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A typical heap leach operation



Heap leach process 
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What is going on inside a heap
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What is going on inside a heap



6

Solution flow downwards

Heat generation
through reaction

Gas (humid air) 
transport up

Surface evaporation and radiation

The heap scale in heaps
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The agglomerate scale in heaps
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Key chemistry in copper heaps

Acid leaching of malachite
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Ferric leaching of covellite
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Chloride facilitate leaching of chalcopyrite
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Ferrous re-oxidation (biologically accelerated)

τ&Å / τ( ᴼ τ&Å ς(/

Cuprous re-oxidation (rapid in chloride solution)
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Sulfuroxidation (chemically or biologically facilitated)
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Reaction network at particle surface 
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Fe(OH)3 precipitation
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Is heap leaching a competitive technology?

ÅSlow process, residence time of months to years

ÅPoorer extraction (70-80%)

ÅLarge physical footprint

ÅLong-term environmental burden uncertain

BUT

ÅLow energy requirements (crushing instead of milling)

ÅSimple, low-cost technology, can operate at remote sites

ÅSpent heaps comparable to tailings dams from minerals processing

Heap Leaching vs. Conventional Processing
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Heap Leaching vs. Conventional Processing

ROM ore

Primary crushing

Heap leaching
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In heaps, inventory cost is directly linked to tons of ore under leach/ leach time

Heap Leaching vs. Conventional Processing
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Why is heap leaching often so slow?

ÅSlow reaction kinetics at low temperatures 

ÅUnliberated minerals in large particles 

ÅLow aeration rates and poor gas-liquid mass transfer

ÅSolution channelling and stagnant zones

Åre-adsorption of Cu onto precipitated Fe phases

Limitations of Heap Leaching
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Mineral extraction from large particles

ÅX-ray tomography shows shrinking shell and unreacted core

Limitations of Heap Leaching
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Gas-liquid mass transfer

Årate limited by low O 2 solubility and interfacial area

ÅO2 solubility limited by temperature, solution salinity and air

pressure
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Solution Flow through Heaps 

Drip point Drip point Drip pointa) b) c)
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Lag due to bio-colonisation

Metal attenuation due to 

sorption on surface precipitate

Copper attenuation on Fe precipitates



ÅProgressive ócementationô of heap ore by Fe-precipitates

Fresh Ore

After 1 month

of leaching

After 3 months 

of leaching

Fe precipitation in column bioleaching 


