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Table S1. Detection limits of ICP-MS and XRF

Element Ga Rb Cd In Cs Y La
DL(ppb) ]0.003896  |0.006009 0.001257 0.004217 0.000481 0.000733 0.005357
ICP-MS Element Ce Pr Nd Sm Eu Gd Tb
DL(ppb) ]0.004332 0.004812 0.016522 0.000501 0.000301 0.003769 0.000073
Element Dy Ho Er Tm Yb Lu Th
DL(ppb) ]0.000842 0.00018 0.000289 0.000154 0.000234 0.000017 0.000153
XRF Element Ba Nb Sc Sr \4 Zr Major Ox.
DL 5-4000 ppm |0.6—700 ppm| 1.6—60 ppm |0.9—1650 pp11.4-340 ppm|4.9—550 ppm|0.01-99.9%

*DL is Detection Limit

Table S2. Experimental parameters and level for REEs and CRMs recovery from bauxite ore with different mineral acids

Mineral Leaching Parameters Levels
Acid caching 1 2 3 4
Concentration M) 1 2 3 4
H2S04
HCl Temperature (°C) 25 50 75 95
. . 4
HNO: Time (min) 60 120 240 80

Solid/Liquid Ratio  (g/mL) 1/10 1/20 1/30  1/40



Table S3. Experimental Results of Leaching Efficiency for Sulfuric Acid

Exp. No Cone. | Time | Temp. | S/ Al,O3 | SiO2 | TiO2 | Fe20s | Co | Ni | zZr | V | Sc | La | Y | Nd | Ce | Pr | Gd | Sm | Ga
(M) | (min.) | (°C) | Ratio
BMS1 1 60 25 | 110 | 66 | 56 | 56 | 6.8 |248|16.0 103|133 [ 296 225|223 [27.4[418 296294310/ 7.6
BMS2 1 120 50 | 1/20 | 641 | 96 | 82 | 146 [ 303|216 | 126 | 185 | 448 | 825 | 47.7 | 848 | 854 [ 849 | 77.7 [ 839 | 15.0
BMS3 1 240 75 | 1/30 | 203 | 282|242 | 508 | 685|409 | 246|436 |67.8|97.3 565|968 |933[969|89.9 944|245
BMS4 1 480 95 | 1/40 | 25.3 [ 30.3 | 258 | 875 | 833|586 |26.2|66.6| 724|984 |59.6 |98.4 947 (983|922 9.7 318
BMS5 2 60 50 | 1/30 | 53 [ 106 | 9.0 | 106 | 325|198 | 11.4 | 18.0 | 447|708 | 405|778 |809|77.0|693|766 | 11.8
BMS6 2 120 25 | 1/40 | 15.0 | 19.7 [171] 198 | 355 | 27.6 | 220 | 241 | 432 | 492 [ 386 | 620 | 726 | 60.9 | 56.7 | 61.6 | 20.8
BMS7 2 240 95 | 110 | 275 [ 17.0 [ 277 | 865 | 835|569 | 299|657 | 739 | 97.1 [ 60.5 | 96.5 | 92.8 | 96.7 | 90.2 | 955 | 33.9
BMS8 2 480 75 | 1/20 | 288 | 31.8 | 258 | 498 [ 783|494 | 214|622 (724|978 |57.8[97.8[94.0[97.7 914959 224
BMS9 3 60 75 | 1/40 | 205 | 12.9 | 231 | 843 [ 66.4 | 425|275 |455(68.1 954 | 573|954 (925953 |89.1]935]27.7
BMS10 3 120 95 | 1/30 | 236 | 226 | 247 | 774 [ 781|488 223 (590721972 |57.1[97.2[935[96.991.095.0 | 26.1
BMS11 3 240 25 | 1/20 | 27.8 | 315|292 | 315 | 489 |36.7 | 296 | 34.0 | 484 | 571 [ 37.7 | 657 | 76.9 | 654 | 59.6 | 67.9 | 14.2
BMS12 3 480 50 | 110 | 111 | 94 [106| 382 [59.9 316 | 140|336 619|957 478|954 [912[952[87.1[931| 66
BMS13 4 60 95 | 1/20 | 299 | 227 | 348 | 81.8 | 795|548 | 34.4 657|756 | 97.9 | 624 | 97.7 | 946 | 976 | 925 97.0 | 34.2
BMS14 4 120 75 | 110 | 275 [ 23.0 [ 308 | 63.0 [ 72.7 [ 488 |33.8|51.9(69.1 963|563 959928959 89.9 948|236
BMS15 4 240 50 | 1/40 | 124 [ 127 | 96 | 355 | 585|306 | 149 | 316 | 629 | 925 | 50.1 | 93.3 [ 90.2 | 92.7 | 855 | 91.8 | 10.5
BMS16 4 480 25 | 1/30 | 136 | 16.2 [ 139 | 21.0 | 416 | 271 [ 17.7 | 251 | 455 | 69.6 | 36.2 | 769 | 823 | 756 | 68.8 | 765 | 0.2
BMS-OPT | 4 480 95 | 1/30 | 39.2 | 29.8 [37.2| 951 [ 90.4 | 735|265 |72.0( 820|976 | 541|978 952 |97.7 918|955 | 40.0




