unit Cell Model of Quasicrystal Structure, Nature 

(London) 396, 55 (1998). 

(34) E. Abe, A. Singh, H. Takakura, A. P. Tsai: Hexagonal Superstructures in Zn-Mg-

Rare-earth Alloys, J. Alloys. Compd. 283, 169 (1999). 

(35) E. Abe. T. J. Sato, A. P. Tsai: Structure of a Quasicrystal without Atomic Clusters, 

Phys. Rev! Lett. 82, 5269 (1999). 

(36) E. Abe, A.P. Tsai: Quasicrystal-Crystal Transformation in Zn-Mg-rare-earth Alloys, 

Phys. Rev. Lett. (1999) in press. 

(37) E. Abe, K. Saitoh, H. Takakura, A.P.Tsai, P.J.Steinhardt, H.-C. Jeong: A Quasi-Unit 

Cell Model for Al-Ni-Co Ideal Quasicrystals Based on Clusters with Broken 10-fold 

Symmetry (1999) submitted to Phys. Rev. Lett. 

(38) E. Abe, A.P.Tsai: The Atomic Structure of the Zn-Mg-RE Quasicrystals Studied by 

HRTEM. MRS Symp. Proc. vol. 553, p.123 (1999). 

(39) E. Abe, A.P.Tsai: Structure of a Quasicrystal without Atomic Clusters, Acta 

Crystallogr. A (Proc. of IUCr'99), in press. 

(40) J.G. Guo, E. Abe. T.J. Sato, A.P. Tsai: Production of a Single Decagonal Quasicrystal 

in Al-Co-Cu system, Jpn. J. Appl. Phys. (1999) in press. 

(41) E. Abe, A.P. Tsai: Five Petal Flower of Metal - Why are quasi-crystals formed? 

BOUNDARY (1999) in press. 

･ Oral Presentation: 43 

(1) International conferences: 9 

(2) Domestic conferences: 34 

･ Patent Application 

(1) TjAl Intermetallic Compound Base Alloys and their Fabrication Methods: 

Minoru Nobuki, Tokuzo Tsujimoto, Kouichi Niinobe and Akihide Akutu, 

August 18, 1997, Application No. 1997 221657 

･ Award: 
(1) JIM (Japan Institute for Metals) "Shorei-sho" for Encouraging Young Scientist, 

September, 1998, EijiAbe 
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2.3.6 Researchers in the 3'd Research Group 

Age and research fields of researchers in the 3*d Research Group (M:arch 31, 1999) 

Age of Number Metallurgy Physics Chemistry Others 
researcher 

60 - 2 2 o o o 

50 - 59 10 3 3 1 3 

40 - 49 4 2 o o 2 

30 - 39 13 10 2 o 1 

22 ~ 29 
1 1 o O O 

Summation 30 18 5 1 6 

Others : Electric engineering, mechanical engineering 

2.3.7 Research Budgets in the 3'd Research Group 

Research budgets in the 3*d Research Group (yen) 

Kinds of budgets 1997 1998 

General Research 32,500,000 12,000,00 

Special Coordination Funds for 28,133,000 40,171,000 

Promoting Science and Technology 

Computational Materials Research 9,592,000 9,592,000 

NEDO 45,600,000 28,800,000 

Supplementary Budgets o 47,914,000 

Summation 115,825,000 138,477,000 
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2.4 4th Research Group (Energy Conversion Materials) 

Kiyoshi Inoue (Supervising Researcher) 

2.4.1 Research work 

It is necessary for supporting a civilized lifestyle to convert efliciently one form of 

energy into another, useful, one; magnetic, chemical, thermal, kinetic, or light energies. 

The development of high-efGrciency energy-conversion materials is expected to be 

effective solutions ofenvironmental, resource, and energy problems in the 2lst century. 

Following the 5th Long-term Plan, the R & D of energy conversion materials have been 

promoted by the 4th Research Group. We have made numerous efforts searching for 

new energy conversion materials, investigating their characteristics, and improving 

the conversion efficiency of conventional energy conversion materials. Examples of 

the main outcomes are shown as follows. 

(1) Addition of Al or Ga was found to improve the nonlinear optical properties of 

BaB204 crystal. 

(2) For stabilizing Nb3Al multifilamentary superconducting wire, which has 3-5 times 

larger J. (critical current density) than those of the commercial superconductors, 

Cu-ion plating was found to be very effective. 

(3) We have developed Nb3(Al, Ge) multifilamentary wire showing J*(4.2 K, 25T) of 150 

A/mm2, which is the highest J* value of multifilamentary superconductors reported 

to date. 

(4) We have developed a reactive ion-etching process for fabricating the 

nanostructures of ferromagnetic materials. 

(5) Some V alloys were found to have a higher hydrogen permeability than that of 

commercially-used Pd.Ag alloys 

(6) The effective maximum power P*** of p-type AgSbTe2 was improved by 2~d phase 

precipitation, four times as large as that ofAgS~Te2 without precipitation. 

(7) The P*** of joined n-type PbTe with different carrier concentrations was 200/0 Iarger 

than that of homogeneous PbTe. 

The members of 4th Research Group, as at March 31, 1999, consisted of 22 

researchers, 4 visiting researchers, 7 guest researchers, and 4 graduate students. 

The output of the research activities has been relatively high sinee the start of the 

5th Long-term Plan. The number of publications, including submitted papers, 

patents submitted, and awards received were 110, 18, and 5, respectively, between 
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Ap.ril 1, 1977 to March 31, 1999. The details are shown in the research activities of 

each Subgroup. Because the many elder researchers in 4th Research Group will 

retire in the near future, recruitment of young researchers will become urgently 

necessary. 

The 4th Research Group is composed of Subgroups, which have the following 

ob jectives. 

(1) 1*t Subgroup: 

Nonlinear optical crystals for laser wavelength modulation and superconductors 

for micro-SMES (Superconducting Magnetic Energy Storage). 

(2) 2~d Subgroup: 

Shape memory alloys with gradient composition, wear proof materials with low 

friction, diffusion phenomena in intermetallic compounds, and surface 

modifications through plasma-source ion implantation. 

(3) 3'd Subgroup: 

Ferromagnetic materials with nano-scale controlled structures 

(4) 4th Subgroup : 

Hydrogen storage alloys based on Mg and other light metals. 

(5) 5th Subgroup : 

Thermoelectric semiconductors with heterogeneous structure 

2.4.2 18t Subgroup 

Hideo Kimura (Subgroup Leader), Yuji Yoshida, Akimitsu Miyazaki, Yasuo lijima, 

Akihiro Kikuchi, Xiaopeng Jia (visiting researcher), Tsuguo Fukuda (guest resear.cher), 

Takatomo Sasaki (guest researcher), Tooru Katsumata (guest researcher). Mitsunori 

Sato (guest researcher), Kiyoshi Inoue (Supervising Researcher) 

2.4.2. I Research work 

In this subgroup, nonlinear optical crystals for photo-frequency modulation and 

superconducting materials for micro-SMES (Superconducting Magnetic Energy 

Storage) have been investigated as follows. 

(1) Single crystals for frequency modulation devices are required to have crystal 

asymmetry. An effective method to improve the asymmetry is by substitution of a 

large element for a small element in the surroundings of a pair of large and small 

elements. In this study, these single crystals (BaB204-based crystals), which have 
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crystal asymmetry, have been grown by the flo.ating-zone-pulling-down method and 

characterized. 

(2) For realizing micro-SMES, we have been developing stabilized superconducting 

cables (Nb3Al, Nb3[Al, Ge] cables) with high J* in high fields, current lead 

superconducting materials (Y123. T11223 films) showing both high J* at 77 K and 

poor thermal conductivity at 4.2-77 K, and superconducting vessels (Bi2223 thick 

films) for magnetic shielding. 

<Research themes> 

(1) Search of New Nonlinear Optical Crystals for Wavelength Modulation, Single 

Crystal Growth and Principle Technology Development for Optical Devices, 

(General Research: April 1997 to March 2002. Hideo Kimura) 

(2) Investigation of Wavelength Modulation on Nonlinear Optical Oxides by Atomic 

Distribution Control, (Special Coordination Funds for Promoting Science and 

Technology: April 1998 to March 1999, Hideo Kimura) 

(3) Development of Basic Superconducting Technology for High Field Micro-SMES, 

(General Research: April 1997 to March 2002, Kiyoshi Inoue) 

(4) Development of Nb3Al Multifilamentary Superconductor (Special Coordinated 

Funds for Promoting Science and Technology: April 1998 to March 1999, Kiyoshi 

Inoue) 

(5) Development of Essential Technique for Improving Coil Current Density in 

Superconducting Magnet, (Special Coordinated Fund for Promoting Science and 

Technology: April 1998 to March ~OO1, Kiyoshi Inoue) 

2.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) H. Kimura, T. Numazawa, M. Sato: Melt Supercooling Behavior and Crystal 

Growth ofBa(B1-'M*)204 (M: A1 or Ga), J. Crystal Growth 174, 308 (1997) 

(2) H. Kimura, M. Sato, K. Shimamura, T. Fukuda: Viscosity and Surface Tension 

Change in BaB204 Melt by Substitution ofA1 or Ga for B, J. Mater. Sci. Lett. 16, 

911 (1997) 

(3) H. Kimura, K. Ishioka, M. Sato: Estimation of SHG Properties on Ba(Bl-*M*)204 

(M: Al or Ga). J. Mater. Sci. Lett. 16, 1375 (1997) 

(4) H. Kinrura, T. Numazawa, M. Sato, T. Ikeya, T. Fukuda, K. Fujioka: Single 

Crystals of RAI03 (R: Dy, Ho and Er) for Use in Magnetic Refrigeration Between 

4.2 and 20 K, J. Mater. Sci 32, 5743 (1997) 
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(5) H. Kimura, K. Ishioka, M. Sato: Advantages of Substitution ofM (M: Al or Ga) for 

B on BaB204, Proc. Inter. Symp. on Laser and Nonlinear Optical Materials '97, 

Singapore November 3-5, 162, 1997 

(6) T. Katsumata, R.Sakai, Y.Ohshiba, S.Komuro, T.Morikawa, H.Kimura: Growth 

and Characteristics of Long Persistent Phosphor Crystals, Proc. Inter. Symp. on 

Laser and Nonlinear Optical Materials '97, Singapore November 3-5, 337, 1997 

(7) H. Kimura, M. Sato, Y. Terada , K. Shimamura. T. Fukuda, S. Miyashita: Single 

Crystals of (Dyl-*Gd~V04 for Magnetic Applications, J. Mater. Sci. 33, 2379 

(1998) 

(8) T. Katsumata, R. Sakai, Y. Ohshiba, Y. Isoda, S. Komuro, T. Morikawa, H. 

Kimura: Growth and Characteristics of Long Duration Phosphor Crystals, J. 

Crystal Growth 198/199, 869 (1999) 

(9) A. Miyazaki, H. Kimura, X. Jia. K. Shimamura, T. Fukuda: Growth of Small 

Diameter Ba(Bl- *Al*)204 Single Crystals, Cryst. Res. Technol. 34, 817 (1999) 

(10) H. Kimura, X. Jia, K. Shoji, R. Sakai, T. Katsumata: Crystal Growth of Ba(Bl-

*AI~204 Using a New Double Ring Halogen Lamp Heater Fz Furnace, submitting 

to J. Crystal Growth 

(11) Y. Iijima, M. Kosuge, T. Takeuchi. K. Inoue: Critical Current Density 

Characteristics of Nb3Al Multifilamentary Wires Continuously Fabricated by 

Rapid-Quenching, Proc. ICEC16/ICMC, Kitakyushu-Shi 1695 (1997) 

(12) K. Fukuda, G. Iwaki, M. Kimura, S. Sakai, Y. Iijima, T. Takeuchi, K. Inoue, N. 

Kobayashi, K. Watanabe. K. Watanabe, S. Awaji: Critical Current Density of 

Nb8Al Superconducting Wire for High Field Magnet by Rapid-Quenching, Proc. 

ICEC15/ICMC, May 20-24th in Kltakyushu-Shi 1089 (1997) 

(13) K. Fukuda. G. Iwaki. M. Kimura, S. Sakai, Y. Iijima, T. Takeuchi, K. Inoue, N. 

Kobayashi, K. Watanabe, S. Awaji: Some Superconducting Characteristics of 

Nb3Al Composi,te Wires Prepared by Rapid-Quenching Process. IEEE Trans. on 

Appl. Supercond. 7, 1572 (1997) 

(14) Y. Iijima, T. Takeuchi, K. Inoue: Nb3Al Multifilamentary Superconducting Wires 

Taansformation from Supersaturated bcc Solid Solution, J. Japan Inst. Metals (in 

Japanese) 61, 829 (1997) 

(15) K. Inoue, Y. Iijima, T. Takeuchi, T. Kiyoshi, K. Fukuda, K. Nakagawa, G. Iwaki, H. 

Moriai: New Nb3A1 Multifilamentary Conductor and Its Application to High Field 

Superconducting. Magnet, Physica B, 246&247, 364 (1998) 

(16) Y. Iijima, K. Inoue, T. Takeuchi: Nb3(Al,Ge) Multifilamentary Conductor 

Fabricated Continuously by Rapid-Heating/Quenching Process, Proc. MT-15, 
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　　Beijiag1040（1998）

（17）K．Nakagawa一，K．Fukuda，G．Iwai，亘．M1oria三，Y　I三ji独a，T　T＆keuchi，K．Inoひe，N．

　　Kobayashi：Deve1op㎜ent　of　Nb富A1Superconducもing　Wires　Fabricated　by　Rapid－

　　Que公ching　and皿a鵬血rmhg　P更ocess，Proc．MT－15，977（1998）

（18）Y脆sh至da，K　Ino鵬，Y　Ka㎜ekawa一，K　Nakag包wa，A　K01ke，E　S㍗dou　Ma－g鵬七1c

　　Sh三e1ding　Pxope村ies　of　Bi2223Superco巫d泄c乞三ng　Ho11ow　Cy1inder　Made　through

　　P1as独a　Spr＆y｛ng　Pzocess，Cryogenic　E公gineeri公g，33，60（1998）

（19）K．houe：His先〇三ica1Prog蛇ss　in　the　Fabrication血r　a　Nb3A1Conductor，Cryogenic

　　Engineering，33，604（1988）

（20）K，Nakagawa，K．hkuda，G．Iwak三，K．Chiぬ，H．Moriai，T．Takeuchi，Y　Iijima，K．

　　hoひe，K．Tagawa，T　Kiyoshi，K．Itoh，H．Wada，N．Kobayashi：Deve亘o岬e就of

　　Nb3A1Superc㎝duc亡ing　Wires　Fab工ica亡ea　by　the　RHQT　Process，Cryog㎝ic

　　Engineeri氾g，33，623（1998）

（21）A．Ichinose，A．Kikuchi，K　Tach三kawa，S．Akita：Deposi亡三〇n　ofY203Bu施r　Layers

　　○忍Biax｛a11y－TexturedMetaISubs故ate，PhysicaC302，51（1998）

（22）Y功亘狐a，A　Kikuch三，K　Ino鵬，a－nd　T　Takeuch1E錨ec七〇fAdd1t三〇巫a1EIe㎜ents　t0

　　Nb3A丑Mu1ti制＆me銚狐y　W虹e　Fabr三cated　by　the　Rapid－Heat三ng　Pr㏄ess，もo　be

　　pubhshed　in　IE廻E　Tfans．on　Supercond．（1999）

（23）A．Ichinose，C・Y　Y註ng，D．C．L盆ba1estier，S．E．Ba－dcock，A．Kikuchi，K．Ta－chika－wa，

　　S．Akita一：YBCO　Fi1㎜s　Growむo皿Y203－Bじ描e蛇d　Cube－Textured　Ni　Subst蝸te，七〇be

　　pub1ished．inAdvances　Cryogenic　Engineer虹g，（1999）

（24）A．K肢uchi，K．Inoue，K．Tachika－wa：Struc触re　and　hreversibi1i雀y　Fig1d　ofT亘・1223

　　声hase　Synthesized曲roug＝h　the　Substit軌ion　ofT1F危更丁1203，Physic＆，C，（1999），in

　　P「ess

（25）A．Ichinose，G．Danie亘s，N．He虹g，D．C．Larba1esもier，A．Kikuchi，K．Tac血ikawa，S．

　　．Ak｛亡a：Preparation　and　Characもeriza吃ion　ofY203Bu脆迂Layer　a坤YBCO　Fi王ms　on

　　Textured　N三Tape，I週EE　Tr搬s．on　A古p1．Supercond．（1999），三苅脾ess

（26）S，Aki辻a，A．Ichinose，A．Kikuch三，K．Tachika－wa，一D．C．La曲a1estier，G．Danie1s，N．

　　Hei孤g：Cha蝸ctehza七ion　ofY203Bu脆r　L盆yers　ana　YBCO　Fi1㎜s　on　Tex七ured　Ni

　　Tape，丁土ans．I週週E　of　Japa双，in　press

。0ra1Prese趾ation：46

　（1）I公毛ernat三〇na1Co巫免re巫ce：13

　（2）Do独est三c　Con危re巫ce：33
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･ Patent 

(1) BaM204 Oxide Single Crystal Having Non-Linear Optical Property and 

Manufacturing Method Thereof H. Kimura, M. Sato, USA Patent, 08.01.97, USA 

Patent Application 08/904.6 10 

(2) Fabrication Method of Bulk Single Crystals: H. Kimura, T. Katsumata, R. Sakai, 

JP Patent 09.22.97, Patent Application 09-25. 7087 

(3) Wavelength Conversion Materials and Their Fabrication Method: H. Kimura, T. 

Katsumata, R. Sakai, JP Patent O1.28.98, JP Patent Application 10-015214, 

O1.22.99, JP Patent Registration 2876527 

(4) An Amor~)hous Substance for Wavelength Conversion and a Making Process of the 

Same: H. Kimura, R. Sakai, T. Katsumata, USA Patent, O1.26.99, USA Patent 

Application 09/236.6 10 

(5) Optical Waveguide and Its Fabrication Method: H. Kimura. A. Miyazaki, JP Patent 

02.0 1.99, JP Patent Application 11-024287 

(6) Nb3A1 Superconducting Compound Wire and Its Fabrication Process: A. Kikuchi, K. 

Inoue, M. Fukutomi, G. Iwaki, K. Nakagawa. JP Patent Application, 10-262727, 

10.09. 17 

(7) Nb3Al Superconducting Compound Wire and Its Fabrication Process: T. Takao, T. 

Klyoshi, K. Itoh. H. Wada, Y. Iiijima, K. Inoue, JP Patent Application, 10-287491, 

10 . 10 .09 

(8) Nb3Al Superconducting Compound Wire and Its Fabrication Process: T. Takao, T. 

Kiyoshi, K. Itoh. H. Wada. Y. Iiijima, K. Inoue. JP Patent Application, 10-287492, 

10.10.09 

(9) Eutectic Two-Phase Alloys with Ductility and Their Fabrication Process: K. Inoue, 

Y. Yoshida, Y. Iijima, A. Sai, JP PatentApplication, 11-059907, 11.03.08 

(10) Fabrication Process of Nb3(Al. Ge) and Nb3(Al, Si) Multifilamentary 

Superconducting Wires: A. Kikuchi. Y. Iijima, K. Inoue, JP Patent Application, 11-

158826, 11.06.04 

Awards: 

(1) Fabrication Process ofV3Si Multifilamentary Wire: K. Inoue, Noteworthy Invention, 

April 14, 1997. 

(2) Development of ~xtremely High Field Magnets: K. Inoue, Persons of Scientific and 

Technological Research Merit, April 13, 1999. 

(3) Improvement of Cold-Drawing Process: Y. Iijima, Commendation for Achievements, 

May 19, 1999. 
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2.4.3. 2~d Subgroup 

Hisaoki Sasano (Subgroup Leader), Shigeaki Uehara, 

lkeno, Masatsugu Kaise, Masahiko Kato (graduate student) 

Hitoshi Shinno, Susumu 

2.4.3. I Research work 

The research subjects of this subgroup are concerned with the following four fields. 

(1) The composition dependency of diffasivity in NiAl, Ti3Al and TiAl have been 

investigated by using solid-AIC13 gas diffusion couple . 

(2) In order to obtain shape memory alloys with recovery temperature, changing along 

the longitudinal direction, we have investigated fabricating composition-gradiented 

shape memory alloys of TiNi and Cu-Zn-AI by a chemical transportation technique. 

(3) The wear properties of TiAl composites containing ceramics, such as AlN, TiB2 and 

SiC have been studied for high temperature use. 

(4) A new surface modification apparatus (plasma source ion implantation), in which 

specimens are immersed in plasma and implanted by a high negative pulse 

potential applied to the specimens, has been fabricated. By using the apparatus, 

a large complex-shaped specimen can be treated with at lower cost than the 

conventional ion beam ion implantation. 

<Research themes> 

(1) Formation of Functionally Graded Shape Memory Alloys and Others 

(General Research: April 1997 to March 1999, Hisaoki Sasano) 

(2) Research for Creation of New Functions of Thin Films by Annealing in Magnetic 

(General Research: April 1995 to March 1998, Hitoshi Shinno) F ie Id 

(3) Research for Surface Modification of Materials by Plasma Source lon Implantation 

(General Research: April 1998 to March 2001, Hitoshi Shinno) 

2.4.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

･ Publication 

(1) M. Kaise, K. Saito : Synthesis of Superconducting BiSrCaCuO Ultrathin Films of 

Thicknesses below 10 nm, J. Jpn. Inst. Metals,61,873 (1997) (in Japanese) 

(2) H. Shinno, M. Uehara, K. Saito: Synthesis of a"- Fel6N2 Iron Nitride by Means of 

Nitrogen lon Implantation into lron Thin Films, J. Mat. Sci., 32, 2255 (1997) 

(3) H. Shinno, K. Saito: Synthesis of Fel6N2 by Means of Nitrogen lon Implantation 

into Sputter Deposited Fe Thin Films, Proc. 4th Inter. Symp. on Sputtering & 
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Plasma Processes, Kanazawa, June, 1997, pp.105-109. 

(4) M. Kaise. K. Saito : Synthesis of Superconducting BiSrCaCuO Ultrathin Films by 

Ion Implantation, Proc. 13th Symp. on Surface Layer Modification by lon 

Implantation, 13, Tokyo November 21, 1997 

(5) H. Shinno, K. Saito: Effects of Film Thickness and Low Substrate Temperature on 

Formation Processes of Fel6N2 during Nitrogen lon Implantation into Fe Films, 

Proc. 13th Symp. on Surface Layer Modification by lon Implantation, Tokyo, 

November, 1997, pp.9-15. 

(6) M. Kato, H. Sasano, T. Suzuki : Control ofAluminum Concentration on Titanium 

Surface by Means of Chemical Transportation Technique, Mater. Sci. Eng., A243, 

212(1998). 

(7) M. Kato, H. Sasano, K. Honma, T. Suzuki : Single-Phase Interdiffusion in 

Intermetallic Compound NiAl, J. Japan Inst. Metals, 62, 761(1998). (in Japanese) 

(8) M. Kato, H. Sasano, T. Suzuki: Coating of Ni-AI alloys having Various Compositions 

on Ni3Al and Ni by Means of Chemical Transportation Technique, 1lth Congress of 

Inter. Fed. for Heat Taeatment and Surface Engineering. Vol.2, 53. Florence July 7-

11, 1998. 

(9) S. Ikeno, K. Hashimoto : Wear Properties of Surface-Oxidized TiAl-Sb, 5th Inter. 

Symp.on Functionally Graded Materials 295, Dresden October 26-29, 1998. 

(10)K. Saito, M. Kaise: Superconductivity and Structure of a Few Unit-Cells Thick Bi-

Sr-Ca-Cu-O Ultrathin Films, Phys. Rev. B 57, 11786(1998) 

(11)H. Shinno, K. Saito: Effects of Film Thickness on Formation Processes of Fel6N2 in 

Nitrogen lon-Implanted Fe Films, Surface and Coatings Technology, 103-104, 129 

(1998) 

(12)M. Kato, H. Sasano, T. Suzuki : Single-Phase Interdiffusion in Intermetallic 

Compound Ti3Al, J. Japan Inst. Metals, 63, 656(1999). (in Japanese) 

(13)M. Kato. H. Sasano. T. Suzuki : Phase Separation in Nearly Stoichiometric N~l, J. 

Japan Inst. Metals, 63, 549(1999). (in Japanese) 

(14)M. Kaise: Synthesis of Superconducting BiSrCaCuO Ultrathin Films, J. Jpn. 

Chemical Industry, 50, 30(1999) (in Japanese) 

' Oral presentation: 13 

(1) International Conference: 4 

(2) Domestic Conference: 9 
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2.4.4 3'd Subgroup 

Isao Nakatani (Subgroup Leader) Takao Furubayashi Hlroaki Mamrya 

Takeshi Kikuchi 

2.4.4.1 Research work 

The objective of the research work in this subgroup is to explore basic research, 

technology, and the applications of novel magnetic materials with mesoscopic sizes, 

which include three types of magnetic materials with mesoscopic sizes of dimensions 

around 100nm, 10nm and Inm regime, respectively. This work has two main 

components. 

(1) First, there is the exploration of fabrication methods for mesoscopic magnetic 

materials. These are electron-beam nanolithography to fabricate nanostructures of 

ferromagnetic substances with dirnensions in several hundreds nm or sub-lOOnm, 

syntheses of magnetic colloids (magnetic fluids) of ferromagnetic ion-nitride 

particles, 100nm or sub-10nm in diameter, dispersed in liquids of mineral oils, and 

preparations of nanogranular magnetic materials with ferromagnetic fine particles, 

several nm or Inm in size, embedded in solid matrix of insulator. 

(2) Second, there is the challenge that one can explore mesoscopic magnetic 

phenomena, from the classical to the quantum limit. Although its roots are in the 

quantum description of solids, the new fabrication techniques for sophisticated 

materials described above allow widespread studies of the phenomenon and 

development of device applications 

<Research themes> 

(1) Studies on Micro-Fabrications and Developments for Advances Magnetic Materials 

(Special Coordination Funds for Promoting Science and Technology : April 1996 to 

March 998 (Period II ) , Isao Nakatani) 

(2) Research on Quantum Magnetic Properties and Spinic Functions of Mesoscopic 

Magnetic Materials (Special Research: From April 1996 to March 31, 2003, Isao 

Nakatani ) 

2.4.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) H. Mamiya, M. Onoda, T. Furubayashi, J. Tang, I. Nakatani: Structural and 

Magnetic Studies on Vanadium Spinels MgV204, J' Appl. Phys. 81, 5289 (1997) 

(2) H. Mamiya, I. Nakatani: Effects of Cooling Field on Magnetic Relaxation for an 
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lron-Nitride Fine Particle System, J. Appl. Phys. 81, 4733 (1997). 

(3) Nakatani: Fabrications of Microstructures of Magnetic Materials, J. Magn. Soc. 

Jpn. 22, 1383(1998). 

(4) H. Mamiya, I. Nakatani: Magnetization Curve for lron-Nitride Fine Particle 

System with Random Anisotropy, IEEE Trans. lvlagn. 34, 1126 (1998). 

(5) H. Mamiya, I. Nakatani, T. Furubayashi: Blocking and Freezing of Magnetic 

Moments for lron-Nitride Fine Particle Systems, Phys. Rev. Lett, 80, 177 (1998). 

(6) H. Mamiya, I. Nakatani: Dynamic Study of an lron-Nitride Fihe Particle System, 

- Field Dependence of the Blocking Temperature -, J. Magn. Magn. Mater, 177-

181, 966 (1998). 

(7) T. Taniyama and I.Nakatani: Magnetic Relaxation in Ga0.6M02S4 Spinel, J. Appl. 

Phys. 83,1 (1998). 

(8) T. Taniyama and I.Nakatani: Nonlinear Susceptibility of Ferromagnetic 

Gao.6M02S4 Spinel. J. Magn. Magn. Mater. 177-181, 263 (1998). 

(9) T. Furubayashi, I. Nakatani: Superparamagnetism of Granular Fe-MgF2 Films, 

IEEE Trans. Mag. 34, 1117 (1998) 

(10) T.Taniyama, I.Nakatani, H.Yanagihara, and E.Kita: Magnetoresistance of Zigzag-

Shaped Cobalt Wires, J. Magn. Magn. Mater.196-197, 77 (1999). 

(11) T. Taniyama, I.Nakatani, T.Mamikawa, and Y.Yamazaki: Resistivity due to 

Domain Walls in Co Zigzag Wires, Phy. Rev. Lett. 82, 2780 (1999). 

(12) H. Mamiya I. Nakatani, T. Furubayashi: Slow Dynamics for Spin-Glass-Like 

Phase ofa Ferromagnetic Fine Particle System, Phys. Rev. Lett. 82, 4332 (1999). 

(13) H. Mamiya, I, Nakatani: Phase Diagram of an lron-Nitride Magnetic Fluid: 

Effects of temperature and weak magnetic field, IEEE Trans. Magn., submitted. 

(14) H. Mamiya, I. Nakatani: Critical Phenomena of an lron-Nitride Fine Particle 

System, Nanostructured Materials, in press. 

(15) T. Kikuchi, S. Kajiwara, H. Pal, K. Inoue, T. Asano. M. Kosuge, M. Yuyama, H. 

Wada: Athermal and Isothermal Martensitic Transformation at Room 

Temperature Induced by Ultra High Magnetic Field, Proc. 4th ESMT (the 

Netherlands, 1997) 

･ Oral Presentation:69 

(1) International Conference: 17 

(2) Domestic Conference: 52 
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･ Patent Application 

(1) Reactive-Ion Etching Method, Isao Nakatani, Jul. 25, 1997. JP Patent 2677321. 

(2) Inductor and Transformer, Isao Nakatani, Masayuki Hijikata, Masaru Saito, 

Aug.15, 1997, JP Patent 2556461. 

(1) Reactive-Ion Etching Apparatus, Isao Nakatani, Sept.22, 1997, JP Patent 

Application 09-256635. 

(2) Reactive-Ion Etching Mask. Isao Nakatani, Sept.22, 1997, JP Patent Application 

09*256636. 

(3) Reactive-Ion Etching Method, Isao Nakatani, Dec.2, 1998. JP Patent Application 

10-343287. 

(4) Magnetic Damascene Structure, Isao Nakatani, Mar.29, 1999, JP Patent 

Application 11-86118. 

(5) Method for Reactive-Ion Etching and Apparatus therefor, Isao Nakatani, 

Sept.2 1, 1998, US Patent Application 09/15742 1 . 

(6) Method for Reactive-Ion Etching and Apparatus therefor, Isao Nakatani, 

Sept.2 1, 1998, Korea Patent Application 38946. 

(7) Method for Reactive-Ion Etching and Apparatus therefor, Isao Nakatani, 

Sept.2 1, 1998, UK Patent Application 9820639.4. 

･ Award: 

(1) Reactive-Ion Etching Method: Isao Nakatani, Noteworthy Invention, April 13, 1998 

2.4.5 4th Subgroup 

Chikashi Nishimura (Subgroup Leader), Hideo Numata, Masao Komaki, Isao 

Tomizuka (guest researcher), Masayuki Itagaki (guest researcher), Yoshihiro Momose 

(guest researcher) 

2.4.5. I Research Work 

In order to obtain the guidelines for developing high-performance light alloys for 

hydrogen storage, hydrogen diffusion, hydrogen trapping, hydrogen absorption, and 

hydrogen behaviors in Mg-based and V-based alloys have been investigated by means 

of a hydrogen permeation technique, thermal desorption spectroscopy (TDS), and 

pressure-composition-isotherms (PCT) measurements. We found that some V alloys 

show higher hydrogen permeability than that of commercially-used Pd-Ag alloys. 
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<Research theme> 

(1) Research and Development of High-Performance Light Alloys for Hydrogen Storage 

(General Research: April 1997 to March 2001. Chikashi Nishimura) 

2.4.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M. Komaki, M. Amano, H. Numata, C. Nishimura: Effects of Oxidation of Mg-Ni-H 

and Mg-Ni-Al-H Alloys on Hydrogen-Thermal-Desol~ption Characteristics, J. Japan 

Inst. Metals 62, 111(1998) (in Japanese) 

(2) H. Numata, M. Amano, I. Tomizuka. T. Tsujimoto: Thermal Hydrogen Desorption 

Spectroscopy of Hydrides Formed in the Surface Layer of an Electrochemically 

Treated TjA1 Based Alloy, J. Japan Inst. Metals 61, 105(1997) (in Japanese) 

(3) H. Numata, T. Tsujimoto: Hydride Formation on Ti3Al by Cathodic Hydrogen 

Charging in Sulfuric Acid Containing Sb208, J' Japan Inst. Metals 63, 561 (1999). 

(in Japanese) 

(4) C. Nishimura, M. Komaki, M. Amano: Hydrogen Permeation through Magnesium, 

J. Alloys and Compounds (accepted) 

Oral Presentation: 10 

(1) International Conference: 1 

(2) Domestic Conference: 9 

Award: 

(1) Invention of a Versatile Sample-Holder in the Hydrogen Permeation Measurements 

Equipment: Masao Komaki, Persons who have proposed technical ideas in relation 

to their job. STA, April 13, 1998. 

2.4.6 5th Subgroup 

Isao A. Nishida (Subgroup Leader), Yoshio Imai, Yukihiro Isoda. Yoshikazu 

Shinohara, Masafumi Miyajima (visiting researcher), Yasuo Nakahara (visiting 

researcher), Kenji Taguchi (visiting researcher), Seiji Yoneda (graduate student), 

Masayasu Hashimoto (graduate student), Nobuhiro Yuhashi (graduate s~udent) 
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2.4.6. I Research work 

Thermoelectric materials, such as Bi2Te3, PbTe, AgSbTe2 and FeSi2, have been 

investigated in this subgroup. We have been improving the thermoelectric 

performances related with precipitation of the second phases, the addition of rare 

earth elements, and the joining conditions of segments. 

Thermoelectric properties of the unidirectionally solidified p-type AgSbTe2 Were 

found to be affected directly by precipitation of high temperature second phase. The 

effective maximum power P~** ofAgSbTe2 Was improved by second phase precipitation, 

and was four times as large as that ofAgSbTe2 Without the precipitation. Furthermore, 

the P~* of joined n-type PbTe with different carrier concentrations was 200/0 Iarger 

than that of a homogeneous PbTe. There is a high possibility to realize a superior 

thermoelectric semiconductor through controlling the structure and composition. 

<Research themes> 

(1) Energy Conversion Materials Fabricated with Composite Structure 

(General Research: April 1997 to March 2002, Isao A. Nishida ) 

(2) Development of Energy Conversion Materials with Formation of Graded Structure 

(Special Coordination Funds for Promoting Science and Technology: April 1993 to 

March 1998, Isao A. Nishida) 

2.4.6.2 Research products, including papers submitted (Apnl 1, 1997 to 

March 81, 1999) 

(1) Y. Noda, M. Orihashi, I. A. Nishida: Thermal and Electrical of p-type Lead 

Telluride Doped with Ag or K, J. Japan Inst. Metals, 61, 180(1997). (in Japanese) 

(2) M. Orihashi, Y. Noda, H. T. Kaibe, I. A. Nishida: Thermoelectric Properties of 

Impurity-Doped PbTe, J. Japan Inst. Metals, 61,2 14(1997). (in Japanese) 

(3) Y. Shinohara, Y. Imai, Y. Isoda, I. A. Nishida:Study ofElectrical Power Properties 

for FGM, Proc. Functionally Graded Material in 1997 (FGM'97), Tokyo, 117 

(1997). 

(4) E. Koshigoe, K. Kudou, M. Hasimoto, I. Shiota, I. A. Nishida: FGM of Low 

Temperature Thermoelectric Materials, Proc. FGM '97, Tokyo, 129(1997). 

(5) Y. Isoda, Y. Shinohara, Y. Imai, I. A. Nishida, M. Hashimoto, H. T. Kaibe, O. 

Ohashi: Thermoelectric Properties of Joined PbSnTe Systems with Different 

Carrier Concentrations, Proc. FGM '97, Tokyo, 135(1997). 

(6) S. Yoneda, E. Ohota, Y. Imai, Y. Shinohara, Y. Isoda, T. Kimura, I. A. Nishida, H. 

T. Kaibe: Thermoelectric Properties ofAgSbTe2 System Compound, Proc. FGM '97, 

134 



　　TOkyo，159（1gg7）．

（7）Y　Noda，I．A．Nishida。，H．S．Ka一双g，M．Niino：Prep狐a－tio皿a地Ther㎜oe1ec組ic

　　　Proper乞ies　ofρ一type　Ther㎜oe1ectric　Materia1in　the　Te㎜perature　Ra皿ge，Pmc．

　　　FGM’97，恥kyo，165（1997）．

（8）M．Hashimoto，I．Shio施，O，0hashi，H．T．K＆ibe，Y　Imai，Y　Shimhara，I．A．

　　　Nishida：Liquid批ase　Bonding　ofPbTe　Sysセe㎜Thermoe1ectric　Materia1s，Proc，

　　　FGM’97，恥kyo，171（王997）．

（9）M．Kumsaki，M．H＆shi㎜oto，I．Shiota，’I．A．Niskid＆：Re1ationship　between

　　Ther蛆oe1ec虹icPmpe並ies　anaP犯parationsofη一type　PbTe，Pmc．FGM’97，Tokyo，

　　　177（1997）．

（10）Y　Ima－i，Yl　Shinchara，Y　Isoda，I．A．Nishida：Th鉗狐oe1ec虹ic　Properties　of　Joi鵬d

　　PbTe　w1曲D1脆re銚Ca－rmer　Conce眺ra伽ons，Pmc　FGM’97，Tokyo，183（1997）

（11）Y　Imai，Y　Shino1lara一，Y　Isoda，I．A．Nishida，H．T　Kaibe，S．狛neda，I．Shiota：

　　Study　of　FGM危r　Pb1弍Sn買つ口e，Proc，Sy独p．Ther㎜oe1ec虹ic　E鵬rgy　Conv　in

　　1997（TEC’97），Tokyo，28（1997）．

（ヱ2）S．Y虹eda，E．0h〇七a，H．T　Kaibe，T　Oku㎜ura，互。Shio辻a，Y玉mai，Y　Shinohara，Y．

　　Isoda，I，A．Nishida一：Ther㎜a1Hys虹isis　Contro1ofルtype　PbTe，Proc，TEC’97，

　　Tokyo，32（1997）．・

（13）I．J．0hosひgi，T　Koji㎜a，H．T　Kaibe，M．Sakaね，I．A．Nisbiaa：Considerat三〇n　on

　　也he　Ther独oe1ectric　Per危rmance　ofTheエ皿oe1ec虹ic　Se独icoηduct叫Proc．FGM1’97，

　　TOky0，44（1997）．

（14）Y　Shi双oh躯a一，Y　I㎜ai，Y　Isoaa，I．A．Nishida：E脆ct　on　Pe1虹er　and　Jou1e　He＆ts　to

　　Resis亡ivityMeasure㎜ent，Proc．丁週C’97，Tokyo，48（1997）．

（15）Y　Isoda，00hash1，互A　N1sh遍a・Re仕ac乞o1y　and　Ther磁a玉Shock　Res1s乞狐ce　of

　　Imn　DisiIicid－e　with　Boron，Proc，TEC’97，Tokyo，68（1997）、

（16）Ml．Hashi独oto，I．」Shiota一，O．Ohashi，S．Ybneda，H．T．Kaibe，Y　I醐ai，Y　Shinohara，

　　Y　Isoaa，I．A．Nish遮a：Liquid　Phase　Bonding　ofρ一type　Pb1．亜S乙罫Te，Proc．TEC’97，

　　Tokyo，92（1997）．

（17）H．T　Kaibe，T　Oku㎜ura，S．必鵬由，T　Miya搬oto，I．Shioセa，Y　Isoda，I．A．Nishi曲：

　　Ther狐oe1ectric　Pf0perties　of刀一もype　PbTe　by　Evapo蝸乞ion　Meもhod，P㌘oc．TEC’97，

　　Tokyo，98（1997）．

（18）S．脆鵬da，T．Miya㎜oto，H．T．Kaibe，E．Ohota，I．Shiot＆，Y　Isoぬ，I．A．Nish三da：

　　E搬ecもon　CrystaI　Gra虹Size　to　The吏moe1ecもric　P丈oper乞ies　of　Sinte蛇a　PbTe　by

　　Spark　P1as㎜a　Sintering　Techaique，Proc．TEC’97，Tokyo，100（1997）．

（19）I．A．Nish三da一：Therma1Physics　o忍The芝測oe1ec虹ic　Co公ve湘ion　Techniq鵬，J．

　　Ther狐a－1Pbys．11，95（1997）．
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（20）I．A．Nishida：Ther㎜oe1ecもric　Ma辻eエia互s，Bu亘1．Jpn．Inst．Meta1s　Me触．，36，958

　　（1997）．

（21）I．A．Nis湿da：Prepa蝸辻io亙bfThex㎜oe1ectr三c　Materia1s，Cera狐三cs，33，176（1998）．

（22）Y　No由，M．Orihashi，I．A．Nishida：Ther㎜ce王ec枇ic　Properties　ofρ一type　Lead

　　Te1亘uride　Dopedw搬Si亘ve更o王Potass虹狐，」Mate由豆s皿伽s．JIM，39，602（1998）。

（23）M．O泌ashi，Y　Noda，H．T．Kaibe，王．A，Nis紬a＆：Eva呈uation　of　Tber狐oe1ectric

　　Properties　ofI独purity－Doped　PbTe，Ma竜eria1s冊ans．JIM，39，672（1998）．

（24）S　Ybneda一，E　Oht＆，H　T　Ka豆be，I　Sh1oもa，K　Takahas血至，Y　I㎜a－1，I　A　NIsh1da

　　Crysta1Grain　Size　DepeKde忍ce　ofTheKmoe1ec虹ic　Properties危r　Sintered　PbTe　by

　　Sp鮒k　PIas㎜a　S三nteringTecb巫ique，Pmc．16th　ICT，D蛇sden，247（1997）、

（25）H．T　Kaibe，Y　Noda，Y　Isoda，I．A．Nis趾da二Te㎜peratひre　Dependeace　ofTh8r㎜a1

　　Conduc辻i吠ty血r　Mg2S三至収Ge、，Proc．16泌ICエDresaen，279（1997）．

（26）I．Shio亡a，玉．A．Nishida：Deve1op独ent　ofFGM　Ther㎜oe1ec虹ic　Ma充eria王s三公Japan－

　　The　Sa吉e　oftheArt一，Proc．16th　ICエDresden，364（1997）．

（27）YShinoha蝸，YI㎜ai，YIsoda，I．A．Nishida一，H．TKaibe，I．Shiota：Thermoe1ec虹ic

　　Propertied　ofSegmented　Pb－Te　Sys辻e独s　with　Graded　Ca泄ier　Concentrations，Proc．

　　16ぬICT，Dresden，386（1997）．

（28）K．Ebisu㎜ori，H．Tauchi，I．A．Nishida：Ther狐oe玉ec虹ic　Properti8s　ofρ一type　Bi－Sb－

　　Te　Crysta至s　wiもh　Co㎜posi亡e　S虹ひcもひre，Proc．17th　ICT　Nagoya，155（1998）．

（29）H．Kohri，L．C丘en，I．A．Nishida，T　H泣ai：E脆c亡of　Micros虹ucture＆nd

　　Co㎜pos｛をio巫　on　Ther独oe1ec虹ic　Properties　of　Te－Rich　Sb2Te3，Proc．17ぬ　IC℃

　　N＆goya，178（1998）．

（30）M－H竿ヰi㎜oto，I．Shiota，0．0hashi，Y　Isoda，Y　Sh虹oh孤a一，I．A．Nishida：Li卯id

　　Phase　Di航s三〇n　Bonaing狐d　The吏moe1㏄tでic　Propert三es　of恥hSn，Te　Compounds，

　　Proc．17ぬICエNagoya一，346（1998）．

（31）Y　Noda，I．A．N三shida，Y　S．K＆むg，M．N三三双o：Prep狐ation　and　Thermoe1㏄虹ic

　　Proper亡三es　ofAgSbTe2，Proc．17th　ICT　Nagoya，350（1998）．

（32）I．J．Ohsug三，T．Ko5ima，M．Sakaもa，I．A，Nishiぬ：Crysもa1Struc毛ure　and　M段gnetic

　　Susceptibi呈ity　ofa　Ru2Si3Sing呈e　Crysを＆1，Proc．17th　ICエNagoya，370（1998）．

（33）Y　Isod＆，Y　Shinohara，Y玉㎜ai，I．A．Nishida，O．Ohashi：Ther皿oe1ectric　Properもies

　　ofBoron　Doped　ho巫Disi1iside，Proc．17th　ICエNagoya，390（1998）．

（34）Y　S．K鋤g，M，Niino，I．A．Nishiaa，3．珊shino：Deve王op狐ent　a忍d　Eva亘u＆tion　cf3－

　　Sもage　Segmented　Ther独oe亘ec虹ic　E呈e独ents，Proc．17竜h　ICエNagoya，429（1998）．

（35）M．Koshigoe，Y　Kudo，M，Hashi独oto，I．Shiota，I．A．Nishida：Ther独oe1ec虹三c

　　Properties　of　Segn鵬nted遇i2Te3／PbTe，Proc．17th　ICT，Nagoya一，479（1998）．

（36）S．Sakakibara，S．珊neda，E．Ohota，M．Ha－shi㎜o乞o，I．A，Nishida：Ther狐a－1
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　　C◎nd－uc七w1もyofPbTe－S双Te　So1泌So1u倣◎n，Proc．TEC’98，Tokyo，30（1998）

（37）K．Taguchi，YI㎜ai，YSh虹oha．ra，YIsoda，I，A．Mshida：StudyonOpti㎜u㎜

　　Jom1ngTemperatひre　ofJo狐ed〃一蚊pe　PbTe，Proc．TEC’98，Tokyo，32（1998）．

（38）S．脆neda，E．0hota，S．Y沁ashi，Y　Shinoh肌a，T　Kimura，H．T　Kaibe：

　　Thermoe1ect蛆c　Propert1es　Evaユua伍on　ofAgSbTe2Syste㎜Co独pound，Proc．TEC

　　，98，Tokyo，34（1998）．

（39）M．H＆shimoto，I．Shiota，O．0hasbi，Y　Isoda，Y　Shi氾oha聰，I．A．Msh滅a：Liquid

　　Phase　　D1飾s1on　　Bondmg　　and　　Ther㎜oe1ec虹1c　　Propert1es　　of

　　Pbσ75Sn似25Te〃bo．50Sno．50Te，Proc．TEC　I98，64（1998）．

（40）I．J．Ohs泌gi，T　Koji㎜a一，H．T　Kibe，I．Shiota，I．A．Nishida：Crysta1Gmwth　of

　　Bi2Te3by　Gas　Transport　Technique，Proc．TEC　I98，88（1998）．

（41）E．Miya㎜oto，I．Shiota，S．Y6neda，H．丁一K虹be，I．J．0hosugi，I．A．Nishida：

　　Ther㎜a1a一亙d醐ectnc　Pmpert1es　ofかtype　PbTe　by　Ga－s　Tra－nsport　Techmque，Proc．

　　TEC・98，106（1998）．

（42）K．Ta－guchi，Y　I㎜ai，Y　Shinoha－ra，Y　Isoda一，I．Anishida：Re1就ionship　between

　　Max1醐u㎜E1ectr1c　Power　Propert1es　and　Rぬ◎of　Len節h危r刀一type　PbTe，Proc．

　　亙GM’98，（1998），in　press

（43）I．A．Nishida，Y　I㎜ai，Y　Shimhara，M．Hashi㎜o乞o，H．T　Kaibe，I．Shiota：

　　Ther皿oe1ec虹ic　Properties　cf　Pb刃e－SnTe　So1id　So1此ion　and　it　FGM：FG1M1198，

　　（1998），in　press

（44）I．A．Nishida：High　Te㎜pe蝸もure　E1ectrode　and　Ther耶oe1ectric　Materia工s　with　a

　　Graded　S虹uctびre，Proc，FGMl’98，（ヱ998），in　press

（45）I．J．Ohosugi，S．脆neda，E．Ohota，H．T．Kaibe，E．Miya独oto，I．Shio亡a一，I．A．

　　Nishida：Crysta1Growth＆nd　Ther狐oeIectric　Properties　of刀一type　PbTe　Sing1e

　　C町sta－1by　Gas阯ansport　Technique，ProcJGM’98，（1998），in　press

（46）K．Kudo，M．Hashimoto，E．Koshigoe，I．Shiota，I．A．Nishi由：Ther㎜oe1ecもric

　　hoperもies　ofBi2Te3〃bTe　FGMwith　E18c虹odes，Proc．FGM’98，（1998），inpress

（47）Y　Shinohara，Y　I㎜a－i，I．A．Nishiaa：Re1iabi1i辻y　ofTher独a1Conductiv虻y　Measu蝸d－

　　by　Har㎜an　Method，P更㏄．MRS1998Fa11Meeting，（1998），inpress

（48）Y　I狐＆i，Y　Shiなohara，Y　Iscda，I．A，N三shida：E峰cもof　Seg狐e就Length　on

　　Maxi独u狐Power　of2－S6g㎜e銚ed　n－PbTe　wiもh　Di脆renもCarrier　Conc⑧n虹＆虹o鵬ヨ

　　h㏄．5th　I批．Sy独p．FGM，D更esaen，665（1998）．

（4＝9）M．Koshigoe，I．Sbiota，I．A．Nishiぬ：Expansion　ofU乞i1izing　Te狐perature　Range　of

　　B三2Te3／PbTe　by　FGM　For狐ing，Proc．5th　Int．Symp．FGM，Dresaen，6d3（1998）．

（50）M，Hashimoto，O．Oh＆shi，H．T．Kaibe，I．A．N｛shida：Liquid　Phase　D避usion

　　Boadi双g　and　PbTe　Sysもe㎜，Proc．5汰I磁．Symp，FGM，Dresden，699（1998）．
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(51) S. Yomeda, E. Ohta. Y. Shinohara, T. Imai, I. A. Nishida, H. T. Kaibe: Adaptability 

ofAgSbTe2to FGM, Proc. 5th Int. Symp. FGM, Dresden, 731(1998). 

(52) Y. Isoda, Y. Shinohara, Y. Imai, I. A. Nishida, O. Ohohashi: Thermal Shock 

Resistance and Thermoelectric Properties of Boron Doped lron Disilicides. J. 

Japan Inst. Metals, 63, 391(1999). (in Japanese) 

Oral Presentation: 49 

(1) International Conference: 19 

(2) Domestic Conference: 30 

2.4.7 Researchers in the 4th Research Group 

Age and research fields ofresearchers in the 4t Research Group. (March 31, 1999) 

Age of Number Metal- Solid-state Crystal Cryogen- Chemis-
Researchers lur Ph sics Growth ics tr 

60 - 4 3 o o o 1 

50 - 60 12 3 3 2 2 2 

40 - 49 10 3 3 3 l o 

30 - 39 5 O 4 1 o o 

22 ~ 29 5 o 4 o 1 o 

Summation 36 9 14 6 4 3 

Age and research fields of researchers in the 4th Research Group 

2 4 8 Research Budgets m the 4th Research Group 

Research budgets in the 4th Research Group. Gren) 

Kinds ofbud ets 1997 1998 
Special Research 11,917,000 13,433,000 

General Research 40,000,000 37,420,000 

Special Coordination Funds for 8,053,000 17,885,000 
Promoting Science and Technology 

Collaboration with Hiroshima Pre. 4,000,000 o 

Supplementary Budgets o 68,300,000 

Summation 63,970,000 137,038,000 
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2.5 5th Research Group ~ntelligent Materials) 

Norio Shinya (Supervising Researcher) 

2.5.1 Research Work 

Intelligent materials are new materials with multiple and intelligent functions 

based on a new concept. The multiple and intelligent functions materials are necessary 

to develop highly integrated electronics and machines, and to improve the reliability of 

structures. In order to realize materials with innovative functions, many approaches 

are being tried. 

According to the 5th Long-term Plan, the research work in the 5th Research Group is 

focussed on development of key technologies for assembling powder particles and 

integrating functions, actuators for micro-machines and structures, and functional 

structural materials for aerospace and high temperature use. The main research aims 

ofthe 5th Research Group are as follows. 

(1) Development of (~) technology for assembling powder particles, ~ powder particle 

composites, R periodical structures by charged beams and @ three-dimensional 

powder particle arrays by micro-probe manipulation 

(2) Creation of R photonic band gap materials and multiple functional materials, R 

photonic band gap materials by three-dimensional fabrication techniques and ~) 

flexible PTCR, PTC-NTC materials. 

(3) Development of ~) shape memory alloys (SMA) for actuators, Ti-Ni SMA thin films 

and R training-free lron based SMA. 

