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Abstract: Copper smelter slag and copper smelter slag flotation tailings were leached using sulphuric 

acid solutions, without or with the addition of either ferric sulphate or hydrogen peroxide. Copper 

extraction from the slag was typically found to be twice as high as that from the slag flotation tailings. 

Hydrogen peroxide was determined to be the best lixiviant. Thus, copper and iron extractions were 63.4% 

and 48.6%, respectively, when leaching the slag with 3 M H2O2, after 120 minutes of reaction at room 

temperature. Copper dissolution was generally found to be the dominant process within the first 60 

minutes of reaction, whereas iron dissolution dominated afterwards. 

Keywords: copper slag, copper slag flotation tailings, leaching, sulphuric acid, ferric sulphate, hydrogen 
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Introduction 

The pyrometallurgical processing of copper concentrates generates large amounts of 

copper-containing slag. Management options for this slag include recycling, recovery 

of metal values, production of value added products and disposal (Gorai and Jana, 

2003). However, there are no universal methods to recover copper from copper-

bearing slags as the chemical and phase composition of a slag depend on factors such 

as the type of ore mined and the type of pyrometallurgical process utilized (Shen and 

Forssberg, 2003). 

The reverberatory furnace slag that has been dumped in the vicinity of the Bor 

Copper Smelter, Serbia, is currently processed by flotation using an existing 

production line at the nearby Bor Copper Concentrator. However, the copper recovery 
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obtained has been rather low (about 40%). Previous research indicated that such a low 

recovery was due to the presence of copper oxides in the slag, as well as to the fact 

that copper sulphides were predominantly found in particle size fractions below 38 

µm. Accordingly, the objective of the present work was to investigate whether 

implementation of the hydrometallurgical processing of  the slag or the slag flotation 

tailings could result in an increase in copper recovery. 

A number of studies have been conducted on the hydrometallurgical recovery of 

base metals from various copper-containing slags. Thus, the lixiviants investigated 

include sulphuric acid (Banza et al., 2002), ferric chloride (Anand et al., 1980), 

chlorine (Herreros et al., 1998), aqueous sulphur dioxide (Gbor et al., 2000), hydrogen 

peroxide (Banza et al., 2002), mixed nitric-sulphuric acid (Xie et al., 2005), potassium 

dichromate (Altundogan et al., 2004) and sodium chlorate (Yang et al., 2010). In 

addition, research has been done into pressure leaching (Anand et al., 1983, 

Papangelakis and Perederiy, 2009), bioleaching (Carranza et al., 2009, Kaksonen et 

al., 2011) and the effect of ultrasound on acid leaching (Bese, 2007). In the present 

paper, the results obtained for the leaching experiments with the copper smelter slag 

and the slag flotation tailings in sulphuric acid solutions, in the absence as well as in 

the presence of either ferric sulphate or hydrogen peroxide, will be presented.  

Materials and experimental methods 

The experiments were performed using either reverberatory furnace slag or 

reverberatory furnace slag flotation tailings from the Bor Copper Concentrator. The 

slag was sampled from the crushing line before entering the milling section of the 

concentrator, whereas the slag flotation tailings were sampled from the tailings 

disposal line. The slag sample was ground to pass through a 75 µm sieve. The tailings 

sample was used as received because its particle size was finer than 75 µm. 

Quantitative determination of elements in the samples was performed by gravimetric 

and volumetric analysis and atomic absorption spectrophotometry (FAAS/GFAAS). 

The chemical compositions of the two samples are given in Table 1. 

The samples of the copper slag and leach residue were characterized by using X-

ray diffraction (XRD). Figure 1 shows XRD data for the slag sample. The XRD peaks 

indicate the presence of magnetite, olivines (among which fayalite was found to be the 

most abundant), pyroxene and granate. 

