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Dense medium separation is applied to the preconcentration of minerals. It is the simplest 
of all gravity processes and is a technology that can be applied to any ore in which, after 
undergoing several crushing and scrubbing processes, there is enough difference in 
specific gravity between the particles to separate product from gangue material. 
 
The major development in DMS cyclone technology post the publishing of the DSM 
Handbook has been based on increasing the capacities of the units (Singleton, 2013). These 
developments include larger diameter cyclones, and bigger inlet head and vortex finder 
sizes. The interpretation of cyclone efficiency to date is still based largely on the DSM 
guidelines (Singleton, 2013).  
 
Because Cavex® is well proven in hard rock mining and coal classification, it was used as 
a basis for the development of a DM cyclone. Individual casting moulds/patterns were 
developed and produced in order to fabricate a Cavex DM Hard chrome cyclone with the 
exact laminar spiral feed chamber that exists when moulded out of rubber (Singleton, 
2013). The 400CVXA20 cyclones were supplied to a diamond operation, installed, and 
commissioned. Using the basic operating principles of DMS cyclones, the predicted results 
were achieved. There is a definite benefit in focusing on metallurgical efficiency in 
conjunction with wear properties, rather than equipment life (wear life) as the only 
parameter during equipment fabrication (Singleton, 2013). 
 
 

INTRODUCTION 
 

DMS Background 
Dense medium separation (DMS) is a form of gravity concentration technology that has historically 
been used predominantly in the coal and diamond processing industries (Legault-Seguin, Mohns, C. 
and Rylatt, 2016). This technology is the simplest of all gravity processes and has long been a standard 
laboratory method for separating minerals of different specific gravities (Wills, 2006).  
 
The DMS process is the primary method used in the diamond industry for the concentration of 
diamond-bearing ore. Maximum rejection of lower density ore is essential in order to reduce 
downstream equipment requirements and operating costs, while maintaining required efficiencies 
(Rodel and Roode, n.d.). 
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Efficiency Monitoring 
 
As noted by Rodel and Roode (n.d.), separation efficiency comprises a number of variables, such as 
recovery, proportion of concentrate, and proportion of misplaced material. As it is not easy to measure 
some of these parameters quickly and accurately, there is a requirement for other, indirect criteria that 
must be selected to represent separation efficiency, by which the process can then be controlled. The 
measured or inferred inefficiencies can either be due to diamond losses or due to a high percentage of 
misplaced float material present in the concentrate (Rodel and Roode, n.d.).  It is important to achieve 
optimum efficiencies without compromising diamond recovery.  
 
The method used on diamond plants to collect data to monitor efficiency is the tracer test. A tracer test 
is an instantaneous method of determining separation efficiency. The tracer test can provide the 
operator with an only approximate indication of the separation characteristics and is usually conducted 
with density tracers. A full tracer test encompasses a test with density tracers varying in density from 
2.9 t/m3 to 3.5 t/m3, which is close to the density of diamond. (Rodel and Roode, n.d.). 
 
Partition (Tromp) Curve 
The efficiency of separation can be represented by the slope of a partition or Tromp curve (Wills, 2006). 
This is an empirical curve that describes the probability of a particle, on the basis of density, reporting 
to the underflow (Bosman, 2008). Figure 1 illustrates the partition curve. From this curve the d50 and 
the Ep values are determined. 
 

 
 

Figure 1. Partition curve. 
 
Many partition curves give a reasonable straight-line relationship between the distribution of 25% and 
75%, and the slope of the line between these distributions is used to show the efficiency of the process. 
The probable error of separation or the Ecart probable (Ep) is defined as half the difference between the 
density where 75% is recovered to sinks and that at which 25% is recovered to sinks (Wills, 2006): 

 

 
 

The density at which 50% of the particles report to sinks is shown as the effective density of separation 
(Wills, 2006). This is commonly referred to as the d50.  
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The lower the Ep, the nearer to vertical is the line between 25 and 75% and the more efficient the 
separation. An ideal separation has a vertical line with an Ep = 0 whereas in practice the Ep usually lies 
in the range 0.01–0.10. 
 
