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Abstract

In late 2024, a Jord NovaCell™ pilot plant was installed to process rougher tailings at Capstone
Coppers Mantos Blancos operation in Chile. The intent was to validate promising laboratory scale
results from 2023 and justify advancing to full scale.

The NovaCell™ is a novel flotation technology that has been shown to recover particles over a wide
size range. It combines high-shear downcomers and a low-shear fluidised bed to enhance the
recovery of both fine/ultrafine and coarse particles. The internal cone further assists the recovery of
coarse valuable particles.

At Mantos Blancos, approximately 58% of all copper lost to rougher tailings is contained in coarse
particles (>212 pum). Over 70% of these particles have a surface liberation of less than 10%,
detrimentally impacting recovery in the existing conventional flotation circuit. An additional ~15% of
copper losses are contained in the <45 pm fraction, where particles are well liberated, but their fine
size impedes collection. The NovaCell™ pilot presented an opportunity to improve global recovery
by targeting particles at the extremities of the particle size distribution

The pilot plant successfully demonstrated up to 56% copper recovery and consistently exceeded
targets for upgrade ratio (>6) and mass pull (~8%). Mineralogy showed the NovaCell™ could
effectively recover coarse (>212 uym), poorly liberated particles (<80% surface exposure), that are
typically lost in conventional floatation cells. This paper provides a detailed summary of the pilot
plant results including key challenges and optimization of this world first technology application.
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Introduction

In late 2024, a Jord NovaCell™ pilot plant was installed on the rougher tailings stream at Capstone
Coppers Mantos Blancos operation in Chile. The purpose of the pilot plant was to validate promising
laboratory results achieved in 2023 to justify advancing to full scale. Data from the pilot plant was
used to develop a kinetic model to assist with scaling NovaCell™ results from pilot to full scale.

Mantos Blancos — An Overview

The Mantos Blancos mine is a copper-silver deposit located in the northern region of Chile,
approximately 45 km northeast of the city of Antofagasta. The deposit is mainly characterised by
pyroclastic and intrusive host rock units.

Mineralogy includes both oxide and sulphide copper minerals. Predominant copper oxide minerals
are atacamite, chrysocolla and minor malachite, while the sulphide minerals are predominantly
chalcocite, bornite, chalcopyrite and covellite. Silver occurs in the crystal structure of the copper
sulphides and occasionally as native silver.

Due to the presence of oxide and sulphide copper minerals, the two metallurgical processes in
operation at Mantos Blancos are:

o Flotation plant (concentrator), for sulphide ore with insoluble copper grade greater than
0.22%
e Dump leach process for oxides with soluble copper grade greater than 0.10%.

The Mantos Blancos concentrator (Figure 1) consists of two lines of three stage crushing followed by
conventional ball milling circuits. Line 1 treats 1.8 Mt per year and Line 2 treats 5.5 Mt, for a total of
7.3 Mt per annum at a primary grind size P80 of 250 uym.

The rougher circuit consists of 4 x 300m?® Metso tank cells and treats the combined primary cyclone
overflow from both Line 1 and 2. Rougher concentrate is reground ahead of 2 x Eriez @3 m x 12 m
column cleaner cells and 3 x Wemco W164 and 20 x Wemco W144 scavenger cells. Scavenger
concentrate is recycled to the regrind circuit and scavenger tail reports to the final tails stream with
the rougher tails.

The final concentrate product is dewatered and filtered onsite prior to trucking offsite. Flotation
tailings are cycloned to produce fine and coarse components. The coarse fraction is dewatered prior
to dry stacking, and the fine fraction is thickened prior to deposition.

