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Fig. 1 Schematic diagram of experiment device: 1—Groove
(built-in heating device); 2—Adjustable horizontal orientation
magnetic field; 3 —Circulating pump; 4—Flowmeter; 5—
Electrolyzer; 6 — DC power supply; 7 — Experimental
platformhigh
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Table 1 Chemical composition of anode (mass fraction, %)

Cu Zn Fe Sb Bi
99.581 0.006 0.041 0.043 0.016
Ni As Pb Ca o
0.024 0.059 0.097 0.023 0.11
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Table 2 Chemical composition of copper electrolyte (g/L)

Cu As Sb Bi Ni
39.65 21.52 0.42 0.27 17.18
Fe Zn Ca H,S0O,
1.41 1.09 0.38 168.20
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Fig. 2 Effect of magnetic field intensity on copper/acid under different orientation magnetic fields: (a) Cu®** concentration;

(b) H,SO, concentration; (¢) Anodic dissolution and cathode copper precipitation; (d) As®* concentration
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Table 3 Main chemical composition of floating anode slimes

samples (mass fraction, %)

Cu As Sb Bi Zn Ca Pb
1.15 1735 4487 896 0.028 0.36 0.21
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Fig. 3 Effect of magnetic field intensity on impurity ion concentration in magnetic field with different orientations: (a) Sb*"; (b)

Bi**; (¢) Ni**; (d) Fe*'; (e) Zn*"; (f) Ca**
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Effect of magnetic field gradients force on
copper electrorefining under intense magnetic field

YAO Xia-yan', ZHAO Yun-yun', LU Xing-wu', WANG Jun-hui®, NIU Yong-sheng', CHEN Liang', LI Yu-liang'

(1. Key Laboratory of New Process for Non-ferrous Metal Smelting and Rare Metal High Utilization Efficiency in Gansu
Province, Northwest Research Institute of Mining and Metallurgy, Baiyin 730900, China;
2. Baiyin Nonferrous Group Co., Ltd., Baiyin 730900, China)

Abstract: The diffusion property of Cu®* and the concentration of impurity ions are the key factors affecting the quality
of cathode copper. The horizontal oriented magnetic field is installed on the circulating water pipeline in this paper to
improve the quality of cathode copper by regulating the diffusion property of Cu®>" and strengthen the self purification
process of copper electrolysis. From the perspective of magnetic separation and the influence of magnetic field on
water clusters and ion hydration, the experiment of magnetizing copper electrolyte with horizontal orientation magnetic
field was carried out. The effects of magnetic field gradient force on the concentration of cupric acid, impurity ion,
viscosity, surface tension and the apparent quality of cathode copper were studied by flame atomic absorption
spectrophotometry, viscometer, capillary tube and scanning electron microscope, and the mechanism of strengthening
copper electrolysis process by horizontal orientation magnetic field was analyzed. The results show that the magnetic
field gradient force can enlarge the magnetic energy of diamagnetic ions and water molecules in copper electrolyte,
reduce the degree of hydrogen bond association of water molecules and the activation energy of electrolysis system,
accelerate the reaction of copper electrolysis and the precipitation of SbAsO,4, BiAsO4 and AsSbO,, increase the solubility
of dissolved oxygen and CaSQOy, so it can promote the formation of oxide protective film on the surface of Ni, Fe and Zn,
improve the clarity of electrolyte and increase cathode production. On the other hand, the magnetic field gradient force
can reduce the magnetic energy of paramagnetic ions, regulate the dissolution of anode and the precipitation of cathode
copper, reduce copper loss and improve the apparent quality of cathode copper. At the same time, the magnetic field
gradient force can reduce the surface tension of the electrolyte. As a result, the number of bubbles in the electrolyte
increases and the pores form on the surface of copper cathode. To sum up, there is an optimum magnetic field intensity
when the horizontal orientation magnetic field acts on the copper electrolysis process.

Key words: metal materials; copper electrolysis; magnetic field gradient force; energy, self purification
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