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Effects of C/C composites on the irradiation of activation foil
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Abstract Background: C/C composites coated with SiC were introduced for the irradiation measurement at high
temperature in Thorium Molten Salt Reactor-Solid Fuel (TMSR-SF) due to their excellent performance as an
irradiation carrier of activation foil. Purpose: This study aims at the effects of C/C composites to activation foils.
Methods: Based on the characteristics and service environment of C/C composites, component test and thermos
analysis were carried out by element gravimetric density (GD) and calorimeter respectively to verify whether they
would have influence on the irradiation results. Neutron irradiation experiment for activation foils with/without C/C
composites was performed in a horizontal radial hole of uranium zirconium hydride reactor. And the activation rates
of mononuclear were calculated respectively. Results: Experimental results show that SiC coating is essential for C/C
composites to enhance oxidation resistance. The activation rate of mononuclear with C/C composites was reduced
slightly. When the thickness of C/C was of mm-level, the decrement of activation rate for mononuclear was less than
10%. Conclusion: C/C composites coated with SiC could be used as carrier materials for activation foils at high
temperature when the carrier wall is thin. The results of irradiation could be corrected based on the measurement of
C/C composites.
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Fig.1 Oxidation test curve of C/C composites.
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Fig.2 Layout of two groups of activation piece on the C/C composites plate.
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Table 1 Four groups of neutron fluence rate in radial channel B.

P S H 0 B 4R TIEER MR
Distance from the center of the reactor Four groups of neutron fluence rate / cm*s ' Total neutron fluence
core / mm D, D, D,y D, rate / cm*s !

500 4.758x10"  1.291x10"  9.511x10"  5.855x10" 8.573x10"

1250 1.539x10"°  1.885x10"  1.295x10"  9.371x10" 1.409%x10"

2000 3.612x10° 4.178x10° 2.612x10°  8.174x10° 1.858x10'"

3250 1.008x10° 1.171x10° 7.052x10°  2.100x10° 4.984x10°

B3 KA fLIE 4R X

Fig.3 Radiation zone of horizontal radial channel.
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Table 2 Parameters of nuclear reactions 1.

B RIRTLEHR FE BHiE v HTERER It LS s AR T4
Nuclear JR&E Abundance /% Diameter Energy of y Branching Target nucleus Target nucleus
reactions Quality of / mm / keV ratio atomic weight atomic
natural /% number
element / mg
n'"3(n, y)In''™ 0.104 95.70 20 1293.50  85.00 114.9 5.22x10'
In'"(n, y)In''*™ 0.106 95.70 20 1293.50  85.00 114.9 5.33x10'8
'Cu®my)cu®™  144.110 69.17 20 511.00 38.60 62.93 9.54x10%!
2Cu®(m,y)Cu®  145.160 69.17 20 511.00 38.60 62.93 9.61x10%
'Dy'%(n,y)Dy'® 9.535 28.20 20 633.40 0.562 8 163.93 9.87x10"
Dy'%(n,y)Dy'* 9.504 28.20 20 633.40 0.562 8 163.93 9.84x10"
Na®(n,y)Na**  2.345 100.00 20 1368.55 100 22.99 6.14x10%
’Na®(n,y)Na**  2.575 100.00 20 1368.55 100 22.99 6.74x10%
1Zn%(m,p)Cu®  243.760 48.60 20 511.00 38.60 63.93 1.12x10%
2Zn%*m,p)Cu®  476.090 48.60 20 511.00 38.6 63.93 2.18x10%
'Co®(n,y)Co®  147.550 100.00 20 117323 99.86 58.93 1.51x10%
2Co”(n,y)Co®  156.180 100.00 20 117323 99.86 58.93 1.6x10%
"Mo®(n,y)Mo”®  23.450 24.13 8 140.51 90.9 97.905 3.48x10%
Mo®¥(n,y)Mo”  23.820 24.13 8 140.51 90.9 97.905 3.53x10%
1Sc®(n,y)Sc*®  4.485 100.00 20 112052 99.99 44.96 6.01x10%
2Sc¥(my)Sc* 4796 100.00 20 112052 99.99 44.96 6.42x10%
"Mg*(n,p)Na®*  254.160 78.99 20 1368.55 100 23.985 5.04x10%
Mg*(n,p)Na**  253.610 78.99 20 1368.55 100 23.985 5.03x10%

*3 BRNEH2

Table 3 Parameters of nuclear reactions 2.

