Commissioning Manual for Pulverise and Cyanide
Leach Machine

Introduction

The PAL1000™ is a high-throughput, cost-effective gold cyanidation assay system
capable of simultaneously pulverizing and leaching 52 large 1,000 g (-2 mm) samples.
The resulting assay reflects the maximum cyanide-leachable gold content and should
not be directly compared to a alternative gold assay such as fire assay (FA) or photon
assay. However, a total gold value can more accurately be derived through analysis of the
tailing’s residue, typically performed on composite samples where mineralogical
characteristics allow.

While the PAL1000 ™ does not provide a direct total gold assay, it offers significant
advantages, particularly for samples containing coarse gold. These include a large
sample mass, minimal preparation requirements, and a subsequent reduction in
sampling error. The reported detection limits are 0.01 ppm Au using DiBK and 0.005 ppm
Auvia ICP-MS.

The efficiency and processing rate of the PAL1000 are primarily attributed to its ability to
pulverize and leach samples simultaneously. The integration of the AssayTab™,
containing cyanide and LeachWELL™, enhances gold dissolution kinetics. The PAL1000 ™
assay effectively replicates the comminution and cyanidation processes encountered in
metallurgical circuits; however, initial optimisation is required to achieve maximum gold
recovery.

Metallurgical test work and plant operating parameters—such as liberation size and
residence time, serve as key indicators for establishing optimal conditions. Nevertheless,
further optimisation is essential, particularly when dealing with complex process
flowsheets. The final grind size is dictated by the mineralogical characteristics of the
sample, necessitating adjustments to system parameters to ensure effective liberation.
Inadequate liberation can result in incomplete gold leaching.

If the ore body exhibits mineralogical variability that influences grind size, it is imperative
to conduct optimisation studies on representative samples from each distinct
mineralogical domain. This approach ensures that process parameters are tailored to
achieve consistent and efficient gold recovery across the entire ore body.

The following procedure outlines guidelines for new operators to efficiently optimise
PAL1000™ operating parameters, ensuring accurate and precise assay results.



This manual provides guidelines for the commissioning of the pulverise and cyanide
leach machine. It covers setup, operational parameters, and considerations for achieving
optimal leaching efficiency

Safety

Mineral Process Control (MPC) Pty Ltd has conducted a comprehensive risk assessment
for the operation of the PAL1000 ™. As a result, the machine is equipped with integrated
safety features and control mechanisms designed to mitigate or eliminate identified
hazards to an acceptable level. A copy of the risk assessment is available upon request.

Operators must thoroughly review the PAL1000 ™ manual and fully understand the
prescribed safe operating procedures. Deviation from these procedures may introduce
unforeseen risks and compromise operational safety.

Additionally, operators are required to conduct a site-specific risk assessment during the
installation of the PAL1000 ™ to identify and mitigate any hazards arising from its
operational context. For example, the interaction of AssayTabs with site water should be
assessed using the procedure outlined in Appendix One of this manual.

Cyanide Safety for the PAL1000

The primary hazard associated with the operation of the PAL1000 ™ is the use of Sodium
Cyanide, a highly toxic substance that poses significant risks to human health and the
environment. The PAL1000 ™ utilizes cyanide in both solid and liquid forms, requiring
strict adherence to safety protocols to prevent exposure and contamination. Solid
cyanide, supplied in AssayTabs, should be handled with care to avoid direct contact,
inhalation of dust, or accidental ingestion.

The Safety Data Sheet (SDS) for AssayTabs must be reviewed, comprehended, and
referenced to ensure their safe handling and use.

Proper storage in sealed containers away from moisture is essential to prevent
degradation or unintended reactions. Once dissolved within the PAL1000 ™, cyanide
exists in liquid form, necessitating secure containment and proper waste management.
Operators must ensure that all seals, tubing, and waste collection systems are intact and
functioning to prevent leaks or spills. Waste cyanide solutions must be treated and
disposed of in accordance with site and regulatory requirements to eliminate
environmental and health hazards. Proper ventilation, the use of personal protective
equipment (PPE), and emergency response preparedness are critical to maintaining a
safe working environment.