The leaching experiments were conducted in a 250 cm
3
 glass reactor at 

atmospheric pressure. Five grams of the sample was leached with 150 cm
3
 of the 

lixiviant. Most of the experiments performed at room temperature at a stirring speed of 

350 min
-1

 by using a magnetic stirrer. The experiments performed at set temperatures 

were conducted in a three-necked glass reactor fitted with a glass stirrer, condenser 

and thermometer, which was immersed in a thermostated water bath. The reaction 
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Table 1. Chemical compositions of the copper smelter slag and the slag flotation tailings 

Constituent 
Content (wt.%) 

Copper Slag Slag Flotation Tailings 

Cu – total 0.97 0.59 

Cu – oxides 0.15 0.06 

Cu – sulphides 0.82 0.53 

SiO2 33.75 34.62 

Al2O3 3.78 3.93 

Fe2O3 8.05 1.10 

FeO 33.80 34.44 

Fe3O4 9.39 10.60 

Fe – total 39.09 35.19 

CaO 6.00 4.79 

 

time was either 120 minutes or 180 minutes. Sampling was performed at regular time 

intervals by taking 1 cm
3
 of the leach liquor with a pipette. The leach liquor sample 

was filtered and the filtrate was transferred to a 50 cm
3
 volumetric flask. The flask was 

filled with distilled water to the mark. The diluted solution was analyzed by atomic 

absorption spectrophotometry. All the experiments were performed in duplicate and 

some were repeated several times to establish the reproducibility of the results. 
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Fig. 1. XRD pattern for the copper slag sample 

Results and discussion 

Leaching with sulphuric acid 

The effect of sulphuric acid concentration on metal dissolution from the slag and the 

slag flotation tailings was investigated at initial sulphuric acid concentrations ranging 

from 0.5 M to 3.0 M. The results are illustrated in Figure 2 and 3. 
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A common feature of the slag and the slag flotation tailings is higher iron 

dissolution compared to that of copper. Further, as seen in Figure 2 and 3, higher 

copper dissolution is accompanied with higher iron dissolution. That is, higher copper 

and iron extractions were observed with the slag rather than slag flotation tailings. 

Thus, the maximum copper and iron extractions achieved with the slag were 26.0% 

and 62.5%, respectively, as opposed to the slag flotation tailings where the maximum 

copper and iron extractions were 13.5% and 48.0%, respectively. Carranza et al. 

(2009) found that most of the copper-bearing species in slag flotation tailings were 

occluded in the slag phase and thus unable to interact with the collector. Therefore, the 

slag flotation tailings are inferior in terms of leaching when compared to the slag 

because most of the liberated copper phases have been removed by flotation.  

Based on the chemical compositions of the slag and the slag flotation tailings (Table 

1), it can be concluded that the copper dissolved from the slag flotation tailings mainly 

originates from the copper oxide phases (about 10 wt.%), which are not amenable to 

flotation. Low copper extractions both from the slag and the slag flotation tailings 

indicate that sulphuric acid is not a suitable reagent for leaching these materials, at 

room temperature. This conclusion is in line with the study by Banza et al. (2002) 

where the leaching of copper smelter slag with sulphuric acid (500 kg/Mg slag) 

resulted in copper and iron extractions of 20% and 52%, respectively, at 20
o
C, 

whereas the maximum copper and iron extractions were 60% and 90%, respectively, 

at 90
o
C. Also, based on the results depicted in Figure 2 and 3, it can be concluded that 

the iron minerals are dissolved more easily  in sulphuric acid than the copper minerals, 

both from the slag and the slag flotation tailings, which is in accord with Banza et al. 

(2002). 
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Fig. 2. Copper and iron extractions from the slag  

as a function of time at different initial 

 sulphuric acid concentrations 

Fig. 3. Copper and iron extractions from the slag 

flotation tailings as a function of time at different 

initial sulphuric acid concentrations 
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Leaching with ferric sulphate 

The slag and the slag flotation tailings were leached with ferric sulphate in 1 M 

sulphuric acid. The ferric iron concentration was varied in the range from 5 g/dm
3
 to 

40 g/ dm
3
 and from 5 g/ dm

3
 to 20 g/ dm

3
 for the slag and the slag flotation tailings, 

respectively. The results are shown in Figure 4. It can be seen that copper extractions 

from the slag were low and similar for all the ferric iron concentrations studied, that is, 

between 26% and 29% after 180 minutes of reaction. Most of the copper was 

dissolved in the first 30 minutes of reaction. In addition, copper extractions from the 

slag flotation tailings were slightly lower than those from the slag (between 22% and 

24%). Finally, the dissolution curves obtained with both materials have a similar 

shape. 
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Fig. 4. Copper extractions from the copper smelter slag and the copper smelter slag flotation 

 tailings as a function of time at different initial ferric iron concentrations 

By comparing Figure 2 and 4, it can be seen that both the copper extractions and 

the copper dissolution curves were similar in sulphuric acid alone and in the presence 

of ferric iron. This observation suggests that these two lixiviants have a similar, low 

potential for leaching copper from the slag and the slag flotation tailings at room 

temperature. 

