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Figure 1. A view of a cascade with one feed, one waste, and M product lines
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Figure 2. Middle-component separation using two cascades
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Figure 3. Schematic view of a square cascade
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Figure 4. Algorithm of the computational code for the separation of multi-component isotope in a square cascade
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Table 1. The concentration of tungsten isotopes in the feed stream
Isotope Ww-180 W-182 W-183 W-184 W-186
Concentration +/-+\Y  -/Y#D- </VEYY <IY-f7 < IYATY
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Table 2. Input parameters for the square cascade simulation

S o f(mg/s) n
25 2.5 x {022 25 8
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[wW-180 | w-182 [ w-183 | W-184 [ W-186 |
[ 0.0012 [ 0.2650 [ 0.1431 [ 03046 [ 0.2843 |

Separation Cascade-Step 1

[ W-180 | w-182 | W-183 | W-184 | W-186 | [ W-180 | W-182 | W-183 | W-184 | W-186 |
[ 0.0000 | 0.2282 [0.01501 [ 0.3225 | 0.2093 | [ 0.0240 | 0.9648 | 0.0105 | 0.0006 | 0.0000 |

Separation Cascade-Step 2

[W-180 | W-182 | W-183 | W-184 | W-186 | - W-182 | W-183 | W-184 | W-186 |
[70.0003 | 0.9880 | 0.0111 | 0.0006 | 0.0000 | 0.5253 | 0.0001 | 0.0000 [ 0.0000 |

Separation Cascade-Step 3

[W-180 [ W-182 | W-183 | W-184 | W-186 | W-182 | W-183 | W-184 | W-186 |
1 0.0041 | 0.9957 | 0.0002 | 0.0000 | 0.0000 | 0.0823 | 0.0000 | 0.0000 | 0.0000 |

W-180 g3l silwlaz J>le 0 Ui
Figure 5. Separation steps for W-180




[w-1s0 [ w182 | w183 | w-184 | W-186 |
[ 0.0012 [ 0.2650 [ 0.1431 [ 0.3046 [ 0.2843 |

l—' Separation Cascade-Step 1

W-180 | W-182 | W-183 | W-184 [ W-186 W-180 W-183 | W-184 | W-186
0.0000 | 0.0296 [ 0.1671 | 0.4159 | 0.3873 0.0045 0.0768 | 0.0041 [ 0.0000

Figure 6. Separation steps for W-182

[ w-180 [ w-182 | w-183 | w-184 | W-186 |
[ 0.0012 T 0.2650 | 0.1431 | 0.3046 | 0.2843 |

Separation Cascade-Step 1

[ w-180 | w-182 | W-183 | W-184 | W-186 | [ W-180 | W-182 | W-183 | W-184 | W-186 |
[ 0.0000 | 0.0014 [ 00377 | 04790 | 04818 | [0.0029 | 0.6443 | 0.2947 | 0.0580 | 0.0001 |

Separation Cascade-Step 2

[[W-180 [ W-182 | W-183 | W-184 | W-186 | | W-180 | W-182 | W-183 | W-184 | W-186 |
[0.0000 [ 0.1546 | 0.6849 | 0.1602 | 0.0003 | [ 0.0045 | 0.9197 | 0.0752 [ 0.0005 [ 0.0000 |

l—| Separation Cascade-Step 3 |—l

[w-180 [ w182 [ W-183 | W-184 | W-186 | [ W-180 | W-182 | W-183 | W-184 | W-186 |
[T0.0000 | 0.0150 | 0.7723 | 0.2123 | 0.0004 | [ 0.0000 | 0.5733 | 0.4226 | 0.0040 | 0.0000 |

Separation Cascade-Step 4

[W-180 | W-182 | W-183 | W-184 | W-186 | [ W-180 | W-182 | W-183 | W-184 | W-186 |
[ 0.0000 | 0.0000 [ 0.1449 | 0.8528 | 0.0022 | [ 0.0000 | 0.0183 | 0.9100 | 0.0717 | 0.0000 |
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Figure 7. Separation steps for W-183

[ W-180 [ w-182 | W-183 | W-184 | W-186 |
[ 0.0012 [ 02650 [ 0.1431 [ 0.3046 | 0.2843 |

Separation Cascade-Step 1

W-180 [ W-182 [ W-183 | W-184 | W-186 | | W-180 | W-182 | W-183 [ W-184 | W-186 |
0.0000 | 0.0014 [ 0.0311 | 0.4774 | 0.4901 | | 0.00290 | 0.6290 | 0.2978 | 0.0703 | 0.0000 |

Separation Cascade-Step 2
[W180 | w182 | W 183 | W 184 | W 186 | [ W-180 | W 182 | W183 W-186
[[0.0000 [ 0.0000 | 0.0000 | 0.0075 | 09925 | | 0.0000 | 0.0028 | 0.0597 S
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Figure 8. Separation steps for W-184




[ w-180 | w-182 [ w-183 | W-184 | w-186 |

[0.0012 T 0.2650 [ 0.1431 | 0.3046 [ 0.2843 |

Separation Cascade-Step 1

W-180

W-182

W-183

W-184

W-186

[ w180 | w-182 | W-183 | W-184 | W-186 |

0.0000

0.0002

0.0015

0.0844

0.9139
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Figure 9. Separation steps for W-186
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Table 3. the main parameters of the square cascade at each separation steps

Isotope W-180 W-182 W-183 W-184 W-186
Separation Steps 1 2 3 1 1 2 3 4 1 2 1
Cascade Feed (mg/s) 70 45 49 4.0 60 54 45 38 55 4.0 10.0
Cascade Cut 0.05 0.05 0.52 0.27 041 064 023 081 042 052 0.69
St 11 12 11 14 10 12 17 17 12 12 11
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Table 4. Number of separation steps, the amount of product, and the recovery factor for the separation of tungsten isotopes

Isotope Separation Steps Product Recovery
W-180 3 118gr 98.5%
W-182 1 24.5kg 92.5%
W-183 4 8.4kg 58.6%
W-184 2 27.3kg 89.7%
W-186 1 28.3kg 99.7%
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Figure 10. Recovery factor of tungsten isotopes in comparison to their concentration in the feed stream
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Abstract

In recent years, the importance, applications, and development of stable isotopes in various scientific fields have
been remarkably significant. A key challenge in stable isotope separation is achieving the maximum desired
concentration of the target isotope of an element. To this end, determining the number of separation passes (i.e.,
the number of times the cascade is reused) and the corresponding cascade parameters for each pass is crucial for
optimal separation. In this research, a computational code has been developed to determine the separation
strategy of the target isotope in either the light or heavy stream of the cascade. The code performs the separation
of the target isotope by adjusting the parameters of a square cascade and simulating it through consecutive
passes. This paper addresses the separation of the first, second, and third isotopes of natural tungsten using a
square cascade to enrichments exceeding 91%. Subsequently, the separation results for intermediate and end
isotopes are compared. In this investigation, the concentrations of W-180, W-182, W-183, W-184, and W-186
were increased from their natural feed values of 0.0012, 0.2650, 0.1431, 0.3046, and 0.2843 to 0.9177, 0.9145,
0.9100, 0.9110, and 0.9139, respectively. Accordingly, the recovery factors for the target isotopes reached
98.5%, 92.5%, 58.6%, 89.7%, and 99.7%, respectively.
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