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Abstract: This study focuses on the recovery of copper and cobalt from copper slags obtained from Kure district of Kastamonu city, 
which is in the north of Turkey, and removal of Se, Te, Sb and As from mixture of copper slag and copper concentrate has been 
conducted. Homogeneous mixtures of slag/pyrite/copper concentrate rate were subjected to roasting at high temperatures in a closed 
medium and then it was processed roasting at air atmosphere at 600 °C. In the leaching experiments, the effects of roasting time, rate 
of slag/pyrite/copper concentrate and the effect of the added iron powder to leaching on the metals dissolution were investigated. 
Under optimum conditions, 99.6% of copper and 98.4% of cobalt were extracted in roasting at high temperatures in a closed medium 
3:6:6 of slag/pyrite/copper concentrate rate then roasting at 600 °C at 5 hours. Besides, it was determined that all of Se, Te, Sb and 
As can be removed from the mixture of slag/pyrite/copper concentrate rate. 
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1. Introduction 

Significant amounts of copper, cobalt and nickel 

can be obtained from copper slags, which are 

produced in the thousands of tons per year in copper 

smelters. Very different methods were used to recover 

metals from the copper converter slags. 

Hydrometallurgical treatment of the slag, including 

direct leaching in sulfuric acid [1], leaching in sulfuric 

acid through H2S gas [2, 3], or ferric chloride [4], was 

proposed. Roasting of the slag with sulfuric acid, 

ammonium sulphate [5], ferric sulphate [6], or in 

reduction conditions [7], followed by acidic leaching, 

was reported in the literature. Bese, A. V. [8] 

investigated the effect of ultrasonic energy on the 

dissolution of copper from copper converter slag. The 

effects of parameters such as temperature, acid 

concentration, ferric sulphate concentration and time 

were also studied. The extraction efficiency of copper, 
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zinc, cobalt and iron from slag were 89.28%, 51.32%, 

69.87% and 13.73%, respectively. A new 

hydrometallurgical method was developed to 

selectively extract base metal values, such as cobalt, 

zinc and copper from copper smelter slag at 

atmospheric pressure [9]. Roasting of the slag with 

sulfuric acid [10] has metal values in solution. In the 

leaching experiments, the effects of roasting time, 

acid/slag ratio, roasting temperature and application of 

thermal decomposition prior to leaching on the metals 

dissolution extents were investigated. 88% of copper, 

87% of cobalt, 93% of zinc and 83% of iron were 

extracted in 2 h of roasting at 150 °C and 3:1 acid/slag 

ratio. A method was developed [11] to obtain copper 

and cobalt from oxidized copper ore and converter 

slag. 

This study deals with the issues related to the 

recovery of Cu and Co from copper slag obtained 

from Kastamonu Kure region. Mixtures of copper slag, 

pyrite and copper concentrate were subjected to 

roasting at high temperature in a closed medium and 

then, they were roasted at 600 °C for different time 
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intervals. By treatment with hot water, recovery of 

copper and cobalt from the ore mixture was aimed 

selectively. 

2. Experiment 

2.1 Sample Preparation 

The slag sample used in this investigation is a 

composite from different levels of the copper slag 

obtained from Kastamonu Kure region, the chemical 

composition of which is given. A mineralogical study 

by Arslan, C. [12] showed that this slag usually has 

ferritic in nature, the appearance of bornite (Cu5FeS4) 

and a metastable phase. The sample was crushed with 

a jawbreaker (Baysan Model) and grounded in a rotor 

beater mill (Retsch SRZ). The particle sizes of the 

samples were shifted to less than 150 μm and dried at 

105 oC for one day. The chemical analysis of the slag 

sample is 1.00% Cu, 0.30% Co, 26.65% Fe and 1.1% 

S. Chemical analysis of the pyrite sample is 0.25% Cu, 

0.24% Co, 43.00% Fe and 50.10% S. Chemical 

analysis of the copper concentrate sample is 18.25% 

Cu, 0.11% Co, 30.00% Fe and 42.50% S. 220 g 

samples of slag/pyrite/copper concentrate rate were 

subjected to roasting at high temperatures in a  

closed medium and then 10 g samples were finally 

processed roasting at air atmosphere at 600 oC at 

different times. 

2.2 Digestion Procedure 

Samples were digested by using the Berghof 

Speedwave MWS-3 model microwave digestion 

system. The microwave acid digestion was carried out 

as 0.2 g portion of the dried sample was weighed and 

transferred into a pressure-resistant PTFE 

(Polytetrafluoroethylene) vessel (volume 100 mL) and 

the mixture of acids (HNO3 + HCl, 2.5:7.5 mL) was 

added. Microwave digestion system under the 

conditions was described in Table 1. The power 

applied in program was 1,450 W. The reaction 

mixture was subjected to an evaporation module in 

order to remove the acids after the final digestion. 

Then the residue was dissolved in Milli-Q water and 

filtered, and the filtrate was diluted to a fixed volume. 

2.3 Reagents and Instrumentation 

The reagents used were of Suprapur® grade (Merck 

& Co., Darmstadt, Germany) when available or of 

analytical grade and used without further purification. 