Equipment Setup

Determining Grind Size

The appropriate grind size should be selected based on the mineralogical characteristics
of the sample. Metallurgical test work will have identified the particle size at which gold
is sufficiently liberated from the host mineral matrix to enable effective cyanide
dissolution. As a general reference, the comminution circuit in the processing plant is
desighed to achieve this target particle size.

To assess particle size distribution following test work, a sieve corresponding to the target
liberation size—typically between 75 pym and 150 pm—should be used. The slurry is
passed through this sieve to determine the proportion of material below the liberation
threshold. The objective is for 80% of the material to pass through the screen, referred to
as the Pgo.

To determine the optimal grinding time required to achieve the desired Pg,, a series of
tests will be conducted using the Pulverize and Leach (PAL1000 ™) system. A
representative ore sample will be split into a minimum of three identical triplicates,
ensuring repeatability, and then divided evenly across the PAL sample pots.

The system will be run for designated durations of 30 minutes, 1 hour, and 2 hours. At
each time interval, the PAL1000 ™ will be stopped, and one triplicate will be removed for
particle size analysis. The collected material will be dried if necessary for dry sizing, or
wet sizing will be performed, followed by sieving with the target P4, sieve size.

The weight of the under and over size fraction of the sieve will be recorded to determine
the percentage passing that sieve sizing. The results will be plotted with grinding time on
the X-axis and percentage passing P4, on the Y-axis to establish the required milling time
for optimal particle size distribution. If the target Py, is not achieved within the tested
range, additional tests may be conducted at interpolated time intervals. This systematic
approach ensures precise optimization of the grinding time within the PAL1000 ™ system.

Wet Sieving

e Place the target-size sieve over a collection pan.

e Pour the slurry from a PAL pot onto the sieve while gently agitating with a
wash bottle. Note that due to the large sample size, this may be undertaken
in increments until the total has been sieved so as not to blind the sieve.

e Use a circular motion or tap the sieve frame lightly to facilitate separation.

e Continue washing until the water passing through the sieve is clear,
ensuring fine particles have been properly classified.

e Carefully transfer the oversize fraction (material retained on the sieve) to a
pre-weighed drying dish.



e Dry the retained material in an oven at 105°C until a constant weight is
achieved.

e Coolin adesiccator and weigh the dried retained material.

o Compute the percentage passing using:
: Wietai
YoPassing — 100 x (1 — ;E’Lm”l)
W sample

If time permits, an additional run at the interpolated time can be conducted as
a QA/QC check to validate the interpolated result. This systematic approach
ensures precise optimization of the grinding time within the PAL1000 system.
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Figure 1. Example Grind Size vs Time Plot.

Other Factors Effecting Grind Size

Several operating variables influence the final grind size achieved in the PAL1000 ™
system, beyond just grinding time. The outlined procedure serves as the initial step in the
optimization process, utilizing standard conditions for feed size, media composition,
slurry density, sample size, and operating speed. If the target grind size is not achieved



following the grind size screen test, one or more of these variables may need to be
adjusted to optimize the milling performance.

As with all test work programs, it is essential to modify only one variable at a time while
monitoring its effect. Simultaneous changes to multiple parameters can lead to data
inconsistencies and potentially counterproductive outcomes, making it difficult to
isolate the impact of individual variables on the final grind size.

The PAL1000 ™ is supplied with the following standard operating parameters, under
which the initial grind size test should be conducted:

a. Operating Speed: 60 Hz
b. Grinding Media Charge:
b.1. 1 kg of 26 mm balls
b.2. 1 kg of Cyl-Pebs
b.3. 3 x 36 mm balls
c. Pulp Density: 50% solids
d. Feed Size: Pgy=-2 mm

e. Sample Size: 1000g

Feed Size

In most instances, the primary cause of larger product sizes from the PAL1000 ™ is an
oversized feed material, typically greater than 2mm. The PAL1000 ™ is specifically
desighed to operate optimally with a top-size feed of 2mm; feed material exceeding this
size will result in increased processing times. To ensure proper feed sizing, it is
recommended to use a crusher, such as a Boyd or Orbis jaw crusher, set to 2mm for pre-
processing the feed material.

When using a jaw crusher, operators must be cautious, as certain ore types with a
tendency to shear along their length can produce larger, more elongated particles. These
particles may pass through the 2mm sieve in some directions but still contribute to a
coarse product in the PAL1000 ™. Proper attention to feed size and particle shape is
crucial to avoid suboptimal results and extended run times.

