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Summary 
Dense medium processes for the beneficiation of minerals are usually 
carried out using ferrosilicon as a medium. The beneficiation of these 
minerals is usually performed in cyclones and static baths. 
 
Two types of ferrosilicon can be obtained namely atomized and milled. 
 
The consumption of medium in the beneficiation processes represents 
a major component of the operating cost. The recovery circuit in dense 
medium plants has become a major priority and the thrust has been 
towards circuits which reduce medium losses.  
 
The present paper considers the recent trend in plant design in relation 
to the factors influencing circuit performance and medium losses. 
 
Operational details affecting medium losses are discussed and 
illustrated with specific emphasis on the performance of wet drum 
magnetic separators. 
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BACKGROUND 
 
Heavy medium separation of minerals has been practiced in some form or another 
since 1941 using milled Ferrosilicon. Since then the application of heavy medium 
separation using Ferrosilicon expanded rapidly. The iron ore and diamond 
industries are the main representatives in the mineral application of HMS plants. 
 
The use of Ferrosilicon in the HMS process is also being extended in the pre-
concentration of base and metal ores to reduce the amount of material to be milled 
and concentrated in conventional methods, which results in major operational cost 
savings. The application is also presently being actively investigated by a number 
of platinum projects in South Africa with the UG2 reef becoming more readily 
available. 
 
Plant design currently thrusts towards the improvement of efficiencies and 
economics. 
 
MEDIUM DENSITY 
 
The flow and deformation of Ferrosilicon is influenced by four factors: 
 

 Medium Density 

 Percentage slimes (-200ųm non-magnetic material) 

 Sphericity of Ferrosilicon particles 

 Percentage -45ųm Ferrosilicon 
 
If high density gangue particles are present in the feed, a higher separation density 
is necessary.  When operating at these higher densities (above 3600 kgm³) the 
above factors become more apparent in the sense that viscosity can be increased 
or instability of the medium can result. 
 
Both these can influence the beneficiation process. Large amounts of -45ųm 
Ferrosilicon is generated as a result of degradation of Ferrosilicon particles. This is 
one of the critical factors that influence both viscosity and stability in medium. 
Removal of excess slimes from correct medium does not eliminate the viscosity 
problem. The increase in the finer Ferrosilicon fraction results in increased 
viscosity. 
 
FERROSILICON LOSSES 
 
It is a well known fact that the loss of Ferrosilicon in HMS plants occurs mainly at 
the drain and rinse screens and at the magnetic separators. Test work has clearly 
indicated that the finer fraction Ferrosilicon particles are concentrated in the dilute 
medium. Loss of Ferrosilicon over the drain and rinse screens and magnetic 
separator is mostly of the finer fraction which can result in an unstable medium and 
causes operational problems. 
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Ferrosilicon losses can be the second largest component of the operating costs of 
a heavy medium separation plant. Consequently a high priority has been placed on 
the design and operation of medium recovery circuits to reduce losses. 
 
Ferrosilicon losses can be divided into six main groups: 
 
ADHERING LOSSES – Ferrosilicon is still adhering to material after passing over 
the drain and rinse screens.  Adhering losses are generally less significant, being 
typical 25 % or less of the total losses. 
 
Factors affecting adhering losses are:  
Particle size of ore (increased surface area).  The minimization of fine particles 
can be improved by increased wash water and decreased bed depth on the 
desliming screen.  Flood boxes are preferred to sprays on these units. 
Ore porosity increases adhering losses.  This is more common in marine 
applications where Ferrosilicon is sometimes trapped inside the volutes of sea 
shells. 
Circuit design parameters. Correct process design and equipment sizing are the 
basic prerequisites for decreased adhering losses.  Detail must be given to a 
uniform distribution of feed onto screens, rising over the full width of the screen 
and drip angles which prevent Ferrosilicon from discharging into the chute at the 
end of a drain and rinse screen.  Blinding and pegging of screens should be 
prevented.  Weirs can be installed to slow down material on drain and rinse 
screens, increasing residence time and allowing better drainage.  Minimum vertical 
acceleration of 3,5G is required. 
 
MAGNETIC LOSSES – Ferrosilicon lost in effluent streams due to ineffective 
magnetic separation operation. Equipment can be optimized by setting the 
parameters of the magnetic separators and should result in improved Ferrosilicon 
losses. 
 
