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Abstract 

Bioleaching of low-grade sulphide minerals is now an established process, with much interest in 

chalcopyrite. However  few  studies have been carried out on ores  containing silicates gangue 

materials. Chalcopyrite has been reported to be refractory at ambient temperature. Several factors 

that influence bioleaching kinetics are well documented such as particle size, pH, temperature, 

galvanic interaction and microbial activity. The purpose of this research was to investigated the 

effect of pH as well as pre-leaching on bioleaching of silicate rich and low-grade chalcopyrite using 

mixed thermophilic cultures, with a view to maximize copper solubilization rate in a column reactor 

operated at 70oC. The column was packed with low-grade chalcopyrite of the size range -20+15 

mm. Leaching was monitored at specific time intervals (3 days) by measuring the pH, the redox 

potential, the copper and iron concentration in the solution. The results of the investigation have 

shown that copper extracted was highest at pH 1.3 and at moderately low redox potential (410 – 
430 mV) using Ag/AgCl electrode, and that pre-leaching contributed insignificantly to the leaching 

rate. At pH 2.5, the copper extraction was low due to the jarosite. Furthermore, the analysis XRD of 

leached residues has indicated that the main passivating products were gypsum, jarosite, 

hexahydrite, and silica. However, although low pH resulted to high copper recovery, the results also 

showed that the pregnant leach solution (PLS) contained high concentrations of dissolved ions 

which might have inhibited the microbial activities. 

 

1. Introduction 
The challenges of rising operating costs, decreasing ores grades and high copper demand has led to 

the processing of low and complex grade sulphide mineral, including waste tailings by mining 

operators. Unlike many other copper ores, chalcopyrite, which represents roughly 70% of copper 

world reserves, is refractory to leach [1, 2]. The heap bioleaching of chalcopyrite still poses the 

challenge of slow kinetics, and relatively low recoveries under some conditions. 

The general reactions that describe chalcopyrite dissolution in an acid ferric medium can be found 

in several articles [3]. The actual mechanism is more complex. The reaction stoichiometry suggests 

that availability of ferric ion is critical for chalcopyrite leaching. However the leaching actually 

proceed at low concentration of ferric ion [4, 5], which is consistent with the redox potential of less 

than 450 mV [6, 7]. Efficient leaching of chalcopyrite is constrained by a passivation of layer on the 

mineral surface by ferric ion and/or jarosite precipitate, thus most research effort is directed towards 

the understanding of passivation of chalcopyrite with a view to improve the leach kinetics. 

Solution pH may be used to control jarosite/ferric ion precipitation as it can be retarded if solution 

pH of less than pH 1.6 can be maintained [8, 9]. Many studies have focused on the effects of pH on 

bioleaching [10, 11]. A lower pH is recommended for effective copper recovery for bioleaching of 

chalcopyrite, some authors also recommended acid pre-leaching to (1) remove gangue materials and 

(2) prepare the mineral surface for microbial colonization/attachments. Studies have shown that the 
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presence of silicate gangue minerals in bioleaching of copper sulphide minerals leads to high acid 

consumption during dissolution of gangue materials and the solution liquor gelled [1, 12, 13]. 

However a solution pH 2 was recommended as optimum based on compromise among parameters 

such as solubilization of the metals, the acid consumption, the concentration of soluble iron and the 

dissolution of gangue minerals [12]. 

In this present study the effects of different solution pH, pre-leaching of ore and interval of pH 

adjustment on bioleaching of low-grade chalcopyrite were investigated. The view was to provide an 

understanding of the effects of these parameters on copper recovery from this sulphide ore. 

2. Materials and Methods 

2.1 Ore 
The ore used for this experiment can be classified as acid consuming; it is a low-grade ore 

containing 0.31% copper, primarily as chalcopyrite, 2.30% iron and 0.24 % sulphur. XRD and XRF 

(Table 1) analysis (were used respectively for mineralogical and elementary composition of the ore. 

The XRD analysis shows that the ore contains: 29.37% Biotite, 2.66% Calcite, 2.68% Chalcopyrite, 

7.48% Chlorite, 6.57% Diopside, 3.19% Pickeringite, 9.25% Orthiclase, 13.97% Plagioclase, 0.44% 

Pyrite, 22.42% Quartz and 8.52% Smectite. 

 

2.2 Microorganisms 

 
A mixed culture of thermophiles containing Sulfolobus metallicus and Acidianus brierleyi were 

used for all the experiments. The microorganisms cultured in Norris medium. The pH of the culture 

medium was adjusted at 1.6 using AR 98%. Stocks were sub-cultured on a weekly and were 

adapted to chalcopyrite concentrate at ± 680C. 

2.3 Methods 
All experiments were conducted in column reactors (Figure 1A) of 10.4 cm internal diameter, 50 

cm height and 3 cm thickness. Each column was packed with 4 kg of ore and heated with 4 m of 

resistance 33 W/m and maintained at 700C, the column was aerated with compressed air at a flow 

rate of 3.6 mL/m2s. Condenser was put on top of each column to minimize evaporation. 

Furthermore, the columns were fed with leach solution at flow rate of 2 mL/m2s during pre- 

leaching, and 1.7 mL/m2s after inoculation. Copper dissolved and total irons dissolved were 

determined using Atomic Absorption Spectrometer. Ferrous was determined by titration using 

potassium dichromate. Fluoride in PLS was analyzed by Metrohm 761 Ion chromatograph using an 

ASSUP-7 column and conductivity detection. 