(4) Development of ~) self-healing and light weight structural materials, R self-

healing of creep voids in heat resisting alloys and R metallic closed cellular 

materials. 

Development of a charged powder particle beam apparatus and evaluation of 

photonic band gap materials are carried out jointly with APCO Ltd, and the University 

of Tokyo, respectively. 

The members of the 5th Research Group consist of 13 researchers, I STA fellow, 1 

domestic research fellow, I technician, I secretary and 5 guest researchers. 

The number of publications, including submitted papers, are about 80, patents 

submitted are 12 between April 1, 1997 to March 31, 1999. The details are shown in the 

research activities of each Laboratory. 
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2.5.2 1*t Subgroup 

Mikihiko Kobayashi (Subgroup Leader), Takehiro Dan, Junro Kyono, Satoshi Kishimoto, 

Mitsuru Egashira. Masashi Hase, Takeshi Konno, Hiroshi Fudouzi, Hideki Miyazaki 

(domestic research fellow), Liu Daozhi (STA fellow), Setsuo Kajiwara (guest researcher), 

Makoto Kuwabara (guest researcher), Kyoko Saito (technician), Yumiko Asaka 

(secretary) 

2.5.2.1 Research work 

(1)Four kinds of handling techniques are developed to place accurately particles at 

prescribed positions. The first one is a method to produce ordered mixtures by mixing 

two kinds of particles, which are electrified positively and negatively. Packing of the 

ordered mixtures of semiconducting BaTi03 and In particles shows good PTC 

properties. It will be applied to the shape free heater. The second is to arrange 

particles one by one using a tungsten microprobe. Metallic particles can weld on a 

metallic substrate by applying high voltage between the particles and the substrate. 

Three dimensional micro-structures are produced from gold and nickel particles. The 

third one is to arrange numerous particles at a time. The principle is to draw fine 

electrified patterns by an electrified beam or an ion beam on an insulating substrate, 

and particles adhere to the patterns by electrostatic force. The last one is to make 

particle chains at a selected position on an electrode, where micro pillars are 

prepared, using the pearl chain effect. 

(2)Fine particles are manipulated in a vacuum chamber, observed with SEM. Three 

dimensional structures are constructed with sub-micron particles and their optical 

properties are measured. This study is pursued in collaboration with the University 

of Tokyo. 

(3)Particles of polystyrene coated with nickel alloy are sintered and three dimensional 

micro-honeycomb materials are constructed. The material is very light and has a 

high energy absorption and a large ultrasonic ~ttenuation coefGrcient. This result 

shows that this 3D micro-honeycomb material can be utilized for mechanical parts or 

structures with damping functions. 

(4) Creep tests are carried out for the alloys, which are prepared by adding B and N to 

the standard heat resisting alloy. The life of some alloys is longer than that of the 

standard alloy. It is considered that BN is precipitated in the creep voids and 

prevents the voids from growing. 

(5)Surface relief in martensitic transformation of Fe･Mn-Si shape memory alloys is 

investigated by AFM. The preferential formation of a single martensitic variant in a 
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grain is observed, even in a non-trained sample. 

<Research themes> 

(1) Creation of Multi-functional Materials by Assemblage of Primitive Functions 

(Intelligent Materials Research: April 1996 to March 2002, Norio Shinya) 

(2) Measurement and Analytical Evaluation of Interface Properties (Special 

Coordination Funds for Promoting Science and Technology: April 1995 to March 

1997, Norio Shinya) 

(3) Creation of Micro Cellular Materials (Special Coordination Funds for Promoting 

Science and Technology: April 1998 to March 1999, Satoshi Kishimoto) 

2.5.2.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) S.Kishimoto, N.Shinya: Measurement of localized creep deformation and observation 

of grain boundary behavior using electron beam lithography and focused lon beam, 

Proc. Conf. on Material Research, 173(1997). 

(2) S.Kishimoto, N.Shinya: Measurement and analysis of inhomogeneous deformation 

in polycrystalline metals during creep, Proc. Int. Conf, of Creep and Fracture of Eng. 

Mater. and Structures, 149(1997). 

(3) N.Shinya, J.Kyono: Self-healing of creep damage in heat resisting alloy, Proc. 

Intelligent Materials and Structures, (1997) 

(4) K.Kojima, A.Keren, L.P.Le, M.Larkin, G.M.Luke, B.Nachumi, W.D.Wu, Y.Uemura, 

H.Azuma, M.Takano, K.Klyono, S.Miyasaka, N.Motoyama, H.Takagi, S.Uchida, 

M.Hase, Y.Sasago, K.Uchinokura, M.Matsuda, K.Katsumata, A.Revcolevschi, 

R.Cava: Search for magnetic order in undoped and doped spin-gap systems by kL SR, 

Hyperfine Interact. 104, 37(1997) 

(5) H.Fudouzi, M.E~ashira, N.Shinya: Formation of Electrified Images on Ceramic 

Substretes Using Focused lon Beam, J.Ceram.Soc.Jpn 105, 611(1997). (in Japanese) 

(6) M.Hase: Spin-Peierls transition in CuGe03. Physica B 237-238, 123(1997). 

(7) N.Shinya, T.Dan, M.Egashira, J.Kyono, H.Fudouzi: Preparation of New PTCR 

Material by Particle Electrification Processing, Sm~rt Structures and Materials 

3040, 41(1997). 

(8) S.Kishimoto, N.Shinya, M.D.Mathew: Application of Electron Beam Lithography to 

Study Microcreep Deformation and Grain Boundary Sliding, J. Mater. Sci. 32, 

3411(1997). 

(9) M.Kobayashi, H.Fudouzi, M.Hase, N.Shinya: Particles Assemblage by Electron and 

Ion Beams, Solid State Physics 32, 755(1997). 
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(10) H.Fudouzi, M.Egashira, N.Shinya: Formation of Electrified Images Using Electron 

and lon Beams, Journal of Electrostatics 42, 43(1997). 

(11) H.Kuroe, T.Sekine, J.Sasaki. Y.Sasago, N.Koide, K.Uchinokura, M.Hase: Spin 

Fluctuations in CuGe03 Probed by Light Scattering , Phys.Rev.B 55, 409(1997). 

(12) M.C.Martin, Y.Sasago, N.Koide, K.Uchinokura, M.Hase, K.Hirota, G.Shirane: Spin 

-Peierls and Antiferromagnetic Phases in Cul'*Zn*Ge03: Neutron Scattering Study, 

Phys.Rev,B 56, 3173(1997). 

(13) M.Hase, K.M.S.Etheredge, S.-J.Hwu, K.Hirota, G.Shirane: Spin-Singlet Ground 

State with Energy Gaps in Cu2P04: Neutron-Scattering Magnetic-Susceptibility, 

Phys.Rer.B 56, 3231(1997). 

(14) N.Shinya: The State of the Art of Intelligent Structural Materials Research Works, 

Intelligent Materials 7, 5(1997). 

(15) K. Kojima, Y. Fudamoto, M. Larkin, G. M. Luke, J. Merrin, B. Nachumi, Y. Uemura, 

M. Hase, Y. Sasago, K. Uchinokura, Y.Ajiro, A. Revcolevschi, J.-P. Renard: 

Antiferromagnetic Order with Spatially Inhomogeneous Ordered Moment Size of 

Zn- and Si-doped CuGe03, Phys.Rev.Lett. 79, 503(1997). 

(16) T.Dan, M.Egashira, J.Kyono, H.Fudouzi, N.Shinya: Application of Focused 

Electrification to Preparation of Complex Particles, J. Intelligent Material 

Systems and Structures 8, 658(1997). 

(17) H.Fudouzi, M.Kobayashi, M.Egashira, N.Shinya: An Arrangement of Micrometer-

sized Powder Particles by Electron Beam Drawing, Advanced Powder 

Technology(Adv.Powder.Technol) 8, 25 1(1997). 

(18) ･S.Kishimoto. X.Huimin, N.Shinya: Electron Moire Method and Fabrication of Fine 

Model Gratings, Proc. 1998 Annual Meeting of JSME/MMD , (1998). 

(19) S.Kishimoto, N.Shinya: Sub-micrometer Micro-grid and its Application in Electron 

Moire Method, Proc. 1998 Annual Meeting of JSME/MMD , (1998). 

(20) S.Kishimoto, N.Shinya: Development of Metallic Closed Cellular Materials 

Containing Polymer. Proc. MRS Meeting JJ: M~terial in Space, (1998). 

(21) S.Kishimoto, X.Huimin, N.Shinya: Measurement of Micro-Deformation using 

Electron Moire Method, Proc. Inter. Conf. on Advanced Technology in Experimental 

Mechanics, (1998). 

(22) S.Kishimoto, N.Shinya: Development and Evaluation of Closed Collar Metals, Proc. 

7th Symp. on Intelligent Materials, 33(1998). 

(23) S.Kishimoto, N.Shinya: Development of Three Dimensional Micro-Honeycomb 

Materials, Proc. 4th Inter. Conf. on Intelligent Materials, 33(1998). 

(24) X.Huimin, S.Kishimoto, N.Shinya, Dai Fulong, Zou Daqing, Liu Sheng: Thermal 
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Deformation Analysis of Electronic Packaging Components Using Electron Moire 

Method, Proc. 30th Symp. on Stress-Strain Meas. and Strength Eval., (1998). 

(25) X.Huimin, S.Kishimoto, N.Shinya: Production of Composite Grating for Electron 

Moiere Method, Proc. 1998 Annual Meeting of JSME/MMD, (1998). 

(26) X.Huimin, S.Kishimoto, N.Shinya: Fabrication of Electron Moire Grating for High 

Temperature Application, Proc. the 1998 Annual Meeting of JSME/MMD, (1998). 

(27) X.Huimin, S.Kishimoto, Zou Daqing, Li Jindong, Dai Fulong: The Residual Strain 

Measurement of Laser Processed Grain Oriented Silicon Steel Sheet Using Moire 

Interferometry, Proc. Conf. on Material Research, 249(1998) 

(28) X.Huimin, Peter Dietz, Axel Schimidt, S.Kishimoto, N.Shinya: An Experimental 

Study on the Deformation of Impulsed Viscoelastic Plate with Embedded Energy-

Absorbing Discontinuities using Moire Method, Proc. 4th Inter. Conf. on Intelligent 

Materials, 37(1998). 

(29) M.Kobayashi, H.Fudouzi, M.Egashira, N.Shinya: Application of the Particle 

Assemblage to a Ggas Sensor, Proc. ICIM'98, 282(1998). 

(30) N.Shinya, S.Kajiwara, D.Z.Liu, D.F.Wang, F.Y.Gong, W.X.Liu: Effect ofAnnealing 

Temperature and Pre-Strain on Shape Memory Effect in Fe-Mn-Si-Cr Shape 

Memory Alloy, Proc. 4th Inter. Conf. on Intelligent Materials, 108(1998) 

(31) N.Shinya, S.Kajiwara. D.Z.Liu, N.Bergeon, T.Kikuchi: Quantitative Study of 

Surface Relief Induced in Martensitic Taansformation of Fe-Mn-Si Shape Memory 

Alloy by Atomic Force Microscopy, Proc. 4th Inter. Conf. on Intelligent Materials, 

110(1998). 

(32) M.Hase, M.Egashira, N.Shinya: Novel Method of Three-Dimensional 

Arrangements of Particles, Proc. ICIM'98, 62(1998). 

(33) M.Kobayashi, H.Fudouzi, M.Egashira, N.Shinya: Fixing ofArranged Particles on 

Substrates by Coating Method, J. ofthe Min. and Mater. Processing 114, 133(1998). 

(34) T.Sekine, H.Kuroe, J.Sasaki, K.Uchinokura. M.Hase: Raman Scattering from 

Magnetic Excitations in Zn- and Si-doped CuGe03, J'Magn.Magn.Mater 177-181, 

691(1998). 

(35) H.Kuroe, H.Seto, J.Sasaki, T.Sekine, N.Koide, Y.SaSago, K.Uchinokura, M.Hase, 

M.Isobe, H.Ueda: Doping Effects on the Folded Phonon Mode in the Spin-Peiels 

System CuGe03 and a-NaV205, J.Magn.Magn.Mater 177-181, 679(1998). 

(36) K.Takehana, M.Oshikiri, T.Takamasu, Y.Kido, M.Hase, K.Uchinokura: Magneto-

optical Measurements of CuGe03 in Far-Infrared Region, J. Mag. Mag. Mater. 177-

181, 699(1998). 

(37) M.Hase: Coexistence of Spin-Peierls and Antiferromagnetic Long-range Orders in 
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CuGe03 Doped with Impurities, J.Magn.Magn.Mater 177-181, 611(1998). 

(38) K.Takehana, T.Takamasu, G.Kido, M.Hase, K.Uchinokura: Magnetostriction 

Measurements of CuGe03 in High Magnetic Fields, Physica B 246-247, 246(1998). 

(39) S.Kishimoto, N.Shinya: Development of Closed Cellular Solids for Smart 

Structures by Powder Particle Assembling, Proc. SPIE/Smart Structure and 

Materials, 3324, 268(1998). 

(40) M.Kobayashi, T.Dan, H.Fudouzi, N.Shinya: Development of New Handing 

Techniques to Particles for Particle Assemblage, J.Soc. Powder Technol., Japan 35, 

125(1998). (in Japanese) 

(4 1) H.Fudouzi, M.Kobayashi, N.Shinya: An Arrangement of Micrometer Scale Particles 

on Substrates by Electrified Dots Drawn with a Focused lon Beam, J.Soc. Powder 

Technol, Japan 35, 16(1998). (in Japanese) 

(42) H.Nojiri, Y.Shimamoto, N.Miura, M.Hase, K.Uchinokura, H.Kojima, I.Tanaka, 

Y.Shibuya: Exchange Splitting in CuGe03 under Ultra High Magnetic Fields, 

Phys.RevLB 57, 10276(1998). 

(43) T.Sekine, H.Kuroe, J.Sasaki, Y.Sasago, N.Koide, K.Uchinokura. M.Hase: Spin-

Peierls Gap and Two Magnetic-excitation Pound and Resonant States in Cul-

.Zn*Ge03 and CuGel-ySiy03, J'Phys.Soc.Jpn 67, 1440(1998). 

(44) K.Hirota, M.Hase, J.Akimoto, T.Masuda, K.Uchinokura, G.Shirane: Magnetic 

Excitations in the Si Doped Spin-Peierls Compound CuGeh*Six03, J'Phy.Soc.Jpn 67, 

645(1998). 

(45) M.Kobayashi, H.Fudouzi, M.Egashira, N.Shinya: Assemblage of Particles for 

Intelligent Materials, Smart Materials and Structures 7, 496(1998) 

(46) S.Kishimoto, N.Shinya: Metallic Micro Closed Cellular Material Containing 

Polystyrene, Proc. 8th Symp. on Intelligent Materials, (1999). 

(47) S.Kishimoto, N.Shinya: Development of Metallic Closed Cellular Materials 

Containing Polymer for Smart Structures, Proc. 6th Japan Inter. SAMPE Symp. and 

Exhibi., (1999). 

(48) H.Miyazaki, T.Sato: Fabrication of Photonic Materials by Mechanical Assembly of 

Micro Spheres, Proc. 8th Symp. on Intelligent Materials, 76(1999). 

(49) X.Huimin, S.Kishimoto, Zou Daqing, Li Jinding, N.Shinya: The Deformation 

Analysis of Laser Processed Grain Oriented Silicon Steel Using Moire 

Interferometry, Mater. Sci. Res. Inter. (MSRI), (1999). 

(50) X.Huimin, S.Kishimoto, N.Shinya, Dai Fulong, Zou Daqing, Liu Sheng: Thermal 

Deformation Measurement of Electronic Packaging Component Using Electron 

Moire Method, Proc. Asian Pacific Conference for Fracture and Strength '99, (1999). 
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(51) K.Takehana. T.Takamasu, Y.Kido, M.Hase, K.Unokura: Far-Infrared Spectroscopy 

in Spin-Peierles Compound CuGe03 under High Magnetic Fields, Proc. 4th Inter. 

Symp. on Advanced Physical Fields, 263(1999). 

(52) D.Liu, N.Shinya, S.Kajiwara, T.Kikuchi, N.Bergeon: Observation on Surface Relief 

by The Stress-induced Martensitic Transformation in Fe-Mn-Si Shape Memory 

Alloy Using AFM, Proc. Inter. Conf. on Solid-Solid Phase Taansformation '99, 

(1999). 

(53) H.Fudouzi. M.Kobayashi, N.Shinya: Arrangement of Micro-Scale Particles by 

Electrification, Kona 17, (1999). 

(54) T.Dan, M.Egashira, J.Kyono, H.Fudouzi, N.Shinya: I-V Characteristics of Contact 

Interface in a Semiconductive BaTi03-Complex Particle., J.Soc Powder Technol, 

Japan 36, 280(1999). (in Japanese) 

(55) M.Egashira, N.Shinya, H.Saito: Development of Focused Micro-Sized Particle 

Beam Technology and its Application to Micro-Fabrication. Proc. SPIE, 3673, 

(1999). 

(56) M.Hase, M.Egashira, N.Shinya: Novel Method to Make Three-Dimensional 

Arrangements of Particles, Proc. of SPIE 3673, (1999). 

(57) H.Miyazaki: Photonic Band Effects in Monolayer Crystals of Micrometer-Sized 

Dielectric Spheres, Proc. ofAnnual Meeting of Phys. Soc. Jpn(II) 54, 177(1999). 

(58) D.Liu, N.Shinya, S.Kajiwara. T.Kikuchi, N.Bergeon: Continuous AFM Observation 

of Martensite Transformation and its Reversion in Training Cycles of Fe-Mn-Si 

based SMAs, Proc. Inter. Symp.and Exhib. on Shape Memory Materiars'99 in 

Materials Science Forum, (1999). 

(59) D.Liu, N.Shinya, S.Kajiwara, T.Kikuchi: Observation on Plastic Accommodation of 

Shape Strain in Martensitic Taansformation in Fe-Ni-C Shape Memory Alloy, Proc. 

Inter. Symp. and Exhib, on Shape Memory Materiars'99 in Materials Science 

Forum, (1999). 

(60) D.Liu, N.Shinya, S.Kajiwara, T.Kikuchi, N.Bergeon: Atomic Force Microscopy 

Study of Stacking Mode of Martensitic Thansformation in Fe-Mn-Si Based Shape 

Memory alloys, Proc. Inter. Symp. and Exhib. on Shape Memory Materiars'99 in 

Materials Science Forum, (1999). 

(61) D.Liu, N.Shinya, S.Kajiwara, T.Kikuchi, N.Bergeon: Study on The Reverse 

Martensitic Transform^-tion in Fe-Mn-Si-Cr Shape Memory Alloy using AFM, Proc. 

Inter. Conf. on Solid-Solid Phase Taansformation '99, (1999). 

(62) S.Kishimoto, N.Shinya: Development of Metallic Closed Cellular Materials 

Containing Polymer, Materials and Design, submitted. 
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(63) S.Kishimoto, N.Shinya: New Fabrication Method for Metallic Closed Cellular 

Materials Containing Polymers, Materials and Design, submitted 

(64) H.Miyazaki. T.Koda: Ordered Array of Microspheres: Fabrication and Photonic 

Band Effects, Proc. 60th Meeting ofAppl. Phys. submitted. 

(65) H.Kuroe, J.Sasaki, T.Sekine, N.Koide, Y.Sasago, K.Uchinokura, M.Hase: Folded 

Phonon Mode Observed by Raman Scattering in Cul-*ZnxGe03, Phys. Rev. B, 

submitted. 

(66) T.Konno, M.Egashira, N.Shinya: Development of Micro-Scale Assemblage 

Technique Using a Probe and its Application (Ist Report, Development of 

Manipulation and Welding Techniques for Powder Particles), Trans. of Japan Soc. 

ofMech. Engin. (C), submitted. 

(67) X.Huimin, S.Kishimoto, N.Shinya, Dai Fulong, Zou Daqing. Liu Sheng: Thermal 

Deformation Analysis of Electronic Packaging Components Using Electron Moire 

Method, Journal ofStrain, submitted. 

(68) M.Kobayashi. H.Fudouzi, M.Egashira, N.Shinya: Particle Arrangement and its 

Application, Materials and Design, submitted. 

(69) M.Hase: Electron Spin Resonance in Spin-Peierls Cuprate CuGe03 Doped with Zn 

or Si, Phys.Rev.B, submitted. 

(70) M.Hase. M.Egashira, N.Shinya: Development of Novel Method to Create Three-

Dimensional Arrangements of Particles Using Dielectrophoresis in Artificially 

Nonuniform Electric Field, Journal of Intelligent Material Systems and Structures , 

submitted. 

(71) M.Hase, K.Katsumata: Antiferromagnetic Resonance in the Spin-Peierls 

Compound CuGe03 Doped with Zn, RIKEN Review, submitted. 

(72) H.Fudouzi, M.Kobayashi, N.Shinya: Fabrication of Microstructure Patterns by 

Assembling Micrometer Sized Particles with Beam, The Korean Journal Ceramic 

Society , submitted. 

(73) H.Nojiri, N.Miura, M.Hase, K.Uchinokura, H.Kojima, I.Tanaka, Y.Shibuya, 

S.Luther, M.von Ortenberg: Optical Transition from the Ground Singlet to Excited 

Triplet States in the Dimerized Phase of CuGe03, J'Phy.Soc.Jpn, submitted. 

Oral presentation: 60 

(1)International Conference: 22 

(2)Domestic Conference: 38 
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Patent Application 

(1) Metallic Closed Cellular Materials and the Production Method: S.Kishimoto, 

N.Shinya, 1997.11.04, Application Number: 09-301596 

(2) Drawing Apparatus by Charged Powder Particles: M.Egashira, N.Shinya, H.Saito, 

1998.04.06, Application Number: 10-092988 

(3) High Luminance Gun of Powder Particles: M.Egashira, N.Shinya, H.Saito, 

1998.04.06, Application Number: 10-092989 

(4) Detector of Powder Particles: M.Egashira, N.Shinya, H.Saito, 1998.04.06, 

Application Number: 10-092990 

(5) Control Apparatus for Powder Particles: M.Egashira, N.Shinya, H.Saito, 

1998.04.06, Application Number: 10-092991 

(6) Control Apparatus for Fine Particle Beam: M.Egashira, N.Shinya, H.Saito, 

1998.04.06. Application Number: 10-092992 

(7) Polarized Electron Beam Generator: M.Egashira, H.Saito, 1998.04.06. Application 

Number: 10-093000 

(8) Method and Apparatus for Coating on Powder Particles: 1998.10.01, Kobayashi, 

M.Egashira, T.Dan, N.Shinya, Application Number: 10-280105 

(9) Accurate Three Dimensional Positioning of Fine Objects: M.Hase, M.Egashira, 

N.Shinya, 1998.10.02. Application Number: 10-281778 

(10) Method for Deform~tion Measurement and Grid Sheet for the Measurement: 

S.Kishimoto, H.Xia, N.Shinya, 1998.11.20. Application Number: 10-375230 

(11) Accurate Positioning of Fine Objects: H.Fudouzi, T.Konno, M.Egashira, 

M.Kobayashi, N.Shinya, 1998.12.01, Application Number: 10-342134 

Awards : 

(1) Persons who have proposed technical ideas in relation to their job, 1997.4. 14. Science 

and Technology Agency, M. Egashira 

(2) Persons who have proposed technical ideas in relation to their job, 1998.4. 13, Science 

and Technology Agency, T. Konno: 

(3) JIMAward for Encouragement ofResearch, 1998.9.28, M. Hase 

(4) MRS Outstanding PosterAward, 1998. 123.8, S. Kishimoto 

2.5.3 2~d Subgroup 

Akira Ishida (Subgroup Leader), Morio Sato, Atsushi Takei (guest researcher), 
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Hachiro Imai (guest researcher), 

Miyazaki (guest researcher) 

Tsuguto Yamashita (guest researcher), Shuichi 

2.5.3. I Research work 

The mechanical properties of sputter-deposited Ti-Ni thin films have been evaluated. 

Tensile tests revealed that sputter-deposited thin films, especially Ti-rich Ti-Ni thin 

films, show good ductility (400/0 elongation) as well as high strength(1.2GPa yield stress) 

owing to their fine microstructure, peculiar to thin films. The shape memory behavior of 

these thin films has been also studied. The results prove that sputter-deposited thin 

films of Ti-Ni possess stable shape memory effects and reliable mechanical properties 

for practical applications. 

<Research theme> 

(1) Development ofAdvanced Shape Memory Thin Films by Sputtering 

(General Research: April 1997 to March 2002, Akira Ishida) 

2.5.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) A.Ishida,M.Sato,T.Kimura,S.Miyazaki: Microstructure of Ti-rich Ti-Ni Thin Films, 

2~d Inter. Conf, on SMST (Shape Memory and Superelastic Technologies) p.161, 

Pacific Grove, March 3-7, 1997 

(2) A.Ishida,M.Sato,T.Kimura,S.Miyazaki: Microstructure of Ti-48.2at.o/oNi Shape 

Memory Thin Films, Metall.Mater.Trans.A,28A, 1985(1997) 

(3) M.Sato.A.Ishida.S.Miyazaki: Tw~-way Shape Memory Effect of Sputter-deposited 

Thin Films of Ti-5 1.3at."/.Ni,Thin Solid Films,3i 5,305(1998) 

(4) A Ishida "Sputtenng" m Handbook of Surface F112lshh2g, ed. by the Surface 

Finishing Society of Japan(Nikkan Kogyo Shinbunsha, Tokyo 1988) (in Japanese) 

(5) A.Ishida,S.Miyazaki: Microstructure and Mechanical Properties of Sputter-

deposited Ti-Ni Alloy Thin Films, Trans. ASME,1 21 ,2(1999) 

(6) A.Ishida,M.Sato,T.Kimura,S.Miyazaki: Stress-Strain Curves of Sputter-Deposited 

Ti-Ni Thin Films, Phil.Mag.,in press(1999) 

(7) A.Ishida,M.Sato,S.Miyazaki: Mechanical Properties of Ti-Ni Shape Memory Thin 

Films Formed by Sputtering, J. Mater. Sci. & Eng. A, in press(1999) 

Oral Presentation: 7 

(1) International Conference: 1 

(2) Domestic Conference: 6 
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Patent Application: 

(1) A Shape Memory Alloy with Ductility and a Making Process of the Same: A. Ishida, 

S. Miyazaki, March 15, 1999, 09/267, 612 

Award: 

(1) Persons who have proposed technical ideas in relation to their job: STA, 1998, 

M. Sato 

2.5.4 Researchers in the 5th Research Group 

Age and research fields of researchers in the 5th Research Group. (March 31, 1999) 

2.5.5 Research Budgets in the 5th Research Group 

Research budgets in the 5th Research Group. (yen) 

Kinds ofbud ets 1997 1998 
Intelligent Materials Research 35,145,000 43,436,000 

Special Coordination Funds for Promoting Science and Technolo 

5,600,250 8,550,000 

General Research 9,960,000 5,000,000 

Su lementar Bud et o 85,300,000 

Summation 50,705,250 142,286,000 
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Chapter 3: Research in Advanced Physical Fields 

3.1 Center for Advanced Physical Fields 

Kazuhiro Yoshihara (Director of Center for Advanced Physical Fields) 

The advanced physical fields, such as high magnetic field, high resolution 

beam technology, and extreme high vacuum, are suitable environments to create and 

observe the nano-structure materials, and we can expect these nano-structure materials 

exhibit unique behaviors in these environments. To execute research in these 

advanced physical fields, we established the Center for Advanced Physical Fields, which 

has the three research stations mentioned above, and large scale facilities have been set 

up . 

The objectives of the Center is, (1) to improve techniques to establish these 

advanced physical fields, (2) to execute research on materials with atomic-scale 

controlled structures which show new quantum effects, and (3) to open these large scale 

facilities to all scientists around the world. In sections 3.1.1, 3.1.2 and 3. 1.3, the recent 

research results in High Magnetic Field Station, High Resolution Beam Technology 

Station and Extreme High Vacuum Station are shown respectively. At present, the 

facilities in the High Magnetic Field Station have been open to researchers from outside 

of the NRIM, and other facilities in the High Resolution Beam Technology Center and 

the Extreme High Vacuum Center will be similarly open in the near future. The 

present status of user facilities in the High Magnetic Field Station is explained in 

section 3. 1. 1.9. 

One specially allocated budget to the Center is for "Materials Research under 

Advanced Physical Fields", which supports two research projects (High magnetic field 

chemistry and Luminescent micro crystal) in the Center. Other research projects in the 

Center are supported by "R&D on New Superconducting Materials", "Materials Research 

using Synchrotron Radiation", "Special Research:', "Nuclear Energy Research", and 

"Special Coordination Funds for Promoting Science and Technology" budget. 

One of the major research projects in the Center is "Research on materials with 

atomic-scale controlled structures", which is supported by the "Special Coordination 

Funds for Promoting Science and Technology". This project, started in 1995, is promoted 

as one of the Center of Excellence Development Programs (COE Project) of the Japanese 

Government. The project is in fact designed to make use of the advanta~es of these 

facilities in the Center for Advanced Physical Fields. 

The COE Project is roughly divided into two parts. One is "Improvement of 
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techniques to establish extreme physical fields". The techniques provided by the 

Center for Advanced Physical Fields are important to carry out research on the creation 

of materials with atomic scale structures. We call this research "COE supportmg 

research". The other one is "Creation and physical properties of atomic scale structure 

materials". We call this research "COE core research". Atomic scale structure 

materials are categorized into quantum dot, quantum wire and thin film. Therefore, 

we divided "COE core research" into 5 sub-projects, which cover quantum dot, quantum 

wire and thin film. We have created new nano-dimension crystals, fabricated single 

atomic width lines which exhibited electron transport properties, and found interesting 

quantum phenomena in the high magnetic fields. 

Since the starFing stage of the project, the research fellow positions of the COE 

project have been opened to the world. Over 20 research fellows are employed from all 

over the world. However, the number of fellows is still not sufficient, though 

participation of young scientists, both from foreign countries and from Japan has 

substantially increased. To encourage mutual communication, an International 

Symposium on Advanced Physical Fields is held in the NRIM once a year, which has 

enhanced research activities in this research field. 
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3.1.1 High Magnetic Field Research Station 

Hitoshi Wada (Supervising Researcher) 

3.1.1.1 Research Work 

Based on the 5th Long-term Plan, a variety of R&D activities are going on that 

include the generation and application of high magnetic fields: 

(1) R&D studies on the technologies for generating high fields and cryogenic 

temperatures to continually improve the capacity ofthe generated magnetic fields. 

(2) Application studies on magnetic fields for different purposes, including protein 

crystal growth, etc. 

(3) Participation in and contribution to international standardization activities in 

superconducting materials. 

The research organization of the Station includes 14 member researchers, 1 

researcher, who concurrently holds a post at a different national institute, 4 domestic 

fellows, 2 COE fellows, 4 visiting researchers from private companies and 2 special 

technical staffs. In addition, there are 8 technicians, for the operation of large machines, 

1 assistant, for experiments, and 2 assistants, for database and office work. 

The high magnetic field facilities of the Station have been opened to external users 

since April 1998. These two aspects ofthe Station's activities are described below. 

3.1.1.2 Magnet Development Unit 

Tsukasa Kiyoshi (Unit Leader), Toshihisa Asano, Hiroshi Morita (domestic 

research fellow), Hiroyuki Nakayama (domestic research fellow). Osamu Ozaki (visiting 

researcher). Jun-ichi Fujihira (visiting researcher) 

3.1.1.2.1 Research work 

(1) Superconducting magnets 

(1-1) I GHZ class NMR spectrometer 

A I GHZ class NMR magnet (generated magnetic field is 23.5 T) development 

program is in progress in the second stage of the Multi-core Project. The project was 

started in fiscal 1995. The 23.5 T superconducting magnet system is being fabricated 

by combining a metallic superconductor magnet (outer magnet) and an oxide 

superconductor magnet (inner magnet). The developed high-field NMR spectrometer 

is expected to be a powerful tool in the protein structure analysis project to be 
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challenged by the Institute of Physical and Chemical Research 

(1-2) Protein crystal growth 

In collaboration with the National Institute of Bioscience and Human-Technology 

and the National Institute of Materials and Chemical Research, a unique NbTi 

superconducting magnet has been developed which generates a uniform magnetic force 

field of 232 T2/m (O. 17 G) in a space of 10 mm c X 10 mm in which protein crystal growth 

experiments can be conducted. 

(2) Development of resistive magnets 

(2-1) Water-cooled magnets 

In order to generate dc magnetic fields higher than 30 T, a hybrid magnet is necessary 

consisting of a superconducting outsert magnet and a water-cooled insert magnet. 

Two main structural types of water-cooled magnets for high-field use have been 

studied these are the polyhelix type and the Bitter type. 

A three co-axially stacked Bitter type magnets were developed in collaboration with 

the National High Magnetic Field Laboratory, USA , generating a magnetic field of 28.8 

T, the Japanese record for a water-cooled magnet, in September 1997. 

(2-2) Magnetic stimulation 

Magnetic stimulation by a pulsed magnet field is considered to be due to eddy 

currents induced in an organism. It has however not been clarified how the induced 

eddy current is distributed in the organism. Three-dimensional eddy current analysis 

was made by applying the finite element analysis method. Calculations were 

compared with the experimental results, measured by Kagoshima University to define 

the optimal coil shape capable of localizing the eddy current. This is a joint study with 

Brown University , in the USA, and the Shimadzu Corporation 

<Research themes> 

(1) Development of I GHZ Class NMR Spectrometer (R&D on New Superconducting 

Materials: April 1995 to March 2002, Hitoshi Wada) 

(2) Superconducting Magnet Development for Very high Field Use ( Special 

Coordination Funds fcn- Promoting Science and Technology: April 1997 to March 

1998, Hitoshi Wada) 

(3) Protein Crystal Growth under Variable Gravity COnditions (Core Research for 

Evolutional Science and Technology: October 1997 to September 2002, Hitoshi 
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　Wada）

（4）I跳prove狐ent　ofMa－gneもTechno1ogy此r　High　Fie1a　Ma－gne七s（Ge鵬ra1Rese孤ch：

　Apri11998to　Mlarch2001，Tsukasa　Kiyoshi）

（5）High－S虹en節h＆nd　ConductivityMa土eria1s此rHi曲Fie1d　Mag鵬色Use（Genera1

　Research：Ap刮1995toM蛆ch1998，HitoshiWada）

3．1．1．2．2R⑧search　pπod以cts，1nc1ud二…二汲g　papexs　sub㎜i竜t⑧＆（Apおユ1，五997to

　　　　1Maぎch31．1999

（1）T．㎜yoshi，K．I㎜鵬，M．Kosuge，H．Wada，H，M鎚da：CwrenもD㏄＆yEva1以ati㎝of

　αosea　HTS　Coi1Circuits，IEEE　Trans．App1．Supeエconducもivi城7，877（1997）

（2）H．Ku独akura，H．Kit盆駅chi，T　Kiyoshi，X．houe，K，Togano，M．Oka曲，K．

　亙ukush玉狐a，K　Ta忍aka，K．Kato，J　Sa±o：Per勉r㎜ance弛sts　of　B玉一22玉2I犯serま

　Magnets　Fabricated　byAg　Sheath　Method　a．nd　Dip－coa一七ing　Me出od，IEEE　T脇ns．

　Ap向，Supercon砒c七ivi軌7，646（1997）

（3）工Hase，K．Shibut狐i，S．Hayashi，M．Shi狐ada，R．0gawa，Y　Kaw就e，T㎜yoshi，K．

　Incue：Operatio皿ofSuperconauc湿veiy　Jc虹雀ed　Bi－2212So玉enoida玉Coihn　Persis亡ent

　Cu泄ent　Mode，Cryogenics，37，201（1997）

（4）K．Fukushima，M．Okada，J．Sa七〇，T．趾yoshi，H．Ku㎜akur＆，K．Togano，H．Wada：

　PersistentMode　Operation　ofBi2Sr2CaCu20、／Ag　S亡acked　Doub1e　Pancake　Coi1s

　wi比S岬efc◎nducting　Joints，Jap狐ese　J．AppI．Phys．36，L1433（1997）

（5）T．Hase，K，Shibutani，S．Hayashi，M．Shi㎜ad－a，R．0gawa，Y　Kawate，T．Kiyoshi，K．

　I公oue：臨bricati㎝ofDoub1e－sheaもhed　Bi2Sr2CaCu20，Mu1嚇1a狐entaryWi鵬危r

　So1enoida1Coi1，J．Japan　Inst．Me辻＆1s，61，842（1997）（inJapa鵬se）

（6）丁一Kiyoshi，X．h㎝e，A．Sa危o，H．Aoki，K．Iもoh，H．Wada，H．M舵da：1GHzNMR

　Spectro㎜eter　Pro〕ect　aセNa伍ona1Rese奴ch　hs亡1亡ute虹Meta1s，1n捌助〃∂騨θ施

　ガθ！幽j鞭ρ肋a血o〃昌騨鵬燗血oη刎d㎜∂施h2ム，ed．by　H．J．Schneiaer－Munt洲，

　岬0r1d　Scienti丘c，Singapore1977）

（7）M．Morita，S．Ito，K．Inoひe，T，Kiyos趾，H．M舵細Deve1op㎜e鮎ofa40T　C1ass

　Hybrid　Magnet，in肋幼伽昭ηθ脆ガθ！幽j∂ρρ加∂施勿8，騨ηθ蝸血oη舳∂〃∂施㎡∂抽ed．

　by　H，J1Sch皿eiaer－Munt舳，（Wor1d　Scien舳c，Singapo舵1977）

（8）H．Ku㎜＆kura，H．Kitaguchi，T　Kiyosh三，K．houe，K．Togano，H．M1＆eda，M．Okada，

　K．Fakushi独a，K．丁脳a－ka一，K．Kato：High－Tc　Superc0Eductor　Researcb拓吏High

　Fie1d　App1ications　at　Nationa玉Research　hstitute血x　Meta1s，in捌助伽∂厚ηθ此

　ガθ！dα∂二ρρ1た∂后ゴo幻8，多θηθ”2血oη∂η∂伽2后ε㎡∂！3，ed．by　H．J．Schむ8ider－Munta一ひ，

　岬or呈d　Scienti丘c，Siむgapore1977）

（10）K．houe，T　Kiyosh三，K．Itoh，H．Ku独＆kur＆，H．Kit象gucbi，A．Sa－to，Y功i㎜a，H．
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　　Wa＆a：Deve1op独㎝tof1GHz　NMRSpec虹o㎜eterMag鵬t就NRIM，i公〃昭〃艶

　　加8岬θ”ωηぬo虹㎡軌ed．By　S．Naka．ji㎜＆aぶM．Muraka㎜i，IX（Springer，Tokyo’

　　1997）

（11）1Ml．0ka．da，K．Ta－naka，K．Fukushi㎜a，J．Sa－t◎，H．Kitaguchi，H．Ku㎜akura，T，

　　Kiyoshi，K．houe，K』ogano：Deve1op㎜e鮎ofBi－2212／Ag　Superco双aucting　Ins蹴t

　　Magnets危rHighM叡gnetic醐e1d　Ge鵬蝸tion，inλゴ閉〃θ5加8ゆθκo〃ぬc血ガ軌

　　ea．by　S，Nak＆ji㎜a　and　M．Muraka狐i，IX（Spring破，Tokyo1997）

」（12）M．Ok＆da，K．Fuk鵬hi㎜a，J．Sato，K．No㎜篶醐，H．Kitagじchi，H．Ku㎜akひra，丁

　　肥yoshi，K．恥g＆no，H．Wada：Fabf三惚ti㎝and性anspo蛉Pmpe地esofBi－2212！Ag

　　Mu1舶1a㎜en亡a町Tapes　and　C011s施rH1ghM＆g鵬七1c　F1e雌Generat1on，3正d

　　Eumpean　Co公£onApp1ied　Supercon虹ct1v1城醐ndhoven，Nether1ands，Ju鵬

　　30－Ju1y3．1997

（13）Ml．D．Bird，S．Bo1e，Y　M．Eyssa，H．・J．Schneider・Munta－u，T　Kiyoshi，T　Asano，

　　Ysakai，K．I皿oue，H．Wada：N醐］WNHMEL　Joint　Deve工opme批ofa30T　Mag皿et，

　　15t汀nt．Con尤onMagnetT㏄hmIogy，Beijing，0ct．20・24．1997

（14）K．Fukushi㎜a，M．Oka－da，T　Kiyoshi，H．Ku㎜akura，K．Tog狐o，K，houe，H．

　　W＆da：Deve1op独㎝tofBi・2212／Ag　C1osed　C虹㎝i眺r1GHz－NMRSpec虹o狐e敏，

　　腺h　I砒．Con£onMag鵬tTech皿o1ogy，Beijing，Oct，20－24．1997

（15）T　Hase，O，0zaki，K．Shibutani，S．9段yashi，M．Shi㎜ada，Y　Ka－w批e，X．

　　Takab＆take，T．蘭yoshi，M．Yuya独a，K．I㎜ue，H．Wad＆：Norma1－z㎝e　Propagati㎝

　　in　Bi・2212So1enoiaa1Coi1批4．2K，15t企ht．Con£onM盆gne危Techm1o駆，Beijing，

　　Oc亡、20－24．1997

（16）R．H1rose，T．Ka㎜1kado，OOzak1，M珊sh1k段wa，TH蝸e，M．Shmaaa，YKawa亡e，

　　K．Takabat＆ke，M．Kosuge，T．Kiyoshi，K．Imue，H．W劃da：21．7T　Superco孤ぬcting

　　Mag鵬t　Using（Nb，Ti）3Sn　Con虹ctor　with14％一S口Bronze，15th　Int．Con£on

　　Mag鵬螂echm1o駆，Bei加g，0ct．20－24．1997

（17）工珊yoshi，H。脆tagucbi，H．Ku㎜aku蝸，K．。houe，H．Wada，T．臨se，S．亘ayashi，K．

　　Ohkura，K，S就o，K．Tanaka，M，Okada：High珊e1d　Pe曲mance　ofBSCCO　Coi1s

　　with　an　O砒er　Dia独eter　of130㎜㎜，　15th　I就．Confon　Mag鵬t　Techno1ogy，Beijiなg，

　　Ocも．20－24．1997

（18）O．Oza－ki，R，Hi至ose，Ml．㌔shika－wa，S．Ito，T・Ha－se，M．Shi㎜aaa，Y　Xawate，K．

　　丁凱kabatake，T．Kiyosh三，M．Kosuge，K．Imue，H．Wada：Quench　BehaviorofMu1もi－

　　Sectiona1Supe吏conduc乞ing　M1a－g巫et　in　Superauid　He1iu㎜，15t羨Inte篶Con£

　　on　Magnet　Techno1ogy，Beijiなg，Oct．20－24．1997

（ユ9）T　Asa巫o，T　Kiyosbi，K．Imue，H．Wada，K．Nakagawa一，G、工waki：AN⑧w　Higb

　　S組e篶gth　Cond－uc乞or　wi乞h　High　Co曲uctivity危r　High　Magnetic醐e蝸s，15晦
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　　Int．C◎n£on　M＆9篶銚Techno1ogy，Beijing，Oct．20・24．1997

（20）Y　Saka三，T．Asa巫o，T．附yoshi，K．Iなoue，H．Wada：Deve1op皿e巫もof辻he　U玉竜醐一H三gh

　　Stre公gth，High　Conductivi乞y　Cu－AgAuoy15tリnt，Conf　on　Mlag鵬t　Tech忍o1ogy，

　　Be三jing，0ct．20・24．1997

（21）T　Ka㎜ikado，R．H虹ose，M．S血i独ada，丁脆yoshi，K．ho鵬，H．Wada：S亡ab批ies　of

　　S篶perconductiなg　Sp1it　Pa虹Coiユs，15・h王nt．Conf　on　Magne士Tech双〇三〇gシ，Beijing，

　　Oct．20－24．1997

（22）K．Inoue，Y　Iiji㎜a，T　Takeuchi，T　Kiyoshi，K．Fukuda，K　Nakagawa，G．王waki，H．

　　Moriai：New　Nb3A1Mu1t逓1amentary　Conぬcもor＆nd　RsApphcation亡o　High　Fie王d

　　Superc0なducti巫g　Magnet，Physica遇，246－247，364（1998）

（23）T　Hase，K．ShIbuta－m，S　Hayash1，M1Sh1㎜ada一，Y　Kawate，T　K1yosh亘，H

　　Kita騨c血i，H．Wada：Persistent－current－mode　Operatio公ofBi－2212So1enoida1Coi1

　　wi比a　C1ear　Bore　of60mm，虹λ伽∂〃θ81刀8岬θκoη∂αo血㎡似ed．by　K．0sa㎜ura

　　and王．Hirab凱yashi，X（Springer，T◎kyo1998）

（24）M．0kada，K．独naka，S，Matsuda，K．Sato，J．Saもo，H．Kitaguchi，T　Kiyoshi，H．

　　Ku㎜akura，K　Toga㎜，H　Wada趾2212／AgSuperco双duct狐gMagne脇rH壊一

　　Fie1d　App1ications，inλ加舳o鮒i刀8岬θ”60ηゴ〃6血㎡板，ed．By　K．0samura狐d　I．

　　Hirabayashi，X（Springer，Tokyo1998）

（25）K．Togano，H．Ku㎜＆ku王a，H，Ki七aguchi，亘．恥jii，T．酌yoshi，H．W泓da，M．0kada，J．

　　Sa－to，T　Haseg盆w盈：DeveIop㎜ent　ofBi2Sr2Ca1Cu20、／Ag　Tapes盆na　Coi1s，in

　　メ加舳6θ81η8〃ρ釧60刀ぬ6血㎡枕ed．By　K．Osa一㎜ura　and　I．Hi蝸bayashi，X

　　（SP「inger，TOky01998）

（26）工酌yoshi，H．Wada：Deve1opm㎝tofan玉nner　Coi1血r　a1GHz　NMRMagnet，

　　OYO－BUTURI，67431（1998）（1n　Japanese）

（27）亘．Og｛wa蝸，T　Shi批o㎜i，T　Oka醐ura，K．As狐o，T　Ando，T　Kiyoshi：Next－

　　ge鵬ra虹on　App1ied　Supercond皿c七ivity　a公d　Nb3A1Co皿ductors，J．Cryogenic　Socie亡y

　　ofJapa－n，33，597（1998）（三むJapanese）

（28）T．Miyazaki，Y　Mu蝸ka狐i，T．Hase，T　Miyatakel　M．Shi㎜ada，Y　Kawaもe，T．

　　Kiyos血i，K．Itoh，H．W段da：Deve1opmentofSuperc㎝ducto蝸血r1GHz　NMR

　　Mag鵬辻一High　Crit三caI　C亡班ent　Deなdiもy（Nb，Ti）3Sn　Condひctor一，J．Cryoge双ic

　　Society　of　J＆pan，33，725（1998）（i巫Japanese）

（29）T．Kyoshi，A．Sato，H．W＆da：Deve1opmen毛of1GHz　Sひpercoaducting　NMR　Magnet

　　就TML／NRIM，IEEE阯ans．App1．Superconductivi敏inpress

（30）T，Kiyoshi，O．Ozaki，H．Nakaya㎜a，H、一B．批，H．W金da，N．Wakaya㎜a，M．A乞aka，

　　Superconducting　Mag公eもs危r　Generaもing　Un此r㎜Ma騨etic　Force醐e1d，互EEE

　　阯ans．ApP1．Superconductivi城虹press
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（31）M．0kaぬ，K．酌kushi狐a，T　Wakuda，J．Sato，H．Ku㎜aku蝸，丁脆yoshi，H．

　　㎜taguch1，K　Tog盆no，H．Wada．Fabr1ca倣㎝ofB1－2212／AgMagne吉s危rH昭h

　　Magnetic　Fie蝸App1ications，IEEE　Trans．App1．Superconduc虹vi軌in　p鴎ss

（32）T　Miyazaki，Y　Muraka狐i，T　Hase，M．Shi㎜ada，K　I七〇h，丁蛆yoshi，T　Takeuchi，K．

　　Ino以e，H．Wada：Deve1op㎜e銚ofNb3SnS岬ercoaductors危ra1GHz　C1ass

　　NMRMagneポTin　Con亡entinBro巫ze　Mぬix　Dependence　ofHigh－5e1d

　　Cha蝸cter三s虹cs・，IEEE　Trans．ApPL　Sup破conductivi軌in　press

（33）0．Ozaki，M．Kosuge，T．肥yoshi，MlYuya㎜a，H．Wada，T．Ka㎜ikado，Y　Muraka㎜i，

　　T．Miyaz＆ki，S．耳ayasi，Y　Kawate：R＆D　Studies　onM㏄ha皿ic＆三Stress　of1GHz

　　NMR　M＆騨et，IEEE岱a鵬．App1．Sup6rconぬctivi軌in　p肥ss

（34）L．Y　Xiao，丁一附yoshi，0．0zaki，H．Waaa：Case　Stωy㎝Q鵬ncbEvo1uti㎝鋤d

　　Passive　Proもection　of　High　Tc　Superconduc伍ng　Panc＆ke　Coi1，CWogenics，in　p鵬ss

0醐1hese批ation98
（1）I銚ern就1◎naI　Coa胎rence　37

（2）Do㎜es亡ic　Co皿胎蛇nce：　61

Pate就ApPhcation

（1）Uni危rmMagneticForceMagnet：Tsuk＆s盆㎜yoshi，Hit◎shiWaぬ，Nob泌o

　Wakaya㎜a，May19．1998，N◎．10－137220

Award。

（1）The　Ichi㎜ura－Prizes　in　TechnoIogy－Mer北orio鵬Achieve㎜en亡Prize，Apri11998：

　　丁搬k叡saKiy◎shi

3．1．1．3C町oge血c　TechnoIogy　U㎜t

　Akio　Sato（Unit　Leader），Takenori　Numazaw我，Bじn㎜ei　Matsu㎜oもo，Hideo　Naga三，

Michio　Kosuge，Micb虹ari　Ydya狐＆，肱kashi　Mik三（COEお11cw），Sigeki　Ni㎜o虹（specia1

teChn三Ca1Sta班）

3．1．1．3．1Resea－rch　work

　Studies　h＆v⑧bee双c象狐iea　out　on　a　superiu姓sもir1ing　cyc1e，capab1e　ofdirect1y　coo1i双g

a　superconducも三ng㎜agnet　at　a　supe搬uid　he1三u独te狐perature　be亘ow2K，a　coo1iRg

syste㎜to　generate　cryogenic　te狐p8ra伽r8s　be玉ow1K　in　high丘⑧Hs，and　a　magnetic
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refrigerator to be mounted in a space experiment base. In addition, techniques needed 

for measuring specific heat and thermal conduction at a level of 100 mK have been 

studied. A challenging program is in progress with respect to an extensive cryogenic 

engineering database in cooperation with the Cryogenic Association of Japan. 

<Research themes> 

(1) Refrigerator for Ultra-Low Temperature Generation (General Research: April 

1995 to March 1998, Akio Sato) 

(2) Measurement of Thermal Properties of Cryogenic Materials (Special Coordination 

Funds for Promoting Science and Technology: April 1997 to March 2002, Akio 

Sato) 

(3) Standard materials and Measurement Methods for Cryogenic Materials (Special 

Coordination Funds for Promoting Science and Technology: April 1997 to March 

2002, Akio Sato) 

3.1.1.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999 

(1) A.Sato, T.Kiyoshi, H.Wada, H. Maeda, S.Ito, Y.Kawate: Design of Superfluid-cooled 

Cryostat for I GHZ NMR Spectrometer, Proc. 6th Int. Cryogenic Eng. Conf., ed. by 

T.Haruyama et al. (Elesevier Science, Oxford 1997) p.431 

(2) A.Sato, K.Fujioka, T.Haruyama, H.Hirabayashi. T.Ishigohoka, A.Ishiyama, 

Y.Kawate, K.Nishigaki, S.Nishijima, T.Noguchi, 0.0gino. H.Ogiwara, 0.0kazaki: 

What Happened to Cryogenic and Superconducting Equipment in the Great 

Hanshin Earthquake?, Proc. 16th Inter. Cryogenic Eng. Conf., ed. by T.Haruyama et 

al. (Elesevier Science, Oxford 1997) p.513 

(3) A. Sato. T.Miki, F.Matsumoto, H,Nagai, H.Wada, S.Ito, Y.Kawate: Development of 

Superfluid-cooled Cryostat for I GHZ NMR Spectrometer, 15th Inter. Conf, on 

Magnet Technology (MT-15), Beijing October 20-24, 1997 

(4) T. Miyazaki, Matsukura, T.Miyatake, M,shimada, K.Itoh, T.Kiyoshi, A. Sato, H. 