Table S4. Experimental Results of Leaching Efficiency for Hydrochloric Acid

Exp. No Con. | Time | Temp. | S/ Al,O3 | SiO2 | TiO2 | Fe20s | Co | Ni | zZr | V | Sc | La | Y | Nd [ Ce | Pr | Gd | Sm | Ga
(M) | (min.) | (°C) | Ratio
BMH1 1 60 25 | 110 | 36 | 80 | 94 | 11.0 | 244|157 [ 102|134 [ 245|357 [ 211 | 45.0 | 515 | 44.4 | 40.7 [ 479 | 2.2
BMH2 1 120 50 | 1/20 | 64 | 28 | 08 | 41 [341[170| 7.7 | 154 [39.8 927 [ 39.4 [ 90.4 | 87.3 [ 905 [ 825 [89.2 | 0.9
BMH3 1 240 75 | 130 | 92 [ 158 203 | 894 [ 804 [40.1 169|618 750|986 | 535|982 946|984 925|966 | 147
BMH4 1 480 95 | 1/40 | 136 [ 21.3 [ 16.8 | 91.0 | 843 [53.0 | 158 | 642 [ 755|984 | 488 (982|939 (984 [ 914 [ 9.7 | 86
BMH5 2 60 50 | 1/30 | 3.0 [ 105|115 | 22.0 | 423|272 164|209 | 463|925 426|920 (880|918 834887 2.0
BMH6 2 120 25 | 140 | 64 | 82 [ 83 | 106 | 293|166 | 9.7 | 151 [36.0 | 77.9 389 814 815809 |745|787 | 46
BMH7 2 240 95 | 110 | 103 [ 113|202 | 909 [ 818|471 | 115|627 [702]96.9 | 526 | 96.9 | 93.0 | 96.9 | 90.8 | 96.0 | 13.6
BMHS 2 480 75 | 120 | 69 [ 124 192 | 810 | 765|415 | 145|568 |67.3 984 | 484 982|937 [983[90.1 [958 88
BMH9 3 60 75 | 140 | 76 [ 126 | 16.3 | 62.8 | 72.0 | 37.8 | 20.6 | 46.6 | 62.6 | 97.6 | 486 | 97.3 [ 931 [ 97.2 [ 90.5 | 955 | 8.1
BMH10 3 120 95 | 1/30 | 92 [12.0 174 | 924 [ 835|462 145|641 732|983 |523[983[943[983|91.7]965] 123
BMH11 3 240 25 | 120 | 641 [ 108 126 | 229 | 367|176 | 82 | 18.0 [ 451 | 94.0 | 40.0 [ 936 | 886 | 931|851 | 91.7 | 5.0
BMH12 3 480 50 | 110 | 45 | 31 | 70 | 432 | 609|284 | 92 | 331574975421 (9.7 921968892949 6.9
BMH13 4 60 95 | 1/20 | 104 | 11.4 | 203 | 92.8 | 837 |47.7 [21.2 655|763 | 98.0 [ 51.7 | 97.8 [ 94.1 | 98.0 [ 91.7 [ 96.4 | 8.8
BMH14 4 120 75 | 110 | 61 | 6.2 [181] 829 | 775|381 147|568 684|973 |474[968[925|97.1[903[952]| 1.9
BMH15 4 240 50 | 1/40 | 40 [ 122|139 | 528 | 616|284 | 99 |376 (592|977 | 447|974 926|970 895|949 | 47
BMH16 4 480 25 | 130 | 49 [114 | 93 | 314 | 484|240 [ 125|201 519936 | 350|946 |905|944 873929 06
BMH-OPT | 4 480 95 | 1/30 | 14.8 [ 19.7 [ 222 | 943 [ 875|657 | 133|642 | 762|981 | 46.0 | 982 | 95.1 [ 98.3 [ 91.0 | 96.6 | 15.5




