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(57) Abstract: Microbial-assisted heap leaching of fragments or agglomerates of fragments of copper- containing sulfidic ores, such as
chalcopyrite ores, and copper-containing sulfidic waste materials is disclosed. A heap leaching method includes controlling the sulfate
concentration in a leach liquor. When heap leaching includes using agglomerates, a method of forming agglomerates includes adding
the feed materials at, or close to, the inlet end, typically no more than 40%, typically no more than 30%, more typically no more than
20%, of the length from the inlet end of the agglomeration unit.
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Microbial-assisted Heap Leaching

Technical Field

The present invention relates to microbial-assisted heap leaching of a base
metal, such as copper or nickel or zinc or cobalt, from fragments of a base metal
sulfide-containing sulfidic material, where the term “material” includes, for example,
ores and waste materials such as tailings.

The term “ore” is understood herein to mean natural rock or sediment that
contains one or more valuable metals that can be mined, reclaimed, treated and sold at a
profit.

The present invention relates particularly, although not exclusively, to
microbial-assisted heap leaching of fragments of copper-containing sulfidic ores, such
as sulfidic ores that contain copper minerals such as chalcopyrite (CuFeS:), enargite
(CusAsSs), tetrahedrite (Cu,Fe,Zn,Ag12SbaS13), tennantite (Cui2As4S13), bornite
(CusFeSa), chalcocite (Cuz2S) and covellite (CuS) or any combination thereof, or other
copper containing sulfide minerals and noting that the fragments may be fragments of
(a) run-of-mine (“ROM”) ore or (b) ROM ore that has been subjected to intermediate
processing, as the terms “ROM ore” and “intermediate processing” are understood
herein.

The present invention also relates particularly, although not exclusively, to
microbial-assisted heap leaching agglomerates of fragments of copper-containing
sulfidic ores, such as those described in the preceding paragraph, noting that the
fragments may be fragments of (a) ROM ore or (b) ROM ore that has been subjected to
intermediate processing.

The present invention also relates particularly, although not exclusively, to
microbial-assisted heap leaching of fragments of copper-containing sulfidic waste
material, such as tailings, containing the above-mentioned minerals, noting that the
fragments may be fragments of (a) ROM waste materials or (b) ROM waste materials
that have been subjected to intermediate processing.

The present invention also relates particularly, although not exclusively, to the
construction of a heap (and a constructed heap) that is configured to optimise microbial

activity.
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Background Art

In conventional heap leaching of copper-containing sulfidic ores (including
chalcopyrite ores), ore is stacked in heaps, aerated through direct injection of air via
aeration pipes extending into the heap and/or by natural convection through exposed
areas of the heap, and irrigated with an acid solution for extraction of copper into
solution. The leaching process requires an acid and an oxidant to dissolve copper into
solution. The copper is subsequently recovered from the acidic solution by a range of
recovery options including for example solvent extraction and electrowinning
(SX/EW), cementation onto more active metals such as iron, hydrogen reduction, and
direct electrowinning. The acid solution is regenerated and recycled through the heap
to leach more copper from the ore in the heap. The ore in the heap may comprise
agglomerates of fragments of ore. Leaching may be assisted by the addition of ferrous
and sulfur oxidizing microorganisms.

Generally, heap leaching (which is understood herein to include dump leaching)
provides lower metal recoveries than other metallurgical process options for recovering
copper from copper-containing ores, such as milling and flotation that produces copper-
containing concentrates that are then smelted to produce copper metal.

Consequently, heap leaching tends to be reserved for lower grade ore types that
have at least a proportion of readily recoverable copper, but where crushing/milling
costs per unit of copper (or copper equivalent — i.e., when taking into account by-
product credits from, for example, gold and silver) are too high to support a
concentrator approach, or where mineral liberation and other characteristics (e.g.,
arsenic content) will not support production of directly useable or saleable concentrates.

Standard best industry practice is to use agglomerates of mined and thereafter
comminuted, for example crushed, ore fragments in heaps. Typically, the mined ore is
processed through multiple crushing steps, such as primary and secondary crushing
steps, and in some instances tertiary and other crushing steps, and the crushed ore
fragments are agglomerated in an agglomeration step, typically with the use of an acid.

The following description focuses on chalcopyrite ores.
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The term “chalcopyrite ores” is understood herein to mean ores that contain
chalcopyrite. The ores may also contain other copper-containing minerals. The ores
may also contain pyrite.

The description is equally applicable to other copper-containing minerals in ores
or waste materials, such as those mentioned under the heading “Technical Field” and is
not confined to chalcopyrite ores.

It is known that it is difficult to leach more than 20-40 wt.% of the total copper
from chalcopyrite by heap leaching.

The low copper recovery is often thought to be associated with the formation of
a passive film on the surface of chalcopyrite in chalcopyrite ores.

The applicant has carried out extensive research and development work into
leaching chalcopyrite ores (and other copper-containing sulfidic ores) and has made a
series of inventions, including the inventions described and claimed in International
applications PCT/AU2016/051024, PCT/AU2018/050316, PCT/AU2019/050383,
PCT/US2021/043869, PCT/AU2008/000928 and PCT/US2021/43899 in the name of
the applicant.

The disclosures in the International applications are incorporated herein by
cross-reference.

The disclosure herein is concerned with addressing at least some of the technical
issues identified in the research and development work.

The above description is not to be taken as an admission of the common general

knowledge in Australia or elsewhere.

Summary of the Disclosure

Inventions made in the research and development work

The applicant has identified a series of further inventions in the above-
mentioned research and development work.

The inventions relate generally to microbial-assisted heap leaching of a base
metal sulfide-containing sulfidic material, noting that copper is a base metal of

particular, although not the only, interest to the applicant.
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In embodiments of particular interest to the applicant, the inventions relate to
microbial-assisted heap leaching of fragments or agglomerates of fragments of copper-
containing sulfidic ores, such as chalcopyrite ores, and copper-containing sulfidic waste
materials.

In embodiments of particular interest to the applicant, the inventions relate to:

(a) microbial-assisted heap leaching of fragments of copper-containing sulfidic

ores and copper-containing sulfidic waste materials with high sulfate
concentrations in the leach liquor; and

(b) microbial-assisted heap leaching of agglomerates of the item (a) fragments;

and

(c) adding microbes (also known as microorganisms, bacteria or archaea) to

fragments of copper-containing sulfidic ores and copper-containing sulfidic
waste materials.

The term “fragment” is understood herein to mean a part of a mined (i.e., run-
of-mine “ROM”) material or an intermediate processed (such as comminuted, for
example crushed) ROM material, where the term “material” includes ores and waste
materials, which may be stockpiled ores and waste materials that have been reclaimed.

It is noted that the term “fragment” as used herein may be understood by some
persons skilled in the art to be better described as “particles” and “broken rocks”. The
intention is to use these terms as synonyms.

The fragments may be fragments of ROM material, which may be ROM ore or
ROM waste materials, that are transferred from a location in a mine in which the ROM
material is mined:

i.  directly to the heap; or
ii.  directly to a stockpile and then transferred later directly to the heap; or
iii.  for intermediate processing as described herein and then transferred to the
heap; or
iv.  for intermediate processing as described herein and then transferred to a
stockpile and then transferred later to the heap; or
v. directly to a stockpile and then transferred for intermediate processing as

described herein and then transferred to the heap; or
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vi.  acombination of the preceding options iv. and v. with intermediate
processing before and after the stockpile.

The term “intermediate processing” relates to any type of processing of ROM
material including processing that falls under the general description of “ore dressing”
including but not limited to any one or more of comminution, size separation into
different size fractions, sorting by grade of a target base metal (e.g., concentration of
the base metal) into different grade fractions, sorting by other mineralogical
composition of the ROM material (such as a contaminant), sorting by other property of
the ROM material, and agglomeration.

It is noted that the ROM material may be fragments that are reduced in size
from larger fragments as a consequence of mining and transferring ROM material from
a mine to a heap, a stockpile or an intermediate processing plant, and not as a
consequence of a specific comminution or other intermediate processing step.

For example, the size reduction may be a consequence of larger fragments
breaking during slumping into a pit floor in a drill and blasting mining operation in an
open pit mine and transferring slumped fragments by excavators and other materials
handling equipment to a heap, a stockpile or an intermediate processing plant, and not
as a consequence of a specific comminution or other intermediate processing step.

By way of further example, the size reduction may be a consequence of
fragments breaking down as they are removed from draw points of a block cave mine
by front end loaders or other excavators and are transported to a heap, a stockpile or an
intermediate processing plant, and not as a consequence of a specific comminution or
other intermediate processing step.

The ROM material may have a particle size in any suitable range.

For example, the ROM material may have a particle size in a range between a
P80 of 30 mm and a P80 of 2000 mm. The ROM material particle size range may be
any suitable range within this broad range having regard to the characteristics of a given
mine. For example, the ROM material particle size range may be a wide range such as
between a P80 of 50 and a P80 of 1000 mm. For example, the ROM material particle
size range may be a narrower range such as, typically in a range between a P80 of 30

and a P80 of 60 mm.
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The ROM material and the intermediate processed material may have any
suitable particle shape, noting that specified particle size ranges are based on one
dimension only.

In a situation in which the ROM material has been comminuted in an
intermediate processing step, by way of example only, the comminuted ROM material

may have a particle size in a range between a P80 of 5 mm and a P80 of 30 mm.

Microbial-assisted leaching from copper-containing sulfidic materials

The extraction of copper from materials in the form of copper-containing
sulfidic ores and copper-containing sulfidic waste materials requires an oxidant and an
acid. Industrially, ferric ions are used as an oxidant, and sulfuric acid is used as an acid.
During the process of mineral dissolution, ferric ions are reduced to ferrous ions and
sulfuric acid is consumed during reactions with gangue minerals. Microorganisms
oxidise ferrous ions, generating ferric ions, as well as oxidising available solid and
soluble sulfur compounds, generating sulfuric acid.

Maintaining sufficient rates of iron and sulfur oxidation to facilitate optimal
copper extraction requires a microbial population in an inhabitable environment and
with any required nutrients.

