
CLAM: Fe9Cr1.5W0.2V0.15Ta0.45Mn0.1C 

CLF-1:  Fe8.5Cr1.5W0.25V0.1Ta0.5Mn0.1C 
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 Two kinds of RAFM steel (CLF-1, CLAM) are 
developed for ITER-TBM and DEMO reactor. 

YTiO particles (3-5nm) 

2.36×1023/m3 

 9Cr-ODS steel with fine nano-particles is developed 
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1. RAFM and ODS steels for ITER TBM and China DEMO 

5 nm



0 1 2 3 4 5 6 7

0

100

200

300

400

500

600

700

800

S
tr

e
n

g
th

 (
M

P
a

)

Strain(%)

RT
0 1 2 3 4 5 6

0

100

200

300

400

500

600

700

800

S
tr

e
n

g
th

 (
M

P
a

)

Stain (%)

700
o
C

+Y+Ti3SiC2 

+Y+SiC 
+Y+TiC 

+Y 
Base 

100 150 200 250 300
1E-12

1E-11

1E-10

1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

V-4Cr-4Ti (NIFS-HEAT-2) 

V-4Cr-4Ti-1.5Y-0.3Ti
3
SiC

2

C
re

e
p

 R
a
te

  
(s

-1
)

Stress  (MPa)

Target Area

700
o
C creep

Cr (%) Ti (%) C (%) N (%) O (%) S (%) 

3.81 3.92 0.013 0.002 0.027 0.002 

Al (%) Si (%) K (%) Fe (%) Mg (%) Ca (%) 

0.01 0.059 0.005 0.0053 0.0022 0.0067 

 30kg V-4Cr-4Ti alloy was developed with high purity 

 Carbide dispersion strengthened V-alloys are developed. Ti3SiC2 is found to strengthen the V-alloy 
most efficiently, for both RT and high temperatures . 
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2. Vanadium alloys for advanced blanket 



 ODS W-alloy 
and W coating 
were 
developed 

ISSP (CAS) work 

ODS W- 
ALLOYS 
(ISSP, USTB) 
 
W COATING 
(XTC, USTB) 
 
W MOCKUP 
(SWIP, XTC) 

100 cycle 500 cycle 1000 cycle SWIP work 

1000 cycles, 

10MW/m2  

HHFT, 
 

No failure 

CVD-W/ graphite mock-up 

XTC work 

1200 °C， 
500 cycles,  
no failure 

Recrystallization 
temperature of ODS W-
alloy  is higher than 
1750℃. 

USTB work 

EB Fast brazed W/Cu mock-up was developed 

CVD W/graphite and W/Cu mock-ups were 
developed and tested  under high heat flux.  

Electro-deposition metallic W 
coatings 

USTB work 

 398 MW/m2 

3. Tungsten alloys/coatings and divertor mock-up development 
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 Experimental data
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 Enoeda et al (2001 )   0.25~0.63mm PF=62.5%

 Dall Done et al (1990) 0.5mm 

 Dall Done et al (2000) 0.25~0.63mm PF=65%

 Dall Done et al (1994) 0.35~0.6mm PF=64.4%

 Our experimental data

 Developed Li4SiO4 
tritium breeder  and 
neutron multiplier 
pebbles for ITER-TBM. 

 
 Tested their thermal-
mechanical properties 

Beryllium multipliers 

Rotating Electrode Process 

Tritium breeders 

melt-spraying process  

SWIP work 

SWIP work 

4. Functional materials for ITER-TBM 


