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ABSTRACT

An innovative basic research concerning with the basic science and applied technology is planned
using the High Temperature Engineering Test Reactor (HTTR), which provides the advantage of not only a
high temperature irradiation field above 400°C but also a large irradiation space. The first irradiation
experiment is to be performed in 2001. Many research themes with a wide variety of scientific and
technological interests are proposed as the innovative basic research. For the purpose of demonstration of
scientific feasibility and advantages in the HTTR irradiation, several research themes have been being
conducted as the the preliminary studies.

In this paper the outline of the innovative basic research is described, and the preliminary study on the
radiation damage mechanism of ceramic composite materials is presented.

1. INTRODUCTION

The High Temperature Engineering Test Reactor (HTTR) is a helium gas-cooled, graphite-moderated
high temperature reactor which has been constructed since 1991 at the Oarai Research Establishment of the
Japan Atomic Energy Research Institute (JAERI)1, and successfully achieved the first criticality in October
1998. Three kinds of research missions as shown in Fig. 1 are to be performed using the HTTR. These
are the establishment and upgrading of the technology basis necessary for a high temperature gas-cooled
reactor (HTGR) development and innovative basic research on the basic science and applied technology
associated with high temperature radiation environments. For the purpose of the third mission the HTTR
is designed to have a unique capability in conducting irradiation tests with large sized samples in high
temperature environments.

Many research themes with scientific and technological interests have been proposed as the innovative
basic research. These are constituted by the following five fields:

-New materials development
-High-temperature radiation chemistry
-Nuclear fusion technology
-High-temperature irradiation technique development
-Other research fields such as radiation shielding, fuel development etc.

As a research theme on new materials development, a study on the radiation damage mechanism of
ceramic composite materials has been proposed so as to develop heat- and radiation-resistant ceramics
composite materials2.
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Fig. 1 Operation and irradiation test plan on the HTTR.

2. OUTLINE OF THE INNOVATIVE BASIC RESERCH2

The innovative basic research direction may involve novel challenges in nuclear and non-nuclear
relevant developments. For research planning and preparation for HTTR irradiation programs the JAERI
organized the Utilization Committee in 1994 participated by many specialists from universities, research
institutes including JAERI and industries. Various research themes with a wide variety of scientific and
technological interests were submitted to the Committee as listed in Table 1. On the basis of submitted
research proposals, the JAERI has been carrying out preliminary tests on eight different subjects as
summarized in Table 2 for the purpose of the demonstration of scientific feasibility and advantages in the
HTTR irradiation.
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Table 1 Outline of proposed research themes as innovative basic research using the HTTR.

(As of 1994)

Research Field

New Materials
Processing

and
Development

Radiation
processing

Irradiation
behavior

Fusion Technology Research

Radiation Chemistry Research

High Temperature Engineering
and

Development

Advanced Reactor Systems

Research Theme

- High temperature semiconductor development
• Hiigh-Tc oxide superconductor development

• Investigations of radiation damage mechanisms
and resulting property changes

• Irradiation characterization of structural materials
for FBRs and HTGRs

• Blanket module irradiation for tritium breeding
• Irradiation characterization of C/C composites as

plasma facing materials

• Investigation of high temperature polymer
decomposition

• Synthesis of fullurenes containing actinides

• High temperature radiation dosimetry
• high temperature/ radiation resistant optical fiber
• High temperature irradiation capsule

• Plutonium or TRU burning fuel
• Investigation on neutron shielding
• Fuels and materials for a deep space vehicle

reactor

Future Technology Potential

• High power thyristor
• Power transistor
• Superconducting linear motor car

• Reactor life extension
• High temp, ceramic sensors
• Composite energy transmitter
• Nuclear carbon composites

• Plasma facing materials and
components

• Prototype fusion blankets

• Reuse of plastic wastes
• New fullurenes processing

• High temp, diagnostics
• High temp, radiation monitoring
• Ceramic capsule components

• Plutonium or TRU disposal
• Advanced reactor fuels
• Deep space vehicles

Table 2 Summary of the preliminary test.

Research Field and Title Experimental methods Measurements

New Materials Development

- high temperature SIC semiconductor
by neutron transmutation doping -

' Improvement of high-Tc superconductor
by neutron irradiation

• Machanistic radiation damage studies
on ceramic-based structural composites

• sample: SIC single and polycrystals
• hot-implantations of P* in TIARA and annealing
• thermal neutron irradiations in JMTR

• sample: BI-2212 single crystal
• fast neutron irradiations in JMTR and post-

irradiation annealing

' samples: SiC/SIC and C/C composites etc
with/without pre-heat treatments

- fast neutron irradiations In JMTR

' residual defects by ESR
• electron concentration

(Hall coefficient)

• critical current density and
irrreversibility field at
4.3K - 60K

• microstructural.features by
XRD, SEM, TEM

• CTE

High Temperature Radiation Chemistry

' Radiation enhanced thermal decomposition of
polymers

• Irradiation-assisted precursors curing for
SiC Tiber and carbon fiber

• sample: silicon-containing polymers and PAN
• gamma-ray irradiations above 400'C