Table SS. Experimental Results of Leaching Efficiency for Nitric Acid

Exp. No Con. | Time | Temp. | S/ Al2O3 | SiO2 | TiO2 | Fe20s | Co | Ni | zZr | V | Sc | La | Y | Nd | Ce | Pr | Gd | Sm | Ga
(M) | (min.) | (°C) | Ratio
BMN1 1 60 25 [ 110 | 29 [ 17 |09 | 14 [187| 98 | 72 | 66 | 215|260 174|350 [39.4 |335[33.0[387| 1.8
BMN2 1 120 50 | 1/20 | 63 [122| 20 | 82 |224[153| 83 | 7.0 [29.0 859|352 (869|805 |87.0|79.1 850 2.0
BMN3 1 240 75 | 130 | 33 [ 108 | 65 | 183 | 409|221 | 75 | 65 [49.0 | 97.0 | 442 (945|905 | 945|873 [925| 15
BMN4 1 480 95 | 1/40 | 64 |208| 9.4 | 379 [ 610|382 85 | 104|584 |97.7 [ 507 | 97.4 932 |97.3|90.6 | 947 | 12.8
BMN5 2 60 50 [ 1/30 | 07 [ 71 | 63 | 94 [307[165| 99 | 95 [302(86.6 | 41.3 | 886|827 |87.5|81.9 865 | 10.9
BMNG6 2 120 25 | 140 | 34 [ 58 |42 | 65 [180[120| 73 | 84 [ 285[529 382|620 687619560 599|103
BMN7 2 240 95 | 110 | 59 | 76 | 62 | 346 | 617|309 | 36 | 85 583|975 562|970 925|968 |889 946|217
BMNS 2 480 75 | 120 | 67 [ 104 | 58 | 323 [ 511316 | 95 | 157 [56.0 | 98.0 | 60.8 | 97.4 | 933|972 [91.2 [ 95.0 | 26.7
BMN9 3 60 75 | 140 | 32 [107 | 95 | 186 | 357 [ 233 | 11.1 | 14.0 [425[97.1 | 55.7 | 96.3 | 90.7 | 96.4 | 86.9 | 93.6 | 15.5
BMN10 3 120 95 | 1/30 | 22 [ 168 | 82 | 39.3 [58.0 [33.8| 9.1 |21.8[60.3[97.8|581|97.3|934[97.1[89.4 948|241
BMN11 3 240 25 | 120 | 16 | 54 |72 | 92 | 232|141 84 | 81 304 674|426 |748|771|753[659 734 7.8
BMN12 3 480 50 | 110 | 16 | 56 | 72 | 136 |36.0| 235|143 | 7.6 (375|961 | 52.6 | 951 | 89.2 | 946 [ 86.1 | 91.4 | 11.2
BMN13 4 60 95 | 120 | 68 | 24 | 1.0 | 305 | 647|274 | 9.4 | 16.8 [ 556 | 97.3 [ 50.1 [ 96.7 | 92.0 [ 96.7 | 88.6 | 93.4 | 9.6
BMN14 4 120 75 | 110 | 32 | 22 | 37 | 276 | 563|248 | 36 | 17.6 | 54.1 | 96.4 | 53.7 | 96.0 | 91.3 | 95.8 [ 87.6 | 92.9 | 15.2
BMN15 4 240 50 | 1/40 | 28 | 65 | 69 | 122 | 228|175 | 76 | 112 (375|964 | 489 (952|889 951|856 | 923 | 55
BMN16 4 480 25 | 130 | 13 [ 60 | 79 | 103 [181 129 | 72 | 94 [ 321838369 870|812 (872|766 |832]| 124
BMN-OPT | 4 480 95 | 1/30 | 122 [ 16.8 [ 153 | 62.3 | 90.4 [ 52.7 | 14.3 | 34.3 [ 658 | 97.9 | 554 | 97.9 | 95.0 | 97.8 | 91.6 | 95.3 | 25.9




Table S6. ANOVA Analysis of Rare Earth Elements (REEs) from Bauxite Ore via Sulfuric Acid Leaching