The mechanisms of mineral sulfide dissolution of copper-containing sulfidic
ores and copper-containing sulfidic waste materials depend upon the presence of ferric
ions and acid to break down the mineral matrix and solubilise metals. Ferric ions and
acid are consumed during mineral oxidation, and dissolution rates will decrease unless
they are replenished.

Under aerobic conditions, microbes (such as acidophilic bacteria and archaea)
regenerate ferric ions and acid through biological oxidation of ferrous ions and sulfur
compounds (including elemental sulfur):

2Fe* + 2H* + 0.502 — 2Fe** + H20

2S +302 + 2H20 — 2H2S04

The sulfur compounds may be derived from oxidation of the sulfides or as an
addition (such as, elemental sulfur). The sulfur compounds may be sulfur-containing
inorganic compounds such as thiosulfate or polythionates or polysulfides, or sulfur-

containing organic compounds such as thiourea or other thiocarbamides.
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Not only do these reactions maintain concentrations of ferric ions and acid, they
also serve to generate energy for the formation of additional cells, potentially making
the process autocatalytic under conditions ideal for microbial reproduction.

During mineral dissolution of copper-containing sulfidic ores and copper-
containing sulfidic waste materials, changing solution conditions impact the activity of
microbes present in the leaching environment.

Research and development work of the applicant found that the rate of ferrous
ion and sulfur oxidation is affected by high metal sulfate concentrations, fluctuations in
solution pH, and changes in temperature.

Research and development work of the applicant also found that sulfide mineral
dissolution (and therefore copper extraction) of copper-containing sulfidic ores and
copper-containing sulfidic waste materials was negatively impacted if ferric ions and

acid are not regenerated through microbial activity at a sufficient rate.

Impact of aeration of a heap

The applicant realised in the research and development work that oxygen
influences a number of operating parameters of a heap including oxidation rate of the
feed material, temperature, microbial activity and population in a heap.

For example, increasing air and consequently oxygen supply into a heap
increases microbial activity which in turn increases the temperature of the heap,
oxidation of ferrous ions into ferric ions and oxidation of sulfur compounds into
sulfuric acid.

The applicant found in the research and development work that controlling the
sulfate concentration in a leach liquor is an important consideration in a method of
microbial-assisted heap leaching copper-containing sulfidic ores and copper-containing
sulfidic waste materials and that air and/or oxygen flow rate during aeration of a heap

may be used as one option to influence the sulfate concentration in a leach liquor.

Adding microbes during agglomeration

The applicant also found in the research and development work that the
formation of agglomerates of fragments of copper-containing sulfidic ores and copper-

containing sulfidic waste materials with microbes in the agglomerates requires careful
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control of an agglomeration unit and that this can be achieved by ensuring that feed
materials for agglomeration are provided at, or close to, an inlet of an agglomeration
unit and form agglomerates a short distance, as described herein, along the length of the
unit.

It is noted that the inventions are not confined to agglomerating fragments of
material.

It is also noted that the inventions extend to embodiments in which microbes are

added to agglomerates and heap leach operations after agglomerates have formed.

Invention 1

The invention is based on the finding mentioned above that controlling the
sulfate concentration in a leach liquor is an important consideration in a method of
microbial-assisted heap leaching copper-containing, sulfidic ores and copper-containing
sulfidic waste materials.

Embodiments of the invention are also based on a finding, although the
invention is not limited to the finding, that thermophilic microorganisms that are active
at temperatures exceeding 45 °C are more sensitive to high sulfate concentrations than
are mesophilic microorganisms that are most active at temperatures in the 20 — 40 °C
range.

These findings led to the applicant developing a high sulfate generating heap
leach process that can be operated at elevated heap temperatures as high as 85 °C (for
example, 60-65 °C), with the advantages of elevated temperature operation.

The invention provides a method of microbial-assisted heap leaching copper-
containing sulfidic ores or copper-containing sulfidic waste materials which includes:
supplying an acidic leach liquor containing sulfates to a heap of fragments of copper-
containing sulfidic ores or copper-containing sulfidic waste materials or agglomerates
of the fragments and allowing the leach liquor to flow through the heap and leach
copper, collecting leach liquor from the heap, and processing the collected leach liquor
and recovering copper from the leach liquor, with any one or more of the fragments,
agglomerates of the fragments (when present), and the leach liquor containing
microbes, and the method comprising controlling a sulfate concentration in the leach

liquor so that it does not exceed a threshold concentration (described further below).
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The invention also provides the method described in the preceding paragraph as
applied generally to base metal-containing sulfidic ores or base metal-containing
sulfidic waste materials.

Significantly, the applicant has found that it is possible to operate a microbially-
assisted heap leach of fragments of copper-containing sulfidic ores or copper-
containing sulfidic waste materials or agglomerates of such fragments, in both cases
with or without intermediate processing as described herein, even with high sulfate
concentrations (such as at least 60 g/L sulfate) in leach liquor, i.e., up to a threshold
concentration.

Regeneration of ferric ions and acid at a commercially viable rate was observed
by the applicant in the research and development work even when using thermophilic
microorganisms at high sulfate concentrations. The observed ferric ions and acid
generation in turn facilitated leaching of ores and waste materials.

This is a surprising result given reported research in the literature indicating that
high sulfate concentrations have an adverse impact on microbial activity, i.e., biological
oxidation of ferrous ions and sulfur compounds to regenerate ferric ions and protons.

The method may include controlling the method so that the sulfate concentration
does not exceed a threshold sulfate concentration in the leach liquor by any one or more
than one of dilution, chemical neutralisation, electrochemical neutralisation, solution
bleeding, and physical separation techniques including nanofiltration.

The method may include monitoring the sulfate concentration in the leach liquor
collected from the heap and controlling the method, as required, so that the sulfate
concentration in the leach liquor does not exceed the threshold concentration.

The method may include indirectly controlling the sulfate concentration.

By way of example, the method may include indirectly controlling a parameter
other than sulfate that influences the sulfate generation rate, such that changing the
parameter causes a known change to the sulfate concentration.

In one example, the method may include controlling the aeration rate of the
heap. The aeration rate may be set based on a predetermined oxygen utilisation of the
heap, for example based on the feed composition.

In another example, the method may include controlling the pH in the heap in a

range that induces precipitation of sulfate salts, such as jarosite.
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The method is not confined to monitoring the sulfate concentration in the leach
liquor collected from the heap and extends to other options for monitoring sulfate
concentration.

In one example, the method may include monitoring either or both microbial
activity and population.

The method may include measuring or modelling the oxygen utilisation of a
heap.

The method may include controlling one or more of operating parameters based
on the measured or modelled data to maintain the predetermined oxygen utilisation of
the heap.

The method may include selecting an aeration rate of the heap based on a
desired parametric value.

Examples of operating parameter values include an oxygen concentration of the
heap, a carbon dioxide concentration of the heap, a temperature of leach liquor from the
heap (i.e., a pregnant leach liquor temperature), temperature of the leach liquor
(raffinate) being fed to the heap, a heap temperature, a pregnant leach liquor metal
content, a pregnant leach liquor oxidation potential, ferric and ferrous iron
concentrations, Eh value, a heap oxygen uptake rate, and a heap carbon dioxide uptake
rate.

The method may include selecting an aeration rate of the heap based on a
desired oxidation rate of the heap.

The method may include determining an oxidation rate of copper-containing
sulfidic feed material as a function of any one or more of oxygen concentration of the
heap, carbon dioxide concentration of the heap, a temperature of the leach liquor
discharged from the heap (i.e., temperature of a pregnant leach liquor), raffinate feed
temperature, a heap temperature, a pregnant leach liquor metal content, a pregnant leach
liquor oxidation potential, ferric and ferrous iron concentrations, Eh value, a heap
oxygen uptake rate, a heap carbon dioxide uptake rate, simulation based on at least one
of feed composition, sulfide mineral leaching rates, heap geometry, environmental
conditions external to the heap, and historical data from existing heaps.

One advantage of selecting an aeration rate based on a desired parametric value

is that it provides greater operational control. For example, it ensures adequate supply

10
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of oxygen to the microbes to achieve the desired parametric value and avoids
oversupplying oxygen which may incur unnecessary financial and energy expenses, for
example, due to higher pumping or compressor (blower) requirements.

The method may include selecting an aeration rate of the heap based on a
desired microbial population and/or activity.

The method may include selecting an aeration rate of the heap based on a
desired heap temperature.

The method may include monitoring the temperature of the heap at different
locations in the heap, noting that there may be variations of heap temperatures at
different sections of the heap.

Suitably, the method includes monitoring the temperature at a point or points
across the height of the heap, more suitably, ranging from 1-95% of the heap height
below the heap surface.

Suitably, the method includes monitoring the temperature at a point or points
across the width of the heap, more suitably, ranging from 1-95% of the heap width
below the heap surface.

The temperature of the heap may be analogous to that of the pregnant leach
liquor. As such, the method may include measuring the pregnant leach liquor
temperature to indirectly measure the heap temperature.

The aeration rate may be controlled by controlling an irrigation rate. Suitably,
the irrigation rate may be controllable using a rest-rinse cycle or varying the flowrate of
the irrigant (e.g. acid).

A rinse step of a rest-rinse cycle involves flowing leach liquor through the heap.
The rinse step may involve replacing pregnant leach liquor with fresh leach liquor.

A rest step of a rest-rinse cycle involves the cessation of the flow of leach liquor
through the heap. The rest step may allow the microbes to equilibrate with the other
components in the leach liquor. This may enhance copper dissolution into the leach
liquor and improve the overall leaching process. The duration of a rest step may be less
than the duration of a rinse step. The duration of a rest step may be the same as or
longer than the duration of a rinse step.

The method may include aerating one of more lifts of the heap. Suitably, the

method includes aerating each lift of the heap.

11
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Aerating each lift of a heap minimises the risk of uneven distribution of oxygen
throughout the heap. If aeration was only performed at the bottom of a heap, it is
believed that oxygen would be consumed closer to the bottom of the heap as the air
travels upwards. This would cause less oxygen to be available to lifts further up the
heap, and potentially starve microbes of oxygen in these lifts.

