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Prediction of component activity in alloys by neural
network model based on MIVM
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Abstract: A back propagation (BP) algorithm of the neural network was established so as to use Molecular
Interaction Volume Model (MIVM) to predict the components activity in alloy solution accurately and
conveniently. Its input layer is the experimental activity coefficient of components in alloy solution, output
layers are molecular pair energy interaction parameters and hidden layer is set to one layer. The structural
parameters in BP neural network model were optimized via genetic algorithms, where the deviation
between the experimental and theoretical values of the infinite dilution activity coefficient as fitness
function. The optimization was carried out with minimum deviation so as to ensure the validity of BP neural
network. Finally, the BP neural network model and algorithm were validated by taking the binary alloy
solutions of Pb-Bi, Sn-Bi, Sn-Pb and Fe-Cu as examples. The results show that the average relative errors
between the predicted and experimental values of components activity in the alloys are less than 4% and the
absolute deviation less than 0.78, which can meet the requirements of engineering calculation.
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Fig. 1 Topological Structure of BP Neural Network
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Table 1 Weights and thresholds values of neural networks

Wy h, W gk by

—1.37 —2.43 6.71 0.41 2.13 —1.92 2.39 —1.36 0.60 2.01

—2.36 0.09  —13.65 —0.13 0.40 —0.78 0.22 0.12 0.00 —0.83
—0.65 —1.79 0.58 0.86 1.62 —3.25 —4.63 1.07 —0.83
2.25 1.24 5.49 0.67 1.77 2.23 —1.90 0.85 0.75
—1.31 —0.22 —0.09
—1.96 —1.76 —3.46 —0.06 —0.17 3.99 —6.66 —0.61 0.56

VL 1~6 31K wy »8~9 F K wy sw, H 18X 6 17=108 1T ,w, €[ —6.88,5.91].
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Table 2 B;; and Bj; of binary alloy and relative and absolute error between predicted and experimental value of activity

LNEXCHD HE/K B B +R./% +R;/% 10°A, A; z;,x; J0H
Pb-Bi 900 1.037 1.095 3.48 3.40 7.000 0.404 0.1~0.9
Sn-Bi 700 1.070 0.869 2.20 2.37 6.000 0.502 0.1~0.9
Sn-Ph 1050 1.262 0.501 0.55 0.63 3.000 0.598 0.1~0.9

Fe-Cu 1873 0.794 0.817 3.76 2.96 2.800 0.772 0.1~0.9
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Fig. 5 Comparison of calculation and
measured values of activity of
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Fig. 6 Comparison of calculated and
measured values of activity of
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Fig. 7 Comparison of calculated and
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Fig. 8 Comparison of calculated and
measured values of activity of components in

Fe-Cu liquid alloys at 1 873 K
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