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Fig. 2 (a) Effect of initial pH on thallium removal rate; (b) Effect of coagulation pH on thallium removal rate;

(¢) Changes in pH and E, after 10 min of reaction at different initial pH
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Fig. 3 Effects of Na,S,0; dosage (a) and FeSO,-7H,0 dosage (b) on thallium removal rate
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(a) Effects of initial thallium concentration on thallium removal rate; (b) Effect of different reagent dosages on

thallium removal from lithium roasted product leachate
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Fig. 5 Effects of coexisting cations (a) and coexisting anions (b) on thallium removal rate
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Fig. 6 Variations in thallium removal rate at different
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Fig. 7 (a) Variations of thallium removal rate with Na,S,0; concentration in lithium roasted product leachate; (b) Variation of

lithium loss rate with Na,S,0; concentration in lithium roasted product leachate
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Process Research on the Removal of Thallium from Lithium Calcine
Leachate by Advanced Oxidation Method Combined with Coagulation

LI Hong', LU Yanan’, CHEN Hui’, YUAN Zhangfu', WANG Yong’

(1. Collaborative Innovation Center for Steel Technology, University of Science and Technology Beijing, Beijing 100083, China;
2. Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China;

3. Hebei Chemical and Pharmaceutical Vacation College, Shijiazhuang 050026, China)

Abstract: This study presents a novel and efficient method for removing highly toxic thallium (Tl) from leachate
of lepidolite calcine. The proposed approach integrates Fe’ -activated persulfate advanced oxidation with Fe’*
coagulation and precipitation. In this system, ferrous ions activate sodium persulfate to generate highly reactive
sulfate radicals (SO,- ), which oxidize monovalent thallium (T1") to trivalent thallium (TI’). Under the elevated
pH conditions, T’ forms insoluble TI(OH), precipitates, while the concurrently formed Fe’' ions act as a coagulant
to enhance solid-liquid separation and further remove thallium from the solution. An E,-pH diagram of the TI-H,O
system is constructed using Factsage software. The diagram reveals that thallium tends to exist in the solid form of
T1,0; under high pH and high oxidation potential (£,), which supports the feasibility of oxidative precipitation for
thallium removal. Batch experiments were conducted to investigate the effects of key parameters, such as initial
pH, coagulation pH, oxidant and coagulant dosages, initial thallium concentration, and coexisting ions, on thallium
removal efficiency. The results show that thallium removal efficiency remains above 90% across an initial pH range of
3 to 11. The removal rate significantly increases with rising coagulation pH, reaching a maximum of 95.5% at pH 11.
Further increase in coagulation pH to 12 leads to a slight decrease in removal efficiency due to the re-dissolution
of Fe(OH); colloids, which reduce the coagulation efficiency. The optimal dosages of Na,S,0, and FeSO, - 7H,0O
are both determined to be 3 mmol/L for synthetic wastewater containing 5 mg/L Tl. The presence of coexisting
ions, commonly found in lithium leachates, is found to affect thallium removal. Among the cations tested, K" and
Na' have minimal impact, Ca®" significantly inhibits removal at high concentrations, possibly due to the formation
of CaSO, precipitates that compete with thallium for adsorption sites. Among anions, SO,” shows the strongest
inhibitory effect due to the formation of stable complexes with Fe*'/Fe’’, which reduce the availability of free
iron ions for radical generation and coagulation. Radical quenching experiments using methanol and tert-butanol
confirm that sulfate radicals (SO, - ") play a dominant role in oxidizing TI", while hydroxyl radicals (- OH) contribute
minimally. The optimized process was applied to real lepidolite calcine leachate obtained from a lithium production
plant. Under the best conditions (4 mmol/L Na,S,04, 3 mmol/L FeSO, - 7H,0, initial pH 4, coagulation pH 11), the
thallium removal rate reaches 80%, with the residual thallium concentration reduced to 0.21 mg/L. Importantly,
the lithium loss rate remains below 0.5%, indicating high selectivity and minimal impact on lithium recovery. The
process offers high efficiency, good selectivity, and potential for industrial application, providing both theoretical
insights and technical support for the treatment of thallium-containing wastewater in the lithium extraction industry.

Key words: leachate of the lepidolite roasted product; thallium; advanced oxidation; coagulation
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