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Table 1 Main chemical composition of arsenic-antimony-tin residue (%, mass fraction )

%5 As Sh Sn Pb Te
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RS2 17.44 36.17 9.50 1.06 051
S 17.52 36.28 9.54 1.06 0.52
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AEREIERAE : (a)XRD 3% ; (b)XPS E3%; (¢)SEM-EDS 4347
Characterization of arsenic-antimony-tin residue: (a) XRD pattern; (h) XPS spectra; (¢ ) SEM-EDS analysis
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Fig. 3 Effects of first-stage soda leaching conditions : (a) Na,CO/arsenic-antimony-tin residue mass ratio (liquid-to-solid ratio of 10:1,
80 “C, 60 min); (b) Liquid-to-solid ratio ( Na,COy/arsenic-antimony-tin residue mass ratio of 1.8, 80 ‘C, 60 min);
(¢) Temperature ( Na,COy/arsenic-antimony-tin residue mass ratio of 1.8, liquid-to-solid ratio of 10:1, 60 min);

(d) Time ( Na,CO,/arsenic-antimony-tin residue mass ratio of 1.8, liquid-to-solid ratio of 10:1, 80 °C )
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Table 2 Main chemical composition of first-stage soda leaching residue ( %, mass fraction )

)i%ix As Sh Sn Pb Te

b1 5.76 44.78 12.04 1.22 0.61
Fedh2 5.68 46.19 12.66 1.26 0.63
ARy 572 45.49 12.35 1.24 0.62
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Fig. 4 Effects of second-stage alkaline oxidative leaching conditions: (a) H,0, dosage (liquid-to-solid ratio of 10:1, 90 “C, 90 min);
(b) Liquid-to-solid ratio (H,0, dosage of 0.6 mL/g, 90 °C, 90 min); (c) Temperature ( H,0, dosage of 0.6 mL/g,
liquid-to-solid ratio of 8:1, 90 min ); (d) Time (H,0, dosage of 0.6 mL/g, liquid-to-solid ratio of 8:1, 90 C )
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Fig. 7 XRD patterns of arsenic-antimony-tin residue samples at

various reaction stages
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Fig. 8 XPS-Sb spectra of arsenic-antimony-tin residue samples at various reaction stages: (a) Soda leaching residue (Sh,0,);

(b) Antimony oxide precipitation residue [NaSh(OH)J; (¢) Secondary alkali-oxygen leaching residue [Sh,0, and NaSh(OH)]
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Fig. 9 (al~a8) SEM-EDS analysis of first-stage soda leaching residues and (b1~b8) second-stage alkaline oxidative leaching residues:
(al) SEM image of residue sample magnified 5 000 times; (a2) corresponding EDS surface scanning analysis result of (al); (a3~a6)
corresponding surface scanning elemental distribution maps of (al); (a7) SEM image of residue sample magnified 50 000 times;
(a8) corresponding EDS point scanning analysis result of (a7); (b1) SEM image of residue sample magnified 5 000 times;

(b2) corresponding EDS surface scanning analysis result of (b1); (h3~b6) corresponding surface scanning elemental
distribution maps of (b1); (b7) SEM image of residue sample magnified 50 000 times;

(b8) corresponding EDS point scanning analysis result of (b7)
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Two-Stage Alkaline Leaching for Arsenic Removal and Simultaneous Sb-Sn En-

richment from Arsenic-Antimony-Tin Residue

Yang Ting"*’, Sun Yunlong'**, Zhang Hongke'*", Peng Qingliang"*”, Xiong Wei'**, Chen Xixiang’, Duan Linqiao’,

Deng Youan’, Tang Huaquan’

(1. Jiangxi Copper Technology Institute Co., Ltd., Nanchang 330096, China; 2. Jiangxi Copper Company Limited
Nanchang R&D Center, Nanchang 330096, China; 3. Jiangxi Copper Company Limited, Nanchang 330096, China;
4. Jiangxi Jiangtong Tongxin Environmental Protection Technology Co., Lid., Shangrao 334114, China; 5. Jiangxi
Copper Lead & Zinc Metal Co., Ltd., Jiujiang 332000, China)

Abstract: To address difficulties in separating arsenic (As) from antimony (Sh) and tin (Sn) in arsenic-antimony-tin residue, a thermodynamic
analysis of Sb( Il }-Sn( IV)-H,0 system was conducted, and pH control window for phase separation was determined to be 9.0~10.3.
Accordingly, a two-stage alkaline leaching process consisting of first-stage soda leaching and second-stage alkaline oxidative leaching was
proposed for arsenic removal, supplemented by oxidative precipitation of antimony for its recovery. Effects of key parameters on As removal
and Sh/Sn separation were systematically investigated, and the optimal conditions for each stage were determined. Under the optimized
conditions, As content in the residue decreased from 17.52% to 1.81%, achieving an overall As removal rate of 92.14%, while direct
recovery rates of Sh and Sn reached 97.74% and 95.44%, respectively. Mechanistic analysis revealed that during the first-stage leaching,
arsenate decomposed to release AsQ,’~, while simultaneous hydrolysis of Sb™ and Sn* generated colloidal Sh,0,-xH,0 and Sn(OH),,
which adsorbed and encapsulated arsenic. In the second-stage leaching, H,0, oxidized the colloidal Sh,0;:xH,0 to crystalline NaSh(OH),
precipitate, disrupting encapsulation structure and enabling further release of arsenic. Phase and valence transformations were verified by
X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and scanning electron microscope with energy dispersive spectroscopy
(SEM-EDS) characterizations. This process enabled selective removal of As and simultaneous enrichment of Sh and Sn.

Key words: alkaline leaching; arsenic removal; antimony; tin; enrichment
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