Deionized water, obtained with a Milli-Q™ system 

(Millipore Corporation, Bedford, MA, USA), was 

used throughout this study. Stock standard solutions 

of Cu, Co, Se, Te, Sb, As and S at a concentration of 

1,000 mg/L were purchased from E. Merck, 

Darmstadt, Germany. Nitric acid (HNO3, 65%), 

hydrochloric acid (HCl, 37%), iron powder and 

hydrogen peroxide (H2O2, 30%) were analytical grade 

reagents. 

Model Optima™ 7000 DV ICP-OES (Inductively 

Coupled Plasma Optical Emission Spectrometer) 

(PerkinElmer, Inc., Shelton, CT, USA) was used to 

determine the quantities of metal. The instrumental 

conditions were optimized to obtain sufficient 

sensitivity and precision Table 2. 

The spectral wavelength selected for the metal 

analyses is shown in Table 3. The results are presented 

in Table 3. 

A Berghof Speedwave MWS-3 model microwave 

digestion system was used for acid digestion of 

samples. In the roasting experiments, a laboratory 

tunnel furnace (Carbolite) was used. 
 

Table 1  Operating conditions for digestion by microwave oven. 

 1 2 3 4 

T (oC) 100 160 180 100 

Ta (min) a 10 10 10 10 

Time (min) b 5 3 3 3 

Note: a waiting time at desired temperature; b the time between the two sequential temperatures. 
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Table 2  Operating conditions for ICP-OES. 

Parameter  

Power (W) 1,450 

Plasma gas flow rate (L·min-1) 15 

Auxiliary gas flow rate (L·min-1) 0.2 

Nebulizer gas flow rate (L·min-1) 0.8 

Sample flow rate (L·min-1) 1.5 

View mode Axial-radial 

Read Peak area 

Source equilibration time (s) 15 

Read delay (s) 60 

Replicates 3 

Background correction 2-point (manual point correction) 

Spray chamber Scott type spray chamber 

Nebulizer Concentric Glass (Meinhard) Type A 

Detector Liquid state detector 

Purge gas Nitrogen 

Shear gas Air 

Gas Argon 
 

Table 3  The spectral wavelength of metal for ICP-OES. 

Metal Analytical wavelength (nm) 

Cu 327.393 

Co 228.616 

S 181.975 

Se 196.026 

Te 214.281 

Sb 206.836 

As 193.696 
 

3. Results and Discussion 

The effects of roasting time, slag/pyrite/rate of 

copper concentrate and roasting temperature on the 

dissolution extents of metals were investigated in the 

leaching experiments. 

Firstly, 220 g mixture of slag/pyrite which is 0.63% 

of Cu and 0.27% of Co was subjected to roasting at 

high temperatures in a closed medium for 2 hours and 

then 10 g samples were finally processed roasting air 

atmosphere at 600 °C at different times. Fig. 1 shows 

the effect of roasting time on metal dissolutions about 

700 °C in a closed medium for 2 hours and then 10 g 

samples were finally processed roasting air 

atmosphere at 600 °C at different times and 1:1 

slag/pyrite ratio. Under these conditions, 82.25% of 

Cu and 76.30% of Co were dissolved. Increasing 

roasting time to 6 h increased Cu dissolution to 82%. 

In all cases, roasting temperature of 600 °C at 6 h was 

chosen to be the optimum condition. 

220 g mixture of slag/pyrite/copper concentrate 

which is 5.25% of Cu and 0.22% of Co was subjected 

to roasting at high temperatures in a closed medium 

for 2 hours and then 10 g samples were finally 

processed roasting air atmosphere at 600 °C at 

different times. Fig. 2 shows the effect of roasting 

time on metal dissolutions about 700 oC in a closed 

medium for 2 hours and then 10 g samples were 

finally processed roasting air atmosphere at 600 oC at 

different times and 5:6:4 slag/pyrite/copper 

concentrate ratio. Under these conditions, 89.28% of 

Cu and 80.25% of Co were passed into the solution at 

the end of 6 hours. 
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Fig. 1  Effect of roasting time on metal dissolutions at 600 °C and 1:1 slag/pyrite ratio. 
 

 
Fig. 2  Effect of roasting time on metal dissolutions at 600 °C and 5:6:4 slag/pyrite/copper concentrate ratio. 
 

220 g mixture of slag/pyrite/copper concentrate 

which is 6.40% of Cu and 0.21% of Co was subjected 

to roasting at high temperatures in a closed medium 

for 2 hours and then 10 g samples were finally 

processed roasting air atmosphere at 600 oC at 

different times. Fig. 3 shows the effect of roasting 

time on metal dissolutions about 700 oC in a closed 

medium for 2 hours and then 10 g samples were 

finally processed roasting air atmosphere at 600 oC at 

different times and 4:6:5 slag/pyrite/copper 

concentrate ratio. Under these conditions, 93.10% of 

Cu and 85.60% of Co were passed into the solution at 

the end of 5 hours. 

