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Abstract—The review of copper ore processing flow charts in application at ore mills in Russia and abroad 
is presented. The scope of the analysis embraced the reagent regimes and flotation performance. Brief 
information about collecting agents, frothers and depressants is given. The influence of actuation medium in 
flotation of copper–nickel ore is studied in terms of bulk copper–nickel concentration. The tests were carried 
out with production of a rougher concentrate in the acid and alkaline media with its further scavenging.  
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INTRODUCTION 

Copper is a ductile metal with good heat and electric conductivity, which is used for making power 
cables, wires, heat exchangers, jewelry, etc. The high demand for the presented end products 
determines the scope of copper ore processing. 

Copper occurs naturally in various forms: sulfide deposits include chalcopyrite, bornite, covellite, 
chalcocite; carbonate deposits—azurite and malachite; silicate deposits are presented by chrysocolla 
and dioptase. The choice of technology for processing copper ore depends on a wide range of 
composition of copper ore, primarily on the mineralogical composition, physical properties of 
minerals, grain size, texture and structure, as well as the content of sulfates, oxides, carbonates, and 
copper silicates. 

Copper ore processing includes ore preparation followed by the recovery of minerals using flotation 
and subsequent concentrate dewatering. The resulting flotation concentrate can contain from 5 to 40% of 
copper, depending on the further processing of copper concentrate by pyrometallurgical or 
hydrometallurgical methods. 

1. PROBLEM OF SELECTING REAGENTS IN COPPER ORE PROCESSING 
Approaches to copper ore processing, selection and control of reagent regimes are set out in [1–4]. 

Butyl xanthate, aerofloat, and thioncarbamate are used as a collector of copper minerals at domestic 
ore mills. The results of studies into the use of combined sulfhydryl collectors are presented in [5–7]. 
A new collecting agent M-TF is proposed, which represents a combination of dithiophosphate and 
thioncarbamate in certain proportions. This collector is selective and has a weak flotation response to 
iron sulfides. 
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Aerofloat 5–15 g/t of ore is used for copper flotation at Talnakh ore mill and Aerophine 3418 10–
20 g/t of ore—at Tominsk ore mill. The consumption of butyl xanthate and aerofloat at the 
Mikheevsky MPP is 5–80 and 5–40 g/t, respectively. Depending on the processing flow chart, the 
consumption of xanthate for copper flotation at the Uchaly and Gai MPP varies from 5 to 55 g/t. The 
consumption of xanthate in the copper flotation cycle of Sibay ore mill is 90–150 g/t. 

A few collecting agents including dithiophosphates, PAX (potassium amyl xanthate), fuel oil, 
SIPX (sodium isopropyl xanthate) and thioncarbamates are used abroad. PAX with fuel oil is used as 
a collecting agent at Higland Valley (Canada) and Bagdad (USA) ore mills, whereas PAX and 
thioncarbamate—at  El Salvador (Chile) ore mill. As the primary and secondary collectors, AP3894 
(Solvay) 6–8 g/t and Hostaflot Lib K (Sansil-Clariant) 3–4 g/t, respectively, are used at the Minera 
Candelaria ore mill in Chile. Three collectors will be used at the designed ore mill of the Josemaría 
deposit: PAX, Sascol 95 and Matcol TC-123. 

To increase the efficiency of porphyry copper ore flotation, it is proposed to use additional collectors 
from tertiary acetylenic alcohols DK-80 (2-methyl-3-butyne-2-ol) in combination with AeroMX5152 
(15–40% of allylether of amylxanthogenic acid) and VK-901V (dialkyldithiophosphate-
dialkylthioncarbamate) [8]. Additional flotation reagents based on tertiary acetylenic alcohols DK-80 
and DMIPEK interact with the surface of sulfide minerals effectively in combination with the main 
collectors containing divalent sulfur in the structure of the functional group. 

