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Summary 
The application of a model based upon standard classification and partition curve 
formulations to dense medium separation is illustrated. When water is used as a 
medium, classification applications can be simulated showing that both 
classification and dense medium separation are governed by the same 
fundamentals. A coal example is given to demonstrate the predictive ability of the 
methodology. 
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Introduction 
 
Traditionally classification (sizing) and dense medium (density separation) 
cyclones have been treated as two different applications which by chance share 
some common geometry in terms of the cyclone itself. This has lead to research 
and development and applications being developed in isolation with very little 
cross fertilization. 
 
The volume of research on classification far outweighs that on dense medium 
separation, possibly due to the fact that there exists a wider scope of application 
for classification cyclones and also the fact that with water as a transport medium, 
classification cyclones are that much easier to model and analise than dense 
medium cyclones. 
 
The objective of this paper is to show that cyclones are cyclones, irrespective of 
the application and that using traditional size based (classification) models, 
dense medium cyclone performance can be predicted. 
 

Classification versus Dense Medium – Similarities and 
Differences 
 
Amongst the similarities that the two applications share are the following: 
 

 Common geometry: the geometry of dense medium cyclones is a subset of 
that found in classification cyclones. Under geometry falls cyclone diameter, 
vortex finder diameter, cone angle etc. 

 Common driving force i.e. both are either pump or gravity fed. 

 The feed consists of a medium with an accompanying solids fraction. 

 Both can be operated in either a vertical or inclined mode. 
 
The major differences are: 
 

 The diameters used for classification cyclones tend to be smaller than those 
used for dense medium although a large overlap exists. 

 Classification cyclones are typically run at higher operating heads than dense 
medium cyclones. 

 For classification, the medium is water whereas for dense medium the 
medium normally consists of a mixture of water and high density solids such 
as magnetite or ferrosilicon 

 For classification, the size of the solids fractions is typically less than 1 mm 
while for dense medium it is normally greater than 0.5 mm. Exceptions are 
found for both cases. 

 The majority of classification cyclones are run in a vertical mode whilst the 
majority of dense medium cyclones are run in an inclined mode. 
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 Classification cyclones can be made from a variety of abrasion resistant 
materials with the most common being polyurethane and rubber. Dense 
medium cyclones, due to the coarser solids size fraction, are predominantly 
manufactured using cast iron or ceramics. 

 

The Application of Size Based Models to Dense Medium 
Separation 
 
The following are key concepts in the application of size based models to dense 
medium separation: 
 

Medium 

 
The medium used for classification is water which has well defined predictable 
properties in terms of both density and viscosity. Generally a density of 1 t/m3 
and a viscosity of 1 cP are assumed for water. The water density and viscosity 
remain constant throughout the cyclone. 
 
The medium used for dense medium separation is a mixture of fine magnetite or 
ferrosilicon and water to provide a specific density. The mixture settles out under 
gravity (referred to as stability). In a cyclone this leads to classification of the 
medium with the overflow having a density lower than the feed and the underflow 
a density higher than the feed (referred to as differentials).  
 
The mixture of solids and water exhibits a yield stress and rheological properties 
ranging from shear thinning to Newtonian to shear thickening. The rheological 
properties are determined by particle size, particle shape and medium density. 
 
A further complication is that the shear rate varies within in a cyclone in all three 
directions so that the same medium in terms of size, shape and density can have 
varying rheology throughout the cyclone. 
 

Partition or Tromp Curve 
 
The separation curve (logistics or S shaped curve) is described by a number of 
different terms which all have the same meaning. It is an empirical curve that 
describes the probability of a particle, on the basis of size or density, reporting to 
a certain stream, either underflow or overflow.  
 
The terms used to describe the curve for classification and dense medium are 
tabled below. 
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Parameter Classification Dense Medium 

x-axis Size Density 

Separating size d50 ρ50 

Efficiency Imperfection Ep 

Short circuiting Rf Rm 

 
The presence of a pivot point in dense medium curves was identified by Scott in 
the early eighties. 
 

Cyclone Geometry 

 
The standard dense medium cyclone has a fixed geometry as shown below: 
 

Parameter Ratio of Cyclone Diameter 

Dc 1 

Di 0.2 

Do 0.43 

Barrel 1.6-2.5 

α 20 degrees 

Du - std 70% of Do 

Du - max 80% of Do 

 

Model Formulation 
 
The size based model is based upon the following: 
 

Classification Model 
 
In this formulation, the Plitt model structure has been used. This is due to the fact 
that it has been the subject of much research for a wide range of flow conditions, 
rheology etc. There is no reason why one of the other models such as 
Nageswararao cannot be used. 
 

Partition Model 
 
The standard Rosin-Rammler formulation has been used. As with the 
classification model, the Whiten model can also be used. 
 

Cut Size (d50) 
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As previously discussed, the major difference between classification and dense 
medium is the medium used for the separation process. With specific regard to 
the cut point, the most important parameter is the medium viscosity. 
 
