
CONTENTS 

Preface 

Organization 

Research Summaries 

Group I : Reactor Materials and Plasma-wall Interactions 

I. 1 Fusion reactor materials and plasma-wall interactions  1 

I. 2 Effects of alloying elements on the mechanical properties 

of first-wall-materials during or after particle irradiation  3 

I. 3 The high temperature creep and He embrittlement of Fe-Ni-Cr 

alloys  5 

I. 4 The influence of purity, cold work and alloying elements on 

the anneal hardening in neutron-irradiated molybdenum  7 

I. 5 Mechanical tests under or after irradiation  9 

I. 6 Irradiation effect of fatigue properties of wall materials  11 

I. 7 Mechanical properties changes of Fe-Cr alloys by fast neutron 

irradiation  13 

I. 8 Effect of alloying elements on microstructure and mechanical 

properties of irradiated new ferritic steel  15 

I. 9 Alloying effect on the fundamental process of irradiation 

creep  17 

I.10 Testing of the mechanical strength properties for the . 

irradiated materials using micro-size specimen  19 

I.11 Software tools for materials evaluations  21 

I.12 Helium embrittlement and irradiation creep study at NRIM  23 

1.13 Creep ductility of austenitic Ni-Cr-Fe alloys  25 

I.14 Development of coating technique for first wall of fusion 

reactor and evaluation for irradiation resistivity  27 

I.15 Irradiation effects of titanium carbides  29 

I.16 Fundamental research of aluminum alloys as a material for 

fusion reactor  31 

I.17 Phase transformation in alloys under irradiation  33 

I.18 The effects of alloying elements on the void swelling in 

heavily irradiated materials  35 

I.19 The Effects of alloying elements on the void swelling in 

heavily irradiated materials - Correlations micro structures 

irradiated by electrons and ions  37



I.20 The effect of alloying elements on the void swelling in 

heavily irradiated materials - radiation induced segrega-

tion and phase change -  39 

I.21 The effects of alloying elements on the void swelling in 

heavily irradiated materials - In-situ observation of 

radiation damage and simulation correlation  41 

I.22 Irradiation behavior of graphite  43 

I.23 The effect of alloying elements on the void-swelling in 

heavily irradiated materials - fundamental process in the 

formation of voids and blisters  45 

I.24 Voids and bubbles in argon irradiated nickel  47 

I.25 The effects of alloying elements on the void-swelling in 

heavy irradiated materials - radiation damages induced by 

14mev neutron and heavy ion irradiations  49 

I.26 The effects. of alloying elements on the void-swelling in 

heavily irradiated materials. - The effects of nitrogen 

on the void-swelling of 340L stainless steels.  51 

I.27 The effects of alloying elements on the void-swelling in 

heavily irradiated materials - Void swelling in solution 

treated, 20% cold worked and 20% cold-worked + aged Ti-

modified 316 steel  53 

I.28 Study of physical and chemical sputtering processes of 

Low-Z compounds and alloys  55 

I.29 AES-SIMS-XPS study of physical and chemical sputtering 

processes of low-Z compound materials  57 

I.30 Compositional change of alloys induced by preferential 

sputtering  59 

I.31 Evaluation of ion impact desorption cross-section  61 

I.32 Physical and chemical properties of low Z compound thin 

films  63 

I.33 Molecular processes of the interaction of hydrogen atomic 

beam with the surface layers of solids  65 

I.34 Plasma wall interactions and their influence in the realiza-

tion of steady nuclear fusion plasma  67 

I.35 Preferential sputtering in the first wall materials by ISS-

SIMS-SCANIIR  69 

I.36 Hydrogen permeation and recycling behaviors of first wall 

materials  71



I.37 Interface characteristics of coating materials  73 

I.38 Benchmark experiment for neutron transport through blanket 

and shield of fusion reactors  75 

I.39 Photon production nuclear date of fusion reactor materials 

for fast neutrons  77 

I.40 Measurement of neutron double differential cross sections 

for fusion reactor materials and development of related 

code systems  79 

I.41 Neutron dosimetry in irradiation fields of fast neutron 

sources  82 

I.42 Specialist neeting on fusion neutron shielding and 

skyshine  84 