Leaching with hydrogen peroxide 

Effect of hydrogen peroxide concentration 

As copper extractions in the leaching experiments performed with sulphuric acid and 

ferric sulphate were low, a series of leaching experiments was conducted with 

hydrogen peroxide which is a strong oxidant. To this end, the slag and the slag 

flotation tailings were leached in 1 M sulphuric acid with the addition of different 

initial concentrations of hydrogen peroxide (0.5–3 M). The results are shown in 

Figures 5 and 6. 
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As seen in Figure 5, copper dissolution from the slag increases with increasing 

hydrogen peroxide concentration. The final copper extractions attained were 57.7% 

and 63.4% at initial hydrogen peroxide concentrations of 2 M and 3 M, respectively. 

These extractions are twice as high as those obtained in the leaching experiments with 

sulphuric acid and ferric iron. Copper extractions from the slag flotation tailings 

leached with hydrogen peroxide (Fig. 6) were approximately half as high as those 

achieved when the slag was leached with hydrogen peroxide. Thus, a cooper 

extraction of 32.7% was obtained for the highest hydrogen peroxide concentration. 

However, this value is still about twice as large as those reported when the slag was 

leached with sulphuric acid and ferric iron. 
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Fig. 5. Copper and iron extractions from the slag 

 as a function of time at different initial hydrogen 

peroxide concentrations 

Fig. 6. Copper and iron extractions from the slag 

flotation tailings as a function of time at different 

initial hydrogen peroxide concentrations 

With regard to iron dissolution, it is significantly lower than that of copper for both 

the slag and the slag flotation tailings in the first 60-90 minutes of leaching. Following 

that, iron dissolution increases, in particular in the case of the slag flotation tailings, 

but also in the case of the slag at the highest hydrogen peroxide concentration. Thus, 

after 60 minutes of reaction, iron extractions from the slag and the slag flotation 

tailings are 10.5% and 10.8%, respectively, whereas the corresponding values are 

48.6% and 47.8%, respectively, after 180 minutes of leaching (at 3 M H2O2). 

A possible explanation for this phenomenon could be that hydrogen peroxide has 

a greater affinity towards copper than towards iron, that is, the copper may be present 

as a phase that is more amenable to oxidation with hydrogen peroxide than the form in 

which the iron exists. Once most of the available copper from the slag (or from the 

slag flotation tailings) has been dissolved (i.e., after about 60 min), hydrogen peroxide 

is consumed primarily for iron oxidation. The more iron there is in solution, the faster  

the dissolution. This acceleration is due to the catalytic decomposition of hydrogen 

peroxide to oxygen and water through a redox process caused by the Fe
3+

/Fe
2+

 redox 

couple (Eqs. 1, 2 and 3).  
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 2Fe
3+

 + H2O2   2Fe
2+

 + O2  (1) 

 2Fe
2+

 + H2O2  2Fe
3+

 + 2H2O  (2) 

  : 2H2O2  2H2O + O2 (3) 

The higher the decomposition of hydrogen peroxide, the higher the dissolution of 

iron (Dimitrijevic et al., 1999). As copper dissolution from the slag flotation tailings is 

much lower than that from the slag, the sharp increase in iron dissolution is 

significantly higher in the case of the former. 

It can be seen that even the application of a strong oxidant such as hydrogen 

peroxide (E
o
 = 1.776 V) does not result in complete copper dissolution, with the 

attained copper extractions being 60% and 30% from the slag and  the slag flotation 

tailings, respectively. This observation indicates that much of the copper that is locked 

within the slag matrix was not liberated prior to leaching. As shown in Table 2, the 

finest fraction (-38+0 µm) of the slag comprises in excess of 60% of the sample and 

contains almost 1.1% copper. However, further particle size reduction would probably 

be economically unjustified. 

Table 2. Particle size distribution for the copper smelter slag sample  

and the copper content of the various size fractions 

Size fraction (µm) Weight (%) Cu content (wt. %) 

–75+53 13.60 0.75 

–53+38 17.80 0.81 

–38+0 68.60 1.07 

 

XRD analysis of the leach residue showed the same mineral phases as those found 

in the slag, but with more pronounced peaks. The crystallinity of the residue was 

higher than that of the slag, but nevertheless low. 

