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Characterization of Mineral Dissolution Precipitation during Uranium In-situ Leaching
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Abstract: Uranium in-situ leaching is achieved by interaction between leaching solution and uranium
minerals. The reaction between leaching solution and various minerals in ore-bearing layer during the
process of uranium extraction by in-situ leaching will cause greatly increase of various ionic components in
leaching solution, and when the ionic concentration reaches saturation or supersaturation, chemical
precipitation will be produced to cause blockage of ore-bearing layer. The dissolution-precipitation
characteristics of minerals during in-situ leaching were studied by calculating mineral saturation index
during operation of mining area through geochemical simulation based on chemical composition data of
leaching solution in the C12 mining area of Bayan-Ula uranium mine. The calculation results show that
gypsum, Fe(OH),, goethite, and hematite are easy to precipitate during uranium in-situ leaching. After
6.5 days of in-situ leaching, gypsum is in a state of precipitation. Fe(OH);, goethite and hematite are in
the precipitation state when pH value is greater than 6.71—6.89, 4.6—5.0 and 4.62—4.87,
respectively. The key factor affecting dissolution and precipitation of minerals is pH value.

Key words: uranium in-situ leaching; Bayan-Ula uranium mine; simulation calculations; mineral

precipitation-dissolution characteristics; pH value
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Table 1 Calculated chemical composition and mineral saturation index of leachate from C12 mining area of

Bayan-Ula uranium mine KC15848

2R B (mg « L71) AR E(SD
fif i/ d pH K+ Nat Ca2t Mg?+ AB+ > Fe S05— Cl- Fe(OH);  fi7f WA HBT R KA (SOD2(OHg
3 6.99 1.3 737.6 376 249.3 0.5 3.4 211132 572.89 0.43 —0.24  —0.58 5.76 12.46 0.74
6 6.06 13 7501 449.7 294.5 4.5 3.6 4113.78 56492  —1.42 0 —0.34 3.91 8.75 2.69
10 4.46 12.6 839. 6 480. 8 319.3 4 3 475297 55.15 .21 0.05 0.29 1.93 2. 94 1.26
14 2.65 23.4 806. 8 578.2 366.7 72.6 47,4 5549.87  562.50  —11.50  0.12 —0.22  —6.17 —1L41 —5.56
17 2.10 26.3 819.9 596. 8 393.9 92.4 95.9  6945.41 55104  —12.88  0.15 —0.19  —7.55 —1417 —8.61
19 1.90 29.9 838. 8 580 429.2 116.3 2144 8393.88  549.49 12.86  0.16 0.18 7.53 14.13 8. 98
21 1.68 32.3 849.7 588. 4 452.4 130.5 240.1  9854.33  541.78  —12.85  0.19 —0.15 =751 —14.10 —8.95
23 1.73 39.2 861. 7 587.3 507. 3 170.9 313 1007114 547.07  —12.73  0.19 —0.15  —7.39  —13.86 —8.49
28 141 43 879.7 588.7 532.4 186. 1 338 13 544.66  536.04 1277 0.24 0.10 7.43 13.93 8. 66
30 1.53 45.1 885. 4 612.8 544.7 196. 2 349.2 14 064.53 544.43  —12.76  0.26 —0.07  —T.42  —13.92 —8.61
32 1.66 48 883 609. 8 565. 8 210. 8 379.7  15172.64  540.18  —12.74  0.27 —0.07  —7.41 —13.88 —8.57
34 1.61 51.6 897. 1 606. 1 588. 6 223.8 415.8 1563438  551.50 12271 0.27 0.07 7.37 13.81 8. 48
36 1.52 39.6 857. 1 571.9 563.5 204.2 391.8  12506.3¢ 509.71  —12.68 0.2l —0.13 —7.34 —13.76 —8.47
38 1.40 53.9 869. 9 615 594, 4 2345 150.8 16 813.21  556.27  —12.69  0.29 —0.05 —7.35 —13.78 —8.48
40 1.30 62.8 879.5 623.2 629. 1 272.3 515.1 16 700 530 1262 0.29 0.05 7.29 13.64 8.18
43 1.19 66.5 893. 4 617.5 662. 1 291.4 560.3  17260.26  522.17  —12.59  0.27 —0.06 —7.26 —13.58 —8.09
16 69. 8 885. 8 607. 4 663. 2 301. 1 583.1  17819.99  522.77  —12.58  0.28 —0.05 —7.25 —13.56 —8.07
48 77 922.9 619.3 704.8 335.7 636.1 16 937.44  489.06 1253 0.28 0.06 7.19 13.45 .79
51 80. 1 898.8 600. 3 703. 8 352.1 665.7  18046.99 503.74  —12.52  0.28 —0.06 —7.19 —13.44 —7.78
54 1.38 85.5 897. 1 591. 3 702 366. 2 691.9  18669.96 515.69  —12.51  0.27 —0.06 —7.18 —13.42 —7.74
56 113 110 998. 7 635 814.8 457.5 862.3  19928.08  507.37 1242 0.30 0.03 7.08 13.23 7.35
61 126.1 963 597.7 840. 6 513 955 23595.53 496.31  —12.42  0.30 —0.03 —7.08 —13.23 —7.35
67 137.8 965 605. 4 877.6 560 1065.8 28160.14  507.22  —12.42  0.33 0 —7.08  —13.22 —7.42
71 152.1 960.5 573.1 896. 7 614.8  1155.5 3193879 576.17 12241 0.33 0.01 7.08 13.22 7.41
78 161.5 965. 3 557.5 912. 4 650.1  1212.6 28284.58 505.24  —12.35  0.29 —0.04 —7.02 —13.10 —7.12
82 167.4 970. 8 553.6 929 685.1 12743 32314.96 652.28 —12.37  0.31 —0.03 —7.03 —13.13 —7.22
87 179.2 977. 8 560 978.9 7858 1416.8 2601588  449.98 1225 0.27 0.07 6.91 12.89 6. 64
91 184.7 978.5 545 10242 864.8  1629.1 32053.76 534.88  —12.24  0.29 —0.05  —6.9  —12.88 —6.77
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Table 2 Calculated chemical composition and mineral saturation index of KC15850 leachate from C12 mining area of