CONTAMINATION LOSSES – Ferrosilicon lost due to non-magnetic particle 
contamination of feed to the magnetic separator. This is one of the most significant 
causes of Ferrosilicon losses. The amount of non-magnetic to magnetics should 
be controlled if low Ferrosilicon losses are desired. The size of the feed 
preparation screen as well as the effective operation of the feed prep circuit can 
aid Ferrosilicon losses in this regard. 
 
HOUSEKEEPING LOSSES – This can be as a result of bad plant design or poor 
plant operating procedures and causes spillage and run off from the plant.   
 
CORROSION LOSSES – These are losses caused as a result of the degradation 
of ferrosilicon particles in the dense medium. 
 
LOSSES DUE TO INFERIOR FERROSILICON 
 
Of the above, the first three are generally the most significant and are also the 
sources most under the control of the plant design team. 

 
MEDIUM RECOVERY CIRCUITS 
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As can be noted from the abovementioned, Ferrosilicon losses in effluent due to 
contamination usually represent the major component of the total loss.  As a result 
the emphasis is on the development of circuits for reduced losses. Simplified 
circuits were introduced (Figure 1) where part of the primary magnetic separator 
clean effluent is recycled as primary wash water and the dirty effluent used as feed 
preparation water. 
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Figure 1: Simplified Medium Circuit 

 
 

In the HMS circuit, the magnetic separators perform two functions: 

 Medium recovery – the recovery of Ferrosilicon from dilute medium. 

 Densification – the return of the recovered Ferrosilicon at the required 
density. 

 
The two functions are closely related.  Losses via the magnetic separator are final.  
This results in the magnetic separator being a critical item and warrants 
considerable attention.   
 
In the final analyses, the recovery of magnetics from effluent hinges on the 
performance of the magnetic separator. 
 



Magnetic Separators and the Recovery of Ferrosilicon in Dense Medium Recovery Circuits 

 

 

5 

Two main avenues for improvement are available: 

 Improved magnetic separator design. 

 Changing plant design, this will result in more conducive conditions for high 
recoveries and low losses. 

 
MAGNETIC SEPARATION 
 
Magnetic separation is a physical process in which the separation is achieved by 
passing a mixture of particles through a non-homogeneous magnetic field. This 
results in preferential retention, or deflection, of magnetic particles. The same 
objective is, however, achieved in a very different fashion, the common feature 
being a competition between a wide range of forces of various magnitudes and 
ranges. The scenario is schematically shown in Figure 2. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Schematic Representation of Interactions in a Magnetic Separator 
 

The process of separation depends on the relationship between the magnetic force 
and the competition forces, namely gravitational, hydrodynamic, centrifugal and 
others. Inter-particle forces of electromagnetic and electrostatic origin contribute to 
the overall scenario in a magnetic separator. 

 
IMPROVEMENTS IN MAGNETIC SEPARATOR DESIGN 
 
Recently major improvements in the performance of magnetic separators resulted 
from a research and development programme by manufacturing companies.  
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 Improvement in magnet assembly designs. 

 Improvement in tank assembly designs. 

 Larger capacity machines. 

 More user-friendly machines. 
 
In most cases the above improvements resulted in a much lower Ferrosilicon 
consumption. Losses improved from 0,25 g/l to sometimes as low as 0,05 g/l or 
less. 
 
IMPROVED MAGNET ASSEMBLY DESIGN 
 
Coinciding with the development of tank assembly design has been the new 
technology magnet assembly design. This is as a result of better ceramic block 
types (Ceramic 8) as well as the use of a construction method commonly known as 
“flux concentration”. Here the magnet blocks are “sandwiched” between steel poles 
in a radial configuration. The steel operates at a much higher flux density than 
permanent magnets. These improvements resulted in much higher magnetic field 
strengths and gradients. Gauss strengths have increased by some 30 %. 
 
The new technology magnet assembly design employed to achieve higher 
efficiency units includes strontium ferrite magnetic material deemed to be the most 
cost-effective, low intensity capable of impairing the energy required for the 
recovery of Ferrosilicon. The magnetic arc increased from 90˚ to 135˚ which also 
resulted in an increased pick-up zone. 
 
 
 
IMPROVED TANK ASSEMBLY DESIGNS 
 
Current wet drum magnetic separators are manufactured especially for HMS 
circuits.  These modern units emphasize the optimal recovery of Ferrosilicon as 
well as operator friendliness. 
 