The threshold sulfate concentration may be dependent in any given situation on
the microbial culture employed. In some situations, mesophiles can tolerate higher
sulfate levels than moderate and extreme thermophiles. The following threshold
concentrations are mentioned with this context.

The threshold sulfate concentration may be 170 g/L sulfate in a leach liquor
collected from the heap.

The threshold sulfate concentration may be 150 g/L sulfate in a leach liquor
collected from the heap.

The threshold sulfate concentration may be 120 g/L sulfate in a leach liquor
collected from the heap.

The threshold sulfate concentration may be 60 g/L. sulfate in a leach liquor
collected from the heap.

The threshold sulfate concentration may be at least 2 g/L in a start-up stage of
the method.

The threshold sulfate concentration may be at least 20 g/L in a start-up stage of
the method.

The threshold sulfate concentration may be 50-100 g/L in a later post-start-up
leaching stage of the method.

The threshold sulfate concentration may be 60—-130 g/L during the post-start-up
leaching stage of the method.

The threshold sulfate concentration may be a concentration range of 100-130
g/L during the post-start-up leaching stage of the method.

The threshold sulfate concentration may be a concentration range of 110-120
g/L during the post-start-up leaching stage of the method.

The threshold sulfate concentration may be increased to the previously
described threshold concentration limits.

The microbes may be added during agglomeration.

12
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The microbes may be added in the leach liquor.

The microbes may be added during agglomeration and in the leach liquor.

The microbes may be any suitable microbes.

The microbes may be any microbes that can oxidise ferrous iron and/or sulfur
compounds and include but are not limited to members of the bacterial genera
Acidithiobacillus, Leptospirillum, Sulfobacillus and Ferrimicrobium, and the archaeal
genera Acidianus, Acidiplasma, Ferroplasma, Metallosphaera and Thermoplasma.

Typically, the microbes are a diverse population, including microbes selected
from mesophiles, moderate thermophiles and thermophiles psychrotolerant or
mesophilic or thermophilic (moderate or extreme) bacteria or archaea. The
microorganisms may be acidophilic bacteria or archaea. The microorganisms may be
thermophilic acidophiles. A diverse population allows activity across a range of
operating conditions, including high sulfate concentrations.

Heap leaching may include controlling the pH of the leach liquor to be less than
3.2, typically less than 3.0, typically less than 2.5, typically less than 2.0, typically less
than 1.8, and typically less than 1.5.

Heap leaching may include controlling the pH of the leach liquor to be greater
than 0.5, typically greater than 1.0.

Heap leaching may include controlling the temperature of the heap to be less
than 85 °C, typically less than 75 °C, typically less than 65 °C, typically less than
60 °C, typically less than 55 °C, and more typically less than 50 °C. In a preferred
embodiment, heap leaching includes controlling the temperature to be less than 65 °C.

Heap leaching may include controlling the leach solution temperature to be
above the freezing point of the leach solution, typically above 0 °C, typically at least
10 °C, typically at least 20 °C, typically at least 30 °C, typically at least 40 °C, and
more typically at least 50 °C.

Heap leaching may include controlling the aeration rate of the heap to range
from 0.01 to 0.1 Nm®/h/t ore (where t is metric tons or tonnes and N is normal
temperature and pressure at sea level). The typical rate may be towards the lower end of
this range

Heap leaching may include controlling the aeration rate of the heap to be at least

0.25 kg/m?/h per lift, typically at least 0.25 kg/m?*/h per lift, typically at least 0.75
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kg/m?*h per lift, typically at least 1 kg/m*/h per lift, typically at least 2 kg/m*/h per lift,
more typically ranging from 0.25 to 1.0 kg/m*h per lift, and typically 0.25 to 2.5
kg/m2/h. Suitably, each lift is about 10 m in height .

The irrigation rate may range from 1 — 50 L/h/m?, suitably ranging from 1-20
L/h/m?. Deploying sprinklers or wobblers typically result in an irrigation rate at the
higher end of the range whereas deploying drippers typically result in an irrigation rate
at the lower end of the range.

In one example, the heap leaching includes maintaining the average aeration
rate and average irrigation rate at a ratio in the range of 0.125:1 to 5:1, typically in the
range of 0.15:1 to 2:1, typically in the range of 0.175:1 to 1.5:1, and more typically in
the range of about 0.2:1.

In another example, heap leaching includes maintaining the instantaneous
aeration rate and instantaneous irrigation rate at a ratio in the range of 0:1 to 5:1,
typically in the range of 0:1 to 2:1, typically in the range of 0:1 to 1.5:1, and more
typically of about 0.2:1.

The aeration rate may be set to maintain a predetermined oxygen utilisation of
the heap.

In one example, heap leaching includes controlling the aeration rate to maintain
an oxygen utilisation of the heap in the range of 1% to 99%, typically in the range of
15% to 90%, more typically in the range of 20% to 85%.

Heap leaching may include controlling the oxidation potential of the leach
liquor during an active leaching phase to be less than 1000 mV, typically less than
900 mV, typically less than 850 mV, typically less than 800 mV, typically 500 to
750 mV, more typically in a range of 600 to 750 mV, all potentials being with respect
to the standard hydrogen electrode.

The oxidation potential will change during leaching and is likely to be higher
when much of the copper has been leached and the reference to “active leaching phase”
is intended to acknowledge this potential change. The oxidation potential reached is
also dependent on temperature and will typically be higher at lower temperatures.

The method may include an agglomeration step for forming agglomerates of
fragments of copper-containing sulfidic ores or copper-containing sulfidic waste

materials for subsequent heap leaching in the method.
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The agglomeration step may include simultaneously mixing and agglomerating
fragments of copper-containing sulfidic ores or copper-containing sulfidic waste
materials.

The agglomeration step may include mixing fragments in one-step and then
agglomerating the mixed fragments in a subsequent step.

There may be overlap between the mixing and agglomeration steps.

The agglomeration step may include agglomerating fragments of copper-
containing sulfidic ores or copper-containing sulfidic waste materials in an
agglomeration unit and may also include various combinations of the following feed
materials, typically introduced at, or in close proximity to, an inlet of the unit.

The agglomeration step may include agglomerating fragments of copper-
containing sulfidic ores or copper-containing sulfidic waste materials in an
agglomeration unit and may also include various combinations of the following feed
materials, typically introduced at, or in close proximity to, an inlet of the unit:

(a) sulfuric acid,

(b) microbes to oxidise ferrous ions and oxidise solid and soluble sulfur

compounds, thereby regenerating ferric ions and acid,

(c) silver with catalyst properties to enhance leaching of copper from copper-
containing sulfidic ores or copper-containing sulfidic waste materials,

(d) optionally, an activation agent to activate silver, selected from thiourea,
chlorides, bromides and iodides,

(e) optionally, a complexing agent additive to enhance the dissolution of copper
from copper minerals in the copper-containing sulfidic ores or copper-
containing sulfidic waste materials by forming a complex between (1) sulfur,
that has originated from copper minerals in the ores, and (ii) the additive,

(f) pyrite (or any other suitable material including elemental sulfur) to provide a
source of ferrous ions and heat in the case of pyrite (and heat only in the
case of elemental sulfur), and

(g) water and/or other water sources and/or a pregnant leach solution from a
heap leaching operation or a raffinate formed in a solvent extraction

operation on the pregnant leach solution.
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Elemental sulfur may be a partial or complete replacement of sulfuric acid
and/or pyrite.

Elemental sulfur has a number of benefits including:

(a) easier to transport and handle than pyrite;

(b) readily available; and

(c) typically, cheaper than pyrite and sulfuric acid.

The applicant has discovered that deploying elemental sulfur may allow
processing of low pyrite concentration base metal sulfide-containing sulfidic material,
particularly copper containing sulfidic material.

The collected leach liquor may be processed by any suitable processing option
to recover copper from the leach liquor.

The invention also provides a heap of material, with the material including the
above-described fragments of copper-containing sulfidic ores or copper-containing
sulfidic waste materials or agglomerates of the fragments of copper-containing sulfidic
ores or copper-containing sulfidic waste materials.

The heap of material may be configured for a microbial-assisted heap leaching
operation.

The invention also provides a microbial-assisted heap leaching operation for
fragments of copper-containing sulfidic ores or copper-containing sulfidic waste
materials, the heap leaching operation comprising:

(a) a heap of fragments, typically in the form of agglomerates of fragments, of
the copper-containing sulfidic ores or copper-containing sulfidic waste materials, and
microbes and optionally other additives; and

(b) a system that (i) supplies an acidic leach liquor containing sulfate to the heap
so that the leach liquor flows downwardly though the heap and leaches copper from the
copper sulfide-containing sulfidic ores or copper-containing sulfidic waste materials,
(11) collects a pregnant leach liquor containing copper in solution from the heap, with
microbes oxidising ferrous iron to ferric iron, and (iii) controls the sulfate concentration
in the leach liquor so that it does not exceed a threshold concentration.

The invention also provides the heap leaching operation described in the
preceding paragraph as applied generally to base metal-containing sulfidic ores or base

metal-containing sulfidic waste materials.
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The fragments may be in the form of agglomerates of fragments and the
agglomerates may comprise any one or more than one of the above-described additives,
including silver, sulfuric acid, pyrite, an activation agent for silver, elemental sulfur,
and a complexing additive agent.

The agglomerates may include other additives, such as a surfactant to facilitate
contact of additives with solids.

When present, pyrite generates acid and heat in the heap that facilitates leaching
the metal from the copper-containing sulfidic ores or copper-containing sulfidic waste
materials.

It is noted that heat and acid generation is not confined to the pyrite and other
sulfides (such as pyrrhotite, if present) may also generate heat and acid as by-products.

The agglomerates of fragments of the copper-containing sulfidic ores, pyrite,
and microbes may be as described above.

Typically, the heap leaching operation starts at a low sulfate concentration
(typically 5 g/L.) and is ramped up over time.

The threshold concentration may be as described above.

The system of the heap leaching operation may be configured to measure or
model oxygen utilisation of a heap.

The system may be configured to control one or more of operating parameters
based on measured or modelled data to maintain the predetermined oxygen utilisation
of the heap.

