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Some Discussions as to Setting of Experimental Conditions on the
Activation Analysis of Standard Rock Samples with 14MeV Neutrons

Yoshihide KONDO

(Received June 30, 1986)

So many short-lived nuclides are produced by 14MeV neutron activation. Some elements in
analytical materials are easily determined by the activation. Cyclic activation method with 14-
MeV neutrons is useful to determine nondestructively major elements contained in standard rock
samples. The method has the advantage of sensitivity improvement in activation analysis. Op-
timization is necessary for setting of experimentél conditions in this method. We intend to dis-
cuss theoretically as to the setting conditions on the activation analysis of standard rock sam-
ples with 14MeV. neutrons.
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Fig. 1 Number of radionuclides with
respect to half-lives of products
within 0.1 and 4000 seconds.
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Table 1 Major elements contained in the GSJ standard rocks?

Major
Element | JG-1 JB-1 JB-2 JB-3 JA-1 JGb-1 JR-1 JR-2

(%) ;

NazO 3.39 2.79 2.03 2.82 3.86 1.23 4.10 4.03
(Na) (2.51) .07 .51) (2.09) (2.86) .91 (3.04) (2.99)
MgO 0.74 7.73 4.66 5.20 1.61 7.83 0.09 0.05
Mg) (0.45) (4.66) (2.81) (3.14) » 0.97) 4.72) (0.05) 0.03)

Al,04 14.20 14.53 14.67 16.89 14.98 17.66 12.89 12.82
(AD (7.52) (7.69) (7.76) (8.94) (7.93) (9.35) 6.82) | (6.78)
SiO, 72.30 52.17 53.20 51.04 64.06 43.44 75.41 75.65
(Si) (33.80) (24.39) (24.87) (23.86) (29.94) (20.31) (385.25) | (35.36)
K.0 3.95 1.42 0.43 0.80 0.82 0.26 4.44 4.48
X) (3.28) 1.18) 0.36) (0.66) 0.68) ©.22) (3.69) (3.72)
Ca0 2.18 9.29 9.89 9.86 5.68 11.98 0.63 0.45
(Ca) (1.56) (6.64) (7.07) (7.05) (4.06) (8.56) (0.45) 0.32)
TiO; 0.26 1.34 1.19 1.45 0.87 1.62 0.10 0.09
(Ti) 0.16) (0.80) ©.7D) .87 0.52) 0.97) (0.06) (0.05)
FeO 1.63 6.00 10.09 7.90 4.08 9.24 0.50 0.43
(Fe) a.2m (4.66) (7.80) 6.14) .17 (7.18) 0.39) 0.33)

FexOs 0.39 2.28 3.13 3.10 2.42 4.89 0.40 0.38
(Fe) 0.27) (1.59) (2.19) .17 (1.69) (3.42) 0.28) | (0.2D)
Sum 99.04 97.55 99.29 99.06 98.38 98.15 98.56 98.38

(Sum) (50.82) (56.68) (55.12) (54.92) (51.82) (55.64) (50.03) | (49.85)
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Table 2 Main radioactive products? obtainable from the GSJ standard rocks with
thermal and 14-MeV neutron activations

Element |Abundance Reaction Hal flife | Cross- Activation| Main y-line
(%1 of product| section product® | [keV(intensity)]
(0] 0.205 180 (n, ¥)1°0 27.1 s 160. ub 0.000109 | 197(97)
99.756 180(n, p)¥N 7.13 s 39, mb| 14.6 6128(69)
Na 100. . 2Na(n, v)%Na 15.02h 530. mb 0.108 1369(100)
100. #Na(n, p)®#Ne 37.6 s 43, mb| 7.54 439(100)
(n, a)2F 11.0 s 150. mb | 38.4 1633(100)
Mg 11.01 2Mg (n, v)¥Mg 9.45 m 38.2 mb 0.0747 844(72),1014(28)
78.99 Mg (n, p)#Na 15.02 h | 190. mb 0.0286 1370(100)
10.00 Mg (n, p)?®Na 60. s 44, mb 0.545 391(13),586(13)
11.01 2Mg(n, p)®Na 1.00s 27. mb 0.737 1809(100)
(n, &)®Ne 37.6 s 77. mb 1.41 439(33)
Al 100. 27A1(n, v)28Al 2.246m | 232, mb | 14.1 1779(100)
100. 27A1(n, p)TMg 9.45 m 75. mb 1.18 844(72),1014(28)
(n, a)*Na 15.02 h| 116. mb 0.0199 1370(100)
(n, 2n)2mA] 6.35 s | <0.17mb 0.0379 511(164),1809(100)
Si 3.1 3037 (n, v)31Si 2,62 h| 107. mb 0.00352 | 1266(0.07)
92.2 283i (n, p)2Al 2.246m | 230. mb| 12.1 1779(100)
4.7 2931 (n, p)°Al 6.52 m | 120. mb 0.122 1273(91),2426(5.5)
3.1 S (n, @)Mg 9.45 m 70. mb 0.0329 844(72),1014(28)
K 6.7 4K (n, y)2K 12.36 h V 1.46 b 0.0144 1525(18)
93.3 3K (n, 2n)%=K 929.m s | 800. gub 0.115 511(200)
8K 7.63 m 3.5 mb 0.0437 511(200),2167(100)
Ca 0.19 48Ca(n, v)*Ca 8.72 m 1.1 b 0.0244 3084(92)
96.94 “Ca(n, 2n)%Ca 870. ms 8. mb 1.17 511(200)
2.08 “Ca(n, p)“K 22. m 35.5 mb 0.00344 | 1157(85),2150(29)
Ti 5.3 S0Ti(n, ¥)%Ti 5,76 m | 179. mb 0.202 320(95),929(5)
5.3 50Ti(n, p)®Sc 1.71 m 17. mb 0.0378 524(88),1121(100)
Fe 0.31 58Fe(n, v)5°Fe 4.6 d 1.15 b | 0.00000427 | 1099(56),1292(44)
91.7 56Fe(n, p)®Mn 2.582h | 103. mb 0.0455 847(99),1811(30)
2.19 SFe(n, p)¥Mn 1.59 m 75. mb 0.0626 122(9.5),692(2.7)

*) Decays/sec/1pg element irraadiated at 10°n/cm?/sec for 1 min.
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vi) ¥K (n, 20)%K  0.93s 511keV
Vi) “Ca(n, 2n)¥Ca  0.87s 511keV
Vi) %Ti(nm, p)¥Sc 1.71m 524keV
iX) 5Fe(n, p)*Mn 1.59m 122keV
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ii) *Ce(n, 2n)1*=Ce 56.s 754keV
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