Wada, K.Inoue: Improvement of Critical Current Density in the Bronze-processed 

Nb3Sn Superconductors, Advances in Cryogenic Engineering (Materials), Vol.44, 935, 

1997 

(5) T. Miyazaki, Matsukura, T.Miyatake, M.Shimada. K.Itoh, T.Kiyoshi, A. Sato, 

H.Wada, K.Inoue: Development of Bronze-processed Nb8Sn Superconductors for 1 

GHZ NMR Magnets, Advances in Cryogenic Engineering (Materials),44, 943, (1997) 

(6) T. Kiyoshi, A.Sato, H.Wada, S.Hayashi, M.Shimada, Y.Kawate: Development of 1 
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GHZ Superconducting NMR Magnet at TML / NRIM, IEEE Trans. Appl. 

Superconductivity, in press 

(7) T. Numazawa, A.Sato: Large Magneto Caloric Effect in (DyGd)3Ga5012 for Magnetic 

Refrigeration below I K, Proc. 17th Inter. Cryogenic Eng. Conf., ed, by D. Dew-

Hughes, (Institute ofPhysics Publishing, Bristol and Philadelphia, 1998) p.287 

(8) A.Sato, T.Miki, F.Matsumoto, H.Nagai, H.Wada: Development of Superfluid-Cooled 

Cryostat for I GHZ NMR Spectrometer - Detailed Design-, Proc. 17th Int. Cryogenic 

Eng. Conf., ed. by D. Dew-Hughes, (Institute of Physics Publishing, Bristol and 

Philadelphia, 1998) p.613 

(9) T.Miki, A.Sato, F.Matsumoto, H.Nagai: Stability Analysis for Pressurized He II 

Cooling System with Tabe Heat Exchangers, Proc. 17th Int. Cryogenic Eng. Conf., ed. 

by D. Dew-Hughes, (Institute of Physics Publishing, Bristol and Philadelphia, 1998) 

p.835 

(10) T. Numazawa, A. Sato, K. Shimamura: Thermal Conductivity ofRare-earth Oxides 

for Heat Switch Application, Proc. 16th Inter. Cryogenic Eng. Conf., ed, by 

T.Haruyama et al. (Elesevier Science, Oxford 1997) p.2073 

(11) T. Numazawa: Recent Progress on Magnetic Refrigeration, Cryogenic Eng. 32, 

192-202(1998) 

(12) T. Numazawa, A. Sato, K. Shimamura: Thermal Conductivity of RA13 (R=Dy, Er and 

Ho) , J. Mater. Sci., 33, 827 (1998) 

Oral Presentation: 17 

(1) International Conference: 8 

(2) Domestic Conference: 9 

Patent Application 

(1) Superfluid Helium Refrigerator: Akio Sato, Hideo Nagai, Mayl4, 1997, No.09-

122554 

Award 
(1) The 57th (1998) Noteworthy Inventions: Michinari Yuyama 
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3. 1. 1.4 Superconductor Development Unit 

Takao Takeuchi(Unit Leader), Michio Kosuge, Michinari Yuyama. Masahiro Uda 

(visiting scientist) 

3.1.1.4.1 Research work 

R & D studies have been carried out on new superconducting materials for generation 

of a field of 25 T. Nb3Al wires manufactured by a newly developed method has 

demonstrated excellent strain tolerance and Jc characteristics up to a magnetic field 

region far above 20T. 

In addition, a new superconducting material is required for the superconducting 

magnet for the Large Elementary Particle Accelerator (LHC) of CERN. We are 

collaborating with the High Energy Particle Accelerator Research Organization of the 

Ministry of Education to make a contribution to this huge scientific challenge. 

<Research theme> 

(1) Stability of Superconducting Materials (Nuclear Energy Research: Aprill994 to 

March 1999, Hitoshi Wada) 

5.1.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999 

(1) M. Kosuge, T. Takeuchi, M. Yuyama, Y. Iijima. K. Inoue, H. Wada, K. Fukuda, G. 

lwaki, S. Sakai, H. Moriai, B. ten Haken, h. H. J ten Kate: High Field Performance 

of Nb3Al Multifilamentary Conductors Prepared by Phase Transformation from bcc 

Solid Solution, Inst. Phys. Conf. Ser. 158, 1607(1997). 

(2) T. Takeuchi, Y. Iijima. K. Inoue, H. Wada, B. ten Haken, H. H. H. ten Kate. K. 

Fukuda, G. Iwaki, S. Sakai, H. Moriai : Strain Effects in Nb3Al Multifilamentary 

Conductors Prepared by Phase Transformation from bcc Supersaturated-Solid-

Solution, Appl. Phys. Lett., 71, 122 (1997). 

(3) T. Takeuchi, Y. Iijima, K. Inoue. H. Wada : Effect of Flat-Roll Forming on Critical 

Current Density Characteristics and Microstructure of Nb3Al Multifilamentary 

Conductors, IEEE Trans. Appl. Superconductivity, 7, 1529 (1997). 

(4) T. Takeuchi, Y. Nemoto, H. Maeda, K. Itoh, K. Inoue, M. Kosuge, M. Yuyama, H. 

Wada: Microstructure and Electromagnetic Characteristics of Multifilament V3Si 

Superconductors, J. Japan Inst. Metals, 62, 727 (1998). (in Japanese) 

(5) T. Takeuchi: Characteristics of Nb3Al Multifilamentary Superconductors Prepared 

by Phase Transformation from a Supersaturated Solid Solution, Cryogenic 

160 



　週ng玉neering，33，614（1998）．

（6）B．tenHaken，H．H．J．もe芯Kate，T，Takeuchi，H．Wada：The　C舳ca1Prope枕iesof

　ThreeA15Mu1組触a㎜enセary　Superconauctors　ChangedbyAx1a1Co㎜pressio巫and

　Tens11e，Aav　CWoge篶1cs　E皿gmeermg，47，991（1998）

（7）M．Raba臓，Y脆shida，TTa－keucki，RMi醐novic，K．Miya：Irreversibi1ity亙ie1d

　AnaIysisあr　Bi2Sr2Ca2Cu30，Ta．pes　by　UsingAxia1Probe，Physica－C，305，285（1998）．

（8）K．Nakagawa，K　Fukωa，G．Iwaki，K．Chida，H．Moriai，t．Tak帥chi，Y　Iiji㎜a，K．

　Inoue，K．Tagawa，丁一㎜yoshi，K　Itoh，H．Wada，N．Kob＆yashi：Deve三〇p㎜e鮎of

　Nb3A1Superco氾aucti皿g　Wires　Fabricaセed　by　the　RHQT　Pr㏄ess，C町og㎝ic

　Engineering（Japa巫），33，623（1998）．（i亙Japanese）

（9）Ml，Rabara，T　Takeuchi，K，Miya：Syste㎜atic　Stωy　ofAngu1ar　Hysteres三s　of

　C蛆も1ca1Current　Dens1ty　m　B12Sr2Ca2Cu30，Ta．pes，Phys1c＆C，313，213（1999）．

（10）T　Takeuchi，K．Tag凱wa，丁一殴yoshi，K．Itoh，M．Kos㎎e，M．Yuy訟ma，H，Wada，Y

　Iiji独a，K．Inoue：Enhanced　Current　Capaci七y　of　Je11y・rou　Processea　a，nd

　Tra鵬危r鵬d　Nb3A1Mu1搬1a㎜enセary　Conぬctors，to　be　pub1ished　in　IEEE　App1．

　Superconductivity（1999）。

（11）K．Nakagawa，K，Fukuぬ，G．Iwaki，H．Moriai，Yl　Iiji㎜a，T　Takeuchi，T　Kiyoshi，K．

　Itoh，K．Imue，H．Wada，N．Kobay鵬hi：Deve1op㎜entofNb3A1Superccndじcting

　WiresFabricatedby　Rapia－Qu㎝chingand阯a鵬危rmingPr㏄ess，15ぬC㎝£㎝

　Mag鵬t　Techno1ogy，Be1Jmg，0ct．20－24．1997，977－980

（12）Y　Mu醐ka㎜i，K．Itoh，M．Y以yama，H．Wada：FieId一＆㎎Ie　Dep㎝d㎝ce　ofCritica1

　　Cu泄ent　mAg・sheathed　B1－2212and　B1・2223Tapes，Adv　CWog．Engm42，529

　　（1997）．

（13）T　Kuroda，Yl　Muraka狐i，K．Itoh，M，Yuya狐a，H．Wada，D．Maos：Te㎜pe蝸t㎜e

　　Depend㎝ce　ofCritica1Cunen七De鵬ityofM3A1Mu1舶Ia鵬nta町Wires

　　Fabricated　by　Nb－tube　and　its　I㎜proved　Process，Cryogenics，38，785（1998）．

0蝸1presen施t1on17
（1）Internation＆I　Con危工ence：　4：

（2）Domestic　Con危rence：　13

P盆tent　a－PP1ication：

（1）Nb3刈一compound　Supe史conaucting　Wire＆na　Fabricati㎝Pどocessもhereof

　T　T盈keuchi，T．Kiyoshi，K　Itoh，H．W坤a，Y　Iijima，K　houe，K－Naka騨w早，G．

　Iw＆ki，H．Mor三ai，m．阻㎜ura，S．Inab段，K．Aihara，Y　W段由ya㎜a，Ocもobe更9．1998．

　1998－287491
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(1) Nb3Al-compound Superconducting Wire and Ffabrication Process thereof, T. 

Takeuchi, T. Kiyoshi. K. Itoh. H. Wada, Y. Iijima, K. Inoue. K. Nakagawa. G. Iwaki, 

H. Moriai, M. Kimura, S. Inaba, K. Aihara, Y. Wadayama, October 9, 1998, 1998-

287492 

Award : 

(1) The 56th (1997) Noteworthy Inventions: T. Takeuchi 

(2) 1998 Ohshima Award for Excellent Presentation: T. Takeuchi 

3.1. 1.5 High Field Application Unit 

Kikuo Itoh (Unit Leader), Hideyuki Ohtsuka, Takeshi Ohara (guest researcher from 

ETL), X. Wang (COE fellow), Ya Xu (domestic research fellow) . Hidehiko Okada (visiting 

researcher) 

3.1.1.5. I Research work 

(1) International Standardization of superconducting materials 

We proposed standard test methods on the critical current measurement of Nb3Sn 

and Bi oxides as the Chairing Organization (Chairman: Hitoshi Wada) in the field of 

superconducting materials in the international cooperative VAMAS (Versailles Project 

on Advanced Materials and Standards). These proposals were adopted as the draft 

standards of the International Electrotechnical Commission (IEC). 

(2) Magnetic separation 

Development of a Bi-oxide based superconducting magnet for a magnetic separator 

is in progress in the second stage of the Multi-core Project, which was started in fiscal 

1995. This study includes a new concept magnetic analysis method (magnetic 

chromatography) and is joint work with the Electrotechnical Laboratory of MITI. 

(3) High field metallurgy 

The effects of high fields on the solid/solid phase transformation and the 

microstructures of metallic materials have been examined. It has been shown that the 

magnetic fields effects transformation of the nucleation mechanism as well as the 

kinetics. 

In addition, it has also been found that the phase diagram is changed in the magnetic 
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field, diffusional transformation is largely promoted, and the recirystallization texture is 

changed. 

<Research themes> 

(1) Evaluation of superconducting wires: R & D on New Superconducting Materials, 

April 1995 to March 2000, Hitoshi Wada) 

(2) Evaluation Methods for Superconducting Materials: Special Coordination Funds, 

April 1997 to March 2002, Hitoshi Wada) 

(3) Development of Magnetic Separation System (R & D on New Superconducting 

Materials: April 1995 to March 2000, Takeshi Ohara) 

(4) Control of Martensitic Teansformations and Microstructures in Ferrous Alloys: 

(General Research, April 1995-March 1998, Hideyuki Ohtsuka) 

(5) Materials Development through Control of Phase Transformation by Magnetic 

Fields (General Research: April 1998 to March 2000, Hideyuki Ohtsuka) 

3.1.1.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999 

(1) H.Wada, L.F.Goodrich, H.J.J.ten Kate: VAMAS Activities for Standardization of 

Measurement Methods for Superconducting Materials, Adv. Superconduct. X, 

1417(1998) 

(2) K.Aihara, R.Tachikawa, T.Matsushita, K.Itoh, S.Murase, T.Saitoh, H.Moriai, 

K.Ohmatsu, K.Osamura: Standardization of the Test Method for Hysteresis Loss 

Measurement of Cu/Nb-Ti Composite Superconductors. Partl: VSM/SQUlD method, 

Adv. Superconduct. X, 1425 (1998) 

(3) T.Kumano, M.Hiraoka, T.Shimtomi, K.Osamura, N.Higuchi, K.Itoh, Y.Kubo, 

M.Shimada: Adv. Superconduct. X, 1433 (1998) 

(4) K.Itoh, T.Kuroda, M.Yuyama, Y.Iijima, H.Wada, Y.Murakami, D.Mao, Field and 

Temperature Dependences of Critical Current in Direct-heated Nb-tube Processed 

NbsAl Wires, IEEE Trans. Appl. Supercond. 1576 (1997) 

(5) H.Kitaguchi, K.Itoh, H.Wada, K. Togano: Study on Reproducibility of Ttransport 

Critical Current for HTSC, Adv. Cryog. Engin. 44, 601 (1998) 

(6) H.Wada, K.Itoh, VAMAS. Guideline for the Determination of Critical Currents in 

Bi-based Oxide Superconductors, Adv. Science and Technology, 16, 887 (1999) 

(7) M.Hiraoka, T.Kumano, K.Osamura, T.Shintomi, N.Higuchi, K.Itoh, Y.Kubo, 

Standardization of the Method for the Determination of the Cu/non-Cu Ratio of 

Cu/Nb3Sn Composite Superconductors, to be published in Adv. Superconduct. XI, 

(1999) 

(8) T. Ohara : Feasibility ofUsing Magnetic Chromatography for Ultra-Fine Particle 
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Separation, Hjgh Magnetjc Fjelds: AppJjcatjons. Oeneratlbn. Materjals (World 

Scientific Publishing Co. Pte. Ltd.) 43-55 (1997) 

(9) T. Ohara, X. Wang, E. R. Whitby, K. C. Karki, C. H. Winstead: Computer Simulation 

of Magnetic Chromatography System for Ultra-Fine Particle Separation, Proc. 

9th Sym.on Electromagnetics and Dynamics, 445-450 (1997) 

(10) X. Wang, T. Ohara, E. R. Whitby, K. C. Karki, C. H. Winstead: Computer 

Simulation ofMagnetic Chromatography System for Ultra-Fine Particle Separation, 

IEE ofJapan, 117-B, 1466-1474 (1997) 

(11) T. Ohara : Foundation of Magnetic Separation, Proc. Ist Sym. on New Magnetic 

Science, 1-19 (1997) 

(12) T. Ohara , X. Wang: Computer Simulation ofMagnetic Chromatography System for 

Ultra-Fine Particle Separation, Proc. Ist Sym. on New Magnetic Science, 20-27 

(1997) 

(13) E. R. Whitby. X. Wang. T. Ohara: Modeling Transport in Particle Classification 

Systems: Application to Magnetic Chromatography" 16th Annual Conf. of the 

A~LR, Denver. Colorado, October 13-17 (1979) 

(14) T. Ohara: Future of the Magnetic Separation Technology, Proc. Special Symp. 

on Cryogenics and Applied Superconductivity, 110-111 (1997) 

(15) T. Ohara: Practical Application and Superconductorization of Magnetic Separation, 

Proc. 24th Sym. on Superconductivity Science and Technology, Forum of 

Superconductivity Science and Technology, 55-70 (1998) 

(16) H. Wada, A. Fukuzawa, H. Otsuka, T. Ohara, H. Abe. T. Kiyoshi: Research 

Programs on Material Processing in High Magnetic Field at Tsukuba Magnet 

Laboratory, the American Ceramic Society, the 23'd Annual Cocoa Beach Conf. 

and Expo., Cocoa Beach, Florida, January 24-29 (1999) 

(17) H.Ohtsuka:Effects of Magnetic Field on Nucleation in Phase Transformations, 

J. Japanese Association of Crystal Growth 24, 2(1997) (in Japanese) 

(18) H.Ohtsuka, G.Ghosh, K.Nagai, S.Kajiwara, H.~itaguchi, M.Uehara: Effects of 

High Magentic Field and Tensile Stress on Martensitic Transformation Behavior 

and Microstructure at 4.2K in Fe-Ni-C A110ys,in High Magnetic Fields: 

Applications, Generation, Materials (World Scientific 1997) 

(19) H.Ohtsuka. G.Ghosh, K.Nagai, H.Kitaguchi, M.Uehara: Effects of High Magentic 

Field and Tensile Stress on Martensitic Transformation Behavior and 

Microstructure at 4.2K in Fe-Ni-C Shape Memory A110ys, 16th Int. Cryogenic 

Engineering Conf./Int. Cryogenic Mater. Conf. (ICEC16/ICMC), Kitakyushu, May 

20-24, 1996. 
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（20）H．0h七suk登，G．Ghosh，K．Nagai：E描ects　ofCu　on　Di鐙usiona1岱ans此r㎜ation

　　Beh＆viorandMicrostructu狛in　Fe－M巫一S三一C　Sもe⑧1s，ISIJ　I巫も．37，296（1997）

（21）H．Ohtsuka一：Ef飴c辻s　ofCひon　D雌usiona1肚＆鵬危r㎜ation　Behav三〇r　in　High　Puri毛y

　　Si－Mn　S乞ee1s，Ma亡eriaIs　Science　ofSteeIs，Tokyo（1997）

（22）H，0h北suka，K．Taka－shi㎜a一，G．B．O亘so皿：Nonもhermoe1astic狐d　ThermoeIa－s亡ic

　　Marte鵬itic　Trans危r㎜atio双Behavior　Ch脳acterized　byAcoustic　E㎜ission　i巫an

　　Fe－PもA11oy　M乱t．Res，Socl　Sy㎜p、，Boston　Dec．，1997

（23）VSaravanan，MSek拠，KGov㎜daR則an，PChSahu，Moha㎜独ad篶us叱

　　N．VChandra　Shekar，N．Victor狛ya，H．Ohts泌a：P蝸ssu鵬In由ced　E玉ec虹ica1

　　Resistance　Behaviouro服e・24Mn・6Si　Shape　Me㎜oryA玉1oy　ht．Conf　on　High

　　Pressure　Science　a巫d　Techno1ogy，Doshisya　Universi蚊Kyo危o1997

（24）M．Sekar，RCh．Sahu，N．VChand醐Shgka篶Moham㎜ad篶usu£K．Gov三むda　Rajan，

　　VSa蝸vanan，N．Victor　Jaya，H．Ohもsuka：Pressure　Inauced　E1ectr三c＆1Resis由双ce

　　BehaviourofFe・24Mn　Shape　MemoryA1Ioy　up　to～6GP＆at300K，NCHST・IV；

　　IGCAR　Ka1pakka㎜，hdia1997

（25）D．M．B鵬kin，K．T．胸ber，H．Ohtsuk＆：Fom虹gTough，Sing1e　Phase　La㎜i巫ates　of

　　Fe2Ti05via　Mag鵬tic－Assisted　Gek組st三ng，J．Japan　Inst．M1eta1s61．1306（1997）in

　　Japanese）

（26）H．0h七suka，G．G血osh，H．Ma独iy＆，H．Wada：Ag三ng　ofan　Fe－N三一A1A王1oy　in　Ma騨etic

　　Fie1d，ibia，61．1333（1997）（in　Jap＆nese）

（27）H．Ohtsuka，G．Ghosh，K．N＆ga三，H．Waaa：GrowthBeh＆vior　ofMar辻e鵬ite　Hatesin

　　Fe－Ni－C　Auoys　Formed　under　High　Magnetic，｛bi乱61．1337（1997）（in　J即anese）

（28）Y　XuH．0ム乞suka，K．Ito，H．Waぬ，YOda，YTanaka：E脆cts◎fHighM＆g鵬ticF三e1d

　on　Recrysta脳za亡ion　aad　Coarsen三ng　Beh＆vior　in　Fe－3％Si：1st　Symp．New　Magne虹c

　Science，U蝸wa，Japan，124（1997）

（29）J．Choi，H．Ohts吐＆，YXu：AStωyonthePhaseTr狐s危r㎜at三〇nofS乞舵1sUnder

　　High　M凱gne七ic　Fie1d，Wo正kshop　on　the　Deve1op㎜en七〇fHigh　Pe曲rmance

　　Structura至S吃ee1s危r21sもCentuW（HIPERS・21），Korea，Augusも，1998

（30）H．Ohtsuka，Y　Xu：E脆c辻s　ofHigh　M＆g鵬も三c　F三e1d　on．Phase　Trans血r狐a乞io鵬in

　　Fe－b＆sed山1oys，Fo更e血dnt　ofComputerAssisted　Microstrひcture　Co銚更o王，Tokyo

　　Septe醜ber29．1998

（31）YXu，H．Obtsuka，K．Anak，S．Miyaz組ki，K．Ito，H．W＆d＆：E舐ects　ofHigh　M＆gnetic

　　Fie1d　on　Recrysta1至izat三〇n　Texture　in　Fe－SiAI1oys，2nδSymp．on　New　M＆g鵬tic

　　Scie忍ce，U醐wa，Ja加n，1998

（32）H，Ohtsuka，YXひ，H．Wad＆：E錨ects　ofHigh　Magneもic　F｛e1d㎝Di飾si㎝a1
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Transformation in Steels, ibid. 

(33) A.Chiba, H.Ohtsuka, Y.Xu, H.Wada: Effects of Magnetic Field on Strain Aging 

of Co-Ni Super Alloy, 2~d Symp. on New Magnetic Science (SNMS'98), Urawa 

November, 1998 

(34) T.Shimozono, Y.Kono, Y.Konishi, K.Shibata, H.Ohtsuka. H.Wada: Effects of 

Pre-strain, Heat Treatments and Magnetic Fields on a ' Martensite Formation in 

Fe-25.50/0Ni-3-5010Cr Alloys, Materials Science and Engineering, in press. 

(35) H.Ohtsuka, G.Ghosh, H.Wada:Size and Aspect Ratio of Martensite in Fe-Ni-C 

Alloys Formed UnderApplied Magnetic Field, ibid, in press. 

(36) H.Wada, A.Fukuzawa, T.Kiyoshi, H.Ohtsuka, K.Ohara: Research Programs on 

Materials Processing in High Magnetic Fields at Tsukuba Magnet Laboratory, An 

Int. Conf. on Engineering Ceramics and Structures, 23rd Annual Cocoa Beach 

Conf. & Exposition, Florida January, 1999. 

(37) K.Tsuchiya, A.Ohashi, M.Umemoto, H.Ohtsuka: Martensitic Transformation and 

Magnetic Properties of Ni-based Ferromagnetic Shape Memory A110ys, 8th Symp. of 

Intelligent Materials, Tokyo, March 16, 1999 

(38) H.Ohtsuka. Y.Xu, H.Wada: Solid/solid Phase Taansformation Behavior and 

Microstructures of Materials in High Magnetic Field. Symp . of Microstructures and 

Magnetic Properties ofMaterials. Tokyo, March 30, 1999. 

Oral Presentation: 55 

(1) International Conference: 14 

(2) Domestic Conference: 41 

3.1.1.6 High Field Chemistry Unit 

Haruo Abe (Unit Leader), Ken Takazawa, Nobuhisa Hashimoto (special technical 

staf~ 

5.1.6. I Research work 

The photochemical reactions of organic molecules and the reactions of high energy 

gaseous molecules have been measured in high magnetic fields. It has been found that 

the life-time of benzophenone molecule radical pairs generated in the photochemical 

reaction at 30 T becomes about one half of that at 2 T and that the yield of the reaction 

product is reduced by half. This indicates the possibility that the speed of the chemical 
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reaction and the yield of the product can be controlled by high fields. 

<Research theme> 

(1) Control of Chemical Reaction Process by Magnetic Fields (M:aterials Research 

under advanced Physical Fields, April 1996 to March 2000, Haruo Abe) 

3.1.1.6.2 Research products, including papers submitted (April l, 1997 to 

March 31, 1999 

(1) K. Nishizawa, Y. Sakaguchi, H. Hayashi, H. Abe. G. Kido: A Laser Flash Photolysis 

Study of the Effects of Ultrahigh Magnetic Fields up to 29.6T on Dynamic Behavior 

ofRadical Pairs in Micellar Solutions, Chem. Phys. Letters, 267, 501 (1997) 

(2) N. I. Wakayama, M. Ataka, H. Abe: Effect of a Magnetic Field Gradient on the 

Crystallization ofHen Lysozyme, J. Cryst. Grow. 178, 653 (1997). 

(3) S. H. Lin, M. Hayashi, H. Kono. H. Hayashi, H. Abe ,S. Ikeda: Effect ofMagnetic 

Field on Photophysical Processes ofMolecules. J. Chinese Chem. Soc., 44, 203 

(1997). 

(4) M. Wakasa, K. Nishizawa. H. Abe, G. Kido, H. Hayashi: Saturation of Magnetic 

Field Effects due to the Dg Mechanism under Ultrahigh Fields up to 28T, J. Am. 

Chem. Soc., 120, 10565 (1998) . 

(5) K. Takazawa, H. Abe: Electronic Spectra of Gaseous Nitric Oxide in the Magnetic 

Fields up to 10 T, J. Chem. Phys., IIO, 9492 (1999). 

(6) K. Takazawa, H. Abe: Landau Level of Gaseous Nitric Oxide Studied by Two-Color 

Multiphoton lonization Spectroscopy, J. Chem. Phys., IIO, (1999) 11682. 

(7) S. Ikeda, H. Abe, H. Hayashi: Fluorescence Quenching of Gaseous Excited Molecules 

by Large Magnetic Fields: V IB2 State of CS2 , RIKEN Review, 15, 53 (1997) 

(8) K. Nishizawa, Y. Sakaguchi, H. Hayashi, H. Abe, G. Kido: Ultrahigh Magnetic Field 

Effects on the Dynamic Behavior of Radical Pairs in Micellar Solutions, RIKEN 

Review, 15, 49 (1997). 

(9) K. Takazawa, H. Abe : Dynamics of Electronically Excited Molecules in Strong 

Magnetic Fields, 7th MR Science International Workshop on Chemical Dynamics, p7, 

Tokyo, October 31 (1997) 

(10) K. Takazawa, H. Abe: Dynamics of Electronically Excited Molecules under High 

Magnetic Fields, 2~d Symp. on New Magneto-Science, p.219, Urawa, Nov. 

25-27, (1998) 

(11) H. Abe, G. Kido, K. Nishizawa, Y. Sakaguchi, H. Hayashi: Effects ofUltrahigh 

Magnetic Fields on Photochemical Reactions in Solution, The 5th Int. Symposium on 

Magnetic Fields and Spin Effects in Chemistry and Related Phenomena, p30, 
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Jerusalem, October 26-30, (1997). 

(12) K. Takazawa, H. Abe: Electronic Spectra of gaseous NO in magnetic Fields up to 

10T, 5th Inter. Symp. on Magnetic Fields and Spin Effects in Chemistry and Related 

p95, Jerusalem, October 26-30, (1997). 

Oral Presentation: 11 

(1) International Conference: 4 

(2) Domestic Conference: 7 

3.1.1.7 Researchers in the High Magnetic Field Research Station 

Age and research fields of researchers in the High Magnetic Field Research Station. 

(March 31, 1999) 

Age of Number Magnet Cryogenic Super- Chemistry Metal-
Researchers Technology Technology conducting lurgy 

Materials 

60 - 1 1 

50 - 60 4 2 2 

40 - 49 8 2 4 l 1 

30 - 39 12 5 3 2 2 

22 ~ 29 3 2 1 

Summation 28 9 9 5 3 2 
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3.1.1.8 Research Budgets in the High Magnetic Field Station 

Research budgets in the High Magnetic Field Research Station.~ren) 

Kinds ofbud ets 1997 1998 
R & D on New Superconducting 361,598 ,OOO 362, 125,000 
Materials 

Nuclear Energy Research 6,726,000 9,394,000 

Materials Research under Advanced 22,814,000 24,369,000 
Physical Field 

Special Coordination Funds for 30,652,000 26,456,000 
Promoting Science and Technology 

General Research 5, 1 30,000 4,890,000 

Core Research for Evolutional 66,000,000 50,800,000 
Science and Technology 

Supplementary Budgets o 34, 124,000 

Summation 492,920,000 507,757,000 

3.1.1.9 Facilities for Open Uses 

The National Research Institute for Metals has opened its high field generation 

facilities of the High Magnetic Field Station since April 1998 to overseas and domestic 

researchers. Every year, proposals from external researchers are publicly invited in 

the autumn. The submitted proposals are examined and selected at the " users 

committee" including external researchers, and implemented in the form of joint 

research. Table I shows the magnets now open to the external users and responsible 

persons in charge. Details are shown in the NRIM's home page (http://www.nrim.go.jp: 

8080/tm~tml /maglist,html). The number of external applications for use of the facility 

was 68 in fiscal 1998 and will be more than 70 in fiscal year 1999. 

The facilities for open uses such as the hybrid magnet are operated by an operation 

team, which consists of Akio Sato(Unit Leader), Bunmei Matsumoto, Hideo Nagai, 

Michio Kosuge and Michinari Yuyama. This team takes care of services such as the 

pre-cooling of superconducting magnets, or production of liquid helium for experiments. 
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(1) Magnet coolmg and helium liquefaction 

A helium refrigerator, 450 W/4 K, is used for operating the hybrid magnet and the 21 

T superconducting magnet. This refrigerator has a liquefaction capacity of 150L/h. 

Helium lost due to gas leakage and consumed during gas refining is supplemented by 

purchased helium gas. A volume of 5,000Nm3 of gas is the annual supplement. 

The liquid helium necessary for cooling the compact superconducting magnet and for 

low temperature experiments is supplied by a 250 yh liquefier. Liquid helium of 

approximately 100.000 liter is annually supplied. 

(2) Major high-field magnets 

(i) 2 1 T superconducting magnet 

This magnet provides a magnetic field up to 21 T. It is cooled with saturated 

superfluid helium (1.8 IQ, and can be used in various ways by changing the diameter of 

coils, such as the outer coil (15 T1314 mm c ), the middle coil (18 T/160 mm c ) and the 

inner coil (21 T/61 mm c ). 

At present, a Bi-2212 double pancake coil is installed as the inner coil and a magnetic 

field of up to 21 T is steadily provided in a cold bore of 61 mm c . This coil has 

demonstrated that a high field exceeding 20 T can be generated using an oxide 

superconducting coil. 

(il) Hybrid magnet 

There are two laboratories in Japan (the NRIM, Institute for Materials Research of 

Tohoku University), two laboratories in Europe and one laboratory in the USA that 

have hybrid magnets capable of generating a field of 30 T or higher 

At present our hybrid magnet is providing a magnetic field of up to 30 T; because 

spares for the water-cooled copper part are too expensive to be frequently destroyed. 

The superconducting part of our hybrid magnet generates magnetic fields up to 15 T 

at 4.2 K (in a room temperature bore of 400 mm c ). The stored energy is 63.3 MJ. This 

is the largest in the world, among superconducting magnets generating a magnetic field 

of 14-- 15 T. 

It is planned that the resistive part will finally generate a magnetic field of 25 T in a 

bore diameter of 30 mm c , with a power consumption of 13.3 MW (40 T in total), and a 

magnetic field of 20 T in a bore diameter of 50 mm c (35 T in total) with a power 

170 



consumption of 10.8 MW. 

During development, a magnetic field of 36.5 T and a magnetic field of 32.3 T were 

generated in the inner diameter of 30 mm c and the inner diameter of 50mm c 

respectively in September 1995. These values are the world records for steady state 

magnetic fields for their respective inner diameters. In the future, the level of the whole 

system including the cooling system will be improved so that a magnetic field of 33 T or 

over can be steadily provided. 

(iu) Resistive (Water-cooled) magnet 

A resistive magnet was jointly developed with the National High Magnetic Field 

Laboratory (NHMFL) in the USA, providing a magnetic field of 25 T. The effective 

experimental space is 32 mm c and the excitation speed is 5 T/min. 

(iv) Pulsed field magnets 

The pulse magnet is capable of providing a magnetic field up to 50 T. There are 

capacitor banks of 1.6 MJ (5 kV), 200 kJ (10 kV), and 50 kJ (2 kV) available. The 

magnet of a long pulse type capable of generating a magnetic field of 50T/100 msec 

inside a 15 mm c cylinder and a magnet ofthe short interval repeating type capable of 

generating 30 T/10 msec in 30 mm c are also available. 

(v) High-precision superconducting magnets (6 sets) 

Very uniform magnetic fields are useful for studying solid state physics. 

Superconducting magnets generating such uniform fields have been installed and are 

being used for low temperature physics measurements, such as NMR. 

(vi) Superconducting magnets of compact size (4 sets) 

In addition, small superconducting magnets are installed, which can be easily used 

for various purposes. 

(3) International Cooperation (World network of high-field facilities) 

The NRIM has exchanged a Memorandum of Understanding with the National High 

Magnetic Field Laboratory, in Tallahassee, Florida, USA, and the European Joint Use 

High-Field Facility, in Grenoble, Franee. A similar MOU is in preparation with the 

High Field Magnet Laboratory of the University of Nijmegen, in the Netherlands. In 
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these MOUs, it is stated that joint programs are established by a joint coordinating 

committee. Based on such programs, the mutual utilization of and the joint 

development at the research facilities and the exchange of researchers shall be 

regularly carried out. The global network was thus established by the three major 

high-field facilities. These three parties also agree to hold joint symposiums and 

workshops regularly, on a take-turns basis. 

Table 1: List of magnets 

Magnets Field Bore Remarks 
(T) (mm c ) 

Large magnets 
21 SC 21 50 15T(3 14mm c ), 18T(160mm c ) 
Hybrid 30 30/50 3He cryostat 
Resistive 25 32 cr ostat(100mK) 
Pulsed field ma nets 
Long pulse 50 15 100mmsec 
Hi h re etition 30 30 10mmsec 
Hi h- recision SC ma nets 
20T solid state physics( I ) 20 dilution refrigerator 

20T solid-state physics( II ) 20 3He cryostat 

16T solid-state physics 16 dilution refrigerator 

Solid-state NMR 15.5 3He cryostat 

Solution-state NMR( I ) 500MHZ 
Solution-state NMR( II ) 250MHz 
SC ma nets com act 
1 8T 18 50 temperature variable cryostat 
15T split-paired 15 (25) temperature variable cryostat 
10T cryocooler-cooled( I ) 10 100 vertical/horizontal field direction 

10T cryocooler-cooled( II ) 10 100 vertical/horizontal field direction 
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3.1.2 High Resolution Beam Research Station 

Kazuo Furuya (Supervising Researcher) 

3.1.2.1 Research work 

The High Resolution Beam Research Station has been promoting the establishment 

of technologies for measurement and evaluation of material structures in an atomic 

scale, and of properties in high spatial and time resolution with the application of 

precise excitation of materials using electrons, ions, Iight, etc. Associated with the 

Center of Excellence Development Program (COE Project), direct observations and 

ana lysis of atomic structures and atom motions, and the fabrication and eva luation of 

new materials in extreme particle fields receive especially focused attention. The 

examples of the outcomes are shown below. 

(1) The atomic structure of nanocrystals in lilO nm diameter embedded into a metallic 

host matrix was directly observed for the first time . Their structural stability 

under electron and ion irradiation was evaluated using in-situ off-axial high-

resolution transmission electron microscopy (HRTEM) with real-time video 

recording. 

(2) The position and size controlled single crystalline Si nanostructures were 

successfully fabricated in Si02 matrix for the first time by means of focused electron 

irradiation at high temperatures. 

(3) Research and development of ion technologies have been focused, including various 

in-situ measurements, and applied to study radiation damage and to develop metal 

nanocrystal systems . 

(4) Generation and utilization of excited neutral beams of thermal energy have been 

investigated in order to analyze and to process exactly the outmost surfaces of 

materials. 

(5) A new grazing-incidence X-ray spectro-reflectometer has been designed for the 

beamline 39XU, SPring-8. The commissioning was completed in May, 1998. The 

instrument is now available for public use in ultra trace analysis and the 

characterization ofthin films. Very recently, we succeeded in the direct detection of 

8 x 10-14 g selenium in 0.1u1 solution. Interference effects in X-ray total reflection 

have been investigated in view of their application to thin film analysis. It has 

been found that the X-ray fluorescence spectrum from trace metals localized at a 

specific interface can be selectively enhanced. 

(6) An advanced Johansson-type X-ray fluorescence spectrometer has been developed, 

and some preliminary experiments have been performed at the SPring-8. It has 
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been shown that resonant X-ray fluorescence sp~ctra, which contain much 

information on the chemical environment of each element, have been obtained even 

for a diluted system. 

The members of High Resolution Beam Research Station, as at March 31, 1999, 

consisted of 12 researchers, I STA fellow, 5 COE fellows, I domestic research fellow, 2 

special technical staff, I graduate student, 31 guest researchers and 2 secretaries. 

The results of the research activities have been increased and presented, mostly at 

international meetings around the world, about half of these were the outputs from the 

COE project. The others were from the projects on nuclear materials, advanced beam 

technologies, and so on. 

Under the COE project, scientific exchanges, including research collaborations and 

international meetings, have been stimulated. Twenty-three oversee researchers were 

invited and one international meetings was hosted at the NRIM. These activities 

clearly indicate the increasing role of the High Resolution Beam Research Station in the 

international scientific community. 

3. 1.2.2 Refined Beam Research Unit 

Kazuo Furuya (Supervising Researcher), Yoshio Fukuda. Masaki Takeguchi, 

Kazutaka Mitsuishi, Miyoko Tanaka. Minguhui Song (special technical staf~, Yuan Wu 

(COE fellow), Guoqiang Xie (COE fellow), Yingda Yu (COE fellow), Qing Chen (COE 

fellow), Ulrich Dahmen (guest researcher). Stephen E. Donnelly (guest researcher), 

Peter A. Crozier (guest researcher), Robert C. Birtcher (guest researcher), Wolfgang 

J~ger (guest researcher), Charles W. Allen (guest researcher), Fu Rong Chen (guest 

researcher), Erik Johnson (guest researcher), Masami Terauchi (guest researcher), 

Nobuo Tanaka (guest researcher), Heishichiro Takahashi (guest researcher), Akira 

Hasegawa (guest researcher). Hideki lchinose (guest researcher), Hiroyasu Saka (guest 

researcher), Hirotaro Mori (guest researcher), Yoshitsugu Tomokiyo (guest researcher) 

3.1.2.2.1 Research work 

(1) Atomic characterization and fabrication of nanocrystal structures, either embedded 

into host materials or on their surface, have been developed using transmission 

electron microscopy (TEM) in combination with stimulated decomposition, ion 

implantation and materials evaporation. 
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(2) A 1000 keV high-voltage TEM system, to which dual ion implanters are attached, 

was developed and in-situ high-resolution TEM (HRTEM) observation was 

successfully demonstrated under simultaneous irradiation of ions and electrons. 

(3) The atomic structure of nanocrystals in 1-10 nm diameter embedded into metallic 

host matrix was directly observed for the first time. Their structural stability 

under electron and ion irradiation was evaluated using in-situ off-axial HRTEM 

with real-time video recording. 

(4) A 200 keV ultra-high vacuum field emission TEM (UHV-FE-TEM) system, with a 

molecular beam deposition apparatus and a UHV specimen transfer system for 

contamination free observation, was developed and the atomic structure of various 

non-passivated nanocrystals such as In, Pb, Ge, Mo, etc., investigated. 

(5) The position and size controlled single crystalline Si nanostructures were 

successfully fabricated in a Si02 matrix for the first time using focused electron 

irradiation at high temperatures with the UHV-FE-TEM. 

<Research themes> 

(1) Analysis/Evaluation ofAtomic Scale Compositional Change in Materials Due to the 

Radiation Damage 

(Nuclear Energy Research: April 1995 to March 2000, Kazuo Furuya) 

(2) Characterization and Control of the Optoelectronic Properties of Small Cryst~1line 

Materials with Electron Probe Analysis 

(Maretials Research under Advanced Physical Field:April 1995 to March 2000, 

Kazuo Furuya) 

(3) Analysis and Characterization of Single Atom Layers and Dimensionally Controlled 

Materials 

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 2000, Kazuhiro Yoshihara) 

(4) Joint Research on the Effects of Electron and lon lrradiation on the Stability of lon-

implanted Nanocrystals Structure and Properties 

(Special Coordination Funds for Promoting Science and Technology: April 1997 to 

March 1998, Kazuo Fur~rya) 

(5) Workshop on the Structures and Properties of Multi-lattice Materials 

(Special Coordination Funds for Promoting Science and Technology: February 1998, 

Kazuo Furuya) 

(6) Surface Analysis Database for Characterizing Unknown Materials 

(Special Coordination Funds for Promoting Science and Technology: April 1997 to 

March 1999, Kazuhiro Yoshihara) 
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(7) Surface Chemical Analysis (Special Coordination Funds for Promoting Science and 

Technology: April 1997 to March 2002, Kazuhiro Yoshihara) 

3.1.2.2.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M.Tanaka, K.Furuya, T.Saito: Microstructural Observation of Focused lon Beam 

Modification of Silicide/Si Thin Films, Mat. Res. Soc. Symp. Proc., 438, 313-318 

(1997) 

(2) M.Awaji, N.Ishikawa, K.Furuya: Modeling of Precipitated Xe Atoms in Aluminum 

and Fresnel Effect in HRTEM Imaging, Nanostruct. Mater., 8, 899(1997) 

(3) K.Furuya, M.Piao, N.Ishikawa,T.Saito: High-resolution Taansmission Electron 

Microscopy of Defects Clusters in 316 Stainless Steel and Al During Electron and 

Low lrradiation at Room Temperature, Mat. Res. Soc. Symp. Proc., 439, 331-336 

(i997) 

(4) M.Tanaka, K. Furuya, T.Saito: TEM Observation of FIB Induced Damage in 

Ni2Si/Si Thin Films, Nucl. Instr. Meth. B, 127/128, 98(1997) 

(5) N.Ishikawa, M.Awaji, K.Furuya, R.C.Birtcher, C.W.Allen: HRTEM Analysis of 

Solid Presipitates in Xe- Implanted Alminium, Nucl. Inst. Meth.B, 127/128, 

123(1997) 

(6) Y.Fukuda, K. Furuya, N. Ishikawa, T.Saito: Aging Behavior of Photoluminescence 

in Porus Silicon. J. Appl. Phys., 82, 5718(1997) 

(7) M.Tanaka, K.Furuya. T.Saito: Focused lon Beam Induced Formation of Pd Silicide, 

J. Surf. Anal., 3, 435(1997) 

(8) M.Song, Y.Fukuda, K.Furuya: Correlation Between Photoluminescence and Local 

Chemical States of Porous Si by Means of Electron Energy Loss Spectroscopy, J. 

Surf. Anal., 3, 446(1997) 

(9) K.Furuya, M.Song, Y.Fukuda. T.Noda,T.Saito: Chemical Analysis and High-

resolution Transmission Electron Microscop.y of Porous Silicon with a High-

voltage TEM at 1000 keV, J. Surf. Anal., 3, 233(1997) 

(10) S.E.Donnelly, K.Furuya, M.Song, R.C.Birtcher, C.W.Allen: I MeV Electron 

lrradiation of Solid Xe nanoclusters in Al - An In-situ HRTEM Study", Proc 

Intern. Centennial Symp. On Electron, 306-312 (1998) 

(11) K.Furuya, M.Song, K.Mitsuishi, R.C.Birtcher, C.W.Allen, S.E.Donnelly: Direct 

Imaging for Atomic Structure of X~ N~nocrystals Embedded in Al, Proc. Intern. 

Centennial Symp. On Electron, 341-347 (1998) 

(12) M.Song, W.Zhuo, Y.Fukuda, K.Furuya: Energy Loss Spectroscopy and Electron 
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(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(2 o) 

(2 1) 

(22) 

(23) 

(2 4) 

Microscopy of Photoluminescent P-type Porous Silicon Treated with NaOH 

Solution. J. Surf. Anal., 4, 365(1998) 

M.Tanaka, K.Furuya, T.Saito: In-situ Observation of Focused lon Beam 

Micropattern an Semiconductors and Insulators, J. J. Appl. Phys., 37, 7010(1998) 

M.Tanaka, K.Furuya, T.Saito: Focused lon Beam Interface with 200 keV TEM for 

In-situ Micro Patterning to Semiconductors, Microsc. Microanal., 4, 207(1998) 

H.Hashimoto, H.Endoh, M.Hashimoto, Z.P.Luo, M.Song, Pseudo-aberration Free 

Focus Condition for Atomic Resolution Electron Microscope Images, Micron, 39, 

113(1998) 

Y.Fukuda, K.Furuya: Room-temperature Aging Effects on Porus Silicon Layer 

Chemical Bonds, Hyoumen-gijutsu, 49, 63(1998) 

M.Tanaka, K.Furuya, M.Takeguchi: Fabrication and Structural Observation of 

Molybdenum and Indium Nanocrystals Deposited on Si(111) Thin Films by UHV-

FE-TEM, J. Surf. Anal., 4, 287(1998) 

M.Tanaka, K.Furuya, M.Takeguchi,T.Honda: Surface Observation of Mo 

Nanocrystals Deposited on Si(111) Thin Films by a Newly Developed Ultrahigh 

Vacuum Field-emmision Transmission Electron Microscope, Thin Solid Films, 3 19, 

110(1998) 

K.Furuya, M.Tanaka, M.Takeguchi: Ultrahigh-vacuum Field-emission Electron 

Microscope and Its Application to In-situ Observation of Indium and Molybdenum 

Nanocrystals, Proc. 14th Inter. Cong. Electron Microsc., 513.-514 (1998) 

K.Furuya, M.Song, K.Mitsuishi, C.W.Allen, R.C.Birtcher, S.E.Donnelly: In-situ 

Observation of Xenon Nanocrystals in Aluminum Under Electron and lon 

lrradiation in Transmission Electron Microscope, Proc 14th Inter. Cong. Electron 

Microsc., 507-508 (1998) 

K.Mitsuishi. M.Song. K.Furuya, R.C.Birtcher, C.W.Allen, S.E.Donnelly: In-site 

Observation ofAtomic Self-organization Processes in Xe Nanocrystals Embedded 

inAl, Mat. Rec. Soc. Symp. Proc., 504, 417-422 (1998) 

M.Tanaka, K.Furuya, T.Saito: TEM Observation of FIB Micromilled Ni Silicides 

Thin Films, Thin Solid Films, 319, 101(1998) 

M.Song, Y.Fukuda, K.Furuya: EELS and TEM Studies on NaOH Solution Taeated 

P-type Porous Silicon after Anodization, Proc. 14th Inter. Cong. Electron Microsc., 

621-622 (1998) 

M.Tanaka, K.Furuya, M.Takeguchi, T.Honda: Surface Observation on Analysis by 

Ultrahigh Vacuum Field Emission Transmission Electron Microscope, Proc. Inter. 

Centennial Symp. On Electron, 586-592 (1998) 
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（25）K．恥my＆，N．Ishikawa，C．W刈1en：王n－situ　Ob蹴械ion　of　Shape　and　Atomic

　　　S毛醐ctひ蛇of　Xe　Na巫ocrysもa1s　E㎜bedded主n　Ah㎜iむum，J．lM1icroscopy194，ユ52

　　　（1999）

（26）K．Mi全sひishi，M．So巫g，K．Furuya，・R．C．Birもche巧　C．WA11en，S．E．Domeuy：

　　　Observation　ofAto㎜三c　Processes　in　X⑧nanocryst＆1s週狐be搬ed　i双A1Und⑧r1MeV

　　　E1ec扱on，N口c呈．hs乏x　Meth，B，14＝8，184（五999）

（27）M．Song，K．Fumya，TTanabe，TNoda，High－reso虹tio巫E王ec虹o公Microscopy　ofγ一

　　　丁㎜and　A1I狙adia士ed　with15keV　He1iu独Io鵬a竜Roo㎜Te狐peraもure，J．Nuc1．

　　　Maten，271／272，200（1999）

（28）M．Takeguchi，K．Fumy＆，K．珊shihara：囲LS　Sもudy　ofthe　Formation　Process　ofS三

　　　Nanocrys乞a1s三n　Si02Due北o　ESD－deco㎜pos亡ion，M1ic更o巫，30，147（1999）

（29）KM呈tsu1shI，MSong，MTa．keguch1，KF双醐ya　HRTEM　and　HAADEF－STEM

　　　Observぬon　of　Xe　Nanocrysta王s　For鵬d　by　Io皿一1独p1＆ntat1on　m　HVTEM，J

　　　週1ecもron　M1icrosc．，（in　press）

（30）　M　Song，K　M1吉su1s1，K　Furuya　E1ec虹o巫週nergy　Loss　Spec虹oscopy＆皿d　Energy

　　　F玉1tered　I独ag獅g　o£Xe　Ca柳t1es　Embedded　mA王at298and473K，M王αoむ，30，129

　　　（ユ999）

（31）M．Takegucb三，M．Tanaka，K．Furuya：Fab芝icぬon　ad　Anaiysis　of　Nano醐eter　Size

　　　Structure　of　Se独iconductor　by　UHV　FE－TEM，App1．Su吐Sci、，146，257（1999）

（32）K．Mliもsuishi，M．Kawasaki，M．Takegucbi，K．F篶ruya：De七ermi巫ation　of　A吉omic

　　　Pos1tIons　m　a　So1滅Xe　Prec1pItate　E皿山edded狐＆n　A1Ma倣1x，Phys　Rev　Lett，82．

　　　3082（1999）

（33）’Q．Chen，M．T＆naka，K，Furw＆：App1ica辻ion　of　a　U亘V・MBE・TEM　Sys七em　on出e

　　　Deposlt亘on　a双d　HRTEM　S竜uay　oHna1u狐Nanoc町sta1s，J　Suf　Ana1，5，348（1999）

（34）　Q．Chen，lMl．Tanaka，K．Fu醐ya：Unひs篶a1Crys充auographic　Sもructure　and　I毛s

　　　F亘ucをuatio亙of　hdium　Nanopartic1es　As－deposited　a巫d　Obse岬ed　with　HRTEM

　　　Using　UHV－DC－丁週M　Sys乞em，Sur£Sc三．，（in　press）

（35）YFukuda，M．Song，K．恥mya：Pho吉o1umines6ence　Change　of　As－prepared＆ad

　　　Aged－Poms　S趾con　with　N＆OH　he砒皿en七，J、遡1ec虹ochemi．Soci．，（in　press）

（36）K．FurWa，K．Mitsuisb圭、N－Ishikawa，C．W．A旦1en：I独aging　a巫d　Mode豆｛ng　of　Nano－

　　　Crysもa脳ne　Xe　in州。Conta三n虹gDe免cts，M＆t肌Sc三．趾gxA，（in　press）

（37）C．W．A旦1en，M．So巫g，K，Fumy＆，R．C．Bir毛cher，S．E．D㎝ne豆1ヱK．Mitsu三sh三：Behav三〇r

　　　ofNaaocrys七a1hne　Xe　Prec三p主もates　inA1ヨJ．釧ec虹on　Microsc．，（acceptea）

（38）C．W．A｝1en，M．S㎝g，K．Fumys，R．C．Birtcher，K．M三もsuishi，U．D＆h鵬n：醐ec毛s　of

　　　E1ec虹on　Ir醐diaticn　on　Xe　Pr⑧cipiもaもes　at　Grai巫Boひndar三es　in　A玉，J．E1ec虹o迅

　　　Microsc．，（虹p蛇ss）
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(39) 

(40) 

(4 1) 

(42) 

(43) 

(4 4) 

M.Takeguchi, K.Furuya, K.Yoshihara: Novel Fabrication Technique of Si 

Nanoparticles as Applied to Atomic-resolved Observation of the Nanoparticle 

Surfaces, J. Electron Microsc., (in press) 

K.Furuya, K.Mitsuishi, M.Song, T.Saito: In-situ, Analytical, High-voltage and 

High-resolution Transmission Electron Microscopy of Xe lon Implantation into A1, 

J. Electron Microsc., (in press) 

M.Tanaka. M.Takeguchi, K.Furuya: In-situ Deposition of Metal Nanocrystals on 

Si(111) Thin Film Surface in UHV-FE-TEM, Surf. Sci., (in press) 

K.Furuya, K.Mitsuishi, M.Song, T.Saito: In-situ lon Implantation of Xe into A1 

with a High-resolution and High-voltage Electron Microscope, IEEE Transactions, 

(in press) 

M.Song, K.Furuya, T.Tanabe, T.Noda: High-resolution Electron Microscopy of T -

TiAl In-situ lrradiated with 15 keV Helium lons in HVTEM, J. Electron Microsc., 

(in press) 

M.Tanaka, K.Furuya, T.Saito: In-situ Observation of Focused lon Beam 

Micromilled Si, Si02 and GaAs, IEEE Transactions, (in press) 

Oral Presentation: 79 

(1) International Conference: 19 

(2) Domestic Conference: 60 

Patent Applications 

(1) Fabrication Method of Si Nanocrystals, Kazuo Furuya, Masaki Takeguchi, Kazuhiro 

Yoshihara, Domestic Patent, HI0-186637, July 1, 1998 

(2) Fabrication Method of Si Nanocrystals, Kazuo Furuya, Masaki Takeguchi, Kazuhiro 

Yoshihara, EC and USA Patent Application, June 22, 1999 

Award 
(1) Best Poster at MRS Fall Meeting 1997, Kazutaka Mitsuishi et al. 

