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Abstract: In this work, a metallurgical simulator, developed in a previous project, was implemented to 

complete the operation of a L-150 pilot Jameson flotation cell, available at the Process Control 

Laboratory. The cell was instrumented and its distributed control system includes the pulp to air ratio, the 

froth depth and the wash water flow rate controllers. A fraction of the tailings can be recycled in order to 

keep a constant flow rate to the downcomer, independently of the fresh feed flow rate. This hybrid 

system combines the real operating variables of the pilot plant (feed flow rate, air flow rate, froth depth, 

wash water flow rate, downcomer pressure and gas hold up) with virtual variables, characterizing the 

feed (solids per cent, particle size distribution by classes, grades of mineralogical species by classes). All 

these variables are fed to a simulator to predict the characteristics of the concentrate and tailings (mass 

flow rate, grades, particle size distribution). 

The expert control strategy developed is based on the maximization of the cell Cu recovery subject to the 

technical specifications of the produced concentrate are met. To achieve this, the quality of the 

concentrate and tailings, predicted by the metallurgical simulator, are monitored on line. The cell 

recovery is estimated when an on line steady state test is passed. The expert system modifies the set 

points of the distributed control system. The supervisory control includes two main routines: expert 

feedback control, acting whenever a steady state is reached, and expert feed forward control, to 

compensate for measured disturbances on the characteristics of the feed. Several cases for different feed 

conditions are discussed and evaluated. Copyright 


 2017 IFAC. 
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1. INTRODUCTION 

 

1.1 Jameson cells 

 

The Jameson cell technology was invented in the late 1980s 

to compete with other flotation devices such as columns and 

conventional cells. The main advantages of Jameson cells 

are: consistent fine bubble generation without requiring 

external equipment or spargers, intensive mixing with small 

bubbles achieving rapid flotation without mechanical 

agitation, high throughput in small tanks and froth washing to 

maximize concentrate grade in a single flotation stage 

(Clayton et al., 1991; Harbort, et al., 1993: Evans et al., 

1995). 

 

Cell designs are flexible to suit a number of industries. In the 

first 25 years of commercialization nearly 320 Jameson cells 

were installed, treating a wide range of materials including 

coal, base and precious metals, potash, bitumen, graphite and 

recovering organic in solvent extraction processes (XT, 

2014). 

 

In a Jameson cell the feed flowrate is pumped into a tube 

(downcomer) passing first through a restraint orifice, creating 

a high-pressure jet. The vacuum created in the upper part of 

the downcommer has two effects: first allows the entrance of 

air from the atmosphere and second holds the air-pulp 

column interphase near the downcomer top. When the liquid 

jet hit the air-pulp column surface, small bubbles of air are 

generated. The small bubbles, with high interfacial area, are 

intensively mixed with the solid particles when they descend 

in the downcomer to the middle of the cell. Most of the 

collection of floatable material occurs in the downcomer. The 

tank pulp zone of the cell is used to separate the mineral 

charged air bubbles from the rest of the pulp, without the 

need for mechanical agitation. Therefore, the dimension of 

the pulp tank is not related to the necessary residence time of 

the particles to be efficiently collected, according its kinetics. 

The cell recovery mainly depends on the mixing condition in 

the downcomer, while the concentrate grade is controlled by 

the conditions of the froth. These conditions can be modified 

by setting the froth depth and the wash water flow rate, 

similarly as it is done in flotation columns.    

 

Jameson cells are operated in a small range of feed pulp flow 

rate, that it is match with the dimension of the constraint 

orifice in order to obtain the appropriate jet velocity. Since, 

the usual plant location of a Jameson cell is in the cleaning 

circuit, a fraction of the tailings flow rate can be recycled to 

the feed tank, in order to maintain a constant downcomer feed 

flow rate. To control the air holdup in the downcomer a ratio 
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between the feed pulp and the air flow rates can be modified. 

In an industrial installation several downcomers can be used 

for a given pulp tank, depending on the feed pulp flow rate. 

In our pilot plant we use only one downcomer (2.62 m long 

and 2.5 cm diameter) to process from 3.5 to 9.5 L/min of 

fresh feed, complemented with a fraction of tailings flow rate 

to reach a total of 12 L/min. The pulp tank is a column of 150 

mm diameter and 138 cm long. 

