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[ Abstract] Quality distribution detection is regarded as a crucial basis for regulating the rare earth extraction process. The variation
of the lanthanum (La), cerium (Ce), praseodymium (Pr), and neodymium ( Nd) solution system during the saponified P507-
kerosene extraction is significant, showing obvious nonlinear characteristics such as time-varying and strong coupling. Moreover, the
solution system exhibits no apparent color change. Existing soft measurement methods based on machine vision and artificial neural
networks have shown unsatisfactory application effects. To address these issues, a mechanistic modeling method was first employed to
construct a mathematical model for the quantitative analysis of the four components. Subsequently, by measuring the characteristic
gamma-ray intensity information of the natural radioactive isotope *La@ 1.436 MeV ( auxiliary variable), the mass distribution
information of the four components (main variable) was predicted simultaneously. Finally, experiments were conducted based on a
high-purity germanium detector. The results show that the minimum detectable mass concentration of La is 1. 70 g/L.. Compared with
the experimental results, the relative errors of the predicted mass concentrations of La, Ce, Pr, and Nd are -3.11% ~4.23% ,
-5.81% ~3.74% , —8.16% ~6.68% , and —19.87% ~ 14.20% , respectively. The relative errors of the sensitivity prediction
are 1.33% , 5.56% , -3.20% , and —0.41% , respectively. The proposed “gamma ray-soft measurement” method enables high-
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accuracy and high-sensitivity prediction of the four components La, Ce, Pr, and Nd. The detection process is not affected by changes

in extraction system density, acidity, temperature, and other parameters, providing new technical references for rare earth extraction

quality distribution detection.
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Table 2 Mass distribution of the test samples
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Fig. 4 Preparation of rare earth component solution
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Table 4 Relative error of the prediction results
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mpy " 15

(g™ (g™ % (gL (g™ %
8.39 8.05 4.23 251.71 252.76 -0.42
12.91 13.33  -3.11 246.57 242.16 1.82
25.25 24.69 2.27 232.54 246.88 -5.81
La 29.07 28.71 1.26 Ce 228.20 231.04 -1.23
62.44 63.72 -2.01 190.25 184.80 2.95
85.35 83.79 1.87 164.20 166.52 -1.39
106.62 108.95 -2.14 140.02 134.97 3.74
6.58 6.84 -3.73 14. 56 15.35 -5.13
6.43 6.69 -3.96 14. 06 14.36 -2.09
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Pr 5. 86 5.49 6. 68 Nd 12.26 11.55 6.14
4. 68 5.07 -=7.65 8.54 10. 66 - 19. 87
3.88 4.22 -8.16 5.99 6.24 -4.01
3.13 3.06 2.18 3.62 3.17 14.20
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Table 5 Relative error of the sensitivity
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