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Chaotic time series reconstruction of the concentration of leaching solution and

leaching period prediction of quasi-sandstone type ore
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ABSTRACT To simulate the sandstone ore leaching process some specimens with different grades were made with river sand
cement and salt as the raw materials. On the basis of the monitoring of leaching solution concentration in a water-solution mining exper—
iment the time evolution of leaching solution concentration and leaching rate was examined. Through phase space reconstruction from
the time series of leaching solution concentration the distance evolution of points of specimens with different grades in the phase space
was revealed by the chaotic theory. A prediction model of the distance evolution of phase points was established by using the grey
theory and a reasonable leaching period was ascertained. The results show that the leaching solution concentration holds chaotic char—
acteristics. After the phase space reconstruction the delicate changes of leaching solution concentration are enlarged and the internal
rules are fully demonstrated. The ores of different grades have different nonlinear dynamic behaviors. Based on the phase space recon—
struction the leaching period has been predicted by means of the residual modification grey model which provides a new research
method and theory to solution mining.
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Fig.4 Two-dimensional distance evolution curves of the nearest phase points: (a) Z°; (b) Z'; (¢) 2%, (d) Z°
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Fig.5 Distance evolution curves of phase points: (a) Z°; (b) Z'; (¢) Z°; (d) 2°
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Fig.6 Time-power spectrum curves of leaching solution concentration: (a) Z°; (b) Z'; (¢) Z2°; (d) Z2°
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Fig.7 First-order accumulated distance curves of phase points
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Fig.8 Second-order accumulated distance curves of phase points Fig. 9  Measured and predicted curves of the residual-modified

second-order accumulated distance of phase points

2 3

Table 2 Predicted and measured leaching solution concentration of No.3 sample

/h /%
/( mgeL~?) 1% /(mgeL~3) 1%
1284 1543 76.87 1559 717. 66 1.02
1296 1551 77.26 1561 77.76 0. 64
1308 1562 77.82 1578 78. 61 1.01
1320 1574 78. 41 1584 78.91 0. 64
1332 1584 78.89 1591 79.26 0. 46
1344 1590 79.21 1597 79.55 0. 44
1356 1593 79. 34 1603 79. 85 0. 65
1368 1593 79.36 1612 80. 30 1.19
1380 1593 79. 36 1619 80. 65 1.62
1392 1595 79.45 1630 81.20 2.19
1404 1600 79.70 1643 81.85 2.69
1416 1607 80. 04 1658 82.59 3.19
1428 1614 80. 40 1663 82. 84 3.03
1440 1620 80.70 1676 83.49 3.46
1452 1623 80. 87 1680 83.69 3.49
1464 1624 80. 90 1689 84. 14 4.00
1476 1622 80. 82 1694 84.39 4.41
1488 1620 80.70 1695 84.44 4.63
1500 1618 80. 62 1697 84.54 4.86
1512 1619 80. 65 1698 84.59 4.88
A A “ 7
(2)
D, Lyapunov
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