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Ion flotation is a method for metal ions recovery from aqueous
solutions. In this method, the metal ions are recovered in floating
froth. In hydrometallurgical methods for extracting copper from leach
solution, firstly, solution is recovered by using solvent extraction
method (SX), then copper ions are recovered by using the
Electrowining method. SX is the most common method; nevertheless,
there is limitation in input minimum concentration. As a result, diluted
solution cannot be concentrated with this method. In this study, the
use of ion flotation method for copper recovery from a diluted leach
solution from a copper mine in Qom was investigated. The
experiments were carried out on the mine diluted solution using
Denver mechanical cell types, in PH value of 6, 9 and 12 when the
copper ion concentration was 10 ppm. Ethanol and methyl iso-butyl
carbonyl (MIBC) were used as frothers. Hexa decyl trimethyl
ammonium bromide (HTAB) and sodium dodesyl sulfate (SDS) were
used as collectors. The efficiency of this method was evaluated by
measuring copper recovery. Best results were obtained at the pH
value of 12 by using HTAB as collector with amount of 100 ppm and
0.1% (V/V) MIBC as frother. Under these circumstances, copper
recovery was recorded to be 82.3%.
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EXTENDED ABSTRACT

Introduction

In hydrometallurgical method for extracting copper, the copper sample, after being
leached in sulfuric acid, is recoverable by electrowining method in ultimate solution. The
leach solution mustbe concentrated, purified, and cured before entering electrowining cells.
The most common method for concentrating and processing copper is solvent extraction
technique (SX). Solvent extraction method is efficient and popular but there is limitation in
input minimum concentration (atleast 2 grams per liter). As a result, more diluted solutions
with this amount are not capable to be condensed in this way. lon flotation can act as a pre-
concentration for copper diluted solutions and then enter the SX-EW process to recover the
copper. In this study, the use of ion flotation technique for separating and recovering copper
from a leach diluted solution was investigated.

Methodology

In all experiments, the Denver flotation cell tanks were used. Froth collection was carried
out manually using a rubber blade. Copper concentration measurement was carried out by
using atomic absorption spectroscopy (AAS). Dodecyl sodium sulfate (SDS) with
C12H25Na04S formula and molecular weight of 288 g/mol, and Hexadecyl trimethyl
ammonium bromide (HTAB) with C12H42BrN formula and molecular weight of 364.5 g/mol
were used as collectors; Methyl iso-butyl carbonyl (MIBC) and ethanol were used as flotation
frother. Adjusting pH solution was carried out by sodium hydroxide (NaOH) and sulfuric acid
(H2S04). All the material used was procured from Merck. The experiments were carried out
with the diluted solution with Cu concentration of 10 ppm. Data from experiments performed
at pH values of 6, 9 and 12 are given in Tables 3, 4 and 5, respectively.

Table 1. Elements in the leach solution of copper mine

Element Concentration (ppm)
Ag 0.207
Cd 1.078
Co 7.606
Cu 8975
Fe 14743.75
Mg 4264.3

Table 2. Elements in the leach solution of copper mine after dilution

Element Concentration (ppm)
Ag 0.1>
Cd 0.1>
Co 0.1>
Cu 10
Fe 16.42
Mg 4.75
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Figure 1. The form of copper ions in different pH values

Results and discussion

The most important factor determining the form of metal (amount and type of ion) in
solution is pH of solution. According to Figure 1, around pH =9, the dominant ion forms of
copper were CuOH+ and Cu2 +. Due to their positive surface charge, in this area, the anionic
collector (negatively charged) for flotation tests can be used. In the range of pH =6-12,
copper (II) hydroxide was formed and above pH 10, dominant species were Cu (OH)3- and
Cu (OH)42 - and due to their negative surface charge, a cationic collector for their flotation
tests can be used. The experiments were carried out using a diluted solution with Cu
concentration of 10 ppm, collector value of 100 mg/l and froth value of 0.1% V/V at three
value of pH 6, 9 and 12 with a suitable collector as previously mentioned. In all experiments,
the pH of the solution was adjusted by sulfuric acid and sodium hydroxide. Data from
experiments performed at pH 6,9 and 12, are given in Tables 3, 4 and 5, respectively.

Table 3. Recovery of copper ions in froth, pH = 6, collector =SDS
Time (min) Froth (ml) Cu(ppm) Recovery (%)

20 427 7.797 41.16

Table 4. Recovery of copper ions in froth, pH = 9, collector =SDS.

Time (min) Froth (ml) Cu(ppm) Recovery (%)

20 475 8.555 44.26

Table 5. Recovery of copper ions in froth, pH = 12, collector =HTAB.

Time (min) Froth(ml) Cu(ppm) Recovery (%)

20 525 15.800 82.30
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Figure 4. Recovery of copper at pH 12 (with
respect to first-order kinetics)

Figure 5. Comparison of experimental selectivity
coefficients dehydration model

Most of the solutions offered in the hydrometallurgical process consist of more than one
metal ion. As aresult, a physical understanding of selectivity reason of an ion over other ions
would be very useful in choosing the appropriate collector and also creating favourable
conditions in ion flotation. As can be observed in Figure 5, the copper ion is more selective
than magnesium ions. Consequently, since in copper mine leach solution sample, only
copper and magnesium ions are present and the concentration of other ions is negligible
(Table 2), there is a selective recovery of copper ions over the magnesium ion.

Conclusion

By adjusting the pH value to 4.5, the iron was formed in hydroxide, precipitated in
solution and removed from solution by filtering. Based on experiments conducted, the best
recovery belonged to pH 12, where the collector HTAB dose was 100 mg/1 and frother MIBC
had the amount of 0.1% v/v. Under this condition, the recovery of copper was obtained at
82.3%. With the success of these experiments, it seems that ion flotation technique can be
used as a pre concentration method for diluted leaching solution due to low amount of
copper ion concentration where there is no possibility of using the SX technique.
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