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2. 4  Experimental Results on Performance Improvement 
of Doped Carbon-base Materials1)  
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Carbon-base materials is one of candidate plasma facing materials and have 
been widely used in current tokamak facilities in the world. But some defect 
properties are presented on high yield of chemical sputtering, high yield of radiation 
enhancement sublimate (RES), cracking after heat flux in divertor and so on. These 
characters are related to the interstitial carbon atom producing and mobile, so it can 
be improved by doped some little other elements into the carbon-base materials, 
such as boron, silicon, titanium and so on. The several characteristic properties have 
been improved by collaboration of several Institutes of Southwestern Institute of 
Physics, Chinese Academy of Science-Institute of Coal Chemistry, Chinese 
Academy of Science-Institute of Plasma Physics and China Space Science and 
Technology Corporation. 

1  Chemical sputtering 

As we know, fusion device “carbon suffering” was from the first wall 
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tile/divertor plate chemical sputtering and radiation enhancement sublimation. 
Normally, one element doped was used to improve one characterize of carbon-base 
materials. Now, we will use multi-elements doped to improve one more 
characterizes for the materials. Is the result as the expectation? It is needed 
experimental data to tell the true. The experiments were performed by using 3 keV 
D+ bombardment specimens, and measured the CD4 yield at different temperature. 
The results are shown in Fig. 1 and Fig. 2. The yield of CD4 is lower one order on 
magnitude for doped carbon-base materials except doped 12% silicon than that of 
pure carbon materials. For doped 12% silicon, it is for improved RES property, and 
the results showed that their chemical sputtering yield is not higher than that of pure 
graphite. So, the multi-elements doped to improve carbon-base materials properties 
are successful. Solution doped elements restrained C-H bond formed. The chemical 
sputtering yield is the same level for B4C doped from 3% to 10%, it imply that only 
solution element have a good effect on characterize improvement. Because of the 
maximum solution is about 2. 8% for B4C in carbon-base materials. 

 
Fig. 1   Chemical sputtering yield for C/C composites under 

3 keV D + bombarded (D + dose 4.6× 1015/s ·cm2) 

 
Fig. 2   Chemical sputtering yield for graphite under 3 keV D +  

bombarded (D + dose 4.6× 1015/s ·cm2) 
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2  RES and TDS 

It is well know that the sublimate of carbon-base materials will increases at 
temperature over 1 200 K after ions or neutrons bombarded. This result was due to 
interstitial carbon atom increases while ions or neutrons bombarding. The   
temperature de-sorption spectrum (TDS) also related to interstitial atom mobile and 
atom bond status. So, using doped some elements can be improved these properties. 
The experiments were performed under the conditions: 2.5 keV and 5 mA H+ 

bombarded specimens, the dose was up to 2×1018 ions·cm-2 for RES and 2×1017 

ions·cm-2 for TDS. The results showed that the yield of RES and TDS is 20% lower 
for doped materials than that of non-doped materials. These results was form doped 
element restrained interstitial atom producing and mobile. 

3  Thermal shock 

Three type doped graphite and one type pure graphite were chosen as laser 
thermal shock specimens. The surface heat flux density is 112.9 MW·m-2 and 398.1 
MW·m-2 for presented experiments. The shock energy is 0.7 kJ·cm2·s-1/2 and 2.5 
kJ·cm2·s-1/2. The result indicated that the higher shock energy, the higher weight 
loss rate, and that it have lower weight loss rate for doped graphite specimens than 
that for pure graphite, and that the higher boron composition, the lower weight loss 
rate. Maybe weight loss was produced by particle emission due to materials thermal 
stress cracks. For doped material, the doped element firstly melted and the thermal 
stress was released when doped elements melting. It is why the weight loss rate 
lower for doped carbon base materials. 

4  Conclusion 

The conclusion can be carried out as the below from above discussion: 
(1) It is feasible and successful multi-element doped to improve thermo-physics 

and chemical properties of carbon-base materials. 
(2) Doped 12% silicon can strained RES and chemical sputtering yield do not 

changed. 
(3) It is the same level of chemical sputtering yield for B4C from 3% to 10%, 

but their resistance thermal shock properties ability increases with B4C increases. 
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High Z and low Z materials are both the candidate plasma facing materials 
(PFM), up to now, the typical representative of high Z materials is tungsten, and the 
representatives of low Z materials are carbon materials (such as graphite, C/C 
composite) and beryllium. Most of these materials have been used as PFM limiters 
and diverter armor tiles of tokamak machines; tungsten, molybdenum and C/C 
composite are always used as high heat flux components. During tokamak machine 
operating, especially under off-normal operation conditions, great thermal load will 
be deposited on the surface of these components, serious damages, such as 
evaporation, melting and fracturing could be occurred, which will reduce the 
lifetimes of these components and shorten continuous operation times of tokamaks. 
On the other hand, the redeposition or entering the core plasma of erosion products 
will also influence both the properties of materials and core plasma. 
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