Most copper losses in the rougher tailings are either coarse composites with low surface liberation
(<10%), or fine (<45 pm) fully liberated particles. The NovaCell™ technology presented an
opportunity to improve recovery of both these fractions in the Mantos Blancos rougher tailings.
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Figure 1 - Simplified Flowsheet of Mantos Blancos Concentrator

The Jord NovaCell™ is a novel flotation technology that recovers valuable particles over a wide size
range. It combines high-shear downcomers and a low-shear fluidised bed to enhance the recovery
of both fine/ultrafine and coarse particles. The internal cone further assists the recovery of coarse
valuable particles. Refer to Figure 2 for schematic of the NovaCell™ circuit.
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Figure 2 NovaCell™ Circuit Schematic

New feed is introduced and combined with an internal recycle stream to feed the downcomers
where particles and small bubbles collide in the high shear zone, ideal for fine and ultrafine particle
recovery. The downcomers are designed to be fed with low pressure air from compressors.
Compressed air allows for a greater downcomer airflow which produces more bubble surface area
for fine particle attachment.

Material exiting the downcomer enters the fluidised bed, in this region partially loaded bubbles
surround particles in a low shear environment ideal for coarse particle recovery. After attachment,
both coarse and fine valuable hydrophobic minerals rise and are collected in two concentrate
streams. One is a conventional froth flotation concentrate and the other an internal cone
concentrate. The internal cone captures coarse valuable hydrophobic particles that are suspended
just below the froth phase. Internal cone concentrate is sent to a classification circuit where the
coarse fraction is collected and processed downstream in the cleaning circuit. Fines from the
classification stage report to the internal recycle to maintain the feed flow of the NovaCell™
downcomers with excess fines reporting to tailings. The fine froth and coarse screen concentrates
can either be processed separately or together.



Mantos Blancos NovaCell™ Pilot Plant

Lab Testing Summary

In 2023, the NovaCell™ pilot plant engineering design was finalised and construction commenced.
During this time, a plant tailings sample collected from Mantos Blancos was sent to the University of
Newcastle in Australia for testing. Batch tests were performed using the lab-scale NovaCell™ unit.
Kinetic copper recovery data indicated that the NovaCell™ could successfully recover coarse and
fine particles from the Mantos Blancos tails, suggesting a strong economic benefit for the operation.
The batch results showed an overall copper recovery of 73.7% at a copper upgrade ratio of 5.1 after
45 minutes of flotation time on a 0.17% copper feed stream (plant tailings). As a result, the first
continuous NovaCell™ pilot plant was delivered to site for a six-month testing campaign.

Pilot Plant Objective

The main objective of the NovaCell™ pilot plant was to demonstrate whether performance observed
at the laboratory scale, could be scaled up. Based on the lab results, the following targets were set:

e Stage copperrecovery > 40% (adjusted for residence time and expected feed PSD)
e Productupgrade ratio > 5
e Productmass pull<12%

To ensure ease of installation and operation efficiency, the pilot plant was integrated into 2 x 20-foot
shipping containers as shown in Figure 3. The plantwas equipped with instrumentation and a control
system, allowing for automated operation in continuous mode during the campaign. The plant was
designed to be fed at ~1.7 dry tph. The NovaCell™ pilot plant trial commenced in September 2024.
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Figure 3 NovaCell™ Pilot Plant Location at Mantos Blancos



Test Procedure

Due to logistical constraints, the NovaCell™ was fed only with rougher bank tailings instead of the
originally planned overall Plant Tails (rougher and cleaner scavenger tailings). The only practical
sampling point was an open trough at the end of the mechanical roughers. A custom sampler was
used to pump slurry from the trough into a 3 m® agitated buffer tank, approximately 100 m away, to
smooth out fluctuations in flow rate before feeding the pilot plant. From the buffer tank, slurry was
pumped through a 3 mm trash screen into the NovaCell™ New Feed Tank, which in turn supplied the
Recycle Tank at a controlled rate.

With the NovaCell™ running, four streams were produced: Froth Concentrate, Screen Concentrate,
Fine Tails, and Coarse Tails. These were tested for percent solids, elemental assays, and size
distributions. Flow rates were also recorded. All analyses were carried out by a third-party lab in
Calama, and the results were mass balanced using generalized least squares error minimisation.

