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ABSTRACT 

One of the important questions that still have to be solved for the next generation fusion 
reactors is the choice of the material to be used for the first wall. An important criteria is low 
activation due to neutron bombardment from the plasma. One of the promising materials is 
the SiC/SiC composite. Its main elemental constituents, namely the C and Si, have very good 
activation characteristics. The main contribution to activity arises, however, from trace 
elements, which are needed in the sintering process and remain in the material afterwards.  

Before the preparation process of the material, the activation characteristics of 
individual constituents are needed. The activation properties of the whole sample could than 
be estimated by summing the weighted properties of individual constituents. The activity of a 
particular trace element is, however, not necessarily dependent only on the percentage of the 
element in the sample, but also on the presence of other elements in the compound due to the  
charge particle production and/or (n, 2n) reactions. The extension of this effect is investigated 
and to what extent individual calculations, performed for a single element, mimic the real 
situation. Further the activation characteristic for several possible sintering aid elements is 
theoretically investigated with the use of the FISPACT inventory code.  

 

1 INTRODUCTION 

One of the candidate materials for future fusion reactors is the SiC/SiC composite. It has 
to satisfy a number of criteria, one of the important being low activation due to neutron 
irradiation. The right elemental composition of the compound to be used as the first wall 
material is of crucial importance for the activation to fall below the given reference value in a 
short time period (two weeks) after shutdown to allow human access for rescue and/or 
maintenance activities. Pure SiC ceramic would have excellent activation characteristics, to 
obtain a material with satisfactory mechanical properties, addition of sintering aid elements is, 
however, essential.  

Sintering of materials is a time consuming process and advance prediction of activation 
properties is thus highly beneficial to avoid efforts for production of samples with the help of 
wrong sintering aid elements. Activation calculations are frequently performed by the 
FISPACT code, part of the European Activation System (EASY) [1]. FISPACT is an 
inventory code for neutron-induced activation calculations for materials in fusion devices. It 
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uses external libraries of nuclear data [6a] for all relevant nuclides to calculate the number of 
atoms of each species at a specified time during the irradiation or after a decay time following 
shutdown. The various species are formed either by a direct reaction on a starting material, by 
a series of reactions, some of which can be on radioactive targets, or by a decay or series of 
decays.  

The production of a satisfactory sample material thus demands the co-operation of a 
chemist to perform the sintering process and of a nuclear physicist to calculate the activation 
properties. It would be advantageous, if the activation properties of all possible elements, 
which are to compose the final material, could be calculated in advance and the chemist could 
later calculate the predicted activity of the compound by summing up the activities for 
individual elements multiplied by their shares in the compound [2]. It is, however, not 
obvious, that the activity of a compound is linearly dependent on the activities of individual 
elements, which compose it. Activated nuclei can be produced also in a two-step process in 
which (charged) particles x are created in primary neutron-induced reactions A(n,x), followed 
by a particle induced reaction B(x,n)C producing the residual nucleus C. In general B ≠ A 
when the initial material contains many different nuclides and the combined activation is 
dependent on the particular composition [3]. Possible reactions which may cause this effect 
are charge particle production and (n, 2n) reactions. 

In the paper the extent of possible mutual influence of individual nuclei species on the 
overall activation is investigated. In the second part the activation characteristics for the 
elements, assumed to be the most critical in the production of the SiC/SiC ceramics, are 
presented.  

 

2 ACTIVATION OF COMPOUNDS 

The neutron induced activation of materials is highly dependent on the neutron 
spectrum. In fusion reactors, the spectrum inside the first wall changes with the depth 
considerably and for the estimation of the activation of bulk samples, neutron transport 
calculations for the determination of the spectra at particular depths are essential [4]. The 
activation of smaller samples of the order of a few mm, in which the primary neutron flux 
does not changes significantly, can locally depend on secondary charged particles and/or 
(n,2n) reactions. The extent of these two sources of activity could depend, due to the 
involvement of several nuclides in a reaction chain, on the compound mixture and not only on 
the percentage of individual elements, as would be the case for the activation and decay only 
due to the primary neutron beam. 