The current tank assemblies are designed to give a full length overflow to maintain 
the level in the unit. This increased the amount of tailings overflow from 10 % - 50 
% which results in a much less vulnerable unit to circuit upsets. Two types of tank 
designs are available.  Both the counter-rotation and concurrent units are used for 
the recovery of Ferrosilicon. The counter-rotation machines are getting more 
popular in modern plant designs due to the increased volumetric flow rate that can 
be handled.  In many cases double drum units are being replaced with single stage 
counter-rotation units of modern design.  The counter-rotation design also allows 
for natural level control.  
Concurrent units are still being used in cases where large amounts of non-
magnetics are available in the feed, which tends to settle out in the feed pipes of 
the counter-rotation machines. Both the counter- rotation and concurrent tank 
assemblies are also fitted with user friendly counterweight orifices. 
 
LARGE CAPACITY MAGNETIC SEPARATORS 
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Up until the late 1990’s, design engineers used 1220mm diameter machines for 
increased capacities. Drums of 915mm in diameter are now increasingly used 
instead of the larger 1220mm units. This is mainly due to an increase in capacity of 
approximately 30% as a result of the new technology. The increase in capacity is 
mainly as a result of the new MALTIPOLE design and the utilization of counter-
rotation tank assemblies. As can be seen from Figure 3 the MALTIPOLE design is 
far more cost effective than the older technology (high gradient) comparing the 
915mm diameter single drum units. In most cases the older technology would be a 
double drum rather than a single drum which would make the cost effectiveness of 
the new technology (MALTIPOLE) even more evident.   
 

VOLUMERTIC COST INDEX FOR 915MM UNITS - R/M3/HR
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Figure 3: Cost effectiveness MALTIPOLE vs. High Gradient 
 
 
 
 
 
 
MORE USER-FRIENDLY MACHINES 
 
The following changes to conventional machines rendered the new technology 
machines more “user-friendly” as well as increased life cycles and decreased 
maintenance and operational costs: 
 

 Change from chain drive to direct drive. 

 Replacing of double drum units with single drum units. 
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 Making use of counterweight orifices instead of sliding orifices. 

 Installation of counter-rotation units instead of concurrent units resulting in 
fewer units required. 

 Replacing of 1220mm units with 915mm units. 
 
MAGNETIC SEPARATOR SIZING 
 
Three main variables are involved in the selection of the correct size of the 
magnetic separator for a heavy media separation duty: 
Volumetric Loading - The volume of dilute feed slurry which is treated to recover 
Ferrosilicon before being discharged as effluent. 
Magnetic Loading - The amount of magnetics in the dilute feed slurry which is 
recovered, dewatered and returned to the circuit. 
Non-magnetic Loading - The amount of non-magnetics in the dilute feed slurry 
which is treated prior to being discharged as dirty effluent. 
 
All types of magnetic separators have definite limits as the volumetric, magnetics 
and non-magnetics loading which can be tolerated before recoveries of 
Ferrosilicon become unacceptable.  In any given situation the one or other 
consideration predominates and defines the correct size of equipment for the duty. 
Both feed volume and magnetic discharge rate should be balanced in selecting 
drum size. In Table 1 typical feed rates and magnetic rates are recommended for 
various single and double wet drum separators. 
 

   Feed 
Rate 

       
Maximum 

Separator Type Model [m3/h/m] Discharge Rate 
    [t/h/m] 

760mm Diameter single 
drum 

Concurrent High 
Gradient 

75 11.0 

915mm Diameter single 
drum 

Concurrent MALTIPOL
E 

100 16.0 

 Counter-
rotation 

MALTIPOL
E 

140 30.0 

1200mm Diameter single 
drum 

Concurrent High 
Gradient 

105 16.0 

760mm Diameter double 
drum 

Concurrent High 
Gradient 

95 16.0 

900mm Diameter double 
drum 

Concurrent MALTIPOL
E 

135 25.0 

 Counter-
rotation 

MALTIPOL
E 

170 37.0 

1200mm Diameter double 
drum 

Concurrent High 
Gradient 

150 35.0 

Table 1: Recommended Feed Volumes and Discharge Rates 
 
OPERATIONAL FACTORS INFLUENCING MAGNETIC SEPARATOR 
PERFORMANCE 
 



Magnetic Separators and the Recovery of Ferrosilicon in Dense Medium Recovery Circuits 

 

 

9 

A large number of parameters influence the recovery of Ferrosilicon and the 
performance of magnetic separators. 
 
