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Cyclic Activation with 14-MeV Neutrons (II)
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The experiment has been trying to examine the availability of the cyclic activation method
with 14-MeV neutrons. Using a pneumatic sample transfer system, samples of 22 elements are
used in this experiment. Gamma-ray spectra for the activated samples are measured by a 30-
cm® Ge(Li)-detector coupled to a 1024-channel pulse-height analyzer. Experimental conditions
of the cyclic activation are set to as follows. Activation and counting times are set to 30 sec-
onds, sample transfer time to 0.3 second and number of cycles to 10. Sensitivities for 28 nu-
clides are obtained and those for 17 elements are presented.
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Fig. 1 Block diagram of pneumatic sample

transfer system. A: 2-port magnetic valve,

B: 5-port magnetic valve, C: activation position,
D: measurement position, E: sample changer,
F: photosensor
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Fig. 2 Degradation of the neutron flux with the lapse of
operation time.
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Table 2 Sensitivities for the nuclides produced by cyclic activation with 14-MeV neutrons

Tafel | Reaction | Product | HalCife |Gemiaeneray hooum, counts| Sensitiviy
B-11 (n,p) Be-11 13.8 s 2125 2.81 2.6
F-19 (n,p) 0-19 27.1s 197 426. 0.23
Na-23 (n,p) Ne-23 37.6 s 439 120. 0.27
(n,a) F-20 11.0 s 1633 158. 0.048
Mg-25 (n,p) Na-25 1.00 m 391 9.08 4.7
Mg-26 (n,a) Ne-23 37.6s 439 15.9 2.0
Al-27 (n,p) Mg-27 9.45 m 844 35.6 0.54
Si-28 (n,p) Al-28 2.25 m 1779 257. 0.025
Si-29 (n,p) Al-29 6.52 m 1273 6.09 2.8
Si-30 (n,e) Mg-27 9.46m 844 2.70 7.2
Zn-64 (n,2n) Zn-63 38.5 m 511 14.4 2.9
Ge-74 (n,p) Ga-74 8.2 m 596 1.38 16.
Ge-76 (n,2n) Ge-75m 48.9 s 140 125. 1.1
As-75 (n,p) Ge-75m 48.9 s 140 38.8 3.5
Ru-102 (n,p) Tc-102 5.3 s 475 5.42 5.9
Pd-108 (n,2n) Pd-107m 21.3 s 214 431. 0.20
Pd-110 (n,2n) Pd-109m 4.69 m 189 123. 0.73
Ag-107 (n,n’) Ag-107m 44.3 s 93 53.2 2.0
(n,p) Pd-107m 21.3 s 214 16.2 5.2
(n,2n) Ag-106 24.1 m 511 156. 0.26
Ag-109 (n,n’) Ag-109m 39.8 s 88 37.5 3.2
(n,p) Pd-109m 4.69 m 189 5.86 15.
(n,2n) Ag-108 2.41 m 633 6.14 3.3
Cd-112 (n,2n) Cd-111m 48.7 m 245 54.0 1.3
Sn-124 (n,2n) Sn-123m 40.1 m 160 37.9 2.5
Ce-140 (n,2n) Ce-139m 56..s 754 559. 0.047
Sm-144 (n,2n) Sm-143m 1.07 m 754 11.4 2.3
Er-168 (n,2n) Er-167m 2.3s 208 59.7 1.2

1) Experimental conditions are set to ta=t.=30sec, tt=t+'=0.3sec and n=10.
2) Neutron flux is normalized to 10®n/cm2-sec.
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Table 3 Classification of the half-lives of
radio-nuclides for every nuclear
reaction observed

Half-life of product
Reaction Total
<m‘<mm]§m

(nn") 2 0 0 2
(n,a) 2 1 0 3
(n,p) 6 6 0 12
(n,2n) 4 3 4 11
Total 14 10 4 28

Table 4 Classification of the elemental

sensitivities
Sensitivity Element
(mg)
< 0.1 Na, Si, Ce
< 1. F, Al, Pd, Ag
<10. B,Mg,Zn,Ge, As,Ru,Cd,Sn,Sm,Er
not detected| S, Cl, Ca, Rh, I
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