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2.1 Magnetic separation 

Laboratorytesting of the magneticconcentrationwasperformed on a Davismagneticanalyzer at 
differentmagneticfield intensity. 

Considering the goal of the research, a chemical analysis of all obtained productswasperformed 
on the contents of iron (Fe), as well as copper (Cu) and sulfur (S). 

2.2 Flotation concentration 

Flotation concentrationexperimentswereperformedusing a laboratory flotation 
machinetype"DENVER DR 12", flotation cellvolume 2.6 l, at a constant rotor speed of 1700 
rpm. Whenperforming flotation experiments, the followingreagentswere used: NaIPXcollector 
600 g/t and D250 frother 10 g/t. The conditioning time was 10 minutes, while the total flotation 
time was20 minutes.Laboratorytesting of flotation concentrationwasperformed on the non-
magneticfraction obtained at a previouslydefinedcurrent, i.e.magneticinduction, on which the 
bestresults of experimentalinvestigations of the magneticconcentration of iron are achieved. 

3. RESULTS AND DISCUSSION 

3.1 Results of granulometric and chemicalcomposition analysis 

The results of the chemical analysis of the hydrocycloneoverflow of the secondstage of 
classification (OF II) are given in Table 1. 

Table 1 - Results of chemical analysis of hydrocycloneoverflow (OF II) by sizeclasses[11] 
Sizeclass 
d (mm) 

Mass share 
W (%) 

Cu (%) Fe (%) S (%) RCu (%) RFe (%) RS (%) 

+0.150 0.35 0.46 22.19 2.09 0.13 0.19 0.55 
-0.150+0.106 1.25 0.51 35.25 1.02 0.53 1.08 0.96 
-0.106+0.075 5.85 0.49 38.49 0.81 2.37 5.54 3.56 
-0.075+0.040 22.95 0.74 38.15 1.35 14.05 21.54 23.28 

-0.040+0 69.60 1.44 41.84 1.37 82.92 71.65 71.65 
Σ 100.00 1.21 40.65 1.33 100.00 100.00 100.00 

 
From Table 1 can be concluded that the average copper content in the hydrocycloneoverflow 
(OF II) is 1.21% and is manytimeshigherthan the copper content in the primarycopper ores 
(about 0.30%), whichconfirms that the slag is high-valuesecondaryrawmaterial. The average iron 
content in the overflow of the secondstagehydrocyclone (OF II) is 40.65%, which indicates a 
significantshare of thiscomponent, so that the testedrawmaterialdeservesseriousresearch with the 
aim of valorization of copper and iron. 

3.2 Results of magneticconcentration 

Laboratorytesting of the magneticconcentrationwasperformed on the overflow of hydro cyclone 
II smelterslag with the aim of testing the possibility of ironvalorization and the introduction of 
the magneticconcentrationprocessbefore the flotation concentrationprocess. The results of the 
magneticconcentration are shown in Table 2. 

Table 2 –Results of magneticconcentration[11] 
Current 
intesity I 

(A) 

Magnetic 
induction B 

(T) x 10-4 

Magneticfraction (MF) Non-magneticfraction (NMF) 
m 

(%) 
Cu (%) 

Fe 
(%) 

S  
(%) 

m 
(%) 

Cu 
(%) 

Fe 
(%) 

S  
(%) 

1 1.79 4.14 0.63 49.67 1.41 95.86 1.11 42.66 1.25 

3 4.63 32.60 0.44 49.21 0.71 67.40 1.56 35.89 1.21 

5 7.15 35.80 0.42 40.00 1.08 64.20 1.59 34.22 1.91 

7 9.55 37.80 0.28 48.15 1.01 62.20 1.88 35.46 1.73 
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9 11.02 37.00 0.56 48.28 1.11 63.00 1.46 35.96 1.74 

 
From the table 2 it can be concluded that the best separation of the testedsample (OF II) 
intomagnetic and non-magneticfractionwas achieved at a current of 7 A, or at an induction of a 
magneticfield of 9.55 x 10-4 T. Achieved results of mass recovery of a magnetic product of                   
37,80% with an iron content of 48.15% justify the introduction of the technologicalprocess of 
magnetic separation on the overflow of the seconddegree of hydrocyclone (OF II) before the 
process of flotation of smelterslag.The non-magneticfraction obtained by thisinduction of the 
magneticfield in the mass of 62.20% and with a copper content of 1.88% is as suchsuitable for 
furthertreatment with flotation concentration, in order to utilize the basicusefulcomponent, 
copper. 