(2) Commendation for Achievements, Kazuo Furuya, May 1998 

(3) Ichimura Prize, Kazuo Furuya. April, 1999 

, December 1997 

3.1.2.3 

Naoki 

Hybrid Beam Research Unit 

Kishimoto (Unit Leader), Hiroshi Amekura, Yoshihiko Takeda, Kenichiro 
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Kono, Chi-Gyu Lee (special technical staf~, Thi Thi Lay (domestic research fellow), 

Naoki Umeda ~oint-doctoral course student), Zhao Jianping (COE fellow), Haruo 

Yokomichi (guest researcher), Vasily T. Gritsyna (guest scientist). Lee Heatherly (guest 

scientist), Thimothy J. Renk (guest scientist), Oleg A. Plaksin (guest scientist), 

Volodymyr Voitsenya (guest scientist) 

3.1.2.3.1 Research work 

(1) A hybrid particle field of ions and photons, particularly an extreme particle field 

(EPF), has been developed employing a high-current heavy-ion accelerator (1 mA) 

and a high-flux YAG Iaser (5 J/pulse). Material irradiation techniques have been 

attained for extremely non-equilibrium processes under the EPF. 

(2) In-situ detection techniques, under high-energy ion bombardment, have been 

developed and applied to study radiation damage on optoelectronic properties of 

crystalline and amorphous semiconductors. The in-situ methods employed are 

particle-induced conductivity, DLTS, ion-induced photon emission, etc. 

(3) A quantum-dot system, metal nanoparticles embedded in insulators, has been 

fabricated by high-current negative-ion implantation. Kinetic control of 

nanoparticle morphology has succeeded in creating a self-assembled two-

dimensional nanoparticle structure . 

(4) Quantum effects, i.e., nonlinear and ultra-fast optical transitions, of nanoparticle 

systems, have been evaluated with degenerate-four-wave mixing and the femto-

second pump-probe methods, respectively. Large optical nonlinearity of the 

controlled nanostructure is promising for photonic applications 

<Research themes> 

(1) Study on Detection and Evaluation of Radiation Damage in Extreme Particle Fields 

(Nuclear Energy Research: April 1992 to March 1999, Naoki Kishimoto) 

(2) Measurements of Quantum Effects Using High Resolution Beam Probes 

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 2000, Kazuhiro Yoshihara) 

(3) Study on Detection, Evaluation and Utilization of Non-equilibrium Processes Under 

Extreme Particle Fields 

(Nuclear Energy Research: April 1999 to March 2004, Naoki Kishimoto) 

3 1 2.3.2 Research products, including papers subrnitted (April 1, 1997 to 

March 31, 1999) 
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(1) N. Kishimoto, V.T. Gritsyna, K. Kono, H. Amekura, T. Saito: Negative Copper lon 

Implantation into Silica Glasses at High Dose Rates and the Optical 

Measurements, Nucl. Instr. & Meth.. B127/128, 579 (1997) 

(2) K. Kono, N. Kishimoto, H. Amekura, T. Saito: Evaluation of Proton-induced Deep 

Levels in N-Si, Mat. Res. Soc. Symp. Proc., 442, 287 (1997) 

(3) N. Kishimoto, V.T. Gritsyna, K. Kono, H. Amekura, T. Saito: High Current 

Implantation of Negative Copper lons into Silica Glasses, Mat. Res. Soc. Symp. 

Proc., 438, 435 (1997) 

(4) N. Kishimoto, H. Amekura. K. Kono, T. Saito: Particle-induced and Photo-

conductivities in Amorphous Si:H Under Proton lrradiation. Mat. Res. Soc. Symp. 

Proc., 439, 679 (1997) 

(5) N. Kishimoto, V.T. Gritsyna, K. Kono, H. Amekura, T. Saito: Material Modification of 

Optical Properties Due to Intense Negative Cu lons, IONICS, 23, 95 (1997) 

(6) H. Amekura, N. Kishimoto, K. Kono: Persistent Excited Conductivity Induced by 

Proton lrradiation in a-Si:H, Materials Science Forum, 258-263, 599 (1997) 

(7) N. Kishimoto, H. Amekura, K. Kono, C.G. Lee: Stable Photoconductivity in 

Metastable a-Si:H Under High-energy Proton lrradiation, J, Non-cryst. Solids, 

227-230, 238 (1998) 

(8) H. Amekura, N. Kishimoto, K. Kono: Radiation-induced Two-step Degradation of Si 

Photoconductors and Space Solar Cells, IEEE Trans. Nuclear Science, 45, 1508 

(1998) 

(9) N. Kishimoto, V.T. Gritsyna, Y. Takeda, C.G. Lee, T. Saito: Dose-rate Dependence of 

Negative Copper lon Implantation into Silica Glasses and Effects on Colloid 

Formation, Nucl. Instrum. & Method in Phys. Res., B141, 299 (1998) 

(10) N. Kishimoto, H. Amekura, K. Kono, C.G. Lee: Radiation Resistance ofAmorphous 

Silicon in Opto-electric Properties Under Proton Bombardment, J. Nucl. Mater., 

258-263, 1903 (1998) 

(11) N. Kishimoto, H. Amekura, K. Kono, C.G. Lee: Applicability of Shallow-impurity 

Doped Silicon to Proton-flux Sensors Using Stable Particle-induced Conductivity, 

Mat. Res. Soc. Symp. Proc., 487, 423 (1998) 

(12) H. Amekura, A. Eckau, R. Carius, Ch. Buchal: Visible Photoluminescence from Tb-

Ions Implanted in Si02 Film and Its Concentration Dependence, Rare Earths, 32, 

146 (1998) 

(13) N. Kishimbto, V.T. Gritsyna, Y. Takeda, C.G. Lee: Fabrication ofMetal Nanospheres 

and the Kinetics Controlled with High-flux Negative lons and the Optical 

Properties, J. Surf. Anal. 4, 220 (1998) 
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(14) H. Amekura, A. Eckau, R. Carius. Ch. Buchal: Room Temperature 

Photoluminescence from Tb-ions Implanted in Si02 on Si, J. Appl. Phys., 84, 3867 

(1998) 

(15) H. Amekura, N. Kishimoto, K. Kono: Particle-induced conductivity and 

photoconductivity of silicon under 17 MeV-proton irradiation, J. Appl. Phys., 84, 

4834 (1998) 

(16) N. Kishimoto, V.T. Gritsyna, Y. Takeda, C.G. Lee, N. Umeda, T. Saito: Nanocrystal 

Growth at High Dose Rates in Negative Copper-ion Implantation into Insulators, 

Mat. Res. Soc. Symp. Proc., 504, 345 (1999) 

(17) K. Kono, N. Kishimoto, H. Amekura: In-situ DLTS Measurement of Metastable 

Coupling Between Proton-induced Defect and Impurities in N-Si, Mat. Res. Soc. 

Symp. Proc. 504, 15 (1999) 

(18) S. Wang, H. Amekura, Eckau, R. Carius, Ch. Buchal: Luminescence from Er and Tb, 

Implanted into MOS Tunnel Diodes, Nucl. Instr. & Meth, B148, 481 (1999) 

(19) N. Kishimoto, N. Umeda, Y. Takeda, C.G. Lee, V.T. Gritsyna: Self-assembled Two-

dimensional Distribution of. Nanoparticles with High-current Cu~- implantation 

into Insulators, Nucl. Instr. & Meth, B148, 1017 (1999) 

(20) Y. Takeda, C.G. Lee, N. Kishimoto, N. Umeda, V.T. Gritsyna: Linear and Nonlinear 

Optical Properties of Cu Nanoparticles Fabricated by High-current Cu-

implantation in Silica Glass, Nucl. Instr. & Meth, B148, 1029 (1999) 

(21) N. Kishimoto, N. Umeda, Y. Takeda. C.G. Lee, V.T. Gritsyna: Nanocrystal Growth 

in Crystalline Insulators lrradiated with High-Current Copper-Ions, Mat. Res. Soc. 

Symp. Proc., 540, 153 (1999) 

(22) K. Kono, H. Amekura, N. Kishimoto: Flux-dependent Generation Rate of 

lrradiation-Induced Defect Clustering in N-Si Under 17 MeV Proton lrradiation, 

Mat. Res. Soc. Symp. Proc., 540, 115 (1999) 

(23) H. Amekura, A. Eckau, R. Carius and Ch. Buchal: Visible Photoluminescence from 

Tb3+ Ions Implanted in a Si02 Film on Si at Room Temperature, Proc. 12th Int. 

Conf. on lon Implantation Technology (1999), in press 

(24) N. Kishimoto, Y. Takeda, V.T. Gritsyna, E. Iwamoto, T. Saito: A High-current 

Negative-ion Implanter and Its Application for Nanocrystal Fabrication in 

Insulators, Proc. 12th Int. Conf. on lon Implantation Technology (1999), in press 

Oral Presentation : 48 

(1) International Conference: 16 

(2) Domestic Conference: 32 
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Registered Patent 

(1) Radiation Resistant Optical Sensor of Impurity Compensation lype, N 

H. Amekura, Pat. N0.2884037, Feb. 12, 1999. 

Kishimoto, 

3.1.2.4 Neutral Beam Unit 

Yasushi Yamauchi (Unit Leader), Mitsunori Kurahashi 

3.1.2.4.1 Research work 

Versatile technologies to generate and utilize excited neutral beams have been 

developed. An intense pulsed metastable helium atom beam, at the thermal energy 

level, was obtained by invention ofthe pulsed discharge method. The beam has proved 

td be a promising probe to get information from exactly the outmost surfaces by 

practical applications. The technologies have been extended to spin polarization 

<Research themes> 

(1) Development of Fundamental Technologies for Excited Neutral Beams 

(Nuclear Energy Research: April 1997 to March 2002, Yasushi Yamauchi) 

(2) Creation ofAdvanced Materials with Atomic-Scale Structures Exhibiting Quantum 

Phenomena 

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 2000. Kazuhiro Yoshihara) 

8.1.2.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) Y. Yamauchi, M. Kurahashi, N. Kishimoto: Generation of Helium Metastable Atom 

Beams by Pulsed Discharge, Proc. 8th Symp. on Beam Engineering of Advanced 

Material Syntheses, 55 (1997) 

(2) M. Kurahashi, Y. Yamauchi: A Metastable-Atom Deexcitation Spectroscopy (MDS) 

Study on the First Atomic Layer of a Polycrystalline Titanium Surface, Mat. Res. 

Soc. Symp. Proc. 501, 67 (1998) 

(2) Y. Yamauchi, M. Kurahashi, N. Kishimoto: A Metastable Helium Atom Source 

Directly Pulsed by a Nozzle-Skimmer Discharge, Meas. Sci. Technol. 9, 531 (1998) 

(3) Y. Yamauchi, M. Kurahashi, N. Kishimoto: A Pulsed Helium Metastable Atom 

Source Using Hollow Cathode Discharge, Proc. 9'h Symp. on Beam Engeneering of 
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Advanced Material Syntheses, 39 (1998) 

(4) M. Kurahashi, Y. Yamauchi: A Metastable De-excitation Spectroscopy (M:DS) Study 

on Oxygen Adsorption on a Polycrystalline Zirconium Surface, Surf. Sci. 420, 259 

(1999) 

(5) M. Kurahashi. Y. Yamauchi: Metastable Deexitation Spectroscopy Study of Oxygen 

Adsorption on a Polycrystalline Titanium Surface, J. Vac. Sci. Technol. A 17, 1047 

(1999) 

Oral Presentation: 13 

(1) International Conference: 2 

(2) Domestic Conference: 11 

Patent Application 

(1)Method of Generating Pulsed Metastable Atom Beam and Pulsed Ultraviolet 

Radiation and Its Device, Y. Yamauchi, M Kurahashi, N. Kishimoto, 6/30/1998, 1998-

Patent-Ap plication-019922. 

(2)Method of Generating Pulsed Metastable Atom Beam and Pulsed Ultraviolet 

Radiation and Its Device, Y. Yamauchi, M Kurahashi, N. Kishimoto, 9/29/1998, U.S.-

Patent- Application- S.N. 09/16 1,718. 

3. 1.2.5 Advanced Photon Beam Unit 

Kenji Sakurai (Unit Leader), Luc Ortega (STA fellow), Hiromi Eba, Krassimir Stoev 

(guest researcher), Sunil Deshpande (guest researcher), Weimin Chen (guest 

researcher), Dilip Parwate (guest researcher), Claude Landron (guest researcher), 

Masayuki Kawai (guest researcher), Masahiko Kurakado (guest researcher), Junji 

lihara (guest researcher) 

3.1.2.~. I Research work 

Synchrotron radiation is an extremely attractive tool for analysis, with super precision 

and high resolution, to evaluate the micro- and nano- meter scale structure of materials. 

The laboratory has been involved in the construction and commissioning of the 

beamline at the SPring-8, which is a new brilliant synchrotron facility just brought into 

service in October 1997. One of the major activities for these recent 2 years is 

development of a new grazing-incidence X-ray spectro-reflectometer for ultra trace 
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determination and surface/interface analysis of thin films using the total-reflection of 

X-rays. The instrument is now completed and is available for public use at the 

beamline. Another important work was X-ray absorption spectroscopic studies. The 

nano-meter scale structure of materials, especially, complex oxides has been 

investigated. 

<Research themes> 

(1) Development of Analytical Technique~ for Characterization of Nuclear Materials 

Using New Generation Synchrotron X-rays 

(Nuclear Energy Research: April 1994 to March 1999, Kenji Sakurai) 

(2) Advanced Characterization of Micro and Nano Meter Scale Structure of Materials 

by Brilliant Synchrotron X-rays at the SPring-8 

(Materials Research Using Synchrotron Radiation: April 1997 to March 2002, 

Kenji Sakurai) 

8.1.2.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) X.Guo, K.Sakurai: Synthesis ofYttrium Aluminum Perovskite (YAP) and Yttrium 

Aluminum Garnet (YAG) by Means of Mechanical Solid-state-reaction, submitted 

(2) K.Sakurai: Total-reflection X-ray Fluorescence Imaing, Spectrochim. Acta B, in 

press 

(3) K.Sakurai, H.Eba. S.Goto: Grazing Incidence X-ray Fluorescence and Scattering 

Experiments at BL-39XU, SPring-8, Jpn. J. Appl. Phys., Suppl.38- 1, 332(1999) 

(4) K.Sakurai, H.Eba: X-Ray Fluorescence Analysis with a Johansson-type 

Spectrometer, Jpn. J. Appl. Phys., Suppl.38- 1, 650(1999) 

(5) Kenji Sakurai: Extended X-ray Absorption Fine Structure(EXAFS), Ferum, 4, 32 

(1999) (in Japanese) 

(6) K.N.Stoev, K.Sakurai: Review on Grazing Incidence X-ray Spectrometry and 

Reflectometry, Spectrochim. Acta B54, 41-82 (1999) 

(7) M.Harada, K.Sakurai: K-line X-ray Fluorescence Analysis of High-Z Elements, 

Spectrochim. Acta B54: 29(1999) 

(8) K.Sakurai, X.Guo: Recent Performance of Laboratory-scale X-ray Absorption Fine 

Structure Instruments, Spectrochim. Acta B54, 99(1999) 

(9) C.Landron. L.Hennet, J.P.Coutures, M.Gailhanou, M.Gramond, J.F.Berar, 

K.Sakurai: Refractory Oxide Invenstigation b~ X-ray Measurement at High 

Temperature, Ceramjc Materl~] Systems wjth Composjte Structures, Ed. 
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N.Takeda, L.M.Sheppard, J.Kan, Ceramic Transactions Vol. 99. The: American 

Ceramic Society (1999). 

(10) M.Harada, K.Sakurai: Trace Heavy Element Analysis Using X-ray Fluorescence 

with Quasi-monochromatic High-energy Photons : Iodine in an Environmental 

Sample, Jpn. J. Appl. Phys. 37, 2740 (1998) 

(11) K.Sakurai, S.Uehara, S.Goto: Grazing Incidence Reflectometer for BL-39XU at 

SPring-8, J. Synchrotron Rad. 5, 554(1998) 

(12) Kenji Sakurai, Luc Ortega: X-ray Diffraction/scattering with Total-reflection 

and/or Grazing Incidence Geometry, Bunseki, N0.3 164(1998) (in Japanese) 

(13) K.Hayashi. T.Yamamoto, J.Kawai, M.Suzuki, S.Goto, S.Hayakawa, K.Sakurai, 

Y.Gohshi, Atomic-Resolution X-ray Fluorescence Holography of Zn (0.02wto/o) in a 

GaAs Wafer, Anal. Sci., 14, 987 (1998) 

(14) K.Stoev. K.Sakurai: Recent Theoretical Models in Grazing Incidence X-ray 

Reflectometry, Rigaku Journal 14, 22 (1997) (in Japanese) 

(15) S.D.Deshpande and K.Sakurai: Study on Diluted Magnetic Semiconductors Znl-

xMnxB (B=S,Se) Synthesis and Structural Characterization: , J. Surf. Anal.3, 494 

(1997) 

(16) K.Sakurai, A.Iida, H.Shintani: Trace Chemical Characterization of Liquid Drop by 

Fluorescence Detection of Absorption Edge Shifts Using Total Reflection Support, 

J. Phys. IV (France) 7, C2-713 (1997). 

(17) K.Sakurai and N.Osaka: Development of High Power X-ray Generator with LaB6 

Cathode and Its Application to Fluorescence XAFS measuremen, J. P.hys. IV 

(France) 7, C2-327 (1997). 

(18) K.Sakurai and A.Iida: Analysis of Specific Interface of Thin Films by X-ray 

Fluorescence Using Interference Effect in Total Reflection, Adv. in X-Ray Anal. 39, 

695(1997) 

(19) K.Sakurai, N.Osaka, H.Sakurai and H.Izawa: New Rotating Anode X-ray 

Generator for XAFS Experiments, Adv. in X-Ray Anal. 39, 149(1997) 

(20) M.Harada, K.Sakurai: Fast Detector Electronics for High-counting Rate X-ray 

Measurement, Adv. in Chem. X-ray Anal. in Japan, 28, 277-288 (1997) (in 

Ja panese) 

(21) Kenji Sakurai, Krassimir Stoev: Review: Total-reflection X-Ray Fluorescence, 

Bunseki, N0.7, 575(1997) (in Japanese) 

Oral Presentation: 44 

(1) International Conference: 12 
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(2) Domestic Conference: 32 

Patent Application 

(1) Synthesis Method for Yttrium Aluminum Complex Oxides, Kenji Sakurai, Xiaomei 

Guo, July, 29, 1998, HI0-214778 

(2) X-ray Imaging Method and the Instruments, Kenji Sakurai, Hiromi Eba, August 13, 

1998, HI0-229180 

Award 
lchimura Prize, Kenji Sakurai, April, 1997 

3.1.2.6 Researchers in the High Resolution Beam Research Station 

Age and research 

Station 

fields of the researchers in the High Resolution Beam Research 

Age of Number of Materials Physics Chemistry 
Researchers Researchers Science 

60 - 1 (2) 1 (1) (1) 

50 - 60 2 (10) 1 (7) (3) 1 

40 - 49 3 (10) 1 (5) 2 (4) (1) 

30 - 39 13 (9) 4 (2) 8 (6) 1 (1) 

22 ~ 29 3 1 1 1 

Total 22 (31) 8 (15) 11 (14) 3 (2) 

( ):short time visit 

3. 1.2.7.3 Research Budgets in the High Resolution Beam Research Station 

Research budgets in the High Resolution Beam Research Station (yen) 

Budgets 1997 1998 

Materials Research under Advanced Physical 
Field 

33, 109,000 32,343,000 

Nuclear Energy Research 181,171,000 189,937,000 

Materials Research using Synchrotron 
Radiation 

29,480,000 28,825,000 

Special Coordination Funds for Promoting 
Science and Technology 

138,896,000 116,079,000 

Total 382,656,000 367,184,000 
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3. 1.2.8 Near Future Scope of the High Resolution Beam Research Station 

To extend the field of high-resolution beam research in the near future, it is necessary to 

continue the development of new and advanced equipments based on individual beam 

technology, such as high-resolution electrons, high-intensity ions, spin-polarized neutral 

beams, and high-speed and high-intensity photons. Especially, focusing on the nano-

meter scale structure, will become crucial to contribute to the discovery of new 

materials with reliable strength and a very stable, Iong life as well as unusual physical 

and/or chemical properties. The following research will be pursued in the next stage. 

The development of a fine electron probe less than 0.1 nm in diameter which can be 

used for annular-dark field scanning TEM and the fabrication of position and size 

controlled structures. 

The non-equilibrium process under extreme particle fields is studied as the basis for the 

following, measurement of damage in extreme environments and the creation of 

nanostructured quantum materials, 

Exploiting a new field of spin dependent surface phenomena by means of spin labeling 

techniques. 

Advanced ultra fast time resolved and in･situ optical measurement including magneto-

optic effect. 

Brilliant synchrotron X-ray beamlines at the SPring-8 will make it possible to see what 

has been difficult to study so far because of very weak cross section imaging. Some 

specific challenges, such as ultra trace analysis in the order of sub-fg using total-

reflection condition, chemical characterization by resonant X-ray fluorescence, and X-

ray microscope with sub-micron resolution will be achieved in the next 5-7 years. 

Further development of the experimental techniques and instruments, including the 

construction of a new dedicated beamline will be required. 

It is also very important to collaborate with researchers worldwide for increasing the 

impact of research and development at a high scientific level. As one of research 

groups which is opened towards the world, the production of new results and the 

discussion must be activated more through planning of, and participation in, scientific 

meetings. 
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3.1.3 Extreme High Vacuuln Research Station 

Nobuyuki Koguchi (Supervising Researcher) 

3. 1.3.1 Research work 

Following the 5th Long-term Plan, R & D for an extremely high vacuum (XHV) 

integrated system in which several sample fabrication and surface analysis systems are 

combined through Xnv transfer lines, have been carried out. The R & D for the 

improvement of surface analysis in XHV and the research for fabrication and 

characterization of novel nanostructures in XHV environments have been promoted at 

the Extreme High Vacuum Research Station. Examples of the consequences are shown 

ne xt . 

(1) Surface modification techniques for vacuum motion material with a low friction 

coefficient were developed in the Extreme High Vacuum and Its Application Unit. 

(2) Novel techniques of making nano-scale metal wires by using STM or AFM were 

developed in the Atomic-Scale Phenomena Unit, and the electron transport in 

quantum wires with a tunneling barrier was studied. 

(3) Novel fabrication methods for semiconductor quantum dots was established in the 

Surface New Material Unit, and also a new system for real-time in-situ STM 

observation of adatoms on the MBE growth front was developed. 

(4) New phenomena of surface segregation for metal atoms on metal film were 

discovered in the Surface and Interface Analysis Unit, and work function change of 

metal by the surface segregation phenomena was studied. 

The members of the Extreme High Vacuum Research Station, as at March 31, 

1999, consist of 12 researchers, 7 COE fellows, 3 STA fellows, 2 domestic research 

fellows, I joint-doctral course student, I graduate student and 3 secretaries. 

The output of the research activities has been increased since the start of the 5th 

long-term plan. The number of publications, including submitted papers, is about 80, 

between April, 1997 to March, 1999. The details are shown in the research activities of 

each unit. 

3.1.3.2 Extreme High Vacuum and Its Application Unit 

Masahiro Tosa (Unit Leader), Akira Kasahara, Kim Young Sung (COE fellow), 

Lee Kyung Sub (COE fellow) 
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3.1.3.2.1 Research work 

The Extreme High Vacuum and Its Application Unit has built the stable generation 

system of extreme high vacuum, that is clean in an atomic scale and has developed 

advanced surface modification methods by means of XHV. 

(1) The obstacle of fabrication of nano-structures is atomic lattice matching between 

consistent materials. The lattice mismatching condition will be drastically relaxed in 

the crystal growth structure with van der Waals interactions. Boron nitride with a 

hexagonal structure (h-BN) has the c plane with van der Waals interaction. The c 

surface of h-BN basal plane layer parallel to the base substrate can offer van der 

Waals gap at the interface between grown material and the layer with little atomic 

mismatching. Research has been carried out on fabrication of the advanced 

substrate for an atomically controlled structure and the application of the advanced 

substrate to the fabrication of nano-materials, using the super clean environment by 

the XHV integrated process. 

(2) Hexagonal boron nitride (h-BN) has a hexagonal crystal plane with a little bonding 

force and displays a low friction coefficient at atmospheric pressure, but the friction 

coeffrcient increases as the pressure decreases and shows high value, in an ultra 

high vacuum. The unit has studied the control of the structure and concentration 

with the co-sputtering deposition method by making use of the self-organization of 

surface segregation from the mixture film of h-BN and copper and then developed 

the surface modification technology for vacuum motion materials with a low friction 

coefficient 

(3) The unit has studied the development of the surface modification method for 

vacuum chamber materials that is suitable for the standard pressure field for the 

methodology of the vacuum gauge. The unit has also studied the interaction of 

hydrogen atoms and the chamber wall materials, i.e., hydrogen desorption, hydrogen 

atom penetration, coupling and so on. 

<Research themes> 

(1) Advanced Substrate for Quantum Effect of Nanostructures (COE Project: April 1995 

to March 2000, Masahiro Tosa) 

(2) Analysis and Control of Self Organization of Materials (Special Coordination Funds 

for Promoting Science and Technology: April 1999 to March 2001, Masahiro Tosa) 

(3) Standardization ofVacuum Pressure Measurement (Special Coordination Funds for 

Promoting Science and Technology: April 1997 to March 1999, Masahiro Tosa) 
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3.1.3.2.2 Research products, including papers submitted (April 1997 to 

March 1999) 

(1) M.Tosa: Measurement ofAtomic Forces between Surface Atoms using an Ultra-clean 

AFM Incorporated in an XHV Integrated System, Advances in Colloid and Interface 

Science, 71, 233 (1997) 

(2) M.Tosa, A.Kasahara, K.Yoshihara: Substrate Transfer Operation with XHV 

Continuous Integrated Process Using Levitation Taansport System, 

J.Vacuum.Sci.Jpn, 41, 340 (1998) (in Japanese) 

(3) M.Tosa. A.Kasahara, K.Yoshihara: Tribological Properties ofVacuum Materials, ibid. 

41, 363 (1998) (in Japanese) 

(4) M.Tosa, A.Kasahara, A.Itakura, K.Yoshihara: Advanced Substrate for Fabrication of 

Nanostructures with XHV Integrated Process, J.Surf. Anal. 4, 320 (1998) 

(5) M.Tosa, A.Kasahara, K.Yoshihara:XHV Integrated Process with Magnetic Levitation 

Taansports,NASA/Cp- 1998-20765,Proc.4th Inter. Symp.on Magnetic Suspension 

Technology. 179(1998) 

(6) K.S.Lee, M.Tosa, J.C.Ro, S.M.Ra, S.J.Suh: Improvement of Coercity and 

Microstructure of NdFeB Melt-spun Ribbons by Addition of Zn, J. Magn. Soc. Jpn, 

23, 288(1999) (in Japanese) 

(7) M.Tosa, A.Kasahara. K.S.Lee. K.Yoshihara: Surface Cleanness ofTransported 

Substrate by the XHV Continuous Integrated Process with Levitation Transport 

System, J.Vacuum.Sci.Jpn, 42, 443 (1999) (in Japanese) 

(8) A.Kasahara, M.Tosa, K.Yoshihara: Friction Properties ofVacuum Materials. ibid. 42, 

447(1999) (in Japanese) 

Oral Presentation: 14 

(1) International Conference: 4 

(2) Domestic Conference: 10 

Patent Application: 

(1) Surface Modified Vacuum Material and Its MQdification Method, M.Tosa 

A.Kasahara and K.Yoshihara, 9 Dec 1999, Patent No. 10-35033 
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3.1.3.3 Atomic-Scale Phenomena Unit 

Hitoshi Nejo (Unit Leader), Daisuke Fujita, Dong Zhen-Chao, Takashi 

Uchihashi, Taro Yakabe. Taizo Ohgi (COE researcher), Yasushi Sozu (COE 

researcher), Pavel Dorozhkin (COE researcher), Wenli Deng (COE researcher) , 

Katsuki Amemiya (JST researcher), Norifumi Yamada (JST researcher) , 

Urs Ramsperger (STA fellow), Stephane Odasso (STA fellow) 

8.1.3.3.1 Research work 

(1) Surface Conductivity Measurements of Lead Nanostructures onto Ideal Si(111)-

(1xl):H Templates 

Our final objective is to perform surface conductance measurements at liquid 

helium temperature on Si(111) substrates supporting lead nanowires. A first concrete 

advance towards such a realization is the feasibility of forming depassivated regions 

onto a hydrogenated silicon surface by the application of high voltages and high demand 

tunneling currents between a scanning tunneling microscope tip and a silicon specimen 

during scanning various geometrical shapes. As a matter of fact, different patterns have 

been previously obtained with this method, the optimum efficiency for selective 

desorption of hydrogen being reached for: sample voltage = + 8V and InA < tunnel 

current < 10 nA. Our efforts were especially devoted to the formation of depassivated 

squares at each ends of a silicon nanoline. 

From such reliable results, we could develop a novel nanostructuring process 

consisting of the condensation, in situ, of half a monolayer of Pb onto a clean Si(111) 

surface after selective desorption of passivated nanometer-sized areas exhibiting Pb 

clusters on top. Hydrogen extraction was engaged for +1V < sample voltage < +10V and 

InA < tunnel current < 10 nA with the feedback function still active. 

Very recently, we focused otir research activities on fabrication of novel 

depassivated area~ and the improvement of depassivation conditions. The challenge is 

not only to minimize the presence of superficial clusters induced by extraction of 

hydrogen but also to increase laterally the extent of the depassivated regions. As a first 

consequence, depassivated areas can be confined to a single huge passivated terrace on 

Si(111) samples with high resistivity (1000 ohm.cm < resistivity< 1500 ohm.cm), 

opening a promising way towards further electron transport measurements in group IV 

nanostructures, and providing the possibility to find the structure by UHV SEM before 

performing surface conductivity measurements with our four-point probe machine. 

Our next activities will concentrate on the fabrication of Pb nanostructures and on 

the measurements of their related electron transport characteristics onto highly 
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resistive Si(111) samples. 

(2) Fabrication of Nano-scale Wires using Tip Contact 

We have developed a novel technique of making nano-scale wires in UHV. A 

piezoresistive cantilever, whose tip was coated with gold beforehand, is brought into 

contact with a sample surface and is moved laterally. The gold is transferred from the 

tip onto the surface, forming a nano-wire. After wire fabrication, the sample surface is 

imaged by non-contact mode Atomic Force Microscope (AFM) using the same cantilever. 

The minimum line width of gold wire fabricated by this technique is 32 nm 

This technique has the following advantages: 1) Since an AFM cantilever is used 

instead of an STM tip, insulator can be adopted as a substrate. This is important 

because our target is to measure electric conductance through a nano-structure. 2) It is 

easy to realize and reliable. Since significant amount ofAu is coated on the cantilever, it 

can be used for a relatively long time and then nano-wires can be fabricated over a long 

range. We do not need any other special device or techniques. 3) It can produce 

continuous metal wires with a um-scale length, which would be hard to realize by other 

techniques. This helps to connect nanowires or other nanastructures to a macrozeopic 

electric pad. 

(3) Wire Connection to a Pad 

We also succeeded in connecting a gold nano-wire to a silver pad on an Si(111) 

sample surface. The pad was fabricated by thermal evaporation through a through-hole 

mask prior to the wire fabrication. A straight line protruding from the surface is clearly 

seen in proximity of the pad. This result is quite important in terms of measuring 

electron conduction through nano-structures. The silver pad will be used as an electrode 

through which the conductance of a gold wire will be measured by the four point probe 

method. 

(4) Electron Transport and Interference Phenomena in Quantum Wires with a 

Potential Barrier in Magnetic Fields 

We have studied the electron transport in quantum wires with a tunneling barrier. 

The calculated results show that the conductance of these systems decreases to zero 

repeatedly with increasing magnetic fields. We found that this is caused by the 

interference of the evanescent modes with complex wavenumbers in the tunneling 

region. Although the behavior is aperiodic, this recalls the Aharonov-Bohm (AB) 

oscillation of conductance in magnetic fields. In order to clarify the relation between 
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these, we consider the electron transport in a quantum wire with an antidot. 

We calculated the conductance of a wire with a square-shaped antidot at the center. The 

antidot is formed by the potential that is larger than the Fermi energy of electrons and 

the length of its side is a half of the width of the wire. The electron paths at the side of 

the antidot are so narrow that the electrons transport through them by tunneling. We 

found the repeated suppression of conductance also in this system. However, the 

intervals between the minima are much smaller than the period estimated from the 

magnetic flux in the antidot region. Since the magnetic field is applied to the whole 

system, as well as the electron path, the situation of this case is pretty different from a 

usual AB effect setup. Therefore the magnetic flux around the antidot may also 

contribute to the interference pattern found here. By studying these systems we expect 

that the relation between the quasi-periodic behavior of the conductance of tunneling 

barriers and the AB oscillation can be revealed 

<Research themes> 

(1) Evaluation of Super-structures on Ultra-clean Solid Surface and Research L0r 

Fabrication of Dimension-controled Nano-material 

( Special Research: April 1995 to March 2000, H.Nejo) 

(2) Fabrication of Nanostructures on Surface in Extremely High Vacuum Surface 

(COE Project: April 1995 to March 2000, H.Nejo) 

(3) Construction of Molecule-Harmonic Structures and Development of Electro-

magnetic Field Control Devices 

(Organized Research Combination System: April 1998 to March 2003, H.Nejo) 

3.1.3.3.2 Research products, including papers submitted (April 1997 to 

March 1999) 

(1) N.Yamada: "Is tunneling time definable?", CoJd Neutron Interferon7etry and Its 

Appljcatjons(III), Research Reactor Institute, Kyoto University, March (1999), P. 1-7 ( 

(2) H.Nejo, D.Fujita,T.Uchihashi, Z.C.-Dong: Fabrication of Atomic-scale Tunnel 

Junction, Japan Inter. Soci. 8, 9(1998) 

(3) H.Nejo, D.Fujita, H. Sheng, T,Uchihashi, U.Ramsperger. S.Odasso. D.Rogers, 

H.Okamoto, Z.C.-Dong, T.Yakabe, T.Ohgi, K.Amemiya, Y.Sozu: Fabrication of 

nanometer toatomic-scale structures using STM and AFM, J. Surf. Sci. Soci. Japan , 

19, 727(1998) 

(4) H.Nejo, H.Hori, D. Baksheyev: Electron wave Amplitude Oscillation during 

Tanneling due to Interference, Proc. Inter. Symp. on Foundation of Quantum , 
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Mechanics, J. Surf. Anal. 4, 159(1998) 

(5) D.Fujita, K.Amemiya, T.Yakabe, H.Nejo, T.Sato, M.Iwatsuki: Observation of 

Two-dimensional Fermi Surface of a Reconstructed Au(111) Surface using Fourier 

Transform Scanning Tunneling Microscopy, Surf. Sci. 423, 166(1999) 

(6) H.Y.Sheng, D. Fujita, Z.C.-Dong, H. Okamoto, T. Ohgi, H. Nejo: Submicrometer 

Transmission Mask Fabricated by Low-temperature SF6/0, J. Vacc.Sci.Technol. B16, 

2982(1998) 

(7) K.Amemiya: Electron Taansport in Quantum Wires with Tunneling Barrier in 

Magnetic Fields . J. Phys. Soc. Japan, 68, 567(1999) 

(8) D.Fujita, H.Y.Sheng. Z.C.-Dong, H.Nejo: Nanostructure Fabrication with a Point 

Contact Formation between a Gold Tip and a Si(111)-(7x7) Surface with an 

Ultrahigh Vacuum Scanning Tunneling Microscope. Appl.Phys.A, 66.S753(1998) 

(9) D.Fujita, H.-Y.Sheng. Z.C.-Dong, H.Nejo : Artificial Nanostructures Formed on a 

Si(111)-(7x7) Surface with Ultrahigh Vacuum Scanning Tunneling Microscopy and 

their Electron Transport Characteristics , J. Surf. Anal. 4, 340(1998) 

(10)Z.C.-Dong, T.Yakabe, D.Fujita, O.D.Jiang, H. Nejo: Reply to Comment on STM 

Studies of Initial in Growth on Si(100)2xl:the in Ad-dimer Chain and its I-V 

Characteristics, Surf. Sci. 415, 301(1998) 

(11) H. Okamoto, D. Rogers, H. Nejo. H. Mizuno, T. Nagamura :Development of an 

Instrument for Surface Conductivity Measurements at kt m Scale Region in Ultra 

High Vacuum, J. Surf. Anal. 4, 328(1998) 

(12) Z.C.-Dong, T.Yakabe, D.Fujita. T.Ohgi, D Robers: Metal Atomic Chains on the 

Si(100) Surface, Jpn. J. Appl. Phys. 37, 807(1998) 

(13) Z.C.-Dong, T.Yakabe, D.Fujita, H.Nejo: Indium Ad-dimer Manipulation by an 

STM tip, Ultramicroscopy, 73, 169(1998) 

(14)T. Ohgi, H.-Y. Shend, H .Nejo: Au Particle Deposition onto Self-assembled 

Monolayers ofThiol and Dithiol Molecules, Appl. Surf. Sci. 130-132, 919 

(1998) 

(15)S.Odasso, L.Seehofer , R.L.Johnson : On the Use of Pb as Intermediate Adsorbate 

for the in situ Preparation of Ideal Si(111)-(1xl):H Templates, , J. Surf. Anal. 4, 

334(1998) 

(16)Z.C.-Dong, T.Yakabe, D.Fujita, S.Odasso: Self-Assembled Lead Chains on Si(100) 

and their I･V Characteristics, J. Surf. Anal. 4, 355(1998) 

(17)S.Odasso, M.Gothelid, V.YU.Aristov, G.Le Lay: AR-PES Study of Single Domain 

Si(100) - (2xl) -Pb Surface, Surf. Rev and Lett. 5, 5(1998) 

(18) T.Yakabe. Z.C.-Dong, H.Nejo: Surface Structure oflnitial Ag Deposition on Si(100) 
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and its Local Density of State, J. Surf. Anal. 4, 346(1998) 

(19)D.Fujita. H.Nejo. Z.C.-Dong, H.Y.Sheng: Artificial Nanostructures Formed on 

Si(111)-(7x7) Surfaces with Ultrahigh Vacuum Scanning Tunneling Microscopy and 

their Electron Transport Characteristics, J. Surf. Anal. 4, 340(1998) 

(20)T.Yakabe, Z.C.Dong, H.Nejo: Observation of Negative Differential Resistance on 

Ag/Si(100) using STM, Appl. Surf. Sci. 121/122, 187(1997) 

(21)Z.-C.Dong. T.Yakabe, D.Fujita, Q.D.Jiang, H.Nejo : STM Studies of Initial in 

Growth on Si(100)2xl:The in Ad-dimer Chain its I-V Characteristics, Surf. Sci. 380, 

23(1997) 

(22)D.Fujita, K.Amemiya, T.Yakabe, H.Nejoh, T.Sato, M.Iwatsuki: Anisotropic 

Standing-wave Formation on an Au(111)-(23 x f3) Reconstructed Surface. Phys. 

Rev. Lett, 78, 3904(1997) 

(23)D.Fujita, K.Amemiya, T.Yakabe, H.Nejoh, T.Sato, M.Iwatsuki: Effect of 

Herringbone Reconstruction on Interference of lhyo-dimensional Electron Gas on 

Au(111) Surfaces, , J. Vac. Sci. and Tech. A 15, 1613(1997) 

(24)D.Fujita, K.Amemiya, T.Yakabe, H.Nejoh, T.Sato, M.Iwatsuki: Possible Existence 

of Quasi One-dimensional Propagation ofElectron Waves on a Reconstructed 

Au(111) Surface,., Surf. Sci. 386, 315(1997) 

(25)D.Fujita. Q-D.Jiang, Z.-C.Dong, H.-Y.Sheng, H.Nejoh: Nanostructure Fabrication on 

Silicon Surfaces by Atom Transfer from a Gold Tip using an Ultrahigh Vacuum 

Scanning Tunneling Microscope, Nanotechnology, 8, AIO(1997) 

(26) D.Fujita, Q-D.Jiang. Z-C.Dong, H.-Y.Sheng, H.Nejoh: Development of STM-based 

Nanofabrication and Measurement System for Nano Devices, Surf. Sci. J. Japan 

18, 460(1997) (in Japanese) 

(27) T.Yakabe Z.-C.Dong, H.Nejoh: Surface Structure of Initial Ag Deposition on Si(100) 

and its Local Density of State, Appl. Surf. Sci. , 121/122 , 187(1997) 

(28) Z.-C.Dong ,T.Yakabe, D.Fujita, T.Ohgi, H.Nejoh: Fabrication ofAtomic Chains on 

the Si(100) Surface, Proc. Japanese Electrical Society Colloquium, 

December 1, 1997. Tokyo, Japan 

(29) Ch.Wursch. C.H.Back, L.Burgi, U.Ramsperger, A. Vaterlaus, U.maier, P.Politi, 

M.G.Pini, A. Rettori. D.Pescia: Direct Observation of Antiferromagnetic Phase 

Transition in fcc Fe-films, Phys. Rev. B 55, 5643(1997) 

(30) A.Vaterlaus, U.Maier, U.Ramsperger, A.Hensch, D.Pescia: A Ultrahigh Vacuum 

Scanning Kerr Microscope,., Rev. Sci. Instr. 68, 2800(1997) 

(3 1) P.Fuchs, U.Ramsperger, A.Vaterlaus, M.Landolt: Roughness-induced Coupling 

between Ferromagnetic Films across an Amorphous Spacer Layer, Phys. Rev. B 55, 
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12546(1997) 

(32) Ch.Wursch, U.Ramsperger, C.H.Back, A.Vateralus, U.Maier, D.Pescia: A Physical 

Realization of the Two-dimensional Ising Model, Ta., J. Phys. 2 1, 111(1997) 

(33) Z.-C.Dong, T.Yakabe, S.Odasso, D.Fujita. H.Nejoh: Chain-like Structures ofPb on 

Si(100) and Their I-V characteristics, Appl.Phys. A, 1998, submitted. 

(34) U.Ramsperger, A.Vatelaus, U.Maier, D.Pescia: Magnetic Properties ofAtomically 

Thin Epitaxial Dots and Stripes with Micrometer Lateral Size, Appl,. Surf. Sci. 130-

132, 889(1998) 

(35) C.Stamm, F.Marty, V.Weich, S.Egger, U.Maier, U.Ramsperger, H.Fuhrmann, 

D.Pescia: Two-dimensional Magnetic Particles, submitted to Science 

Oral Presentation: 32 

(1) International Conference: 15 

(2) Domestic Conference: 17 

3.1.3.4 Surface New Material Unit 

Nobuyuki Koguchi (Supervising Researcher), Toyohiro Chikyow, Shiro Tsukamoto, 

Keiko Ishige. Katsuyuki Watanabe Ooint-doctral course student), Takaaki Mano 

(graduate student), Amane Shikanai (graduate student) 

3. 1.3.4. I Research work 

Predictions of an enhanced electron mobility device and advanced semiconductor 

laser with highly-monochromized and low threshold current density caused by the 

quantum size effect have been made for applications of semiconductor nm-structures, 

especially so-called quantum dots structures. 

We have proposed a new method to fabricate compound semiconductor quantum 

dots directly without using any lithography. The process consists of forming numerous 

III-column element droplets, such as Ga or InGa, with homogeneous size of around 10 

nm on the surface first by supplying their molecular beams, and then reacting the 

droplets with As molecular beam to produce GaAs or InGaAS epitaxial microcrystals. 

The quantum dots systems of InGaAs/GaAs and GaAS/AIGaAS showed strong 

photoluminescences caused by quantum size effect. This method, termed Droplet 

Epitaxy, is promising for the fabrication of compound semiconductor quantum dots, not 

only in a lattice-matched system but also in a lattice-mismatched system. 
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Surface treatments for 111-V compound semiconductors increase their importance 

in practical applications because the surface treatments are crucial in increasing 

photoluminescence intensity, Schottky-barrier height controlling and reducing surface 

states density of semiconductor surfaces. The surface treatments are also applicable 

and effective in controlling crystal growth mode. Actually quantum dot structures by 

Droplet Epitaxy were demonstrated on treated semiconductor surfaces. However the 

surface structures, especially reconstructed structures, are not investigated sufficiently 

and the chemical bounds of the structures are not understood in detail. 

Taansition from GaAs(OO1)(2x6)-S to (2x3)-S surfaces was successfully observed by 

synchrotron radiation photoelectron spectroscopy (SRPES), X-ray absorption near edge 

structure ~NES), and X-ray standing waves (XSW). With increasing substrate 

temperature, a (2x6) structure turns into a (2x3) structure at around 520~C releasing 

about 200/0 of the surface sulfur atoms, observed by SRPES, which consisted of the 

central dimer pairs of the (2x6) structure. The E polarization dependence in the S K-

edge XANES spectra suggests that interdiffussion of S atoms should not occur, and that 

S atoms are still in the top layer bridge site even after high temperature annealing. 

Moreover, by XSW, it was found that, after the transition from the (2x6) to the (2x3), 

Ga-S-Ga bridge-bond formation was almost same as that of the (2x6). Therefore, by the 

transition, only the central dimer pairs of the (2x6) structure were released without 

interdiffussion, while retaining the Ga-S-Ga bridge-bond formation. 

We have also studied real-time in-situ STM observations of Ga adatoms on the 

MBE growth front, GaAs (OO1)(2x4)-As surface, with a system in which STM and MBE 

are completely combined. It is found that the Ga adatoms are relatively located near not 

the A- but the B-type step edges. Filled state STM images of Ga adatoms near the B-

type stepped terrace were observed at 25 sec, 250 sec and 500 sec after the supply of 0.1 

ML Ga at 200 C. The Ga atoms form a dimer like surface structure with two Ga 

ad･atoms about one unit cell far from the B-step edge and on a missing dimer row. Then, 

with the addition of one of the Ga atoms, this dimer. Iike structure changed into trigonal 

like surface structure. After 250 sec, this trigonal changed into a tetragonal-1ike 

structure with the addition of one more of the Ga atoms. It seems that this position 

attracts the Ga near the step edges. These calculations show that the lowest migration 

potential value on a stepped GaAs(OO1)(2x4) surface was located at the position of one 

unit cell far from the B-step edge and atoms. There are theoretical calculations which 

predict the migration potentials of Ga adatoms on a missing dimer row. The experiment 

agrees well with these theoretical results. 

Some of this research was performed in collaboration with researchers of other 
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Divisions in NRIM ( M. Shimoda of the Materials Physics Division, Y. Imanaka, T. 

Takamasu and G. Kido of the Physical Properties Division and T. Ohno of the 

Computational Materials Division), researchers of the NTT Basic Research 

Laboratories (M. Sugiyama, Y. Watanabe and S. Maeyama), researchers of the 

University of Tokyo (H. Fujioka and M. Oshima) and researchers of Korea Institute for 

Standards and Science (C. D. Lee, C. Park, H. J. Lee, K. S. Lee, S. J. Park, C. G. Park, S. 

K. Noh). Several papers were jointly published with them. 

<Research themes> 

(1)Nanospace Lab. Project (Special Coordination Funds for Promoting Science and 

Technology: April 1994 to March 1999, N.Koguchi) 

(2)Fabrication and Characterization of Semiconductor Quantum Dots (Special 

Coordination Funds for Promoting Science and Technology: April 1997 to March 1998, 

N.Koguchi) 

3.1.3.4.3 Research products, including papers submitted (April 1997 to 

March 1999) 

(1) S.Tsukamoto. T. Ohno, N. Koguchi: Scanning Tanneling Spectroscopy and First-

principles Investigation on GaAs(OO1)(2x6)-S Surface Formed by Molecular Beam 

Epitaxy, , J. Crystal Growth, 175/176, 1303(1997) 

(3) S.Tsukamoto, N.Koguchi: Real-time in-situ Scanning Tunneling Microscopy 

Observation on GaAs(OO1) Surface during Molecular Beam Epitaxy Growth, 

Abstracts of 5th Int. Colloquium on Scanning Tanneling Microscopy, 

Kanazawa,(1997) 27. 

(4) T.Chikyow, N.Koguchi, A.Shikanai: Direct Ga Deposition by Low Eenergy Focused 

Ion Beam, Surf. Sci. 386, 254(1997) 

(5) T.Chikyow ,N.Koguchi, A.Shikanai: Direct formation of fine structure by low 

energy foctised ion beam, Mat. Res. Soc. Symp. Proc. 448, 211(1997) 

(6) M.Shimoda,S.Tsukamoto,N.Koguchi: PhotoelectrQn and Auger Electron 

Diffraction Studies of Sulfur-terminated GaAs(OO1)-(2x6) Surface, Sur. Sci., 395/1, 

75(1998) 

(7) M.Sugiyama, ~･Maeyama, Y.Watanabe, S.Tsukamoto, N.Koguchi: Ga*S-Ga Bridge 

Bond Formation in in-situ S-treated GaAs(OO1) Surface Observed by Synchrotron 

Radiation Photoemission Spectrtoscopy, Appl. Sur. Sci., 130-132, 436(1998) 

(8) K.Watanabe, N.Koguchi: Fabrication ofBuried GaAIAs Microcrystal Structures by 
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Droplet Epitaxy ,J Surf. Anal. 4, 316(1998) 

(9) T.Chikyow, N.Koguchi: GaAs Microcrystal Growth on Semiconductor Surfaces by 

Low Energy Focused lon Beam, J. Vac. Sci. and Technol.B16, 2538(1998) 

(10)M.Shimoda, S.Tsukamoto, N.Koguchi: Coverage Analysis of a Sulfur-terminated 

GaAs(OO1)-(2x6) surface: the effect of double sulfur-treatment, Sur. Sci. 402-404, 

669, (1998) 

(11)S.Tsukamoto, M.Sugiyama, M.Shimoda, Y.Watanabe, S.Maeyama. T.Ohno, 

N.Koguchi: X-ray standing wave study of GaAs(OO1)(2x6)-S Surface, Photon 

Factory Activity Report. 15, 243, (1998) 

(12)M.Shimoda, Y.Watanabe, S.Tsukamoto, M.Sugiyama, S.Maeyama, T.Ohno, 

N.Koguchi: Synchrotron radiation photoelectron spectroscopy study of surfur-

terminated GaAs(OO1)(2x6) Surface, Photon Factory Activity Report. 15, 244, 

(1998) 

(13)M.Sugiyama, S.Tsukamoto, M.Shimoda, S.Maeyama, Y.Watanabe, T.Ohno, 

N.Koguchi: S-treated GaAs(OO1) surface studied by X-ray absorption near edge 

structure, Photon Factory Activity Report. 15, 245, (1998) 

(14)C.D.Lee, C.Park, H.J.Lee, K.S.Lee, S.J.Park, C.G.Park, S.K.Noh, N.Koguchi: 

Fabrication of Self-assembled GaAS/AIGaAS Quantum Dots by Low Temperature 

Droplet Epitaxy. Jpn. J. Appl.Phys. 37, 7158(1998) 

(15)S.Tsukamoto, N.Koguchi: Realtime in-situ Scanning Tunneling Microscopy 

Observation of Ga Adatoms near Step Edges on GaAs (OO1)(2x4)-As Surface, Proc. 

17th Electronic Materials Symposium, K2, pp.209. Izu Nagaoka (1998) 

(16)S.Tsukamoto, N.Koguchi: Self-Organizing Process of Ga Adatoms on GaAs 

(OO1)(2x4)-As Surface, Proc. 4th Inter. Conf. on Intelligent Materials, pp.316-317, 

Tokyo, (1998) 

(17)S. Tsukamoto, N. Koguchi: Dynamics of Ga adatoms near step edges on GaAs (OO1) 

surface, Proc. 6th Inter. Colloquium on Scanning Tanneling Microscopy, pp 16, 

Kanazawa, (1998) 

(18)S. Tsukamoto, N. Koguchi: Atomic-level in-situ real-space observation of Ga 

adatoms on GaAs(OO1)(2x4)-As surface during Molecular beam Epitaxy growth, J. 