Bayan-Ula uranium mine

E3:0 B ALY/ (mg + L1 PR AITE B (SD
fE/d - pH K+ Na Ca2t  Mg2t ARt S Fe SO%— Clm  Fe(OHDs;  H7F  BATY SO HFEE KA (SOD2(OHg
0 7.22 7.2 547 6L7  69.2 0.3 3.8 1 904. 29 628.49  1.34  —0.94 —1.22 659  14.12 1.32
3 7.13 7.9 590. 6 126. 5 103. 4 0 1.4 2 937.54 617.70 0. 70 —0.56 —0. 84 5. 95 12. 85 —1 000
6 6.72 8 612.2  193.4 138.9 0 1 4 811. 57 586.78 —0.60 —0.30 —0.58  4.65  10.24 —1 000
10 6.80 101 649  276.6  189.8 0 0.9 6 053. 58 550.75  —0.47 —0.12  —0.40  4.78  10.52 —1 000
14 6.19 124 6945 375.5 246.1 3.6  40.5 6 810.72 607.51 —0.62  0.02  —0.26  4.63  10.20 3. 62
17 4.15 151  713.6 4453 286.5 27.2  15.9 6 899. 52 444.88  —7.15  0.09  —0.19 —1.90 —2.84 2.50
19 320 18.2 708 4741  300.9 48 20.6 7 401. 49 50422 —9.90  0.12  —0.16 —4.65 —8.35 —2.43
21 256 19.6 7119 478.3 310.3 63 40 10 399. 91 55111 —11.59  0.16  —0.12 —6.34 —11.73 —6.16
23 2.33 221 7233 4817 3229 782  7L7 11 508. 07 569.71 —12.13  0.16  —0.12 —6.88 —12.80 —7.43
26 2.24 23 7289 485.2 339.5 924  114.4 12 109. 42 567.05 —12.81 0.15  —0.13 —7.56 —14.17 —8.93
28 181 24.8  734.2 4925 356 105.6  169.5 13 177. 45 679.08 —12.66 0.17  —0.11 —7.41 —13.86 —8.80
30 .72 28.2 7312 492.3 3657 1144  190.4 13 858. 64 583.86 —12.62 0.17  —0.11 —7.37 —13.78 —8.69
32 .64  28.4 7382 488.7 375.1 120.3 201.2 14 250. 32 556.44 —12.60 0.17  —0.10 —7.35 —I3.75 —8.65
34 142 29.9  756.5 483.2 3913 125.2  216.3 14 523.12 527.54  —12.57  0.17  —0.11 —7.32 —13.69 —8.59
36 150 29.2 7313 468.2 385.2 120.5 215.1 15 255.19 538.76  —12.59  0.17  —0.11 —7.34 —13.72 —8.71
38 1.48  20.4 722.2 454  38.7 120.2  217.9 15 225. 86 545.52  —12.58 0.15  —0.13 —7.33 —13.71 —8.71
40 1.64 30 725.6  440.2  396.7 126.3 236 15 598. 06 515.69 —12.55 0.14  —0.14 —7.30 —13.65 —8.66
43 155 325 727.6 432  406.5 1356  257.2 16 237. 84 555.32 —12.52  0.14  —0.14 —7.27 —13.59 —8.57
46 .59 345 7357 435.6 423.2 146.8 279.2 18 201. 34 565.25 —I12.51 0.15  —0.12 —7.26 —13.58 —8.57
48 1.48 35.1 733.5 435.7 436. 5 157. 3 300. 6 19 535. 90 546.98 —12.50 0. 16 —0.12 —7.25 —13.54 —8.55
51 169 385 742.2  433.7 452.2  169.7  322.4 21 919. 09 558.52  —12.49  0.17  —0.10 —7.24 —13.54 —8.54
54 .50 40.7 7581 437.7 470.3 184.2  344.8 19 983. 94 567.06 —12.44  0.16  —0.11 —7.19 —13.43 —8.29
56 1.42 45.8 766. 7 436.9 490. 8 214. 3 390. 2 24 378. 30 543.25 —12.43 0.19 —0.09 —7.18 —13.41 —8.27
61 125 541  763.9 4324 513.6 259.9  458.4 35 790. 43 698  —12.46  0.22  —0.05 —7.21 —13.46 —8.42
67 65.3 770  429.2 541.8 3026  536.7 27 441. 65 574.13 —12.32 0.19  —0.09 —7.07 —13.18 —7.77
71 771 794.2 4321  586.6  347.7  616.2 30 288. 73 529.18 —12.28 0.20  —0.08 —7.03 —13.10 —7.62
78 87.7  808.4 436.2 6319 390.5 702.8 30 493. 22 508.10 —12.22  0.20  —0.07 —6.97 —12.98 —7.40
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Fig. 1 Gypsum and hard gypsum saturation index variation characteristics of leachate
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