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Research subject: Leaching and recovery parameters controlling the
releasing of selenium from Sar-Cheshmeh copper anode slimes are
studied and determined.

Research approach: Copper anode slimes is produced during the pro-
duction of cathodic copper at the bottom of electrolyte cells, which is
composed of insoluble anode components in the electrolyte. The copper
anode slimes are made up of those components of the anodes, which are
not soluble in the electrolyte. They contain varying quantities of pre-
cious metals like gold, silver, selenium and tellurium, and other precious
metals in the anodic copper. They are being extracted as a by-product
in the copper production process. Today, the main source of selenium
is sulfur deposits such as copper and nickel. Copper anodic slimes is
currently the only source of selenium in the world. In this study, the ex-
traction of selenium from anodic copper slimes has been feasible. To do
this, acid leaching has been used. Copper anodic sludge is the raw mate-
rial for the production of more than 90% of the world’s selenium and is
the main source of selenium production.[1-3]

Main result: In this paper, the effect of operational parameters such as
acid concentration, temperature, process time and liquid to solid ratio
on selenium recovery through copper slimes leaching was investigat-
ed. The optimum conditions of batch leaching for maximum selenium
extraction from anodic copper slimes are attained at 3 mol L-1 of HNO,
concentration, 0.01 (W/V) solid to liquid ratio for 60 min contact time at
70 °C. Under the optimized conditions, the selenium leaching efficiency
was 99%. The thermodynamic data showed positive values of both AH
and AS which indicates that the leaching process is indeed endothermic
and random while the obtained negative values of AG show that seleni-
um dissolution process is spontaneous in nature.
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Fig. 1 X-ray diffraction pattern of the sarcheshmeh copper anode slimes
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Table 1 Elemental analysis of copper anode slimes reagent sample using X-ray fluorescence method

BaO | SO Se0, | CuO |AgO, |PbO |Sb,0

3 2 2 273

Sio As O Te, O | SrO Ca0 |l ALO

2 273 2 273

32.64 | 18.28 | 16.18 | 9.20 | 6.36 |5.64 |4.32

218 | 1.24 1.02 |0.78 |0.64 |0.60 | 0.35

WIW2z) XRE 5T 51 solatad b (o (65T ) 8320 (siges (ooliands (su328 ol ¥ Jgax
Table 2 Results of chemical analysis of copper anode slimes reagent sample using XRF method

Se Cu Ag Pb Sb Te

As Al Au Bi Zn Ni

11.52 | 744 592 |423 |176 |0.62

0.44 |0.08 |0.07 |0.08 |0.05 |0.03
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Fig. 2 The effect of Nitric Acid concentration on leaching and recovery of selenium
[Temperature 70°C, S/L 0.02 (w/v), stirring speed 200 rpm, leaching time 45min]
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Fig. 3 Effect of temperature on leaching and recovery of selenium
[Nitric acid concentration 3 mol L*,, S/L 0.02 (w/v), stirring speed 200rpm, leaching time 60min]
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Fig. 4 Kinetics of leching and recovery of selenium
[Nitric acid concentration 3 mol L'}, Temp 70°C, S/L 0.02 (w/v), stirring speed 200rpm]
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Fig. 5 Effect of stirring speed on leaching and recovery of selenium
[Nitric acid concentration 3 mol L'* ,Temp 70°C, S/L 0.02 (w/v), leaching time 60min]
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Fig. 6 Effect of solid to liquid ratio on selenium recovery
[Nitric acid concentration 3 mol L'* ,Temp 70°C, stirring speed 250rpm, leaching time 60min]
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Fig. 7 Diagram of log Kd against 1/T (K™) for leching and recovery of selenium
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Table 3 Thermodynamic parameters for selenium leaching from the studied sample using Nitric acid leaching agent

AH AS AG
(k] mol) | (J*K'* mol)
303K 323K 343 K 363 K 383K
20.01 74.69 -2.62 -4.11 -5.61 -7.09 -8.61
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