Element Source DF SS  MS RaFﬁo Val;ue Cr (%) E(f,/ro‘;r Element Source DF SS MS R:;io Val;ue Cr (%) E(f,/ro‘;r
Molarity 3 23816 7939 6.14 0085 771  +0.10 Molarity 3 2974 99.14 1.62 0351 1155  +0.77
Time 322734 7578 586 0090 736  +0.09 Time 33928 1309 2.14 0274 1526  +1.02
Sc  Temperature 3 2582.35 860.78 66.55 0.003 83.63  +1.04 Ce Temperature 3 1696.0 56534 923 0.050 6586  +4.38
SLRatio 3 3994 1331 103 0491 129  +0.02 S/LRatio 3 1892 63.06 1.03 0491 735  +0.49
Error 3 3880 12.93 Error 3 183.8 61.27
Total 15 3126.59 Total 15 2759.2
Element Source DF SS  MS RaFﬁO VaI;ue Cr (%) E(f,/ro‘;r Element Source DF SS MS RaFﬁo V;;ue Cr (%) E(f,;:;r
Molarity 3 5024 16747 2.63 0224 672  +0.17 Molarity 3 3299 109.95 230 0255 7.5  +0.22
Time 37770 259.00 407 0.140 1039  +0.26 Time 3 4766 15888 333 0.175 1032  +0.31
Temperature 3 6090.8 2030.26 31.88 0.009 81.48  +2.03 Temperature 3 3694.1 1231.35 25.81 0.012  80.00  +2.41
La Gd
S/LRatio 3 1064 3546 056 0679 142  +0.04 S/LRato 3 1165 3885 081 0565 252  +0.08
Error 3 1910 63.68 Error 31431 4770
Total 15 7667.6 Total 15 4760.2
Element Source DF SS MS R:tm Va]l)ue Cr (%) E(l;;:;r Element Source DF SS MS R:tm Vall)ue Cr (%) E(:;:;r
Molarity 3 402.9 13431 1.99 0293 7.62  +0.28 Molarity 3 4252 14173 2.19 0268 9.09  +0.36
Time 36242 20808 3.09 0.90 11.80  +0.43 Time 35797 19325 299 0.196 1240  +0.50
Temperature 3 4105.8 1368.61 2032 0.017  77.60  +2.86 Temperature 3 3510.1 1170.04 18.10 0.020  75.08  +3.00
Pr Sm
S/LRatio 3 157.5 5251 0.78 0579 298  0.11 S/LRatio 3 1604 5346 083 0.560 343  +0.14
Error 32021 67.35 Error 31940 64.66
Total 15 5492.6 Total 15 4869.4
Element Source DF SS  MS Rfﬁo Val;ue Cr (%) E(f,/ro‘;r Element Source DF SS  MS RaFﬁo Val:ue Cr (%) E(f,/ro‘;r
Molarity 3 47.62 1587 099 0.503 253  +0.06 Molarity 3 463.6 15453 2.00 0292 853  +035
Time 3 7408 24.69 154 0366 393  +0.10 Time 36783 22609 293 0200 1248  £0.51
Temperature 3 1688.22 562.74 35.09 0.008 89.59  +2.23 Temperature 3 4092.1 1364.03 17.67 0.021 7528  +3.08
% Nd
S/LRatio 3 7410 2470 154 0366 393  +0.10 S/LRatio 3 202.5 67.51 0.87 0543 372  %0.15
Error 34812 16.04 Error 3 2315 7718
Total 15 1932.13 Total 15 5668.0




Table S7. ANOVA Analysis of Rare Earth Elements (REEs) from Bauxite Ore via Hydrochloric Acid Leaching

F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 1265.7 4219 394 0.145  24.99 +1.49 Molarity 3 2889 9630 1.60 0.354 19.42 +2.10
Time 3 1270.6 423.5 396 0.144  25.08 +1.49 Time 3 307.1 102.36 1.70 0.336  20.64 +2.23
Temperature 3 16659 5553 5.19 0.105  32.88 +1.96 Temperature 3 658.7 219.58 3.66 0.158  44.28 +4.78
Sc Ce
S/L Ratio 3 8642 288.1 2.69 0219 17.05 +1.02 S/L Ratio 3 2328 77.60 129 0419 15.66 +1.69
Error 3 321.0 107.0 Error 3 180.2 60.07
Total 15 5387.5 Total 15 1667.7
F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 6334 211.1 141 0.392 19.38 +2.34 Molarity 3 4264 142.12 1.60 0.355 19.76 +2.17
Time 3 6743 2248 1.50 0373 20.64 +2.49 Time 3 4464 148.78 1.67 0342  20.68 +2.28
Temperature 3 1436.4 478.8 3.20 0.182 43.94 +5.30 Temperature 3 988.6 329.53 3.70 0.156  45.79 +5.04
La Gd
S/L Ratio 3 5249 175.0 1.17 0.450 16.04 +1.93 S/L Ratio 3 2962 9875 1.11 0.467 13.72 +1.51
Error 3 4482 1494 Error 3 2672 89.06
Total 15 37173 Total 15 24247
F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 490.8 163.6 1.62 0.351 20.34 +2.27 Molarity 3 3952 131.73 1.60 0.354 19.68 +2.15
Time 3 5094 169.8 1.68 0.340 21.11 +2.36 Time 3 438.8 146.27 1.78 0324  21.86 +2.39
Temperature 3 1043.9 348.0 3.45 0.168 43.26 +4.83 Temperature 3 902.9 30098 3.66 0.157  44.98 +4.93
Pr Sm
S/L Ratio 3 366.7 1222 1.21 0.439 15.29 +1.71 S/L Ratio 3 2709 9029 1.10 0.470 13.49 +1.48
Error 3 3029 101.0 Error 3 246.8 82.25
Total 15 2713.8 Total 15 2254.6
F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 67.54 2251 135 0407 6.81 +0.33 Molarity 3 4940 164.67 1.70 0.338 20.99 +2.31
Time 3 9141 3047 1.82 0317 9.21 +0.44 Time 3 502.6 167.54 1.73 0.333 21.36 +2.35
Temperature 3 768.87 256.29 1531 0.025 7747 +3.73 Temperature 3 990.7 330.24 3.40 0.171 42.10 +4.64
Y Nd
S/L Ratio 3 6456 21.52 129 0421 6.51 +0.31 S/L Ratio 3 366.8 122.27 1.26 0427 15.58 +1.71
Error 3 5021 16.74 Error 3 2913 97.10
Total 15 1042.58 Total 15 26454




