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Abstract

Abstract

SiC has the advantages of high melting point, corrosion resistance and thermal
conductivity, as well as low coefficient of thermal expansion and thermal neutron
absorption cross section, which is an important candidate material in nuclear power
field. Because of the low solibility of helium ions produced by transmutation reaction
and deuterium-tritium reaction, aggregation occurred and then large sacle bubbles
formed. The formation of bubbles can lead to the degeneration of mechanical
properties of SiC, decreasing its service life of the reactor. Therefore, it is very
important to study the microstructure evolution of SiC. In this paper, the single crystal
6H-SiC were irradiated by 400keV He' ions and then subsequently annealed. The
microstructure evolution of the samples was investigated by transmission electron
microscopy and scanning electron microscopy.

Only a damaged layer was observed with no visible helium bubbles formed after
helium irradiation with a fluence of 1x10'® He"/cm® and subsequently annealed at
900°C for 30min. However, after annealed at 1200°C for 30 minutes, platelet-like
planar bubbles were formed in the irradiated region and they were mainly distributed
on the (0001) plane with a small amount lying on the (11-20) plane. Statistical
analysis of the bubble size shows that the average size of the bubbles at the same
annealing time is linearly increased with the annealing temperature.

When 6H-SiC samples were irradiated at room temperature with a fluence of
1x10" He"/em? and then subsequently annealed, the distribution of the bubbles in the
irradiation layer was consistent with that of the helium concentration, bubbles at the
bottom of the irradiated layer is small, and then increased sharply to the maximum,
and gradually decreased with the distance from the interface. And layer of sparse
bubbles in the upper area of irradiated layer were observed. Recrystallization occurred
after 6H-SiC annealed at high temperature, a large number of stacking layers are

formed and crystal poly-types silicon carbide with new crystal orientation were
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Abstract

formed. When irradiated at 400°C, no bubbles were observed after annealing at 600°C
and the bubble clusters lying on the (0001) plane appeared at both sides of the
irradiated zone after annealing at 900°C. Thickness of the upper bubble clusters layer
was less than the lower. The bubble clusters in the interface of the irradiated zone
evolved into platelet-type bubbles after annealing at 1200°C for 15h. When annealed
at 1400°C, the bubble size in the irradiation layer drastically increased and the density
was remarkably reduced. The two-dimensional bubble clusters on both sides of the
irradiation zone grow into three-dimensional ellipsoidal bubbles. When the annealing
time is constant, the bubble size increases exponentially with the annealing
temperature.

When 6H-SiC samples were irradiated and then subsequently isothermal annealed,
the bubble size in the early annealing increased rapidly, and then the growth rate
gradually decreased with the annealing time. Based on the statistical results of bubble
size, a quantitative model of bubble size with annealing time and temperature
evolution was obtained. The model can be used to calculate the corresponding values
of the average size of SiC bubbles at a variety of annealing temperatures at room
temperature and 400 ° C irradiated with a fluence of 1x10'" He'/ cm?.

There were no visible defects formed on the surface of 6H-SiC after irradiation.
Nevertheless, blistering and craters were formed after annealing at 1200°C. The
formation of surface blistering and craters became much easier and plenty of flaking
were generated when annealed above 1500°C.

Key Words: SiC; irradiation damage; helium bubble behavior
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Fig. 1.1 Basic structure of SiC
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Fig. 1.2 The planar (a) and three-dimensional (b) stacking models of SiC
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Tabel 1.1 Basic parameters of SiC

pn
P J5i
3C-SiC 4H-SiC 6H-SiC
P (g/em’) 3.21 3.21 3.21
15 15.(K) #]3200(3.5MPa) | #J3100(3.5MPa) £ 3100(3.5MPa)
JEE /1K it - (g/mol) 40.097 40.097 40.097
" a=3.073 a=3.089
A 43396 ¢=10.053 c=15.117
T E(W/(cm.K)) 3.6 3.7 4.9
\ " C11=500, C,=92
REHDR T T Cy5=564, Car=168
FPEA 5 (GPa) 410 — .
E AR 9.5 9.5 9.5
C1=4.47
HIEIK 2B (< 10°K ™) 3.8 (at RT) C;:4.06 425
AR 55 B (e V) 2.4 3.23 3.02
VMR8 9.7 9.7 9.7
HL T 2 (cm’/V.s) 1000 800 600
YA T34 (107 V/em) 2 2 2




Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

