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Fig.1 Cyanide tailings-copper concentrate co-smelting process flow
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Table 2 Types and relative contents of minerals

(mass fraction) %
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Table 3 Moisture content and cyanide content of the cyanide tailings
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Fig. 2 Schematic diagram of the roasting system apparatus
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Fig. 3 Tendency of cyanide tailings oxidation process standard Gibbs free energy
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Fig. 4 Effect of roasting temperature on cyanide removal behavior at an oxygen concentration of 30%
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Fig. 5 Effect of oxygen concentration on cyanide removal behavior at a roasting temperature of 500°C
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Fig. 6 Effects of roasting temperature on the oxidative decomposition of cyanide and sulfur content and

fixation rate
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Table 4 FEffect of roasting temperature on the toxic leaching characteristics of cyanidation tailings

S beli B/ C 350 400 450 500 550 600 650 700 750 800
FE IR A A e 5941+ 5163+  2.121=  0.187+  0.144+  0.116+  0.103+  0.109+  0.110=  0.107%
(mg-L™") 1.02 1.03 0.25 0.04 0.07 0.06 0.03 0.04 0.03 0.05
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Effects of roasting time on on the oxidative decomposition of cyanide and sulfur content and fixation rate
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Table 5 Effect of roasting time on the toxic leaching characteristics of cyanidation tailings

S et 8] /min 5 10 15

20 30 45 60 90 120

R S S R (g - 1L7') 7.492+1.07 5.791+1.16 4.195+1.12 1.432+0.24 0.187+0.05 0.124+0.03 0.098+0.005 0.0870.004 0.054+0.004
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Fig. 8 Effects of oxygen concentration on the oxidative decomposition of cyanide and sulfur content and
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Table 6 Effect of oxygen concentration on the toxic leaching characteristics of cyanidation tailings
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Table 7 Effect of gas flow rate on the toxic leaching characteristics of cyanidation tailings
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Mechanisms of cyanide decomposition and sulfur fixation during high temperature

treatment of cyanide tailings
ZHANG Yuhai'?, ZHAO Qianfei'*, ZHAO Bing'?, ZHANG Jianting'>, LIU Jie'?
(1. State Key Laboratory of Mineral Processing, Northeastern University, Shenyang 110819, China;

2. School of Resources and Civil Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Given the difficulty in completely removing cyanide from cyanide tailings and the associated

environmental risks during high-temperature smelting, this study investigates cyanide tailings derived from a gold

concentrate in Shandong Province and systematically examines cyanide removal behavior as well as the migration
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and transformation of sulfide minerals under oxidative roasting conditions. By systematically regulating roasting
temperature, residence time, oxygen concentration, and gas flow rate, the optimal operating conditions for cyanide
removal were identified, and the sulfur fixation behavior and its influence on the cyanide removal process were
analyzed. The results indicate that at a roasting temperature of 500°C for 30 min under an air atmosphere with a gas
flow rate of 400 mL-min™, the total cyanide removal efficiency reached 97. 36%, and the cyanide concentration in
the leachate of the roasted product decreased to 0. 187 mg- L', satisfying national discharge standards. The study
demonstrates that CaO and MgO generated from the decomposition of carbonate minerals, together with iron oxides
formed by sulfide oxidation, can capture SO, in situ during roasting, thereby partially fixing sulfur in the form of
sulfates, with the sulfur fixation efficiency remaining stably above 60%. Meanwhile, SO, released from sulfide
oxidation can synergistically enhance the oxidation and decomposition of cyanide in the presence of O, under
appropriate conditions. Combined XPS characterization and thermodynamic analysis elucidated the mechanism
underlying the breakdown of Fe-CN complexes and the complete elimination of cyanide-containing species.
Overall, the results confirm that oxidative roasting enables efficient cyanide removal from tailings while
significantly reducing sulfur-bearing gaseous emissions, thereby providing both theoretical insight and technical
support for the safe utilization and pollution control of cyanide tailings in high-temperature co-smelting systems.

Key words: cyanide tailings; cyanide removal; roasting; oxidative decomposition; Fe-CN complex; sulfur

fxation; detoxification treatment
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