A jaw crusher is typically capable of producing a product size as fine as Tmm. For ores
with a high work index, it may be beneficial to adjust the crusher gap to this size in order
to reduce the workload on the PAL1000 ™. For operators using a jaw crusher, achieving a
Tmm product size may not be feasible. In such cases, it may be necessary to adjust other
operational variables to optimize feed sizing and ensure efficient processing.



Grinding Media Charge.

In the PAL1000™, the ball charge consists of a combination of 36mm balls, 26mm balls,
and 16mm Cyl-Pebs, which form a ball/rod hybrid charge. Each of these ball sizes plays
a distinct role in the size reduction process, working together to efficiently reduce the

feed material to the desired particle size.

36mm Balls (Coarse Grinding):

Role: The largest balls (36mm) are primarily responsible for coarse grinding.
These balls deliver the necessary energy for breaking down larger particles in the
feed material through impact.

Action on Feed: As the feed enters the PAL1000 ™, the 36mm balls effectively
break down the coarser material, initiating the size reduction process. Their larger
size and higher mass provide the energy needed to fracture larger, more robust
particles, preparing them for further grinding by smaller media.

26mm Balls (Intermediate Grinding):

Role: The 26mm balls are involved in intermediate grinding. They help to
continue reducing the material to a smaller size after the coarse particles have
been broken down by the 36mm balls. These balls apply both impact and attrition
forces, efficiently refining the size of the material.

Action on Feed: After the coarser particles have been reduced, the 26mm balls
work to break down intermediate-sized material, further refining the particle size
and preparing it for the final fine grinding phase.

16mm Cyl-Pebs (Fine Grinding):

Role: The 16mm Cyl-Pebs, which act as a ball/rod hybrid, are responsible for fine
grinding and size reduction through abrasion and attrition. Their shape, with a
greater surface area compared to spherical balls, allows them to be highly
effective at grinding finer particles.

Action on Feed: The 16mm Cyl-Pebs work to further reduce the material to the
desired fine size. Their elongated shape provides additional grinding action
through attrition, efficiently breaking down smaller particles and ensuring that the
final product meets the target particle size distribution.

To optimize the PAL1000 ™ for processing larger feed samples, particularly those with a

significant proportion of particles larger than 2mm, the operator may need to adjust the

ball charge balance to ensure efficient size reduction. For such feed materials, the

operator should consider increasing the proportion of larger balls, such as the 36mm

balls, to provide sufficient impact energy to break down the coarser particles.



If, after achieving a p80 feed size of less than 2mm and completing a maximum run time
of 120 minutes, the product size exceeds a p80 of 75um, the next step would be to
increase the proportion of 36mm balls in the media charge. The base media charge
consists of 3 x 36mm balls per kilogram of 26mm balls; this should be adjusted to 5 x
36mm balls per kilogram of 26mm balls. This adjustment will help enhance the breakage
of larger particles and potentially reduce the product size to meet the desired p80 target.

Pulp Density

The standard operating charge of the PAL1000 ™ is 1kg of sample and 1 litre of water,
resulting in a 50% pulp density. For most ore sample types this is adequate, however
there is arelationship between grind size and pulp density (ergo sample mass)which may
need to be considered for some sample types.

Gold Ore (Sulphide)
e Ideal Pulp Density: 30-50% solids by weight
e Sulphide ores are often harder and more abrasive, requiring more water to assist
with energy transfer and prevent excessive wear.
e Sulphide minerals tend to produce slimes when overground, which can negatively
affect leaching. A more dilute slurry helps manage this.
Gold Ore (Non- Sulphide)
e Ideal Pulp Density: 40-60% solids by weight
Oxide ores are generally softer and easier to grind.
Silver Ore
e Ideal Pulp Density: 50-60% solids by weight

o Silver ores, particularly those that are part of complex ores, may require a higher
pulp density for efficient grinding and to optimize chemical extraction.



Appendix 1. pH Testing
pH Check Procedure for AssayTabs

Objective:

To prepare and adjust the pH of an AssayTabs solution to the required level for use in
PAL1000™ testing, ensuring a consistent pH above 9.5 for accurate test results.