The system may be configured to select an aeration rate of the heap based on a
desired parametric value.

The system may be configured to select an aeration rate of the heap based on a
desired oxidation rate of the heap.

The system may be configured to determine an oxidation rate of copper-
containing sulfidic feed material as a function of any one or more of an oxygen content
of gas in the heap, the pregnant leach temperature, the heap temperature, the pregnant
leach metal content, the pregnant leach stream oxidation potential, the pregnant leach
oxygen concentration, a heap oxygen uptake rate, a heap carbon dioxide uptake rate,

and a simulation based on at least one of a feed composition, sulfide mineral leaching
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rates, heap geometry, environmental conditions external to the heap, and historical
values of previously leached heaps.

The system may be configured to select an aeration rate of the heap based on a
desired microbial population and/or activity.

The system may be configured to select a threshold sulfate concentration in
solution based on a desired microbial population and/or activity.

The system may be configured to select an aeration rate of the heap based on a
desired heap temperature.

The system may be configured to monitor the temperature at different locations
in the heap.

Suitably, the system is configured to monitor the temperature at a point
anywhere along the height of the heap, more suitably ranging from 1-95% of the heap
height below the heap surface.

The system may be configured to measure the pregnant leach liquor
temperature.

The system may be configured to control an irrigation rate of the heap.

The system may be configured to aerate one of more lifts of the heap. Suitably,
the system may be configured to aerate each lift of the heap.

The heap leaching operation may include a unit for processing the collected
pregnant leach liquor and recovering copper from the leach liquor.

The invention also provides a heap of copper-containing sulfidic ores or copper-
containing sulfidic waste material configured for a microbial-assisted heap leaching
operation, the heap comprising:

a support surface,

a layer of granular material located on the support surface,

a layer of copper-containing sulfidic ores or copper-containing sulfidic waste
materials located on the granular material layer,

an irrigation system configured to supply a solution, typically a hot solution,
through the granular layer,

a collection system configured to collect a pregnant leach liquor containing

copper in solution from the heap,
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an aeration system configured to supply air to the heap to react with the layer of
copper-containing sulfidic ores or copper-containing sulfidic waste materials, and

a control system to monitor and change one or more operating parameters to
maintain a predetermined sulfate concentration.

The invention also provides the heap described in the preceding paragraph as
applied generally to base metal-containing sulfidic ores or base metal-containing
sulfidic waste materials.

The granular material may comprise crushed rock, sand, or gravel.

The air blown by the aeration system may be ambient air.

In some embodiments, the air blown by the aeration system is heated.

The aeration system may be located on the support surface.

The support surface may include a liner.

The operating parameters may be any one or more of an oxygen concentration
of the heap, a carbon dioxide concentration of the heap, the pregnant leach liquor
temperature, a heap temperature, the pregnant leach liquor metal content, the pregnant
leach liquor oxidation potential, a heap oxygen uptake rate, a heap carbon dioxide
uptake rate, environmental conditions external to the heap and sulfate concentration.

The heap may include a carbon source for supporting cell growth. Suitable
carbon sources may include inorganic carbon sources such as carbon dioxide and
carbonate and/or organic carbon sources such as yeast. The carbon dioxide may be
dissolved in solution.

The heap may include a drainage system on the support surface. Adequate
drainage of a heap is important to minimise or avoid phreatic build up. Phreatic build
up occurs when leach liquor cannot flow, or inefficiently flows, through the heap. This
causes the heap to be saturated from the bottom up and affects microbial activity.

The granular rock layer may have a P80 particle size ranging from 0.5 cm to 1
m, typically ranging from 0.5-50 cm, and typically ranging from 0.5-20 cm.

The heap may include a sulfide-containing additive.

Suitable sulfide-containing additives may include pyrite or a suitable sulfide
concentrate. The additive may generate heat and acid to facilitate the leaching process.

The heap may be configured into at least two process zones, i.e., lifts, in which

the leaching process is at least partly independently controlled.
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The aeration system may be configured to aerate one of more lifts of the heap.
Suitably, the aeration system is configured to aerate each lift of the heap.

The heap may include a cover. The cover may be made of plastic, e.g.
polyethylene. The cover may comprise a biofilm (more for heat retention than other
reasons). The cover may be applied on top of the heap. The cover may be applied in the
heap. The cover may reduce air and heat loss. This may assist in minimising the
temperature gradient across the heap.

The collection system may be any suitable system known in the art. For
example, the collection system may include a pond, tank or vat and its associated
plumbing, suitably with a pump, to transport the pregnant leach liquor from the heap for
further processing to recover copper from the pregnant leach liquor.

The invention also provides a method of constructing a heap of copper-
containing sulfidic ores or copper-containing sulfidic waste materials that is configured
to maintain a predetermined sulfate concentration, the method comprising:

providing a support surface for the heap,

forming a layer of granular material on the support surface,

forming a layer of copper-containing sulfidic ores or copper-containing sulfidic
waste materials on the granular material layer,

installing an irrigation system that is configured to supply a solution, typically a
hot solution, through the granular layer,

installing a collection system configured to collect a pregnant leach liquor
containing copper in solution from the heap,

installing an aeration system that is configured to blow air to react with the
layer of copper-containing sulfidic ores or copper-containing sulfidic waste materials;
and

installing a control system to monitor the sulfate concentration of the heap and
change one or more operating parameters to maintain a predetermined sulfate
concentration.

The invention also provides the method described in the preceding paragraph as
applied generally to base metal-containing sulfidic ores or base metal-containing
sulfidic waste materials.

The method may include a step of embedding a carbon source in the heap.
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The carbon source may be added to the leach liquor and/or air stream.
The method may include installing a drainage system on the support surface.

The method may include forming a layer of granular rock on the support

surface.

The method may include adding elemental sulfur or a sulfide-containing

additive to the heap.

The method may include configuring the heap into at least two process zones in

which the leaching process is at least partly independently controlled.

The method may include aerating one or more lifts of the heap.
The method may include aerating each lift of the heap.

The method may include installing a cover on the heap.

The cover may comprise a plastic sheet.

The cover may be a biofilm.

The cover may be applied on top of the heap.

The cover may be applied in the heap.

In this specification:

The phrase “hot solution” refers to a solution at a temperature above ambient
temperature. Suitably, a hot solution is at a temperature ranging from 30-85 °C.
Suitably, a hot solution is at 40 °C.

The term “take-off” means a point at which the power generated in the heap
rises from a fairly low rate to a higher rate in a relatively short time period; it is
the system bifurcation point.

The phrase “average irrigation rate” means the total irrigation amount applied to
the heap over the total duration of the leach cycle expressed as an average
hourly irrigation rate per unit area.

The phrase “average aeration rate” means the total gas amount passing through
the heap over the total duration of the leach cycle. The rate may be expressed
per unit mass (e.g., Nm*/h/t (metric tonne)).

The phrase “instantaneous irrigation rate” means the instantaneous irrigation
rate applied to the heap over any time period shorter than the total duration of

the leach cycle expressed as instantaneous hourly irrigation rate per unit area.
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e The phrase “instantaneous aeration rate” means the instantaneous gas flow rate
applied over any time period shorter than the total duration of the leach cycle
expressed as instantaneous hourly aeration rate per unit area.

e The terms “irrigation rate” and “aeration rate” refer to the instantaneous
irrigation rate and the instantaneous aeration rate respectively, unless otherwise
stated.

e The term “oxygen utilization of the heap” means the total oxygen consumed
within the heap expressed as a percentage of the total oxygen passed through the

heap.

Invention 2

The invention is based on a finding that the formation of agglomerates of
fragments of copper-containing sulfidic ores or copper-containing sulfidic waste
materials with microbes in the agglomerates requires careful control of an
agglomeration unit.

The invention provides a method of forming agglomerates for heap leaching
copper-containing sulfidic ores or copper-containing sulfidic waste materials that
includes agglomerating fragments of copper-containing sulfidic ores or waste materials
and other feed materials in an agglomeration unit having an inlet end and an outlet end
configured to move material along a length of the agglomeration unit from the inlet end
to the outlet end, with the method including adding the feed materials at, or close to, the
inlet end, typically no more than 40%, typically no more than 30%, more typically no
more than 20%, of the length from the inlet end of the agglomeration unit.

The invention also provides the method described in the preceding paragraph as
applied generally to base metal-containing sulfidic ores or base metal-containing
sulfidic waste materials.

The method may include substantially completing formation of agglomerates a
short distance from the inlet end, typically no more than 40%, of the length from
the inlet end of the agglomeration unit.

The applicant has found that microbes attached to solids are more resistant to
high concentrations of sulfates than microbes in solution.

Importantly, the applicant has found that a majority of microbes attach to solids.
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In one embodiment, it was found that approximately 90% of microbes attach to
solids and 10 % are suspended in solution.

Therefore, forming agglomerates early provides a longer time for microbes to
attach to solids, i.e., the agglomerates, and to be uniformly distributed within the
agglomerates while in the agglomeration unit. The uniform distribution of microbes
provides an opportunity for a reduced “lag phase” and more rapid initiation of leaching
during heap start-up — a shorter ramp-up period for a heap leaching operation. A
reduced lag phase may also be achieved by using adapted microbes.

The applicant has also found in the research and development work that,
particularly when the base metal is copper, it is preferable to add the following feed
materials in the agglomeration unit in addition to fragments of copper-containing
sulfidic ores and/or copper-containing sulfidic waste materials ("ore/waste material
fragments”):

(a) silver, with catalyst properties to enhance leaching of copper from copper-

containing sulfidic ores or copper-containing sulfidic waste materials,

(b) sulfuric acid,

(c) microbes to oxidise ferrous ions and oxidise solid and soluble sulfur
compounds, thereby regenerating ferric ions and acid,

(d) optionally, an activation agent to activate silver, selected from thiourea,
chlorides, bromides and iodides,

(e) optionally, a complexing additive agent to enhance the dissolution of copper
from copper minerals in the ores or waste materials by forming a complex
between (1) sulfur, that has originated from copper minerals in the ores or
waste materials, and (i1) the additive,

(f) pyrite (or any other suitable material such as elemental sulfur) to provide a
source of ferrous ions and heat in the case of pyrite (and heat only in the
case of elemental sulfur); and

(g) water and/or a pregnant leach solution from a heap leaching operation or a
raffinate formed in a solvent extraction operation on pregnant leach solution.

