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Abstract

Activation analysis of several materials was performed with the Hokkaido University
45 MeV Electron Linear Accelerator. The combination of a lead target and a paraffine
moderator was utilized to produce the thermal neutron for the radio-activation. Sixteen
samples of metallic and inorganic materials were irradiated, and the 7-ray spectra were
measured with a well-type Nal (T1) scintillation counter. In all cases, the build-up curves
of each activated nuclides were given fairly well by the modified exponential formula.
Since the neutron flux produced by the linear accelerator is very low in comparison with
that of a nuclear reactor, remarkable activation was obtained for a limited number of
nuclides which had high activation cross section and/or short half lives. However, rather
high sensitivity and accuracy were obtained in the quantitative analysis of some elements
in practical materials such as hafnium in zirconium metals, manganese in iron, steels and

iron compounds, and molybudenum and other elements in austenitic stainless steels.
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Table 1. Yields of radioactive nuclides by irradiation with 45 MeV
Linear Accelerator.
(Yield of each isotape is normalized to that of 198Au).

Gamma ray Calculated  Observed Limit of = Luken’s

Element Isotope Half life energy vield vield Ratio detection  data
(MeV) (A) (B) (B/A) (r8) (rg)
Na Na-24 15.1 hr 1.37 5.38 X 102 1.84 X 102 0.183 23.6 1.5x10-3
Al Al-28 2.3 min 1.78 2.98 3.50> 10! 0.117 38.4 2.5 X103
K K-42 12.4 hr 1.52 1.13x10-% 2.87 %10~ 0.255 1359.0 1.1x10-1
Ti Ti-51 5.79min 0.323 1.44 101 1.46 X101 1.015 273.4 3.6X10-2
Y V-52 3.73min 1.433 5.50x 10 1.26 %10 0.223 3.7 2.3X104
Cr Cr-51 27.8 day 0.325 1.70x 104 2.19x 104 1.287 4571.0 4.2x10-1
Mn Mn-56 2.58hr 0.847 8.14 3.52 0.432 0.284 1.9x10-5

Co Co-60m 10.47min 1.33 1.97x10-1 5.23x102 0.265 408.0
Ni Ni-65 2.56hr 1.48 4.83%103 4.85x10~¢ 0.100 7590.0 1.2x10-1

Cu Cu-66 5.15min 1.04 4.44%101 2.18x10-1 0.491 59.0 1.4x10-2
As As-76 26.4 hr 0.56 5.93x1072 4.53 X102 0.764 7.74  1.7x1073
Sr Sr-87m 2.9 hr 0.388 2.11x10-2 1.90x10-2 0.901 24.9 1.5x10-3
Mo Mo-101  14.6 min 0.191 5.24 %102 7.51 104 1.43 280.5 2.5%102
1 1-128 24.99min 0.443 1.19 1.20 1.012 12.0 1.1x10-3
Sm Sm-155 . 22.4 min 0.25 2.60 4.65 1.792 2.55  6.3x104

Au Au-198 2.7 day 0.412 1.00 1.00 1.00 0.921 1.2x10-¢
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Fig. 5. 7-spectra of zirconium metals.
Irradiation time, 40 minutes.

(a) reactor grade after 1.67 hours decay.
(b) industrial grade after 75 minutes decay.
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Fig. 8. 7-spectra of austenitic stainless steels.
Irradiation time, 20 minutes.
(a) 304S after 26.6 hours decay.
(b) 316S after 25.3 hours decay.
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