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Figure S1: Photovoltaic panel residue (starting material) 
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Figure S2: Stereo microscopic pictures of the starting material. (a) Cu wires and malachite, (b) 
PbO phase (red) and other Pb-bearing phases, (c) silicon tubes, (d) Cu wires and other alloy 

wires 
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Table S1. Copper, zinc and lead leaching efficiencies for 43 Box-Behnken design 

Standard 
Order 

Experimental 
Order 

Independent Variables Response [EL (%)] 

HCl 
(mol L-1) 

NaCl 
(g L-1) 

H2O2 
(%wt) 

time 
(min) 

Cu Zn Pb Fe Ag 

23 1 1.5 0 5 60 49.26 96.55 8.00 33.46 0.00 

5 2 1.5 100 0 10 0.06 3.65 16.92 18.19 0.00 

17 3 0 100 0 35 0.01 0.46 3.05 28.19 0.00 

21 4 1.5 0 5 10 46.53 95.47 7.91 31.73 0.00 

12 5 3 100 5 60 86.03 99.07 36.56 41.17 55.75 

25 6 1.5 100 5 35 67.61 99.64 24.10 40.43 24.60 

22 7 1.5 200 5 10 83.12 99.83 67.81 36.15 53.28 

3 8 0 200 5 35 79.44 89.51 81.93 41.24 34.72 

19 9 0 100 10 35 76.51 91.69 24.02 33.97 29.28 

14 10 1.5 200 0 35 0.00 0.87 2.47 0.00 0.00 

7 11 1.5 100 0 60 0.11 2.35 16.39 32.00 0.00 

11 12 0 100 5 60 31.84 61.51 51.93 23.24 17.72 

2 13 3 0 5 35 78.37 99.03 14.20 40.87 56.30 

6 14 1.5 100 10 10 74.67 99.62 25.60 35.16 25.32 

13 15 1.5 0 0 35 0.06 1.05 5.43 15.91 0.00 

26 16 1.5 100 5 35 67.61 99.64 24.10 40.43 24.60 

8 17 1.5 100 10 60 75.34 99.42 25.18 38.53 19.85 

27 18 1.5 100 5 35 67.61 99.64 24.10 40.43 24.60 

20 19 3 100 10 35 74.87 93.03 11.20 36.87 47.30 

4 20 3 200 5 35 88.85 98.58 41.40 45.59 53.40 

18 21 3 100 0 35 0.00 0.90 2.47 0.00 0.00 

15 22 1.5 0 10 35 55.08 99.59 8.21 29.18 0.00 

10 23 3 100 5 10 86.05 95.58 50.40 40.59 40.40 

1 24 0 0 5 35 0.00 0.83 2.47 0.00 0.00 

16 25 1.5 200 10 35 57.81 70.64 41.10 35.43 12.60 

9 26 0 100 5 10 18.54 44.51 27.93 10.24 12.72 

24 27 1.5 200 5 60 80.54 96.80 69.41 36.48 47.24 
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Figure S3: Response surface regression analysis for Cu leaching efficiency; A = HCl, B = NaCl, 

C = H2O2 and D = time. (Minitab version 17) 
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Figure S4: Response surface regression analysis for Zn leaching efficiency; A = HCl, B = NaCl, 

C = H2O2 and D = time. (Minitab version 17) 
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Figure S5: Response surface regression analysis for Pb leaching efficiency; A = HCl, B = NaCl, 

C = H2O2 and D = time. (Minitab version 17) 
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Figure S6: Interaction plot for Cu leaching efficiency. A = HCl, B = NaCl, C = H2O2 and D = 

time. (Minitab version 17) 
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Figure S7: Interaction plot for Zn leaching efficiency. A = HCl, B = NaCl, C = H2O2 and D = 

time. (Minitab version 17) 
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Figure S8: Interaction plot for Pb leaching efficiency. A = HCl, B = NaCl, C = H2O2 and D = 

time. (Minitab version 17) 

  



S11 
 

 

Figure S9: Eh-pH diagram for Cu (0.5 mol L-1) in 1.5 mol L-1 HCl and 200 g L-1 NaCl at 25 °C 

(HSC Chemistry version 10). The Cu concentration was determined by ICP-OES analyses of the 

leachates. 
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Figure S10: Eh-pH diagram for Zn (0.02 mol L-1) in 1.5 mol L-1 HCL and 200 g L-1 NaCl at 25 

°C (HSC Chemistry version 10). The Zn concentration was determined by ICP-OES analyses of 

the leachates. 
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Figure S11: Eh-pH diagram for Pb (0.004 mol L-1) in 1.5 mol L-1 HCl and 200 g L-1 NaCl at 25 

°C (HSC Chemistry version 10). The Pb concentration was determined by ICP-OES analyses of 

the leachates. 
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Figure S12: Eh-pH diagram for Fe (0.5 mol L-1) in 1.5 mol L-1 HCl and 200 g L-1 NaCl at 25 °C 

(HSC Chemistry version 10). The Fe concentration was determined by ICP-OES analyses of the 

solution after the cementation step. 
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Table S2: Main elemental composition of microwave-assisted leaching solid residue (leaching 
conditions: [HCl] = 0.5 mol L-1, [NaCl] = 200 g L-1, [H2O2] = 7.5 wt% and t = 60 min) 

 

Element wt% Element wt% 

Ag 0.1 Na 3.2 

Al 0.8 Ni 0.6 

Ba 0.6 Pb 6.2 

Ca 0.9 Sb 0.2 

Cr 0.7 Si 4.5 

Cu 9.2 Sn 0.8 

Fe 3.1 Ti 0.1 

Mg 0.2 Zn n.d. 

Mn 0.2   
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Figure S13: Fe-Cu cementation product 
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Figure S14: Pb sublate 

 

 

Figure S15: Fe-rich precipitate  
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Figure S16: Zn-rich precipitate  

 

Table S3: Chemical composition of the solution after Zn precipitation 

 

Element mg L-1 Element mg L-1 

Ag n.d Na 528±15 

Al 113±7 Ni <1 

Ba <1 Pb n.d 

Ca 28±3  Sb 7±1 

Cr n.d Si <1 

Cu n.d Sn 12±2 

Fe <1 Ti <1 

Mg 37±4 Zn n.d. 

Mn <1   

 