Materials Required:
e 2xAssayTabs
e 1L of potable mine site water
e Lime (for pH adjustment)
e Conicalflask (1L)
e Magnetic stirrer and stir bar
¢ pH meter
¢ HCN gas detector
e Fume extraction system

+ Safety gloves, goggles, and lab coat

Procedure:
1. Preparation:

o Setupthe experimentin awell-ventilated fume hood. Ensure that the fume
extraction system is operational.

o Wear appropriate personal protective equipment (PPE) including gloves,
goggles, and a lab coat.

2. Dissolution of AssayTabs:

o Using a calibrated pH probe, measure the pH of the water. If water is
acidic, skip to step 4- pH adjustment before adding AssayTabs.

o Add2xAssayTabs to a clean 1L conical flask.

o Pour1 litre of potable mine site water into the flask.



o Place the flask on a magnetic stirrer and stir the solution until the
AssayTabs are fully dissolved.

. pH Measurement:

o After the AssayTabs have completely dissolved, use a calibrated pH meter
to measure the pH of the solution.

o Record the pH reading.

. pH Adjustment (if required):

o Ifthe pH is less than 9.5, begin adding lime in measured amounts (small
increments, e.g., 0.5g at atime).

o Aftereach addition of lime, mix the solution thoroughly using the magnetic
stirrer and allow it to dissolve fully.

o Re-check the pH after each lime addition.

o Continue adding lime until the pH consistently exceeds 9.5.

. Final pH Check:

o Once the pH reaches 9.5 or higher, confirm that the pH remains stable
above this threshold after further stirring.

o Record the final pH value and the amount of lime added to achieve it. This
amount will be used for subsequent PAL1000 ™ pot preparations.

. Neutral/Alkaline Water Consideration:

o If the mine site water is neutral to alkaline (pH closer to 10), no lime
addition may be necessary. In this case, ensure that the pH remains in the
target range (around 10) without further adjustment.

. Safety Considerations:

o Ensure that the HCN meter is actively monitoring the air quality during the
test, as fumes may be released from the AssayTabs.

o Keep the fume extraction system running throughout the procedure to
minimize exposure to harmful gases.

o Dispose of any waste material in accordance with safety protocols for
chemical disposal.

The pH must be measured and controlled according to the sample size and
regime.



3. Process Flowsheet

e Use DiBK when gold levels are low to mitigate Fe interference or when lower
detection limits are required.

4. Cyanide Leach Process
4.1 Factors Affecting Cyanide Leaching
The effectiveness of cyanide leaching is influenced by:
e Temperature
e Agitation (oxygen availability in the system)
¢ Cyanide concentration
e Reagent-to-sample ratio
o Grainsurface area
e pH
¢ Sample mineralogy (not customizable but must be considered in interpretation)
4.2 Free Cyanide Measurement

e Free cyanide levels should be monitored throughout the leaching process to
ensure efficiency.

5. Pulverisation and Leaching - Importance of Information

Pulverisation ensures optimal grain exposure for cyanide leaching by reducing particle
size and increasing surface area. It is essential to document and monitor the
pulverisation process to:

¢ Ensure uniformity in sample preparation

¢ Improve reproducibility of leaching outcomes

e Allow correlation between grind size and gold recovery
6. Gold in Tails vs. P80

e Assessing gold in tails relative to P80 (80% passing size) helps evaluate leach
efficiency. Higher gold in tails may indicate insufficient grinding or inadequate
cyanide penetration.



7. Limitations of Cyanide Leaching

Although highly effective for sulphides, cyanide leaching does not break down silicates
effectively. Gold encapsulated within silicate minerals will not dissolve into solution,
leading to:

¢ Underestimation of total gold content when using a cyanide method.
e« Potential discrepancies in values compared to total gold methods.

e The need to account for variability when interpreting results from cyanide
leaching.

8. Safety and Operational Considerations
e« Ensure proper ventilation to mitigate exposure to cyanide fumes.
¢ Use appropriate personal protective equipment (PPE).

e Follow standard safety protocols for handling chemicals and operating
machinery.

9. Conclusion

Proper commissioning and operation of the pulverise and cyanide leach machine are
critical to achieving reliable and accurate gold leaching results. Following the outlined
procedures ensures efficiency, safety, and reproducibility in gold recovery assessments.