Crystal Growth. 201/202, 118, (1999) 

(19)S.Tsukamoto. M.Shimoda. M.Sugiyama, Y.Watanabe. S.Maeyama. T.Ohno, 

N.Koguchi: Transition from GaAs(OO1)(2x6)-S to (2x3)-S Surfaces Observed by 

Synchrotron Radiation Photoelectron Spectroscopy, X-ray Absorption near Edge 

Structure, and X-ray Standing Waves, Institute ofPhysics Conference Series, 162, 

603,(1999) 
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(20)T.Mano, K.Watanabe, S.Tsukamoto, H.Fujioka, M. Oshima, N.Koguchi: New Self-

organized Ggrowth Method for InGaAS Quantum Dots on GaAs(OO1) using Droplet 

epitaxy, Jpn.J Appl.Phys. in press 

(21).Mano, K. Watanabe, H.Fujioka, M.Oshima, N.Koguchi: Fabrication of InGaAS 

Quantum Dots on GaAs (OO1) by Droplet Epitaxy, J. Crystal Growth, in press 

(22)T.Mano, K.Watanabe, S.Tsukamoto, Y.Imanaka, T.Takamasu, H.Fujioka, G. Kido, 

M.Oshima, N. Koguchi: Magneto-photoluminescence Study of InGaAS Quantum 

Dots Fabricated by Droplet Epitaxy, Physica E, in press. 

(23)M.Shimoda, S.Tsukamoto, T.Ohno, N.Koguchi, M.Sugiyama, S.Maeyama, 

Y.Watanabe: Stoichiometry Study of S-terminated GaAs(OO1)-(2x6) Surface with 

Synchrotron Radiation Photoelectron Spectroscopy, submitted to Phys. Rev. Lett. 

Oral Presentation: 42 

(1) International Conference: 11 

(2) Domestic Conference: 31 

Patent Application: 

(1) Crystal Growth Observing Apparatus: S.Tsukamoto and N.Koguchi, 1997. 12. 10, 

9-340413 (Japan), 1998.12.9, 09/206,976 (U.S.A.), 1998.12.9, 98310092.6 (EC) 

Award: 
(1) Fabrication of InGaAS QDS by Droplet Epitaxy, Award for the Excellent Student, 18th 

Annual Meeting of Surface Science Soc. in Japan, 1998 Dec.T.Mano, 

(2) Fabrication of InGaAS QDS by Droplet Epitaxy with Highly-dense Ga Droplets, 

JSAP Award for the Most Promising Young Scientist, 46th Annual Meeting of Jpn 

Appl.Phys. Soc, 1999 March, T.Mano 

5.3.5 Surface and Interface Analysis Unit 

Nobuyuki Koguchi (Supervising Researcher), Michiko Yoshitake, Yarama-Reddy 

Aparna (STA fellow), Andrei Rar (COE fellow) 

3. 1.3.5. I Research work 

We found that when deposited metallic film on substrate is heated in a 

vacuum, the substrate element diffuses onto the surface of the film and makes a 
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segregation layer. The segregation layer has the thickness of one atom and is quite 

stable in structure and composition. Even after the removal of the surface layer, this 

atomic order structure is formed again easily by heating. We call the behavior the 

self-controlling property of surface composition. Surface with segregation has special 

characteristics due to the co-existence of segregant and film atoms. Some of such 

characteristics are useful for vacuum technology application. We have been studying 

Ti segregation on Nb film for getter material and Cu segregation on Ti film for electron 

field emitter. This self-controlling property is advantageous to vacuum application, in 

respect offabrication and maintenance. We have established the general theory on the 

kinetics of the composition recovery rate under ion sputtering, segregation dependence 

on the elemental combination between a substrate and a film 

The relation between surface composition and work function has been studied in 

the case of Cu segregation on Ti film and Ti segregation on Cu film. It was found that 

the work function decreases by approximately 0.3 eV with the segregation of Cu on Ti 

film and increases about 0.2 eV when Ti segregates on Cu film. The chemical shift of 

Cu 2p3/2 suggests that the electron of Cu is partially transferred to Ti in both cases, Cu 

segregation on Ti film and Ti segregation on Cu film. It suggests that an electric dipole 

with a positive charge towards a vacuum exists on Cu-segregated Ti fflm and that with 

a negative charge towards a vacuum on Ti-segrega:ted Cu film. This picture well 

coincides with the experimental work function changed by segregation. By heating the 

specimen after the surface layer was reriloved by ion sputtering, segregation of Cu 

occurred again and the same saturated concentration was obtained, as well as the same 

amount of work function decrease. As the work function varies with the amount of 

adsorbed (segregated) atoms, the advantage of using the self-controlling property to 

obtain a stable work function for field emitter fabrication is proved. 

<Research theme> 

(1) Self-control of Surface Composition of Thin Ffilm and its Application to Field 

Emitter 

(Research for Intelligent Materials: April 1995 to March 2000, Michiko Yosh.itake) 

3.1.3.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M. Yoshitake, K.Yoshihara: Round Robin on Spectrometer Taansmission Calibration 

for AES in the COMMON DATA PROCESSlNG SYSTEM: Surf.Interface Anal., 25, 

209(1997) 
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(2) M. Yoshitake, K.Yoshihara: Compositional and Chemical State Analysis of Layered 

Intermetallic Compounds by Line Scanning of an Etched Crater with Scanning XPS, 

J.Surf.Anal., 3, 478(1997) 

(3) M. Yoshitake, K.Yoshihara: Study on Smart Getter Film, J.Vac.Soc.Jpn, 40, 

141(1997). (in Japanese) 

(4) M. Yoshitake, K.Yoshihara: Self-controlled Composition ofTi-Nb Film with Getter 

Function, Text for Electronic Material Soc., FEM-97-7(1997) 

(5) M. Yoshitake, K.Yoshihara: Retrieval System of AES/XPS Spectra on World Wide 

Web and the Description of Specimen Information for the System. ECASIA'97 Proc. 

p.1117, (1997) 

(6) M. Yoshitake, K.Yoshihara: Measurement of Work Function Change with Surface 

Segregation of Substrate Element on a Deposited Film, J.Vac.Soc.Jpn, 41, 230(1998) 

(in Japanese) 

(7) M. Yoshitake, K.Yoshihara: The Surface Segregation of Ti-Nb Ccomposite Film and 

its Application to a Smart Getter Material, Vacuum, 51, 369(1998) 

(8) M. Yoshitake. K.Yoshihara: Effect of Temperature on Recovery of Surface 

Segregation of Ti on Nb film, J.Japan Inst.Metals, 63, 252(1999) (in Japanese) 

(9) M. Yoshitake. K.Yoshihara: The Effect of X-ray Scanning on Intensity and Binding 

Energy of Photoelectron Peak and the Line Scanning Analysis of an Etched Crater, 

J.Surf.Anal., 5, 258(1999) 

(10)M. Yoshitake, K.Yoshihara: Relation between Change of Binding Energy and that 

of Work Function, J.Vac.Soc.Jpn, 42, 290(1999) (in Japanese) 

(11)M. Yoshitake, K.Yoshihara: Work Function Control by Surface Segregation 

Phenomenon on Deposited Films, Appl.Surf.Sci. 146, 97 (1999) 

(12)M. Yoshitake, K.Yoshihara: Interface modification of coated materials for substrate 

material recycle, Proc. 1lth Inter. Conf. of Women Engineers and Scientists, in press 

Oral Presentation: 18 

(1) International Conference: 9 

(2) Domestic Conference: 9 
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3.1.3.5 Researchers in the Extreme High Vacuum Station 

Age and research fields of researchers in the Extreme High Vacuum Station (M:arch 31, 

1991) 

Age Number Metal- Physics Chemistry Electronics Mechanical 
lurgy En ineering 

60 - o O o o O o 

50 - 60 1 o o o 1 o 

o - 49 4 1 1 o 1 1 

30 - 39 18 3 11 3 1 o 

22 ~ 29 3 O 1 2 o o 

Summation 26 4 13 5 3 1 

3. 1.3.6 Research Budgets in the Extreme High Vacuum Station 

Research budgets in the Extreme High Vacuum Station (yen) 

Kinds of budgets 1997 1998 

' Special Research 12,723,000 29,750,000 

' COE Project 250,044,000 222,931,000 

' Special Coordination Funds for 64,690,000 49, 136, OOO 

Promoting Science and Technology 

･ Research for Intelligent Materials 25,202,000 44,625,000 

･ Organized research Combination 
o 25,421,000 

System 

･ Supplementary Budgets 
o 9,901,000 

Summation 352,659,000 381,764,000 
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Chapter 4 SOCial-NeedS-Oriented ResearCh 

4. I Frontier Research Center for Structural Materials 

Akira Sato (Director of Frontier Research Center for Structural Materials) 

A Iarge portion of the infrastructure that was built during the era of the great 

economic growth of Japan will be outdated and need renewal. To maintain a secure 

society in the forthcoming century, we need to guarantee the safety and prolonged 

service life of structural materials and infrastructure . Taking global economic issues 

into consideration, such concepts as low environmental load and conservation of 

resources have attained increased significance, whereby innovations in steels as the 

principal components of structures are believed to make a great impact on society. 

The NRIM has founded the Frontier Research Center for Structural Materials with 

the goal to create non-traditional structural materials, in the form of Ultra-Steels, for 

the 2lst century. At the Frontier Research Center, revolutionary concepts rather 

than modifications of conventional technology will be the main objective of talented staff 

collected from industries and universities, with the whole operation supported from a 

specific budget allocation 

The Frontier Research Center for Structural Materials is composed of 3 Research 

Stations, The Materials Creation Research Station, The Joining and Interface Research 

Station, and The Strength and Life Evaluation Research Station. The activities of 

these Stations will be described later. 

In the Frontier Research Center for Structural Materials, the research project of 

Creation of Ultra-Steels for the 2lst century is being carried out. The motto of the 

project is to decrease the environmental load and the total cost of structural materials, 

that is, steels, by doubling their strength and life. In pursuit of this objective, the 

following 4 research topics are launched: (1) Development of 800-MPa-class high 

strength, ferrite-matrix steels with improved weldability, (2) Advanced ultra-high 

strength steels (1500-MPa-plus class), (3) Advanced ferritic steels for 650 ~C ultra-

supercritical steam boilers, and (4) Development of steels resistant to marine corrosion. 

Tentatively, a ten~year research period is allotted, during the first 5 years of which, the 

focus is on basic studies seeking breakthroughs from traditional technology. In the later 

5 years we are going to challenge the scale-up of the processes based on the principles 
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found in the first 5 years. 

The Frontier Research Center for Structural Materials consists of a network 

structure based on taskforces, which facilitates each research topic. Researchers in 4 

taskforces come from the 3 Research Stations mentioned above. This cross-linking is 

designed for effective and strengthened cooperation and competition among Stations 

and Taskforces. Such a network creates the Spiral Dynamism. The number of 

researchers working in the Frontier Research Center is about 110: about 30 from 

industries and universities, and the rest from the Institute. The Frontier Research 

Center for Structural Materials is expected to grow as a focal point of human resources 

by attracting more scientists both from industries and universities. The technical 

reputation as an R&D center of structural materials will increase by distributing 

achievements in the form of technical papers and other types of information. 

Research products 

Table I Patent 

Domestic 

23 

1997 

Infernational 

o 

Domestic 

40 

1998 

International 

29 

Table 2 Research presentation 

1997 1998 

Domestic International Domestic International 

Oral Written Oral Written Oral Written Oral Writte n 

105 50 18 24 315 138 36 56 
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Table 3 Research budget for STX-21 (thousand Yen) 

heme umber To p ic 1997 1998 

Original Final 

09-61-01 800-MPa- class steels 146,000 200,413 304,873 

09-61-02 1500-MPa-class high strength steels 148,000 124,913 265,942 

09-61-03 Heat-resistant steels 141,000 286,913 425,528 

09*6 l*04 Corrosion-resistant steels 137,405 169,913 233,243 

09-61-20 Common equipment 170,000 100,500 96,600 

09-6 1-30 Adjusting appropriation 47,371 33,231 20,232 

09-6 1 -40 Common expenses 6,960 9,219 

Total 789,776 922,843 1,355,637 
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4. I . I Materials Creation Research Station 

Akira Fukuzawa(Supervising Researcher) 

4.1.1.1 Research work 

Following the 5th Long-term Plan, the R&D aiming to create new structural 

materials, in other words, ultra steels, has been promoted at the Materials Creation 

Research Station. The efforts for creating new steels to sustain the coming new 

century and to continue the lron Age in the following new century have been 

endeavored and are being carried out now. Examples ofthe outcomes are shown next 

(1) Ultrafine grain steels have been created by advanced thermomechanical treatment, 

and their mechanical properties have almost reached the levels proposed in the 

project, that is, double the strength. 

(2) To produce high tensile strength steels with a high resistance to delayed fracture, a 

modified ausforming method based on a new concept has been established. 

(3) Leading principles to develop heat resistant steels for the ultra supercritical boiler 

of power plants have been proposed and new steels are becoming real in terms of 

creep rupture strength or oxidation resistance. 

(4) Stainless steel with ultra low P Ievels to obtain a high anti-stress corrosion 

properties has been obtained by the use of a cold crucible levitation melting method 

with the application of reduction refining. 

(5) Powder metallurgy with a new process flow concept has produced a plain oxygen 

steel with unexpeetedly high strength, or a heat resistant steel with finely dispersed 

oxide . 

(6) New type Mn alloys for damping and recyclable aluminum casting alloys without 

grain refining elements have been developed. 

The members ofMaterials Creation Resdarch Station, as at March 31, 1999, consisted 

of 21 researchers, 5 STX-21 research fellows, 3 STAfellows, 2 domestic research fellows, 

2 technicians, 2 special technical staffs, 5 graduate students, 2 under graduate students, 

and 11 guest researchers. 

The output of the research activities has been increased since the start of the 5th 

Long-term Plan. The number of publications, including submitted papers, oral 

presentations and patents submitted is 71, 169 and 46, respectively, and the number of 

awards won is 8, between April 1, 1997 to March 31, 1999. The details are shown in the 

research activities of each research unit. 
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The supporting work in melting, forging, rolling and heat treatment for the 

requirements from researchers in the Institute is engaged in the 5th Laboratory. For the 

support of metal working, facilities such as vacuum induction melters, 300t press, rolls 

and heating furnaces are kept in good condition and operated with highly experienced 

skills, to produce samples to meet researchers demands, by 3 researchers, 2 technicians, 

and 2 special technical staff. A serious problem is the decrease in number of support 

members due to retirement. 

4. 1. 1.2 18t Unit 

Kazuyuki Sakuraya, Toshiaki Watanabe, Satoshi lwasaki and Yoshinao Kobayashi 

4.1.1.2.1 Research work 

(1) The development and improvement of a cold crucible type levitation melting method 

of a capacity more than lkg-steel have been carried out successfully. It made 

possible to melt refractory metals or active metals without pollution. 

(2) Reduction of P content in stainless steel for marine use to as low as 2 ppm has been 

obtained by reduction refining methods in the cold crucible. 

(3) Study on deoxidization of Ti by the use of rare earth elements has proved the 

possibility to decrease the oxygen content of Ti, which contains over 1000ppm at the 

outset. 

<Research themes> 

(1) Development of Structural Steels Durable to Marine Environments (Research on 

Structural Materials for 21*t Century: April 1997 to March 2002, Toshiaki Kodama) 

(2) Melting of Refractory Metals by Cold Crucible Levitation Melting (General 

Research: April 1997 to March 1999, Akira Fukuzawa) 

(3) Properties of inclusion removal of molten metal by the cold crucible levitation 

method (Bilateral International Joint Research by Special Coordination Funds for 

Promoting Science and Technology: 1998 Fiscal Year, Akira Fukuzawa) 

4.1.1.2.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) A.Fukuzawa, K.Skuraya, T.Watanabe, S.Iwasaki: Melting of Titanium with Cold 
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Crucible, in Progress Report on Heisei 9th , ed. by JST(Kawaguchi, Japan 1998) (in 

Ja p anese) 

(2) A.Fukuzawa, K.Skuraya, T.Watanabe, S.Iwasaki: Removal of Phosphorous in 

Stainless Steel by Cold Crucible, in Progress Report on Heisei 9th, ed. by 

JST(Kawaguchi. Japan 1998) (in Japanese) 

(3) M.Nagano, A.Akutsu, T.Takahashi, T.Watanabe, S.Iwasaki: Remelting of Nodular 

Cast lron by Electromagnetic Levitation Melting System, Symposium on New 

Magnetic Science'97, Urawa Nov. 27-28, 1997 (in Japanese) 

(4) A.Fukuzawa, K.Skuraya, T.Watanabe, S.Iwasaki. Y.Kobayashi : Dephosphorization 

of Molten Stainless Steel by Using a Cold Crucible, in New Advancement lh 

EJectromagl2etjc Processl'2g ofMaterjals, ed. by Electromagnetic Noble Processing 

Research Group in ISIJ(Tokyo, Japan 1999) (in Japanese) 

' Oral Presentation: 4 

(1) International Conference: O 

(2) Domestic Conference: 4 

･ Patent Application : 

(1) Refining of Molten Metals, A.Fukuzawa, K.Sakuraya. T.Watanabe, S.Iwasaki, 

030398, 10-51112 

(2) Removal of P in Stainless Steel. A.Fukuzawa, K.Sakuraya. T.Watanabe, S.Iwasaki, 

030398, 10-51113 

(3) Production Method of Anti-corrosion Stainless Steel, K.Sakuraya, T.Watanabe, 

S.Iwasaki, Y.Kobayashi, A. Fukuzawa, H.Uno, Y.Katada. 260299. 11-051031 

' Award : 

(1) STAAward for Achievement, A. Fukuzawa, 1998.5. 19 

4. 1. 1.3 2~d Unit 

Masaaki lgarashi (Unit Leader). Seiichi Muneki, Kazuhiro Kimura, Josef Nemec 

(STA fellow), Kenta Suzuki Goint-doctoral course student), Satoshi Itoh (undergraduate 

student) 
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4.1.1.3.1 Research work 

(1) Several fundamental guiding principles to improve creep rupture strength and 

steam oxidation resistance of ferritic steels at elevated temperatures have been 

established for the development of new materials to be used for 650~C USC boilers. 

Improvement of microstructural stability is found to be a prime candidate and useful 

approach for life ,extension of ferritic creep resistant steel based on the established 

inherent creep strength. 

(2) An automatically controlled constant stress creep test machine has been developed. 

A new guideline has been proposed to evaluate inherent creep strength from creep 

deformation under a constant stress creep test. 

(3) A new sophisticated evaluation method has been established to characterize the 

transformation and precipitation behavior of ferritic steels using a combination of 

differential scanning calorimetry and vibrating sample magnetic measurement. 

This allows one to measure A A M Mf' and A2 ofthe ferritic steels and the nose cl' c3, s' 
temperatures ofvarious precipitations in the steels with great accuracy and ease. 

<Research themes> 

(1) Research and Development ofAdvanced Ferritic Steels for 650~C USC Boilers from 

the Standpoint of Long-term Phase Stability (Research on Structural Materials for 

21*t Century: April 1997 to March 2002, Fujio Abe) 

(2) Fundamental Research on Evaluation Method of Inherent Creep Strength (Special 

Coordination Funds for Promoting Science and Technology: April 1997 to March 

1998, Kazuhiro Kimura) 

(3) A New Approach to Characterize Recovery and Softening Processes of Martensite 

(Special Coordination Funds for Promoting Science and Technology: April 1998 to 

March 1999, Masaaki lgarashi) 

4.1.1.3.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K.Kimura, H.Kushima, F.Abe, K.Yagi: Inherent Creep Strength and Long Term 

Creep Strength Properties of Ferritic Steels, Materials Science and Engineering, 

A234-236, 1079 (1997). 

(2) M. Igarashi, Y. Sawaragi: Development of O. IC- 11Cr-3W-3Co-V-Nb-Ta-Nd-N Ferritic 

Steel for USC Boilers, Inter. Conf. on Power Eng. '97, Vol.2, 107 (1997). 
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(3) K.Kimura, H.Kushima, K.Yagi: Life Extension of Ferritic Creep Resistant Steels by 

a Stabilizing ofMicrostructure, Proc. 3'd Inter. Conf. ECOMATERIALS, 119 (1997). 

(4) K.Kimura, H.Kushima, F.Abe, K.Yagi, H. Irie: Assessment of Creep Strength 

Properties of 9 to 120/0 Cr Steels from a Viewpoint of Inherent Creep Strength, Proc. 

4th Inter. Charles Parsons Turbine Conf., 257 (1997). 

(5) S. Muneki, F. Abe, H. Irie: Relationship between Hardness and Fracture Toughness 

of a 9.7molo/e MgO Partially Stabillized Zirconia Alloy and High Specific Strength 

Metallic Materials, 5th Japan Inter. SAMPE Symposium, 547 (1997). 

(6) K.Kimura, H.Kushima, F.Abe, K.Yagi: Evaluation of the Creep Strength Property 

from a viewpoint of Inherent Creep Strength for Ferritic Creep Resistant Steels, 

MjcrostructuraJ Stabjljty of Creep Besjstant AJJoys for Hjgh Temperature PJant 

AppJjcatjons, Edited by A.Strang, J.Cawley and G.W.Greenwood, Microstructure of 

High Temperature Materials, Number 2, The Institute ofMaterials, p.185 , (1998). 

(7) M. Igarashi, S. Muneki. F. Abe: Microstructure Control ofMartensitic Phase Matrix 

in Advanced Ferritic Steels for USC Boilers to Achieve Long Term stability, 6th 

Liege Conf. on Materials for Advanced Power Engineering, 1.637 (1998). 

(8) S. Muneki, M. Igarashi, F. Abe: Microstructure Control of Martensitic Phase in 

Advanced Ferritic Steels for USC Boilers to Achieve Long Term Stability at High 

Temperatures, 1lth Congress of Inter. Fed. For Heat Taeatment and Surface 

Engineering, 265 (1998). 

(9) M. Igarashi, S. Muneki, F. Abe: Creep Properties of a " precipitation hardened 

ferritic steels, Report of 123 Committee on Heat-Resisting Metals and Alloys, Jpn 

Soc. for the Promotion of Sci., 39, 355 (1998). (in Japanese) 

(10) K. Kimura, F. Abe, H. Irie, K. Yagi: Long-Term Creep and Creep Rupture Properties 

and Microstructural Changes of Heat Resistant Steels, Materials for Advanced 

Power Engineering 1998, Vol.5, Part 1, 627 (1998). 

(11) M. Igarashi. S. Muneki: Homogeneous precipitation of Llo type ordered FePd in 

advanced heat-resistant martensitic steels, Proc. of Inter. Conf. On Solid-Solid 

Phase Transformations '99, May 24-28, Kyoto, 1999 

(12) M. Igarashi, S. Muneki, F. Abe: Homogeneous precipitation of Llo type ordered 

FePd in advanced heat-resistant martensitic steels. Proc. of Inter. Conf. On Case 

Histories on Integrity and Failures in Industry, Sept. 28-0ct.1, Milan, 1999, 

submitted 

(13) S. Muneki, M. Igarashi, F. Abe: Effect Of Thermomechanical Heat Treatment On 

Creepcharacteristics Of High Cr Heat Resistant:Ferritic.Steels. Proc. of Inter. Conf. 

On Case Histories on Integrity and Failures in Industry, Sept. 28-0ct.1, Milan, 
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1999, submitted 

' Oral Presentation: 38 

(1) International Conference: 12 

(2) Domestic Conference: 26 

Patent Application : 

(1) Heat Resistant Ferritic Steels: M. Igarashi. F. Abe, S. Muneki, K. Kimura, H. 

Kushima, N. Fujitsuna, 1997.9.24, Hei-09-256479, ~~p~n, II~., ~~~nany, 

I~~nlnaik 

(2) Heat Resistant Ferritic Steels: M. Igarashi, F. Abe, S. Muneki, K. Kimura, H. 

Kushima, N. Fujitsuna, 1997.9.24, Hei-09-256480, ~la~~n, IL~, ~~n~ny, 

1~~nmaik 

(3) Heat Resistant Ferritic Steel with Lath-martensitic Microstructure and Method 

for Producing it: M. Igarashi, F. Abe. S. Muneki, 1997.9.24, Hei-09-256482, Jap~n, 

IL~~, ~~:m~y, D~~~~k. 

(4) Precipitation Hardened Heat-resistant Ferritic: M. Igarashi, F. Abe. S. Muneki, 

1999.8.31, Hei-10-260956, ~lap~~l, IJL~. ~~m~y. 

(5) Precipitation Hardened Heat-resistant Ferritic: M. Igarashi, S. Muneki, F. Abe, 

1999.02.26, Hei-11-052005, ~~~n, (U.S., Germany, Denmark to be expected). 

(6) Precipitation Hardened Martensitic Heat-resistant Ferrous Alloys: M. Igarashi, 

S. Muneki, F. Abe, 1999.02.26, Hei-11-051844. ~~~n, (U.S., Germany, Denmark 

to be expected). 

4. l. 1.4 3*d Unit 

Kotobu Nagai (Unit Leader), Shiro Torizuka, Osamu Umezawa, Tadanobu 

Inoue, Tetsuya Ohashi (STX-21 research fellow), Tohru Hayashi (STX-21 research 

fellow), Hiroshi Nakajima (STX-21 research fellow), Toshihiro Hanamura (domestic 

research fellow), Ilaria Salvatori (STA fellow), Naohisa Yokoyama (graduate student), 

Noriyuki Tsuchida (graduate student), Satoshi Genda (undergraduate student), 

Hideaki Moriya (guest researcher), Yo Tomota (guest researcher), Yoshiyuki Saito (guest 

researcher), Shiro Yoshimatsu (guest researcher) 
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4. 1. 1.4.1 Research Work 

(1) Ultrafine grain steels have been created through heavy deformation and heat 

treatments, and their mechanical deformation behaviors also studied with an aid of 

computer simulation. 

(2) Recyclable design of base metals was attempted from the perspectives of 

environmental load reduction. 

<Research themes> 

(1) Study on Strengthening of Ferrite Matrix Steels for Welded Structures (Research on 

Structural Materials far 21*t Century: April 1997 to March 2002, Kotobu Nagai) 

(2) Study on Design and Evaluation of ECOMATERIALS -Fine Microstructure 

Development in Plural Phases Alloy- (Special Coordination Funds for Promoting 

Science and Technology: April 1996 to March 1998, Kotobu Nagai) 

4.1.1.4.2 Research products, including papers submitted(April l, 1997 to 

March 31, 1999) 

(1) S.Torizuka, O.Umezawa, K.Tsuzaki. K.Nagai: Refinement of Ferrite-Pearlite 

Structures through Transformation from Heavily Deformed Austenite in a Low 

Carbon Si-Mn Steel, Materials Science Forum, 284-286, 225 (1998) 

(2) S.Torizuka. O.Umezawa, K.Tsuzaki, K.Nagai. S.Genda. Y.Kogo: Effect of Strain 

rate and Deformation Temperature on Fine Ferrite Grain Structure Formed from 

Heavily Deformed Austenite, Inter. Conf. on Solid-Solid Taansformation '99, in 

press 

(3) - O.Umezawa, K.Nagai: Microstructural Design and Processing of Plasticized 

Hyper-eutectic Al-Si-Fe Alloys, Proc. 3*d Inter. Conf. on ECOMATERIALS, 59, 

(1997) 

(4) O.Umezawa, K-.Nagai: Microstructural Design of Hyper-eutectic Al-Si Alloy and 

Its Deformation Behavior, Proc. 3*d Inter. Conf. on ECOMATERIALS, 91, (1997) 

(5) C.-Y.Lirri, O.Umezawa, K.Nagai: Microstructural Control of Recyclable Al-Si-Fe 

Alloys by Low Temperature Working Process, Proc. 3*d Inter. Conf. on 

ECOMATERIALS, 99, (1997) 

(6) O.Umezawa, K.Nagai: Subsurface Crack Generation in High-cycle Fatigue for 

High Strength Alloys, Iron Steel Inst. JPN. Inter., 37, 1170, (1997) 

(7) H.Yokoyama, O.Umezawa, K.Nagai, T. Suzuki: Distribution of Internal Crack 

Initiation Sites in High-cycle Fatigue for Titanium Alloys, Iron Steel Inst. JPN. 

Inter., 37, 1237, (1997) 

(8) O.Umezawa, K.Nagai, H.Yokoyama, T.Suzuki: Effects of Microstructure on the 
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(9) 

(10) 

(11) 

(12) 

(13) 

( 1 4) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

Subsurface Crack Initiation of Ti-6Al-4V alloys, Hjgh CycJe Fatlgile ofStructuraJ 

MaterjaJs, TMS, 287, (1997) 

O.Umezawa, K.Nagai: Deformation Structure and Subsurface Fatigue Crack 

Generation in Austenitic Steels at Low Temperature, Metall. Mater. Trans. A, 29A, 

809, (1998) 

C.-Y.Lim, O.Umezawa, K.Nagai: Influence of Low Temperature Working on 

Microstructure and Mechanical Properties of Al-7Si-(Fe) Alloys, , Metals and 

Materials, 4, 1027,( 1998) 

O.Umezawa, K.Nagai: Effects of Test Temperature on Internal Fatigue Crack 

Generation Associated with Non-metallic Particles in Austenitic Steels, Metall. 

Mater. Taans. A, 29A, 3017, (1998) 

O.Umezawa, H.Yokoyama, K.Nagai. T.Suzuki. K.Kokubo: Electron Microscopy 

Study of Cyclic Deformation in Ti-Fe-O alloy at Low Temperature, FATIGUE'99, 

vol.1, High Edu. Press, 211, (1999) 

O.Umezawa, K.Nagai: Microstructural Refinement of As-cast Al- 12.6wto/oSi Alloy 

by Repeated Thermomechanical Treatment to Produce a Heavily Deformable 

Material, Metall. Mater. Trans. A, 30A, (1999), in press 

H.Yokoyama. O.Umezawa, K.Nagai, T.Suzuki, K.Kokubo: Internal Crack 

Initiation in High-cycle Fatigue of Ti-Fe-O Alloy at Liquid Nitrogen Temperature, 

Titanium'99, in press 

T.Inoue, Y.Mutoh, M.Hojo, S.Ochiai: Conditions of Compressive Residual Stress at 

the Interface Edge of Dissimilar Materials, J. Welding Society, 17, 120(1999) 

T.Inoue, S.Kubo: Thermal Stress Field at the Interface Edge in Dissimilar 

Materials, J. Society Materials Science, 48, 365(1999) 

T.Inoue, M.Hojo, S.Ochiai: Disappearance Conditions of Thermal Stress 

Singularities Based on Stress Intensity in Two and Three-Phase Bonded 

Structures, Inter. J. Fracture, in press. 

T.Ohashi, K.Hidaka, S.Imano: Elastic Stress in Single Crystal Ni-base Superalloys 

and the Driving Force For Their Microstructural Evolution under High 

Temperature Creep Conditions. Acta Mater. 45,1801(1997) 

T.Ohashi, K.Miyake, K.Ohashi: Molecular Dynamics Simulations of Low Energy 

Atomic Collisions Between an Atom and a Substrate: Effect of incident Angle and 

Energy, Nuclear instruments and Methods in Physics Research B, 121, 40(1997). 

T.Ohashi: Finite Element Analysis of the Plastic Slip and Evolution of the 

Geometrically Necessary Dislocations in F.C.C. Crystals, Phil. Mag. Lett., 75, 

51(1997). 
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(21) T.Ohashi, K.Hidaka, M.Saito: Quantitative Study of The Plastic Slip Deformation 

and Formation of Internal Stresses in Ni-base Superalloys, Mat. Sci. Engi. A, 238, 

42(1997) 

(22) T.Hayashi. M.Saito, K.Tsuzaki, K.Nagai: "Formation of Equiaxed Fine Ferrite 

Grain Structures through Warm Forging of Low Carbon Martensite" ,The 4th Inter. 

Conf. on Recrystallization and Related Phenomena, 13, 333,(1999) 

(23) H.Moriya, K.Nagai. Y.Kawabe, A.Okada, Strain Rate Dependence of Stress-Strain 

Curves in a Ti-Fe-OAlloy, ISIJ Inter. 37, 1016,(1997) 

(24) H.Moriya, K.Nagai, Y.Kawabe and A.Okada, Room-Temperature Stress 

Relaxation in a Ti-Fe-O Alloy, Tetsu to Hagane 83, 599,(1997) (in Japanese) 

(25) H.Moriya, K.Nagai. O,Umezawa, Fracture Characteristics and Deformation 

Behavior of Solution-treated Ti-15V-3Cr-3Sn-3Al Alloy, Int. J. Materials & 

Product Technology, in press 

(26) K.Nagai, Y.Sakai. O.Umezawa. Trade-off-Balancing through Geometrical Control 

of Microstructure in Plural Phase Alloys, Proc. of 28th FRP Symposium, JSMS, 

(1999) (in Japanese) 

(27) K.Nagai, S.Matsuoka, R&D on High Strength Steels in 'Ultra-Steels Project', J. 

Soc. Mater. Science. JPN, 48,(1999) in press. (in Japanese) 

･ Oral Presentation: 83 

(1) International Conference: 8 

(2) Domestic Conference: 75 

･ Patent Application 

(1) Ultra-fine Structure Steel and Method for Producing It. S.Torizuka, K.Tsuzaki, 

K.Nagai, 1997.9.22, Japan 09-256682 

(2) Ultra-fine Ferrite Grain Structure Steel, S.Torizuka, K.Tsuzaki. K.Nagai, 

O.Umezawa, 1998.3.4, Japan 10-052545 

(3) Method for Producing Ultra-fine Structure Steel, S.Torizuka, O.Umezawa, 

K.Tsuzaki, K.Nagai, 1998.2.26, Japan 11-051799 

(4) Processing of Multi-phases Al-Si-Fe Alloys, O.Umezawa, K.Nagai, Japan, 1998. 

2.27. Japan 10-048382 

(5) Processing ofAl-Si-Fe Alloys, O,Umezawa, K.Nagai, Japan, 1998. 3. 3, Japan 10-

051111 

(6) Oxide Dispersed Steel and Its Production Method, H.Nakajima, S.Torizuka, 

K.Tsuzaki, K.Nagai, 1998.03.04, Japan 10-052556 
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(7) High Strength P-added Low Carbon Steel with Fine Grain Structure, T.Hanamura, 

H.Nakajima, S.Torizuka, K.Tsuzaki, K.Nagai, 1998.08.31, Japan HI0-260957 

(8) Oxide Dispersed Steel and Production Method, H.Nakajima, S.Torizuka, K.Tsuzaki, 

K.Nagai, 1998.09.02, Japan 10-248483 

(9) Thick Steel Product with High Weldability and Production Method, H.Nakajima, 

S.Torizuka, K.Tsuzaki, K.Nagai, 1999.02.25, Japan 11-048962 

(10) Ultra Fine Ferrite Steel, T.Hayashi, S.Torizuka, K.Tsuzaki, K.Nagai, 1998.09.22, 

Japan 09-256483 

(11) Ultra Fine Ferrite Steel and Its Production Method, T.Hayashi, O.Umezawa, 

S.Torizuka, K.Tsuzaki, K.Nagai, 1999.02.26, Japan 11-052004 

(12) Production Method of Thick Ultra Fine Ferrite Steel, T.Hayashi, M.Saito, 

S.Torizuka, K.Tsuzaki, K.Nagai, 1999.02.26, Japan 11-052006 

(13) High Strength and Toughness Steel Bar and Its Production Method, T.Hayashi, 

S.Torizuka, K.Tsuzaki, K.Nagai, 1999.02.26, Japan 11-052008 

(14) Production Process of High Strength P-added Low Carbon Steel with Fine Grain 

Structure, T.Hanamura, H.Nakajima, S.Torizuka, K.Tsuzaki, K.Nagai, 1999.02.26, 

Japan H11-052008 

(15) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka, K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, U.S.A 09/157,394 

(16) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka, K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, China 98120620.4 

(17) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka, K.Tsuzaki, 

K.Nagai. O.Umezawa, 1998.9.21, Korea 1998-38944 

(18) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka, K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, Taiwan 87115693 

(19) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka. K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, EPC U.K. 98307632.4 

(20) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka, K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, EPC France 98307632.4 

(21) Ultra-fine Texture Steel and Method for Producirrg It, S.Torizuka, K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, Germany 98307632.4 

(22) Ultra-fine Texture Steel and Method for Producing It, S.Torizuka, K.Tsuzaki, 

K.Nagai, O.Umezawa, 1998.9.21, Sweden 98307632.4 

(23) Fine Ferrite-based Structure Steel and Production Method Thereof, T.Hayashi, 

S,Torizuka, K.Tsuzaki., K.Nagai, O.Umezawa, 1998.09.21, America 09/157.393 

(24) Fine Ferrite-based Structure Steel and Production Method Thereof, T.Hayashi, 
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S.Torizuka, K.Tsuzaki, K.Nagai, O.Umezawa, 1998.09.21, Korea 1998-38945 

(25) Fine Ferrite-based Structure Steel and Production Method Thereof, T.Hayashi, 

S.Torizuka, K.Tsuzaki. K.Nagai, O.Umezawa, 1998.09.21,Germany 98307638. 1 

(26) Fine Ferrite-based Structure Steel and Production Method Thereof, T.Hayashi, 

S.Torizuka, K.Tsuzaki, K.Nagai. O.Umezawa, 1998.09.21. France 98307638.1 

･ Awards: 

(1) Best Paper Award in Kogakuin University, H.Yokoyama, 1998.3.20. 

(2) Nishiyama Memorial Award, ISIJ, K.Nagai, 1998.4.1 

(3) JSME Young EngineersAwards, JSME, T. Inoue, 1998.4.3. 

(4) Encourage Award ofPresentation, The Japan Society for Heat Treatment, 

T.Hayashi, 1998.5.27 

(5) Best Poster Presentation Award for Student, ISIJ. H.Yokoyama, 1999. 3.30. 

4.1.1.5 4th Unit 

Kaneaki Tsuzaki (Unit Leader), Yoshikazu Sakai, Yoshiaki Osawa, Goro Arakane, 

Susumu Takamori, Toru Hara, Satoru Yusa (STX-21 research fellow). Shusaku Takagi 

(STX-21 research fellow). Yin Fuxing (domestic research fellow), Jiao Yuning (STA 

fellow), Toshihei Misawa (guest researcher), Masato Enomoto (guest researcher), 

Masaharu Kato (guest researcher), Setuo Takaki (guest researcher), Kohji Kawahara 

(gue~t researcher), Osamu Ohasi (guest researcher) 

4. I . I . 5. I Research work 

(1) Ultra-high strength martensitic steels with high resistance to delayed fracture 

have been created through thermomechanical processing. 

(2) The ultra-fine grained ferrite steels containing fine oxide particles with a tensile 

strength over 1500MPa have been created by utilizing a mechanical milling 

process. 

(3) The morphology and crystallography of carbides in tempered martensite have 

been studied by means of TEM and AFM. 

(4) Estimation of hydrogen embrittlement sensitivity of high strength steels has 

been studied from the viewpoint of the diffusible hydrogen content for crack 

initiation. 

(5) Development of new types of damping alloys, to substitute for both damping steel 
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plates and higher recyclability aluminum casting alloys, without grain refining 

elements has been carried out. 

(6) Fabrication and characterization of ceramics particles dispersed cast iron by 

compo-casting process have been carried out. 

<Research themes> 

(1) Study on Development ofAdvanced Ultra-High Strength Martensitic Steels 

(Research on Structural Materials for 2lst Century: April 1997 to March 2002, 

Saburo Matsuoka) 

(2) Research and Development of Recyclable Simple-System Alloys 

(Pollution Prevention Research: April 1996 to March 2001, Akira Sato) 

(3) Fabrication of Highly Functional Composite Cast lrons 

(Special Coordination Funds for Promoting Science and Technology: April 1996 to 

March 1999, Akira Sato) 

4 1 1.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K.Tsuzaki, N.R.Ikeda, T.Maki: Effect of Ferrite Morphology on the Cold-rolling 

and Recystallization Textures in an Ultra-10w Carbon Steel, Scripta Mater. 36, 

905-913, (1997). 

(2) K.Tsuzaki, E.Sato, S.Furimoto, T.Furuhara, T.Maki: Formation of an (alpha + 

gamma) Mieroduplex Structure without Thermomechanical Processing in 

Superplastic Ultrahigh Carbon Steels, Scripta Mater. 40, 675-681, (1999). 

(3) T.Maki, T.Furuhara, K.Tsuzaki: Microstructure Development by 

Thermomechanical Processing in Duplex Stainless Steel and Beta Titanium Alloy , 

Inter. Conf. on Thermomechanical Processing of Steel & Other Materials 

(Thermec'97), 78-86, 1997. 

(4) E.Sato, S.Furimoto, T.Furuhara, K.Tsuzaki, T.Maki: Microstructure Control for 

Superplasticity of an Ultra-High Carbon Steel, Mater. Sci. Forum, 304-306, 133-

138, (1999). 

(5) K.Tsuzaki: Metallurgy of Grain Refinement through Ferrite Transformation from 

Work-hardened Austenite, J. Jpn. Soc. for Heat Treatment, 33, 146-153, (1998). (in 

Ja panese) 

(6) K.Tsuzaki, M.ivlituzono, H.Kobayashi. T.Maki: Formation of {111} Recrystallized 

Grains at Grain Boundaries in Bicrystals of an Fe-19010Cr Ferritic Alloy, 4th Inter. 

Conf. on Rectystallization and Related Phenomena, Tsukuba, July 13- 16, 347-354, 
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(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

( 1 3) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

1999. 

S.Yusa, T.Hara, K.Tsuzaki, T.Takahashi,: Refinement of grain boundary cementite 

in medium-carbon tempered martensite by thermomechanical processing, Mat. Sci. 

Eng., in press 

T.Hara, T.Ohba, K.Otsuka: Turin Interface Structures in Martensitically 

Transformed T 1'Cu-Al-Ni and T 2'Au-CdAlloys, Proc. 3*d pacific Rim Inter. Conf. 

on Advanced Materials and Processing (PRICM3), 1119- 1204, 1998. 

T.Hara, S.Yusa, K.Tsuzaki: Microstructural Characteristics of Cementite in 

Tempered Martensite Derived from Strain-Hardened Austenite, Proc. Inter. Conf. 

on Solid-Solid Phase Teansformations'99(PTM'99), (accepted) 

T.Hara, T.Ohba and K.Otsuka ｦivin Interface Structures in 7 1'Cu-Al-Ni 

Martensite, Materia,37, 384. (1998). 

Y.Sakai, H.-J.Schneider-Muntau: Ultra-High Strength, High Conductivity Cu-Ag 

Alloy Wires, Acta Mater. 45, 1017-1023, (1997). 

Y.Sakai, T.Asano, T.Kiyoshi, K.I~loue, H.Wada: Development of the Ultra-High 

Strength, High Conductivity Cu-Ag Alloy, Proc. 15th Inter. Conf. on Magnet 

Technology, 1222-1225, (1997). 

Y.Sakai, T.Asano, K.Inoue, H.Maeda: Strength and Conductivity of Cu-Ag 

Microcomposites, High Magnetic Field, World Scientific, 477-488, (1997). 

Y.Sakai: Strength of Havily Cold Worked llvo-Phase Copper Alloys, Materia, 36, 

692-696, (1997). (in Japanese) 

Y.Sakai, K.Inoue, K.Tanaka, K.Moriyasu, T.Ohgaki: Development and Application 

of Cu-Ag Alloys with High Strength and High Conductivity, Showa Electric Wire & 

Cable Review, 48, 144(1998). (in Japanese) 

F. Yin, Y. Ohsawa, A. Sato. Kohji Kawahara: Temperature Dependent Damping 

Behavior in a Mn-19Cu*6Ni-2Fe alloy Continuously Cooled in Different Rates 

from the Solid Solution Temperature, Scripta Mater. 38, 1341, (1998). 

F. Yin, Y. Ohsawa, A. Sato, K. Kawahara: Solid Solution Taeatment Improved 

Damping Behavior in an As-casted and Cold-rolled Mn-20Cu-5Ni-2Fe Alloy, 

Zeitschrift fiir Metallkunde, 89, 481(1998). 

F.Yin, Y. Ohsawa, A. Sato, K. Kawahara: Effect of Solid Solution Treating on the 

Microstructure and Damping Behavior of MnCuNiFe Alloys, J. Materials Science 

and Technology, 14, 299(1998). 

F. Yin, Y. Ohsawa, A. Sato. K. Kawahara: Decomposition of High Temperature 

Gamma-Mn Phase during Continuous Cooling and Resultant Damping Behavior 

in Mn74.8Cul9.2Ni4,0Fe2.0 and Mn ,*2 4Cu20.eNi5,eFe2.0 Alloys, Materials Transactions, 
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JIM 39, 841(1998). 

(20) F. Yin, Y. Ohsawa, A. Sato, Kohji Kawahara: X-Ray Diffraction Characterization 

of the Decomposition Behavior of Gamma-Mn Phase in a ivl:n-30 at oloCu Alloy, 

Scripta Mater. 40, 992(1999). 

(21) F. Yin, Y. Ohsawa, Akira Sato, K. Kawahara: Modulated Microstructure 

Observation in a Slowly Cooled Mn- 19.7Cu-7.9Ni-2Fe (at.o/o) Alloy. Zeit. Metallk., 

90(6),(1999). 

(22) F. Yin, Y. Ohsawa, A. Sato. K. Kawahara: Magnetic Measurement Determination 

of the Decomposition Behavior of the Gamma-Mn Solid Solution in a Mn- 19.7Cu-

7.9Ni-2Fe (at.o/o) A110y, Mater. Trans. JIM, 40, 45 1(1999). 

(23) K. Kawahara, F.Yin: A New-type Damping Materials, M2052 Alloy. J. Vac. Soc. 

Jpn., 42, 11(1999). (in Japanese) 

(24) F. Yin, Y. Ohsawa, A. Sato, K. Kawahara: Decomposition Behavior ofthe Gamma-

Mn Phase in Mn-Cu and MnCuNiFe alloys duringAging within the Miscibility 

Gap, Proc. Solid- Solid Phase Transformation Conf., Kyoto. Japan, ed. by 

K.Otsuka, JIM, pl48,1999. 

(25) Y. Osawa, G. Arakane, S.Takamori, A. Sato: Refining of Graphite Particles in Cast 

lron by Applying Ultrasonic Vibration to Their Melts. Processing and Fabrication 

ofAdvanced Materials IV, The Institute ofMaterials 15-22, 1998 (in Japanese) 

(26) Y. Osawa, G. Arakane, S. Takamori, A. Sato, O. Ohashi : Effects of Ultrasonic 

Vibration on Refining of Crystal Structures ofAl-Si Alloys During Solidification, J 

Jpn. Found. Soc. 71, 98(1999). (in Japanese) 

･ Oral Presentation: 37 

(1) International Conference: 5 

(2) Domestic Conference: 32 

･ Patent Application : 

(1)Ultra-fine Multi-phase Structure Steel. K.Tsuzaki, S.Torizuka, K.Nagai, 1997.9.22, 

Japan 09-256802 

(2)High Toughness High Strength Steel and a Method for Manufacturing the Same, 

S.Yusa, K.Tsuzaki, T.Takahashi, 1998.3.4, Japan 10-52554 

(3)High Toughness Tempered Martensitic Steel and a Method for Manufacturing the 

Same, S.Yusa, K.Tsuzaki, T.Takahashi, 1998.3.4, Japan 10-52555 

(4)High Toughness Steel and a Method for Manufacturing the Same, S.Yusa, 

22 1 



K.Tsuzaki,T.Takahashi, 1999.3.2, U.S.A. 09/260,056 

(5)High Toughness Steel and a Method for Manufacturing the Same, S.Yusa. K.Tsuzaki, 

T.Takahashi, 1999.3.2, Germany 19909324.5 

(6)High Toughness Steel and a Method for Manufacturing the Same, S.Yusa, K.Tsuzaki, 

T.Takahashi, 1999.3.2, Korea 1999-0006811 

(7) High Strength, High Conductivity Copper Alloy Sheets, Y. Sakai, K. Inoue and H. 

Maeda, 1997. 10. 31, Japan 2714555. 

･ Award : 

(1) The Meritorious Honor Award, JIM, K.Tsuzaki, 1999.3.29 

4. 1. 1.6 5th Unit 

Tatsuro Mitsui (Unit Leader), Junji Takahashi, Nobuo Sakuma, Masashi Saito 

(technician), Tetsuo Shimizu (technician) , Takaaki Hibaru (special technical stafD, 

Katsuya Onishi (special technical stafl), 

4.1.1.6.1 Support work 

The 5th Unit has been in charge of the technical support work for researchers in 

melting, forging, rolling, processing and heat treatment of research materials. 

For the melting, melting facilities such as high frequency vacuum induction, 

plasma, arc etc., have been operated by 2 researchers and I special technical staff, and 

the number of requested alloy ingots in 1997 and 1998 fiscal year were 460 and 532, 

res pectively. 

For the forging, rolling and processing, some facilities such as an oil hydraulic 

forging press, a hot rolling mill, a bar mill, a cold rolling mill and a swaging machine 

have been operated by I technician and I special technical staff, and the number of raw 

materials for test specimens in 1997 and 1998 fiscal year were 672 and 1117, 

respectively. 

For the heat treatment, some facilities such as fluidized bed furnaces, high vacuum 

heat treatment furnaces, etc., have been operated by I technician for many test pieces 

for researchers. 

･ Award 

(1) STAAward for Achievement, J. Takahashi, 1998.5. 19 

222 



4.1.1.7 6thUnit 

Minoru Otaguchi, Shuji Wanikawa, Yuji Muramatsu ( guest researcher) 

4. I . 1.7. I Research work 

(1) Ultra･steels with high strength and high toughness have been developed by using 

iron powder and fine oxide powder. 

(2) An invention of oxide-dispersion-strengthened alloys for high temperature use has 

been done by using a newly developed dispersion method. 

<Research thelnes> 

(1) Study on Strengthening of Ferrite Matrix Steels for Welded Structures (Research on 

Structural Materials for 2lst Century: April 1997 to March 2002, Kotobu Nagai) 

(2) Research and Development ofAdvanced Ferritic Steels for 650~C USC Boilers from 

the Standpoint of Long-term Phase Stability (Research on Structural Materials for 

2lst Century: April 1997 to March 2002, Fujio Abe) 

4.1.1.7.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) Thermal Stability of the Ultrafine Grain Structure in a Consolideted of 

Mechanically Milled Powders.(Edited by T.Sakata. H.G.Suzuki. RecrystaJIl~:atjon 

and Related Phenomena. JIM, Proc. Vol.13. July 13-16,1999. M.Otaguchi, 

K.Tsuzaki K. Nagai. p .495) 

･ Oral presentation : 7 

(1) International Conference: O 

(2) Domestic Conference: 7 

･ Patent Application 

(1) Oxygen-steel(Oxteel): M.Otaguchi. S.Wanikawa, Y.Muramatu, K.Tsuzaki, K.Nagai, 

T.Hayashi. Japan. 1999.3!26.N0.83893. 

(2) High-stiength Metallic Consolidates: M.Otaguchi, S.Wanikawa, Y.Muramatu, 

K.Tsuzaki, K.Nagai,T.Hayashi. Japan. 1999. 3.26.N0.83892 . 

(3) Fabrication Methods for High-strength Metallic Consolidates and Oxygen-steel: 

M.Otguchi, S.Wanikawa, Y.Muramatu, K.Tsuzaki, K.Nagai, T.Hayashi. USA, EPC, 

China, Korean. 1999.3.26. PCT.No.PCT/JP99/0 1566. 

(4) The Manufacturing Method of Oxide Dispersion Strengthening Alloy Powder: Shyji 

Wanikawa, Minoru Ohtaguchi, Yuji Muramatu, July 21 1998, No 205710 
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4.1.1.8 Researchers in the Materials Creation Research Station 

Age and research fields of researchers in the Materials Creation Research Station. 