 
2.1 Secondary Charged Particle Reactions 

The influence of secondary charged particle reactions (SCPR) on the activation was 
investigated on the example of the SiC material with a set of possible sintering aid elements. 
The set of ten elements, which were expected to cause the largest difficulties, was supplied by 
the Department for Nanostructured Materials [5]. This elements were Si, C, Li , Al , Ti , Si , 
Mg , Ca, W, Y, Yb and P.  

The influence of the secondary charge particle reactions was estimated by performing 
two sets of calculations; one by including SCPR and one without them – it is namely possible 
in FISPACT to exclude the SCPR from the calculations. It was soon found, that the effect is 
small. To investigate the possible mutual interaction of any two of the above mentioned 
nuclei in one run, the ratios of all the elements were set equal (to 8.25 wt.%). A long 
irradiation time of 2.5 years and a DT fusion spectrum with a mean energy of 14.1 MeV were 
chosen. Several runs were performed for fluxes, which varied from 1010 to 1018 n cm-2s-1.  

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 



816.3 

After the evaluation of results it was found, that the differences between the two sets of 
calculations were very small and actually hidden inside the calculational precision. In lack of 
the possibility for a precise determination of the effect the upper limit could be estimated on 
the hand of the difference between the two calculations including the calculational precision.  

The relative difference in activity due to inclusion of SCPR, estimated as the upper level 
of this effect, is presented in Figure 1. 
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Figure 1: Relative change in activity (including the caluclational uncertainty) between the 

cases with and without SCPR for the material as function of the flux (irradiation time is 2.5 
years, DT neutrons), composed from a) Si, C, Li , Al , Ti , Si , Mg , Ca, W, Y, Yb and P and  

b) 50% from H and the rest from the same elements. 
 

To further investigate the effect another similar series of runs was performed, but the 
material composition was changed in a way, that half of the material was replaced by 
hydrogen and the ratios of all other elements were reduced by a factor of 2. In this way an 
increase of the SCPR was attempted due to the high (n,p) cross-section of hydrogen. The 
results are also presented in Figure 1. 

It can be seen from the figure, that the upper limit for the relative change in activity is 
small and varies between 0 and 1.6˙10-5. Both, the flux and irradiation time of 1018 n/s cm and 
2.5 years are extreme values for any fusion facility. It could be thus concluded, that for any of 
the used materials the effect is smaller than the highest value of 1.5˙10-5 and SRCP do not 
affect the activation characteristics considerably. It can be deduced, that SCPR do not alter the 
activation of a mixture of elements with respect to the activation of individual elements. 

The result is expected, since in general the flux of secondary particles is much smaller 
than the original flux. The reasons could be, in general, ascribed to the smaller cross-section 
of nuclei for charged particles than for neutrons, the longer mean free path of neutrons with 
respect to the range of charged particles and that only a small portion of neutrons from the 
primary beam produce charged particles through (n,p) or (n,α) reactions in respect to the 
production of active nuclei. 
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(n,2n) Reactions 

The possible extent of this reaction on activation can not be estimated with the help of 
FISPACT in the same way as for the charged particle reactions. For any detailed analyses the 
spectra of the secondary neutrons have to be obtained using a neutron transport program. In 
general, however, since it was established, that the upper limit for the SCPR effect is very 
small, the same could be expected for the (n,2n) effect.  It obeys a similar two step process as 
the SCPR, hence the flux of secondary neutrons will depend on the (n,2n) cross-section, 
which is for most nuclides and energy range smaller than cross-sections for reactions, which 
produce  active nuclei. 

