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Abstract Tri-isotropic (TRISO) coatings on zirconia surrogate beads are deposited using a fluidized-bed vapor dep-
osition (FB-CVD) method. The silicon carbide layer is particularly important among the coated layers because it acts as
a miniature pressure vessel and a diffusion barrier to gaseous and metallic fission products in the TRISO-coated parti-
cles. In this study, we obtain a nearly stoichiometric composition in the SiC layer coated at 1400°C, 1500°C, and
1400°C with 20 vol.% methyltrichlorosilane (MTS), However, the composition of the SiC layer coated at 1300-1350°C
shows a difference from the stoichiometric ratio (1:1). The density decreases remarkably with decreasing SiC deposition
temperature because of the nanosized pores. The high density of the SiC layer (= 3.19 g/cm?) easily obtained at 1500°C
and 1400°C with 20 vol.% MTS did not change at an annealing temperature of 1900°C, simulating the reactor operating
temperature. The evaluation of the mechanical properties is limited because of the inaccurate values of hardness and
Young’s modulus measured by the nano-indentation method.
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Fig. 1. Schematic of coated fuel particle for VHTR.
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Fig. 2. Schematic diagram of FBCVD equipment for TRISO
coating.
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Fig. 3. XRD patterns of SiC layers in various conditions; (a)
normal condition, (b) after heat treatment at 1900°C for 24
hrs, (¢) at 1300°C with indicated MTS volume fractions.

v o 2 FAkE Y FAL T FolA| (111)He] -
AujeFzio] (22082 vH= Aol Lk olti{10]. w
A B Aol FBCVD "oz F2H4 SiCe (111)
A3 53k (220087 1) So] AEHE Ao=E

A - 224

Hol dukzel At cVD W] 11eq 29} AL
3 Ao g FAGHT I8 3(byE 2o tE LxoA
AzE SiC & A2 WY ZARRE TEHE
1900°CoN A AF el 2 A3 Aoz I8 3(a)elA]
Uehd 57 vuetas o o] Mshe dojuA] ek
o} 2™ 3(c)e 1300°ColA] MTS kS theksiAl 333t

Z2E SiC 32 XRD Aot el MTSe| &3l
] Sivk 8] C o] UEPE Zo R Aot 8%
MTS 9] Z7te] SiC “dstel] J3S v)x|A] 42 3o
2 YETH € 250X f2 C o] BEEHI 3l
g, o124 SiC o] A7} 35 um FE2AM X419 3
o oJ&) SiC S-¢] Bk= offell HA|SaL = 1PyCe]
o= Ak,

-1“1 rr l

O

£ 13 2= SiC 9 EAE A7 39 VA B8
UERA AT} gradient columnS ©]-&3le] SAHH U=
TS MTS oA S 57 HoldFE Z7Ee A
o2 YEPT) 1350°C8}F 1400°ColA 250 whE Uex}
7F w9~ 2l Yeh= S 19 6(a)®] Raman 354
Atz n|Fo] B uf acoustic SiCe EA)7F Hxof I3k
S HHE Aoz Algdull]. ST P e
1300°Col A= MTS H7FES SHAIAS o 2=rt A4
21 B} ot TAEE Aoz Yttt 19 7904 &

Table 1. Mechanical properties of SiC layer deposited at indi-
cated temperatures including various MTS volume fractions.

t?ﬁg;i:igfe MTS Densigy Hardness ;23?1%;
) volume (%) (g/cm’) (GPa) (GPa)

normal 3.13 38.5+1.5 339.8+12.7

1300 20% up  3.10 38.9+1.7 307.8+7.3
20% down 3.12 39.4+1.3 326.2+4.1

60% up  3.11 41.1£2.0 319.7+16.1

normal 3.17 36.5+1.7 348.3+17.4

1350 20% up  3.16 40.9+1.8 326.4+9.2
20% down 3.17 38.9+1.2 318.7£7.3

normal 3.18 38.0+2.4 320.1£15.3

1400 20% up  3.19 37.5¢1.7 319.0+10.3

20% down 3.18 42.1+1.8 334.9+12.1

1500 normal 3.19 39.4+2.1 348.6+12.4

Table 2. The modification of SiC layer mechanical properties after
the heat treatment at 1900°C.

Deposition MTS Density Hardness Young's
temperature volume (@em®)  (GPa) modulus
(O (%) (GPa)
1400 normal 3.18 38.0+24  309.6+11.9
20% up 3.19  37.1£1.7  323.146.9
1500 normal 3.19 373425  309.6+11.9
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Fig. 4. EBSD results of SiC layer; (a), (b) 1500°C with
normal condition, (c), (d) 1400°C with 20 vol.% increased
MTS, (e), (F) 1400°C with normal condition.
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Fig. 5. EBSD results after heat treatment of deposited SiC
layers; (a, b) at 1500°C with normal condition, (c, d) at
1400°C with 20 vol.% increased MTS.
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Fig. 6. Raman spectra of SiC deposited at indicated temperatures
and conditions; (a) normal condition, (b) after heat treatment
(normal condition), (c) before and after heat treatment of SiC
deposited at 1400°C with 20 vol.% increased MTS, (d) points
analyzed by raman spectroscopy.
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Fig. 7. Surface morphologies and microstructures of SiC
layers observed using SEM; (a, b) 1500°C and (c, d) 1300°C
normal condition.

Fig. 8. Surface morphologies and microstructures of SiC
layers observed using SEM; (a, b) 1400°C with normal
condition, (¢, d) 1400°C with 20 vol.% increased MTS.
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Fig. 9. ”Si magic angle spinning NMR spectra of SiC
deposited at 1400°C with 20 vol.% MTS; (a) 1500°C, (b)
1400°C, (c) 1350°C, (d) 1300°C (e) 1400°C with 20 vol.%
MTS.
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