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4 Actinides

4.1 General View of Isotope Production and Decay Channels
4.1.1 Production of Pu-245/241 Series & Decay to Np-238 Chain

Production and decay:

249
97Bk

β−
−→

99.999%

249
98Cf

SF−→
4.4∗10−7%

red = long-lived isotopes

330 d 351 y color within the box without frame = main-product isotope
0.0015% 100 % frame of the box in color = produced isotopes
⇓ α ⇓ α gray within the box = Pu isotopes
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β−
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100%
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ε←−
99.88%
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Am−244−
Am−242

10.5 h 2.05 h 8500 y 4.94 d n,γ

100 % 0.12 % ↗
⇓ α ⇓ α σ=83.8b
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β−
−→

99.998%
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ε←−
99.0%
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14.29 y 432.2 y 32.8 d
2.45∗10−3% 100 % 1.0 %

⇓ α ⇓ α ⇓ α

Isotope production by

(n,2n)−reaction via 237Np

U−238−→
n,2n

237
92U

β−
−→
100%

237
93Np

ε←−
99.996%

237
94 Pu

U−236−
U−234

follow magenta 6.75 d n,γ 2.144∗106y 45.2 d n,γ

↙ 100 % 0.0042 % ↗
Np−238

σ=169b ⇓ α ⇓ α σ=48b

Isotope production by

(n,γ)−reaction via 233Th

Th−232−→
n,γ

233
90 Th

β−
−→
100%

233
91 Pa

β−
−→
100%

233
92U

ε←−
100%

233
93Np

and 233U : follow blue σ=7.4b 21.3 m 26.975 d 1.592∗105 y 36.2 m
σ=1500b 100 % <0.001%
↓ n,γ ⇓ α ⇓ α

Th−234
Th−235

229
90 Th

ε←−
99.52%

229
91 Pa

7340 y 1.50 d
100 % 0.48 %
⇓ α ⇓ α

225
88Ra

β−
−→
100%

225
89Ac

14.9 d 10.0 d
Ac-225 continue page 13 and details 47 100 % ⇓ α

Production process:
U-237 is produced by fast neutron (>6 MeV) via (n,2n) reaction from U-238 (ref.:[28]) and significant in a thermal
nuclear reactor larger as Pu-239):
238
92U + 1

0n −→ 210n + 237
92U

β−
−→
6.75d

237
93Np and Pu-241 via (n,γ) reaction from Pu-238 (see 4.1.2/.3)

239
94 Pu

(n,γ)−→
b

240
94 Pu

(n,γ)−→
b

241
94 Pu

β−
−→
14.4y

241
95Am.

U-233 is produced via (n,γ) reaction from Th-232 232
90 Th

(n,γ)−→
b

233
90 Th

β−
−→

21.3 m

233
91 Pa

β−
−→
27 d

233
92U.

Pa-333 is direct produced from long living Pa-231 (see page 43) via (n,γ) reaction 231
91 Pa

(n,γ)−→
b

232
91 Pa

(n,γ)−→
b

233
91 Pa.