I.43 Workshop on the development of intense neutron source  86 

I.44 Evaluation of weldability and joining properties on materials 

for nuclear fusion reactor vesse  l88 

I.45 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

Evaluation of weldability for weld zone of high precision 

joining  90 

I.46 Evaluation of weldability and joining properties on materials 

for nuclear fusion reactor vessel. 

Subject; high precision welding, weldability and cutting  92 

I.47 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

Microstructural evaluation of welds under fusion reactor 

environment  94 

I.48 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

Metallurgical evaluation of weld joints under fusion reactor 

condition  96 

I.49 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

Control of welding stress and strain in structural members 

and welded joints  98 

I.50 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

Weldability and its improvement of molybdenum  100 

I.51 Evaluation of weldability and joining properties on materials



for fussion reactor vessel. 

Weldability of austenitic alloys  102 

I.52 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

In-process measurement in high precision joining process  104 

I.53 Evaluation of weldability and joining properties on materials 

for fusion reactor vessel. 

In situ experiment with a ultra-high voltage electron micro-

scope - The effect of reflecting condition on the secondary 

defect formation in crystals by electron irradiation -  106 

I.54 Plasma spray coating of low Z ceramics on molybdenum  108 

I.55 Ceramic for fusion reactor application - Pressureless 

sintering of SiC  110 

I.56 Ceramics for fusion reacror application - Thermal conductivity 

of carbon fiber reinforced carbon composite  112 

I.57 Ceramics for fusion reactor application - Bonding mechanism 

of ceramic coatings and its improvements  114 

I.58 Ceramics for fusion reactor application - Strengthening 

mechanism of ceramics/metal interfacial bonding  116 

I.59 Ceramics for fusion reactor application - Joining of alumina  118 

I.60 Ceramics for fusion reactor application - Joining of dense 

silicon carbide  120 

I.61 Susceptivility of solidification cracking and welding condi-

tions of sus 316  122 

I.62 In situ, low temperature coating of the first wall by plasma 

CVT  124 

Group II : Science, Technology and Biological Effects of Tritium 

II. 1 Cooperative study on science, technology and biological 

effects of tritium  127 

II. 2 Fundamental studies on tritium technology . . . . Breeding, 

separation and reactivity  129 

II. 3 Separation of the products of exchange reactions and of 

recoil reactions involving tritium  131 

II. 4 Mechanical and magnetic resonance studies of tritium in 

materials (The state of tritium in metals and the reactivity 

with metals)  133



II. 5 Quantitative analysis, thermal diffusion, and solubility 
data of tritium in Nb and SUS 316-stainless steel  135 

II. 6 Distribution of tritium in 316 stainless steel  137 

II. 7 Accumulation of tritium to the supports of oxidation 
catalysts  139 

II. 8 Separation of tritium isotope by distillation of water  141 

II. 9 Effect of lead on the formation of tritium in LiF-PbF2 

pellet  143 
II.10 Removal of hydrogen from air by an oxidation-adsorption 

method  145 

II.11 Development of tritium removal process  147 

II.12 Estimation on leakage of tritium gas - from high-pressure 

experiments on H2,D2 and He gases -  149 

II.13 Hydrogen permeabilities of various glove materials  151 

II.14 Storage of tritiated waste  153 

II.15 Characteristics of cryosorption pumping155 

II.16 Development of DT fuel filling technique in laser fusion 

target  157 

II.17 Safety assessment on tritium waste  159 

II.18 Behavior of recoil tritium atoms in the solid phase  161 

II.19 On permeation and diffusion of tritium in metals  163 

II.20 Compatibility improvement of metals with Li under hydrogen 

of deutrium atmosphere  165 

II.21 Monitoring system for fusion reactor and tritium plant  167 

II.22 Development of rubber materials having the excellent barrier 

property of tritium gas  169 
II.23 Waste disposal and equipments for the studies on the tritium 

