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Mineral processing plant flowsheet
Copper process flowsheet example

Source: https://www.911metallurgist.com/blog/copper-process-flowsheet-example

https://www.911metallurgist.com/blog/copper-process-flowsheet-example


Mineral processing plant flowsheet
Copper process flowsheet example

Source: https://www.911metallurgist.com/blog/copper-process-flowsheet-example

Froth flotation

https://www.911metallurgist.com/blog/copper-process-flowsheet-example


Froth flotation

Separation of valuable minerals
from waste rock based on
hydrophobicity.

Chemicals and air are added into
the cell.

Bubble-particles aggregates rise 
from the pulp to the froth.

Froth phase

Pulp phase

Recovering valuable minerals through bubbles



Flotation cell size: 300 m3Froth phase

Pulp 
phase

Experimental campaign, Riotinto, Seville, Spain. 

Froth flotation
Operating variables



Air flow

Feed

Concentrate

Tails

Experimental campaign, Riotinto, Seville, Spain. 

Flotation cell size: 300 m3Froth phase

Pulp 
phase

Reagents

Froth flotation
Operating variables



Experimental campaign, Riotinto, Seville, Spain. 

Small improvements in its efficiency

Great economic and environmental impacts

Optimisation by implementing 
advanced controller

How?

Flotation cell size: 300 m3

Froth flotation
A large-scale process



Fuzzy logic

Model predictive 
control

Supervisory 
control

Artificial neural 
network

Advanced 
controllers 

for froth 
flotation

ANN based controller to 
reach system’s setpoints.

Use of an explicit model of 
the process.

Interaction with the 
operator.

Flotation parameters ∈ 𝟎, 𝟏
IF-THEN rule based strategy.

Froth flotation
Advanced controllers
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• The concept

Use a dynamic model of the process to 
predict its future evolution and choose 

the best control action

Model Predictive Control
The concept

Optimisation problem
𝑚𝑖𝑛!𝐽 = ∫"!

""𝐿[𝑥, 𝑦, 𝑢, 𝑤, 𝑡]𝑑𝑡
𝑑𝑥(𝑡)
𝑑𝑡 = 𝑓(𝑥, 𝑦, 𝑢, 𝑤, 𝑡)

𝑥 𝑡# = 𝑥#

ℎ(𝑥, 𝑦, 𝑢, 𝑤, 𝑡) = 0
𝑔(𝑥, 𝑦, 𝑢, 𝑤, 𝑡) ≤ 0

s.t.

Feedback!



• The concept

At time 𝑡 + 1: obtain new measurements, repeat the optimisation.

Receding horizon

𝑥(𝑡)
𝑟(𝑡)

𝑢(𝑡)

Apply the first optimal move 𝑢(𝑡) = 𝑢!∗ , 
throw the rest of the sequence away

𝑥:

Model Predictive Control
The concept

Optimisation problem
𝑚𝑖𝑛!𝐽 = ∫"!

""𝐿[𝑥, 𝑦, 𝑢, 𝑤, 𝑡]𝑑𝑡
𝑑𝑥(𝑡)
𝑑𝑡 = 𝑓(𝑥, 𝑦, 𝑢, 𝑤, 𝑡)

𝑥 𝑡# = 𝑥#

ℎ(𝑥, 𝑦, 𝑢, 𝑤, 𝑡) = 0
𝑔(𝑥, 𝑦, 𝑢, 𝑤, 𝑡) ≤ 0

s.t.

Feedback!



Receding control horizon
Use of an explicit model of the process
Include process constraints

𝑢!

𝑢"

𝑥;

𝑥<

Model Predictive Control
Process constraints



Plant-wide optimisation

Local optimisation

Select logic

PID PID

Distributed Control System 
PID

FC PC TC LC

MPC in the operational 
hierarchy

• Make fine adjustments for local 
units

• Take each local unit to the 
optimal condition fast but 
smoothly without violating the 
constraints

Local optimisation

Model predictive control

Distributed Control System 
PID

FC PC TC LC

Plant-wide optimisation

Optimisation layer

• Determine plant-wide the 
optimal operating condition for 
the day

Model Predictive Control



Poor model Poor prediction Poor performance

simplified

Model Predictive Control
Why modelling for process control is important?