In parallel to the pilot campaigns, a series of conventional batch flotation kinetic tests were
conducted. The intent of these tests was to provide data for the formation of a NovaCell™ model,
using conventional kinetic information and relating that data to the performance of the pilot cell.

Results

Initial Results and Optimisation — Phase A & B

The NovaCell™ pilot plant was designed to operate across a range of process parameters, handle
varying feed stream characteristics, and optimise the metallurgical performance of the unit. The test
program was divided into three phases, the first two of which are described below.

Phase Afocused on commissioning the equipment and confirming that all systems were functioning
correctly, covering Tests 1 to 13. This stage also involved determining plant start-up times,
measuring sampling cycle times, training plant operators, and carrying out key measurements.
During this phase, early signs of improvement were observed in Test 12 when diesel, frother, and
SIBX were introduced. The upgrade ratio, however, was modest, around 2%, with a relatively high
mass pull of about 20%, leaving room for further optimisation.

Phase B involved operating the NovaCell™ with a variety of parameters to identify the combination
that best met the performance targets, covering Tests 14 to 54. Due to time limitations, many
parameters were not tested across the full range of feed conditions, which means there is still
potential to improve the performance with additional optimisation.

The most significant parameter change was the switch in reagent strategy, with the most promising
results shown in tests where PAX and Flottec F160 were dosed. Beyond reagent changes, a series of
modifications were implemented in the classification circuit including screen adjustments,
optimisation of process control loops and mechanical modification to the cyclone (spigot diameter
and siphon breaker on overflow line). These helped maximise recovery of valuable coarse to the
screen concentrate. Additionally, physical modifications including froth crowding and an increase



to the NovaCell™ height were included in Phase B. However, due to time constraints the direct
impact of these were not measured.

Optimised NovaCell™ Results — Phase C

Following the initial testing phases (A & B), it was observed that the best results were obtained in Test
32, with a copper recovery of 55%, product mass pull of 10.6% and an upgrade ratio of 5.2. To
validate these results, the process conditions for Test 32 were replicated and maintained over an
extended period, with a total of 16 tests collected for analysis (tests 55 — 70). This series of results
was referred to as Phase C.

From the Phase C tests, the average copper recovery was 47% with an average upgrade ratio of 6.1
and average mass pull of 8%. Notably, all but 3 tests (tests 57, 66 and 70), met all the key targets
namely, copper recovery > 40%, upgrade ratio > 5 and mass pull < 12% evident in Figure 4, Figure 5,
and Figure 6. During Phase C, the feed parameters fluctuated as outlined in Table 1. Even with these
fluctuations the NovaCell™ performance remained consistent throughout this phase.

Table 1 Feed conditions during Phase C

Parameter Min Max
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Figure 4 Phase C Copper Recovery, the target recovery of 40% is indicated in red. The average recovery was 47%
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Figure 5 Phase C Upgrade Ratio, target ratio of 5 indicated in red. The average ratio was 6.1
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Figure 6 Phase C Mass Pull, the target mass pull of 12% indicated in red. The average mass pull was 8%

The pilot plant samples were sized and analysed for copper. From Figure 7, material in the +300 ym
and +500 pm fractions were recovered to concentrate, predominantly from the screened coarse
concentrate. Over 50% of copper lost to the conventional rougher tailings at Mantos Blancos is
contained in the +212 pm fraction, of this, approximately 47% was recovered to the NovaCell™
combined concentrate.
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Figure 7 Phase C size by size copper recovery (rougher tailings)

Additionally, a composite of the products from well performing tests (tests 58, 60, 61 & 62) were sent
for mineralogy. Four streams were analysed; feed, fine concentrate, coarse concentrate and tailings;
and at the same size fractions as the size x size assays above.