(March 31, 1999) 

Age Num- Tech- Melting Solidifi- Working Simu- Metal- Powder 
ber nicians & Refin- cation & Heat lation lurgy Metal-

ing treatment lurgy 

60- 3 1 1 1 

50-60 11 2 4 1 3 1 2 

40-49 12 2 7 3 

30-39 16 1 2 4 4 3 2 

22~29 5 
1 4 1 

Sum. 46 4 6 8 16 10 3 3 

4. 1. 1.9 Research Budgets in the Materials Creation Research Station 

Research budgets in the Materials Creation Research Station* (yen) 

Kinds ofbud ets 1997 1998 

STX-21 Budget 328, 7 1 1 ,OOO 525,018,000 

.General Research 2,560,000 2,520,000 

Pollution Prevention Research 19,978,000 32,095,000 

Special Coordination Funds for 6,388,000 4,348,000 
Promoting Science and Technology 

Supplementary Budgets 22,000,000 

Summation 357,637,000 585,981,000 
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4.1.2 Joining and Interface Research Station 

Chiaki Shiga (Supervising Researcher) 

4. 1.2. I Research work 

The most suitable welding methods, using arc, Iaser, brazing and other welding 

processes are studied to enhance the good properties to cover the weak ones in the 

welding joints ,of the new steels which have been developed in the STX-21 projects. All 

of the physical ph!enomena in weldings are being fundamentally studied, especially to 

control the microstructure of the heat affected zones and reduce the residual stress 

This study is linked to the improvement of welding joint properties. 

The corrosion resistance steels, of which chemical elements deternrine fracture ofthe 

welding portion are investigated and spray coatings, such as HVOF, are also studied 

for their.pbssibilities to resist corrosion in the sever sea environment. 

The following subjects, in the frame work of the STX-21 projects, are promoted in 

the 6 Station Units: 

(1) Clarification of the mechanism on HAZ softening for ultra fined grain steels with 

low carbon equivalent. 

(2) Welding procedures to narrow the HAZ softening zone for ultra fined grain steels 

with low carbon equivalent. 

(3) Clarification of ductile-brittle fracture behavior of welding joints with HAZ 

softening. 

(4) Welding procedure to reduce residual stresses or to introduce compression stresses. 

(5) Welding procedure to increase the creep strength in the welding joint of heat 

resistant steels. 

(6) Development of corrosion resistant steels used for offshore and marine 

environments. 

(7) Development of suitable chemical compositions and welding procedures for high 

nitrogen bearing stainless steels. 

(8) Formation of coating films providing high resistance to corrosion on conventional 

steels with HVOF spray. 

(9) Investigation on non-destructive inspection to detect the microstrure, fault and 

residual stress-strain using ultrasonic, magnetic and laser speckle. 

The members of the Joining and Interface Research Station, as at March 31,1999, 

consist of 25 members, 8 domestic research fellows, and 2 STA fellows. The numbers of 

publications and patents are shown in the research activities of each Station Unit . 
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4. 1.2.2 Ist Unit 

Akira Okada (ex-Unit Leader), Ken Sasabe (Unit Leader) Susumu Meguro 

Tadayuki Otani (STX-21 research fellow) 

4. I . 2 . 2 . I Research work 

(1) Brazing experiments under microgravity were carried out using a sounding rocket. 

The experimental results showed that our prediction method for brazing 

phenomena under microgravity was reasonable 

(2) The effect of surface compositions on solid state joining of some materials was 

studied. It was found that repetition of ion bombardment and heat treatment is 

effective in the joining of copper, and it was also found out that oxide on the surface 

improves the joint strength ofFZ silicon. 

(3) The spot weldability of thin sheets of fine grain structure high tensile strength 

steel was investigated. It was made clear that this material shows very good spot 

weldability. 

(4) A computer simulation system for the selection of welding conditions were 

constructed and mounted in the on-line date base system of the NRIM. 

<Research themes> 

(1) Brazing Experiment under Microgravity and Analyses of its Results (General 

Research: April 1996 to March 1998, Ken Sasabe) 

(2) Effects of Surface Elements on Diffusion Bonding of Silicon (General research: 

April 1995 to March 1998. Ken Sasabe) 

(3) Research of Lower Temperature Weldin.g (Research on Structural Materials for 

2lst Century: April 1997 to Mach 2002, Ken Sasabe) 

4.1.2.2.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K. Sasabe, et al., Gap Penetration Phenomena of Molten Alloy under Microgravity, 

Final report of the experiment using TR-1A#5 small rocket, NASDA-TRM-970001, 

(1997) (in Japanese) 

(2) K. Sasabe, et al., Capillary Gap Penetration of Molten Alloy under Microgravity, 

J. JASMA, 14, 2i2(1997) (in Japanese) 

(3) K. Sasabe, et al., Brazing Experiment under Microgravity, Proc.JWS, IJ-31-

97(1997) (in Japanese) 

(4) K. Sasabe, et al., Brazing under Microgravity, Proc.Japan-Canada Microgavity 
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Science Work Shop, Kyoto Mach 17-19, 1997 

(5) K. Sasabe, et al., Brazing Experiment using 

ISIJ .11, 970(1998) (in Japanese) 

TR-1A Sounding Rocket, CAMP-

Oral Presentation: 10 

(1) International Conference: 1 

(2) Domestic Conference: 9 

Patent Application: 

(1)High Strength Steel and its Welding Method: T. Otani, K. Sasabe, 

10/343287(JAPAN) 

(2)High Strength Steel and Welding Method: T. Otani, K. Sasabe, 

10/343385 (JAPAN) 

(3)Method of High Frequency Resistance Welding and Shape Steel: T. 

Sasabe, 02/12/98, 10/343386(JAPAN) 

(4)Steel Pipes and Fabrication Method: T. Otani, K. Sasabe, 

10/343884(JAPAN ) 

02/12/98, 

02/12/98, 

Otani, K. 

02/12/98, 

4. I .2. 3 2~d Unit 

Kazuo Hiraoka (Unit Leader), Takeshi Fukushima, Seiji Kuroda, Terumi 

Nakamura, Yoshiaki Kawaguchi (domestic research fellow), Reisuke Ito (STX-21 research 

fellow), Philip Blazdell (STA fellow). Masao Ushio (guest researcher), Takayoshi Ohji 

(guest Researcher), Mikio Takemoto (guest researcher) 

4. 1.2.3. I Research work 

(1) Both the ultra-narrow gap GMA welding process, which controls the arc heat input 

distribution, and the numerical simulation system of the GMA welding process have 

been developed in order to perform highly efficient welding, accompanied with 

obtaining high quality welded joints. 

(2) The HAZ softening behavior in the welding of ultra-fine grained high st,rength steels, 

being developed in the STX-21 project, has been evaluated by means of metallurgical 

analysis and fracture mechanics. 

(3) A high velocity oxy-fuel (HVOF) thermal spray technique has been employed to 

develop corrosion resistant coatings of various alloys, and their performance 
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evaluated by electrochemical methods. 

(4) TiC/Mo FGM coatings were carried out by plasma-spraying to fabricate a highly 

absorptive surface for solar radiation in space, and their thermo-physical properties 

were evaluated. 

(5) The surface strains at high temperatures during thermal shock tests of thermal 

barrier coatings (TBC), were measured in-situ using a the laser speckle strain meter 

and compared with the FEM calculation. 

<Research themes> 

(1) Development ofArc Welding Process with Lower Heat Input Density for Ultra Fine 

Grained Microstructure Steel (Research on Structural Materials for 21*t Century: 

April 1997 to March 2002, Kazuo Hiraoka) 

(2) Analysis of Softening and Fracture Processes in the Welded Joints of Ultra Fine 

Grained Microstructure Steel O:~0shiaki Kawaguchi, Research on Structural 

Materials for 21*t Century: April 1997 to March 2002, Kazuo Hiraoka) 

(3) Development of Thermal Sprayed Corrosion Resistant Coatings for Steel 

Structures in Marine Environment (Research on Structural Materials for 21~t 

Century: April 1997 to March 2002, Seiji Kuroda) 

(4) In-situ Evaluation of Degradation Process in Thermal Barrier Layered Structures 

(Special Coordination Funds for Promoting Science and Technology: April 1997 to 

March 1998, Seiji Kuroda) 

(5) Development of FGM Materials for Energy Conversion (Special Coordination 

FundS for Promoting Science and Technology: April 1996 to March 1998, Takeshi 

Fukushima) 

4.1.2.8.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K. Hiraoka: Plasma Structure of Ar-H2 Gas Tungsten Arc by Some Spectroscopic 

Methods, Quarterly J. Japan Welding Society, 15, 259(1997) (in Japanese) 

(2) K. Hiraoka, Nobuo Sakuma, Johan Zijp: Energy Balance in Ar-He Mixed Gas 

Tangsten Arcs. Quarterly J. Japan Welding Society, 15,459(1997) (in Japanese) 

(3) K. Hiraoka: Emission Spectroscopic Measurement in Argon Arcs, J. Japan Welding 

~ociety, 67, 600(1998) (in Japanese) 

(4) K. Hiraoka: Plasma Structures ofAr-H2 Mixed Gas Tungsten Arcs Determined by 

Spectroscopic Measurements, Welding Int., 12, 186(1998) (Transaction of (1)) 
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(5) S. Kuroda, Y. Tashiro, H. Yumoto, S. Tairzi, T. Fukanuma: Measurement of Stress 

Development during HVOF Tthermal Spray, Proc. Ist United Thermal Spray Conf., 

Indianapolis, USA, Sept. 805-811, 1997 

(6) S. Kuroda: Computer Simulation for Thermal Spray Technology, J.Surface 

Finishing Society of Japan, 48, 885(1997) (in Japanese) 

(7) S. Kuroda, Y. Tashiro, H. Yumoto, S. Taira, T. Fukanuma: Peening Action and 

Residual Stresses in HVOF Tthefmal Spraying of 316L Stainless Steel, Proc. 15th 

Int. Thermal Spray Conf., C. Coddet ed., Nice, France, May 569-574, 1998 

(8) S. Kuroda: Properties and Characterization of Thermal Sprayed Coatings -A 

Review of Reeent Research Progress, Proc. 15th Int. Thermal Spray Conf., C. 

Coddet ed., Nice, France, May 539-550, 1998 

(9) S. Kuroda, Y. Tashiro, H. Yumoto, S. Taira, T. Fukanuma: Residual Stresses in 

HVOF Thermal Sprayed Coatings, Proc. Symp. for Welded Structures '97, 201-208, 

1997 (in Japanese) 

(10)S. Kuroda, Y. Tashiro, H. Yumoto, S. Taira, T. Fukanuma: In-situ Measurement of 

Stress Generation in HVOF Thermal Sprayed Coatings, Quarterly J. Japan 

Welding Society, 17, 102(1999) (in Japanese) 

(11)T. Fukushima, S. Kuroda: High Temperature Properties of TiC/Mo Thermal 

Sprayed Coatings, Tokyo, Oct. 1998, submitted to Proc. FGM (in Japanese) 

(12)P. Blazdell, S. Kuroda: Thermal Spraying for the New Millennium, Materials 

World, April, 205(1999) 

(13)P. Blazdell, S. Kuroda: Plasma Spraying of Sub-micron Ceramic Suspensions by a 

Continuous Ink Jet Printer, submitted to Surface and Coatings Technology 

(14 ) C.Shiga: Progress in high strength structure steels in the past decade 

Polish-Japanese Symp. on Environmental Effects on High Technology Materials, 

1- 11, 1997 

･ Oral Presentation : 44 

(1) International Conference: 3 

(2) Domestic Conference: 41 

･ Patent Application 

(1) Welding Method: K. Hiraoka, T. Nakamura, 20/10/97, 09/287397 (JAPAN) 

(2) Welded Joint Structure, K. Hiraoka. T. Nakamura, 20/10/97, 09/287398, (JAPAN) 

(3) Arc Welding Method: K. Hiraoka, T. Nakamura, H. Yamamoto, 04/09/98, 10/251144 

( JAPAN) 
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(4) Arc Welding Method: K. Hiraoka, T. Nakamura, H. Yamamoto, 04/09/98, 10/251145 

( JAPAN) 

(5) Welding Method and Welded Joint Sructure: K. Hiraoka, T. Nakamura, 

20/10/98,09/175,563 (US) 

(6) Coating Method: S. Kuroda, P. Blazdell, 29/03/99, 11/086733 (JAPAN) 

(7) Corrosion Resistant Coating and its Fabrication Method: S. Kuroda, T.Fukushima, 

T.Kodama, 29/03/99, 11/086764, (JAPAN) 

･ Awards : 

(1) STA award. May 1997, K. Hiraoka 

(2) Best PaperAward of Symposium for Welded Structures'97, Nov. 1997, S. Kuroda, 

(3) Best PaperAward of Japan Welding Society, April 1998, K. Hiraoka 

(4) Best Paper Award of 15th International Thermal Spray Conference, May, 1998, 

Nice, France, S. Kuroda 

4. 1.2.4 3*d Unit 

Susumu Tsukamoto (Unit Leader), Junichi Kinugawa, Yoshiki Muramatsu, 

Yoshikazu Asai, Fukuhisa Matsuda (guest researcher), Akira Matsunawa (guest 

researcher), Tomoyuki Kamata (guraduate student) 

4.1.2.4.1 Research work 

(1) Laser-plasma interaction has been investigated using a newly developed 

spectroscopic measurement procedure during C02 Iaser welding to elucidate the 

role of the plasma on the welding behavior and to establish a deep penetration 

defect-free weld using high power C02 Iaser. 

(2) The creep behavior of high-Cr ferritic heat resisting steel welded joints has been 

studied to clarify the mechanism of type IV cracking and to improve the creep 

lifetime of welded joints. It was found that low heat, input welding, such as 

electron beam and laser welding, improved the creep lifetime of the joint due to a 

narrow heat affected zone. 

(3) A method for in-situ dynamic strain measurement has been developed using laser 

speckle interferometry to clarify the strain behavior of the weld metal and heat 

affected zone during welding. 
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<Research themes> 

(1) Development of Deep Penetration Welding Process using High Power C02 Laser 

(Research on Structural Materials for 2lst Century: April 1997 to March 2002, 

Susumu Tsukamoto) 

(2) Non-contact Starain Measurement during Welding Procedure (Research on 

Structural Materials for 21~t Century: April 1997 to March 2002, Yoshiki 

Muramatsu) 

(3) Creep Behavior of High Cr Ferritic Heat Resisting Steel Welded Joint (Research 

on Structural Materials for 2lst Century: April 1997 to March 2002, Junichi 

Kinugawa) 

4.1.2.4.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) S.Tsukamoto, K. Hiraoka, Y. Asai, H.Irie, M.Yoshino, T.Shida: Characteristics of 

Stably Induced Laser Plasma, Proc. Laser Materials Processing Conference, 

81,B/77 (1997) 

(2) S.Tsukamoto. K.Hiraoka, Y.Asai, H.Irie : Characterization ofLaser Induced Plasma 

in C02 Laser Welding. Proc. 5th Inter. Conf, on Trends in Welding Research, 431 

(1998) 

(3) S.Tsukamoto: Introduction of Laser Group in NRIM -Fundamental Research on 

Laser-Plasma Interaction-, J. Japan Soc. of Laser Technology, 23, 53(1998) (in 

Ja panese) 

(4) C.Shiga, A.Ohta, K.Hiraoka, S.Tsukamoto: Welding in Research Project on Frontier 

Structural Materials, J. Japan Welding Society, 66,43, (1997) (in Japanese) 

(5) T.Shida, T.Wakasa, S.Tsukamoto, K.Hiraoka: Measurement of Beam energy 

Absorption in C02 Laser Welding (Report II), Quarterly J. Japan Welding Society, 

in press (in Japanese) 

(6) J.Q.Guo. S.Tsukamoto, T.Kimura, H.Nakae: Nucleation Process Control of 

Undercoooled Stainless Steel by External Nucleation Seed, Acta Mater. in press 

(7) X.Zhang, S.Tsukamoto:Theoretical Calculation of Nucleation Temperature and 

Undercooling Behaviors of Fe-Cr Alloys Studied with Electromagnetic Levitation 

Method, Metall. Mater. Trans., 30A, 1827, (1999) 

(8) H.Hongo, M.Yamazaki, T.Watanabe , J .Kinugawa, T.Tanabe, Y.Monma, 

T.Nakazawa : Creep Deformation Behavior of Weld Metal and Heat Affected Zones 

on 316 FR Steel Thick Plate Welded Joint, J. Soc. Mat. Sci., Japan, 48, 116, (1999) 

(in Japanese) 
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(9) T. Watanabe, M. Yamazaki, H. Hongo, J. Kinugawa, T. Tanabe, Y. Monma: Long 

Term Creep-Rupture Properties and Microstructure of Weld Metal on 2.25Cr-1Mo 

Steel Thick Plate, J. Soc. Mat. Sci., Japan, 48, 122, (1999) (in Japanese) 

(10) Y. Kaji, H. Tsuji. T. Sakino, M. Fujita, J. Kinugawa, Y. Tachi, J. Saito, S. Kano, K. 

Shimura R. Nakajima, S. Iwata: Retrieval Results on Various Properties of 

Superalloy Using Data-Free-Way (Joint Research) JAERI-Tech 99-007 (in 

Ja p anese) 

(11)Y.Muramatsu, S.Kuroda: Investigation on the Debonding of Thermal Sprayed 

Coatings under Thermal Shock Tests by using the Laser Speckle Strain Meter, Proc 

Welded Structure Symp.'97, 209, (1997) 

(12) Y.Muramatsu, S.Kuroda: Monitoring Technique of Strains during Phase 

Transformation using Laser Speckle Method, J. Japan Welding Society, 67,38, 

(1998) (in Japanese) 

' Oral Presentation: 26 

(1)International Conference: 4 

(2)Domestic Conference: 22 

･ Patent Application : 

(1) Method and Equipment for Measuring Plasma Temperature: S.Tsukamoto, Y.Asai, 

Aug.31 1998, 10-246314 

(2) Method for Detection of Debonding and Adhesion of Surface Coatings, 

Y.Muramatsu, S.Kuroda, Nov.13, 1997, 09-312289 

(3) Method for Measuring Dynamic Strain in Welds, Y.Muramatsu, S.Kuroda, 

Jul.21,1998, 10-205702 

4.1.2.5 4th Unit 

Hiroaki Fukuhara, Ichizo Uetake, Hisashi Yamawaki 

4.1.2.5.1 Research Work 

(1) A simplified ultrasonic computed-tomography (CT) system has been developed for 

detection of defects and structure change in the welded part of steel. 

(2) A magnetic flux leakage testing technique has been improved in sensitivity and 

accuracy, to detect smaller surface cracks in steels. 
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(3) A newly developed computer simulation technique for ultrasonic propagation in 

solid has been utilized to clarify the mechanisms of various ultrasonic phenomena 

relating to material evaluation using ultrasound. 

<Research theme> 

(1) Development of Nondestructive Measurement Technique for Fine Structure and 

Small Defects of Welding Steel (Research on Structural Materials for 21*t century 

April 1997 to March 2002, Kotobu Nagai) 

4.1.2.5.2 Research Products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) I. Uetake, T. Saito: Magnetic Flux Leakage by Adjacent Parallel Surface Slots, 

NDT & International, 30, 371(1997) 

(2) H. Yamawaki: Computer Simulation of Ultrasonic Propagation for Anisotropic 

Materials Evaluation, J. JSNDI, 47, 243(1998) (in Japanese) 

･ Oral Presentation: 8 

(1) International Conference: O 

(2) Domestic Conference: 8 

4. 1.2.6 5th Unit 

Hiroyuki Masuda (Unit Leader), Hideshi Sumiyoshi, Naoki Washizu, Masahiro 

Yamamoto (STX-21 research fellow), Toshiya Nishimura (STX-21 research fellow), 

Kazuhiko Noda (domestic research fellow), T. Tsuru (guest researcher), T. Misawa (guest 

researcher), T. Shinohara (guest researcher) 

4.1.2.6.1 Research work 

Following research has been carried out. 

(1) Observation of adsorbed water was done by SPM to study the effect of humidity on 

the amount of adsorbed water. 

(2) Observation of bacterial corrosion was done by AFM to study the mechanism of 

bacterial corrosion. 

(3) Evaluation of surface oxide film was done by SPM with measuring I-V property to 
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seek the possibility of new method of evaluating corrosion resistance. 

(4) In-situ observation of atmospheric corrosion of iron was done by KFM to study the 

mechanism of atmospheric corrosion. 

(5) In-situ X-ray analysis of atmospheric corrosion was done to study the change in the 

structure of corrosion produced during the corrosion process. 

(6) Quantification of sea salt particles was done by QCM to standardize the amount of 

sea salt particles 

<Research themes> 

(1) Evaluation ofAtomic Scale Damage of Materials in Aqueous Solution 

(General Research: April 1995 to March 1998, Hiroyuki Masuda) 

(2) Development of Metals Having Cleaning Property of Environment by Photo-

Catalysis 

(Special Coordination Funds for Promoting Science and Technology: April 1995 to 

March 1998, Hiroyuki Masuda) 

(3) Improvement of Corrosion Resistance of Structural Steels in Marine Environment 

(Research on Structural Materials for 2lst Century: April 1996 to March 2001) 

4.1.2.6.2 Research products, including papers submitted (April 1, 1997 to 

March 81, 1999) 

(1) N. Washizu, H. Masuda: AFM Observation of lron-oxidizing Bacteria on Surfaces of 

Corroded Metals, J. Japan Inst. Metals, 61, 481 (1997) (in Japanese) 

(2) H. Masuda, S. Matsuoka: Effect ofYoungs Modulus on Fatigue Crack Propagation 

under Variable Loading, Proc. 9th Inter. Conf. Fracture, 3, 1557 (1997) 

(3) H. Masuda: Observation of Water Droplet on Various Materials by Non-Contacting 

AFM, J. Japan Inst. Metals, 62, 173 (1998) (in Japanese) 

(4) H. Masuda: Observation ofAdsorbed Water on Various Materials by AFM and FT-

IR, J. Japan Inst. Metals, 62, 617 (1998) (in Japanese) 

(5) H. Masuda: Observation ofAdsorbed Water Droplets on Gold Surface, J. Japan Inst. 

Metals, 62, 961 (1998) (in Japanese) 

(6) H. Masuda: Possibility of Observation of Water Film by Measuring Surface 

Potential Distribution, J. Japan Inst. Metals, 62, 1183 (1998) (in Japanese) 

(7). S. Matsuoka, H. Masuda: Damage Evaluation of Micromaterials, J. Soc. Mat. Sci. 

Japan, 47, 534(1998) (in Japanese) 

(8) H. Masuda: Scanning Probe Microscope, Ferum, 3, 884 (1998) (in Japanese) 

(9) H. Masuda: Recent Progress in the Study of Surface Observation Using Scanning 
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Probe Microscopy, Material Transactions, JIM, 3, 161 (1999) 

(lO) H. Masuda, M. Yamamoto: Observation of Sea Salt Particle by AFM, Zairyo-to-

KeLnkyo, 48, 307 (1999) (in Japanese) 

･ Oral Presentation : 18 

(1) International Conference: O 

(2) Domestic Conference: 18 

･ Patent Application : 

(1) Measurement Device for Sea Salt Particles, M. Yamamoto, H. Masuda, 19/5/1998, 

137219 

(2) Quantification Method ofSea Salt Particles, M. Yamamoto, H. Masuda, 19/5/1998, 

137218 

(3) Evaluation Method of Corrosion Resistance for Metals, H. Masuda, 10/11/1998, 

3 18929 

･ Award : 

(1) Award for Achievement in Material Chemistry (Award from Japan 

Institute for Metals in 1998), H. Masuda 

4. I .2. 7 6th Unit 

Yasuyuki Katada (Unit Leader), Shigeo Ohashi, Katsutoshi Kurosawa. Hideki Uno 

(STX-21 research fellow), Yasushi Kikuehi (Guest researcher), Shinji Fujimoto (Guest 

researcher), Isao Sekine (Guest researcher), Kazuko Kamezaki (Fechnician), Atsuko 

Shimizu (Technician) 

4.1.2.7.1 Research work 

(1) Forms of localized damage of structural materials in light water reactor 

environments, such as corrosion fatigue, stress corrosion cracking, etc., have been 

investigated in high-temperature water. 

(2) Mitigation of the enlargement of local damage by laser beam technique is one of the 

issues of interest. 

(3) Pitting corrosion and crevice corrosion in stainless steels have also been studied, 

associated with the development of anti-corrosion structural materials for marine 

use. 
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<Research themes> 

(1) Effect of Aging Degradation on Localized Corrosion of Structural Materials for 

Light Water Reactors (Nuclear Energy Research: April 1996 to March 2000, 

Yasuyuki Katada) 

(2) Development of anti-corrosion stainless steels for marine-use (Research on 

Structural Materials for 2lth Century: April 1998 to March 2002, Yasuyuki Katada) 

4.1.2.7.2 Research products, including papers submitted (Apr~ 1, 1997 to 

March 31, 1999) 

(1) Y.Katada, S.Sato: Effect of Crevice on Low Cycle Fatigue Behavior of Pressure 

Vessel Steel in High Temperature Pressurized Water, Proc. of Symp. on Localised 

Corrosion and Environmental Cracking (SOLCEC), 1997 (Kalpakkam,India) 

(2) Y.Katada, S.Sato: Effect of Temperature on Corrosion Fatigue Behavior of Low 

Alloy Steels in High Temperature Water, Proc. of the 8th Inter. Symp. on 

Environmental Degradation of Materials in Nuclear Power System, 1997 (Florida, 

USA) 

(3) Y.Katada, S.Sato: The Role of MnS Inclusions on Environmentally Assisted 

Cracking in High Temperature Water, ASME Pressure Vessel and Piping, (1999). 

(4) Y.Katada, S.Ohashi: Interaction of CF/SCC of Structural Materials for LWR in 

High Temperature Water. J. Pressure Vessel and Piping (Accepted). 

(5) K. Ei. H. Irie, T. Kasugai: Corrosion Property for Solid State Bonded Joint of 

SUS304L Stainless Steel and Zr, Tetsu-to-Hagane, 85, 5, 53(1999). (in Japanese) 

･ Oral Presentation : Il 

(1) International Conference: 2 

(2) Domestic Conference: 9 

･ Patent Application : 

(1) Stainless Steels: H, Uno, Y. Katada, 25/2/1999, 049103 

(2) Acceleration Ttesting Method for Weathering Low Alloy .Steels: K. Kurosawa, T. 

Kodama (1999) 
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4.1.2.8 Researchers in the Joining and Interface Research Station 

Age and research fields of researchers in the Joining and Interface Research Station. 

(March 31, 1999) 

Age of Number Metal- Weldrng Chem Corro- Cera Electrical Mechanical 
Researcher lurgy / Joining -istry sion m-ics Engineering Engineering 

60 - 4 2 1 l 

50 - 60 15 3 6 1 2 1 2 

40 - 49 11 2 6 l 2 

30 - 39 5 2 2 1 

22 ~ 29 4 2 1 1 

ummation 39 5 12 2 11 1 2 6 

4.1.2.9 Research Budgets in the Joining and Interface Research Station 

Research budgets in the Joining and Interface Research Station.(yen) 

Kinds ofbud ets 1997 1998 

Research on Structural Materials 207,317,000 247, 183,000 

for 2lst Century 

General Research 13,890,000 5,670,000 

Special Coordination Funds for 28,325,000 12,874,000 
Promoting Science and Technology 

Nuclear Energy Research 16,200,000 13,056,000 

Supplementary Budgets o 141,350,000 

Summation 265,732,000 420, 1 33,000 
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4.1.3 Strength and Life Evaluation Research Station 

Toshihiko Takahashi (Supervising Researcher) 

4. 1.3.1 Research Work 

The Strength and Life Evaluation Research Station has been conducting research on 

analyses and evaluation of newly developed steels and welded structures. These studies 

have been carried out in collaboration with the Materials Creation Research Station 

and the Joining and Interface Research Station. In order to accomplish the study's aims, 

the development of advanced facilities, in the form of nanoscopic and atom-scale 

analysis, and the establishment of standard evaluation methods and accelerated test 

methods have been achieved. Examples of outcomes are shown next. 

(1) Research on 800MPa steel: 

1) It has been made possible to increase the fatigue strength of welded joints of steel 

structures markedly by using newly developed weld metals. 

(2) Research on 1500MPa steel: 

1) The optimum microstructure of martensitic steels against delayed fracture have been 

revealed using nanoscale analysis instruments developed here. 

2) A new strengthening mechanism of martensitic steel was presented by nanoscopic 

analysis. 

3) An advanced concept on controlling of non-metallic inclusion for improving long term 

fatigue properties was established. 

(3) Research on ferritic heat resistant steel: 

1) An accelerated evaluation method for creep, based on the creep deformation rate, has 

been proposed. 

2) The creep deformation characteristics of ferritic heat resistant steels can be related to 

in service microstructure changes in these steels. 

3) Methods for improving the oxidation resistance of ferritic heat resistant steels have 

been developed. 

4) Improvement in the accuracy of high temperature fatigue test has been achieved. 

In addition to these studies, collaborative research on the Creep and Fatigue Data 

Sheet project, the VAMAS Project, and evaluation of nuclear energy plant materials 

have also been conducted at this Station. These studies are carried out in close relation 

to researches on the Materials for 2lst Century. 
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The members of Strength and Life Evaluation station, as at March 31, 1999, 

consisted of 24 researchers, I STA fellow, I domestic research fellow, 2 STX-21 

research fellows, I joint-doctoral course student, and 9 guest researchers. 

The number of publications, including submitted papers, are about 60, patents 

submitted are 10 between April 1,1997 to March 31, 1999. The details are shown in 

the research activities of each research unit. 

4.1.3.2 

Akihiko 

Fellow) 

1't Unit 

Ohta(Unit Leader), Naoyuki Suzuki, Yoshio Maeda, Ninh.T. Nguyen (STA 

4.1.3.2.1 Research work 

(1) Efforts were applied to change residual welding stress from tensile to compressive 

stress by using a low transformation temperature welding wire. The fatigue 

strength of welded joints can be increased up to about three times that of the 

conventional ones by using a newly developed wire. 

(2) A method evaluating the fatigue strength and yield strength magnitude, of welded 

components which have high tensile residual stress has been established. The 

method outline is contained in the draft ISO standard. 

(3) Evaluations of the fatigue strength of welded joints in synthetic sea water and of the 

random loading effect on the fatigue of notched members have been conducted. 

<Research themes> 

(1)Development of 800-Mpa-Class High-Strength, Ferrite Matrix Steels with Improved 

Weldability (Research on Structural Materials for 2lst Century: April 1997 to March 

2002, Kotobu Nagai) 

(2)Fatigue Data Sheet Project- I (Materials Data Sheet Project: April 1997 to March 

2002, Hirosada lrie) 

(3)Evaluation of Fatigue Strength of Welded Joints in ~ynthetic Sea Water (Special 

Coordination Funds for Promoting Science and Technology: April 1995 to March 1997, 

Akihiko Ohta ) 

(4)Random Loading Fatigue of Notched Members(General Research: April 1997 to 

March 1998, Akihiko Ohta) 
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4．1．3．2．2Research　pm砒cts，inchding＝p理e蝸s此㎜i批ea（Apri11，五997to

　　　　1M1arch3X，1999）

（1）A．Ohta，N．Suzu虹，Y　Maeda：趾飴cもofRes三aua1S乞ress㎝Faもig鵬ofWe1d㎜e就，

　hoc　hもer　C㎝f　Pe曲r㎜棚ce　ofDy脇独王ca1呈yLoadedWe1ded　S毛r篶cもures，

　nW（1997）108－122、

（2）A．Oh乞a一，N．Suzuki，YMa－edム：Uni岬eFaもig鵬Thresbo1dandGrow比Propertiesof

　We豆ded　Joints　inTe鵬i1e　Residua1Stress　Fie呈d，Inter．J．Fatigue，19，S303－

　S310（1997）．

（3）N．T　Nguyen，A．Ohもa，K．Matsuoka，N．Sじzu虹，Y　Maeda，Ana1ytica1So1utio鵬危吏

　Transie銚Te㎜perature　ofSe㎜i－h念nite　Body　Subjectedもo3D　Movi巫g　Heat　Sources，

　We亘d虹gJou丈Ra1，Aug鵬t（1999），inp王ess．

（4）A．O胱a，N．Suzホ三，Y　Maeda，K．Hiraoka，T　Naka㎜u蝸，Superior　Fatigue　Crack

　Gro咋血P吏operもiesh　New1yDeve1opeaWe1dMe亡a1，h辻肌J．Fatigue（1999），inp鵬ss．

（5）D　S　Tchanko叉A．Ohも＆，N　S篶z篶k1，Y　Maeda，Raコdo狐Lo＆d1ng　L1免Assess独e批s

　危r　No危ched　Ha辻es，Fatig鵬＆Fracture　Eng鵬er．M銚eria1s＆S虹uctures，submi悦ed．

（6）D．S．Tcha搬ovA．0h亡a，N．Suzびki，Y　Maeda，Fractograψy　ofRando㎜亙a竜igue

　Fracもured　Notched　Speci醐e鵬，Mater三a1s　Ch鮒acteris＆亡ion，s曲㎜批ed．（inJapa鵬se）

Oxa1P蝸sentations24

（1）I就erna亡iona玉Co危rence：5

（2）Do㎜estic　Con飴rence：19

P就entA卿hcat1on
（1）We1砒gMet丘ods　and　WeIdMe士a1s：A．Oh北a，T．Siga，S．Nishijima，O．Watanabe，

　ぬpan，U．S．，Ko虹a，U．K．，Ger皿any　and趾a皿ce，1997．12．25，09－358023

（2）RepairMeもhods凱nd　We1aMeta亘危rRepairofMeta1Parts：A．Ohもa，N．Sひzuki，

　YMaeda，K．Hi脇oka，O．Waもanabe，T．Kubo，Japan，1998．2．25，10－043864

（3）We王diagMeth◎ds：A．O趾a，N．Suzuki，YMaeda，Japan，1998．9．8，10－253903

4．1．3．3　2nd　Unit

Saburo　Ma一毛suok＆（Unit　Leadeエ），Takayuki　Abe，趾suo　T＆keuchi，Ke鵬uke　Miyahara，

Nobuo　Nagasi㎜a，Hisasi　Himkawa，Masac　Hayakawa，Takahi竜o　Ohmura，Kohichi

Tanaka一（gues乞　researcber），Toyonobu　Ybshida　（guest　resea一吏cher），H三deo　Kobayasb｛

（9uest　resea一肥her），Kenjiro　Ko㎜ai（9ひest　res舳rcher）
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4. 1.3.3. I Research work 

The fatigue and brittle fracture mechanisms ofsteels have been studied. The former 

study is related to the ultra-steels and fatigue data sheet projects. The latter was 

started since many steel structures, such as high-rise buildings, were brittle fractured 

during the great Hanshin-Awaji earthquake of January 17, 1995. Nanofractograghy 

by atomic microscope and nanoindentation by an ultra-micro hardness tester have been 

~ilso studied in order to clarify the strength and fracture mechanisms of steels, thin 

films, and other materials at the nanoscopic level. 

<Research themes> 

(1)Advanced Ultra-High-Strength Steels ( 1500-MPa-Plus Class ) ( Research on 

Structural Materials for 2lst Century: April 1997 to March 2001, Saburo Matsuoka ) 

(2)Ductile versus Brittle Behavior of Structural Steels ( General Research, April 1992 to 

March 1998, Saburo Matsuoka ) 

(3)Mechanical Properties of Thin Films and Coatings ( Special Coordination Funds for 

Promoting Science and Technology(through the VAMAS collaborative research 

project): April 1997 to March 1999, Saburo Matsuoka ) 

(4)NRIM Long-Term Fatigue Data Sheet Project I ( Material Data Sheet: April 1997 to 

March 2002, Hirosada lrie ) 

4.1.3.3.2 Research products including submitted papers (April 1,1997 to 

March 31, 1999) 

(1) K. Miyahara, S. Matsuoka, N. Nagashima: Nanoindentation Measurement for 

Tungsten (OOl) Single Crystal, Trans. JSME, 63A, 2220(1997), JSME Inter. J., 41, 

562(1998) 

(2) K. Miyahara, N. Nagashima, S. Matsuoka, T. Ohmura: Evaluation of Vickers 

Hardness by AFM Nanoindentation Tester, Trans. JSME, 64A, 2567(1998) (in 

Jap anese) 

(3) K. Miyahara, S. Masuoka, N. Nagashima: Nanoindentation Measurement for 

Tangsten (OO1) Single Crystal, Proc. Inter. Conf. on Advanced Technology in 

Experimental Mechanics (ATEM '97), 327 (1997) 

(4) K. Miyahara, N. Nagashima, T. Ohmura, S. Matsuoka: Evaluation of Mechanical 

Properties in Nanometer Scale Using AFM-based Nanoindentation Tester, 

NanoStruct. Mater., 12, 1049(1999) 

(5) H. Hirukawa, S. Matsuoka, E. Takeuchi, T. Omura, K. Yamaguchi, K. Tsuzaki: High 

Resistance of Fatigue Crack Growth for Austenitic Stainless steel Containing 
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Nitrogen, Teans. JSME, 65A, 1343(1999) (in Japanese) 

(6) N.Nagashima, K.Miyahara, S.Matsuoka: Hardness Measurement of Small 

Cementite Partic.les Using an AFM Ultramicro Hardness Tester, Trans.JSME, 64A, 

536(1998) (in Japanese) 

(7) N.Nagashima, S.Matsuoka, K.Miyahara: AFM Ultra-Micro Hardness Test for 

Inclusions in High Strength Steel, Ttans.JSME, 65A, 477(1999) (in Japanese) 

(8) N.Nagashima, K.Miyahara. S.Matsuoka: Hardness Measurement of Small 

Cementite Particles in 0.25 Carbon Steel using an AFM Ultramicro Hardness 

Tester, JSME Inter. J. A42, 235(1999) 

(9) T.Abe. T.Ohmura, S.Matsuoka: Surface and Internal Fatigue Fracture Mechanisms 

for High Strength Steels, submitted to Trans. JSME (in Japanese) 

(10) M.Hayakawa, S.Mitsuno, C.Masuda, K.Kanazawa, H.Ichikawa: Bending Property 

at Elevated Temperature for Advanced Woven Cloth BN Coated SiC Fiber-

Reinforced SiC Composite. Proc. JSME, Inter. Conf. on Materials and 

Mechanics '97, 357(1997) 

(11) E. Takeuchi, H. Hirukawa, S. Matsuoka : Arrest Function in Elevated-

temperature Fatigue Crack Growth of High A110y with a Small Addition of 

Zirconium, Teans. JSME, 65A, 148(1999) (in Japanese) 

(12) E. Takeuchi, H. Hirukawa, S. Matsuoka, S. Yamada, H. Akiyama, Y. Matsumoto: 

Fractography of Beam-to-Column Welded Conections by Full Scale Shaking Table 

Test, submitted to J. Struct. Constr. Eng. Architectural Institute of Japan (in 

Japanese) 

(13) T. Ohmura. T. Suzuki: Ultra-microindentation testing at elevated temperature, 

Inter. Conf. on Advanced Technology in Experimental Mechanics. Wakayama July 

25-26, 1997 

(14) T. Ohmura, A. Shimamoto: Nanoindentation devices developed in Japan and its 

application to thin films, Hi-hakai-kensa. 47, 364(1998). (in Japanese) 

(15) S.Matsuoka, H.Masuda: Micromaterials IV: Damage Evaluation ofMicromaterials, 

J. SMSJ, 47, 534(1998) (in Japanese) 

(16) K.Ito, A.Yamaguti, Y.Wada, K.Iwata, M.Morisita. O.Miyake, N.Aoto, K.Kobayashi, 

K.Shiba. Y.Yasumoda, S.Matsuoka: Technical Report on Monju's Sodium Leak 

Incident, J. At. Energy Soc. Japan, 39 , 704(1997). (in Japanese) 

(17) H.Akiyama, S.Ymada, Y.Matsumoto, S.Matsuoka, F.Ohtake, H.Sugimoto: 

Transition from Ductile Fracture to Brittle Fracture of Full Scale Beam-to-Column 

Connections Caused by Temperature. J. Struct. Constr. Eng. Architectural 

Institute of Japan, to be published (in Japanese) 
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（18）H．Akiy盈㎜a，S．Ya独ada，YMa辻su独o辻o，S．1M：atsuoka，K．O騨蝸，H．Kita独ura：Study

　　on　Fracもure　of　Beam一北o－Co1umn　Comectio鵬by　Me狐s　of　Fu11Sca1e　Shaking

　　Tab亘e　Tesも，J．Struct．Const篶Eng．Arc丘iもecもu醐Hnstitute　ofJapan，512，165（1998）

　　（in　Japanese）

（19）S．Matsuoka：U亘虹a・Micro　Hardness　Teste篶p262，“肋必o！o駆o〆脇加幽ゐ伽

　　刎θo左ガω！肋喫bθθ㎡η8舳ゴ〃θo加oη北♂，1999．3，ed　A．Kohno，R鰍1ize　Co．LTD（in

　　Japanese）

0蝸1P蝸se批就io皿：48

（1）工nterna虹ona1Con飴rence：3

（2）Do独estic　Con飴xence：45

Pate批ApPhcation
（1）亘ardness　Tes伍皿g　Method虹Micro－scaIe：K．Miyabara，S．Mats氾oka，N．Nagashima，

　March26．1998，Heisei10・078169，Regis虹ation：Januaτy29．1999．1．29，Regis虹a虹on

　No．2879679

（2）High一臨tigue・S故eng由Stee1：T．Oh㎜ura，H、田rukawa，S．M＆tsuoka，M，Mひraya㎜a，

　K．Hono，K．Tsuzaki，Feb．27．1999，11・0967665

（3）Canti1e▽er　w三もh　a　Long＝P1obe　おr　Atomic　Fo更ce　M1icroscope：S．Matsuoka，

　M．Hayakawa，TTak盆has血i，Sep亡e㎜ber28．1998，Apphca亡ion　No．390002901，

Awa地s：

（1）JSME　Meda至危r　Outs亡anding　Paper（1998．3），S．Maも篶oka，K．Miyahara，N．

　Nagashi醐a，K．Tanaka：Measu吏eme批ofEIasもic　Mo伽hs　a亙d　Yie1d　S辻ress　byAFMl

　てJ1tra－Mic王o一王iardness　Tester

（2）Com㎜en由tion　byもhe　M｛nisもer　ofS七挑e危r　Science　and　TechmIogy（1998，5），Sabum

　Matsuoka：Fatigve　D＆独age　Con虹o1

4．五．3．4　3正d　Unit

　Fujio　Abe（Unit　Leader），H三d⑧o　Tanaka，Kiyoshi　K曲o，Masaharu　M似蝸ta，Masaak三

Tabuchi，Tosbio　Ohba，Hideaki　Kushi㎜a，Os＆独ひKa－ne㎜aru，Eiji　B＆ba，Kenj三Y）koka－wa，

M＆sam　Shi㎜izu，H滅eko　Miyazaki，Nobuyuki亙uj三も帥公a（STX－21research飴1王ow），

Toshiaki　Hori泄chi（STX－21蛇s脇rch舶1王ow）
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4. 1.3.4. I Research work 

(1) The creep rupture strength has been improved to develop advanced 9Cr steels for 

thick section boiler components of 650 "C ultra-supercritical (USC) plants. 

(2) The long-term, such as 105 h, creep and creep rupture behavior has been shown to 

be quite different from that of the short-term for many kinds of heat resistant steels 

and alloys, resulting from a complex microstructural evolution that occurs during 

cree p . 

(3) A penning discharge micro-sputtering technique has been successfully applied for 

etching creep tested specimens as an advanced etching method, instead of the 

conventional chemical method. 

(4) The strain induced by the tetragonal to monoclinic phase transformation in partially 

stabilized zirconia ceramics has been shown to be accommodated by dislocations as 

well as microcracks. 

(5) A standard test method for creep crack growth of brittle materials has been 

established through the VAMAS collaborative research project. 

<Research themes> 

(1) Strategic Research on Advanced Ferritic Steels for 650 'C USC Boilers (R & D of 

Structural Materials for 2let Century: April 1997 to March 2002, Fujio Abe) 

(2) Creep Data Sheet Project-V (Materials Strength Data Sheet Research: April 1996 to 

March 2000, Hirosada lrie) 

(3) Characterization of Creep-Damaged Microstructure of Stainless Steels by Computer 

Aided Quantitative Metallography (General Research: April 1995 to March 1998, 

Fujio Abe) 

(4) Stability ofTetragonal Phase and its Effect on High-Temperature Mechanical 

Properties of Zirconia (General Research: April 1996 to March 1999, Fujio Abe) 

(5) Evaluation Method of High Temperature Fracture Property for Creep Brittle 

Materials(Special Coordination Fund's Research, for Promoting Science and 

Technology (through the VAMAS collaborative research project) : April 1997 to 

March 2000, Masaaki Tabuchi) 

4.1.3.4.2 Research products, including papers submitted (April 1,1997 to 

March 31, 1999) 

(1) F. Abe : Evolution of Microstructure and Acceleration of Creep Rate in Tempered 

Martensitic 9Cr-W Steels, Materials Science and Engineering, A234-236, 1045 

(1997) 
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(2) H. Tanaka. M. Murat,a, F. Abe, K.Yagi : The Effect of Carbide Distributions on Long-

Term Creep Rupture Strength of SUS321H and SUS347H Stainless Steels, 

Materials Science and Engineering, A234-236, 1049(1997) 

(3) H. Tanaka, M. Murata. F. Abe, K.Yagi : Effect of Grain Boundary Precipitates on 

Long-Term Creep Rupture Properties for SUS 347H Steel, Testu-to-Hagane, 83, 72 ( 

1997) (in Japanese) 

(4) H. Tanaka, E. Nishikawa, F. Abe, K.Yagi, T. Sugita : A New Preparation Technique 

of Surface to Microstructural Examination of Heat Resisting Steels and Alloys by 

Using Penning Discharge Micro-Sputtering, Testu-to-Hagane, 83, 263 (1997) (in 

Ja p anese) 

(5) T. Ohba, O. Kanemaru, K. Yagi, C. Tanaka : Long-Term Stress Relaxation 

Properties of NCF 800H alloy, J.Soc. Mater. Sci. 46, 19(1997) (in Japanese) 

(6) M. Murata. F. Abe, K. Yagi : Development of Monitoring System for Creep Tests, 

Report of thel23 Committee on Heat-Resisting Materials and Alloys, 38, 87 

(1997) (in Japanese) 

(7) O. Kanemaru, M. Shimizu, T. Ohba, H. Miyazaki, F. Abe, K. Yagi : Remaining Life 

Prediction by The Iso-stress Method of Boiler Tabes after Prolonged Service, 

Mater. Sci. Res. Inter. 3, 31 (1997) 

(8) T. Ohba, O. Kanemaru, K. Yagi, C. Tanaka : Long-Term Stress Relaxation 

Prop~rties and Microstructural Changes of NCF 800H, Mater. Sci. Res. Inter. 3, 10 

(1997) 

(9) F. Abe, K. Yagi: Evaluation of Long-Term Creep and Rupture Properties of Heat 

Resisting Steels, 4th Int. Charles Parsons Turbine Conf., 750, Newcastle, UK, 

November 4-6, 1997 

(10) M.Tabuchi. K.Kubo, K.Yagi : Evaluation of Creep Crack Growth Rate in terms of 

Creep Fracture Mechanism for 316 Stainless Steel, 9th Inter. Conf. on Fracture, 

399, Sydney, April 1-5, 1997 

(11) K.Yagi, M.Tabuchi. K.Kubo, J.J.Kim, Y.H.Huh : The Infiuence of Fracture 

Mechanisms on the Creep Crack Growth Behavior of 316 Stainless Steel, 

Engineering Fracture Mechanics, 57, 463-473(1997) 

(12) F. Abe : The Longest Creep Tests in the World, Materia Japan, 37,7(1998) (in 

Ja panese) 

(13) F. Abe : Kinetics of.Carbide Precipitation during Creep and Its Effect on Creep Rate 

of 10Cr-30Mn Austenitic Steels, Materials Trans., JIM, 39,211(1998) 

(14) H. Tanaka, F. Abe, K. Yagi, T. Sugita : Evaluation of Creep Damaged 

Microstructure in Austenitic Stainless Steels by Surface Observations, Testu-to-
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Hagane, 84, 303(1998) (in Japanese) 

(15) H. Tanaka, E. Nishikawa, F. Abe, K. Yagi, T. Sugita : Replication Technique for 

Microscopic Examination of Microstructures Etched by Penning Discharge Micro-

Sputtering, Trans. JSME, 64, 795(1998) (in Japanese) 

(16) H. Tanaka, E. Nishikawa. F. Abe, K. Yagi, T. Sugita : Non-Destructive 

Microstructure Examination of Boiler Tubes Using Penning Discharge Micro-

sputtering Technique, Z. Metallkde, 89, 375 (1998) 

(17) F. Abe, M. Igarashi, N. Fujitsuna, K. Kimura, S. Muneki : Alloy Design of 

Advanced Ferritic Steels for 650 "C USC Boilers, Inter. Conf, on Advanced Heat 

Resistant Steels for Power Generation, San Sebastian, Spain, April 20-25, (1998) 

84. 

(18) F. Abe. M. Igarashi, N. Fujitsuna, K. Kimura, S. Muneki : Research and 

Development ofAdvanced Ferritic Steels for 650 'C USC Boilers, 6th Liege Conf. 

on Materials forAdvanced Power Engineering, Liege, Belgium, October 5-7, (1998) 

259. 

(19) K. Kubo, M. Tabuchi, K. Yagi, A.T. Yokobori, A. Fuji : Evaluation of Creep Crack 

Growth Prorate of High Temperature TiAl Intermetallic Compound, Report of the 

123 Committee on Heat-Resisting Materials and Alloys, 39, 237 (1998) (in 

Ja panese) 

(20) H. Kushima, K. Kimura, F. Abe. K. Yagi, H. Irie, K. Maruyama : Effect of 

Microstructure on the Long-term Creep Deformation Properties of 2.25Cr- IMO 

Steels, Report ofthe 123 Committee on Heat-Resisting Materials and Alloys, 39, 

61 (1998) (in Japanese) 

(21) H. Kushima, K. Kimura, F. Abe : Effect of Microstructural Change on the Long-

term Creep Strength Properties of Modified 9Cr- IMO Steel, Report of the 123 

Committee on Heat-Resisting Materials and Alloys, 39, 335 (1998) (in Japanese) 

(22) N. Fujitsuna, H. Kutsumi, T. Itagaki, M. Igarashi, F. Abe : Basically Investigation 

for Alloy Design of High Cr Ferritic Steels for Use at Higher Temperature, Report of 

the 123 Committee on Heat-Resisting Materials and Alloys, 39, 265 (1998) (in 

Jap anese) 

(23) M. Tabuchi, K. Kubo, K. Yagi, A.T. Yokobori, A. Fuji : Results of a Japanese Rouhd 

Robin on Creep Crack Growth Evaluation Methods for Ni-base Superalloys, 

Engineering Fracture Mechanics, 62, 47(1999) 

(24) A. Fuji, M. Tabuchi, A.T. Yokobori,Jr, T. Yokobori : Method of Creep Crack Growth 

Test with Improved Starter Notch for Brittle Materials, Engineering Fracture 

Mechanics, 62, 23(1999) 
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(25) M. Tabuchi, A.T. Yokobori, A. Fuji, K.Kubo, K. Yagi, T. Yokobori : Creep Crack 

Growth Test Method and Creep Crack Growth Properties for T~l Intermetallic 

Compound, J. Soc. Mater. Sci. (in press) (in Japanese) 

(26) H. Kushima, K. Kimura, F. Abe, K. Yagi, H. Irie. K. Maruyama : Evaluation of 

Long-Term Creep Strength Properties of Cr-Mo Type Heat Resistant Steels based 

on Creep DeformationAnalysis, Report of the 123 Committee on Heat-Resisting 

Materials and Alloys, 40, 1(1999) (in Japanese) 

(27) F. Abe: Creep test method in Handbook of Metals, JIM, in press (in Japanese) 

Oral presentation: 60 

(1) International Conference : 9 

(2) Domestic Conference : 51 

Patent Application : 

(1) High Cr Ferritic Heat Resistant Steels with Sufficient Oxidation Resistance and 

Sufficient Steam-oxidation Resistance: Nobuyuki Fujitsuna, Fujio Abe, Takehiko 

Itagaki, Masaaki lgarashi, 9 September 1997, 09-256481 

(2) Ferritic Heat Resistant Steels and their Preparation Methods: Nobuyuki Fujitsuna, 

Fujio Abe, Takehiko Itagaki, Masaaki lgarashi, Seiichi Muneki, Kazuhiro Kimura, 

Hideaki Kushima, 21 September 1998, 09/157.392 (USA) 

(3) Ferritic Heat Resistant Steels and Their Preparation Methods : Nobuyuki Fujitsuna, 

Fujio Abe, Takehiko Itagaki, Masaaki lgarashi, Seiichi Muneki. Kazuhiro Kimura, 

Hideaki Kushima, 21 September 1998, 98307629.0 (Germany, Belgium) 

Award : 

(1) Nishiyama Memorial Award, The lron and Steels Institute of Japan, 

April 1998, Fujio Abe 

(2) Technical Skill Award, The lron and Steels Institute of Japan, 

March 1999, Eiji Baba 

4.1.3.5 4th Unit 

Kohzo Nakazawa (Unit Leader), Takehiko Itagaki, Hiroyuki Kutsumi(domestic 

research fellow) 
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4. 1.3.5. I Research work 

(1) The oxidation properties of high Cr ferritic steels in high temperature steam have 

been studied as a function of small amounts of additional elements. It was found 

that the addition of Pd extremely improved the oxidation resistance of steels in high 

temperature steam. An addition of Si together with a small amount of active 

elements like as Ti or Y was also effective to decrease the oxidation of ferritic steels. 