Table S8. ANOVA Analysis of Rare Earth Elements (REEs) from Bauxite Ore via Nitric Acid Leaching

F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 6145 2049 236 0.249 2.37 +0.02 Molarity 3 3899 129.98 2.58 0.228  14.29 +0.75
Time 3 15895 5298 6.11 0.086 6.13 +0.06 Time 3 3955 131.83 2.62 0225 14.50 +0.76
Temperature 3 2367.56 789.19 91.02 0.002 91.38  £0.90 Temperature 3 1749.1 583.02 11.58 0.037  64.09 +3.36
Sc Ce
S/L Ratio 3 372 124 0.14 0928 0.14 +0.00 S/L Ratio 3 1943 64.77 1.29 0420 7.12 +0.37
Error 3 2601 8.67 Error 3 151.0 50.34
Total 15 2617.69 Total 15 2879.8
F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 644.8 21493 234 0.252 10.72 +0.47 Molarity 3 3253 108.45 2.18 0.269 9.16 +0.37
Time 3 6760 22533 245 0240 11.24 +0.49 Time 3 3955 131.84 2.65 0222 11.14 +0.45
Temperature 3 4379.9 1459.97 15.89 0.024  72.83 +3.19 Temperature 3 2621.9 8§73.95 17.57 0.021  73.94 +2.98
La Gd
S/L Ratio 3 312.8 10428 1.14 0.460 5.20 +0.23 S/L Ratio 3 2103 70.10 1.41 0392 5.76 +0.23
Error 3 2756 91.87 Error 3 1492 49.74
Total 15 6289.1 Total 15 3702.2
F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 5642 188.05 2.12 0.277 13.39 +0.80 Molarity 3 3789 12631 2.16 0271  10.89 + (.52
Time 3 5441 181.35 2.04 0.286 12.92 +0.77 Time 3 3963 132.10 2.26 0.260  11.38 +0.55
Temperature 3 2818.3 939.42 10.57 0.042  66.90 +3.98 Temperature 3 2497.6 832.54 14.27 0.028  71.73 +3.44
Pr Sm
S/L Ratio 3 287.0 95.66 1.08 0.476 6.81 +0.41 S/L Ratio 3 208.8 69.62 1.19 0.444 5.99 +0.29
Error 3 2665 88.84 Error 3 175.1 5836
Total 15 4480.0 Total 15 3656.8
F P o Error F P o Error
Element Source DF SS MS Ratio Value Cr (%) (%) Element Source DF SS MS Ratio Value Cr (%) (%)
Molarity 3 531.87 177.29 202.04 0.001 29.21  +0.04 Molarity 3 5332 177.73 2.19 0.268 12.98 +0.73
Time 3 181.09 60.36 68.79 0.003  9.94 +0.01 Time 3 507.1 169.02 2.08 0.281 12.34 +0.69
Temperature 3 1075.99 358.66 408.72 0.000 59.08 +0.08 Temperature 3 2805.5 935.15 11.54 0.037  68.33 +3.82
Y Nd
S/L Ratio 3 3241 1080 1231 0.034 1.78 +0.00 S/L Ratio 3 2620 8732 1.08 0476 6.38 +0.36
Error 3 263 088 Error 3 2432 81.07
Total 15 1823.99 Total 15 4350.9