behavior in food chain  171 

II.24 Tritium safety clean cabinet and its use in biological 

experiments  173 
II.25 Biological effect of tritium on the cellular and improvement 

of the incinerator of tritium-bearing wastes  175 

II.26 Effects of tritiated water on biological macromolecules and 

cells  177 

II.27 Effects of tritium on the living organisms 

(Especially on human being)  180 
II.28 Effects of tritiated water on the organization of chromatin  182 

II.29 Incorporation, distribution and molecular behavior of tritium



in higher organisms from tritiated water in the environment  184 

II.30 Yields of hydroxyl and reductive species in tritiated water 

based on the tetranitromethan radiolysis  186 

II.31 Behavior of tritium in the environment and its effect to 

human beings  188 

II.32 Molecular analysis and evaluation of genetic effects of 

tritium irradiation  190 

II.33 Specificity of base change mutations induced by tritiated 

water and y-rays in the lacl gene of EColi  192 

II.34 Symposium: preparation for setting up guidelines for safety 

handling of tritium  194 

II.35 Symposium: Tritium handling technology for fusion reactors 

and critical discussions on tritium-related 

problems for burning plasma  196 

Group III : Fundamentals of Reactor Plasma Control 

III. 1 Fundamentals of controlling fusion plasma  199 

III. 2 High temperature plasma diagnostics with far infrared 

radiations  201 

III. 3 Measurement of atomic density near the vacuum wall of high-

temperature plasma devices with resonance scattering  209 

III. 4 Optical study of plasma focus with high temporal- and 

spatial resolutions  211 

III. 5 Spectroscopic measurement of the fluctuating field in plasmas 

with aid of the selective excitation  213 

III. 6 Development of a single-optical-axis monochromator in VUV 

region for plasma research  215 

III. 7 Development of optical and magnetic diagnostic technique for 

laser fusion  217 

III. 8 Application of nuclear track method to plasma particle 

measurements  219 

III. 9 Extreme ultraviolet radiations and charge exchange processes 

in collisions of multiply-charged ions  221 

III-10 A heavy ion beam probe applicable to a medium-sized device for 

nuclear fasion research  223 

III-11 Spectroscopic study of new laser materials  225 

111.12 Spectroscopic study of new laser materials



1. Development of an accurate of model of E-beam pumped 

KrF laser medium  227 

III.13 Spectroscopic study of new gas lasers 

2. Time-resolved spectroscopy of atomic and molecular 

processes in ionized gases by high intensity pulsed 

electron beams  230 

III.14 Spectroscopic study of new laser materials 

3. The transfer collision rate and excimer formation rate 

of Cs-Xe  232 

III.15 Spectroscopic study of new laser materials 

4. Spectroscopic study of REB-pumped Se02 vapor  234 

III.16 Spectroscopic study of new laser materials 

5. Laser induced perturbation mechanism in C02 lasing gas  236 

III.17 Spectroscopic study of new laser materials 

6. Development of simulation codes for discharge RGH lasers  238 

III.18 Spectroscopic study of new laser materials 

7. Intense electron beam excitation of new gas laser 

materials in ulraviolet region  240 

III.19 Spectroscopic study of laser materials 

8. Electrooptic control of temporal and spectral shapes of 

high power laser pulses  242

III.20 Spectroscopic study of new laser materials 

9. Measurements and non-empirical calculations of rotational 

relaxation rates of some laser molecules  244 

III.21 Spectroscopic study of new laser materials 

10. Theoretical analysis of free electron laser  246 

III.22 Time resolved spectroscopic study of excited state population 

in excimer laser  248 