(2) Coating of SiC on alumina powder was tried by fluidized bed CVD as to improve the 

wettability of ceramic particles with molten cast iron 

<Research themes> 

(1) Development of High Performance Ferritic Heat Resistant Steels for USC Boiler 

(Research on Structural Material for 2lst Century: April 1997 to March 2002, Fujio 

Abe) 

(2) Fabrication ofHighly Functional Composite Cast lrons (Special Coordination Funds 

for Promoting Science and Technology: April 1996 to March 1999, Akira Sato) 

4.1.3.5.2 Research Products (April I ,1997 to March 31, 1999) 

Oral Presentation: 3 

(1) International Conference: O 

(2) Domestic Conference: 3 

Patent Application: 

(1) A method to Improve the Oxidation Resistance of High Temperature Alloys and 

Steels, T. Itagaki, H. Kutsumi, N. Fujitsuna, M. Igarashi, M. Muneki, F. Abe, 

February 26, 1999, N0.11-52009 

4. 1.3.6 5th Unit 

Koji Yamaguchi (Unit Leader), Masuo Shimodaira, Kazuo Kobayashi and Megumi 

Kimura 

4.1.3.6.1 Research work 

(1) Creep-fatigue interaction of newly developed ferritic heat resisting steels for fossil 

power plants have been evaluated by using tensile strain hold wave shapes as a 
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simulation of the daily start-up and shut-down operation. 

(2) The time-dependence of the low-cycle fatigue properties of 316FR austenitic 

stainless steel for fast breeder reactors have been studied as a parameter of strain 

rate, strain hold time, and testing temperature. 

(3) Tests on the NRIM Fatigue Data Sheet of high temperature fatigue have been 

carried out. 

<Research themes> 

(1) Strategic Research on Advanced Ferritic Steels for 650~C USC Boilers (Research on 

Structural Materials for 21*t Century: April 1997 to March 2002, Fujio Abe) 

(2) Long-term Creep-fatigue Properties of 316FR Stainless Steel for Fast Breeder 

Reactor (Elaluation of Technological Development for Diversification of Power 

Source: April 1995 to March 2001, Koji Yamaguchi) 

(3) NRIM Fatigue Data Sheet Project (M:aterials Strength Data Sheet: April 1997 to 

March 2002, Hirosada lrie) 

4.1.3.6.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K.Yamaguchi. K.Kobayashi, S.Nishijima, K.Kanazawa: Fatigue Properties of High 

Temperature Materials, Inspection Engineering, 2, 1(1997) (in Japanaese) 

(2) K.Kobayashi, K.Yamaguchi, S.Kato, T.Fujioka, T.Nakazawa, H.Koto, S.Date: High 

Temperature Fatigue Life ofthe 316 FR Steel, Report 123 Committee of Japan Soc. 

Promo. Sci., 38, 25(1997) (in Japanese) 

(3) K.Kobayashi, K.Yamaguchi: The Effect of Compressive Strain Hold on the Low Cycle 

Fatigue Life ofVarious Materials at Elevated Temperature, JHPI, 36, 27(1998) (in 

Ja panese) 

(4) K.Kobayashi. K.Yamaguchi, S.Kato, S.Nishijima, T.Fujioka, T.Nakazawa, H.Koto, 

S.Date: High Temperature Fatigue Properties of the 316FR Steel, Trans. Japan 

Soc.Mech.Eng. 64, 545(1998) (in Japanese) 

(5) M.Klmura, K.Yamaguchi, S.Matuoka: Fatigue Fracture Mechanism Map of SUS 304 

Steel, Report 123 Committee of Japan Soc. Promo. Sci., 39, 101(1998) (in Japanese) 

(6) M.Shimodaira, K.Yamaguchi: Fatigue Properties of TiAl Intermetallic Compounds 

and Dependences of the Microstructure, J. Soc.Mater.Sci. 48, 166(1999) (in 

Japanese) 
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Oral Presentation: 7 

(1) International Conference: 1 

(2) Domestic Conference: 6 

4. 1.3.7 Researchers in the Strength and Life Evaluation Research Station 

Age and research fields of researchers in the Strength and Life Evaluation Research 

Station. (M:arch 31, 1999) 

Age of Nunrber Metallurgy Mechanics Nanoscale 
Researchers 

Structural Heat Fatigue Cree p 
analysis 

Steel Resistant 
Steel 

60 - 1 1 o o o o 

50 - 60 12 5 4 3 O o 

40 - 49 14 1 3 7 3 O 

30 - 39 8 o 2 2 o 4 

22 ~ 29 2 o 2 o O o 

Summation 37 7 11 12 3 4 

4 1 3.8 Research Budgets in the Strength and Life Evaluation Research 

Station 

Research budgets in the Strength and Life Evaluation Research Station Cylen) 

Kinds ofbud ets 1997 1998 
Research on Structural Materials 
for 2lst Century 

General Research 13,660,000 5,040,000 

Special Coordination Funds for 32,047,000 22,369,000 
Promoting Science and Technology 

Evaluatron of Technological 44,471,000 43,854,000 
Development for diversification of 
Power Source 

Summation 90, 1 78,000 71,236,000 
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CHAPTER 5 Innovative & Evolutional Research 

Innovative and evolutional research for materials science has been promoted by 

the four Research Teams. The first research team was establishedApril l, 1993. The 

innovative and evolutional research is performed by the Biomaterials Research Team, 

the Ecomaterials Research Team, the Aperiodic Materials Research Team, and the 

Combustion Synthesis Research Team. Other research teams may be established on 

the emergence of new research fields, and social demand while the current research 

teams are successively evaluated. 

5. I Biomaterials Research Team 

Takao Hanawa (Team Leader) 

5.1.1 Staff 

Takao Hanawa (Team Leader), Kozo Nakazawa, Norio Maruyama, 

Akiko Yamamoto, Sachiko Hiromoto, Masae Sumita (guest researcher) 

5. 1.2 Research Work 

Following the 5th Long-term Plan, basic research to develop biomaterials for a 

high quality of life in an aging society has been promoted. Biomaterials are implanted 

into the human body to recover functions lost due to accidents, diseases, or the aging 

processes. The staff in the team are making every effort to create biocompatible and 

biointegrated materials. High safety, aifmity, and durability are required of 

biomaterials to be used in the human body. Fundamental and systematic data are 

being accumulated in order to develop new materials with superior properties. For 

conventional and newly developed materials, safety and affinity are examined using 

cultured cells, corrosion resistance is estimated using electrochemical techniques, and 

mechanical durability is tested using a newly developed hip-joint simulator and a 

fretting fatigue tester. On the basis of the fundamental data obtained, amorphous and 

ion beam techniques are utilized for the development of hii gh-performance biomaterials. 

The development of amcn~phous alloys as biomaterials is assisted by Aperiodic Materials 

Research Team. 

Examples of the research outcomes are shown as follows. 

(1) An original hip joint simulator has been developed and a simulation corresponding 

to a 10-year walk estimated. 

(2) A fretting fatigue tester using artificial body fluids with an h2 vjvo dissolved oxygen 
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concentration and temperature has been developed and the effect of the artificial 

body fluid on the fretting fatigue has been elucidated. 

(3) An advanced fretting fatigue tester for small size specimens has been developed. 

(4) Cytotoxicity of metal ions and particulate of metal oxides were quantitatively and 

systematically evaluated. 

(5) Part of the mechanisms of the cytotoxicity of metal ions is elucidated in respect of 

DNA damage and the cell cycle. 

(6) New systems to measure directly the detachment force of a single cell adhering to a 

material's surface by applying a lateral load by a cantilever has been developed and 

the cell adhesive shear strength and cell detachment surface energy measured. 

(7) The mechanical and biochemical causes of metal ion release from titanium implant 

materials were elucidated. 

(8) The effect of the component elements of Pd-based and Zr-based amor~)hous alloys 

on the corrosion resistance of alloys in artificial body fluids was investigated. 

(9) Titanium-based amorphous alloys for biomaterials have been developed. 

(10) Calcium-ion-mixing titanium has been developed. 

The output of the research activities has been increased since the start of the 5th 

Long-term Plan. The number of publications, including submitted papers, are 36, 

patents submitted are 1, between April 1, 1977 to March 31, 1999. 

<Research themes> 

(1) Research on Highly Biocompatible Structural Materials for Biomedical Use 

(Special Research: April 1994 to 'March 1999, Takao Hanawa) 

(2) Research on Creation of Biointegrated Materials to Improve Physically Handicapped 

People's Quality of Life 

(Special Coordination Funds for Promoting Science and Technology: April 1997 to 

March 2000, Takao Hanawa) 

5.1.3 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) M. Sumita: Durability of Metallic Biomaterials, J. Jpn. Soc. Biomater., 15, 240 

(1997) (in Japanese) 

(2) M. Sumita: Present Status and Future Trend of Metallic Materials Used in 

Orthopedics, Orthop. Surg., 48, 927 (1997) (in Japanese) 

(3) M. Sumita: "Chemical and Mechanical Stresses in Living Body Caused by Metallic 

Biomaterials", Biomedical Materials Research in the Far East (III), Chengdu, 
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China, July 15-17, 1997 

(3) A. Yamamoto, R. Honma, M. Sumita: Comparison of Metal Salt's Cytotoxicity 

between Cell Lines, Biomedical Materials Research in the Far East (IID, Chengdu, 

China, July 15-17, 1997 

(4) A. Yamamoto, S. Mishima, N. Maruyama, M. Sumita: "Evaluation of Shearing Cell 

Adhesive Strengths of Murine Fibroblasts to Metal Films and Extra Cellular 

Matrices", Biomedical Materials Research in the Far East (III), Chengdu, China, 

July 15-17, 1997 

(5) M. Sumita: Trend of Research on Metallic Biomaterials, J. Jpn. Soc. Heat Treat., 

38, 36 (1998) (in Japanese) 

(6) A. Yamamoto: Damage of Metallic Biomaterials in a Human Body and Biological 

Response, J. Mater. Sci. Soc. Jpn, 35, 264 (1998) (in Japanese) 

(7) A. Yamamoto. S. Mishima, N. Maruyama, M. Sumita: A New Technique for Direct 

Measurement of the Shear Force Necessary to Detach a Cell from a Material, 

Biomaterials, 19, 871 (1998) 

(8) N. Maruyama, K. Nakazawa, M. Sumita, M. Sato: Effects of Heat Taeatment and 

Amount of SiC Particles on Fatigue and Fretting Fatigue Strength of Particulate 

ReinforcedA2024Alloy Composite, J. Jpn. Inst. Met., 62, 224 (1998) (in Japanese) 

(9) A. Yamamoto, R. Honma, M. Sumita: Cytotoxicity Evaluation of 43 Metal Salts 

Using Murine Fibroblasts and Osteoblastic Cells, J. Biomed. Mater. Res., 39, 331 

(1998) 

(10) T. Hanawa, K. Asami, K. Asaoka: Repassivation of Titanium and Surface Oxide 

Film Regenerated in Simulated Bioliquid, J. Biomed. Mater. Res., 40, 530 (1998) 

(11) M. Sumita, A. Yamamoto: Measurement of Cell Adhesive Shear Force to Material's 

Surface, J. Phys. Med., 9, 10 (1998). 

(12) T. Hanawa: Surface Modification of Metallic Biomaterials, Bull Jpn. Inst. Met., 37, 

853 (1998) 

(13) M. Sumita: Corrosion and Mechanical Properties of Metallic Biomaterials, Bull. 

Jpn. Inst. Met., 37, 859 (1998) (in Japanese) 

(14) T. Hanawa: Behavior of Titanium in Biological Systems, Bull. Kanagawa Dent. 

College, 26, 121 (1998) (in Japanese) 

(15) T. Hanawa: Surface Modification of Titanium Implants that Improve Bone 

Conduction, 4th Inter. Symp. on Titanium in Dentistry, Geneva, Switzerland, 

September 2-4, 1998 

(16) T. Hanawa and S. Hiromoto: Surface Properties and Modification of Material 

Surfaces that Influence Biocompatibility, Corros. Eng., 47, 750 (1998). (in 
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Japanese) 

(17) T. Hanawa: Interface Design of Metallic Materials by lon Beam Technology, in 

BjoconrpatjblJjty of BjomaterjaJs, eds, by A. Sato, T. Ishikawa, Y. Sakurai, 

(Nakayama Shoten, Tokyo 1998). (in Japanese) 

(18) T. Hanawa: Calcium lon Implanted Titanium for Biomaterials, 5th Inter. Symp, on 

Electrochemical/Chemical Reactivity of Novel Materials, Sendai, October 5-6, 

1998. 

(19) T. Hanawa: Surface of Metallic Biomaterials in vivo and its Modification. Corrosion 

and Protection Committee of Japanese Society for Materials 208th Meeting, 

Environmental Resistance of Bio-Medical Materials, Osaka, January 22, 1999 (in 

Japanese) 

(20) T. Hanawa: Surface of Metallic Biomaterials and their Modification, Inorg. Mater. 6, 

136 (1999) (in Japanese) 

(21) S. Hiromoto, H. Numata, A.-P. Tsai, K. Nakazawa, T. Hanawa, M. Sumita: 

Polarization Behavior of Pd78Sil6Cu6_*Cr* Amorphous Alloys in an Artificial Body 

Fluid, J. Jpn Inst. Met., 63, 352 (1998) (in Japanese) 

(22) T. Hanawa: Surface Modification of Metallic Biomaterials Improving Hard Tissue 

Compatibility, Inter. Synrp. on Advanced Biomaterials & Tissue Engineering, 

Tokyo, February 22-23, 1999 

(23) S. Hiromoto. A..P. Tsai, M. Sumita, T. Hanawa: Application of Zirconium-based 

Amorphous Alloys to Biomaterials, Inter. Symp. on Advanced Biomaterials & 

Tissue Engineering, Tokyo, February 22-23, 1999 

(24) T. Hanawa: Properties of Metallic Materials for Artificial Organs, Artificial Organs, 

23, 685 (1999) (in Japanese) 

(25) K. Nakazawa, M. Sumita, N. Maruyama: Fatigue and Fretting Fatigue of 

Austenitic and Ferritic Stainless Steels in Pseudo-Body Fluid, 7th Inter. Fatigue 

Conf., FATIGUE'99, Beijing, China, June 8-12, 1999 

(26) T. Hanawa: Surface Modification of Metallic Biomaterials with lon Beam 

Technology, Ionics, 25, 3 (1999) (in Ja~ansese) 

(27) T. Hanawa: In vivo Metallic Materials and Surface Modification, Mater. Sci. Eng. A 

267, 260(1999) 

(28) T. Hanawa: Surface Modification of Metallic Biometerials, J. Jpn. Soc. Heat Treat., 

(in press) (in Japanese) 

(29) , T. Hanawa: Surfac.e Phenomena of Metallic Materials 1'2 'vivo and Surface 

Modification, J. Surf. Sci. Soc. Jpn., 20, 607 (1999) (in Japanese) 

(30) Y. Mu, T. Kobayashi, M. Sumita, A. Yamamoto, T. Hanawa: Metal lon Release from 
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5.1.4 Researchers in the Biomaterials Research Team 

Age and research fields of researchers in the Biomaterials Research Team 

(March 31, 1999) 

Age of Number of Mechanical Surface and Cell Biology 
Researchers researchers Pro erties Corrosion 

60 - 1 1 O o 

50 - 60 1 1 O o 

40 - 49 2 1 1 o 

30 - 39 1 o o 1 

22 ~ 29 
1 o 1 o 

Summation 6 3 2 1 

5.1.5 Research Budgets in the Biomaterials Research Team 

Research budgets in the Biomaterials Research Team (yen) 

Kinds ofbud ets 1997 1998 
Special Research 17,978,000 11,036,000 

Special Coordination Funds ~or 23,017,000 22,771,000 
Promoting Science and Technology 

Supplementary Budgets 15,000,000 o 

Summation 55,995,000 33,807,000 
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5.2 Ecomaterials Research Team 

Kohmei Halada (Team Leader) 

5.2.1 Staff 

Kohmei Halada (Team Leader), Hiroshi Yoshizu, Kazumi Minagawa, Kiyoshi ljima, 

Tatsuhiko Aizawa (guest researcher), Shushi Miura (guest researcher ), Ryoichi 

Yamamoto (guest researcher - 1997) 

5.2.2 Research work 

"Ecomaterial" is a new concept of material's R&D which considers the global 

environmental issue. This concept and the technical approaches to realize it were 

proposed and developed in Japan, one year before the "United Nations Conference on 

Environment and Development (Rio de Janeiro)". The NRIM has given attention to the 

importance of the environmental performance of metals and materials, and established 

the Ecomaterials research team in the 5th Long-term Plan, going ahead of any of the 

other materials research institutes around the world. 

Ecomaterials research prospects the future course of design and the development of 

materials which harmonize with the environment or minimize the life-cycle 

environmental load without deteriorating their properties. Recyclable materials, 

pollutant-free materials, materials with a lower consumption of energy and resources, 

and materials adaptable to DfE (Design for Environment) are the main targets of 

ecomaterials. The Ecomaterials Research Team in the NRIM has been working as the 

center of research on ecomaterials in Japan. 

Between 1993 and 1998 the STA research project "S~udy on Design ar~d Assessment of 

Ecomaterials" was carried out. The team played an important role in the project by 

developing the assessment methods of ecomaterials and preparing the materials-data 

required for assessment. In 1998 the team conducted the STA feasibility study "Life-

cycle Design and Processing of Materials to Reduce the Environmental Load", and in 

result, a new STA research project, "Barrier-free Processing to Reduce the Life-cycle 

Environmental Load of Materials" was started in 1999. 

The concrete activities of the team cover two areas. One is the assessment technology 

concerning ecomaterials. Methodological research to develop LCA (environmental life-

cycle assessn~ent) to a method which can be used in materials design and selection from 

an environmental viewpoint. Inventory data of metals for the assessment are prepared. 

The emissions of C02, NO., SO. in the metallurgical stage of steel alloys and non-

ferrous alloys were calculated and presented as databases with an interactive Web 

257 



interface. Not only the inventory data of metals but also that of parts and products are 

estimated and listed in the database "environmental load of 4000 social stocks". 

The second activity is the processing for ecomaterials, where typical attempts at 

recycling materials and the materials processing of recycled raw materials are subjected 

of research. Preparation of fiber reinforced porous Fe-Fe composite, composed from 

SCIFER (highly drawn iron fiber) and Fe powder, was investig.ated by using P/M 

technology. This Fe-Fe composite is expected to have high recyclability because the 

microstructure of the SCIFER reinforces the matrix without using any alien substance 

nor any alloying elements. From an opposite view point, positive utilization of 

contaminants which comes from recycling is investigated. Cu in Fe recycled scrap is 

known to obstruct the sound processing in hot-rolling. A new warm powder processing 

method where Cu is finely dispersed in the matrix as a strengthening element is 

investigated. 

<Research themes> 

(1) Fundamental Study on the Processing for Ecomaterials (General Research: April 

1996 to March 1998, Kohmei Halada) 

(2) Study on Design and Assessment of Ecomaterials (Special Coodination Funds for 

Promoting Science and Technology: April 1993 to March 1998, Kohmei Halada) 

(3) Life-cycle Design and Processing Materials to Reduce the Environmental Laod ( 

SpecialCoodination Funds for Promoting Science and Technology, April 1998 to 

March 1999, Kohmei Halada) 

5.2.3 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) K.Halada, K.Ijima, K,Yagi: Estimation of the Emissions of C02,SO*,NO* of Steel 

Alloys, J. Mater. Res., 13, 2514(1988) 

(2) K.Halada, K.Ijima, K,Yagi: Estimation of the Emissions of C02,SO*,NO* of Non-

ferrous Metals and Alloys in Japan, Int. J. of Lifecycle Assessment, in press 

(3) K.Halada: Problems ahd Possibilities of Powder Metallurgy from the Viewpoint of 

Environmental Issue, Materia Japan,.37, 42(1998) (in Japanese) 

(4) K.Halada: Modern Approach toward the Sustainable Society - Industrial Ecology-, 

Powder Science & Engineering, 30, 23(1998) 

(5) K.Halada: How should Ecomaterials be?, Boundary,. 15, 14(1999) (ir~ Japanese) 

(6) K.Halada: Current Status of Recycling Metals, J. of the Japan Welding Society, 67, 

20(1998) (in Japanese) 
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(7) K.Halada: Current and Future of Ecomaterials, Handbook of env7~lonn2entaJ and 

recycJ1'2g technoJogy, Kogyochosakai, pp.27-33(1999) (in Japanese) 

(8) K.Halada: Ecomaterials, Kogyozairyo, 47, 22(1999) (in Japanese) 

(9) K.Halada: Which material can reduce C02 emission? Kogyozairyo, 46, 106(1998) 

(in Japanese) 

(10) K.Halada: Realization of Ecomaterials which Reduce the Environmental Load, 

M&E, N0.10,200(1998) 

(11) K.Halada: LCA ofMetals, Wrought Copper, in press 

(12) K.Halada: Development of MLCA to an Assessment Tool in Coming 
Dematerialization Era. Proc. 3*d Inter. Conf. on Ecomaterials, pp.299-304(1997) 

(13) K.Halada: The Requirements for LCI Data Model as Tool of Lifr Cycle Engineering, 

Proc. 3*d Inter. Conf. on EcoBalance, pp.67-72(1998) 

(14) S.Sakai, K.Halada, Y.Yokoyama: Sensitivity Analysis in LCA Using Perturbation 

Method, Proc. the 3*d Inter. Conf. on EcoBalance, pp.55-58(1998) 

(15) K.Halada: Progress of Ecomaterials Research towards Sustainable Society, Proc. 

Inter. Conf. of Ecodesign 99, pp.2 12-2 15(1999) 

(16) K.Halada, K.Ijima, K.Minagawa: Recyclablity and Life-cycle Environmental 

Loadings of PM Products, Proc. of 1998 Powdermetallurgy World Congress, pp.58-

62(1998) 

(17) K.Ijima, K.Halada. K.Yagi: Environment Load Database System of Alloys on the 

Network, Proc. 3*d Inter. Conf. on Ecomaterials, 333(1997) 

(18) T.Abe, H.Onodera, K.Kimura, K.Halada, K.Ijima: Improvement of the Ecobalance 

of Ferritic Steels by the Minimum Alloying, Proc. 3>d Inter. Conf. on Ecomaterials, 

47(1997) 

(19) K.Ijima. K.Halada, K.Yagi: Database of Environment Load of 4000 Social Stocks, 

Proc. 3'd Inter. Conf. on Ecobalance, 531(1998) 

(20) H.Yoshizu, K.ijirna, K.Halada, K.Yagi: Environmental Load Data as Part of 

Materials Data Base. Proc. 3*d Inter. Conf. on Ecobalance, 575(1998) 

(~9 1) H. Yoshizu, K. Halada: Construction of Open System for Materials Database (1) -

Development of Creep Rupture Database -, Proc. 35th Symp. on Strength of 

Materials at High Temperatures, 144 - 148 (1997) (in Japanese) 

(22) H. Yoshizu, K. Halada: Construction of Open System for Materials Database (II)-

Link of the Variety Database -, Proc. 36th Symp.on Strength of Materials at High 

Temperatures, pp.133 - 137(1998) (in Japanese) 

(23) K.Minagawa, K.Halada, H.Okuyama, S.Ohno, N.Itsubo: Production of Recyclable 

Fe-Fe Composite Materials, Proc. 3*d Inter. Conf. on Ecomateriars, 351(1997) 
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･ Oral Presentation: 30 

(1) International Conference: 10 

(2) Domestic Conference: 20 

･ Patent Application 

(1) Fine Pulverization and Decoration Method of Powder Particle, K.Minagawa , 

K.Halada, S.Ohno, H.Okuyama, (1997), Patent N0.29166 11 

(2) Preparing Method of Fine Powder of Metal, K.Minagawa, K.Halada, (1998). No.09-

256972 

' Award : 

(1) JIM Award for Achievements: 1998, K.Halada 

5.2.4 Researchers in the Ecomaterials Research Team 

Age and research fields of researchers in the Ecomaterials Research Team. 

(March 31, 1999) 

Age of Number of Metallurgy Mechanical Electric 
Researchers researchers En ineerin En 'neerin 

60 - o o o o 

50 - 60 o o o o 

40 - 49 3 1 2 O 

30 - 39 1 o o 1 

22 ~ 29 o O o o 

Summation 4 1 2 1 

5.2.5 Research Budgets in the Ecomaterials Research Team 

Research budgets in the Ecomaterials Research Team (yen) 

Kind of Bud ets 1997 1998 
General Research 7,500,000 7,500,000 

Special Coordination Funds for 
Promoting Science & Technology 15,373,000 10,012,000 

Summation 22,873,000 17,512,000 
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5.3 Aperiodic Materials Research Team 

An Pang Tsai (Team Leader) 

5.3.1 Staff 

An Pang Tsai (Team Leader), Taku J. Sato, Hiroyuki Takakura, Jing Xing Guo, Donna 

Perera (STA fellow), Fabrice Dugain (STA fellow), Shin Takeuchi (guest researcher), 

Kiyoshi Aoki (guest researcher) 

5.3.2 Research work 

The main research is focussed on the production of new materials with 

quasicrystalline and amorphous structures; preparation of new quasicrystalline alloys, 

growing single quasicrystals, production of bulk amorphous alloys, and the preparation 

of nanocomposites. The materials are studied by X-ray diffraction, neutron scattering, 

transmission electron microscopy (TEM), differential scanning calorimetry (DSC) and 

solid analyzer. 

<Research theme> 

(1) Fabrication of Quasicrystals and Investigations of Physical Properties (Core 

Research for Evolutional Science and Technology, Japan Science and Technology 

Corporation: from October 15, 1996 to November 31, 2001, An Pang Tsai) 

5.3.3 Research Products, including papers submitted(April 1, 1997 to 

March 31, 1999) 

(1) A. P. Tsai, A. Niikura, A. Inoue, T. Masumoto: Stoichiometric lcosahedral Phase in 

the Zn-Mg-Y System, J. Mater. Res. 12, 1468(1997). 

(2) T.J. Sato, E. Abe. A.P. Tsai: A Novel Decagonal Quasicrystal in Zn-Mg-Dy System, 

Jpn. J. Appl. Phys., 36, LI038(1997). 

(3) A.P. Tsai, A. Inoue, T. Masumoto: Phason Strains on Growth, Stability, and 

Structure of lcosahedral Phases, Prog. Crystal Growth and Charact. 34, 

221(1997). 

(4) H. Saito, K. Fukamichi, T. Goto A.P. Tsai, A. Inoue, T. Masumoto: Concentration 

Dependence of the Magnetic Properties of Melt-Quenched P-Type Mg30Gd*Zn70-. 

Quasicrystals, J. Alloys and Compounds, 252,6(1997). 

(5) A.P. Tsai, A. Niikura, K. Aoki, T. Masumoto: Hydrogen Absorption in an lcosahedral 

Zn-Mg-YAlloy, J.Alloys and Compounds 253-254, 90(1997). 

(6) K. Saitoh, K. Tsuda, M. Tanaka, A. P. Tsai: Structural Study of an Al,-2Ni20C08 
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Decagonal Quasicrystal Using the High- Angle Annular Dark-Field Method, Jpn.J. 

Appl. Phys., 36, L1400(1997). 

(7) Z.M.Stadnik, D.Purdie, M.Garnier, Y.Baer. A.P.Tsai, A.Inoue, K.Edagawa, 

S.Takeuchi, K.H.Buschow: Electrical Structure of Quasicrystals Studied by 

Ultrahigh-Energy-Resolution Photoemission Spectroscopy, Phys. Rev. B55, 

10938(1997). 

(8) A. Singh, A.P. Tsai: Heterogeneous Nucleation of Lead on Quasicrystals, Philo.Mag. 

Lett., 77, 89(1998). 

(9) Alok Singh, E.Abe, A.P.Tsai: A Hexagonal Phase Related to Quasicrystalline Phases 

in Zn-Mg-Rare-Earth System, Philo.Mag. Lett. 77, 95(1998). 

(10) T.J.Sato, T.Hirano, A.P.Tsai: Single Crystal Growth of the Decagonal Ai-Ni-Co 

Quasicrystal, J. Cryst. Growth, 191, 545(1998). 

(11) E. Abe, T.J. Sato, A.P. Tsai: The Structure ofFrank-Kasper Decagonal Quasicrystal 

in the Zn-Mg-Dy System: Compariosn with the Al-Ni-Co System, Philo. Mag. Lett., 

77, 205(1998). 

(12) T.J.Sato, E.Abe, A.P.Tsai: Composition and Stability ofthe Decagonal Quasicrystals 

in the Zn-Mg-RE Systems, Philo. Mag. Lett., 77, 213(1998). 

(13) M.Terauchi, H.Ueda, M.Tanaka, A.P.Tsai, A.Inoue, T.Masumoto: Electron-Energy-

Loss Spectroscopy Study of a Stable Decagonal Quasicrystal Al-Ni-Rh, Philo. Mag. 

Lett., 77, 1625(1998). 

(14) T.J.Sato, H.Takakura, A.P.Tsai: Single Crystal Growth ofthe lcosahedral Zn-Mg-Ho 

Quasicrystal, Jpn. J. Appl. Phys., 37, L663(1998). 

(15) A. Singh, A.P.Tsai: Crystallography and Solidifichation Behariour of Nanometric 

Pb Particles Embedded in lcosahedral and Decagonal Quasicrystalline Matrix, 

Acta Mater. 46, 4641(1998). 

(16) H.Takakura, A.Sato. A.Yamamoto, A.P.Tsai: Crystal Structure of a Hexagonal 

Phase Related to Zn-Mg-Y Quasicrystalline Phase, Philo. Mag. Lett. 78, 263(1998). 

(17) T.J. Sato, H. Takakura, A.P. Tsai K. Shibata: Anisotropic Spin Correlation in the 

Zn-Mg-Ho Quasicrystal, Phys. Rev. Lett., 81, 2364(1998). 

(18) P.J. Steinhardt, H.-C. Jeong, K. Saitoh, M. Tanaka, E. Abe. A.P. Tsai: Nature 365, 

55(1998). 

(19) A.P. Tsai. Y. Kitazawa, A. Inoue, T. Masumoto: Ferromagnetic Glasses with Stable 

Supercooled Liquid in Gd-Al-(Cu,Ni,Co) Alloys, High Temp. Mater. Proc. 17, 

203(1998). 

(20) Y. Yan, S.J. Pennycook and A.P. Tsai: Direct Imaging of Local Chemical Disorder 

and Columnar Vacancies in Ideal Decagonal Al-Ni-Co Quasicrystals, Phys. Rev. 
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Lett. 81, 5145(1998). 

(21) F. Dugain, M.de Boissieu, K. Shibata, R. Currat, T.J. Sato, A.R. Kortan, J-.B. Such, 

K. Hradil, F. Frey, A.P. Tsai: Inelastic Neutron Scattering Study of the Dynamics of 

Decagonal Al-Ni-Co Phase, Eur.Phys.J.B7, 5 13(1999). 

(22) E. Abe, T.J. Sato, A.P. Tsai: Structure of a Quasicrystal without Atomic Clusters, 

Phys. Rev. Lett., 82, 5269(1999) . 

(23) E. Abe, A.P. Tsai: Quasicrystal-Crystal Taansformation in Zn-Mg-Rare Earth Alloys, 

Phys. Rev. Lett., 83, 753(1999). 

(24) E. Abe, H. Takakura, A. Singh, A.P. Tsai: Hexagonal Superstructure in the Zn-Mg-

rare-earth Alloys, J. Alloy, Compound, 283, 169(1999). 

(25) J.Q. Guo, T.J. Sato, T. Hirano, A.P. Tsai: Solid-liquid Interface in the Growth of a 

Decagonal A172C016Nil2 Quasicrystal, J. Cryst. Growth, 197, 963(1999) 

(26) D.N, Perera, A.P. Tsai: Dynamics Tensile Measurements for Pt60Nil5P25 below the 

Calorimetric Glass Taansition Temperature, J. Phys.; Condens. Matter 11, 

3029(1999). 

(27) K. Saito, T. Yokozawa. M. Tanaka. A.P. Tsai: Strructural Studies of Monoclinic 

Approximants ofAll8Fe4and 1 2 -inflated A113C04 by the High-Angle Annular Dark-

field Method, J. Electron Microscopy 48(2), 105(1999). 

(28) K. Saito, K. Tsuda, M. Tanaka, A.P. Tsai: Structural Study of an Al70Nil5Fel5 

Decagonal Quasicrystal Using High-Angle Annular Dark-Field Scanning 

Transmission Electron Microscopy, Jpn. J. Appl. Phys. 38, L671(1999). 

(29) A.P. Tsai, T.J. Sato, J.Q. Guo, T. Hirano: Growing Perfect Quasicrystals, J. Non-

Cryst. Solids , 1999, in press. 

(30) A. Singh, A.P. Tsai: Stability of Interface between Lead Particles and Quasicrystals 

and Its Effect on the Melting Temperature ofthe Lead Particles, Philo.Mag. Lett., 

79, 561(1999). 

(31) A.P. Tsai: The Path to Discover the Quasicrystals, Proc. New Horjzons 1'7 

quasl~rystaJs , eds. A.1 Goldman, D.J. Sordelet, P.A. Thiel, J.M. Dubois (1997 World 

Scie ntific)p p . I -8 . 

(32) K.Tsuda, K.Saitoh, M.Terauchi, M.Tanaka, A.P.Tsai, A.Inoue, T.Masumoto: 

Convergent-Beeim Electron Diffraction and Electron Microscope Studies of 

Decagonal Quasicrystal, Proc. 6th Int. Conf. on Quasicrystals, eds. S. Takeuchi 

and T. Fujiwara(World Scientific Singapore 1998)pp 11- 18. 

(33) K. Saitoh, K. Tsuda, M. Tanaka, A.P. Tsai: Structure Analysis of Decagonal 

Quasicrystal by Convergent-Beam Electron Diffraction, Proc. 6th Int. Conf. on 

Quasicrystals, eds.S.Takeuchi and T.Fujiwara (World Scientific Singapore 1998)pp. 
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59-62. 

(34) A.P.Tsai: Developments in Quasicrystals: New Systems, Single Crystal and Better 

Structure Perfection, Proc. 6th Inter. Conf. on Quasicrystals, eds. S. Takeuchi and T. 

Fujiwara (World Scientific Singapore 1998) p253-260. 

(35) A.Fujiwara, A.Inoue, A.P.Tsai: Stability and Structural Variation of Decagonal 

Phase in Al-Ni-Co System, Proc. 6th Inter. Conf. on Quasicrystals, eds. S. Takeuchi 

and T. Fujiwara (World Scientific Singapore 1998) pp341-344. 
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Quasicrystals eds. S. Takeuchi and T. Fujiwara ( World Scientific Singapore (1998) 

p p.443-450. 
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S.Takeuchi: Electronic Structure of Quasicrystals Studied by Ultrahigh-Energy-

Resolution Ultraviolet Photoemission Spectroscopy, Proc. 6th Inter. Conf. on 

Quasicrystals, eds. S.Takeuchi and T.Fujiwara (World Scientific Singapore(1998) 

pp.563-570. 

(38) M.Terauchi, H.Ueda, M.Tanaka, A.P.Tsai, A.Inoue, T.Masumoto: Electron Energy-

Loss Spectroscopy of the Electronic Structure of Quasicrystals, Proc. 6th Inter. Conf. 

on Quasicrystals, eds. S. Takeuchi and T. Fujiwara (World Scientific Singapore 

1998)p p.587-590. 

(39) Z.M.Stadnik, B.Grushko, A.P.Tsai: Mossbauer Spectroscopy Studies of Al-Ni-Fe 

Decagonal Alloys. Proc. 6th Inter. Conf. on Quasicrystals, eds. S. Takeuchi and T. 

Fujiwara (World Scientific Singapore 1998) pp.708-7 11. 

(40) A. Yamamoto. S. Weber, A. P. Tsai: Phase Transition of Decagonal Al-Ni-Co 

Quasicrystals. Proc. 6th Inter. Conf. on Quasicrystals, eds. S. Takeuchi and T. 

Fujiwara (1998,World Scientific Singapore) pp. 77-80. 

(41) E. Abe, A.P. Tsai: High Resolution Electron Microscopy Study on Zn-Mg-Y 

lcosahedrtal Quasicrystal, Proc. Aperiodic '97 (World Scientific Singapore (1998) 
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(45) E. Abe, A.P. Tsai: The Atomic Structure of the Zn-Mg-Rare Earth Quasicrystals 

Studied by High-Resolution Electron Microscopy, MRS Symp. Proc. Vol. 553 

( 1999)pp . 123- 128. 

(46) J.Q. Guo, T.J. Sato, T. Kimura, T. Hirano. A.P. Tsai: Crystal Growth of a Decagonal 
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Oral Presentation: 66 

(1) International Conference: 19, 

(2) Domestic Conference : 47 

Award 
(1) Japan Institute ofMetals, Contribution Award (M:arch, 1999), A.P. Tsai 
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5.3.4 Researchers in the Aperiodic Materials Research Team 

Age and research fields of researchers in the Aperodic Materials Research Team. 

(March3 1 , 1999) 

Age of Number Metallurgy Crystal- Physics Chemistry 
Researchers lo ra h 

60 - o o o o o 

50 - 60 O o o o o 

40 - 49 1 1 o o o 

30 - 39 4 1 1 2 O 

20 - 29 
1 O O o 1 

Sumination 6 2 1 2 1 

5.3.5 Research Budgets in the Aperodic Materials Research Team 

Research budgets in the Aperodic Materials Research Team.Gren) 

Kinds ofbud ets 1997 1998 

Core Research for Evolutional ' 125,000,000 122,000,000 

Science and Technology, Japan 
Science and Technology Co. 

General Resear 1,850,000 l,850,000 

Summation 126,850,000 123,850,000 
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5.4 Combustion Synthesis Research Team 

Yoshinari Kaieda (Team Leader) 

5.4.1 Staff 

Yoshinari Kaieda (Team Leader), Nobutaka Oguro 

5.4.2 Research work 

Following the 5th Long-term Plan, the study on combustion synthesis has been 

promoted by the Combustion Synthesis Research Team. Fundamental study to reveal 

the reactions in combustion synthesis is carried out. The propagation of the reaction 

front and the synthesis process of the materials synthesized through the reactiqn are 

also studied. Investigation by thermal analysis with rising temperature, at a constant 

speed and/or in alternating speed, is carried out to reveal the conditions for the 

initiation, propagation and synthesis of the reaction. The influence of pressure and 

convection on the phenomena in the reaction process of the system containing gaseous 

phase or liquid phase is studied using a high gaseous pressure apparatus. 

The selection of the combination of elements, which is the focused of the present 

study, will be investigated. The system of the combination that might exhibit the 

effect of convection and pressure during the reaction and synthesis process is selected, 

considering the system that performs the effect of the liquid and gaseous phase. The 

system of elements is selected, in which safety during the experiment is assured. 

The processes, including high frequency induction vacuum melting and casting, 

conventionally produce most intermetallic compounds. It is diffrcult to control 

accurately the chemical components of intermetallic compounds produced by the 

conventional process. The industrial process, including a combustion synthesis 

method, which is a newly developed ;nanufacturing process in this institute, produces a 

homogeneous intermetallic compound. The chemical components and impurities in 

intermetallic compounds produced industrially by the process are revealed. These 

properties are vitally important when the combustion synthesis method is applied to 

an industrial mass production process for producing intermetallic compounds. 

<Research theme> 

(1) Study on Combustion Synthesis(General Research: April 1996 to March 1999, 

Yoshinari Kaieda) 

5.4.3 Research Products, including papers submitted (April 1, 1997 to 

March 31, 1999) 
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(1) Y.Kaieda, M.Otaguchi, N.Oguro: Study on Solid State Chemical Reaction, its 

Propagation and Materials Synthesis, NRIM Reports, 19, 103(1997). (in Japanese) 

(2) Y.Kaieda: Microstructure of Titanium by Nitriding Reaction Under Microgravity. J 

Jpn. Soc. Powder and Powder Met., 46, 9(1999). (in Japanese) 

(3) Y.Kaieda: Morphology Change in Optical Microscopic Microstructure of Titanium by 

Nitriding Reaction and Combustion Synthesis Under Normal and Microgravity, 

J. ofMaterials Synthesis and Processing, 7, 67(1999). 

Patent Application 

(1) Production Method of Shape Memory Materials, Y.Kaieda, May 19, 1997, H9-

128488. 

(2) Making of Ceramic Tube, Y.Kaieda, January 22, 1998, US.Patent 09/010,791. 

(3) Production Method of Intermetallic Compounds, Y.Kaieda, July 8, 1998, HIO-

193478. 

(4) Production Method of Intermetallic Compounds, Y.Kaieda, July 8, 1998, HIO-

193479 

5.4.4 Researchers in the Combustion Synthesis Research Team 

Age and research fields or researchers in the Combustion Synthesis Research Team 

(March 31, 1999) 

Age of Researchers Number of Metallurgy Mechanical 
Researchers Engineering 

60 - o o o 

50 - 60 2 1 1 

40 - 49 o o o 

30 - 39 o o o 

20 - 29 o o o 

Summation 2 1 1 

5.4.4 Research Budgets in the Combustion Synthesis Research Team 

Research budgets in the Combustion Synthesis Research Team (yen) 

Kinds of budgets 

General Research 

Summation 

1997 

1,260,000 

1,260,000 

1998 

1,260,000 

1,260,000 
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Chapter 6 Research for Fundamental Materials Information 
Hirosada lrie (Director) and Toshiaki Kodama (Special Research Officer) 

In the NRIM a number of information oriented research projects have been 

conducted independently at multiple divisions and sections. Some work has placed 

stress on data generation and others on the data collection from external resources or 

software construction. 

The datasheet projects, categorized as data production work, have been carried out 

at Strength and Life Evaluation Research Station, and have the longest history among 

data related works in the NRIM. The creep Data Sheet Project was started in 1966 

and the Fatigue Datasheet Project was started 1975. With the Datasheet Projects the 

materials for evaluation have been selected from commercial alloys to meet the needs of 

industries. In the High Resolution Beam Research Station and the Extreme High 

Vacuum Research Station, a spectrum data study has been carried out for surface 

analyses ofAES and XPS . The database has been compiled in conjunction with the 

Surface Analysis Society of Japan (SASJ), and is open through Internet. In the 

Computational Materials Science Division, data collection work for superconducting 

materials is in progress, where the data retrieved from literature are compiled in a 

numerical database. An Internet-oriented database called Data-Free-Way (DFW) has 

been constructed in the Second Research Group. The DFW program, Iaunched in 1990, 

is a joint project of the NRIM, the Japan Atomic Energy Research Institute (JAERI), the 

Japan Nuclear Cycle Development Institute (JNC) and the Japan Science and 

Technology Cooperation (JST). The DFW was designed basically for application to 

nuclear materials but it can also be applied to materials designing. In the Ecomaterial 

Research Team the main concern is to provide a web-site system with an interactive 

user interface for the Life-Cycle Assessment (LCA) of metals and materials. A new 

database project has started on the corrosion of low-alloy steels in the team of the 

Special Research Officer with the aims of systematic data generation of atmospheric 

corrosion and the construction of a database accessible on the web-site according to the 

5th Long-term Plan. 

Individual datasheets and databases have already gained reputation in particular 

fields, although these research projects have been conducted seemingly with no 

interaction among them. In the future it is expected that these research projects be 

united under a plan of Materials Information Center to meet the increasing public 

demands for materials data. 
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6. I Creep Data Sheets 

Fujio Abe (Unit Leader) 

6.1.1 Staff 

Hirosada lrie (Director), Fujio Abe (Unit Leader), Eiji Baba, Masaru Shimizu, 

Hideo Tanaka, Kenji Yokokawa, Kiyoshi Kubo, Masaharu Murata, Osamu Kanemaru, 

Toshio Ohba, Masaaki Tabuchi, Hideaki Kushima, Hideko Miyazaki, Seilchi Muneki, 

Kazuhiro Kimura, Masayoshi Yamazaki, Takashi Watanabe 

6. 1.2 Research work 

High-temperature components used under high-temperature creep conditions are 

designed on the base is of a 100,000 h creep rupture strength in Japan. On the other 

hand, the establishment of reliable methods for determining the remaining life has 

earnestly been wished for high-temperature components being operated for a long 

duration. Therefore, an understanding oflong-term creep and creep rupture behavior 

is important for the safe design and reliable life assessment of structural components 

of high-temperature plants. The National Research Institute for Metals (NRIM) has 

been conducting a Creep Data Sheet Project since 1966, in order to obtain the 100,000 

h-creep rupture strength for many kinds of heat resistant steels and alloys which were 

produced in Japan. 

The materials being now examined in the Creep Data Sheet Project are listed in 

Table 1; 47 kinds of materials in total. The materials consist of new steels, such as 

9Cr-0.5M0-1.8W-VNb steel (ASME' SA335 P92 and SA213 T92) and 11Cr-0.4M0-2W-

CuVNb steel (ASME SA335 P122 and SA213 T122), which have been recently 

developed by Japanese steel-making companies for ultra-supercritical (USC) power 

plants, as well as conventional heat resistant steels and alloys, and including welded 

joints. Most materials are subjected to several to twenty heats treatments. The 

creep specimens were sampled at random from commercial stocks. 

The fact data of long-term creep and creep rupture tests have been published as a 

series of NRIM Creep Data Sheets. Up to now we have published 1 14 sheets, in 

sequence of the first, second and third editions for the individual materials. The first 

edition contains the creep rupture data up to about 10,000 h. The second edition is 

published when the creep rupture data up to about 30,000 to 50.000 h, and it also 

includes the data of the first edition. The third edition contains the data up to 

100,000 h for the matcrials, except for the superalloys, and it also includes the data of 

the first and second editions. For the superalloys, the third edition contains the data 
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for up to about 70,000 h. The third edition is the final edition and contains a full set 

of data; creep rupture data, minimum creep rates, short-time tensile data, evaluation 

of short-time tensile strength and long-term creep rupture strength by curvilinear 

regression analysis and optical micrographs. The Creep Data Sheets for stress 

relaxation have been published since 1996; for the 18Cr-12Ni-Mo steel (SUS316) in 

1996, the bolting materials in 1997 and the Fe-21Cr-32Ni-Ti-AI alloy in 1999. 

In 1999, we published a first edition of the Microstructure Data Sheets named as 

"Metallographic Atlas of Long-Term Creep Materials" for the 18Cr-8Ni steel (SUS304), 

as another series ofthe NRIM Creep Data Sheets. The Metallographic Atlas contains 

not only series micrographs showing the microstructural evolution during creep for up 

to 100,000 h but also related, data such as time-temperature-precipitation diagrams, 

histograms describing the distributions of precipitates and creep-voids, and creep 

damage parameters, using specimens tested in the Creep Data Sheet Project. The 

Creep Data Sheets and the Metallographic Atlas have been distributed to about 230 

sites in Japan, and also about 200 sites in foreign countries. 

In addition to the Creep Data Sheets and the Metallographic Atlas, we have 

published a technical document, which describes comprehensively the overall scheme 

of the project, materials details, testing machines and testing procedures, calibration 

of thermocouples, etching and microstructural examination, evaluation and analysis of 

creep data and publication procedures of the Creep Data Sheets, in 1996 as shown in 

Table 2. 

The long-term creep rupture tests over 100,000 h have already been completed on 

247 specimens and are now still continuing on 130 further specimens, while they have 

been interrupted for 147 specimen. The long-term creep rupture tests over 200,000 h 

have already been completed on the 6 specimens and are now still continuing on 19 

specmens. 
In parallel with the testing and publishing program in the Creep Data Sheet 

Project, we have made research for understanding long-term creep and the creep 

rupture properties of the materials. It is emphasized that long-term creep and creep 

rupture behavior is quite different from the short-term on,e, resulting from complicated 

microstructural evolution during creep. The main results in the recent research are 

summarized as follows 

(1) The creep rupture strength of Cr-Mo ferritic heat resistant steels shows a tendency 

of convergence to a common level in the long term. The ferrite matrix containing 

small amounts of dissolved carbon and Mo is responsible for the fundamental creep 
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strength, named 'Inherent Creep Strength', of the steels after completion of their 

microstructural evolution. 

(2) The heat-to-heat variation in the long-term creep rupture strength of the Cr-Mo 

ferritic heat resistant steels is caused by the difference in microstructural stability 

during creep and can be expressed by the rate constant a of the constitutional 

equations based on a modified e -projection concept. 

(3) During creep, fine TiC and NbC precipitate in the matrix of the 18Cr- 10Ni-Ti 

(SUS321H) and 18Cr-12Ni-Nb (SUS347H) austenitic heat resistant steels, 

respectively, accompanying the re-dissolution of previously precipitated M23C6 at 

the grain boundaries. This accelerates grain boundary sliding and surface 

cracking. The formation and propagation of surface cracks result from grain 

boundary displacement on the specimen surface. The addition ofsmall amounts of 

boron stabilizes the fine M23C6 along the grain boundaries and suppresses grain 

boundary sliding, increasing creep rupture strength. 

We are now planning a new publication of Creep Strain Data Sheets in addition to 

the present Creep Data Sheets and the Metallographic Atlas. Although the most 

common and direct format is to describe creep strain data as a function of time, the 

description of creep curves using appropriate constitutional equations will be needed. 

Combination of the Creep Data Sheets, the Metallographic Atlas and the Creep Strain 

Data Sheets will provide more reliable creep life prediction. 

6.1.3 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

<Pa pers> 

(1) F. Abe : Evolution of Microstructure and Acceleration of Creep Rate in Tempered 

Martensitic 9Cr-W Steels, Mater. Sci. and Engi., A234-236, 1045 (1997) 

(2) H. Tanaka, M. Murata, F. Abe, K. Yagi : The Effect of Carbide Distributions on 

Long-term Creep Rupture Strength of SUS32 IH and SU,S347H Stainless Steels, 

Mater. Sci. and Engi. A234-236, 1049 (1997) 

(3) K. Kimura, H. Kushima, F. Abe, K.Yagi : Inherent Creep Strength and Long Term 

Creep Strength Properties of Ferritic Steels, Mater. Sci. and Engi., A234-236, 

1079 (1997) 

(4) H. Tanaka, M. Murata, F. Abe, K. Yagi : Effect of Grain Boundary Precipitates on 

Long-Term Creep Rupture Properties for SUS 347H steel, Testu-to-Hagane, 83, 
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72 (1997) 

(5) T. Ohba, O. Kanemaru, K. Yagi, C. Tanaka : Long-Term Stress Relaxation 

Properties of NCF 800H alloy, J. Society Mater. Sci., 46, 19 (1997) (in Japanese) 

(6) M. Murata, F. Abe. K. Yagi : Development of Monitoring System for Creep Tests, 

Report of the 123 Committee on Heat-Resisting Materials and Alloys, 38, 87 

(1997) (in Japanese) 

(7) O. Kanemaru, M. Shimizu, T. Ohba, H. Miyazaki, F. Abe, K. Yagi : Remaining Life 

Prediction by The Iso-stress Method of Boiler Tabes after Prolonged Service, 

Mater. Sci. Res. Inter., 3, 31 (1997) 

(8) T. Ohba, O. Kanemaru, K. Yagi. C. Tanaka : Long-Term Stress Relaxation 

Properties and Microstructural Changes of NCF 800H, Mater. Sci. Res. Inter. 3, 

10(1997) 

(9) K. Kimura, H. Kushima, F. Abe, K. Yagi : Inherent Creep Strength and A New 

Approach to The Evaluation of Long-Term Creep Strength Properties, 7th Inter. 