• product mass spectrum by
EPR speetrometry

Fusion Material/Component

• Mesurement of physicochemical properties of
lithium oxides under irradiation

• samples: LiO3, Li'SiO'
• performance tests in out-of-pliles and in YAYOI

• contact potential difference
and electrical conductivity

High Temperature Reactor Instrumentation

• Development of a heat amd radiation resitant
optical fiber system

- Development of ceramic-based neutron/gamma
detectors Including SPNDs

• preparation of large core diameter silica fibers
* out-of pile high temperature endurance tests
- performance tests under irradiation in JMTR

• sensor polycrystalline BN
• performance tests under Irradiation in KUR

- optical transmissivity by
optical power meter and
spectrum analyzer

- electrical current Induced
by high temp., neutron flux
and gamma-ray

- 209 -



JAERI-Conf 99-006

3. RADIATION DAMAGE MECHANISM OF CERAMIC COMPOSITE

3.1 PURPOSE OF THE STUDY

Advanced structural materials for very high temperature components have been directed to particulate
or fiber reinforced composite materials. For nuclear applications carbon/carbon (C/C) and silicon
carbide/silicon carbide (SiC/SiC) composites have been considered most favorable in plasma facing
components as well as in the HTGR control rod elements etc. It has been emphasized that engineering
properties of any fiber or particulate reinforced ceramic composites are controlled by a grade of reinforcing
materials, volume fraction, weave or forming, interface and matrix properties. In addition, it should be
noticed that these controlling factors change in a very complicated manner under neutron irradiation. In
this respect one of the authors has pointed out the research point learned from long term studies of
irradiation characterization of polycrystalline nuclear graphite as follows3:
l)Macroscopic material properties have to be studied in view of micro/mesoscopic structures which are
controlled intrinsically by a manufacturing route or process as well as extrinsically by neutron irradiation
induced changes.
2)Macroscopic isotropy or near isotropy is highly preferable from the view point of thermomechanical
design.
3)Descriptive material models have to be pursued on the basis of micro/mesoscopic structural features.

Taking account of above points the basic-oriented study on the radiation damage/effect mechanism of
ceramic composite materials has been proposed so as to develop heat- and radiation-resistant ceramics
materials. The preliminary study has been performed using the TANDEM accelerator and the Japan
Material Testing Reactor (JMTR) to demonstrate a scientific feasibility and advantages in the HTTR
irradiation.

3.2 EXPERIMENTAL STUDY USING TANDEM FACILITY

An ion-irradiation experiment of SiC was carried out using the TANDEM accelerator to investigate
a non-uniform damage effect and/or surface limited damage effect on the macroscopic mechanical
properties, especially to the bending strength; the ion-irradiation can make a damage just only on the
surface limited region below an approximately maximum grain-size depth from the ion-irradiated
surface. The macroscopic mechanical properties were obtained in this experiment, and the
mesoscopic characteristics such as pore structure as well as the microscopic characteristics such as
crystal damage are to be investigated.

3.3 PRELIMINARY EXPERIMENT ON MACROSCOPIC PROPERTY

In the present study thin rectangular specimens with 0.5mm wide, 1.0mm thickness and 20mm in
length made of pressureless sintered polycrystalline silicon carbide, a -SiC, were prepared. The
statistical distribution of grain size was characterized by a quantitative image analysis and shown in Fig.2
together with its morphology. The specimens were irradiated by high-energy ions of gold and nickel to
generate micro-defects distributed non-uniformly along the thickness. After irradiation they were
subjected to a three-point bending test to measure degradation in bending strength.

Two different types of irradiated specimens were available to discuss; one is irradiated with 180 MeV
Au-ions to a fluence of about 2.5x1012 ions/mm2 and the other with 90 MeV Ni-ions to about
2.3xl013ions/mm2. Those heavy-ion induced damages are represented typically by the maximum dpa,
displacement damage per atom, of 3.9 at 12.6 u m deep from the ion-irradiated surface and 14.1 at 11.2//
m deep, respectively, according to calculations by the TRIM-95 code4.

The results of the bending tests with those specimens are shown in Fig.3 by plotting the bending
strength in a normal statistical distribution scheme. It indicates a reduction in bending strength of the
irradiated specimens as compared with the unirradiated ones. It is, however, apparent that those less
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heavily irradiated specimens have more seduced strength. It is resumed that the estimated displacement
damage would not correspond to those physical and/or micro-structural defects, which are responsible to
micro-mechanics in SiC. It should be noted also that the accurate bending strength ought to be evaluated
by considering a non-uniform distribution in governing micro-defects along the thickness. To characterize
quantitative nature of induced defects it is also planned to examine the concurrently irradiated tiny disks by
an electron microscopy.
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Fig.2 Result of the quantitative image analysis of polycrystalline a-SiC.

4.CONCLUSIONS

The innovative basic research concerning with the basic science and applied technology using the
HTTR is planned. Many research themes with wide variety of scientific and technological interests have
been proposed as innovative basic researchs. Several research subjects are now under preliminary
investigation stage to demonstrate the scientific feasibility and advantages in the HTTR irradiation. The
outline of the innovative basic research was mentioned, and the preliminary investigation on radiation
damage effect in ceramic composite materials was described in this paper. After preliminary investigation
stage, research subjects having a scientific feasibility as well as advantages in the HTTR irradiation will be
conducted as the innovative basic research in a high temperature environment with large irradiation space
in the HTTR.
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Fig.3 Statistical distribution of measured bending strength of unirradiated and irradiated
SiC specimens.
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