The elemental sulfur may be a partial or complete replacement of sulfuric acid

and/or pyrite.
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The feed materials may be added at the same location or at different locations
along the length of the agglomeration unit.

For example, typically the ore/waste material fragments are added at the inlet of
the agglomeration unit.

By way of further example, typically acid is added at multiple locations along a
section of the length of the agglomeration unit.

By way of further example, typically acid is added at one location and microbes
are added at another location further along the length of the agglomeration unit to
minimise impact of acid on microbes.

By way of further example, pyrite (if used as a feed material) is added close to
the end of the short distance, i.e. typically typically no more than 40%, of the length
from the inlet end of the agglomeration unit so that pyrite is more likely to form on
exposed surfaces of agglomerates.

Some of the feed materials may be added together in a preconditioning step and
mixed, with the mixture then being added to the agglomeration unit to ensure thorough
mixing of these feed materials takes place prior to agglomeration. For example,
ore/waste material fragments and silver (such as a silver nitrate solution) may be pre-
mixed before adding the mixture to the agglomeration unit to maximise contact of the
silver with copper-containing minerals in the ore/waste material fragments. For
example, a pyrite concentrate slurry underflow from a thickener may be pre-mixed with
ore/waste material fragments before being directed to agglomeration.

The preconditioning step may be carried out in any suitable unit, such as an
agglomeration unit.

Suitably, the microbes are added last.

In one embodiment, the addition order along a section of the length of the
agglomeration unit is as follows:

- amixture of ore/waste material fragments and silver nitrate (or other suitable

form of silver),

- then water, typically in a raffinate,

- then acid, optionally at multiple locations,

- then, pyrite or elemental sulfur,

- then, microbes.
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It is noted that the addition order may be varied, as required. For example, pyrite
and microbes may be added together in the agglomeration unit.

The copper-containing sulfidic ores or copper-containing sulfidic waste
materials may include naturally-occurring silver which may have catalyst properties for
copper leaching. Naturally-occurring silver may be in one or more of a number of forms
in copper-containing ores or copper-containing sulfidic waste materials, including but
not limited to native silver, argentite (AgzS), chlorargyrite (AgCl), as inclusions of
native silver in copper minerals and pyrite, and as silver sulfosalts such as tetrahedrite
(Cu,Fe,Zn,Ag12SbaS13), pyrargyrite (Ag3SbSs) and proustite (AgzAsSs).

The added silver may be added to the agglomeration step in any suitable form,
such as in a solid form or in a solution.

The added silver may be added as a solid form in the agglomeration step that
becomes mobile upon dissolution with leach liquor.

The added silver may precipitate or otherwise be deposited on the surfaces of
fragments of copper-containing sulfidic ores.

The added silver may be dispersed on surfaces of fragments of copper-
containing sulfidic ores or copper-containing sulfidic waste materials.

The added silver may be dispersed within the fragments of copper-containing
sulfidic ores or copper-containing sulfidic waste materials.

The added silver may be in a soluble form in the agglomerates.

The added silver may be in an insoluble form or sparingly soluble form in the
agglomerates.

The agglomerates may have a low total silver concentration, i.e., added and
naturally-occurring silver.

The added silver concentration in the agglomerates may be less than 5 g silver
per kg copper in the ore, typically less than 3 g silver per kg copper in the ore, more
typically less than 1 g silver per kg copper in the ore, in the agglomerates.

The acid dose rate may be less than 100 kg H2SO4/dry t ore, typically less than
50 kg H2SO4/dry t ore, more typically less than 30 kg H2SO4/dry t ore, and may be less
than 10 kg H2SO4/dry t ore or less than 5 kg HoSOu/dry t ore. Typically, the acid dose
rate 18 0.5 — 30 kg H2SO4/dry t ore.

The microbes may be any suitable microbes.
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The microbes may be any microbes that have the ability to oxidise ferrous iron
and/or sulfur compounds and include but are not limited to members of the bacterial
genera Acidithiobacillus, Leptospirillum, Sulfobacillus and Ferrimicrobium, and the
archaeal genera Acidianus, Acidiplasma, Ferroplasma, Metallosphaera and
Thermoplasma.

Typically, the microbes are a diverse population, including microbes selected
from mesophiles, moderate thermophiles and thermophiles psychrotolerant or
mesophilic or thermophilic (moderate or extreme) bacteria or archaea. The
microorganisms may be acidophilic bacteria or archaea. The microorganisms may be
thermophilic acidophiles. A diverse population allows activity across a range of
temperatures.

The complexing additive agent may be any suitable agent.

By way of example, the complexing additive agent may be a nitrogen-
containing agent that includes at least two nitrogen atoms spaced by two carbon atoms
to permit the additive to form complexes between sulfur, that has originated from
copper minerals in the ores, and the agent.

The pyrite may be in any suitable form, such as a solid form or a slurry form.

The pyrite may be 1 — 25 wt.% of the total mass of the agglomerates.

The pyrite may be 1 — 20 wt.% of the total mass of the agglomerates.

The pyrite may be 1 — 10 wt.% of the total mass of the agglomerates.

The pyrite may be obtained from any suitable source. It may already be
contained in the ores or the waste materials.

For example, the pyrite may be in tailings, i.e., a pyrite-containing slurry, from a
tailings dam or an ore processing plant, of a mine with the slurry being used directly in
the agglomeration step. Also, for example, the pyrite may be in a flotation concentrate
produced from tailings.

The term “ore processing plant” is understood herein to mean any suitable plant
for recovering a metal from a mined ore.

The pyrite particles may be any suitable size.

The pyrite particles in the pyrite-containing material may have a particle size of

P80 of 1 mm or a value < 1 mm.
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The pyrite particles in the pyrite-containing material may have a particle size of
P80 of 250 um or a value <250 pum.

The invention also provides a heap of material, with the material including the
above-described agglomerates of copper-containing sulfidic ores or fragments of
copper-containing sulfidic waste material.

The invention also provides a microbial-assisted heap leaching operation for
copper-containing sulfidic ores or copper-containing sulfidic waste materials, the heap
leaching operation comprising:

(a) a heap of the above-described agglomerates of copper-containing
sulfidic ores or copper-containing sulfidic waste materials; and

(b) a system that (1) supplies an acidic leach liquor to the heap so that the
leach liquor flows downwardly though the heap and leaches copper from the copper
sulfide-containing sulfidic ores or copper-containing sulfidic waste materials and (ii)
collects a pregnant leach liquor containing copper in solution from the heap, with
microbes oxidising ferrous iron to ferric iron.

The invention also provides the operation described in the preceding paragraph
as applied generally to base metal-containing sulfidic ores or base metal-containing

sulfidic waste materials.

General
The copper-containing sulfidic ores or copper-containing sulfidic waste
materials may be derived from any suitable mined ROM material.
The term “mined ROM material” is understood herein to include fragments of
ROM material, which may be ROM ore or ROM waste materials, that are transferred
from a location in a mine in which the ROM material is mined:
1. directly to a heap; or
ii.  directly to a stockpile and then transferred later directly to the heap; or
iii.  for intermediate processing as described herein and then transferred to the
heap; or
iv.  for intermediate processing as described herein and then transferred to a

stockpile and then transferred later to the heap; or
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v. directly to a stockpile and then transferred for intermediate processing as
described herein and then transferred to the heap; or

vi.  acombination of the preceding options iv. and v. with intermediate
processing before and after the stockpile.

As noted above, the ROM material may be fragments that are reduced in size as
a consequence of mining and transferring ROM material from a mine to a heap, a
stockpile or an intermediate processing plant, and not as a consequence of a specific
comminution step.

One example of copper-containing sulfidic ores is rocks that contain low
concentrations of copper.

The copper-containing sulfidic ores may be in the form of as-mined material or
stockpiles of copper-containing sulfidic ores having low grades, i.e., low
concentrations, of copper in the material.

The term “low grade” as used in relation to “copper-containing sulfidic ores”
mentioned above is understood herein to be a term that is dependent on currently
available technology and the current price of copper, and that material currently
considered “low grade” may be considered valuable material in the future depending on
technological developments and the future price of copper.

In the context of the preceding paragraphs, the term “low concentrations of
copper” is understood to mean an average copper concentration of < 1.5% by weight,
typically < 1.2 wt.%, more typically < 1.0 wt.%, even more typically < 0.7 wt.%, even
more typically <0.5 wt.%, even more typically < 0.3 wt.%, even more typically <0.1
wt.%.

The method may include reducing the size of the as-mined or stockpiled copper-
containing sulfidic ores prior to agglomeration.

The method may include comminution of as-mined or stockpiled copper-
containing sulfidic ores and producing a suitable particle size distribution for the
agglomeration step.

The comminution step may include crushing as-mined or stockpiled copper-
containing sulfidic ores in one or more than one comminution circuit that reduces the

size of the material.
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The comminution step may include crushing as-mined or stockpiled copper-
containing sulfidic ores successively in primary, secondary and tertiary comminution
circuits, as these terms are understood by persons in the copper mining industry.

The comminution step may include single or multiple crushing steps delivering
crushed as-mined or stockpiled copper-containing sulfidic ores to produce the material
with a desired particle size distribution for the agglomeration step.

By way of example, the term “primary crushing” is understood herein to mean
crushing copper-containing sulfidic ores to a top size of 300 mm. It is noted that the
top size may be different for ores containing different valuable metals.

The above description in relation to copper-containing sulfidic ores under the
heading “General” applies equally to copper-containing sulfidic waste materials and

ROM ore.