Three sets up of twin columns were used to study the influence of pH, pre-leaching and pH 

adjustment interval on ore size +20-15 mm at 700C. The influence of the pH was investigated at pH 

1.3 and pH 2.5; effects of pre-leaching and pH adjustment interval were performed at pH 1.3. Pre- 

leaching was performed during 36 days with sulphuric acid in order to reduce the effect of the 

gangue components on solution pH and microorganisms activities. When the effect of pH was 

investigated inoculation was done once. Then the PLS was inoculated with 20 mL of mixed cultures 

of thermophile for heap bioleaching within 44 days. Inoculation was performed in two steps. The 

first inoculation was done after 36 days of pre-leaching and the second inoculation 12 days later. 

When heap bioleaching was performed without pre-leaching, the first inoculation was performed 

the first day of heap bioleaching although the second inoculation was performed 12 days later. 

 

3. Results and discussions 
The influence of pH on copper solubilization was investigated at 700C and at two different pH 

values pH 1.3 and 2.5. The bioleaching process was divided into two steps. Firstly, the ore was pre- 

leached for 36 days, and then bioleached for the next 44 days. PLS solution pH adjustment was 
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made every three days. The Figure 2A shows that after sudden increase in pH, as the pHs more or 

less stabilized at pH 1.3 and 2.5, the redox potentials (measure with Ag/AgCl electrode) increased 

(after inoculation at day 36) to reach 423 mV and 502.7 respectively after which it decreased slight 

in both columns. This is indicative of bioleaching action of the microbes. Copper recovery was 

higher in the column maintained at pH 1.3 (Figure 2B). Although the lower pH column resulted to 

high copper recovery, the efficiency of copper extracted  was very low 13.47%. This can be 

explained as follows: the relatively lower potential 390mV observed in the column maintained at 

pH 1.3 is expected to facilitate chalcopyrite dissolution [14], the low recovery however may be due 

to jarosite precipitation. The analysis of the thick coating on the ore samples after 80days of 

bioleaching revealed that the precipitate contained 8.87% Hexahydrite, 29.75 % jarosite, 4.17 % 

quartz and 57.21 % gypsum, which prevent further oxidation and the availability of mineral surface 

to the leach solution, in addition is the high fluoride concentration from the gangue materials - a 

potential microbial inhibitor [13, 15, 16]. Further recovery is achievable if the experiments were 

run for more than the 80 days. On the other hand, the 1.06% copper extraction from the column 

maintained at 2.5 was as a result of jarosite precipitation [17, 18], facilitated by the relatively high 

potential (470mV). This is evident by the considerable lower total iron concentration (5.0 mg/ L) in 

the PLS compared to 2.0 g/L in the column maintained at 1.3. The significant amount of fluoride 

was also observed in pH 2.5 columns. Pre-leaching of chalcopyrite did not have a significant effect 

on the copper recovery (Figure 2C)[19]. While one column experiment was inoculated from the 

start, the other was inoculated after 36 days of pre-leaching. Although both columns were re- 

inoculated 12 days after the first inoculation, copper recovery in both columns were similar. The 

efficiency of copper extracted after 80 days was 34.61 and 33.34 % in the column without pre- 

leaching and column with pre-leaching respectively. 

The frequency of pH adjustment had a significant influence on copper dissolution (Figure 2D), 

2.218 g/L copper was extracted (corresponding to 31.62% efficiency) while 15.92% (1.123 g/L) 

was achieved for 3-day adjustment. The data shows that there is correlation between the total iron 

in solution and the copper extracted. A daily adjustment minimizes Fe loss to jarosite precipitation 

while 3-day adjustment promotes Fe loss and hence the observed reduced copper extraction at this 

interval of pH control. This experiments conforms that the ore is acid consuming ore with up to 

50kg/ton of ore [1]. 

4. Conclusion 
This study shows that even at low pH (close to pH 1.3) and low redox potential (< 420mV), jarosite 

precipitation was observed. Precipitation of gypsum, jarosite, hexahydrate, and silica may prevent 

the contact between the ore and the leach solution but did not stop completely copper solubilization. 

Solution pH is an important parameter in chalcopyrite bioleaching; higher copper recovery was 

obtained at pH 1.3 compared to pH 2.5, a daily PLS pH adjustment maybe necessary to keep the 

ferric ion in solutions otherwise total iron may be significantly depleted due to jarosite precipitation. 

Although pre-leaching may be seen to minimize the influence of gangue materials on bioleaching 

progress, the study shows that this practice contributes insignificantly to the overall recovery of 

copper from chalcopyrite bioleaching. 
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Table 1: Elemental composition of the low-grade chalcopyrite 

ore used in this study 

  
 

Figure 1 (A) Experimental rig, (B) Photographs of 

ore particles before and after bioleaching for 80 

days, ore particles covered with biofilm of 

precipitates., 

 

 
 

 

 

 

 

Figure 2 (A) Redox potential and PLS pH versus period of bioleaching, (B) Concentration of metals and 

fluoride extracted versus bioleaching period, (C) Effect of pre-leaching on metals and fluoride concentration 

during bioleaching and (D) Effect of PLS pH adjustment frequency on metals and fluoride concentration 

during bioleaching. All experiments were terminated after 80 days of bioleaching. 
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