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Abstract:The ammonia/ammonium leaching process using oxygen as oxidant in autoclave was studied to extract copper zinc and
nickel from printed circuit board. Parameters such as leaching time concentration of leaching reagents stirring speed oxygen pressure
and temperature were optimized. The best results were achieved when the leaching was carried out at 55°C for 150 minutes using 4
mol/L NH,OH and 1 mol/L (NH,),CO, as leaching solution with 700 r/min stirring speed and 0. 2 MPa oxygen. With this method

Zn  Cu and Ni could be effectively recovered from printed circuit boards by 100% more than 99% and more than 64% respectively.
The kinetics of Cu leaching behavior was studied and it was found that the shrinking core model described it well. It was a diffusion
control process and the apparent activation energy was 14. 68 kJ/mol.
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Table 1 Metal composition of discarded PCBs/%
Cu Ni Zn Sn Pb Fe ( -0.76 V) < ( ~-0.23 V) <
25.16 2.185 2.044 2.216 1.983 1.028 (0 34 V) :
2 1%
Table 2 Metal composition of artificial PCBs/% (1012. 60) > (109.65) > (107.96) 8
Cu Ni Zn Sn Pb Fe
25 2 2 2 2 1
2
2.1
1 . :
DFT2200 ( < mol /L 1 mol/L 0.2 MPa
125 mm 85 mm 220 V£22 V 700 r/min 55°C .
:50 Hz =+ 1 Hz 900 W 25 000 1
r/min 50 ~200 200 g. 30 min
1.2 10%
20 g )
200 mL - 150 min 99.29%
65.74% .
150 min.

2.2
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Fig.2 Effect of NH,OH concentration on Zn Cu and Ni extraction
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Fig. 7  Effect of temperature on Zn Cu and Ni extraction
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Fig.8 Effect of various leaching reagents on Cu extraction
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Table 3 Metal extraction of various leaching reagents /%

Zn Ni Sn Pb Fe

100 65.74 1.2 1.9 0

100 22. 64 0.8 0.5 0
100 60. 48 2.0 8.0 2.2

2.9
PCBs
4
4
Table 4  Optimum conditions of pressure ammonia leaching

NH,OH (NH,),CO, v p(0,) t
/molL"! /molL =" /remin~' /MPa /T /min
4 1 700 0.2 55 150

5.
5 /%

Table 5 Results of ammonia leaching under optimum conditions/%

Cu Zn Ni Sn Pb Fe

1 99. 18 100 64.75 1.2 1.9 0

2 99. 06 100 64. 60 1.1 1.8 0

3 99. 15 100 65.03 1.2 1.9 0

5
>99% > 64 %
>2%
350C
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