Description of the Drawings

The invention is described further with reference to the accompanying drawings
of which:

Figure 1 illustrates the steps of a method of microbial-assisted heap leaching
agglomerates of fragments of copper-containing sulfidic ores that contains chalcopyrite
(CuFeS»), enargite (CuzAsSa), tetrahedrite (Cu,Fe,Zn,Ag12Sb4S13), tennantite
(Cu12As4S13), chalcocite (CuzS), covellite (CuS), bornite (CusFeS4) or any combination
thereof, or other copper containing sulfide minerals, with a leach liquor in accordance
with an embodiment of the invention,

Figure 2 is a schematic diagram of an agglomeration unit for producing
agglomerates of fragments of copper-containing sulfidic ores in accordance with an
embodiment of the invention,

Figure 3 is a graph of microbe count versus sulfate concentration for microbes
in pregnant leach liquor and on solids which shows the effect of solution sulfate
concentration on the cell population in solution and on ore solids for a 50 °C moderate
thermophile microbes,

Figure 4 is a graph of microbe count versus sulfate concentration for microbes
which shows the maximum bacterial cell concentration vs sulfate concentration for 60

°C extreme thermophile microbes,
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Figure 5 is a graph of copper extraction versus time with leach solutions having
different sulfate concentrations which shows the effect of starting solution sulfate
concentrations (first value in the legend) and maximum sulfate operating level (second
value) on copper extraction from a primary copper sulfide dominant ore in a column
test operated at 60 °C,

Figure 6 is a graph of ferric to ferrous ratio versus time for columns inoculated
with adapted inoculum solution (C218) and adapted inoculum slurry during
agglomeration (C227); and

Figure 7 is a graph of ferric to ferrous ratio for columns inoculated with adapted

inoculum solution (C221) and adapted inoculum slurry during agglomeration (C226).

Description of Embodiment

The following description is in the context of heap leaching agglomerates of
fragments of copper-containing sulfidic ROM material in the form of ores.

The following description is in the context of microbial-assisted heap leaching
copper-containing sulfidic ores with a leach liquor.

The flow sheet of Figure 1 shows the steps in one embodiment of a method of
microbial-assisted heap leaching agglomerates of fragments of copper-containing
sulfidic ores that contain chalcopyrite and/or enargite with a leach liquor.

With reference to Figure 1, copper-containing sulfidic ROM ores 5, such as ore
containing chalcopyrite and/or enargite, from a mine 3 is crushed in a crusher 7. The
ore is crushed to fragments having a suitable particle size distribution for downstream
processing of the fragments. Crushed ore fragments 9 are transferred to an
agglomeration unit 11 and formed into agglomerates 25 of fragments of crushed copper
containing ore. The agglomerates 25 are transferred to a heap 27. A leach liquor 39 is
supplied to an upper surface of the heap 27 and allowed to percolate through the heap
27 and take copper into solution. A pregnant leach liquor 29 containing copper in
solution is collected from the heap and processed in a copper recovery circuit 31. The
circuit 31 may be a solvent extraction and electrowinning circuit. A copper product 33
is produced in the circuit 31. A spent leach liquor 35, i.e., a raffinate in situations where

the circuit 31 1s a SX circuit, is transferred to a regeneration circuit 37. Any one or more
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of water, acid, microbes, and other additives are added as required to produce a
regenerated leach liquor 39, which is returned to the heap 27.

With reference to Figures 1 and 2, in this embodiment, the following feed
materials are transferred to the agglomeration unit 11 and are mixed together and form
agglomerates in the unit 11, with the feed materials being added at, or close to, an inlet
of the unit 11 and forming agglomerates a short distance along the length of the unit,
typically within 40% of the length of the unit 11:

(a) the above-mentioned crushed fragments 9 of copper-containing sulfidic
ores,

(b) silver 13 with catalyst properties to enhance leaching of copper from
copper-containing sulfidic ores, in this embodiment provided as a silver solution (but
could be in a solid form), typically having an added concentration of silver of less than
5 g silver per kg copper in the ore in the agglomerates, where added concentration
means the concentration of silver in addition to the concentration of naturally occurring
silver in the ores,

() acid 15, typically sulfuric acid in any suitable concentration,

(d) microbes 17 of any suitable type and in any suitable concentration to
oxidise ferrous ions and oxidise solid and soluble sulfur compounds, thereby
regenerating ferric ions and protons,

(e) an activation agent 19 for silver, typically thiourea, chlorides, bromides
or iodides,

() an additive 21 to enhance the dissolution of copper from copper minerals
in the ores by forming a complex between (a) sulfur, that has originated from copper
minerals in the ores, and (b) the additive,

(2) pyrite 23 (or any other suitable material) to provide a source of ferrous
ions and heat, in this embodiment, is tailings-derived pyrite-containing concentrate —
typically a concentration range of 1 — 20 % pyrite in the agglomerates 25, and

(h) water from any suitable water source (not shown).

As is described further below, the feed materials may be added at the same time
or in any suitable order.

Typically, the microbes are added last.
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In some embodiments, the microbes are added last and furthest from the inlet of
the agglomeration unit 11.

It is noted that the invention is not confined to the use of all of the above
additives.

In addition, it is noted that the invention extends to the use of other additives.

For example, an optional additive is a surfactant to facilitate contact of additives
with solids.

The agglomeration unit 11 may be any suitable agglomeration unit, such as a
drum having an inlet end and an outlet end that is mounted at an inclined angle for
rotation about an elongate axis of the drum with the inlet at a higher level than the
outlet so that the material added to the drum tends to move downwardly along the drum
to the outlet.

The above-mentioned agglomeration unit feed materials, namely crushed ore
fragments 9, silver 13, acid 15, microbes 17, activation agent 19, and complexing
additive 21, pyrite 23 and water (as required — typically raffinate or fresh water) are
added at or close to the inlet end of the agglomeration unit 11, typically no more than
40%, typically no more than 30%, more typically no more than 20%, along the length
of the drum.

Typically, the above addition of feed material results in substantially complete
formation of agglomerates a short distance, typically no more than 40%, along the
length of the drum.

In one embodiment, the addition order along a section of the length of the
agglomeration unit 3 is as follows:

- amixture of ore/waste material fragments and silver nitrate (or other suitable

form of silver),

- then water, typically in a raffinate but could be fresh water,

- then acid, optionally at multiple locations,

- then, pyrite or elemental sulfur,

- then, microbes.

The addition order may be varied, as required. For example, pyrite and microbes

may be added together in the agglomeration unit 3.
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The agglomeration unit feed materials may be added to the agglomeration unit
11 in any suitable way.

For example, silver 13 may be added as a solution in a fine mist or spray or as
solid particles in an aerosol. The applicant has found that this is a particularly suitable
way of achieving a desirable dispersion of silver on the ore fragments — see
International publication W0O2017/070747 in the name of the applicant and the
disclosure is incorporated herein by cross-reference. The selection of a
mist/spray/aerosol as a medium for adding silver to the chalcopyrite ore fragments
makes it possible to maximise the delivery of a small concentration of the silver to a
substantially larger mass (and large surface area) and to a substantial proportion of the
chalcopyrite (or other copper sulfide minerals) ore fragments.

The agglomeration unit feed materials may be added to the agglomeration unit
11 in any suitable concentrations having regard to a range of factors including, for
example, mineralogy of the ore, the particle size distribution of the ore fragments, the
dimensions (length and diameter of the drum), the target throughput for the
agglomeration unit 3, the anticipated attrition of agglomerates in the drum, and the
required mechanical properties of the agglomerates.

For example, the complexing additive 21 may be added to the drum or to the
leach liquor 39 in concentrations up to 10 g/L, upto S g/L,upto 2.5 g/L,up to 1.5 g/L,
up to 1.25 g/L, orup to 1 g/L, in the leach liquor. When the additive is a polymer-like
additive, such as longer chain organic substances, such as polyethyleneimine (PEI), it
may be preferred to add the additive while forming agglomerates in the agglomeration
station 3 rather than adding the additive to leach liquor.

Mixing and agglomerating the feed materials for the agglomerates 25 may occur
simultaneously.

Alternatively, mixing the feed materials may be carried out first and
agglomerating (for example initiated by the addition of the acid 15) may be carried out
after mixing has been completed to a required extent.

Moreover, the timing of adding and then mixing and agglomerating feed
materials may be selected to meet the end-use requirements for the agglomerates 25.
For example, it may be preferable in some situations to start mixing fragments

containing chalcopyrite and then adding silver in a solution or in a solid form of silver,
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acid, and microorganisms progressively in that order at different start and finish times
in the agglomeration step. By way of particular example, it may be preferable in some
situations to start mixing fragments containing chalcopyrite and then adding silver in a
solution or in a solid form and acid together, and then adding microorganisms at
different start and finish times in the agglomeration step.

The feed materials may be added at the same location or at different locations
along the short distance along the length of the agglomeration unit, typically no more
than 40%, of the length from the inlet end of the agglomeration unit. For example,
typically acid 15 is added at one location and microbes 17 are added at another location
further along the length of the agglomeration unit to minimise impact of acid on
microbes. By way of further example, pyrite 23 is added close to the end of the short
distance so that pyrite is more likely to form on exposed surfaces of the agglomerates
25. In addition, there may be multiple locations for adding portions of the same
additive.

Some of the additives may be premixed with ore just prior to agglomeration.
This provides more thorough mixing. In one example, ore is mixed with pyrite
concentrate thickener underflow slurry ahead of agglomeration.

The agglomerates 25 produced in the agglomeration unit 11 may be transferred
directly to a construction site for the heap 27. Alternatively, the agglomerates 25 may
be stockpiled and used as required for the heap 27 — for example, added to successive
lifts of the heap 27. The agglomeration unit 11 and the heap 27 are typically in close
proximity. However, this is not essential and may not be the case.

The method of agglomerating mined ore fragments described above is suitable
for forming agglomerates that can be used in standard heaps.

The invention is not confined to particular shapes and sizes of heaps and to
particular methods of constructing heaps from the agglomerates and to particular
operating steps of the heap leaching processes for the heaps.

By way of example only, the heap 27 may be a heap of the type described in
International publication W02012/031317 in the name of the applicant and the
disclosure of the heap construction and leaching process for the heap in the
International publication is incorporated herein by cross-reference.

