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Quasi-nano-clustered fuel for enhanced transmutation products separation 
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Introduction 
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Transmutation 

Table 1: Specific actinides and fission products reactor yield 

Isotope 
LWR [%] CANDU[%] 

T½ [y] 
Fresh Spent Fresh Spent 

232 U  .1-.3    

234 U  .1-.3    

235 U 3.30 
0.81 
.5-1 

0.72 0.23 710 000 000 

236 U  
4-.7 
0.51 

   

238 U 96.70 94.30 99.28 98.70 4 500 000 000 

239 Pu  0.52  0.27 24 000 

24(0,1,2) Pu  0.36    

240 Pu  0.28   6 600 

241 Pu  0.07   14.4 

242 Pu  0.01   376 050 

237 Np  0.1t   2 100 000 

241 Am  0.0   432 

243 Am     7 385 

244 Cm     18 

245 Cm     8 506 

247 Cm     15 600 000 

Fission products 

Fission pr.  3.50  0.80  

85 Kr     11 

90 Sr  .15   29 

137 Cs  .08   30 

126 Sn     100 000 

99 Tc  .05   210 000 

135 Cs  .07   1 300 000 

93 Zr     1 500 000 

107 Pd     6 500 000 

129 I  .05   16 000 000 
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Figure 1: LWR 40 MWDay/t FP radioactivity decay 

Transmutation products 
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Figure 2: Plutonium classification 
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Table 2: Some nuclear reactor produced isotopes 

Product Half-life Production scheme 

Fuel breeding 
239Pu 24 100 y 238U(n,)239U(–)239Np(–)239Pu 
233U >1 000 000 y 232Th(n,)233Th(–)233Pa(–)233U 

 emitters radioisotopes 
238Pu 87.6 y 237Np(n,)238Np(–)238Pu 
241Am 431 y 239Pu(n,)240Pu(n,)241Pu(–)241Am 

100Ru 17 s 99Tc(n,)100Tc(–)100Ru 

Medical interest radioisotopes 
64Cu 12.7 h 64Zn(n,p)64Cu 
67Cu 2.58 d 67Zn(n,p)67Cu 
47Sc 3.35 d 47Ti(n,p)47Sc 
32P 14.28 d 32S(n,p)32P 
33P 25.3 d 33S(n,p)33P 

228Th 1.91 y 226Ra(n,)227Ra(–)227Ac(n,)228Ac(–)228Th 
227Ac- 21.77 y 226Ra(n,)227Ra(–)227Ac 

Figure 3: Isotopic production easiness 
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Fuel breeding 

 

 

Figure 4: Transmutation reaction diagram 
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Isotope production by transmutation 



Figure 5: Transmutation strategies 

Figure 6: 
237

Np transmutation in 
238

Pu 
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Nano-cluster sinter fuel 

Figure 7: The kinematics of the nuclear recoil 
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Figure 8: Recoil range induced by an epithermal neutron in thoria or urania 

Figure 9: 
233

Th recoiled out of 
232

ThO2 in water 
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Figure 10: Nano-clustered enhanced separation of transmutation products 
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Figure 11: The nano-powder pellet schematic diagram 
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Figure 12: The estimated yield 

Figure 13: The breeding assembly 
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Discussion 



Conclusions 
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