Xanthates which float well with platinum group metals (PGE) are widely used as the main sulfide 
collector for the flotation of sulfide platinum-copper-nickel ore. If free forms of platinoids are found, 
DP-4 reagent (organic sulfur-containing additive) is additionally used at Norilsk Mining and 
Metallurgical Plant. Under the guidance of Academician V.A. Chanturia, the researchers of IPKON 
RAS carried out work on the development of a new class of reagents—thermomorphic polymers 
forming a complex compound with platinum group metals, and also tested the DPF reagent to 
enhance the recovery of Cu, Ni, Pt and Pd and the quality of Cu-Ni concentrates [9–13]. The 
efficiency of using the compositions of phosphorus-containing collectors and xanthates in the 
flotation of platinum-copper-nickel ore from Monchegorsk District with an increased recovery of 
platinum, palladium and nickel by approximately 10% is shown and a comparison of the flotation 
regimes with collectors Aerophine 3416, butyl xanthate and depressants Depramine 347, liquid glass 
is made in [14, 15]. 

Table 1. Chemical analysis of ore sample 

Element Content, %, g/t Elements Content, %, g/t 
Nitotal  0.3900 P2O5   0.026 
Cutotal   0.1600 Se < 0.002 

Co   0.0120 Te < 0.002 
Zn   0.0062 As < 0.002 
Pb   0.0057 Bi < 0.001 

Fetotal   9.0600 Na2O     0.590 
SiO2 36.4000 K2O     0.250 
TiO2   0.2600 Stotal     0.690 
Al2O3   4.3900 Au     0.080 
MnO             0.1500 Ag     0.650 
CaO    3.2700 Pt     0.250 
MgO  27.5000 Pd     0.290 
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Table 2. Results of flotation experiments

Medium Product 

Alkaline 
(pH 9.8) 

Concentrate 1 + 2 
Concentrate 3 + 4 + 5 
Total concentrate 
Tailings 
Ore 

Acid  
(pH 5.5) 

Concentrate 1 + 2 
Concentrate 3 + 4 + 5 
Total concentrate 
Tailings 
Ore 

Fig. 3. Flow ch
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s in the acid and alkaline media, % 

Yield 
Content 

Cu Ni 
    9.93 0.960 2.42 
  20.50 0.180 0.32 
  30.43 0.440 1.00 
  69.57 0.070 0.12 
100.00 0.180 0.39 
  15.13 0.770 1.84 
  15.68 0.170 0.31 
  30.81 0.460 1.06 
  69.19 0.056 0.12 
100.00 0.180 0.41 

hart of experiments carried out in the alkaline medium. 

CE   Vol. 56   No. 6   2020 

Recovery 
Cu Ni 

  52.47   62.31 
  20.89   16.91 
  73.36   79.22 
  26.64   20.78 
100.00 100.00 
  63.88   67.92 
  14.78   11.83 
  78.66   79.75 
  21.34   20.25 
100.00 100.00 
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2. EXPERIMENTAL STUDY OF THE INFLUENCE OF PROCESSING FACTORS  
ON COPPER-NICKEL ORE FLOTATION 

The flotation study was carried out on copper-nickel ore to obtain bulk nickel-copper concentrate 
during flotation in the alkaline and acid media. 

The sample of the ore under study was dominated by amphibole, clinopyroxene, olivine, serpentine 
and chlorite, ore minerals included pentlandite, pyrrhotite, chalcopyrite, valleriite, and magnetite. The 
average content of copper in the sample was 0.16%, nickel—0.39%. Table 1 shows the data of 
chemical analysis of copper-nickel ore under study. 

The mineral carrier of nickel in the ore is pentlandite, nickel is also present in olivine, serpentine, 
and chlorite. Copper minerals are mainly concentrated in chalcopyrite, valleriite, cubanite, covellite 
and pyrrhotite (Fig. 1). 

The flow chart of carrying out experiments in an acid medium is shown in Fig. 2, the experimental 
diagram for an alkaline medium is similar. The acid medium was created by adding sulfuric acid to 
maintain the pH 5.5, alkaline medium—by adding soda to pH 9.8. 