The heap 27 may be any suitable heap construction and is provided with:
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(a) a leach liquor storage and delivery system to supply leach liquor 39 to an
upper surface of the heap;

(b) a pregnant leach liquor collection system for collecting leach liquor 29
containing copper in solution that is extracted from copper sulfide-containing materials
in agglomerates 25 in the heap 27; and

(c) additional microbes (such as bacteria or archaea) or other suitable
oxidants to oxidise ferrous iron to ferric iron, with the ferric iron and protons breaking
down the mineral matrix and solubilising copper.

In one example, the heap 27 comprises a support surface, a layer of granular
material comprising crushed rock having a P80 particle size ranging from 30 mm to
2000 mm and a layer of chalcopyrite-containing feed material. The purpose of the
crushed rock is to allow drainage of leach liquor. The feed material comprises the
above-described agglomerates. The feed material may also comprise tailings produced
by processing of the chalcopyrite feed material in another copper-recovery method.

The layer of chalcopyrite-containing feed material forms an initial lift of feed
material to be leached.

In use, when leaching of the initial lift reaches a selected point, a new layer of
the feed material is added to the heap to form a new lift that is subsequently leached,
and so on.

An aeration system located on the support surface is used to blow ambient air
through each lift at or near the base of the first lift and optionally at the base of
subsequent lifts to react with the feed material . In addition, an irrigation system
located on top of the heap is configured to supply an irrigation solution which can
include nutrients for the microbes and pyrite to facilitate the leaching process and to
maintain the heap at a temperature ranging from 40-70 °C.

A control system monitors and changes one or more operating parameters to
maintain a predetermined sulfate concentration in the leach liquor. The operating
parameters may be controlled to ensure that the sulfate concentration in the leach liquor
does not exceed a threshold concentration of 170 g/L sulfate in leach liquor collected
from the heap. The irrigation solution may be dosed with a carbon source such as

carbon dioxide, carbonate, or yeast. A cover comprised of a plastic sheet or a biofilm
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may be applied on top of the heap to reduce air and heat loss and minimise temperature
gradient across the heap.

A drainage system is also installed on the support surface to avoid phreatic build
up.

The heap operation includes controlling the operation so that the sulfate
concentration in the leach liquor does not exceed a threshold concentration.

As noted above, the applicant has found that it is possible to operate a
microbially-assisted heap leach of agglomerates of fragments of copper-containing
sulfidic ores or copper-containing sulfidic waste materials with high sulfate
concentrations in the acidic leach liquor.

The sulfate concentration can be controlled in a number of ways.

One way is to control the aeration rate of the heap. Doing so regulates the
amount of oxygen into the heap and consequently, the amount of oxygen supplied to the
microbes. The aeration rate was controlled to provide a microbial population that is
sufficient to ensure that the leach liquor collected from the heap does not exceed a
threshold concentration of 170 g/L sulfate.

The above finding is indicated by the results of experimental work summarised
in Figures 3 to 7.

Figure 3 is a graph of microbe count versus sulfate concentration for microbes
in pregnant leach liquor and on solids which shows the effect of solution sulfate
concentration on the cell population in solution and on ore solids for 50 °C moderate
thermophile microbial cultures, typically containing up to 20 different species of
microbes. The Figure, noting the logarithmic y-axis shows that the cell count for this
culture declined more slowly with increasing sulfate concentration for microbes on
solids. There was a steeper decline in cell count for microbes in pregnant leach liquor.
This indicates that microbes attached to solids are more sulfate tolerant than microbes
in solution. Attachment of microbes on solids is important in terms of maintaining high
enough cells count at higher sulfate concentrations to enable heap leaching to take place
at commercially practical rates.

Figure 4 is a graph of microbe count versus sulfate concentration for microbes
which shows the maximum bacterial cell concentration vs sulfate concentration for a 60

°C extreme thermophile microbial culture. The Figure 4 culture has a higher cell in
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solution population over the entire sulfate concentration range compared to the Figure 3
culture. Comparing Figures, and taking into account that tests were done using differing
samples and growth techniques, shows that the cells in solution of Figure 4 are more
sulfate tolerant than the 50 °C cells in solution of Figure 3.

Figure 5 is a graph of copper extraction versus time in column tests operated on
a chalcopyrite dominant copper ore at 60 °C using an extremely thermophilic microbial
culture with leach solutions having different starting (first value in the legend) and
maximum operating level (second value) sulfate concentrations. Similar high copper
extractions (86 — 89 %) were achieved for all three tests. The results demonstrate the
excellent performance of this culture over a broad sulfate operating range and high
sulfate threshold concentrations.

Figure 6 is a graph of ferric to ferrous ratio versus time for columns operated on
a copper ore inoculated with adapted inoculum solution (C218) and adapted inoculum
solution plus slurry added during agglomeration (C227). The columns were leached
with a ferric iron containing starting solution. The ferric to ferrous ratio declined
initially due to reaction of ferric with sulfide minerals, followed by a lag period, after
which the ferric to ferrous ratio increased rapidly due to the onset of high microbial
activity. The column inoculated with adapted inoculum solution plus slurry exhibited a
shorter lag period, indicative of high microbial activity occurring sooner, than in the
column inoculated with adapted inoculum solution.

Figure 7 is a graph of ferric to ferrous ratio for another set of columns operated
on a different copper ore, inoculated with adapted inoculum solution (C221) and
adapted inoculum slurry during agglomeration (C226). The results obtained were
similar to those depicted in Figure 6.

Many modifications may be made to the embodiment of the invention as
described above with reference to the Figures without departing from the spirit and
scope of the invention.

By way of example, whilst the embodiment is described in the context of
intermediate processing of fragments of copper-containing sulfidic ROM ores 5 by
crushing and then agglomerating in the crusher 7 and the agglomeration unit 15, the
invention also extends to other intermediate processing steps, such as grade sorting or

size separation (for example on screens).
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By way of example, whilst the embodiment is described in the context of heap
leaching agglomerates of fragments of copper-containing sulfidic ROM material in the
form of ores, the invention also extends to heap leaching non-agglomerated ore
fragments.

By way of example, whilst the embodiment is described in the context of heap
leaching agglomerates of fragments of copper-containing sulfidic ROM material in the
form of ores, the invention also extends to heap leaching agglomerated or non-
agglomerated fragments of ROM material in the form of waste materials.

By way of example, whilst the embodiment is described in the context of
fragments of copper-containing sulfidic ROM ores 5 being transferred directly for
intermediate processing by crushing and then agglomerating in the crusher 7 and the
agglomeration unit 15 respectively, the invention also extends to embodiments in which
fragments of copper-containing sulfidic ROM ores 5 are transferred first to a stockpile
(not shown) and held in the stockpile until being transferred (a) directly to a heap or (b)
to intermediate processing, such as crushing and then agglomerating in the crusher 7
and the agglomeration unit 15 respectively, before being transferred to a heap.

By way of example, the invention also extends to embodiments in which (a)
there is intermediate processing (for example crushing) of fragments of copper-
containing sulfidic ROM ores 5, (b) the intermediate processed ROM ores are
transferred to and stored in a stockpile, (c) there is intermediate processing (such as
agglomeration) of the stockpiled intermediate processed ROM ores and (d) the

agglomerates are transferred to a heap and leached in the heap.
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Claims
1. A method of microbial-assisted heap leaching of base metal-containing sulfidic
ores or base metal-containing sulfidic waste materials which includes: supplying an
acidic leach liquor containing sulfate to a heap of fragments of base metal-containing
sulfidic ores or base metal-containing sulfidic waste materials or agglomerates of
fragments and allowing the leach liquor to flow through the heap and leach base metal
from fragments, collecting leach liquor from the heap, and processing collected leach
liquor and recovering base metal from the leach liquor, with any one or more of the
fragments, agglomerates of the fragments (when present), and the leach liquor
containing microbes, and the method controlling a sulfate concentration in the leach
liquor so that it does not exceed a threshold sulfate concentration.
2. The method defined in claim 1 includes monitoring the sulfate concentration in
the leach liquor collected from the heap and controlling the method, as required, so that
the sulfate concentration in the leach liquor does not exceed the threshold
concentration.
3. The method defined in claim 1 or claim 2 includes indirectly controlling a
parameter other than sulfate concentration that influences the sulfate generation rate,
such that changing the parameter causes a known change to the sulfate concentration.
4. The method defined in any one of the preceding claims wherein the threshold
sulfate concentration is 170 g/L sulfate in a leach liquor collected from the heap.
5. The method defined in any one of the preceding claims wherein the threshold
sulfate concentration is at least 20 g/L in a leach liquor collected from the heap in a
start-up stage of the method.
6. The method defined in any one of the preceding claims wherein the threshold
sulfate concentration is 50-100 g/L in a leach liquor collected from the heap in a later
post-start-up leaching stage of the method.
7. The method defined in any one of the preceding claims includes controlling the
temperature of the heap to be less than 85 °C.
8. The method defined in any one of the preceding claims includes an
agglomeration step for forming agglomerates of fragments of copper-containing sulfidic
ores or copper-containing sulfidic waste materials for subsequent heap leaching in the

method.
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9. A method of forming agglomerates for heap leaching base metal-containing
sulfidic ores or base metal-containing sulfidic waste materials that includes
agglomerating crushed fragments of base metal-containing sulfidic ores or base metal-
containing sulfidic waste materials and other feed materials in an agglomeration unit
having an inlet end and an outlet end configured to move material along a length of the
agglomeration unit from the inlet end to the outlet end, with the method, including
adding the feed materials at, or close to, the inlet end.

10.  The method defined in claim 9 includes adding the feed materials a short
distance along the length of the agglomeration unit, typically no more than 40%,
typically no more than 30%, more typically no more than 20%, of the length from
the inlet end of the agglomeration unit.

11. The method defined in claim 9 includes substantially completing formation
of agglomerates a short distance along the length of the agglomeration unit, typically
no more than 40%, of the length from the inlet end of the agglomeration unit.

