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Abstract: Excessive zinc powder consumption and low cadmium content in purified cadmium removal residues
are persistent challenges in cadmium removal from zinc sulfate solution via zinc powder replacement. The

primary cause is the reduced reactivity of zinc powder due to encapsulation by product layers. To address this, a
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novel two-stage countercurrent replacement method with mechanical activation was proposed. This method
involves adding low-coefficient zinc powder in the first stage to facilitate cadmium enrichment and high-
coefficient zinc powder in the second stage to achieve the desired cadmium removal from zinc sulfate solutions,
meeting solution purification standards. Experimental results show that, under optimal conditions (total zinc
powder addition coefficient of 1.02, reaction temperature of 60 °C, and reaction time of 60 min), using a primary
zinc powder addition coefficient of 0.9 and a secondary zinc powder addition coefficient of 1.2 reduced cadmium
concentration in the solution from 1 530 mg/L to 60-70 mg/L after the first stage. This process enriched the
cadmium content in the primary purification residue to 81.54%, with zinc content below 10%. Following
secondary purification, cadmium concentration in the solution further decreased to 2 mg/L to 5 mg/L, while the
purification residue contained 16.09% cadmium and 56.04% zinc. Phase analysis revealed that the primary
purification residue predominantly consisted of elemental cadmium, whereas the secondary residue contained
unreacted zinc and some elemental cadmium. Compared with traditional primary purification methods, the
introduction of fluid shear stress and mechanical activation effectively disrupted the encapsulation layer on zinc
powder surfaces, eliminating the the wrapping effect, enhancing zinc powder utilization efficiency, reducing
consumption, and increasing cadmium content in the purification residues.

Keywords: zinc sulfate solution; zinc powder replacement for cadmium removal; two-stage purification; fluid

shear stress; mechanical activation
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Table 1 The main component composition and concentration of zinc sulfate solution containing cadmium

JLHE Zn/(g-L™" Cd/(g-L™) Cu/(mg-L™) Co/(mg-L™) Ni/(mg-L™)
JoT A R 114.9 1.53 43.94 9.84 4.09
x2 HEMMEEUZERS
Table 2 Main chemical components of zinc powder %
AR Pb Cl Fe Cu cd F Sb Co
89.41 0.56 0.12 0.10 0.04 0.03 0.02 0.02 0.000 2
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Fig.1 XRD and SEM plot of zinc powder
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Fig. 2 Schematic diagram of reaction principle
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Fig.3 Two-stage countercurrent purification process diagram of mechanical activation of supernatant-zinc powder
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Fig.4 Cadmiumremovaleffectofdifferentzinc powder dosages Fig. 5 Particle size distribution of zinc powder
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Fig. 6 Cadmium removal effect of zinc powder on solutions with different cadmium concentrations
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Fig.7 Change of cadmium concentration after adding 0.9 times of zinc powder after slag return
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Fig.8 Change of Ni, Cd, Cu and Co concentrations in secondary cadmium removal solution
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Table 3 Comparative analysis of first-stage purified residue before and after mechanical activation

T 1%
S RE BER N B2 £ 4L
Zn Cd
1 0.9 8.13 64.86
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HUBR TS 16 2 0.9 4.25 83.42
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Fig. 9 SEM-EDS analysis of mechanically activated secondary purification residues was not performed
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Fig. 10 SEM-EDS analysis of secondary purification slag after mechanical activation
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Table 4 Changes in specific surface area of secondary slag before and after mechanical activation

W& AR/ IR Sper/(m+g™) V.J/em' g™ D, /nm
HLAK I AL R 1.549 0.008 13 32.263
LA I AL 5 9.883 0.077 80 30.641
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Fig. 11 Graph of the average concentration change of cadmium in each tank of the first-level experiment
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Table 5 The content of zinc and cadmium in the purification residue %
i S 1# S5 2# 45 34
— R g — R g — R o
Zn 9.94 55.84 9.54 56.01 9.00 56.28
Cd 80.30 15.88 82.00 16.14 82.33 16.25
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Fig. 12 Microscopic morphology(SEM) diagrams of primary purification residue
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Fig. 13 SEM-EDS analysis of element distribution of three successive primary purified slags
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