Approximately 52% of the copper in the NovaCell™ feed was contained in the +212 pm fractions,
with the copper deportment primarily in the sulphides of chalcopyrite (45%), bornite (30%),
chalcocite (15%) and covellite (5%). Mineralogy analysis indicated that the feed to the NovaCell™,
that is conventional flotation rougher tailings, contained poorly liberated copper sulphides with
approximately 70% of all particles above 212 pm having less than 10% surface liberation. Not
surprisingly these particles reported to the tailings of the conventional roughing circuit. Figure 8
details the liberation characteristics of chalcopyrite in the NovaCell™ feed.



NovaCell™ Feed Chalcopyrite Liberation

100
9
8
7
6
5
4
3
2
10

0

500 pm 300 pm 212 pm 75 um 45 uym -45 um

Proportion of Sample
O O O O o o o

o

H <10 m=10<20 m=20<30 m=230<40 m=40<50 m=250<60 m=60<70 m=70<80 m=80<90 =90 m 100

Figure 8 NovaCell™ feed chalcopyrite liberation

The fine concentrate (Figure 9) and coarse concentrate (Figure 10) mineralogy demonstrated that
both streams were able to recover poorly liberated particles with surface exposure less than 30% in
the coarse size fractions. This result was expected in the screen or coarse concentrate stream but
was promising to see coarse composites also being recovered in the fine concentrate. This
demonstrates that the low shear quiescent conditions in the fluidised zone of the NovaCell™ is
promoting strong bubble-particle attachment and reduced bubble-particle detachment, allowing
transfer of particles through the froth phase into the concentrate launder.

It was expected that the fine froth concentrate would recover more fully liberated particles in the size
fractions less than 45um. Tuning of the NovaCell™ parameters and conditioning of the feed could
potentially target a greater proportion of this material at full scale. Further analysis is also required
to understand the cause of low recovery of the liberated particles, for example potential surface
contamination or lack of collector adsorption. This will be the target for future testwork on Capstone
Copper ores.



NovaCell™ Fine Con Chalcopyrite Liberation
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Figure 9 NovaCell™ fine concentrate chalcopyrite liberation

NovaCell™ Coarse Con Chalcopyrite Liberation

100
9
8
7
6
5
4
3
2
10

0

500 pm 300 pm 212 pm 75 pum 45 pm -45 pm

Proportion of Sample
o O O O O o o

o

H<10 m=210<20 m=20<30 m=230<40 W 240<50 m=50<60 m=60<70 m=70<80 m=80<90 m =90 m 100

Figure 10 NovaCell™ coarse concentrate Chalcopyrite liberation

Overall, the pilot plant results indicated that the positive results observed in the laboratory scale
tests in 2023 could be scaled up effectively. Results suggest that the NovaCell™ has the potential to
provide significant economic benefits at the Mantos Blancos mine in a scavenger tailings
application.



Pilot Plant Challenges and Successes

As with most pilot plant installations, certainly for first off applications such as this, there were
challenges to overcome to ensure a successful outcome. Key challenges in implementing the
NovaCell™ Project at Mantos Blancos were:

1. Restricted Layout: The space available in the area near the flotation plant was limited, which
restricted assembly and equipment intervention.

2. Tie-ins: To ensure the continuity of the pilot plant's operation, the design of the tailings
connection to NovaCell™, the transport pump, electrical connections, and instrumentation
air required more support than budgeted.

3. Coordination: Numerous teams were required to set up the pilot plant including electrical
and mechanical. It was imperative to have these teams involved from the beginning of the
project.

4. Shift system and labour regulations: Different shift systems with the companies involved.
Special coordination was required to ensure the operational continuity of the pilot plant, so
as not to alter the process in each of the tests carried out.

5. Software/hardware issues: A less experienced contractor was used for the PLC/MCC. Due
to issues with these elements, the commissioning time was extended impacting time for
optimisation of the pilot plant.

The pilot plant successes included:

1. Process Control: The system was fit for purpose. Despite the high variability in the feed
stream, the pilot plant remained stable without operator intervention, demonstrating the
robustness of the NovaCell™ design.