After this, 220 g mixture of slag/pyrite/copper 

concentrate which is 8.10% of Cu and 0.20% of Co 

was subjected to roasting at high temperatures in a 

closed medium for 2 hours and then 10 g samples 

were finally processed roasting air atmosphere at 600 
oC at different times. Fig. 4 shows the effect of 

roasting time on metal dissolutions about 700 oC in a 

closed medium for 2 hours and then 10 g samples 

were finally processed roasting air atmosphere at 600 
oC at different times and 3:6:6 slag/pyrite/copper 

concentrate ratio. Under these conditions, 99.10% of 
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Fig. 3  Effect of roasting time on metal dissolutions at 600 °C and 4:6:5 slag/pyrite/copper concentrate ratio. 
 

 
Fig. 4  Effect of roasting time on metal dissolutions at 600 °C and 3:6:6 slag/pyrite/copper concentrate ratio. 
 

Cu and 87.50% of Co were passed into the solution at 

the end of 5 hours. 

As seen in Figs. 1-4, effects of roasting times on the 

copper and cobalt values to the solution were observed. 

As shown in Table 4 and Fig. 5, as the rate of copper 

in mixture (slag/pyrite/copper concentrate ratio) 

increases, the copper and cobalt passed into the 

solution increases. 

The mixtures (slag/pyrite/copper concentrate ratio: 

3/6/6) were processed in a closed medium about 700 
oC for two hours. Then, they were roasted at 600 oC 

for five hours. As seen in Figs. 1-4, roasting time was 

sufficient for five hours. 

In the next experiments, after 1.00 g, 1.50 g, 2.00 g, 

2.20 g, 2.25 g, 2.30 g, 2.50 g and 3.00 g of Fe powder 

was added to the mixtures (slag/pyrite/copper 

concentrate ratio: 3/6/6), 220 g of mixture 

(slag/pyrite/copper concentrate ratio: 3/6/6) were 

processed in closed medium about 700 oC and then the 

mixtures were roasted at 600 oC for 5 hours. The 

results are shown in Fig. 6. 

As shown in Fig. 6, 2.20 g of Fe powder added to 

the mixtures (slag/pyrite/copper concentrate ratio: 

3/6/6) is sufficient. Under these conditions, 99.60% of  
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Table 4  Effect on the yield of the copper and cobalt of the rate of copper in the mixture (slag/pyrite/copper concentrate 
ratio) roasting air atmosphere at 600 oC for 5 hours. 

Sample 
The ratio of copper in mixture Element 

 Cu% Co% 

slag/pyrite: 1/1 0.627 84.50 78.40 

slag/pyrite/copper concentrate: 5/6/4 5.250 86.20 70.10 

slag/pyrite/copper concentrate: 4/6/5 6.40 93.10 85.60 

slag/pyrite/copper concentrate: 3/6/6 8.10 99.10 84.50 
 

 
Fig. 5  Effect on the yield of the copper and cobalt of the rate of copper in the mixture (slag/pyrite/copper concentrate ratio). 
 

 
Fig. 6  Effect on the recovery of copper and cobalt of the iron powder added to the mixture. 
 

Cu and 98.40% of Co passed into solution. Copper 

and cobalt separation from the solution was made on 

operation conditions [13]. In addition, entire of arsenic, 

antimony, selenium and telluride in the mixture was 

removed from the structure in the result of work done 

in the closed system. After this, after roasting in the 

atmospheric environment, copper and cobalt could be 

taken to solution very high efficiency. Patent relating 
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to the study is detailed [14]. 

4. Conclusions 

For copper and cobalt recovery from copper slags, a 

binary mixture primarily formed by taking 1:1 

pyrite/slag ratio. The mixture of slag/pyrite which is  

0.63% of Cu and 0.27% of Co was subjected to 

roasting at high temperatures in a closed medium for 2 

hours and then roasted at air atmosphere at 600 oC at 

different times. Under these conditions, 82.25% of Cu 

and 76.30% of Co were passed to the solution. After 

the creation of a ternary mixture, a mixture of 3:6:6 

slag/pyrite/copper concentrate which is 8.10% of Cu 

and 0.20% of Co was subjected to roasting at high 

temperatures in a closed medium for 2 hours and then 

roasted in an air atmosphere at 600 oC under optimum 

temperature. Under these conditions, it is shown that 

99.10% of Cu and 87.50% of Co were passed into the 

solution. 

The effect of the yield of Cu and Co participating in 

the mixture of slag/pyrite/copper concentrate of iron 

powder was investigated. As seen from Table 4, 2.20 

g Fe powder was added to 220 g of a mixture of 3:6:6 

slag/pyrite/copper concentrate and 10 g of the mixture 

was roasted at 600 oC for 5 hours. It is shown that 

99.60% of Cu and 98.40% of Co were passed into 

aqueous solution. Addition of Fe powder, the yields of 

copper and cobalt passing to the solution has 

increased remarkably. The addition of Fe powder to 

the mixture of copper and cobalt, spinel structure in 

the structure of the mixture has led to a deterioration 

in a closed medium and air atmosphere and has 

provided sulphation as a result of roasting. At the 

same time, Se, Te, As and Sb [14] completely 

removed the addition of iron powder to triple mixture 

in a closed medium. 
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