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Study on Citric Acid Leaching Performance and Uranium
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Abstract: Test of citric acid leaching was performed on hard-rock uranium ore. The results show that
uranium concentration is 208 mg/L after 120 h of leaching with 0.1 mol/L citric acid, and uranium
leaching rate is 41.2%, 37.5 percent points higher than that with dilute sulfuric acid (pH = 2.0)
leaching. In addition, after reaching acid-base equilibrium, citric acid and uranium ore show significant
complexation. Form of [ FeUO,OHCit |* from combination of uranyl citrate with Fe®' accounts for
62.18%, being the dominant form in leachate. Affinity to Fe®" is favorable for oxidative leaching of U(IV)
in uranium ore. [UO,H,Cit]", [UO,H,CitH;Cit]", [UO,H,Cit(H,Cit),]", [UO,H,CitH,O]",
[(UO, H, Cit), H; Cit ]*" and other forms are detected by mass spectrum. During leaching, CaCO,
saturation index (SI) remains negative, indicating its unsaturated state, therefore not easy to
precipitate. It is feasible to leach hardrock uranium ore with citric acid.
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Table 1 Chemical compositions of uranium ore /%
44y SiO; Al Oy Fe, O FeO MgO CaO Na, O K, O
i 65. 29 14.18 3.63 2.00 0. 870 4.01 2.62 3.72
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Fig. 1 Curves of dissolved uranium contents in leaching solutions(a) and

pH value(b)vs. time with different leaching agent
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Fig. 2 Scan mass spectrum of
leaching solution by ESI-MS/MS
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Table 2 Speciation of uranyl

citrate in leaching solution

L ER Ji 1o e (m/2)
[UO, H,Cit]* 461.0
[UO; H,CitH, O] " 478.9
[FeUO, OHCit]* 532.0
[(UO:H,Cit), H;Cit ]2 * 557. 1
[UO; H,CitH;Cit ] " 653.0
[UO, H,Cit(H;Cit), ] 845. 0
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Fig. 3 SEM images of ore (a) and slag (b)
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