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COARSE MINERAL  
PARTICLE FLOTATION
Developed in 1999 and later patented in 2002,  
Eriez was the first in fluidized-bed flotation. This coarse 
particle recovery system has the ability to capture  
particles up to and exceeding 2 mm. Having reshaped  
the industrial minerals market, the HydroFloat® is now  
being applied to the sulphide and base metal markets  
where test work shows there are numerous benefits not  
just in reducing capital and operating costs, but also  
for improving sustainability and environmental efforts. 
Unlike conventional flotation, the HydroFloat only requires  
a small portion of the hydrophobic mineral to be exposed  
on the particle surface to be recovered. This surface area 
exposure can be less than 1%. In a typical concentrator,  
this can result in the creation of a coarse tailings stream  
that is beneficial for tailings management. 
For sulphides and base metals, instead of grinding 100%  
of the ore to a size suitable for conventional flotation, the 
HydroFloat can treat particles at a relatively coarse size up  
to and exceeding 800 microns. The HydroFloat is able to 
maximize recovery of the value in this coarse particle size 
range while simultaneously creating a throw-away coarse 
tailings stream. 
A significant benefit of this approach is that the amount of 
grinding is greatly reduced. Simulations show that energy 
consumption can be reduced or mill throughput can be 
increased by as much as 20-25% depending on the 
application.
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1997 2000
Early Work
Conducted under various test 
programs in the phosphate and 
potash industries.

US Patent Granted
July 30, 2002 Air-Assisted Density 
Separator (US 6,425,485 B1) for 
carrying out flotation in the presence 
of a fluidized bed.

1st Industrial Order
April 2004 for the recovery of 
coarse potash (+3.5 x 0.8 mm) 
at Potashcorp’s Rocanville potash 
beneficiation mill. Nearly 50 units 
in service/sold to date.

HYDROFLOAT® SEPARATOR TIMELINE

High-resolution 3-D x-ray microtomography (HRXMT) 
results show that only 1% hydrophobic surface 
expression is needed to recover multi-phase particles 
up to 800 microns. This finding allows mineral 
processing engineers to re-think  
their traditional concentrator flowsheet.

Illustration of multi- 
bubble attachment to 
exposed minerals



3

BENEFITS OF COARSE PARTICLE FLOTATION
Reduced Energy and Media Consumption  
With the HydroFloat, it is no longer necessary to grind 
100% of the ore to complete liberation. The HydroFloat can 
recover minerals at a coarse size needing only a minimal 
hydrophobic surface expression to effect a separation.  
As a result, maximum recovery is achieved at the coarsest 
possible size such that a larger portion of the ore is rejected 
from the plant at the coarsest possible size. The savings are 
enormous considering comminution energy and media 
consumption represent a large portion of the plant’s 
operating cost.

Greater Mill Throughput 
Implementing the HydroFloat results with a rejection of 
coarse (+150 microns) tailings. Additionally, the ability to 
recover coarse values provides an opportunity to increase 
the flotation feed particle top size. Unloading the grinding 
circuit and increasing the primary cyclone cut point results  
in a substantial increase to mill capacity. In fact, recent 
findings show mill capacity can be increased by more  
than 25 percent.

Sustainability, Safety & Environmental Benefits  
of Coarse Flotation  
The ability to float coarse particles minimizes grinding 
requirements as only a small fraction of the feed is ground to 
the traditional liberation size – reducing energy consumption  
or increasing mill capacity. With maximum production of 
coarse reject material, the ability to manage tailings is vastly 
improved. The coarser tailings particle size distribution 
improves water drainage and can reduce impoundment  
size –minimizing environment risks. 
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Traditional Copper Sulfide Circuit

Future Circuit with the HydroFloat™ Separator

A traditional circuit requires grinding 100%  
of the ore to sufficient liberation for recovery  
in conventional flotation circuits.

The HydroFloat Separator rejects “coarse” tailings eliminating 
much of the circulating load and increases mill throughput.

Mount Polley Tailings Pond Breach

A coarse tailings particle size distribution offers 
benefits in tailings management
(image Cariboo Regional District)

2005 2010 2015
1st Industrial Order
April 2004 for the recovery of 
coarse potash (+3.5 x 0.8 mm) 
at Potashcorp’s Rocanville potash 
beneficiation mill. Nearly 50 units 
in service/sold to date.

International Exposure
Presented at 2000 IMPC in Rome  
and then again in 2005 at the Flotation 
Centenary Symposium in Brisbane, 
Australia.

1% Surface Expression 
Confirmed
HRXMT results indicates as little as 1% 
surface expression needed for nearly 
complete recovery of 850x500 micron 
multiphase particles.

Extensive Testing
Sulfide applications
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Eriez Flotation Division (EFD) is a wholly owned subsidiary of Eriez Manufacturing Co. EFD provides 
advanced testing and engineering services in addition to sparging and column flotation equipment for 
the mining and minerals processing industries. Eriez, HydroFloat, SlamJet, CavTube and StackCell are 
registered trademarks of Eriez Manufacturing Co.

The HydroFloat is an aerated, fluidized-bed (or teeter-bed) 
separator. The synergistic effect of combining flotation with 
gravity concentration results in an outcome that cannot be 
achieved by either approach alone.  

Air bubbles are dispersed by the fluidization system, 
percolate through the hindered-setting zone and attach  
to the hydrophobic component rendering it sufficiently 
buoyant to float and be recovered. The use of the dense 
phase, fluidized bed eliminates axial mixing, increases 
coarse particle residence time and improves the flotation 
rate through enhanced bubble-particle interactions. As a 
result, the rate of recovery is high for both fully-liberated  
and semi-liberated particles. 