2. Strong Collaboration: There was strong collaboration between Jord, Aminpro, and Mantos
Blancos teams. Jord managed plant operation and optimisation, Aminpro provided skilled
technicians to process collected samples, and Mantos Blancos ensured site safety and
operational protocols were communicated effectively.

NovaCell™ Modelling

A conceptual diagram of a compartmental model of the NovaCell™ is shown in Figure 11. The
modelling approach used for Mantos Blancos separates the collection recovery that occurs in the
downcomer from that occurring in the quiescent fluidized bed chamber. It was assumed that
particles that are collected in the downcomer report directly to the froth compartment (i.e., zero
detachment assumption in the fluidized bed). Furthermore, due to the upwards velocity of slurry at
the pinch point near the cone discharge, it is reasonable to assume that a collected particle that is
not recovered to the froth concentrate due to froth recovery or drop-back must report to the cone
discharge. Ignoring hydraulic entrainment for the moment, we have the following three product
streams:



1. The recovery to the froth concentrate, consisting of hydrophobic particles collected in the
mixing chamber that were recovered across the froth zone (RnRy) plus the hydrophobic
particles that were collected in the fluidized bed chamber that were recovered across the
froth zone (RsR++ RmRsRy)

2. The recovery to the inverted cone discharge, consisting of the hydrophobic particles that
were collected in either the mixing chamber or the fluidized bed chamber that were NOT
recovered across the froth zone (Rs — RnRs — RsRr + RmRsRy)

3. The coarse tailings, consisting of particles that were not collected in either the mixing
chamber or the fluidized bed chamber (7 - Rs - Rm + RmRs)

NovaCellTM | ) ConcFmez Rm Rf + Rst - RmRst
Froth
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Figure 11 Compartmental model of a NovaCell™

Equations 1-3 show the fractional recovery to the froth concentrate, the inverted cone, and tailings
for a given particle size and mineral or mineral-liberation class.

ReCprotn = RmRy + RgRy — Ry RsR;

Equation 1 - Fractional recovery to froth concentrate

Recsereen = Ry — RppRp + Ry — Ry Ry — RgRy + Ry RRy

Equation 2 - Fractional recovery to inverted cone

ReCTails = 1 - Rm - RS + RmRs

Equation 3 - Fractional recovery to tails

Because the cell operator controls the volumetric flow rate of the coarse tails (via a pinch valve or
equivalent flow controller), the flow rate—and therefore the rise rate of the teeter bed—is a known
parameter (volumetric feed flow minus volumetric coarse tails flow, divided by cross sectional area,
and corrected for gas holdup). The hydraulic entrainment of uncollected particles into the upper
section of the cell, above the inverted cone, is then calculated by applying hindered settling theory;
we have used the method proposed by Concha and Almendra [1] [2] as modified by Lee [3] [4]; to the
size by mineral distribution of the uncollected particles. If a particle’s downward settling velocity is
higher than the slurry rise rate, it is captured and entrained.



Degree of Entrainment—the ratio of entrained particles to water recover—across the froth zone is
calculated using an empirical model based on froth depth and gas flow, derived from data published
by Zheng et al. [5]. This is then used in conjunction with a froth drainage (recovery) model froth
recovery model, of which there are several, to calculate water recovery and solids recovery by
entrainment to the froth concentrate. This is perhaps an oversimplification; a better approach would
involve determining the particle density and size distributions at some point just below the pulp froth
interface, and then applying a phenomenological model based on flow balance and settling theory
as described previously by one of the authors for batch test interpretation [6].

Once the water and mass recovery to the coarse tails and froth concentrate are determined as per
above, the water and mass reporting to the cone discharge is calculated by difference. A simple
classification model for the cyclone or screen is then used to determine water and mass split to the
fine and coarse streams. The internal recycle of some portion of the fine fraction from the classifier
is then introduced and the model is iterated until it converges on steady state.