The operational parameters include: 
 

 Operating level in the machine. 

 Magnet position. 

 Gap between drum and discharge lip. 

 Height of drum from underpan. 

 Magnetics to non-magnetics ratio. 

 Magnetics concentration in feed 

 Drum speed. 
 
A significant point is that every installation is unique and has different parameters 
affecting it.  
The optimization of the performance of magnetic separators should be individually 
done during commissioning.  The settings must be recorded to ensure continuity if 
any major maintenance has to be carried out. 
 
EFFECT OF OPERATING LEVEL 
 
This is one of the most important parameters affecting Ferrosilicon losses.  Low 
operating levels will result in short circuiting of the Ferrosilicon to the effluent 
especially in concurrent machines.  In the operation of counter-rotation machines 
this is less critical due to an automatic level which is created due to the 
construction of the machine and the placement of overflow orifices. 
 
EFFECT OF MAGNET POSITION 
 
The distance between the magnetic field and discharge lip is the least important 
operating parameter of all the operating parameters affecting Ferrosilicon losses.  
However as indicated in Figure 8 below, a difference in dimension E only results in 
a small change in the ferrosilicon recovery. The negative slope of the curve 
indicate an inverse relationship between the gap setting and Ferrosilicon recovery 
due to the decrease in the magnetic field strength with an increase in the distance 
between the magnetic field and discharge lip above. The optimum gap setting was 
found to be 60mm for the MALTIPOLE units. 
 
If the level of the magnet is too high it also results in higher Ferrosilicon losses as 
there are less magnetic forces in contact with the ferrosilicon rendering it less 
efficient. 
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MAGNET POSITION vs FeSi RECOVERY
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Figure 4: Dimension E (Magnet Position) vs. Ferrosilicon Recovery 
 
 
 
 
 
 
EFFECT OF GAP BETWEEN DRUM AND DISCHARGE LIP (SQUEEZE GAP) 
 
The distance between the magnetic field and discharge lip is the least important 
operating parameter of all the operating parameters. As can be seen from Figure 
5, a difference in dimension E only results in a small change in the ferrosilicon 
recovery. Although good results were achieved at both 40mm and 50mm the 
optimum gap setting was found to be 40mm. The density of the over-dense 
material started to decrease rapidly if the squeeze gap increased above 40mm. 
The lower recovery at settings below 40mm is as a result of the Ferrosilicon not 
being removed fast enough and some material short-circuiting.  
 



Magnetic Separators and the Recovery of Ferrosilicon in Dense Medium Recovery Circuits 

 

 

11 

SQUEEZE GAP vs FeSi RECOVERY
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Figure 5: Dimension D (Squeeze Gap) vs. Ferrosilicon Recovery 
 
 
EFFECT OF HEIGHT OF DRUM FROM UNDERPAN 
 
This very useful adjustment is not often performed. Set screws are fitted at the 
factory and allow one man to adjust the drum vertically as well as horizontally. The 
effects are often remarkable. By reducing the velocity of flow through the 
separation zone, decreases the hydrodynamic forces acting to sweep the fine 
particles out of the magnetic field and into the tailings. 
Although the magnetic field intensity and magnetic forces are reduced with an 
increase in the distance between the drum assembly and the tank assembly, the 
net effect is still to improve recoveries.  
 
There is a very strong relationship between Ferrosilicon recovery and the flow 
velocity through the separation zone. Figure 6 shows that an optimum drum height 
of 50mm was found. 
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DRUM HEIGHT vs FeSi RECOVERY

99.78

99.80

99.82

99.84

99.86

99.88

99.90

99.92

99.94

0 10 20 30 40 50 60

Dimension A-Drum Height [mm]

F
e

S
i 

R
e

c
o

v
e

ry
 %

  
 

Optimum

 
Figure 6: Dimension A (drum height) vs. Ferrosilicon Recovery 
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EFFECT OF MAGNETICS TO NON-MAGNETICS RATIO 

NON-MAGS IN FEED VS FeSi RECOVERY
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Figure 7: Non-Magnetics in Feed vs. Ferrosilicon Recovery under Laboratory 
conditions 
 
Tests conducted on a circuit under laboratory conditions as shown in Figure 7 
indicated that the recovery of Ferrosilicon decreased rapidly with increased levels 
of non-magnetic grit particles. As these particles have a detrimental effect on the 
operation of the magnetic separator, it is necessary to keep the % of non-magnetic 
grit in the feed to an acceptable level.  
 
