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ABSTRACT

The objectives of the present dissertation are to fabricate hybrid W-SiC/SiC
tiles for divertor components in fusion, and to investigate their high heat flux
durability to the divertor plasma exposure in the large helical device (LHD).
This thesis consists of 8 chapters. Chapters-1 and -2 introduce the
background and previous literatures related to this thesis. Chapter-3 is the
material fabrication and properties investigation of the hybrid tiles. Three
W-Si1C/SiC tiles were successfully fabricated. Two tiles were fabricated by solid
state diffusion bonding method. The first tungsten tile used was a horizontal
rolled tungsten plate to surface and SiC/SiC composite, this hybrid tile was
named as ID (NITE-W/SiC-Dh1). The second tungsten plate used was a vertical
rolled plate to surface. The plate was joined to SiC/SiC, and it was named as ID
(NITE-W/SiC-Dv1). The third hybrid tile was fabricated by a liquid sintering
from tungsten powders and pliable preform of SiC/SiC, with ID
(NITE-W/SiC-S2). Hot press method was used for all fabrication. Both tiles of
(NITE-W/SiC-Dh1) and (NITE-W/SiC-Dv1) were fabricated with the conditions
of pressure up to 20 MPa at 1600°C in argon atmosphere. The last hybrid tile
(NITE-W/SiC-S2) was fabricated with the 20MPa at 1800°C in argon
atmosphere. These tiles were prepared to screen the appropriate fabrication
methods for the plasma facing component production. Macro and micro
structure analysis of the tiles fabricated was conducted by an optical
microscope, a scanning electron microscope (SEM) and an electro probe micro
analysis (EPMA). A High heat flux test was performed for the all tiles and this
procedure is described in Chapter-4. The test was performed in the large
helical device (LHD) at National Institute of Fusion Science (NIFS). All tiles
were thinned to 1.5mm thick tiles which the tungsten armor is adjusted to
0.7mm thick, and set in the sample holder on a manipulator under the LHD.
The manipulator lifted the sample holder up to the divertor position and the

samples were exposed to plasma. The exposure time was up to 5.6 sec, and the



average heat flux load was tentatively calculated to be 10 Mw/m2. Chapter-5
describes the results of ultrasonic images of the exposed tiles. The ultrasonic
investigation provided wide range inspection of the total surface area of the
exposed tiles, which was useful guide to determine the samples cutting position
before subsequent macro and micro structure investigation. Chapter-6
describes macro and microstructure evolution of W-SiC/SiC tiles after divertor
plasma exposure test. This study included the analysis of the irradiated tiles
by macro and microstructure to evaluate the degradation of tungsten surface,
the diffusion bonding layer at the interface region and SiC/SiC region. Cracks
and fiber/matrix interfacial debonding were detected. EPMA study was
conducted to investigate the behavior of diffusion through the interface after
plasma exposure. The comparison between the micro structure of both the
irradiated tiles and heat treated W-SiC/SiC on the interphase region between
tungsten and SiC/SiC was performed to estimate the temperature profile
during the plasma exposure. Based on the experiment and results, the
direction of the processing and the performance of the W-SiC/SiC Hybrid
Component were discussed in Chaptet-7, and whole present research is

summarized in Chapter-8.
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