 

This paper is organized as follows. In Section 2 a brief 

summary of the hybrid approach, combining real plant 

operation with metallurgical models is presented along with 

the instrumentation and distributed control system of the pilot 

cell. In Section 3 a description of the supervisory control 

strategy is outlined, introducing the control algorithms and 

the building of a linear simplified model, used to predict the 

effect of measured disturbances on metallurgical targets. In 

Section 4 the main experimental results are presented and 

discussed. 

 

2. HYBRID APPROACH 

 

Some processes can be represented by differentiating the 

phenomena in different classes: the hydrodynamics and the 

change in concentration of one or more species. The 

hydrodynamics refer to how the different streams are mixed 

and separated in a process unit. In flotation some species are 

selectively attached to gas bubbles and form a froth phase 

separated from a pulp phase. 

 

In the pulp phase some solid particles remain in the liquid 

phase and are reported to the tailings. Sometimes, changes in 

solute concentration may also change transport properties, 

and this artificial decoupling may not occurr. More generally 

speaking, the process behaviour can be separately represented 

when the process hydrodynamics is not significantly 

influenced by changes in solute concentration. The 

experimentation approach in pilot plants can be simplified 

when this hypothesis is accepted, in twofold (Bergh and 

Yianatos, 2014): 

 

(i) Experimentally each fluid (liquid, pulp and gas) may be 

substituted by low cost and easy manageable fluids, such as 

water in a liquid phase reaction, water and organic solvent in 

solvent extraction process or water and air in flotation. The 

process hydrodynamics will be well characterized by such 

fluid mixing and separation in a process unit. In this way, 

experimental work can be carried on under safety and low 

cost condition. 

 

(ii) The solute concentration changes can be obtained from 

detailed models relating measured operating conditions, such 

as flow rates, temperatures, pressures and levels, and initial 

concentration state of the feed. These virtual variables will 

replace the real variables, overcoming the difficulties found 

in a real case to use low cost and reliable instrumentation. 

This kind of model usually is difficult to obtain and remain a 

problem to be solved. Therefore, when the pilot plant is 

operated by using these low cost fluids and a model is 

available, a hybrid system can be developed. The main 

hydrodynamic characteristics are still well represented even 

when the real plant behaviour has been simplified. The target 

variables of the process operation can now be predicted (not 

measured), under a wide operating region, by using this kind 

of model. Recently a phenomenological model for a Jameson 

L-150 pilot cell was developed (Orellana, 2015; Bergh et al., 

2015a) for that purpose. 

 

Distributed control of local objectives can be administrated 

by supervisory control strategies based on estimation of the 

crucial variables. 

 

2.1 Jameson L-150 Pilot Cell P&ID 

 

Figure 1 shows the hydrodynamic distributed control system 

(DCS) implemented for the air-water (with frother) system. 

The air to pulp ratio (APR) is an important parameter in the 

operation of a Jameson cell and usually is set in the range of 

0.2 to 1. A flow ratio control FrIC101 uses the feed and air 

flow rate measurements (FT101 and FT102) to calculate the 

APR ratio, by adjusting the air flow rate. Feed and 

downcomer pressures are also measured and transmitted to a 

DCS. Using this strategy the fresh feed flow rate is free to 

change over time while the tailings recycling is adjusted in 

order to have the desired feed flow rate to the downcomer 

(FIC101 acting on the feed pump velocity). The wash water 

flow rate is controlled by a variable speed peristaltic pump 

(FIC103). The froth depth is measured by a capacitive device 

and it is controlled (LIC101) with the tailings flow rate. The 

gas hold up in the downcomer is estimated from two pressure 

transmitters connected to the DCS. All the new 

instrumentation and control systems were first specified, 

installed and commissioned in our Process Automation and 

Supervision Laboratory (PASL). The controls implemented 

are conventional PID. More details can be found in Quijanes 

(2015) and Bergh et al. (2015b). 

 

 

Fig. 1. Distributed hydrodynamic control system 

implemented in a L-150 cell 
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