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Bird’s-eye view
• Australia is world’s 5th leading copper producer
• ~$10B of Australian economy
• 13% of world copper reserves
• Global move toward low grade copper sulphides

− Acid mine drainage

− Passivation

− Move toward in situ recovery
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Chalcopyrite leaching strategies
Technology Location % Recovery Timescale Challenges

Bioleach Globally 60-70% Months -
Years

Sulfuric acid waste, passivation, 
nutrient and O2 supply

Glycine Mt Gunson, 
South Australia 90% Days -

Weeks
Cyanide, ammonia and nitrate 

waste, grinding to 10µm

Oxidative 
leach

Sable Zinc, 
Zambia 99% Hours -

Days
Sulfuric acid waste, O2 supply, 

grinding to 10-12µm
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Scientific background

SMI | SCMB

Microbe



• Bioleach and AMD microbes thrive in 
low pH environments

• Generate energy by converting Fe(II) to 
Fe(III), then transferring electrons to O2

• Fe(III) drives Cu leaching from sulfide 
ores

• Leaching produces more Fe(II), which 
feeds the cycle

Scientific background

Microbe
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Scientific background

Microbe

SMI | SCMB



• Fe-oxidising enzyme(s) can be isolated from 
microbe

• Paired with an artificial terminal electron acceptor 
to drive the same process in more neutral pH

• Incorporate sulfur-oxidising enzymes to break up 
polysulfide and passivation layers

Scientific background
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Putting it all together
1. Enzyme discovery

2. Leaching conditions

3. Enzyme integration

4. Process development
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Leaching conditions
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• Leaching at pH 4 minimizes sulfuric acid generation 
while keeping Fe soluble

• Increasing Fe concentration increases Cu leach rate and 
extent

• Fe-dependent leach rate can be represented as:

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑡𝑡𝑚𝑚 × 𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡𝐶𝐶 × 𝐶𝐶𝐹𝐹𝐶𝐶0.4
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Enzyme integration
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Enzyme integration
• Preliminary results show 1 g of enzyme can turn 

over 80 g Fe per hour

• Enzymatic Fe-oxidation can be represented as:
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑚𝑚𝑡𝑡𝑚𝑚 × 𝐶𝐶𝐹𝐹𝐶𝐶
𝐾𝐾𝐹𝐹𝐶𝐶 + 𝐶𝐶𝐹𝐹𝐶𝐶



Process development Technology % Recovery Timescale

Bioleach 60-70% Months -
Years

Glycine 90% Days -
Weeks

Oxidative leach 99% Hours -
Days

*Enzyme leach >95% Days -
Weeks

SMI | SCMB

0 2 4 6 8 10
0

20

40

60

80

100

0

1×105

2×105

3×105

4×105

Free Enzyme Leaching Model

Time (d)

%
 C

u 
Le

ac
he

d

C
urrent G

eneration
(A

/tonne
chalcopyrite )

Cu Leached

Current Generation

*Theoretical production



Ongoing challenges
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1. Enzyme stability

2. Enzyme turnover

3. Passivation

4. Energy recovery

5. In situ integration
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Project funding
• SMI Complex Orebodies Strategic Grant 
• In-kind contributions from SCMB, SEES, 

and AWMC
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