 
 

3 ACTIVATION OF THE SiC CHERAMIC 

After establishing that the activation of compound samples in a particular neutron 
spectrum is linearly dependent on the activation of individual samples, the activation 
properties for each element, which could be used (in traces) in the production of the SiC/SiC 
material, was determined. A DT spectrum with a mean energy of 14.1 MeV was used for the 
analyses and a neutron flux of 1011 n cm-2s-1 and irradiation time of 1 week were used. The 
results for the time dependent activity are presented in Figure 2. 

The classification of the elements on their suitability is dependent on the type of their 
usage – whether short term activation is important (for maintenance work in the torus) or long 
term activation in the case of the radioactive waste issues. From the above figures it can be 
concluded that in a short term (one week after shut down) Cr and Zr are most critical, in mid 
term (one year) Y, W and Fe are problematic and in long term (103 years) N and Ca. It has to 
be stressed, that the activation is dependent also on irradiation history, especially on the flux 
levels and as mentioned, critically also on the neutron spectrum – slow down in the bulk of 
the material. The presented results are thus only preliminary and further calculations are 
needed for determination of appropriate and inappropriate elements. 
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Figure 2: Calculated activity for 1 kg samples of all candidate elements for the SiC composite, 

plotted vs. cooling time; DT neutron spectrum, irradiation time 1 week, flux 1011 n cm-2s-1. 
 

 

4 CONCLUSIONS 

The activation of compound samples was investigated and the extent of the possible 
influence of the compound mixture on activation of individual elements was analyzed. This 
mutual influence could arise form the sequential charged particle reactions or (n,2n) reactions. 
The influence of secondary charged particle reactions (SCPR) on the activation was 
investigated on the example of the SiC material with a set of possible sintering aid elements. 
Two sets of calculations were performed; one with inclusion of SCPR and one without it. The 
effect of SCPR on activation was found to be small. The influence of (n,2n) can not be 
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estimated with the FISPACT code, but has to be calculated for individual samples; in general, 
however, due to the similarity with SCRP, the effect is expected to be small as well. It was 
thus found, that generally the composition of a samples should not have larger impact on the 
activity of a particular element of the sample and that the combined activity would be similar 
to the one, obtained by summing up activities of individually irradiated elements. 

The activation properties for each candidate element, which could be used (in traces) in 
the production of the SiC/SiC material, were determined. The analysis was performed with a 
DT neutron spectrum, a neutron flux of 1011 n cm-2s-1 and irradiation time of 1 week.  

 
 

REFERENCES 

[1] R. A. Forrest, The EuropeanActivationSystem:EASY-2005 overview, 
EURATOM/UKAEA Fusion Association, Culham Science Centre, Abingdon, 
Oxfordshire, 2007. 

[2] I. Lengar, T. Žagar, M. Ravnik, "Comparison of Activation in Fission and Fusion 
Spectrum Neutron Beams ", Proc. Int. Conf. Nuclear Energy in Central Europe 2005, 
Bled, Slovenia, September 5-8, Nuclear Society of Slovenia, 2006, pp. 130.1-6. 

[3] S. Cierjacks, P. Oblozinský, S. Kelzenberg, B. Rzehorz, “Development of a novel 
algorithm and production of new nuclear data libraries for the treatment of sequential (x,n) 
reactions in fusion material activation calculations”, Fus. Tech., 24, 1993, pp. 277. 

[4] I. Lengar, “Influence of Neutron Transport Coupling on FISPACT Activation Analyses”, 
these Proceedings 

[5] S. Novak, G. Dražić, K. Mejak, N. Petkovič, “Ceramic Routes for Fabrication of SiCf/SiC 
Composites” , Proc. Int. Conf. Nuclear Energy in Central Europe 2005, Bled, Slovenia, 
September 5-8, Nuclear Society of Slovenia, 2006.  

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 


	1 INTRODUCTION
	2 ACTIVATION OF COMPOUNDS
	2.1 Secondary Charged Particle Reactions
	(n,2n) Reactions

	3 ACTIVATION OF THE SiC CHERAMIC
	4 CONCLUSIONS

