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Microwave assisted leaching of
copper anode slime based on Taguchi methods

MA Zhi-yuan, YANG Hong-ying, CHEN Guo-bao, LU Yang, TONG Lin-lin

(School of Materials and Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: An optimization method of microwave assisted leaching of copper anode slime was proposed based on Taguchi
method for signal noise ratio (SNR) and variance analysis of the copper, tellurium and selenium leaching rates. The
results shows that the solid-liquid ratio is the most important factor affecting SNR of the copper, tellurium and selenium
leaching rates, and its contributions to the copper, tellurium and selenium leaching rates reach 60.83%, 54.76% and
62.05%, respectively. Solid-liquid ratio is a significant factor of the microwave leaching process of copper. Reaction time
is a less significant factor of the leaching process of copper and tellurium and concentration of sulphuric acid is a less
significant factor of the leaching process of selenium, while microwave power is an non-significant factor, its
contributions to the copper, tellurium and selenium leaching efficiency reach 4.23%, 12.37% and 10.32%, respectively.
The optimized parameters of the microwave assisted leaching of copper are as follows: microwave power 450 W, reaction
period 5min, solid-liquid ratio 0.10 g/mL and concentration of sulphuric acid 1.0 mol/L. The optimized parameters of the
microwave assisted leaching of tellurium and selenium are as follows: microwave power 700 W, reaction period 9min,
solid-liquid ratio 0.10 g/mL and concentration of sulphuric acid 1.0 mol/L. The validation experiments under the
optimized conditions was carried out, the leaching rates of copper, tellurium and selenium reach above 99.88%, 95.70%
and 38.22%, respectively.
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Table 1 Chemical composition of copper anode slime (mass
fraction, %)
Ni Cu Se Ag Te Au"
47.36 12.11 3.22 2.60 0.37 172.9
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Fig. 1 XRD pattern of copper anode slime
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Table 2  Orthogonal experiment factors and levels of

microwave assisted leaching of copper anode slime

Microwave Reaction Solid-liquid H,SO,
Level power, period, ratio, concentration,
AW B/min  C/(gmL™") D/(mol-L™")
1 200 1 0.10 1.0
2 450 5 0.15 1.5
3 700 9 0.20 2.0
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Table 3 Chosen Lo(3*) orthogonal experiment plan of

microwave assisted leaching of copper anode slime

Experiment Parameter and their level
No. A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Fig. 2 Average Rsy—level curve of copper
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Fig. 3 Average Rsy—level curve of tellurium
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Fig. 4 Average Rsy—level curve of selenium
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Table 4 Variance calculation method

Factor
Factor
A B C D Total
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Fig. 5 Contribution rate of process parameters in copper

leaching
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leaching
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Table S5 Optimum experiment conditions of microwave

assisted leaching of copper anode slime

A, B, C, D, H,SO,
Metal Microwave Reaction Solid-to-liquid concentration/
power/W period/min ratio/(gmL ")  (mol-L ™)
Cu 450 5 0.10 1.0
Te 700 9 0.10 1.0
Se 700 9 0.10 1.0
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