12. The method defined in any one of the preceding claims wherein, when the base
metal is copper, the other feed materials include combinations selected from:

(a) silver with catalyst properties to enhance leaching of copper from copper-
containing sulfidic ores or copper-containing sulfidic waste materials,

(b) sulfuric acid,

(c) microbes to oxidise ferrous ions and oxidise solid and soluble sulfur
compounds, thereby regenerating ferric ions and protons,

(d) optionally, an activation agent to activate silver, selected from thiourea,
chlorides, bromides and iodides,

(e) optionally, a complexing additive agent to enhance the dissolution of copper
from copper minerals in the ores or waste materials by forming a complex
between (1) sulfur, that has originated from copper minerals in the ores, and
(i1) the additive,

(f) pyrite or elemental sulfur to provide a source of ferrous ions (pyrite), acid
and heat (both pyrite and elemental sulfur), and

(g) one or more of water and/or other water sources, pregnant leach solution
from a heap leaching operation, a raffinate formed in a solvent extraction

operation on pregnant leach solution.
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13. A microbial-assisted heap leaching operation for base metal-containing sulfidic
ores or base metal-containing sulfidic waste materials, the heap leaching operation
comprising:

(a) a heap of fragments of the base metal-containing sulfidic ores or base metal-

containing sulfidic waste materials, and microbes; and

(b) a system that (i) supplies an acidic leach liquor containing sulfate to the heap

so that the leach liquor flows downwardly though the heap and leaches base metal from
the base metal-containing sulfide-containing sulfidic ores or base metal-containing
sulfidic waste materials, (ii) collects a pregnant leach liquor containing base metal in
solution from the heap, with the microbes oxidising ferrous iron to ferric iron, and (iii)
controls the method so that the sulfate concentration in the leach liquor does not exceed
a threshold concentration.

13.  The heap leaching operation defined in claim 12 wherein when the base metal is
copper and the fragments are in the form of agglomerates of fragments, the
agglomerates comprise:

(a) silver with catalyst properties to enhance leaching of copper from copper-
containing sulfidic ores or copper-containing sulfidic waste materials,

(b) an acid,

(c) optionally, an activation agent to activate silver, selected from thiourea,
chlorides, bromides and iodides,

(d) optionally, a complexing additive agent to enhance the dissolution of copper
from copper minerals in the ores or waste materials by forming a complex
between (1) sulfur, that has originated from copper minerals in the ores or
waste materials, and (i1) the additive,

(e) pyrite or elemental sulfur to provide a source of ferrous ions (pyrite), acid
and heat (pyrite and elemental sulfur); and

(f) water and/or other water sources and/or a pregnant leach solution from a
heap leaching operation or a raffinate formed in a solvent extraction
operation on pregnant leach solution.

14. A heap of base metal-containing sulfidic ores or base metal-containing sulfidic
waste material configured for a microbial-assisted heap leaching operation, the heap

comprising:
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a support surface,

a layer of granular material located on the support surface,

a layer of base metal-containing sulfidic ores or base metal-containing sulfidic
waste materials located on the granular material layer,

an irrigation system configured to supply a solution through the granular layer,

a collection system configured to collect a pregnant leach liquor containing base
metal in solution from the heap,

an aeration system configured to blow air to react with the layer of base metal-
containing sulfidic ores or base metal -containing sulfidic waste, and

a control system to monitor and change one or more operating parameters to
maintain a predetermined sulfate concentration.
15. A method of constructing a heap of base metal-containing sulfidic ores or base
metal-containing sulfidic waste materials that is configured to maintain a predetermined
sulfate concentration, the method comprising:

providing a support surface for the heap,

forming a layer of granular material on the support surface,

forming a layer of base metal -containing sulfidic ores or base metal -containing
sulfidic waste materials on the granular material layer,

installing an irrigation system that is configured to supply a solution through
the granular layer to heat the granular layer,

installing a collection system configured to collect a pregnant leach liquor
containing base metal in solution from the heap,

installing an aeration system that is configured to supply air to the heap to react
with the layer of base metal-containing sulfidic ores or base metal-containing sulfidic
waste materials, and

installing a control system to monitor the sulfate concentration of the heap and
change one or more operating parameters to maintain a predetermined sulfate

concentration.
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Box No. II

Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following

reasons:
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Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

Claims Nos:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

(1 [0 [

+

Remark on Protest

See Supplemental Box for Details

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

protest fee was not paid within the time limit specified in the invitation.

|:| The additional search fees were accompanied by the applicant's protest but the applicable
No protest accompanied the payment of additional search fees.
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/AU2023/050708

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WO 2022/056622 Al (THE UNIVERSITY OF BRITISH COLUMBIA) 24 March
2022

page 13, paragraph [0090]; page 28, paragraph [0028]; page 40, paragraph [0064];
claims 1 —25, 37 — 46, 87 — 89

1-8 13-16

US 2022/0033933 Al (RIO TINTO TECHNOLOGICAL RESOURCES INC.,) 03
February 2022

abstract; paragraphs [0069], [0071] — [0077], [0088] — [0095], [0098] — [109], [0130];
claims 1 -11

WO 2004/027099 Al (CRUNDWELL, FRANK, KENNETH et al.,) 01 April 2004
abstract; claims 1, 29

US 2018/0119247 Al (K+S CHILE S. A; UNIVERSIDAD TECNICA FEDERICO
SANTA MARIA) 03 March 2018

abstract; paragraphs [0001] — [0004], [0012], [0043] — [0044], [0047] - [0051], [0056].
[0110] - [0111], [0121]; figure 1

WO 2018/184071 Al (TECHNOLOGICAL RESOURCES PTY. LIMITED) 11
October 2018
abstract; claim 35

US 2019/0345580 A1 (TECHNOLOGICAL RESOURCES PTY. LIMITED) 14
November 2019
abstract; claims 1 - 31
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Supplemental Box

Continuation of’ Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:

e Claims 1 -8, 13 — 16 are directed to a heap, a method of constructing a heap of base metal-containing sulfidic ores or base
metal-containing sulfidic waste materials that is configured to maintain a predetermined sulfate concentration; a method
and an operation of microbial-assisted heap leaching of base metal-containing sulfidic ores or base metal-containing
sulfidic waste materials. The features of the heap, the method of constructing the heap, the method and operation of heap
leaching including supplying an acidic leach liquor / a solution to a heap of fragments of base metal-containing sulfidic
ores or base metal-containing sulfidic waste materials or agglomerates of fragments; allowing the leach liquor / solution to
flow through the heap and leach base metal from fragments; collecting pregnant leach liquor from the heap; monitoring
and changing one or more operating parameters thereby controlling a sulfate concentration in the leach liquor so that it
does not exceed a threshold / predetermined sulfate concentration are specific to this group of claims.

e (Claims 9 — 12 are directed to a method of forming agglomerates for heap leaching base metal-containing sulfidic ores or
base metal-containing sulfidic waste materials. The features of the method including agglomerating crushed fragments of
base metal-containing sulfidic ores or base metal containing sulfidic waste materials and other feed materials in an
agglomeration unit; the agglomeration unit having an inlet end and an outlet end configured to move material along a
length of the agglomeration unit from the inlet end to the outlet end; and adding the feed materials at, or close to, the inlet
end are specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a
priori.
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
WO 2022/056622 Al 24 March 2022 WO 2022056622 Al 24 Mar 2022
AR 123546 Al 14 Dec 2022
AU 2021345381 Al 04 May 2023
CA 3130427 Al 18 Mar 2022
EP 4214343 Al 26 Jul 2023
PE 20230857 Al 29 May 2023
US 2023227936 Al 20 Jul 2023
US 2022/0033933 Al 03 February 2022 US 11236407 B1 01 Feb 2022
US 2022033933 Al 03 Feb 2022
AU 2021315693 Al 23 Feb 2023
AU 2021318158 Al 26 May 2022
CA 3161961 Al 03 Feb 2022
CA 3190595 Al 03 Feb 2022
CL 2023000295 Al 14 Jul 2023
CN 114929908 A 19 Aug 2022
CN 116075599 A 05 May 2023
EC SP23013841 A 31 May 2023
EC SP23013913 A 31 May 2023
EP 4045693 A2 24 Aug 2022
EP 4188876 Al 07 Jun 2023
JP 2022552441 A 15 Dec 2022
JP 7273254 B2 12 May 2023
JP 2023536274 A 24 Aug 2023
PE 20221205 Al 11 Aug 2022
PE 20230702 Al 24 Apr 2023
WO 2022026826 A2 03 Feb 2022
WO 2022026833 Al 03 Feb 2022
WO 2004/027099 Al 01 April 2004 WO 2004027099 Al 01 Apr 2004
AU 2003260918 Al 08 Apr 2004
AU 2003260918 B2 23 Apr 2009
AU 2003263464 Al 08 Apr 2004
AU 2003263464 B2 18 Feb 2010
BR 0314245 A 26 Jul 2005
BR 0314355 A 19 Jul 2005
CA 2498949 Al 01 Apr 2004

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
CA 2500944 Al 01 Apr 2004
CN 1688729 A 26 Oct 2005
CN 1688727 A 26 Oct 2005
PE 20040353 Al 04 Aug 2004
PE 20040354 A1l 27 Jul 2004
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US 7575622 B2 18 Aug 2009
US 2006035356 Al 16 Feb 2006
US 2009209027 A1l 20 Aug 2009
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ZA 200501963 B 25 Jan 2006
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CN 107847889 B 30 Oct 2020
PE 20180370 Al 22 Feb 2018
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AU 2018248023 B2 23 Jul 2020
CA 3059009 Al 11 Oct 2018
CL 2019002851 Al 03 Jan 2020
CN 110678563 A 10 Jan 2020
MX 2019012039 A 12 Feb 2020
PE 20200436 Al 28 Feb 2020
RS 20191293 A1 31 Jan 2020
RS 62573 B1 31 Dec 2021
US 2019127822 Al 02 May 2019

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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Patent Document/s Cited in Search Report

Publication Number Publication Date

Patent Family Member/s

Publication Number

Publication Date

US 2019/0345580 Al 14 November 2019

US 10563287 B2

US 2019345580 Al
AR 113380 Al

AU 2019264853 Al
AU 2019264853 B2
CA 3086591 Al
CL 2018003313 Al
CN 111194358 A
CN 111194358 B
MX 2020000388 A
PE 20191768 Al
RS 20191520 A1
RS 64016 B1

RS 20211540 A2
US 2019345581 Al
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WO 2019213694 Al

18 Feb 2020
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