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Abstract: Computer simulation of nuclear fuel reprocessing in recent years becomes an
important means of study the nuclear fuel reprocessing process in the world. Tributyl
phosphate as the extractant and kerosene as the diluent were selected for the complex
extraction of neptunium C(IV, V). By using BP artificial neural networks (ANN), the
equilibrium distribution ratio was correlated with the extraction operational conditions in the
extraction system, such as initial concentration of nitric acid, neptunium (IV, V) and
uranium (V[), as well as temperature. The ANN model of extraction equilibrium ratio was

established. Moreover, the effects of different extraction condition on the equilibrium
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distribution ratio were predicted by using the model. The results show that the proposed

model can simulate the experimental data and predict the process of extraction well, in the
range of experiment conditions, such as 25-60 ‘C, 0.1-11 mol/LL HNO, and 0-210 g/L
UCVD). After testing by the Np ( IV, VI ) extraction distribution ratio values from the

literature, the mean relative error is less than 2%.
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Table 1 Influence on distribution ratio of Np([V) in nitric acid medium at variable hidden layer number of ANN
22680 (Number of A X% 2% (Relative || #1282 5650 (Number of A%} i% 2% (Relative || #1050 (Number of X} 12 2% (Relative
neurons) error) /% neurons) error) /% neurons) error) /%
1 8.23 7 1.02 13 0. 50
2 2. 84 8 0. 44 14 0.61
3 1. 57 9 0. 80 15 0. 26
4 0. 90 10 0. 68 16 0.41
5 0.55 11 0. 38 17 1. 05
6 0. 54 12 1. 03 18 0. 30
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Fig. 3 Convergence curves at variable transfer functions of hidden layer of Np(IV) in HNO; medium model
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Table 2 Influence on distribution ratio of Np([V) in nitric acid and uranium medium
at variable hidden layer number of ANN
26K (Number of X% 2% (Relative || #1282 5680 (Number of  F X} i% 2% (Relative || #1050 (Number of X} 1% 2% (Relative
neurons) error) /% neurons) error) /% neurons) error) /%
1 6. 54 7 2. 88 13 0.79
2 4.45 8 2. 88 14 1. 96
3 4.93 9 2.01 15 0. 60
4 3. 39 10 2.21 16 0. 47
5 3.38 11 1. 58 17 1. 20
6 3.08 12 1.12 18 0.59
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Table 3 Influence on convergence cycles of Np([V) ANN at variable learning rate
W 4 1] (Convergence cycle)
27 3k :
. HNO; /i NpCIV) A8 (NpCIV) 4l HNOs 4 NpCIVO A (NpCIV)
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in nitric acid medium model) in nitric acid and uranium medium model)
0.1 460 869
0.2 268 662
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0.4 328 2319
0.5 431 1798
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Table 4 Influence on distribution ratio of Np(V[) in nitric acid medium at variable hidden layer number of ANN
M2 ICE(Number of  #H X% 2% (Relative || #1Z 050 (Number of  AH X} % 22 (Relative || #1405 (Number of  #H %} % 2% (Relative
neurons) error) /% neurons) error) /% neurons) error) /%
1 31. 15 7 1.15 13 0.75
2 4. 77 8 1. 03 14 0. 64
3 1. 68 9 1. 04 15 0.73
4 1. 40 10 0.70 16 0.72
5 4. 54 11 1.17 17 0. 90
6 1. 00 12 0.79 18 0. 56
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Table 5 Influence on distribution ratio of Np(V[) in nitric acid and uranium medium
at variable hidden layer number of ANN
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Table 6 Influence on convergence cycles of Np(V[) ANN at variable learning rate
s 4 JE ] (Convergence cycle)
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Bl HNOs 4 it NpCVD 27 (Np (VD
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