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Abstract. In the north of Chile, due to water shortages, the depletion of oxide ores and the 
abundance of chalcopyrite ore, mining industry is searching for sustainable hydrometallurgy 
processes that can use alternative water resources. The leaching process must enhance the 
dissolution of copper sulphide ore that are refractory to conventional leaching. This paper 
reports a study on the effect of addition of chloride ion using seawater and discard brine in the 
agglomeration stage of a secondary copper sulphide ore. The effect of curing time on the same 
ore also is reported. The leaching tests have been carried out in column irrigated with raffinate 
under ambient conditions. A size distribution with a P80 of 17 mm is used. A maximum of 
72% of copper extraction is obtained using discard brine and 68% using seawater. The use of 
discard brine and seawater are favorable in all the tests performed. Through an Analysis of 
Variance (ANOVA), it is determined that the curing time has the highest contribution (92.37%) 
on the percentage of copper extraction. 

1. Introduction 

Chile is the largest copper producer in the world [1], exporting 5,552 tons of copper in 2016 [2]. 
Antofagasta is the main copper producer region in Chile and Chuquicamata and Escondida Mine are 
located in this region. Because of that Antofagasta Region have supported the economic development 
of the region to the point where the per capita GDP is the highest in the country [3]. However, the 
Antofagasta Region is located in the Atacama Desert, the most arid in the world. Antofagasta has the 
lowest availability of fresh water in Chile [4]. To sustain copper production over time and supply the 
region's water shortages, copper producing companies have incorporated seawater into their processes 
(e.g. Michilla, Esperanza, Algorta Norte and Las Luces) [5]. The advantage of seawater is that it has 
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20 g/L of chloride ion that, according to research data, can enhance the dissolution of copper sulphide 
ores [6]. 

1.1. Leaching of copper sulphide ores 

Besides to facing the water shortage, some companies go through the depletion of oxidized copper 
minerals (leachable minerals) facing sulphide deposits that are refractory to conventional leaching [7]. 
Copper sulphide ores are classified in two zones, secondary and primary. Covellite and chalcocite 
predominate in the secondary sulphide zone, the latter being the most common [8]. With respect to the 
primary sulphide zone, the most abundant is the chalcopyrite [9]. Traditionally, the sulfurized zones 
are processed through concentration by flotation and subsequent treatments at high temperatures. 
However, this alternative is not economically viable when the copper grade of the deposit fails to 
cover comminution costs. This becomes a problem when companies already have hydrometallurgical 
plants and the production of the company is limited to mineralogy. Given this problem is that 
companies see the continuity of operations in the leaching of copper sulphide ores. 

1.2. Pretreatment and chloride leaching 

Several leaching media have been studied for the dissolution of copper sulphide ores, of these, the 
chloride media turns out to be the most efficient due to the reactivity of the chloride ion with sulphide 
ores [6]. The reactivity of the chloride ion has been declared as beneficial with respect to the 
dissolution of copper from sulphide ores, since, under certain conditions of pH and solution potential, 
it is capable of dissolving and reversing the passivating layer that inhibits dissolution [10-11]. Recent 
research has qualified curing time as a favorable variable in the extraction of copper from sulphide 
ores [12]. The curing time is a treatment prior to the leaching stage in which the reactivity of the 
sample with the solution is benefited. According to Dhawan [13], curing time generates a 
homogeneous distribution of the acid in the mineral bed, increases the kinetics of copper dissolution as 
well as benefiting the inhibition of aluminum-silicate minerals. However, scarce research has been 
performed on curing period, which generates limited theoretical background [14]. Thus, this work 
evaluates the effect of curing time in the extraction of copper from secondary sulphide ores using 
seawater and discard brine from a desalination company. Leaching experiments were performed in 
columns, at room temperature and the variables have been analyzed through ANOVA. 

