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Copper leaching in low-grade ore: A
reactive-transport modelling study revealing
controls on local reactions on mineral surfaces
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The global copper demand is rapidly increasing with the electrification of the energy sector, requiring new
ore deposit discoveries and more efficient copper recovery. Copper leaching occurs in piles of low-grade ore
aggregate also known as heaps, which typically contain 2-5% copper mostly associated with the mineral chal-
copyrite (CuFeS2). The reagent for the dissolution of chalcopyrite is sulfuric acid with variable and complex
ionic composition. Predicting and optimising the rate of chalcopyrite dissolution in heaps is complex because
of a number of conditions including the following:
- Two competing reactions lead to the dissolution of chalcopyrite
(Kimball et al., 2010): proton-promoted dissolution and ferric
iron-promoted dissolution, where the latter requires iron oxidation
in solution to maintain high ferric iron concentrations.
- Chalcopyrite is mostly surrounded by microporous gangue minerals such as quartz and not directly exposed
to the reagent.
- Chalcopyrite is mostly surrounded by microporous gangue minerals such as quartz and not directly exposed
to the reagent.
- Secondary minerals, mainly jarosite ((K,Na)Fe3(SO4)2(OH)6), can form on the
chalcopyrite surface leading to surface passivation.

In order to better understand the controls on copper dissolution at the surface of chalcopyrite, we developed a
combined pore- and continuum-scale reactive-transport model for a single grain of chalcopyrite surrounded
by gangue mineral (quartz). The model was developed in iCP, where COMSOL is coupled to PhreeqC (Jyoti
and Haese, 2021). Micro-porosity was assigned to the gangue mineral layer, while the chalcopyrite surface
layer was resolved at pore-scale allowing us to determine local reaction rates of chalcopyrite dissolution and
potential jarosite precipitation and associated changes in the solid phase at the mineral surface. Ferrous iron
oxidation by oxygen in the aqueous phase was enabled. All reactions were kinetically controlled. The inflow
composition, flow velocity, porosity of the gangue mineral and the thickness of the gangue mineral layer
were varied in simulations to constrain the main controls on reactions at the mineral surface. We wanted to
understand which dissolution reactionmechanism dominates under given conditions, whether the dissolution
reaction is rate- or transport-limited and what conditions lead to surface passivation. The dissolution was
simulated using injection fluids with a pH 1 and 2 and with Fe3+(aq) concentrations between 0.1M and 0.01M.
To understand the role of physical effects, the radius ratio of the chalcopyrite to quartz grains were varied
between 1:2 to 1:4 and the flow velocity varied between 1.2e-6 and 1.2e-4 m s-1.

Initial results indicate an increase in copper recovery with increasing ferric iron concentration and decreasing
pH. The dominant chalcopyrite dissolution mechanism is the ferric iron promoted reaction, except for a case
with a pH of 1 and a very low (0.01 M) Fe3+(aq) concentration where proton promoted dissolution dominates.
The copper recovery increased by about 50% for a radius ratio of 1:4 relative to a 1:2 ratio. Finally, the highest
copper recovery was attained with the slowest injection fluid velocity of 1.2e-6 m s-1, with concentrations
measuring two orders of magnitude higher than with the fastest fluid velocity of 1.2e-4 m s-1.
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