3.3 Results of flotation concentration 

Withinthisphase of the research, two flotation experimentswereperformed. The 
firstexperimentinvolvedflotation of hydrocyclone II overflow to pH 7.83 (industrial conditions). 
In the secondexperiment, flotation of the non-magneticfraction obtained by the process of 
magneticconcentration at a current of 7 A, at a pH of 7.83 and using a 600 g/t NaIPXcollector 
and a 10 g/t D250 frother (industrial conditions) wasperformed. Figures 1 and 2 give 
comparativeresults. 

 
Figure 1 -Comparativeresults of mass and technologicalyield on the overflow of hydrocyclone (OF II) of 

smelterslag and on the non-magneticfraction (NMF)[11] 

 
Figure 2 -Comparativeresults of Cu, Fe and S content on the overflow of hydrocyclone (OF II) of 

smelterslag and on the non-magneticfraction (NMF)[11] 
 

Analyzing and comparing the results of flotation of the testedsample of smelterslag and flotation 
of non-magneticfraction (NMF) obtained at a current of 7 A, it can be concluded that 
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bettertechnologicalresults are achieved by flotation of non-magneticfraction (NMF) 
whichjustifies the introduction of magneticconcentrationbefore flotation. 

By flotation of the non-magneticfraction (NMF) at pH 7.83, highertechnologicalyield of copper 
is achieved, whichamounts to 91.62%, while flotation of the overflowsample of hydrocyclone II 
of smelterslagachieveslowertechnological yield of copper by about 8% and amounts to 
83.99%.The total mass yield obtained by flotation of the non-magneticfraction (NMF) at pH 7.83 
is for 13.10% higher in relation to the flotation of the testedsmelterslagsample and it amounts to 
28.85%.Comparing the quality of the concentrate, it can be concluded that the highestcopper 
content in the concentrate of 6.20% was obtained by floating a sample of non-magneticfraction 
(NMF) at pH 7.83. The highestsulfur content in the concentrate of 5.07% was obtained by 
flotation of the overflowsample of hydrocyclone II of smelterslag, in contrast to the flotation 
experiment of the non-magneticfraction obtained at a current of 7 A, where the sulfur content in 
the concentratewas 3.17%. 

4. CONCLUSION 

The results of the research of the possibility of valorization of iron from the overflow of 
hydrocyclone II smelterslagshowed that iron, under the examined conditions, can be 
successfullyseparated by magnetic separation. The best separation of the 
testedsampleintomagnetic (MF) and non-magneticfraction (NMF) is achieved at a current of 7 A, 
or at an induction of a magneticfield of 9.55 x 10-4 T. Achieved results of mass yield of the 
magnetic product of 37.80% with an iron content of 48.15% justify the introduction of a 
magneticconcentrationprocessbefore the flotation process.By flotation of the non-
magneticfraction (NMF) at pH 7.83, a highertechnological yield of copper of 91.62% is 
achieved, compared to the flotation of the overflowsample of hydrocyclone II of smelterslag, 
whereby the technological yield of copper of 83.99% is obtained. Betterquality of the rough 
flotation concentrate and highercopper content in the concentratewas achieved by flotation of the 
sample of non-magneticfraction (NMF) and amounts to 6.20%. The obtained resultsfullyconfirm 
and justify the possibility of introducing the process of magneticconcentrationbefore the process 
of flotation of smelterslag. 
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