(S ANA EIRATE AENTE O JERTE IR IR Wi AR
Nuclear reactions Irradiation Cooling Measuring ~ Half-time Detection Net Activation rate
time /s time /s time /s /s efficiency count for mononuclear
/%

Tn'"(n, y)In''om 14 806 6 484 9323 3249 0.244 916 10026  4.54328x107"
’In'B(n, y)In''™ 14 806 7628 1308.8 3249 0.244 916 10024  4.199 69x107"
'Cu®*(n,y)Cu® 14 806 9382 139.2 45759.6 0.480 437 12705  2.963x107%!
*Cu®(n,y)Cu® 14 806 9 060 182.0 45759.6 0.480 437 15959  2.8132x1072!
'Dy'*(n,y)Dy'® 14 806 10 521 384.7 8 401.98 0.410 61 11708 4.57471x107"®
Dy '*(n,y)Dy"'® 14 806 9 852 491.2 8 401.98 0.410 61 13266  3.87102x107"®
'Na®(n,y)Na** 14 806 11 167 5827.1 54 111.6 0.235 205 10006  8.236 38x107%2
*Na®(n,y)Na** 14 806 21613 1717.9 54 111.6 0.235 205 2668  7.55538x107%
'Zn%(n,p)Cu® 14 806 19 744 1710.4 45759.6 0.480 437 2519  4.83849x107%
27n%(n,p)Cu® 14 806 18 859 1962.0 45759.6 0.480 437 5109  4.33003x107%
'Co*(n,y)Co® 14 806 65324 1834 1.66x10° 0.262 709 2 545 5.67525x107%°
2Co™(n,y)Co® 14 806 62 547 2021 1.66x10° 0.262 709 2623 5.014 61x107%°
"Mo*¥(n,y)Mo” 14 806 67 655 3 865.3 238 320 1.255 231 2531 4.788 77107
*Mo**(n,y)Mo” 14 806 71 650 4088.4 238 320 1.255 231 2546  4.53741x107%°
'ScB(n,y)Sc* 14 806 64 726 1364.6 7244986  0.513 053 3535 5.974 7x10°%
28¢®(n,y)Sc* 14 806 66 888 1398.6 7244986  0.513 053 3568  5.50347x10°%
'Mg*(n,p)Na?* 14 806 68 521 2170.0 54 111.6 0.469 409 2524 6.93904x107%*
*Mg®*(n,p)Na?* 14 806 70916 22913 54 111.6 0.469 409 2508  6.7533x107%
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Table 4 Activation rate for mononuclear.

% IR I8 B AL I BLER B AL R B 100x(A1-A2)/A1 /%
Nuclear reactions Nuclear reactions of group 1 /Al Nuclear reactions of group 2 / A2

In'"*(n, y)In''6™ 4.54x107" 420x107" 7.56
Cu®(n,y)Cu® 2.96x107% 2.81x107% 5.06
Dy'%(n,y)Dy'® 4.57x107'8 3.87x1071® 15.40
Na®(n,y)Na** 8.24x107% 7.56x107% 8.27
Zn®(n,p)Cu® 4.84x107% 433%x107% 10.5
Co™(n,y)Co® 5.68x107%° 5.01x107%° 11.6
Mo (n,y)Mo” 4.79x102 4.54x107% 5.25
Sc®(n,y)Sc* 5.97x107%° 5.50x107%° 7.89
Mg**(n,p)Na* 6.94x107% 6.75x107% 2.68
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