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Abstract

Sulphuric acid leaching of the ore sample from the MCM (Mauritanian Copper Mine) was carried out. The
achieved leaching degree was < 38%. To improve copper leachability from the ore, TG (thermogravimetric),
DSC (differential scanning calorimetry, and DTA (analyses differential thermal analysis) were conducted
on the ore, and XRD (X-ray diffraction) analysis was performed on the leach residue. Thermal analysis has
shown that goethite quickly transforms to hematite at = 300 °C. The XRD pattern reveals the presence of
four main minerals in the leach residue of the ore sample. Among them, the goethite peaks are the most
intense. It seems as if the decomposition of goethite (thermally or chemically) could be a cornerstone in
increasing the copper leaching degree. Both pathways were checked, and in both cases, a significant
increase in the leaching degree was achieved.
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1. INTRODUCTION

There are cases in hydrometallurgical literature where some targeted metals cannot be leached
from ore to a satisfactory extent, because they are strongly bound to other minerals [1-4]. To
increase the leachability, such an ore must be pretreated by introducing either mechanical
(additional milling), thermal (calcination), or chemical energy (sulphation) into the ore before
leaching.

So happened with the ore, which is the subject of this study. Chemical analysis of the ore,
considered in this study, revealed 1.3% Cu, 10% Si0O., smaller amounts of Mg and Ca (<2%) and
a very high concentration of iron minerals (Fe >50%) [1]. The most common among them is
goethite. The other heavy metals are present in ppm concentration. Besides, the ore contains 1.3
g/t of Au, as well. Mineralogical analysis of the ore [2] revealed copper oxides and carbonates
(sulphides in traces), and those were mostly bound to goethite. In the preliminary experiments, the
ore sample was conventionally leached with sulfuric acid solutions. By them, a very modest copper
leaching degree of 38 % was achieved. Almost two-thirds of the total copper content remains
untouched in the leach residue.

Decomposition of goethite could be a cornerstone in increasing the copper leaching degree. Two
pathways can be applied to the leach residue, produced in the classical acid leaching, to recover

the remaining copper captured in it:
oMo
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- thermal degradation of the present goethite, or

- chemical decomposition of the leach residue with H2SO4 to convert the locked copper minerals
into corresponding sulphates, followed by washing them out with water [3, 4]. Aiming to get a
better copper leachability from the ore, TG, DSC and DTA analyses are carried out on the ore
sample, as well as XRD analysis of the leach residue.

2. EXPERIMENTAL

The sample of ore was leached with 0.5M H>SOs solution for half an hour, filtered; the solid
residue rinsed with distilled water, dried and stored in a desiccator (the residue in the further text),
to serve for further investigations, which consisted of thermal degradation of degradable minerals
(goethite) and chemical decomposition — sulphation of some minerals from the residue. For that
purpose, the dried residue was divided into two parts. The one for thermal degradation and the
other for XRD analysis.

A small amount of the leached residue (6 mg) was taken for thermal analysis. The analysis was
performed using a DSC-TGA SDT Q600 device (Oxford Instruments). Nitrogen was used as the
purging gas, and the flow rate was controlled at 100 mL min'. The weight of the leached residue
(= 6 mg) was heated at a heating rate of 10 °C/min in the temperature range of 20 to 500 °C.

XRD analysis was performed on both the residue and the sulphated sample after rinsing and
drying, using the Rigaku Mini Flex 600. Other used equipment is common laboratory equipment.

The sulphated sample was prepared by mixing the residue (20 g) with H2SO4 (25mL). The obtained
paste was heated at 90 °C for 30 minutes and rinsed with warm water for 1 h. In this way, the
achieved total copper leaching degree is 98 - 99%.

3. RESULTS

3.1 Thermal analysis

It was assumed that a significant increase in the leaching degree can be obtained by extracting the
copper intercalated in the goethite. To confirm this hypothesis, a TG-DTA analysis was performed
to get an insight into how goethite will behave under heating. The DTA curve recorded under the
above conditions is presented in Figure 1.

According to the TG-DTA analysis, heating the sample, a total weight loss of 5.94 % is detected.
One endothermic peak at 299.26 °C appeared during the heating process. This peak corresponds
to the goethite dehydration, followed by the formation of hematite according to the equation [5]:

2FeOOH — Fe; O3 + H2O

The process occurs quickly and is completed within 4.5 to 5 minutes. Based on the DSC analysis,
it was found that the heat energy of 11.27 J/g, spent at 299.67 °C. According on the literature data
[5], the authors assumed that the obtained heat energy could be attributed to the phase transition
from goethite to hematite [5].
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Figure 1. DTA curve of the residue

Thermal analysis defined the conditions for the phase transformation of goethite to hematite (>300
°C). Calcination of the residue at temperatures >300 °C converts goethite to hematite, allowing
the leaching agent to reach copper minerals trapped within the iron ones, to leach them out. That
would result in an overall increase in the degree of copper leaching. To confirm this, a portion of
the residue was calcined at 400 °C for 30 minutes. After cooling the calcined residue, it was leached
under the same conditions as before. The overall achieved leaching degree was 67%.

3.2  XRD analysis

XRD analysis (Figure 2) of the leach residue revealed strong peaks for goethite and hematite, as
well as quartz and clinochlore, and less abundant amphibole and spinel on the diffractogram. A
notable change in the diffractogram was observed after treating the leach residue with sulphuric
acid at an elevated temperature of 90°C, followed by washing it with water. Due to the sulphation
reactions, the intensity of the goethite peaks became slightly smaller, while those of clinochlore
decreased significantly. Peaks of hematite became more intense.
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Figure 2. XRD pattern of the residue (a) and after sulphation, rinsing and drying (b)

4. CONCLUSION

It is possible to achieve a high percentage of copper leaching by pretreating the residue from the
first stage of leaching, either through thermal or chemical destruction of goethite, which is a major
carrier of the locked-in copper.

Chemical decomposition of the leach residue by sulphation seems to be more efficient in terms of
the achieved leaching degree than the thermal destruction of goethite.
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