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Designing a cascade for the separation of stable isotopes using the Q-
cascade and comparing it with the R-cascade

F. Mansourzadeh?, J. Safdari!, A. GH. Khamseh'”, A. Norouzi?, M. Khajenouri?, M. Mallah*

IAtomic Energy Organization of Iran, Nuclear Science and Technology Research Institute, Materials and
Nuclear Fuel Research School.

2 Atomic Energy Organization of Iran, Advanced Technology Company.

The Q-cascade is one of the models that are used for designing the cascades to separate the multi-
component mixtures. In this research, the parameters of a cascade are designed with the Q
analytical model. Then the results are compared with the R-cascade. The comparison of the
analytical method of Q-cascade with the numerical method of R-cascade shows that if the
parameter M* is equal to the mean value of the two components in the isotope composition, these

two models are the same. Also, if the value of the parameter M* in the Q—cascade is equal to 129.9,
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the model of the R-cascade for the two components 4 and 5 requires a smaller number of
centrifuges to separate xenon isotopes.
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I Model Cascades of Continuous Profile
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stages. No Q Cascade R Cascade

machine ut of Stages g/hr) | machine ut of Stages g/hr

ges. hi Cutof S Z(g/hr) hi Cutof S Z(g/hr)
1 6 0.4784 121.0074 6 0.4747 123.9923
2 11 0.4805 232.9406 11 0.476 236.6143
3 16 0.4814 337.5449 16 0.4771 339.9557
4 20 0.4828 436.2463 20 0.4782 435.6936
5 25 0.4839 530.2231 24 0.4793 525.1871
6 22 0.4854 465.8561 21 0.4809 456.2136
7 19 0.4869 407.8883 18 0.4824 395.1085
8 17 0.4882 355.1116 16 0.4838 340.3856
9 14 0.4894 306.5588 14 0.485 290.8713
10 12 0.4906 261.4486 12 0.4862 245.6305
11 10 0.4916 219.1441 10 0.4873 203.9122
12 9 0.4927 179.1204 8 0.4883 165.1075
13 7 0.4936 140.94 6 0.4892 128.718
14 5 0.4945 104.2339 5 0.4901 94.3316
15 4 0.4953 68.6861 3 0.4909 61.6037
16 2 0.4963 34.02221 2 0.4917 30.243
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Isotope Zif Q Cascade R Cascade

Xw Yp Xw Yp
Xe-124 | 0.00093 | 0.00028 | 0.0034 | 0.00029 | 0.0037
Xe-126 | 0.0009 | 0.00041 | 0.0027 | 0.00043 | 0.0029
Xe-128 | 0.01917 | 0.0129 | 0.0425 | 0.0134 | 0.0443
Xe-129 | 0.2644 | 0.2095 | 0.4694 | 0.2151 | 0.4803
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Xe-130 | 0.0408 | 0.0370 | 0.0552 | 0.0375 | 0.0553
Xe-131 | 0.2118 | 0.2130 | 0.2072 | 0.2137 | 0.2033
Xe-132 | 0.2689 | 0.2924 | 0.1811 | 0.2905 | 0.1743
Xe-134 | 0.1044 | 0.1245 | 0.0293 | 0.1220 | 0.0274
Xe-136 | 0.0887 | 0.1099 | 0.0092 | 0.1070 | 0.0084
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Stages. No Q Cascade R Cascade
' machine | Cut of Stages | Z(g/hr) | machine | Cut of Stages | Z(g/hr)
1 6 0.4732 119.9866 6 0.4741 120.2594
2 11 0.4755 228.7547 11 0.4754 229.2256
3 15 0.4763 328.362 15 0.4765 328.9698
4 20 0.4777 420.4581 20 0.4776 421.1517
5 24 0.4785 506.3783 24 0.4786 507.1145
6 27 0.4797 587.2147 27 0.4796 587.9561
7 24 0.4813 510.7465 24 0.4812 511.2477
8 21 0.4828 442.8465 21 0.4827 443.1612
9 18 0.4842 381.9084 18 0.484 382.0799
10 15 0.4854 326.6607 15 0.4853 326.7246
11 13 0.4866 276.0887 13 0.4864 276.0746
12 11 0.4876 229.3754 11 0.4875 229.3084
13 9 0.4886 185.8569 9 0.4885 185.7588
14 7 0.4895 144.9888 7 0.4894 144.8786
15 5 0.4905 106.3196 5 0.4903 106.2145
16 4 0.4912 69.47119 4 0.4911 69.3868
17 2 0.4922 34.12299 2 0.4918 34.0739

30

0.58 - ]
0.56 - B
25
0.54 - E

0.52 - B

N
o

05+ :

0.48

o
Cut

Machine No.

0.46
10 0.44
0.42

0.4

0.38

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Stage No. Stage No

Q s R dube sl LT ol o ples 3 5ty Sl (glgicdle sl 5 5 =) I

24th Iranian Nuclear Conference 12-11Feb 2018 University of Isfahan 6



» N o
ul/!di/;‘ﬂ/(g‘/lm_‘;{,

.
L2 ]
. ’&’ == |
P:yvaa oIyl Y sy —
? . 124y,
{ «+ Feed Stage A 126y
.l i H S e
{ * K| A 129y,
i Y * xx 130xe
‘ * 131
04t 1 | X
| * * 4 132)(:
1 *
! * o 134y
| * 136
03y % 1L+ 1%
N~ 4 4 d4 4 *
4
1 * ; 4 4 4
0.2 - I q 4 3 q
. | 3 3
|
i
|
% 9 |
0.1+
+ (+> 2 L 2PN o o
+
xxunvu:@ﬁ#g%éqggggu
. O 5
0 A A A A A A A A A A 4 4 X £ &
2 4 6 8 10 12 14 16
Stage No

Q,RJ.\,)\:“,.Tpstﬁ&lfgdgj),ogﬁ)m;,}:wcw;masrJi,z

R)QJAA)LL:Tﬁb‘Sb.:J}M)JJMQl{_ﬁ):LA%j}ﬁ‘ww&—fd}k

Isotope Zif Q Cascade R Cascade

Xw Yp Xw Yp
Xe-124 | 0.00093 | 0.00023 | 0.0036 | 0.00023 | 0.0036
Xe-126 | 0.0009 | 0.00034 | 0.0029 | 0.00034 | 0.0029
Xe-128 | 0.01917 | 0.0125 | 0.0444 | 0.0125 | 0.0444
Xe-129 | 0.2644 | 0.2064 | 0.4827 | 0.2066 | 0.4827
Xe-130 | 0.0408 | 0.0369 | 0.0556 | 0.0369 | 0.0556
Xe-131 | 0.2118 | 0.2140 | 0.2034 | 0.2140 | 0.2034
Xe-132 | 0.2689 | 0.2944 | 0.1729 | 0.2943 | 0.1729
Xe-134 | 0.1044 | 0.1251 | 0.0266 | 0.1250 | 0.0266
Xe-136 | 0.0887 | 0.1101 | 0.0080 | 0.1101 | 0.0080
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