Conf. on Creep and Fracture of Engineering Materials and Structures,89,Irvine, 

USA, August 10-15, 1997 

(10) K. Yagi, F. Abe : Long-term Creep and Rupture Properties and Microstructural 

Changes of Heat Resisting Steels, 7th Inter. Conf. on Creep and Fracture of 

Engineering Materials and Structures, 427, Irvine, USA, August 10-15, 1997 

(11) K. Kimura, H. Kushima, F. Abe, K. Yagi, H. Irie : Assessment of Creep Strength 

Properties of 9 to 120/0 Cr Steels from a Viewpoint of Inherent Creep Strength, 4th 

Inter. Charles Parsons Turbine Conf.,257, Newcastle, UK, November 4-6, 1997 

(12) F. Abe, K. Yagi : Evaluation of Long-Term Creep and Rupture Properties of Heat 

Resisting Steels, 4th Inter. Charles Parsons Tarbine Conf., 750, Newcastle, UK, 

November 4-6, 1997 

(13) K. Yagi, F. Abe : Microstructure Changes and Creep Life Prediction of Heat 

Resisting Steels, Report of the 123 Committee on Heat-Resisting Materials and 

Alloys, 38, 197 (1997) (in Japanese) 

(14) F. Abe : The Longest Creep Tests in the World, Materia Japah, 37,7(1998) (in 

Japanese) 

(15) F. Abe : Kinetics of Carbide Precipitation during Creep and its Effect on Creep 

Rate of lOCr-30Mn Austenitic Steels, Mater. Taans., JIM, 39,211(1998) 

(16) H. Tanaka, E. Nish.ikawa, F. Abe, K. Yagi, T. Sugita : Non-Destructive 

Microstructure Examination of Boiler Tabes using Penning Discharge Micro-

sputtering Technique, Z. Metallkde, 89,375 (1998) 

(17) K. Kimura, H. Kushima, F. Abe, K. Yagi : Evaluation of Creep Strength Property 
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（24）Creep　Data　Sheet　No．45，ヱ8Cr一ヱ2Ni・Mo一㎜idd1e　N－1ow　C　Steeユ（JIS　SUS3ヱ6－HP），

　　NRIMl，30Septe独ber（1997）

（25）C峨p　Data　Sheet　No．10B，12Cr－1Mo－1W－0．3V　S士ee1（JIS　SUH616－B），NRIM，31

　　March（1998）

（26）Creep　Data　Sheet　No．26B，Fe－based21Cr－32Ni－Ti－A1A11oy（JIS　NCF800H　TB），

　　NRIM，30Septe独ber（1998）

（27）Creep　Data　SheeもNo．46，9Cr－2Mo　Stee王（STBA27，SFVへF27），NRIM，30

　　SepteInber（1998）

（28）Creep　Daもa　Sheet　No．41A，Ni－ba－sed15．5Cr－8Fe　SupeΣa11oy（JIS　NCF600），NRIM，

　　31March（1999）

（29）Creep　Data　Shee全No．47，Fe－bas8d21Cr－32Ni－Ti－A1A11oy　S七蝸ss　R♀1axa一乞ion（JIS

　　NCF800H－B），NRIM，31Ma－rcb（1999）

（30）M1eta11og蝸phicAt1as　ofLcng－Ter㎜Crep乞M批eria1s　No．M1－1，18Cr－8Ni　Stee1

　　（J工S　SUS304H　TB），NRIM，3豆M弧cb（ヱ999）
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Oral presentation: 25 

(1) International Conference : 8 

(2) Domestic Conference : 17 

Award 
(1) Nishiyama Memorial Prize, The lron and Steels Institute of Japan, 

April 1998, Fujio Abe 

(2) Technical Skill Prize, The lron and Steels Institute of Japan, 

March 1999, Eiji Baba 

6.1.4 Research Budgets 

32,300,000 yen (1997) 

29,384,000 yen (1998) 
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TabIe1 Pub1ication　ofCreep　Daもa－Shee七s

聡a工ofPubhcation

CDSNo． Ma完eria1s

Fi蝸tEditiOn SecondEdition ThirdEdi七iOn

＜104h ＜5x104h 105b

7 0．2C（t曲e） ヱ973 1979 1992

C蛆bon　Stee1s 17 0，3C（P1ate） 1980 1981 1994

4＝O O．2C－1．3Mn（tube） 1989
・ ・

8 O．5Mo（tube） 1973 ヱ979 1991

25 High　st舵n節h　s完ee1（p1a亡e） 1978 1983 1994

18 1．3Mn－0．5Mo・0．5Ni（p1銚e） 1985 1981 1987

20 O．5Cr－0．5Mlo（乞ube） 1976 1981 1994

1 1Cr・0．5Mo（伽be） 1972 1976 1996
LOW仙OyFerr搬c　Sセee1s 35 1Cr・0．5Mo⑫1ate） 1985 1990 ■

9 1Cr－1Mo－0．25V（forging） 1973 1979 1990

31 1Cr－1Mo－0，25V（cast） 1980 1984 王994

2 1．25Cr・0．5Mo・Si（セube） 1972 1976

21 1．25Cr－0．5Mo－Si（p1ate） 1976 1981 1994

3 2．25Cr－1Mo（亡ube） 1972 1976 1986

11 2．25Cr－1Mo（p1ate） 1974 1980 1997

36 2．25Cr－1M1o（p1ate） 1985 1991 i

12 5Cr・0．5Mo（tube） 1974 1980 1992

9Cr－0．5Mo－1．8W－V－Nb　（もube， ‘ ‘ ・

19 9Cr・1Mo（tube） 1985 1981 1997

43 Mloa，9Cr－1Mo（tube＆p1ate） 1996 ‘ ‘

46 9Cr－2Mlo（tube＆p1ate） 1998
． 一

13 12Cr（b趾） 1974 1980 1994

nCr－0．4Mo－2W－C阯V－Nb ・ 1 一

10 12Cr－1Mo－1W－0．3V（bar） 1973 1979 1998

4＝ 18Cr・8Ni（tube） 1972 王978 1986High・CrFerritiC　andAusteniticStee1s

32 18Cエー8Ni　（p1ate　＆　we1ded 1982 1995 一

6 玉8Cr一玉2Ni－Mo（tube） 玉972 王978 一

14 18Cr－12Ni－Mo（p1批e） 1974 1982 1988

15 18Cr－12Ni－Mo⑫般） 1974 1982 1988

45 18Cr－12N主一M1o－N（p亘a芭e） 1997 ‘ ．

5 18q巧・10Ni・Ti（tube） 1972 1．978 1987．

28 18Cr－12Ni－Nb（t沁e） 1979 1983 ．

26 Fe－2ユCr－32Ni－丁主一Ai（乞ube） 1978 1983 1998

CDS： Creep　Dat＆Shee乏
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Publication of Creep Data Sheets (Continued) 

Year　of　Pub王ication

CDSNo． Ma亡eria丑s

FirStEdi虹On Second週diも三0双 ThirdEdiもiOn

く104h ＜5x104h 105h
27 Fe－21Cr－32Ni－Ti－A1（p玉ate） 1978 1983

一

37 25Cr－12Ni－O．4C（cast） 1985 1992
一

16 25Cr－20Ni－0．4C（cast） 1974 1980 1990

38 25Cr－35Ni－0，4C（cast＆もube） 1985 工991 一

22 Fe－15Cr－26N三一Mo－Ti－V（ゐsk） 1972 1982 1993

23 Fe－20C吏一20Ni－20Co－W－Mo－Nb＋Ta一 1977 1982 1989

33 Fe－21Cr－20N三一20Co－Mo－W－NbヰTa－N 1984 ・ 一

41 Ni－15．5Cr－8Fe　（ba丈，p王就e　＆ 1991 1999
’

Supe醐11oys 39 Ni・15．5Cr・丁三・A呈一Nb－7Fe（bar） 1988 1992
一

29 1979 1984 1990

34 Ni－19Cr－18Co－4Mo－3Ti－3A1－B 1984 1989 1993

24 Ni－15Cr－28Co－Mo－Ti－A1（bar） 1977 1992 1989

Ni－16C吏一8．5Co－Mo－W－Ti一 一 ‘ ・

30 Co－25Cr－10Ni－7．5W－B（cast） 1979 1984 1988

42 18Cr－12Ni－Mo（p1a士e） 1996 一 ■

4＝4 Bo1ting㎜＆辻eria亘s 1997
■ ・

StressRe1aXatiOn

47 Fe－21Cr－32Ni一（ba．r） 1999
・ ‘

2．25Cr－1Mo（p1ate） 一 一 ‘

18C工・8Ni（P｝a辻e） ■ 1 ．

1Cr－1Mo－0．25V（forging） 一 i ‘

M・1 18Cr－8Ni（t曲e） 1999 ・ 一

MetauographicAt1盆s

18Cr一玉2Ni－Mo（tube） 一 一 ・

18Cr－10Ni－Ti（七ube） 一 一 ．

18Cr－12Ni－Nb（辻ube） 一 一 ．

2．25C吏一1Mo（もube＆p1a辻e） ・ 一 i

18Cr－8N三（tube＆p亘ate） ・ 一 i

Creep　StrainDaもa　Shee七s

18Cr－12Ni－Mo（p1ate） ‘ 一 一

18C｝1ONi－丁三（p1ate） 一 ・ ■

Fe－21Cr－32N｛一Ti－A1　⑫奴　　＆ ・ ． ‘

Table 2 Publication of the NRIM Material Strength Data Sheet Technical Document 

No . 

10 

Testing Plan and Testing 

Procedures for NRIM Creep 
Data Sheet Pro'ect 

1996 
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6.2 Fatigue Data Sheets 

Saburo Matuoka (Unit Leader) 

6.2.1 Staff 

Hirosada lrie (Director), Akihiko Ohta (Unit Leader), Noyuki Suzuki, Yoshio 

Maeda, Saburo Matsuoka (Unit Leader), Takayuki Abe, Etuo Takeuti. Hisashi 

Hirukawa, Nobuo Nagashima. Kohji Yamaguchi (Unit Leader), Kazuo Kobayshi, 

Megumi Kimura, Masuo Shimodaira 

6.2.2 Research Work 

As it is known that more than 800/0 of service failures occur due to fatigue, the 

fatigue strength of materials must be considered in designing machines and structures. 

The NRIM has been conducting the Fatigue Data Sheet Project sincel975 to provide 

standard reference data on the fundamental fatigue properties of typical materials 

used in Japan for machines and structures. The proiect has been directed and guided 

by advisory and technical advisory committees, which are composed of leading 

specialists from related academic and industrial societies in Japan as in case of the 

Creep Data Sheet. 

Eighty-three Fatigue Data Sheets have been published, as shown in Table 1. 

Though the initial program was started for various steels, aluminum alloys were also 

employed as the first nonferrous materials. The Fatigue Data Sheets are classified 

into three subjects, entitled, "Basic Fatigue Properties of Materials for Machine 

Structural Use at Room Temperature", "Fatigue Properties of Welded Jomts" and 

"Fatigue Properties at Elevated Temperatures". In the first subject, Iow- and high-

cycle fatigue tests were conducted under rotating bending, reversed torsion and 

uniaxial loading on standard smooth specimens. Several heats for each material were 

sampled from Japanese manufacturers to examine the scatter of fatigue properties. 

In the second subject, effects of specimen size, welding procedure, stress ratio and 

testing temperature on high-cycle fatigue and fatigue crack propagation properties of 

welded joints were studied under uniaxial loading on large-scale specimens. These 

studies reyealed that the tensile residual stress was the dominating parameter for 

fatigue failures of welded structures. In the third subject, Iow- and high-cycle fatigue 

tests were carried out under rotating bending and uniaxial loading on standard 

specimens at elevated temperatures between 673 and 1073K. In particular, Iow-cycle 

fatigue focused on creep-fatigue interaction by using various strain waveforms. 

The Fatigue Data Sheets have been exchanged worldwide with scientific and 
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technical organizations, and have contributed to the safe and effective use of 

engineering materials. A typical example is the new standard "Fatigue Testing of 

Welded Joints-ISO Standard" established by the International Institute of Welding 

alW). The Fatigue Data Sheets of Welded Joints were adopted as the fundamental 

data the standard. 

Sixteen Fatigue Data Sheet Technical Documents have been published, as shown 

in Table 2. In the Documents, selected data from the related Data Sheets are 

analyzed for fitting theoretical models and additional experiments are performed to 

verify the theories. As the results, the Documents offer guides for understa. nding the 

relation between fatigue strength and other mechanical properties and for applying 

these materials to industrial machines and structures. The Documents also provide 

useful information in failure analysis. For example, the NRIM deduced with help of 

the Document that a sheath thermometer, made of l~rpe 304 stainless steel, was 

fractured by high-cycle fatigue in Monju's sodium leak incident in 1997. 

Recently, the life extension of machines and structures has been desired from the 

ecological and economical points ofview. In addition, much attention has been paid to 

giga-cycle fatigue. Fatigue limit is usually determined as the strength at 107 cycles. 

However, it has been pointed out that when more than 107 cycles loading is applied to 

high-strength steels, fatigue crack initiates from an inclusion even below the fatigue 

limit. The Long Term Fatigue Data Sheet Project has been pursued at NRIM 

according to the 5th Long-term Plan since 1997 in order to evaluate long-term fatigue 

strength. In the new project, the following subjects are studied; (1) high-cycle fatigue 

data up to 10ro cycles for high strength steels at room temperature, (2) Iow-cycle fatigue 

data up to 107 cycles at elevated temperatures, (3) fatigue data for titanium alloys, and 

(4) fatigue data of welded joints induced large tensile residual stress. 

6.2.3 Research products, including papers submitted ( April 1, 1997 to 

March 31, 1999 ) 

(1) H. Hirukawa, S. Matsuoka, E. Takeuchi, T. Omura, K. Yamaguchi. K. Tsuzaki: 

HighResistance of Fatigue Crack Growth for Austenicic Stainless Steel Containing 

Nitrogen, Trans. Japan Society Mechan. Engi. 65A, 1343(1999) (in Japanese) 

(2) N.Nagashima, K.Miyahara, S.Matsuoka: Hardness Measurement of Small 

Cementite Particles using an AFM Ultramicro Hardness Tester, Taans. Japan 

Society Mechan. Engi. , 64A, 536(1998) (in Japanese) 

(3) T.Abe, T.Ohmura. S.Matsuoka: Surface and Internal Fatigue Fracture 

Mechanisms for High Strength Steels, submitted to Trans. Japan Society of 
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Mechan. Engi. (in Japanese) 

(4) E. Takeuchi, H. Hirukawa. S. Matsuoka : Arrest Function in Elevated-

temperature Fatigue Crack Growth of High Alloy with a Small Addition of 

Zirconium, Trans. Japan Society ofMechan. Engi., 65A, 148(1999) (in Japanese) 

(5) K. Ymaguti, K. kobayashi, S. Nishijima, K. Kanazawa: Elevated Temperature 

Fatigue Properties ofVarious Steels, Kensa-gijutu, 5, l(1997) (in Japanese) 

(6) K. kobayashi, K. Ymaguti: The Effect of Compressive Strain Hold on The Low 

Cycle Life of Various Materials at Elevated Temperature. J. High Pressure 

Institute Japan, 36, 27(1998) (in Japanese) 

(7) K. Kobayashi, K. Yamaguti, S. Katoh, S, Nishijima, T. Fujioka. T, Nakazawa, H. 

Koto, S. Date: High- Temperature Fatigue Properties of the 316FR Steel, Trans. 

Japan Society ofMechan. Engi., 64A, 545(1998) (in Japanese) 

(8) M. Kimura, K. Yamaguti, S. Matsuoka: Fractgrapy ofFatigue Surface for fype 304 

stainless Steels, Report of the 123 Committee On Heat-Resisting Materials and 

Alloys, 39(1998) (in Japanese) 

(9) M. Shimodaira, K. Yamaguti: Fatigue Properties of TiAl Intermetallic Compounds 

and Dependence of the Microstructure, J. Soc. Mater. Sci. Japan, 48, 166(1999) (in 

Ja panese) 

(10) Ohta, N. Suzuki, Y. Maeda: Effect of Residual Stress on Fatigue of Weldment. Pro. 

Inter. Conf. Performance of Dynamically Loaded Welded Structures, WRC, 

(11) A. Ohta, N. Suzuki, Y. Maeda: Unique Fatigue Threshold and Crack Growth 

Properties ofWelded Joints In Tensile Residual Stress Field. Inter. J. Fatigue, 191, 

303(1997) 

(12) N. Suzuki, A. Ohta, Y. Maeda: Elevated Temperature Fatigue Propagation 

Properties of Butt Welded Joints, Trans. Japan Institute of Welding, 15, 365(1997) 

(in Japanese) 

(13) A. Ohta, Y. Maeda, N. Suzuki: Fatigue Strength ofTransverse Butt Welded Joints 

under Random Loading, Trans. Japan Institute of Welding, 15, 122(1997) (in 

Ja panese) 

･ Oral Presentation: 15 

(1) International Conference: 1 

(2) Domestic Conference: 14 

6.2.4 Research Budgets 

1997: 24,303,000Yen 

1998: 24,303,000Yen 
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Tab1e1　PubIica虹on　ofF批igue　Data　Sh舵もs

（1）B＆sic　Faも三gue　Prope更ty　at　Roo測丁8mpe蝸もu迂e

　　　　　　　　　　（a）High・Cyc1e　Fatigue

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　亙DS　No．

（Ca曲o巫and　LowA亘亘oy　SteeI）

JIS　S25C　　　　　　　　　　　　　　　0．25C

JIS　S35C　　　　　　　　　　　　　　　0．35C

JIS　S45C　　　　　　　　　　　　　　　0．45C

JIS　S55C　　　　　　　　　　　　　　0．55C

JIS　SMな438　　　　　　　　　　　　　0．38C・1．5Mn

JIS　SMn4＝43　　　　　　　　　　　　　0．43C－1．5Mn

JIS　SCr440　　　　　　　　　　　　　0．40C－1Cr

J玉S　SCM435　　　　　　　　　　　　　0．35C－1Cf－O，2M0

JIS　SCM440　　　　　　　　　0．40C－1Cx－0．2M0
JIS　SNC631　　　　　　　　　　　0．31C・2．7Ni－0．8C望

JIS　SNCM439　　　　　　　　　0．39C－1．8Ni－0，8Cr－0．2M10

JIS　SNCM447　　　　　　　　　　0，47C－1．8N主一0．8Cr－O．2Mo

（Stain1ess　Stee1）

JIS　SUS403　　　　　　　　　　　12Cr
JIS　SUS430　　　　　　　　　　　　　17Cr

JIS　SUS304　　　　　　　　　　　王8Cr－8Ni
（Carbur三zing　Stee1）

JIS　SCr420　　　　　　　　　　　　　0．20C－1Cr

JIS　SCM420　　　　　　　　　　　　　0．20C－1Cr－0．2M0

JIS　SNCM220　　　　　　　　　0．20C－0．5Ni－O，5Cr・0．2M0

JIS　SNCM420　　　　　　　　0．20C－1．8Ni－0．5CエーO．2Mo

（Spring　Stee1）

J玉S　SUP7　　　　　　　　　　　　　　　2．0Si－0．8Mn

JIS　SUPgA　　　　　　　　　　O．8Mn－O．8Cr
JIS　SUP12　　　　　　　　　　　　豆、4Si・0．7Cr

（Too1Stee1）

JIS　SKD61　　　　　　　　　　　　0．36C－5Cr－1．25Mo－1V

J工S　SKD11　　　　　　　　　　1，5C－12Cr－1Mo・0．35V

　　　　　　　　　　　　　　　　　　（b）Low－CycIe　Fa亡igue

1
2
3
4
16

17

8
9
10

24
25
26

30
29
33

37
43
50
51

59
60
63

69
73

FDS　No．
（C狐bo羽and　Low　A11oy　SもeeI）

JIS　S25C　　’

JIS　S35C
JIS　S45C
JIS　SCr44：0　　　　　　・

JIS　SCM435

JIS　SNCM439
（A1uminu孤A王1oy）

JIS　A5083P－O

JISA7NOIS－T5
JIS　A7NOIP－T6

0．25C　　　　　　　　　　　　38

0．35C　　　　　　　　　　　　39

0，45C　　　　　　　　　　　　44
0．40C－1Cr　　　　　　　　　　　4＝5

0．35C・1Cr－0．2M1o　　　　　　　52

0．39C－1，8Ni－0．8Cr－O．2Mo　　56

AI・4．5Mg－O．6Mn　　　　　　　61

A1－4，6Z双一1．2Mg　　　　　　　70

A1・4，5Z虹．5Mg　　　　　　　　74
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　　　　　　　　　　（2）Fatigue　hope榔ofWe1dedJoinもs

　　　　　　　　　　　　　　（＆）High・Cyc豆e　Fatigue

Stee1

（E戯ect　of　Speci皿en　Size）

JIS　SM490B　　　　　　　　　　　　O．15C－1，4M阯0．35Si

JIS　SM1570Q　　　　　　　　　　　　　o113C－1．3Mn－0．27Si

HT80　　　　　　　　　　　　　　　0、五2C－0．8Ni－Cr－Mo－V

JIS　SM1490B　　　　　　　　　　　　O．15C－1，4Mn－0I35Si

JIS　SlM1490B　　　　　　　　　　　　O．15C・1．4Mn・0．35Si

四磁ectofWe亘む㎎pr㏄e虹蛇）
JIS　SM1490B　　　　　　　　　　　　O．15C・1．4］M1n・O．35Si

HT80」　　　　　　　　　　　　　O．12C－0．8Ni－Cr－Mo－V

JIS　SM490B　　　　　　　　　O．15C－1．4Mn・0．35Si
（E搬ect　of　Stress　Ratio）

JIS　SB410　　　　　　　　　　　　　　0．16C・O．80M1n

JIS　SPV490　　　　　　　　　　　　0，13C－1．2M阯O．28Si

・JIS　SUS304・HP　　　　　　　　　18Cr－8Ni

（E脆ctofTemperature）
JIS　SB450　　　　　　　　　　　　　0，25C－O．85M1n

JIS　SCMV2－2NT　　　　　　　　　1Cr－0，5Mo

A1u独inu】皿盆uoy
JISA5083P・O　　　　　　　　　　A1－4．5M1g・0．6Mn

JISA6N01S－T5　　　　　　　　　A1・OI6Mg・O．65Si

JISA7N01S・T5　　　　　　　　　A1－4．6Zn・1．2Mg

JISA7N01P－T6　　　　　　　　　A1・45Zn－1．5蛙＿＿

5
11

ヱ2

13
王8

27
19

20

34
40
53

79
75

64
80
71

76

（b）Crack　Propagation

j哩逓Catmn　＿＿＿＿
（E脆ctofWe1dingProcedure）

JIS　SM490B
HT80
（E脆ct　of　Stress　Ratio）

JIS　SB410
JIS　SPV490

JIS　SUS304一亙P
（E臨ct　of　Tel＝nperature）

JIS　SB450
JIS　SCMV2－2NT

No独㎜a玉co聖幽虹FDS　No

0．15C－1．4M1n－O．35Si　　　　　21

0．12C・0．8Ni－Cr・Mo・V　　　　31

0．王6C－O．80Mn　　　　　　　　　41

0．13C－1．2Mn－0．28Si　　　　46

18Cr－8N三　　　　　　　　　　　　54

0，25C－0．85Mn　　　　　　　　　82

1Cr－0．5Mo　　　　　　　　　　　81

（c）High－and　Low－Cyc1e　Fa虹騨e　ofWe湿＆nd　HAZ　Mate更ia1

、蔓幽」＿＿＿、＿＿＿、

JIS　SB410
JIS　SPV490

JIS　SUS304－HP

N・幽し鯉理鯉乞・・n趾一」巡＿
0．16C－0．80M巫　　　　　　57
0．13C－1．2M1n－0．28S三　　　　　47

18Cr－8Ni　」　　　　　　　　65
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（3）Fatigue　P正operty　at　E1evated　Te皿ユpe㌘ature

　　　　　　（a）High－Cyc1e　Fatigue

（Ef胎ct　ofS虹ess　Concentration　Fa．ctor）

JIS　S45C
JIS　SCM435

ASTMA470－8
JIS　SCMV4
JIS　SUS403・B
JIS　SUH6王6－B

JIS　SUS304－HP

JIS　SUS316・HP

JIS　NCF800H－B
（E£おct　of　F工equency）

JIS　SB450
JIS　SCMV2－2NT

0．45C

O，35C－1C災一〇．2Mo

1Cr－1Mo－O．25V

2．25Cr－M◎

12Cr

12Cr－1Mo－1W－O．3V

18Cr－8Ni
18Cr一王2Ni－2M1o

21Cr－32Ni－Ti－A1

0．25C－0．85Mn

1Cr－0．5Mo

14

23
55
48

6
35
42
15

32

66
72

⑫）Low・Cyc1e　Fa七igue

＿§夏唾蝕嚢宴9些＿＿＿＿＿＿＿＿＿＿＿＿N里蝕宴辿£9墾胆唾隻垣嗅工艶L＿、互P曼、吸二＿＿

JIS　SB480　　　　　　　　　　　　　　0．27C・0．78Mn

JIS　SCMV3　　　　　　　　　　　　　1．25Cr－O．5M10

JIS　SCMV4　　　　　　　　　　　　　2．25Cr－1M0

JIS　SUS316－HP　　　　　　　　　18Cr・12Ni－2M0
JIS　S遇450　　　　　　　　　　　　　　0，25C－0．85M1n

JIS　SCMV2－2NT　　　　　　　　　1Cr－0，5Mo

22
28

7
15

67
77

（c）Ti独e　Depenaent　Low・Cyc1e　Fatigue

ASTMA470－8
JIS　SCMV4
ASTMA387Gg1
JIS　SUH616－B
JIS　SUS304－HP

JIS　NCF800H－B

N・㎜腿幽％し＿哩し＿
1Cr－1Mo－0．25V　　　　　　　　58

2．25Cr・1Mo　　　　　　　　　　　62

9Cr－1Mo　　　　　　　　　　　　78

12Cr一王Mo－1W－0．3V　　　　68

18Cx－8Ni　　　　　　　　　　49

21Cr・32Ni－Ti－A1　　　　　　　　36
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Table 2 Fatigue Data Sheet Technical Documents 

1 

2 

3 

4 
5 

6 
7 

8 

9 
11 

12 

13 

14 
15 
16 
17 

_ S._:..ub,Jj.ects_ __ _ 

F~nd~meh~~r~~~igu~~,operty for Carbon. Cr a~d,~.~f~~~~ei~ 

Fatigue Strength for Welded Joints of High Strength Steels 

Crack Growth in Arc-Welded Butt-Joints of High Strength Steels 
Strain Rate Effect in Low Cycle Fatigue ofAlloy Steels at High Temps. 

Fundamental Fatigue Property of JIS Steels for Machine Structures 
High Cycle Fatigue ofAlloy Steels at Elevated Temperatures 

High Cycle Fatigue Property of Carburized Steels 
Fatigue Crack Propagation for Welded Joints of Structural Steels 

High Cycle Fatigue Property of Hard Steels 
Time/Temp Effect in High Cycle Fatigue of Steels at Intermediate Temps. 

Time-Dependent High Temperature Fatigue of Steels and Alloys 
Fatigue Property ofAluminum Alloys for Welded Structures 
Intermediate Temperature Fatigue of Steels for Welded Structures 

Low/High Cycle Fatigue Properties of Steels and Aluminum Alloys 
Intermediate Temperature Fatigue of Steels for pressure vessels 

Elastic Moduli of Steels for Machine Structures 

1981 
1983 
1984 
1985 
1989 
1990 
1992 
1995 
1995 
1996 
1996 
1996 
1997 
1997 
1997 
1997 
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6.3 Database for Corrosion for Low-Alloy Steels 

Toshiaki Kodama(Special Research Officer) 

6.3.1 Staff 

Toshiaki Kodama(Special Research Officer), Akira Tahara, Hideki Katayama 

6.3.2 Research work 

Corrosion is not an intrinsic property of metal itself but is influenced by not only metal 

properties but also environmental parameters such as temperature, pressure and 

chemical species, since corrosion is materials degradation caused by the chemical 

reaction with environment. Only a small number of publicized corrosion database are 

available although the production of corrosion data has been carried out at many 

governmental and private institutions. This is as described above due to the complex 

data structure of corrosion data and is also due to the confidentiality of corrosion data in 

private sectors. In contrast with the activities of mechanical properties such as creep 

and fatigue, systematic data production work (data-sheet activity) has not been carried 

out for corrosion in NRIM. With the onset ofthe STX21 Project on structural steels we 

started systematic data collection works in the field of weathering of low alloy steels 

and constructing NRIM database of corrosion. The basic approach toward the 

corrosion database is to limit the area of coverage instead of comprehensiveness. In 

the data generation we use new NRIM facilities as well as those of external 

organizations for expanding environmental diversity. As for the data source to be 

included external data are stored after evaluation process. 

' Atmospheric Corrosion Data of Low-Alloy Steels 

As a part of alloy design program we started atmospheric corrosion tests in 1997 in 

NRIM campus in Tsukuba and exposure sites of Japan Weathering Test Center (JWTC) 

at Choshi and Miyako Island. The latter two sites were selected because they have 

established position as the standard sites of atmospheric exposure in Japan and are 

managed by a nonprofit organization. Miyako is southernmost exposure site in Japan 

classified as subtropical climate with very aggressive marine environment. Materials 

for exposure were selected in such manners as that the generated data may contribute 

to the elucidation of alloying elements and to alloy design of weathering steels in 

marine evironments. Most of exposed alloys have very simple composition of binary 

Fe-X systems and are prepared high pure metals. 

Since FY1998, we started constructing open database accessible over the Internet. In 

285 



the atmospheric corrosion database, the main source of data comes at the moment from 

Public Works Institute of Ministry of Construction, where nationwide corrosion tests 

had been carried out for low-alloy steels at selected steel bridges (41 sites in Japan). 

The database development includes programs to allow viewing and printing corrosion 

data and picture of corroded surfaces. In the future, the database will be expanded by 

adding updated data of NRIM exposure program, and by including data from external 

sources, such as Japan Weathering Test Center (JWTC). The Internet version of the 

atmospheric database is to be open to limited members in FY 2000 and will be 

accessible to unlimited members from FY 2001. 

6.3.3 Research Products to be Presented 

Oral Presentation :2 

(1) International Conference: O 

(2) Domestic Conference: 2 

<Contents> 

(1) M.Yamaoto, A.Tahara, T.Kodama, Development of Query System for Outdoor 

Exposure Tests over Internet. -Construction of Corrosion Database in NRIM.- , to be 

presented at 46th Japan Conf. on Materials and Environments, September 

(1999) 

(2) A.Tahara, M.Yamaoto, T.Kodama Development of Query System for Chemical 

Pbtential Diagrams over Internet. -Construction of Corrosion Database in NRIM.-, 

to be presented at 46th Japan Conf. on Materials and Environments, 

September (1999) 

6.3.4 Research Budgets 

This research has been conducted as a part of Study in Corrosion Resistant Steels in 

the Frontier Research Program of New Structural Steels 

The total cost for software development of database is as follows: 

1998: 4,756,000yen 
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6.4 Assessment & Analysis of Environmental Effects of Steel Production 

Komei Halada (Team Leader) 

6.4.1 Staff 

Kohmei Halada (Team Leader), Kiyoshi ljima 

6.4.2 Research Work 

Environmental inventory data of steel alloys, for their quantitative assessment from the 

viewpoint of global environmental issues, are collected into a database and presented on 

the World Wide Web with an interactive user interface. Environmental inventory data 

is the data of emissions, such as the amount of C02, which was emitted from mining, 

metallurgical processes and the transportation of raw materials in processing a unit 

amount of a product. They are used in LCA (environmental Life-cycle assessment 

IS014040) to assess the ecological performance of materials or products. 

Almost all of the stored data in this database were newly estimated ones, with process-

models of the production systems of metals based on the investigations of practical 

metallurgical processes. The data can be assigned not only to the industrial standard 

code but also to the composition of alloys, the combination of processing, mechanical 

properties and the types of utilization. These data will be used in the life cycle 

engineering of products, such as Eco-design, in the same way as property data in the 

usual designing of products. 

The database is composed of three units; 1) C02, SO*, NO* emissions of preceding 

alloying element processing and each process of steel making, 2) process flow in the 

production of steels, 3) the composition of steels in the JIS classification. System I is the 

primitive data-system which gives the emissions data corresponding to the input data of 

the composition of subjected steels. Four environmental loads (C02, SO*, NO*, energy 

consumption) are obtained for every composition with combinations of 12 alloying 

elements and 13 steelmaking processes. In System II, the retrieval system of alloys 

from the purpose of usage is modified. Another table of the purpose of usage and the JIS 

code (more than 1400) is prepared and related together, corresponding the input with 

the selection window of the purpose of usage. Product designers can use these data 

without knowledge of the composition of steels by System II, while System I is useful to 

employ these data in the field of materials design. Furthermore, System 111 is developed 

to design new products. In System 111, the alloys are once selected corresponding to the 
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input data of the properties, such as yield strength or hardness. A designer can select or 

compare the materials from the environmental data of System 111 with the selected 

alloys. 

Not only the environmental inventory data of steel alloys, but also that of 13 non-

ferrous metals, Cu, A1, Pb, Zn, Sn, Ti, Mg, Ni, Cr, Si, Mg, Mn. Co are also arranged and 

presented in the interactive database on World Wide Web. 

Enhancing the object, from the application of materials or product designer to the wide 

purpose practitioners of LCA, such as consumers, products assemblers and civil or 

social system designers, the "Database Environmental load of 4000 Social Stocks" is 

constructed. This database contains not only materials but also any product which is 

produced in Japan, including agricultural products, foods, electric parts, energy 

supplies, etc.. The number of products is nearly 4000 and the items of environmental 

stress are 19, which includes the inventory data of air-emissions, water-emissions, and 

heavy-metal or chemical consumption. 

6.4.3 Database and access 

(1) Database for Environmental Assessment of Materials 

htt p://www.nrim.go. j p:8080/ecomat/ecosheet/ecosheet.htm 

(2) Database ofEnvironmental Load Data of 4000 social stocks 

http://www.nrim.go. jp :8080/ecomat/db/dai.htm 

<database access> 

1996 

1997 

1998 

1999( Jan.- Jun.) 

total access 

46,405 

93,997 

104,633 

62,684 

access from registered member 

90 

859 

1,532 

796 

6.4.4 Research products, including papers submitted (April l, 1997 to 

March 31, 1999) 

(1) K.Halada: The Requirements for LCI Data Model as Tool of Life Cycle Engineering, 

Proc. 3*d Inter. Conf. on Ecobalance, 67-72(1998) 
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(2) K.Ijima, K.Halada. K.Yagi: Environment Load Database System of Alloys on the 

Network, Proc. 3*d Inter. Conf. on Ecomaterials, 333(1997) 

(3) K.Ijima, K.Halada, K.Yagi: Database of Environment Load of 4000 Social Stocks, 

Proc. 3*d Inter. Conf. on Ecobalance, 531(1998) 

(4) H.Yoshizu, K.ijima, K.Halada, K.Yagi: Environmental Load Data as Part of 

Materials Data Base, Proc. 3*d Inter. Conf. on Ecobalance, 575(1998) 

･ Oral Presentation: 10 

(1) International Conference: 5 

(2) Domestic Conference: 5 

6.4.5 Budgets 

ye n 

Kind ofBud ets 1997 1998 
General Research 7,500,000 7,500,000 

Special Coordination Funds for 
Promoting Science & Technology 6,383,000 o 

Summation 13,883,000 7,500,000 
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6.5 Data-Free-Way System for Materials Information 

Mitsutane Fujita (Subgroup Leader) 

6.5. I Research work 

A material information system, which has huge databases and effective computer 

aided tools, is required for alloy design or the selection of advanced nuclear materials. 

However there are limitations in storing numerous materials properties in databases 

and developing a variety of tools in one research institute. Thus, through the 

corporation of the National Research Institute for Metals (NRIM), the Japan Atomic 

Energy Research Institute (JAERI) and the Japan Nuclear Cycle Development Institute 

(JNC), each with different specialist fields, a pilot distributed database system for 

development of nuclear materials called the "Data-Free-Way (DFW)" has been under 

construction since 1990. The actual project in its second stage, was started in 1995 

through the collaboration of the NRIM, the JAERI, the JNC and the Japan Science and 

Technology Corporation (JST). The aim ofthis project is to store the data in a database 

and to develop a useful computer utilizing tool for data analysis, and simulation codes 

for various phenomena under irradiated environments. 

The method of connection among the databases of each organization in the DFW 

system changed from private line to the Internet. Using tools in the Internet, users 

can easily refer to any necessary information by accessing the database with a WWVV 

browser without knowing in which database site the required data exists. The final 

target of the usage of the WwrV for the present study will be the development of a data 

information system for designing arid selecting nuclear materials. At present, the data 

of more than 15000 specimens in various kind of nuclear environments are stored in the 

database of the DFW. Moreover, some trails of the WWW server of each were done to 

supply the information on nuclear materials. The DFW can be easily accessed by 

engineers and scientists in the advanced power engineering field. 

Several databases and tools for the system are provided in the wrrw of the NRIM 

site (http://inaba.nrim.go.jpD, which has the main functions of material database, on-

line simulators and remote experiment. The databases consist ofthe DFW, the nuclear 

data of transmutation under neutron irradiation' and decay for nuclear materials, 

diffusion information in lron or Aluminum matrix, Ni superalloy properties, a CCT 

diagram for welding, and SiC~fSiC composite materials. Using the simulators, users are 

able to obtain the products of prediction of the chemical changes and radioactivation 

under neutron transmutation, evaluation of mechanical properties at high 

temperatures in Ni-base super-alloys and calculation of the welding thermal cycle. 
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The trials of the remote experiment applying the techniques used in the "Data-Free-

Way" system are carried out among the NRIM, the JST and the Michigan State 

University (M:SU) on a test line with a 45MB wide band. We have succeeded in 

accessing from the NRIM server to the JST and the MSU clients and transferring real 

time movies for various microstructures in several alloys. The results suggest that 

both researches who join the experiment on a real time base can discuss the results 

simultaneously. Moreover, some scientists in the NRIM discussed with scientists in 

the State Materials Testing Institute(MPA) Suttgart, to mutually exchange material 

information using the DFW system at the 1998 German-Japanese Workshop on 

Chemical Information at Karlsruhe on the programming of German-Japanese Meeting 

of the Panel for Information and Documentation. 

The number of accessions to the WwrV (http://inaba.nrim.go.jpD is more than 65000 

persons per year from the entire world. The users are about 22000 from the USA, 

about 15000 from Japan, and about 28000 from 79 other countries. The results show 

that the ~~V of the NRIM site in the DFW greatly contributes to the materials science 

field. 

<Research theme> 

(1) Research on Utilization Technique of "Data-Free-Way" system for Nuclear Materials 

(Nuclear Energy Research: April 1995 to March 2000, Mitsutane Fujita) 

6.5.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

Database: 

(1) Data-Free-Way System: 15000 specimens 

(2) Nuclear Data for Nuclear Materials: 7500 nuclear reactions 

(3) Diffusion Information in F6 and Al Matrix : 800 records and CR-ROM 

(4) Ni Superalloy : 200 alloy 

(5) CCT Diagrams for Welding: "Atlas of CCT Diagrams for Welding", Speci~l report 

99-02 in NRIM (1999) 

(6) SiCfysiC Composites : 200 specimens 

Papers: 

(1) T.Noda, M.Fujita, M.Okada: Transmutation and Induced Activity of W First Wall of 

Fusion Reactors, J. Nucl. Mater., 258-263, 934(1998). 

(2) M.Fujita, N.Yokoyama, Y.Tachi, R.Nakajima: Distributed Material Database on the 
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　　h乞emeを（PresentSt＆t棚omat＆一趾ee－W象ySyste㎜），RISTNews，No．24，25（1997）（主n

　　Japa鵬se）

（3）T．Atago，S．Kikuch三，J．Ta一もey＆㎜a，M．Fujita，H．H脳ada，TY6kokawa，S．Sugawara，

　　TMiyazaki：A亙服peri鵬nt　ofResearch　Co11aborationbetweenJapan　and　USA

　　UsingBroadba篶d　Rese級ch　Ne危wo泣，J．h危．Processing＆Manage独e磁，40，

　　404（1997）（三公Japa巫ese）．

（4）M．Fujit＆，丁珊kokawaTNoda：AMatexi＆1In虹mat三〇n　Sys吉embyUsing比e

　　Inter鵬老，Pr㏄．Posも14ぬSMiRT　Se㎜iな叫Paris，Aug．23・26，33．1997

（5）M．Fujita，K．Kusu双ok三：For㎜aもion　ofICOS　CIuster就Chise1Poi磁虹Necking

　　Process，　Proc．2聰d　h完er．Sy狐p．onAdv　Pbysica1硝e1d　Cba蛾c毛eriz就ion　of

　　Nanos故uctures，Tsじkuba，Feb．19－21521．1997

（6）M．Fujita，YKuriha峨，M．Shindo，N北koya㎜盆，YT＆chi，S．Kam，S．Iw批a：A

　　Dis申ibu竜ed　Data－base　Syste皿危エMutua1Usage　ofMater三＆亘s　In危r㎜銚｛on（D就＆一

　　Free－Way），eaby　S．Nis域i㎜a，S．Iwata，ASTMSTP1311，249（1997）。

（7）丁兄kokawa，H亘arada，M．FW1吉aOpe篶Lal〕ora一亡o町危迂Mater亘a亘Des1騨Usmg

　　h乞emet，Proc．33fd　Ann．Mee吉．In危．Sc三．Tecb．Tokyo　Oct．14－15，79．1997（in

　　Japa－nese）。

（8）R．Nakaji㎜a　K，Shi独ura，M．Fuj三t＆，YKu搬ara，H．Tsuj三，N．脆koyama，S．K臥ao，

　YTachi，S．Iwata：ADis虹ibu亡ed　Materia1Da土aba－se　on　h乞emet　R㏄⑧ntAct三v｛ty

　　三双Dぬ丑ee－Way），Pr㏄．6thAnn，Con£JS　ofh危r㎜ati0MndKnow1edge．，Tokyo

　Ma－y23，43．1998（in　Japa－nese）．

（9）H．Tsuj三，N．Kaji，M．恥jita，S．Kang，YTacbi，K．Shimura，R．Nakaji㎜a，S－Iw就盈：

　Dis亡ributed　Datab鵬e　Sysもe独虹Adv＆nced　Nuc1earMutua1Ma吉eria1s（D就＆一Free－

　Way），Proc．9thInte■C㎝£onModemMateria1s＆Techao1ogies，F1orence（I辻a1y），

　　417．1998．

（10）H，Tsuj三，N．Ka－j三，M，F両i辻a，S．Kano，YTachi，K．Shimura，R，Nakaji㎜段，S．Iw就a：

　　Dis亡ributed　Database　SystemあrMu全ua豆Usage　ofMateria1I泌rmatio公（Data－

　　F鵬一Way），Proc．6th　InteL　C㎝f㎝Ma亡e幽呈s此r　Power肪g三nee由g，脾rHn，

　　L三ege（Be王giu狐），1739．1998．

（1工）丁脆kokawa，M．Fψ七a，H．H脳a由：Re㎜oもe　Experi㎜e就危rMa七ria且Science　Fie1d

　　Using　Broadba－nd　Research　Neもwork，Proc．34th　Ann．Meeも．In危、Sci．Tec血．Tokyo

　　Oct．12－13，131．1998（in　Japa－nese）．

（12）M．Fひjiもa一，M．U乞su㎜i，TNoda：A　Database危x　Trans危r独atio双ofNuc1ear　Maもeria1s

　　○氾玉nterneも，P珊c．1997Sy㎜p．on　Nひc1ear　Daね，Toka－i，Now27・28，346．1998．

（13）H．Tsuji，N．兄koyama，M．～j量ta，YKurih狐a，S．Kano，YTachi，K，Shi独ura，

　　R．Nakajima，S．Iwata：Present　status　ofD＆ta－F脇一Way　Dis毛ribu乏ed　dat＆b割se
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system for advanced nuclear materials), J. Nucl. Mater. 271&272, 486(1999) 

(14) M.Fujita, M.Utsumi. T.Noda: Retrieval Transmutation and Decay Process of 

Nuclides Using Nuclear Reaction Database on Internet, Proc. 1998 Symp. on 

Nuclear Data, Tokai, Nov.19-20 Tokai 302-307, 1999. 

(15) M.Fujita, J.Kinugawa, H.Tsuji, Y.Kaji, S.Kano, Y.Tachi, K.Shimura, R.Nakajima, 

S.Iwata: Some Analyses of Mechanical Properties in Neutron-Irradiated 316 

Stainless Steel Using Distributed Database (Data-Free-Way). Proc. ISFNT-5, 

Roma 1999, in press. 

(16) M.Fujita: A Trial on Fact Database for Materials, Materials 38, 24(1999) (in 

Ja panese). 

(17) T.Yokokawa, M.Fujita, H.Harada: Remote Experiment for Desigin of Ni-base 

Superalloy Using Broadband Research Network, Tetsut-to-Hagane, 85, 82, (1999). 

(in Japanese) 

(18) M.Fujita, A.Okada, T.Kasugai: Some Properties Prediction System for Welded Heat 

Affected Zone on Internet, Quar, J. Jnp. Weld. S., 17, 168(1999). (in Japanese) 

(19) Y.Tachi, J.Saito, M.Fujita. J.Kinugawa, H.Tsuji, Y.Kaji, K.Shimura, R.Nakajima, 

S.Iwata: Utilization of Image Data in Distributed Material Database named Data-

Free-Way, J. Nucl. Sci. Technol. (1999), in press. 

Oral Presentation: 27 

(1) International Conference: 8 

(2) Domestic Conference: 19 

Patent Application: 

(1). Retrieval System of CCT Diagrams, M. Fujita, T. Kasugai, 1998, HI0-217278. 

Award: 

(1) M. Fujita: Persons of Scientific and Technological Information 

1998 Oct. 14 from Japan Science and Technology Corporation 

Research Merits, 

6.5.3 Research Budgets 

This research has been suported by Nuclear Energy Research from April 

March 2000. 

1997: 15,507,000yen 

1998: 17,223,000yen 

1996 to 
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6.6 Database for Superconducting Materials 

Yuji Asada (Senior Researcher) 

6.6. I Research work 

We have developed a numerical database for high-Tc oxide superconductors. A11 the 

data in it have been extracted from the papers reported in journals. Data are updated 

every month. The database is open to the public via the Internet: URL= 

asagiri.nrim.go.jp. Data are extracted partially by graduate students and Russians 

partners (for Russian papers). 

A database of standardized data for typical high-Tc oxide superconductors is also 

being constructed and is partially opened via the Internet. Data in this database are 

produced by our working group. Details of sample characterization and measuring 

conditions of physical properties can be used for research work. 

We have constructed a Tc-prediction system using the neural network method. The 

data set of the training of neural network was retrieved from our database. 

<Research theme> 

(1) Development of Knowledge Database for High-Tc Superconducting Materials 

(Multi-core project: April 1995 to March 2000, Yuji Asada) 

6.6.2 Research products, including papers submitted (April 1, 1997 to 

March 31, 1999) 

(1) Main products: Numerical Database for Superconducting Materials 

(2) Y.Asada, E.Nakada, S.Matsumoto, H.Uesaka: Prediction ofTc for YBa2Cu80. Doped 

with Ca Using Neural Network, J.Superconductivity 10, 23-26(1997). 

6.6.3 Budget 

The funding for this research is provided from the Multi-core Research Project on 

Superconducting materials which has been set up by the Science and Technology 

Agency in 1988. 

1997: 20,432,000 yen 

1998: 20,060,000 yen 
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6.7 Surface Analysis Database for Characterizing Unknown Materials 

Kazuhiro Yoshihara (Director of Center for Advanced Physical Fields) 

6.7.1 Research staff 

Kazuhiro Yoshihara (Director of Center for Advanced Field), Michiko Yoshitake 

(Unit Leader) 

6.7.2 Research work 

About 20 years has passed since commercial AES and XPS apparatuses 

appeared. Since that time, a number of spectral data for surfaces were obtained by 

many scientists and engineers. However, almost all of them were not shared and not 

stored as databases. Nowadays, it becomes important to stock is knowledge or data as 

databases, because we are aware that these data are very useful to characterize 

unknown surfaces. To create a spectral database, we have to establish a system to 

share spectral data taken on different machines. 

NIST has published a database for XPS peak positions. AVS is publishing 

Surface Science Spectra. Manufacturers have their own spectral databases which they 

distribute to their customers. Usually, the objective of these databases is to provide 

users with spectral data of the clean surfaces of pure materials. However, the concept 

of this database is that "If we store the all spectral data of all surfaces taken on all 

machines, we can characterize any surfaces and calibrate any analyzers without 

difficulty" This concept Is dlfferent from those of other exlsting databases, and we 

consider this database should be open to public. If the database is connected to the 

Internet, its usefulness will increase as will the number of scientists who can freely 

access the accumulated scientific property. 

In 1994 the Science and Technology Agency (STA) of the Japanese Government 

launched a project to interconnect networks under various ministries and agencies. As 

a site of this n~twork we are implementing a network-oriented database for surface 

chemical analysis, such as AES and XPS spectra. We asked the Surface Analysis 

Society of Japan (SASJ) to provide the spectral data, and to control its quality. 

Internet spectral data now has about 2,000 spectra of metals, semi-conductors and 

ceramics. The file structure of spectral data is based on ISO 14976 and ISO 14975, and 

is fully compatible with the VAMAS Standard Data Taansfer Format. Because this file 

structure can carry the information on specimens, calibration and data-processing, we 

could construct a GUl searching system for the Internet database. 

A workstation was installed in the National Research Institute for Metals to 
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collect the spectral data in ISO format from different analysis machines via computer 

networks. Collected spectra are stored in the database. If a perscu~al computer is 

connected to the Internet, one can access the database, the address of which is 

http://sekimori.nrim,go.jp. When <http://sekimori.nrim.go.jp> is opened, one can select 

the database menu and retrieve a spectrum from the selection menu. The retrieved 

spectrum will be displayed and can be downloaded if a user is a member ofthe SASJ. 

Spectral data have been collected through the voluntary work of the members 

of the SASJ using certified materials. The quality of spectra is checked by the 

committee of the SASJ. The committee checks the calibration proeedures for energy 

and intensity scales of a supplier's analyzer, and rates a spectrum sent from a supplier. 

We are intending to construct an automatic spectra acquiring system for databases 

using Internet. Ifthis system is established, one can easily send one's spectral data to 

the SASJ database through the Internet. The spectra will be used to identify the 

surface chemistry of new materials by comparing it with an observed spectrum. 

Smce 1989, we have been constructing the spectral data processing system 

under the VAMAS (Versailles Project on Advanced Materials and Standards) umbrella. 

This system is called Common Data Processing System (COMPRO). The COMPRO is 

designed to be a program to assess the data processing procedures provided by 

scientists, to check a spectrum, and to build both a spectra and a physical property 

databases. To achieve these objectives, the COMPRO provides a tool for converting 

spectral data taken on different instruments to a common one. The COMPRO (present 

verslon is 6.4) runs on Win~0ws95/98/NT and can be downloaded from 
<htt~ ://sekimori. nrim. go . j p >. 

In future we hope all computers of the surface analysrs machines can be 

connected to the system so that every surface analyst worldwide can share the spectral 

data to characterize the surfaces of materials. 

6.7.3 Research products, including papers submitted (April 1, 1997 to March 31, 

1999) 

(1) H.Tokutaka, K.Yoshihara, K.Fujimura, K.Obu-Cann, K.Iwamoto, Application ofself-

organizing maps to chemical analysis, Appl. Surf. Sci., 144/145, 59-63(1999) 

(2) K.Obu-Cann. H.Tokutaka, K.Fujimura, K.Yoshihara: Chemical Analysis ofAES, 

XPS and XRD Data using Self Organizing Maps, J. Surf. Anal., 5, 208(1999) 

(3) H.Tokutaka, K.Yoshihara, K.Fujimura, K.Iwamoto, K.Obu-Cann, T.Watanabe and 

S.Kishida: Application of Self-Organizing Maps(SOM) to Chemical Data Analysis, J. 

Surf. Anal., 5, 102(1999) 
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(4) K.Yoshihara: Common Data Processing System Version 5, J. Surf. Anal., 5, 98(1999) 

(4) S.Hofmann and K.Yoshihara: The MRI-model in COMPR05:A new Data Processing 

Software for the Quantitative Evaluation of Sputter Depth Profiles, J. Surf. Anal., 5, 

40(1999) 

(5) Kazuhiro Yoshihara and Michiko Yoshitake: Sharing ofAuger Electron Spectroscopy 

and X-ray Photoelectron Spectroscopy Spectral Data through the Internet, J. Vac. 

Sci. Technol. A16, 1388(1998) 

(6) M.Yoshitake and K.Yoshihara: Round Robin on Spectrometer Taansmission 

Calibration for AES in the Common Data Processing System. Surf.Interface Anal., 

25,209(1997) 

Oral Presentation : 7 

(1) International Conference: 3 

(2) Domestic Conference: 4 

6.7 .4 Research Budgets 

This research has been supported by the Special Coordination Funds for Promoting 

Science and Technology. 

1997: 12,569,000yen 

1998: 10,897,700yen 
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