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Abstract: The cleaner circuit at Miduk copper concentrator consists of 3 parallel flotation columns (4m
in diameter and 12m in height). The cleaner concentrate is re-cleaned by 3 parallel flotation columns (3.2m
in diameter and 12m in height), when the desired concentrate grade is not reached by the cleaner columns
alone. This research work deals with simulation of the cleaner column flotation circuit at Miduk copper
concentrator using USIM PAC simulator with the aim of improving the process metallurgical performance.
For that purpose, the parameters of the models including flotation rate constants (kf, ks), residence time
distribution (RTD), gas hold-up in collection zone (eg), mean bubble size (db), collection (Rc) and froth (Rf)
zone recoveries along with some operating and geometrical variables were determined. The flotation rate
constants were calculated by fitting the experimental data to the fast and slow floating components model.
The residence time distribution of the flotation columns was measured by the tracer injection technique
(using saturated NaCl solution as tracer). The gas hold-up and mean bubble size in the collection zone of
the cleaner columns were estimated from the pressure difference and the drift flux techniques, respectively.
The froth recovery was quantified by measuring the concentrate mass flow rate at different froth depths and
extrapolation to the zero froth depth. The cleaner circuit was sampled five times, of which three times were
used for calibration and two times for validation of the models. The mass flow rate, copper content and size
distribution of the cleaner columns concentrate and tailings were accurately predicted using the simulation
models. Increasing the number of operating cleaner columns improved the copper recovery (from 45.67%
to 54.64%) at the expense of a reduction in the final concentrate (from 26.17% to 24.22%). The number
of recleaner stages in all cases improved the the final concentrate (from 26.17% to 36.99% in the circuit
with 2 cleaners and from 24.22% to 36.13% in the circuit with 3 cleaners). Increasing the feed slurry solids
concentration reduced the size-by-size fractional copper recovery of the cleaner columns. Increasing the
feed slurry solids concentration reduced the cleaner columns copper recovery in all size fractions. The best
configuration of the cleaner and recleaner flotation columns was proposed.

Keywords: Column flotation, Modeling, Simulation, Metallurgical performance.
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INTRODUCTION

Nowadays, flotation columns are widely utilized in mineral processing plants for different duties, mainly
as cleaner and re-cleaner. In spite of large number of flotation columns installed world-wide, there are still
unsolved problems related to deficient or lack of instrumentation [1-4]. Today modeling and simulation is
increasningly used to desing and optimization of mineral processing plants. USIM PAC, MODSIM and
JKSimMet are the most powerful commercial simulators developed over the past decade for analysis,
optimization and design of cominution and flotation circuits [5-9].

A simplified flowsheet of cleaner/re-cleaner flotation circuit at Miduk copper concentrator is shown in
Figure 1. The cleaner circuit consists of 3 parallel flotation columns (4m in diameter and 12m in height).
The cleaner concentrate is re-cleaned by 3 parallel flotation columns (3.2m in diameter and 12m in height),
when the desired concentrate grade is not reached by the cleaner columns alone. This research work aims
to simulate the cleaner column flotation circuit at Miduk copper concentrator using USIM PAC simulator
aiming to improve the metallurgical performance.

dgo=40 pm.

Cleaner
Concentrate

0000000
-----
Final
Concentrate

Cleanex
Tailings

Re-cleaner Tailings

_sceeenge | > 220
Scavenger Tailings

Figure 1. Flowsheet of cleaner/re-cleaner flotation circuit at Miduk copper concentrator

METHODS

Simulation of the grinding circuit was performed using USIM PAC simulator. USIM PAC was
developed by BRGM and has been in use since 1986. It is a user-friendly steady-state simulator for design
and optimization of mineral processing plants based on some operating and experimental data. Various
mathematical models are available in USIM PAC for each unit operation. These models are classified into
different levels (0, 1, 2 and 3) depending on their complexity [§].

The parameters of the models including flotation rate constants (k,, k ), residence time distribution (RTD),
gas hold-up in collection zone (¢,), mean bubble size (d,), collection (R ) and froth (R)) zone recoveries
along with some operating and geometrical variables were determined. The flotation rate constants were
calculated by fitting the experimental data to the fast and slow floating components model. The residence
time distribution of the flotation columns was measured by the tracer (saturated solution of NaCl) technique.

The large and small tank in-series (LSTS) model was found to be the best model to describe the mixing
characteristics of the cleaners columns. The gas hold-up and mean bubble size in the collection zone of
the cleaner columns were estimated from the pressure difference and the drift flux techniques, respectively
[10,11]. The froth recovery was quantified by measuring the concentrate mass flow rate at different froth
depths and extrapolation to the zero froth depth [12]. The cleaner circuit was sampled five times, of which
three times were used for calibration and two times for validation of the models.

FINDING AND ARGUMENT

The simulation results of the cleaner circuit are shown in Figures 2-5. The results indicate that the
simulator is capable of predicting of the metallurgical parameters of the cleaners columns (including mass
flow rate, copper content and size distribution of the concentrate and tailings streams) very closely. Increasing
the number of operating cleaner columns improves the copper recovery (from 45.67% to 54.64%) at the
expense of a reduction in the final concentrate (from 26.17% to 24.22%). The recleaner columns enhances
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the final concentrate in all circuit configurations. The copper grade of final concentrate increases from
26.17% to 36.99% in the circuit with 2 cleaners and from 24.22% to 36.13% in the circuit with 3 cleaners.
Increasing the feed slurry solids concentration reduces the size-by-size fractional copper recovery of

the cleaner columns. The best configurations of the cleaner and recleaner flotation columns to achieve the
target concentrate grade (>30%) and the satisfactory recovery are as follows:
3Cl. - 2RC1 > 2Cl. - 2RC1 > 3CI. - IRCI > 2Cl. - IRCl
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Figure 3. Simulation of the effect of number and volume of cleaner columns on concentrate Cu grade and mass recovery
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Figure 4. Simulation of the effect of slurry solids concentration on Cu recovery of cleaner columns
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Figure 5. Simulation of the effect of number of operating cleaner and re-cleaner columns on cocentrate Cu grade

and recovery

CONCLUSIONS AND RECOMMENDATION

The cleaner circuit at Miduk copper concentrator was simulated using USIM PAC simulator. The
flotation models were successfully used to predict the mass flow rate, copper content and size distribution
of the cleaner columns concentrate and tailings. It was found that the copper recovery improved (from
45.67% to 54.64%) by increasing the number of operating cleaner columns at the expense of a reduction
in concentrate grade (from 26.17% to 24.22%). The number of recleaner stages in all cases improved
the the final concentrate. The copper grade of final concentrate increased from 26.17% to 36.99% in the
circuit with 2 cleaners and from 24.22% to 36.13% in the circuit with 3 cleaners. The copper recovery of
cleaner columns in all size fractions reduced by increasing the feed slurry solids concentration. The best
configuration of the cleaner and recleaner flotation columns to achive the target performance was proposed.
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