To confirm the robustness of the phenomenological model, the Phase C NovaCell™ pilot results
were used to adjust the variable inputs outlined below to fit against the model. The Phase C pilot
plant tests were modelled based on the following assumptions:

e Fixed inputs:

o New feed rate (tph) and percent solids (%)

o New feed grades for Cu, Fe, CuS and CuCN

o Froth concentrate percent solids

o Kinetic parameters Rmax and k from lab kinetic flotation tests
e Variable inputs

o Percentage of internalrecycle

o Percentage of water split to fine tails

o Frothrecovery

Variable inputs were adjusted to fit the model to each pilot plant test:

e Downcomer volumetric flowrate (6.7 m®/h)
e Actual NovaCell™ tailings percent solids
e Actual Curecovery in froth concentrate

Similarly, cyclone and screen model inputs were chosen to match average plant survey results.
Figure 12 shows scatter plots comparing model simulation to actual plant results for both the fine
froth concentrate and the coarse concentrate (screen oversize) products. The model parameters
used to best fit the pilot data were used to establish the model inputs for subsequent plant models.
The modelwas “tuned” to the pilot plant results by adjusting the froth recovery parameters such that
the model predicted the copper recovery to the froth concentrate (Figure 12, top right). For a valid
model, it should adequately predict the copper recovery to the coarse concentrate stream, as well
as the copper grades of both streams.
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The benefit of the phenomenological approach to the NovaCell™ modelling is that the performance
of the pilot-scale system is modelled based on fundamental operating parameters such as teeter
bed velocity, superficial slurry velocity, superficial gas velocity, froth depth, wash water bias, and
particle collection kinetics. No empirical tuning or calibration factors are employed, other than those
associated with the froth recovery and crowding system, or the water recovery to the froth
concentrate—parameters for which the scale-up methods are well-understood from the study of
conventional froth flotation systems. As such, the risk associated with the industrial scale-up is
significantly reduced, provided the fundamental operating parameters remain the same as those of
the pilot. This is not to say that the industrial prototype will be risk-free; risk associated with process
control, operability, and maintainability still need to be addressed, but at least the metallurgical
performance will be more-or-less understood.

Impact of Full Scale NovaCell™ at Mantos Blancos

The impact of the NovaCell™ unit on the full Mantos Blancos circuit was modelled using the
approach described above. Several scenarios were simulated with the NovaCell™ in a scavenger
duty at the tail of the existing conventional roughing circuit. The number of NovaCell™ units,
processing method for the concentrate (dedicated regrind or existing regrind circuit), regrind power
and cleaner circuit configurations were all adjusted to determine the optimal Net Smelter Return
(NSR) and Net Present Value (NPV) for the business. This exercise demonstrated that the NSR is
maximised when the NovaCell™ concentrate is processed in a dedicated regrind stage, followed by
a dedicated cleaning stage, to upgrade the concentrate prior to advancing into the conventional
cleaning circuit. Further work is ongoing to determine the capital and logistical requirements of
installing the NovaCell™ technology at Mantos Blancos, this study is currently underway.



Conclusions

The first NovaCell™ pilot plant was successfully commissioned and operated at Capstone Copper’s
Mantos Blancos operation in Chile. Results indicated that the positive laboratory scale tests were
scalable. The pilot plant successfully demonstrated up to 56% copper recovery and consistently
exceeded expected targets for upgrade ratio (6.1) and mass pull (8%). Mineralogy showed the
NovaCell™ could effectively recover coarse (+212 um), poorly liberated (<30%) particles, particles
that are typically lost in conventional floatation cells while also recovering fine particles through the
froth concentrate. The proposed phenomenological model was successfully fitted againstthe Phase
C pilot plant results and subsequently full plant simulations were able to include industrial sized
NovaCell™ units into the Mantos Blancos circuit and used to optimise the NPV. These results have
justified proceeding to detailed design for a full-scale installation of Jord NovaCell™ at Mantos
Blancos in a rougher scavenger duty.
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