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The Very-High-Temperature Reactor (VHTR) is one of the candidates for the Generation IV 
nuclear energy system. ZrC coated fuel particles are expected to make the performance of the 
VHTR higher. Therefore, we are investigating the ZrC-coating process. 

From April 2006 to March 2007, the parametric ZrC coating tests were carried out with the 
nonnuclear particles up to 100 g batch scale, and it was clarified that the quality of the ZrC 
coating layer (stoichiometry and the density) strongly depended on the coating temperature. 
As a result, we succeeded to fabricate the ZrC coating layer with high quality and with the 
thickness of about 30 m. In addition, the problems accompanied with the batch up or with 
the fabrication of the thick ZrC layers were clarified and the measures were investigated. 

Keywords: Very High Temperature Reactor (VHTR), ZrC-coated Fuel Particle, ZrC-coating 
Equipment, ZrC Stoichiometry 

Present study is the result of “Research and development for advanced high temperature gas 
cooled reactor and graphite components” entrusted to the Japan atomic Energy Agency by the 
Ministry of Education, Culture, Science, and technology of Japan (MEXT). 
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Fig. 1.1 Coated fuel particle. 
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Table 2.1 Basic data of the material particles. 

schematics Specifications Appearance
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Fig. 2.1 ZrC coating equipment11).
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3.  ZrC
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Fig. 3.1 Upper heater with a particle fluidizing bed. 
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Fig. 3.2  ZrC-coating temperature dependence of C/Zr ratio, the particle inventory : 
50g, material particle: SZR kernel, CH4/ZrBr4 ratio: about 1.4. 
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Fig. 3.3  ZrC-coating temperature dependence of ZrC layer density, the particle 
inventory : 50g, material particle: surrogated particle, CH4/ZrBr4 ratio: about 1.4. 

�����������������������

���



(3) ZrC
Fig. 3.4 ZrC 2

1550 1400
1400 1330

Zr
C

co
at

in
g 

ra
tio

 [
m

/ h
]

Coating temperature [ ]

Zr
C

co
at

in
g 

ra
tio

 [
m

/ h
]

Coating temperature [ ]

Fig. 3.4 ZrC-coating temperature dependence of ZrC coating ratio, the particle 
inventory: 50g, material particle: surrogated particle, CH4/ZrBr4 ratio:  about 1.4. 

(4)
CH4/ZrBr4  = 1.4 1350

95% ZrC 1350
ZrC 10 17 m/h VHTR

ZrC 30 m ZrC 2 3

3.1.2 CH4/ZrBr4

1350 CH4/ZrBr4 1.4 2.8
Table 3.1 CH4/ZrBr4 ZrC

CH4/ZrBr4

�����������������������

���



Table 3.1 CH4/ZrBr4 dependence of C/Zr, ZrC layer density and ZrC layer coating ratio, 
the particle inventory: 50g , material particle: surrogated particle. 

3.2 100g
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Fig. 3.5 Prticle inventory dependence of C/Zr ratio, CH4/ZrBr4 ratio: about 1.4. 
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3.3 100g  ZrC
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Table 3.2 CH4/ZrBr4 dependence of C/Zr, ZrC layer density and ZrC layer coating ratio,  
the particle inventory: 100g , material particle: surrogated particle,  

CH4 gas flow rate: 0.003 mol/min. 
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Fig. 3.6 Hydroge gas flow rate dependence of ZrC coating ratio at the deposition temperature 
around 1350 , the particle inventory: 100g, material particle:surrogated particle,  

CH4/ZrBr4 ratio: about 1.1. 

�����������������������

����



Table 3.3 Coating condition and the quality of the ZrC layer (batch number: ZrC-06-2048) 

Appearance of 
the coated particle11)

28 [ m]ZrC layer thickness11)

120 minCoating time11)

45H2/CH4 gas flow ratio
1.0CH4/ZrBr4 gas flow ratio

Optical image of 
the etched cross section 
of the coated particle11)

6.50 [g/cm3]ZrC layer density11)

1.03C/Zr ratio11)

1364coating temperature

100 g
(surrogated particle)Particle inventory11)

Appearance of 
the coated particle11)

28 [ m]ZrC layer thickness11)
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Optical image of 
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Fig. 4.1 Nozzle temperature dependence of the deposition rate on the nozzle. 
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Fig. 4.2(a)
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Fig. 4.2 Exhaust pipes, (a) initial state, (b) with larger pile,  
(c) with a space for the trapping of the “white powder”. 
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Fig. 4.3 System for the depressurization in an emergency 
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