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Fast Flotation – Industry Trend
Circa 1916

 Staged flotation

 High intensity, Pre-contacting of feed

 Separation of froth and pulp

 Improved flotation kinetics
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REFLUX™ Flotation Cell - Design
 Staged Flotation

 Frothless system
 Improved flotation kinetics

 Improved grade

 Improved recovery
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Lamella platesSb = 6.Jg/d32

Increase air rate and/or

Reduced bubble size

Recovery= f(Pc,Pa,Pd ,Pf) – Bubble 

Size

Fast Flotation - REFLUX™ Flotation Cell (RFC™)

Kinetics Bubble Surface Area Flux Bubble-Liquid Segregation

Air/floatable 
material

Slurry Flow

1 2 3
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REFLUX™ Flotation Cell – Enhanced Product Quality

Ref.: J.Dickinson, K.Galvin – 2015

Translates to:

Improved recovery and improved grade
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RFC™ – Development
 Ongoing Laboratory testing – University of Newcastle/FLSmidth MTRC Salt Lake City

 Gold Tailings, Iron Ore, Coal, Copper Rougher, Graphite, Moly Cleaner

 Continuous Feed Site trials

 Full Scale evaluation underway

 EIT Funded upscaling project
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Pilot Test Equipment

• Containerized Test Skid - 20ft Container

• Container – 2.3t

• RFC Skid – 4.0t

• Utility requirements

• Power 100A, 480V, 3ph – to integral panel

• Instrumentation Air - 7 Bar (100 psi), 100 l/min 
(3.5 cfm)

• Process wash water: 2 bar (30 psi), 20 l/min (5.3 
gpm)

• Slurry Feed: 50-100 l/min (13-26 gpm)
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Full Scale Trial 
Equipment

 2m diameter machine

 200-500m3/h Feed

 Local PLC system
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Cu Rougher Results
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Implications on Circuit Design

Existing Circuit RFC Circuit

Flotation Equipment 9 x WEMCO
®

130 cells 4 x RFC-2350

Configuration 2 x Rougher, 7 x Scavenger 1 x Rougher, 1 x Scavenger

Rows One Two

Power 100% 30%

Flotation Volume 100% 17%
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Molybdenum Plant Target 

Grade

2nd Cleaner Column Feed

Single stage RFC™

Design of Experiment approach
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Molybdenum

 Reduced cleaning stages from 7 to 2 or 3

 Reduce flotation volume

 Offload existing overloaded circuits

 Smaller footprint

 Reduced unit operations

 Improved overall circuit efficiency – reduced 

circulating load

2nd Cleaner Column Feed

Single stage RFC™
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Implications on Circuit Design

RFC Cu 3rd Cleaner and Moly 2nd to 4th Cleaner Circuits

 Approximately 30-35% capital cost saving

 Smaller Copper 3rd cleaner circuit – Single RFC2000 vs 

four 3mx9m Columns

 Smaller Moly Cleaner circuit – Single RFC1750

 No direct power input to flotation circuit ~300HP 

saving (excluding air supply)

 +50% saving in footprint, 30% saving in height
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Full Scale Trial

 2m diameter machine

 Cyclone OF as feed

 Feed flux 2-5cm/s

 Feed ash 60%

 Feed size Very fine feed with volume mean size 
37 mm, median size 14 mm and Sauter mean 4.1 
mm
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Reject Ash Effect on Combustible Recovery

 When feed ash is high, 
combustible recovery is very 
sensitive to reject ash.

 58-75 % combustible recovery 
is very close to the maximum 
possible with 87 wt.% as the 
highest ash particles.
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Stable Operation at 200 m3/hr Feed Rate

 Rate 200-220 m3/h (~ 2 
cm/s).

 Steady operation over 4 h 
period.

 Product ashes 11-15 wt.% 
at 58-75 % combustible 
recovery.
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Full Scale Results
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Full Scale Results

Iveson et al. (2021), in preparation.
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Full Scale Results

Iveson et al. (2021), in preparation.
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Full Scale Results

Iveson et al. (2021), in preparation.
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Conclusions

• RFC offers improved grade and 
recovery

• Substantially reduced retention time 
requirements

• Flotation Circuits can be optimized 
and reduced in size and complexity

• Technology has proven to be scalable 
with industrial performance equal to 
laboratory and pilot testing efforts
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