Use a dynamic model of the process to 
predict its future evolution and choose the 

best control action

Optimisation problem
𝑚𝑖𝑛!𝐽 = ∫"!

""𝐿[𝑥, 𝑦, 𝑢, 𝑤, 𝑡]𝑑𝑡
𝑑𝑥(𝑡)
𝑑𝑡 = 𝑓(𝑥, 𝑦, 𝑢, 𝑤, 𝑡)

𝑥 𝑡# = 𝑥#

ℎ(𝑥, 𝑦, 𝑢, 𝑤, 𝑡) = 0
𝑔(𝑥, 𝑦, 𝑢, 𝑤, 𝑡) ≤ 0

s.t.



• Research gap

https://doi.org/10.1016/j.mineng.2020.106718

Modelling for flotation control
State-of-the-art

https://doi.org/10.1016/j.mineng.2020.106718
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Overflowing bubble size

Froth recovery

Entrainment 
factorBursting rate

Froth velocity

Air recovery

Liquid velocityResidence time

Gas velocity Bubble size
Mass balance

Gas holdup
… and more

… and more

Differential and Algebraic Equations (DAE System)

https://doi.org/10.1016/j.mineng.2021.107192

Dynamic flotation model

https://doi.org/10.1016/j.mineng.2021.107192


Peak Air Recovery

Air recovery: 𝛼 =
𝑄$%&,(!"
𝑄$%&,%)

=
𝑣* 𝐿+%,ℎ*&("-
𝑄$%&,%)

Hadler, K., & Cilliers, J. (2009). The relationship between the peak in air 
recovery and flotation bank performance. Minerals Engineering, 22(5), 
451–455. https://doi.org/10.1016/j.mineng.2008.12.004

Dynamic flotation model
Air recovery

Air flow (Qin)
Air overflowing 

(Qout) Air bursting

https://doi.org/10.1016/j.mineng.2008.12.004


𝛼 =
𝑣, 𝐿-./ℎ,0123

𝑄4.0,.5

Dynamic flotation model
Air recovery measurement

Air flow (Qin)
Air overflowing 

(Qout) Air bursting



𝛼 =
𝑣, 𝐿-./ℎ,0123

𝑄4.0,.5

Dynamic flotation model
Air recovery measurement

Air flow (Qin)
Air overflowing 

(Qout) Air bursting



87-litre laboratory-scale flotation tank at Imperial College London

EXPERIMENTAL RIG

MEASUREMENTS
Air recovery
Pulp height

Pulp bubble size distribution
Overflowing froth velocity
Air and tailings flowrates

• Experiments
Model validation

Experiments

https://doi.org/10.1016/j.mineng.2021.107190

https://doi.org/10.1016/j.mineng.2021.107190


jg = 0.5 [cm s-1]

jg = 0.7 [cm s-1]

jg = 0.9 [cm s-1]

Tailings valve = 25% open Tailings valve = 37.5% open Tailings valve = 50% open

Model validation results
Air recovery



Tailings valve = 25% open Tailings valve = 37.5% open Tailings valve = 50% open

jg = 0.5 [cm s-1]

jg = 0.7 [cm s-1]

jg = 0.9 [cm s-1]

Model validation results
Pulp height



EXPERIMENTAL RIG

Bubbles in slow motion!

40-litre laboratory-scale flotation tanks at USM (Chile)

Model Predictive Control
Laboratory-scale implementation



Model validation revealed high predictive capability of critical variables.

2 degrees of freedom for control: Air and tailings flowrates.

Development of a new flotation dynamic model for predictive control, 
focused on the froth phase.

Final remarks

Fully remote control implementation in Chile from the UK.

Air recovery for 
flotation control

🇨🇱 🇬🇧
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