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The waste slag of the pyrometallurgical copper production contains a significant amount of non-

ferrous metals (mainly copper and zinc), which allows us to consider them as an important raw material 

resource. In particular, the Balkhash smelter (Kazakhmys Smelting) annually produces more than 500 

thousand tons of waste slag containing about 5 thousand tons of copper and about 15 thousand tons of zinc. 

Currently, copper smelter slag is processed by flotation. This slag processing route cannot be 

considered acceptable due to the following disadvantages: (i) the need for very fine grinding of material; 

(ii) low recovery of lead and zinc; (iii) low copper content in the concentrate; (iv) the enrichment conditions 

are highly dependent on the properties of the slag. Pyrometallurgical processing of slag cannot be 

economically justified due to the relatively low content of valuable components (non-ferrous metals) in the 

slag. Thus, hydrometallurgical methods seem to be the most promising for the processing of such slags         

[1-5]. 

The production of copper from sulphide raw materials is accompanied by the release of a significant 

amount of sulfur dioxide, which is processed at smelters to produce sulfuric acid. Thus, an aqueous solution 

of sulfuric acid is the most attractive reagent for leaching slag. Due to the presence of the main component 

in the slag, fayalite (Fe2SiO4), for acceptable extraction of zinc (up to 90%) and copper (up to 80%) into 

the solution during sulfuric acid leaching, it is necessary to additionally use oxidizing agents, as well as 

heating the solution. When slag is leached, the hard-to-filter pulp is formed due to the formation of silicic 

acid H2SiO4: 

 

2MeO× SiO2 + 2H2SO4 = 2MeSO4 + H4SiO4 (Me = Fe, Zn, Cu) 

 

In this case, a significant amount of iron passes into the solution, which complicates the further 

processing of the resulting solution. 

We proposed the use of preliminary mechanical activation (MA) of copper slag and subsequent 

leaching in an aqueous solution of sulfuric acid. 

One example of the implementation of the method is as follows. 10 g of copper-containing slag was 

added to 30 ml of water. The resulting mixture was subjected to mechanical activation in the planetary ball 

mill 2SL (Russia) under the following conditions: ball-to-powder ratio 20:1, rotation speed 450 rpm, 

duration 45 min. After the end of MA, the mixture was treated with a sulfuric acid solution under the 

following conditions: temperature 25 ± 2 ° C, leaching duration 1 h, particle size 90% <200 mesh,                    

S: L = 10 g: 1 L. The extraction of copper and zinc in the solution was, respectively, 91 and 89%. The 

silicon content in the liquid part of the pulp, found by the method of optical emission spectroscopy with 

inductively coupled plasma, was less than 40 mg/L, which provides easy filterability of the pulp. 

Leaching of the original slag without the use of MA, under the above-mentioned conditions, led to 

the formation of a hard-to-filter gel. The degree of extraction of copper and zinc did not exceed 47 and 

40%, respectively. 

We associate an increase in the degree of extraction of zinc and copper into a solution with a partial 

amorphization of the minerals of the slag, mainly fayalite. This fact is confirmed by XRD analysis. A 

possible reason for the decrease in pulp viscosity is the decomposition of fayalite, with the formation of 

iron oxide (II) and silicon dioxide [7]. 

The main problem that hinders the use of mechanical activation of dump slag in the industry is the 

high cost of mechanical activation. However, this way of processing slag is undoubtedly very promising 
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