HydroFloat Separators Improve Coarse Particle 
Recovery by:

• Maximizing bubble/particle collision rates 

• Maximizing particle residence time

• Minimizing axial mixing

• Minimizing turbulence

• Minimizing froth buoyancy  
 restrictions

PRINCIPLE OF OPERATION
 is an aerated, fluidized-bed (or teeter-bed) 

separator. The synergistic effect of combining flotation with 
gravity concentration results in an outcome that cannot be 
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ABSTRACT 
 

Conventional flotation machines are typically limited to a particle topsize of 150-200 microns due to 

inherent constraints created by the pulp and froth phases. To overcome these limitations, a novel fluidized-

bed flotation system called the HydroFloat Separator has been developed specifically for the purpose of 

floating coarse particles containing only minute amounts of exposed hydrophobic minerals. Over the last 

decade, this technology has been successfully applied to industrial minerals with several full-scale units 

installed to recover particles up to and exceeding 3 mm diameter. More recently, sulphide-based test work 

has shown that this novel device is also capable of recovering metalliferous values at a grind size that is 

much coarser than currently used in industrial concentrators. In the current study, X-ray microtomography 

(Figure 1) was used to experimentally quantify the degree of hydrophobic surface exposure necessary to 

recover particles of different sizes using the HydroFloat technology. The data indicate that both particle 

mass and surface area of exposed grains are critical factors in coarse particle flotation from a low grade 

copper ore. Excellent recovery for multiphase particles as large as 850 microns was achieved provided 

there was sufficient surface exposure of locked sulfide grains. This article provides detailed 3D analysis of 

flotation products using X-ray microtomography, which defines the extent of surface area exposure 

necessary for recovery of each size class fed to the HydroFloat Separator. Fundamental issues of bubble 

attachment are also discussed as well as process strategies for improved plant operations. 

 

 

 

Figure 1 – Analysis of locked particles by X-ray computed tomography. 
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ABSTRACT 

 
The efficiency of the froth flotation process has long been known to be strongly dependent on particle size. 

For sulfide minerals, good recoveries are typically achieved in industrial flotation circuits for particles in 

the 10 to 200 micron size range. Particles outside this critical size are typically lost in the tailings streams 

rejected by industrial operations due to inherent constraints associated with the physical interactions that 

occur in the pulp and froth phases of conventional flotation equipment. In response to these limitations, a 

series of experimental studies were conducted to determine whether particles previously lost as tailings 

could be economically recovered using a suite of novel flotation technologies developed for the upgrading 

of ultracoarse and ultrafine particles in the industrial minerals industry. For the case of ultracoarse particles, 

a fluidized-bed flotation system called the HydroFloat separator was tested. The data obtained using this 

novel flotation device in both laboratory and pilot-scale trials showed that good recoveries of previously 

lost sulfide values up to 0.7 mm in diameter could be achieved. A sample photograph of coarse middling 

particles recovered by this technology is shown in Figure 1.Similarly, for ultrafine particles, a new high-

intensity flotation system known as the StackCell was tested. This technology, which utilizes high-shear 

high-energy contacting of slurry and gas, was capable of recovering valuable ultrafine sulfide slimes that 

were previously lost as waste due to low capture efficiencies. The objectives of this article are (i) to 

describe the unique operating principles of these two advanced flotation technologies and associated 

ancillary classification equipment, (ii) to present experimental test data showing the metallurgical benefits 

of this approach for upgrading coarse and fine sulfide minerals, and (iii) to provide a generic cost-benefit 

analysis of the proposed system for upgrading tailing streams historically rejected by sulfide mineral 

concentrators.  

 

Figure 1 – Photograph of coarse middling particles recovered as froth concentrate from a previously 

discarded tailing stream using the HydroFloat technology. 
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ABSTRACT 
 

A new generation of advanced flotation technologies has recently been developed and commercially 

deployed during in the industrial minerals industry. One such technology is the HydroFloat separator. This 

unique fluidized-bed flotation system has dramatically increased the upper particle size limit that can be 

successfully treated by froth flotation. Recent studies conducted using laboratory, bench-scale and pilot-

scale equipment indicate that this technology can also be used to float coarse sulfide middlings that cannot 

be recovered by conventional flotation machines. Data collected from pilot-scale tests conducted at a base 

metal concentrator indicate that this technology can float composite middlings as large as 700 microns 

containing as little as 5% hydrophobic mineral. As such, the crossover of this technology into the base 

metals industry has the potential to offer many advantages for recovery, selectivity and capacity through 

the use of split-feed circuitry. The split-feed concept, which is often used for upgrading industrial minerals, 

involves segregation of the feed into more than one size class followed by separate upgrading of each class 

using separators/reagents specifically optimized for that particular size class. An example of a split-feed 

flowsheet for sulfide flotation that includes coarse and fine processing circuits is provided in Figure 1. In 

this case, a coarser grind size and correspondingly higher mill throughput can be accommodated via the 

use of the coarse particle flotation equipment. The objectives of this article are (i) to introduce the key 

features of the split-feed circuitry incorporating the HydroFloat technology, (ii) to present experimental test 

data showing the metallurgical benefits of this processing scheme, and (iii) to provide simulations of the 

split-feed circuitry illustrating the increased milling capacity that may be attained by this approach. 

 

 

Figure 1 – Flowsheet for a split-feed sulfide flotation circuit. 
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