In contrast to the results of this study, where iron dissolution from the slag and, in 

particular, from the slag flotation tailings sharply increases after 60 min of leaching, 

Banza et al. (2002) found, when leaching slag with hydrogen peroxide (H2O2 + H2SO4, 

pH 2.5, 70 
o
C), that iron extraction drops from about 95% to 5%, with copper 

extraction being 85%, at hydrogen peroxide concentrations in excess of 62 dm
3
/Mg 

slag. 

Effect of stirring  

It is well known that the decomposition of hydrogen peroxide is catalysed by a 

number of elements and their ions, as well as by stirring, shaking and similar 

operations (Dimitrijevic et al., 1999). For this reason, the effect of stirring on copper 

and iron extractions was studied. Two experiments were performed, namely one 

without stirring the slag slurry and the other one at a stirring speed of 350 min
-1

. The 

results are shown in Figure 7.  



 D.M. Urosevic, M.D. Dimitrijevic, Z.D. Jankovic, D.V. Antic 80 

It can be seen that stirring has a beneficial effect on copper and iron extractions. 

This effect may be due to a better contact between the peroxide and the slag which has 

a high density (i.e., 3600 kg m
–3

). 
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Fig. 7. Copper and iron extractions from the slag 

with and without stirring 

Fig. 8. Copper and iron extractions from the slag 

as a function of temperature 

Effect of temperature 

The effect of temperature was investigated in a narrow temperature range from 30 
o
C 

to 50 
o
C as hydrogen peroxide is unstable at temperatures above 40 

o
C. The 

temperatures were kept constant  in a thermostated water bath. The reaction time was 

reduced to 120 minutes because shapes of the dissolution curves suggested that copper 

dissolution ceases after that time. The results are shown in Figure 8.  

From Figure 8, it can be concluded that temperature has no significant effect on 

copper dissolution from the slag in an acidic solution of hydrogen peroxide. However, 

the effect of temperature is greater in the case of iron. Thus, at 50
o
C, iron extraction 

becomes greater than that of copper, that is, 64%. The copper extractions were in the 

50-60% range between 30
o
C and 50

o
C, whereas 57.7% of Cu was dissolved at room 

temperature. As this value was close to that found at 45
o
C (i.e., 57%), a possible 

reason was sought why this was the case. To this end, a series of experiments was 

conducted where changes in the slurry temperature were recorded at different 

hydrogen peroxide concentrations. The results are given in Table 3. 

It was observed that the leaching reaction was more vigorous and accompanied 

with loud hissing sound due to hydrogen peroxide decomposition and oxygen 

effervescence at hydrogen peroxide concentrations equal to or in excess of 2 M. In 

addition, the temperature was measured to be the highest after 90-120 minutes of 

reaction, which is the time when iron dissolution was found to increase sharply. This 

means that increasing Fe
3+

/Fe
2+

 concentration results in an increase in the catalytic 

decomposition of hydrogen peroxide. As hydrogen peroxide decomposition is 

exothermic, there is an increase in temperature, which in turn accelerates hydrogen 

peroxide decomposition. 
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The effect of temperature on the leaching of slag flotation tailings was not studied 

as copper extractions from the slag flotation tailings were rather low. 

Table 3. Change in slurry temperature with time as a function  

of hydrogen peroxide concentration ([H2SO4] = 1.0 M, 350 min–1). 

H2O2 

Concentration 
0.5 M 1.0 M 2.0 M 3.0 M 4.0 M 

Time, min Temperature, oC 

0 24 24 24 23 23 

15 25 25 25 25 25 

30 28 27 27 27 27 

60 30 31 31 36 42 

90 32 35 37 51 71 

120 34 38 44 42 42 

150 32 34 36 34 34 

180 32 32 33 31 30 

Conclusions 

Copper smelter slag and copper smelter slag flotation tailings were leached using 

sulphuric acid solutions, without or with the addition of either ferric sulphate or 

hydrogen peroxide. The highest copper extraction was attained with hydrogen 

peroxide at room temperature. Copper extraction from the slag was much higher than 

that from the slag flotation tailings. However, the maximum copper extraction 

achieved was only 63.4% when using 3 M H2O2, with the iron extraction being rather 

high at 48.6%. The lixiviants studied were not selective and consequently iron 

extraction was relatively high, which is unfavourable in terms of further treatment of 

the leach liquors. In the majority of experiments, most of the copper was dissolved in 

the first 30-60 minutes of reaction, whereas iron dissolution was comparatively low in 

the first 60 minutes (around 10% with H2O2) but sharply increased afterwards. 
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