The contamination of the feed to the magnetic separator was found to be the most 
significant factor that causes Ferrosilicon losses in HMS plants. The contamination 
is usually as a result of a deficiency at the feed preparation screen which causes 
slimes and fine grit to report to the medium stream. 
 
The magnetic separator cannot detach all the Ferrosilicon from the non-magnetic 
grit. This then results in the Ferrosilicon particles reporting to the dirty effluent with 
the grit and slime particles. 
 
It has been found in practice that the allowable amount of non-magnetic particles 
in the feed to the magnetic separator is less than 20% on a mass by mass basis 
compared to Ferrosilicon. As soon as the amount rises above 20% a rapid 
decrease in Ferrosilicon recovery by the magnetic separator is experienced. 
 
EFFECT OF MAGNETICS CONCENTRATION IN THE FEED 
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FeSi CONCENTRATE IN FEED VS RECOVERY (6% NON-MAGS)
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Figure 8: Ferrosilicon Concentration in feed vs. Recovery 
 
The efficiency of magnetic separators is largely dependent on the inter-particle 
forces as mentioned earlier in this paper. The inter-particle forces only become 
effective if there is a higher concentration of Ferrosilicon particles in the feed to the 
magnetic separator.  
 
As clearly indicated in Figure 8 above, the lower the concentration of Ferrosilicon 
in the feed, the lower the recovery of such Ferrosilicon. This used to be more the 
case with the older technology than with the MALTIPOLE design. This is also the 
reason for the insufficiency of the secondary magnetic separators. 
 
Optimal results were obtained where the Ferrosilicon concentration in the feed 
exceeded 100g/l and could go to as high as 200g/l. Above this concentration the 
efficiency of the magnetic separator started to decrease.  
 
The advantage of the MALTIPOLE magnetic separator is that a considerable 
higher field strength is available compared to older technology and the effect of 
inter-particle forces is dampened to a large degree. The concentration of 
Ferrosilicon is still a very important factor in the efficient operation of the Magnetic 
separation. 
 
The above factors resulted in the modern plant designs which exclude secondary 
magnetic separators as well as the replacement of double drum units with single 
drum units in existing HMS plants.  
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EFFECT OF DRUM SPEED 
 
Several tests were conducted on both primary and secondary MALTIPOLE 
magnetic separators to determine the ultimate rotational speed of the drum. The 
speed did not have a significant influence on the performance of the unit except if 
the speed exceeded 20rpm on the primary unit and 10rpm on the secondary unit. 
 
The speed did become increasingly important at low concentrations of Ferrosilicon 
in the feed where the turbulence in the bath affected the efficiency of the operation.  
 
The ultimate rotational speed for a 915mm diameter unit was found to be as 
follows: 
Primary magnetic separator – 12rpm 
Secondary magnetic separator – 8rpm 
 
CONCLUSIONS 
 
Technology in HMS processes has in recent times developed rapidly to improve 
performance and reduce costs. Improvements in medium recovery circuits as well 
as the development of the MALTIPOLE magnetic separator are particularly 
worthwhile because Ferrosilicon losses are generally the single biggest component 
of HMS plant operating costs. 
 
The correct sizing and selection of equipment, together with the correct choice of 
design parameters are of paramount importance. The selection should be more 
towards simple and “user-friendly” equipment to eliminate complexity, operating 
costs and vulnerability. Particular emphasis must be placed on the feed 
preparation area which has a major influence in the consumption of Ferrosilicon in 
any HMS plant. Contamination with non-magnetic material is the single biggest 
cause of high Ferrosilicon losses. 
 
In most HMS plants the Ferrosilicon losses are more than just adhering and 
effluent losses. Operating losses due to bad plant design and bad operating 
practices plays a major role in the operating cost of the plant. 
 
The magnetic separator is the final element in the Ferrosilicon recovery chain prior 
to being discharged with the effluent and is then lost forever. This re-emphasizes 
the importance in the selection and efficient operation of these units and requires 
particular attention. Improved designs now provide higher magnetic field strengths 
and better recoveries. It is still important to note that each circuit is unique and can 
be optimized differently. 
 
New technology can offer higher capacities for smaller units and thus huge capital 
savings for new installations. The MALTIPOLE technology allows one single drum 
unit to perform the duty of the older type double drum units without jeopardizing 
efficiency. This technology enables simplification of the process with consequent 
reduction in operating costs.  
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