Table 3. Experimental results of rougher concentrate flotation in an alkaline medium and scavenging in the acid 
and alkaline media, % 

Medium Product Yield 
Content Recovery 

Cu Ni Cu Ni 

Scavenging 
in alkaline 
medium 

Concentrate  
of 2nd scavenging   1.76 4.090 10.08 42.55   53.42 

Tailings of  
2nd scavenging   3.25 0.240   0.76     4.61     7.45 

Concentrate  
of 1st scavenging   5.01 1.590   4.03   47.16   60.87 

Tailings of  
1st scavenging   15.02 0.160   0.25   14.23   11.32 

Feed of  
1st scavenging   20.03 0.520   1.20   61.39   72.19 

Concentrate 5     5.28 0.160   0.19     5.00     3.03 
Total concentrate 
of rougher flotation   25.31 0.440   0.99   66.39   75.22 

Tailings 1   74.69 0.076   0.11   33.61   24.78 
Ore 100.00 0.170   0.33 100.00 100.00 

Scavenging 
in acid 
medium 

Concentrate  
of 2nd scavenging   1.17 4.950   8.26   34.56   30.35 

Tailings of  
2nd scavenging   5.14 0.370   1.76   11.32   28.34 

Concentrate  
of 1st scavenging   6.31 1.220   2.97   45.88   58.69 

Tailings of  
1st scavenging 13.57 0.170   0.34   13.72   14.44 

Feed of  
1st scavenging 19.88 0.500   1.17   59.60   73.13 

Concentrate 5   5.69 0.160   0.20     5.41     3.56 
Total concentrate 
of rougher flotation 25.57 0.430   0.96   65.01   76.69 

Tailings 1 74.43 0.079   0.10   34.99   23.31 
Ore 100.00 0.170   0.32 100.00 100.00 
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When copper-nickel ore was floated in an acid medium, the copper recovery to the total 
concentrate increased by 5.3% as compared to an alkaline medium (Table 2). The recovery and 
content of nickel in the total concentrate increased insufficiently. An experiment was carried out with 
production of a rougher concentrate in an alkaline medium and subsequent scavenging in an acid 
medium using the flow chart in Fig. 3. 

According to the data of Table 3, scavenging in an acid medium does not affect an increase in the 
recovery and content of copper and nickel as compared to the experiment in an alkaline medium. 

When copper-nickel ore is floated in an alkaline medium, about 60% of copper and more than 70% 
of nickel are recovered to the rougher concentrate. At alkaline pH, 8% more copper and 23% more 
nickel are recovered to scavenging concentrate than in acid scavenging, with a content of 4.09% of 
copper and 10.08% of nickel. 

CONCLUSIONS 
The information on the types of collecting agents used at Russian and foreign ore mills is presented. 

It is shown that combined collecting agents are widely used abroad. At Russian ore mills, compositions 
of sulfhydryl collectors with additional reagents are used mainly in flotation of complex ore with a low 
content of valuable components. The range of flotation reagents used in Russian ore mills and abroad 
differs due to different manufacturers. 

Studies on copper-nickel ore flotation were carried out, according to which the rougher flotation  in 
an acid medium (pH 5.5) allows increasing copper recovery to the rougher concentrate by 5.3% at a 
content of 0.46% and nickel recovery by 0.5% at a content of 1.06% as compared to alkaline flotation 
(pH 9.8). The opposite tendency was observed during scavenging: the copper recovery was 7.99% 
higher at a content of 4.09%, and nickel recovery was 23% higher at a content of 10.08% in the 
concentrate of 2nd scavenging during alkaline flotation. 

The expediency of carrying out flotation in an alkaline medium using soda as a medium regulator 
is shown. In terms of potential health effects, soda is a moderately hazardous substance, it is 
transported and stored in solid state and does not cause additional operational problems. 
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