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Study on Synergistic Leaching of Metal Ions and Uranium during
Bioleaching of Uranium from a Uranium Mine

CEN Li, CHEN Gong-xin, WANG Wen-feng, SU Hang

(State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang 330013, China)

Abstract: Through column leaching experiment in laboratory, lLeaching rules of metal ions and uranium
during bioleaching of uranium ore with different particle sizes (2.5—5, 5—10, 2.5— 10 mm) were
analyzed. Leaching behaviors of K%', Ca’", Na', Mg’ ", AP", Fe'" and wuranium were
analyzed. Saturation index of metal ions and existing form of uranium in leaching solution were calculated
by PHREEQC. The results show that leaching trend of K", Ca’", Na", Mg?", AI’", Fe’ in uranium
ore is similar to that of uranium. The smaller the particle size is, the more metal ions are leached from
igneous rock uranium ore. After 66 days of column leaching experiment, uranium leaching rates of three
sizes of uranium ore are 85.93%., 69.75% and 79.65%, respectively. Anhydrite is saturated in
acidification stage and bacterial leaching stage, uranyl phosphate is saturated in acidification stage, and ferric
fluoride is saturated in bacterial leaching stage. Uranium in leaching solution of column leaching mainly exists in
form of positive hexavalent. Chemical forms of uranium in acidification stage are mainly uranyl sulfate and uranyl
phosphate, and mainly uranyl sulfate and uranyl fluoride in bacteria leaching stage.

Key words: bioleaching of uranium; granularity; concentration of sulfuric acid; metal ion; PHREEQC
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Table 1 Chemical composition of uranium ore samples /%
W HRJE/mm SO, AlLO Na; O Ca0  TFe;O3  K,0 P,0Os MgO S U Th F
2.5~5 68. 10 13.40  5.035 3.955 2. 60 2.05 0. 69 0.59 0.255 0.1528 0.0174 0.7235
5~10 68. 30 13.45 4. 415 3. 605 2.87 2.09 0. 54 0. 66 0.260 0.1008 0.0061 0.835
2.5~10 68.76 13. 45 1. 615 3.38 2. 825 2.17 0.53 0.545 0.210 0.0783 0.0783  0.563
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Table 2 Experimental condition of

column leaching

i H Z-1 K Z2 M 7234 BB
W FE T A R BF /mm 2.5~5 5~10 2.5~10
EF 5/ cm 30 30 30
HEF M2/ em 5 5 5 B YN &
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03 5P A7 = B/ em 5 5 5
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MRALF YT/ (g« L) 30>5  30—>5  30—>5
155 9k 2 /mL 300 300 300 2 Ak By Bt
N 15 15 15
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Table 3 Results of column leaching with

different particle sizes

N L aRE/, mEM/ BOPBRMER/ iR/
HF 4 5
Z-1 2.5~5 0.03 85.93 83. 40
7-2 5~10 0. 04 69. 75 63. 34
7-3 2.5~10 0.02 79. 65 73.45
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Fig. 1 Variation of leaching rate and uranium content of leaching solution with different particle sizes
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Table 4 Correlation of uranium content in leachate and various parameters

MR S BER pH Eh TDS Cond  Felt  Fe?t Fey Al Ca?* K+ Mg?t  Nat
7-1 i —0.744* —0.109 0.785* 0.362* 0.449* 0.255 0.378* 0.514* 0.399* 0.630* 0.565* 0.583"*

fR¥MWE 22  —0.752* —0.020 0.763* 0.526* 0.370** 0.326 0.402* 0.524*  0.243 0.430* 0.600" 0.633"
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i B Bt 7-2 . 0.246 —0.499* —0.28 —0.103 0.486* —0.083 0.476* 0.725* 0.804* 0.637* 0.778* 0.791
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Fig. 2 Relationship between uranium content
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and pH values in leaching solution
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Fig. 4 Relationship between iron( ][ )and uranium content in column leaching solution
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Fig. 6 Saturation of calcification,iron and uranium in different column leaching stage
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Table 5 Uranium morphology distribution in leaching solution of sulfuric acid leaching column

T i i [ M Je

URRIES BEORBL T/ % AR BERBC AL/ % AR FESRBC TR/ A
U0,S0;  2.53E-03  51.31 UO2(SOF™  4.29E-05  32.35 UO;H,PO, © 1. 79E-05  39.50

U0, (SO3~  1.45E-03  29.33 UO;H;PO, ©  3.34E-05  25.20 UO; (HoPOy)2 9. 08E-06  20.09

. UO3™ T36E0L 1494 U0, S0, 8.27E-05  24.63 UOHPO;,  7.03E-06  15.56

, UO F* 1.61E-04  3.27 ,, UO:(H,PO», 1.59E-05  11.97 , UO;S0;  6.78E-06  15.00

99 9970 UOLH,PO,© 3.67E-05  0.74 0% S[O5 B0 281 0000 UO: (SO~ 2. 15E-06  4.75
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UO; H; PO, 2t 7.46E-06  0.15 UOF* 1.19E-06  0.90 UO.F* 7.67E-07  1.70
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Table 6 Morphological distribution of uranium in leachate of bacterial liquid column
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Ub+ U(>+ 64
y UO0,S0;  1.69E-05  14.54 y U0, (S04 -2~ 5.89E-06  18.98 y U0 (SO)»2" 5.67E-06  23.48
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