2. Experimental  

2.1. Ore sample  

A secondary sulphide copper ore is used to develop leaching tests. The chemical analysis of the ore 
indicates a copper grade of 1.19% and an iron presence of 5%. According to the mineralogical analysis 
presented in table 1, it can easily be seen that the copper present in the system is mainly contributed by 
secondary sulphide ore such as chalcocite and covellite, both contributions exceed 80% of the total 
copper in the system. The size distribution, corresponding to the ore, can be seen in figure 1. It is 
obtained a P80 of 17 mm. 

Table 1. Mineralogical composition of the ore sample as determined by QEMSCAN. 

  Amount (wt %) Cu (wt %)  Cu contribution (wt %) 
Chalcocite 1.10 0.88 74.14 

Chalcopyrite 0.27 0.09 7.76 

Covellite 0.11 0.07 6.03 

Bornite 0.06 0.04 3.45 

Atacamite 0.07 0.04 3.45 

Others Cu minerals - 0.06 5.17 

Total   1.19 100 
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Figure 1. Particle size distribution of the ore. 
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Figure

2.5. ANOVA analysis  
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copper extraction. 
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igure 2. Schematic of column leaching system. 
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Table 2. Experimental design used. 
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Figure 4. Effect of the cu
ore in a solution of 6 

3 curing days (♦), 10 cu
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Figure 6. Variation 
ore in a solution of 6 

3 curing days (♦), 10 cu

3.2. ANOVA analysis  

The results of the ANOVA perfor
the highest contribution on the per
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(7.05%). Furthermore, 99.42% of
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Table 4. Experimental results and predictions of the model. 

A B Empirical value (% Cu) Prediction (% Cu) Error 
1 

1 

54.49 55.08 -0.59 
2 59.93 59.46 0.48 
3 62.29 62.11 0.19 
4 68.63 68.71 -0.08 
1 

2 
 

58.39 57.81 0.59 
2 61.71 62.19 -0.48 
3 64.65 64.84 -0.19 
4 71.51 71.44 0.08 

 

 

Figure 7. Effect of parameter A (curing time level)  
on the percentage of Cu extraction. 

Figure 8 shows that, at least for these data, a slightly higher yield is obtained when using discard 
brine (level 2), corresponding to 32 g / L of chloride. It can be seen that the effect is much smaller than 
that produced by the curing time (note that both graphs are on the same scale on the ordinate axis). 

Finally, Tukey's post-hoc test [18] based on the value of Honestly Significant Difference (HSD) is 
reported that there is a significant difference (at a 0.01 level of significance) between different 
configurations. In particular, the configuration (4.1) and configurations (1.1), (1.2) and (1.3) show 
statistically significant differences with adjusted p-values of 0.0007, 0.0022 and 0.0058 respectively, 
where the difference is in favor of the configuration (4.1). In addition, a statistically significant 
difference is reported even between the configuration (2.1) and (1.1) with an adjusted p-value of 
0.0090, reporting an increase in the percentage of copper extraction. These results correspond to the 
previous graphic analysis and reinforce the main conclusion of this analysis: the curing time has a 
statistically significant influence on the percentage of copper extraction. 
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Figure 8. Effect of parameter B (chloride concentration level) o 
n the percentage of Cu extraction.  

4. Conclusions  

• It has been demonstrated that ore agglomerated with acid and chloride ions and cured for long 
periods of time enhances the dissolution rate of a secondary copper sulphide ore. 72 and 68% 
of extraction is achieved when the ore is agglomerated and curing for 50 days using discard 
brine and seawater as the type of water, respectively. In the same medias, 58 and 52% of 
extraction is obtained with 3 days of curing. 

• Despite the difference of the chloride content in each chloride solution type used in the 
column leach tests at different curing times, similar dissolution was obtained. Thus, it could be 
concluded that either type of chloride solution in the raffinate for agglomeration and irrigation 
can be used. Furthermore, the copper sulphide ore dissolution is enhanced at potential between 
600 and 660 mV (SHE). 

• According to the Analysis of Variance, curing time is the variable that has the greatest 
contribution in copper extraction (92.37%) versus chloride concentration (7.05%), under the 
conditions studied. 
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