III.23 Spectroscopic study on efficiency improvement rare gas 

halide excimer lasers  250 

III.24 High-efficiency, high-power, short-pulse chemical lasers 252 

III.25 Growth of large size kdp single crystal for high power harmonic 

generation in laser nuclear fusion  254 

III.26 Study on saturation characteristics of laser absorption with 

organic compounds  256 

III.27 Wave heating and control of high temperature plasmas  258 

III.28 Injection-locked TEA C02 laser for driving FIR lasers  263 

III.29 Compressional alfven wave heating of a theta-pinch plasma  265



III.30 Nonadiabatic scattering of ion beams due to a periodic 

 magnetic field  267 

III.31 Development of negative ion source  269 

III.32 Electrostatic energy conversion from charged particles  271 

III.33 Theoretical approach to diagnostic methods in fusion plasmas  273 

III.34 Electrodynamic handling of D-T pellet  276 

Group IV : Technology of Superconducting Magnet 

IV. 1 basic aspects of R&D of superconducting magnet technology 

 (The fourth groups)  279 

IV. 2 A-15 and chevrel phase superconducting compounds  281 

IV. 3 Preparation of superconducting Mo-Si amorphous alloys by 

sputter-deposition  283 

IV. 4 Preparation of high Tc superconducting materials  285 

IV. 5 Production of superconducting materials for nuclear fusion 

reactors by reaction diffusion method  287 

IV. 6 High critical magnetic field superconductors resistant to 

radio-activity and stress force  289 

IV. 7 Magnetomechanical behavior of superconducting magnets for 

fusion reactor  291 

IV. 8 Superconducting Nb3Sn conductors with high critical current 

density in high magnetic field  293 

IV. 9 Production of superconducting microwire by the method of 

 glass-coated melt spinning  295 

IV.10 Cryogenic irradiation effects of superconducting magnet 

materials by use of 5 MW reactor  297 

IV.11 Performance study on superconducting magnet materials under 

thermonuclear fusion conditions  299 

IV.12 Development of a cooling system of superconducting magnets  301 

IV.13 Internal diffusion fabrication of in-situ Nb3Sn wire with the 

jelly-roll structure  303 

IV.14 Pinning characteristics of superconducting materials in high 

magnetic fields305 

IV.15 The augmentation of heat transfer from superconducting cable 

to liquid helium  307 

IV.16 Dielectric-breakdown behaviors of PET and FRP under 

mechanical stresses at cryogenic temperatures  309



IV.17 Energy storage systems by supe rconducting magnets  311 

Group V : Design and Evaluation of Fusion Reactor Design 

V. 1 Conceptual design and assessment of fusion reactors  313 

V. 2 An assessment of fusion reactor safety  315 

V. 3 System design of fusion reactors  317 

V. 4 Conceptual design of magnetic open system of fusion reactor  319 

V. 5 Conceptual design studies on Ion-Beam-Driven inertial 

confinement fusion reactor  321 

V. 6 Analysis of fission-fusion hybrid reactor system  323 

V. 7 Characteristics of liquid film flow in a vertical magnetic 

field  325 

V. 8 Sodium mist cooling for a hot surface in a fusion reactor  327 

V. 9 Thermal characteristics of gas-cooled magnetically confined 

fusion reactors  329 

V.10 Flow and heat transfer characteristics in lithium loop under 

magnetic field  331 

V.11 Design study of the steady toroidal reactor  333 

V.12 System design of inertial confinement fusion reactor  335 

V.13 A fracture mechanics of stainless steel related to the 

dynamic electromagnetic force  337 

V.14 Materials performance under pulsative composite stress in 

ICFR  339 

V.15 Dosimetry of single burst radiations from nuclear fusion 

experiments  341 

V.16 Fusion research activities in Japan I - Plasma experiments  343 

V.17 Partial charge grouping of fusion researches in universities  345