As a simplifying assumption, backed up by standard operating practice, the 
grade and medium type used normally correspond to the region where the 
medium exhibits a yield stress with Newtonian viscosity. The apparent viscosity 
in this region is used as an input into the model. 
 
To determine the apparent viscosity, the rheology model developed by Shi is 
used. 
 
Kawatra et al investigated the effect of viscosity on cut point in a classification 
cyclone. What makes their work particularly relevant is that they decoupled the 
effect of medium viscosity and solids concentration. They found that cut size was 
proportional to viscosity to the power of 0.35 and the % solids term in the Plitt cut 
size equation was changed. 
 
The density of separation is used in the ρl term. 
 
 

Cyclone Capacity/Operating Pressure 
 
An interesting feature of dense medium cyclones is that for the same cyclone 
geometry and operating head, the dense medium cyclone has a lower volumetric 
capacity. This can be attributed to the difference in the rheology of the medium 
being used. Although there is a fundamental difference between the capacities of 
classification and dense medium cyclones, the difference when using different 
types of medium at varying densities is relatively small. 
 

Medium Split 
 
According to Cilliers and Hinde, the standard Plitt medium split equation contains 
an error and they have recommended an alteration which has been included. 
 
Kawatra et al demonstrated that the medium split to underflow increases with 
increasing viscosity, but did not quantify this term. In the current model 
formulation, this effect has not been included. 
 

Partition Model 
 
Various authors such as Nageswararao, have established that the reduced 
efficiency or partition curve is independent of cyclone geometry and the 
application. Kawatra et al established that the reduced efficiency curve was not 
affected by changes in medium viscosity. 
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The implication is that for the Rosin Rammler formulation, the m value is a 
constant and changes in medium viscosity and density are accounted for in the 
d50 term which moves the partition curve left and right. 
 

Application to Dense Medium Separation 
 
The prediction of dense medium separation using these model formulations can 
be done using the following method. 
 

Ore Characterization 
 
The feed ore must be characterized on the basis of both size and density i.e. 
expressed as a two dimensional matrix. A higher level of characterization will 
lead to a more accurate simulation. 
 

Cyclone Geometry and Operating Head 

 
An initial cyclone geometry and operating head must be selected. This is used as 
an input into medium selection; medium split calculation and cut size calculation. 
 

Medium Selection 
 
Based upon the separation density required, the proposed cyclone geometry and 
the operating head, a grade of medium must be chosen. Currently this is more 
art than science and the choice is often based upon similar operations. 
 
With the medium grade and density specified, the Shi model can be used to 
determine the apparent viscosity. 
 

Medium Mass Balance 
 
For plant operation, the feed overflow differential is normally controlled to be 
between 3 and 12% with a typical value running at 10%. The separation density 
is also not equal to the feed density and normally lies between the feed and 
underflow density. 
 
Many attempts, with limited success, have been made to try and predict the 
separation density in dense medium cyclones. In practice, for a given grade of 
medium, cyclone geometry and operating head, the circulating medium density 
will be adjusted to achieve the required separation density. 
 
The approach proposed for dense medium cyclone selection is to set up a 
medium mass balance based upon the following: 
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 Known separation density – to be used in cut size calculations 

 Assume that the overflow density is 90% of the feed density 

 Assume a medium split of 30% 

 Assume that the separation density is halfway between the feed and the 
underflow density 

 Calculate the feed density that will satisfy these conditions 

 Calculate the medium split using the appropriate formula 

 Iterate until converged 
 
Note: for the cut size calculation, the separation density is used whereas for 
capacity and medium split calculations, the feed density is used. 
 

Overflow and Underflow Prediction 
 
The feed has been characterized in terms of size and density. For each size and 
density class, the following procedure must be followed: 
 

 Calculate the cut size taking cyclone geometry and medium density and 
viscosity into account 

 Using the Rosin Rammler formulation, calculate the mass recovery to 
underflow and overflow. A size by density representation of the overflow 
and underflow will result 

 Once all the feed size and density fractions have been processed, the 
overall mass split can be calculated 

 The overflow and underflow streams can be represented on the basis of 
both size and density 

 Typical size or density based partition curves can be derived from the 
simulation results 

 

Example 
 
This example is based upon washing coal in a 1500 mm cyclone. 
 

Yield @ 1.7 Separation Density 
 
Predicted – 74.49% 
Measured – 74.81% 
 

Ep @ 1.7 Separation Density 
 

 Predicted Measured 

Overall 0.0140 0.015 

50x16 0.0135 0.013 

16x8 0.030 0.020 
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8x4 0.075 0.028 

4x1 - 0.030 

 
The 8x4 and 4x1 curves as measured from the test work are surprisingly good, in 
fact too good and based upon the sample mass used for these size fractions, are 
open to interpretation. 
 

Conclusion 
 
A method has been proposed whereby using standard classification based 
formula and partition curves, dense medium cyclone selection and performance 
can be determined.  
 
Using water as a medium, the formula and partition curves can be used to predict 
classification cyclone duties demonstrating that both classification and dense 
medium applications can be predicted using the same models. 
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