Feed Chamber Design 

 
The cut-point is controlled mainly by the cyclone design variables, such as the inlet type and geometry, 
the vortex finder, and apex openings. The inlet is normally tangential, but involuted feed entries are 
also common as they are said to minimize turbulence and reduce wear (Wills, 2006). An alternative is 
the 360° scroll laminar spiral inlet. The understanding of the physics of the internal hydrocyclone flow 
motion has helped Weir Minerals Group designers to improve hydrocyclone geometry (Singleton, 
2013). The laminar spiral inlet head design reduces turbulence and improves the use of the fluid kinetic 
energy at the hydrocyclone entrance. 

 
 Cavex CVXA Hard Metal Cyclones 

 
The Cavex CVXA cyclones are used in (DMS) plants as the main concentration unit, media recovery, 
as well as for media densification in coal, diamond, iron ore, and andalusite applications throughout 
Africa.  These cyclones are hard-wearing and are cast in 27% chromium iron for maximum abrasion 
resistance and cost-effectiveness. The components are designed for ease of maintenance, with all 
surfaces being joined with a layer of epoxy cement. 
 
The Cavex CVX dense medium cyclone features a unique laminar spiral inlet geometry designed to 
deliver sharper separation, maximum capacity, and longer wear life than conventional involute or 
tangential feed inlet designs. This design provides a natural flow path into the cyclone body, thereby 
allowing the feed stream to blend smoothly with the rotating slurry inside the chamber. The result is 
greatly reduced turbulence through the whole cyclone, thus improving separation efficiency. 
 
Figure 2 is a comparison of flow profiles and wear patterns of a cyclone with a spiral inlet and 
conventional dense media cyclones with tangential or involute inlet. 
 

 
 

Figure 2. Laminar spiral inlet vs conventional inlet. 
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The design philosophy is based on increasing separation efficiency by minimizing turbulence inside the 
cyclone. The reduction in turbulence results in improved separation efficiency and reduced misplaced 
materials to both sinks and floats in a CVX cyclone. This reduction in turbulence is achieved through 
the following: 
 

• Combined cone and spigot components in the hard metal range 
• Cavex inlet design with 360° scroll. This design was proven through extensive CFD analysis 

and also multiple installations to date 
• Ongoing research and development on methods used to minimize turbulence on assembled 

ceramic tiled components. 
 
The Cavex CVXA cyclones are designed with a variety of inlet sizes to accommodate a wide top size at 
specified medium to ore ratios. The inlet sizes range from 0.2–0.33 as a function of cyclone diameter. 
The Cavex CVX cyclone also has a wide range of vortex finder sizes to maintain separation efficiency at 
different operating yields and spigot sizes. The vortex finder sizes range from 0.4 to 0.5 as a function of 
cyclone diameter, and are designed to maintain a strong air-core at different spigot sizes. Spigot sizes 
range from normal to extra high capacity to accommodate low-yield ores. 
 
The cyclones can also be manufactured with different materials to prolong cyclone life and efficiency. 
Cavex CVXA cyclones can be fitted with an extended barrel designed for difficult-to-separate ores. The 
extended barrel increases efficiency by increasing the residence time in the cyclone, especially for ores 
with a high content of near-density materials. 
 
 Lower Total Cost of Ownership 

 
Weir Minerals is focused on supplying best-in-class technology. This includes superior cyclone 
performance, as well as components that offer lower wear rates. This is achieved by using a combination 
of materials with different wear rates in different parts of the cyclone. The benefits of this approach are: 
 

• Optimal life of the cyclone in operation 
• Reduced maintenance costs by replacing worn cyclone parts in situ 
• Eliminating the risk of adverse effects on performance by mixing old and new cyclone 

components 
• Reducing safety risk by minimizing the maintenance work on installed cyclones. 

 
(Weir Minerals Dense Medium Cyclone Brochure, 2014). 

 
 

CASE STUDY – CAVEX IN A DIAMOND DMS APPLICATION 
 

Weir Minerals supplied 400CVXA20 hard metal (27% chrome) cyclones to be operated in a diamond 
dense medium separation (DMS) application.  
The cyclones were expected to achieve the following minimum key performance indicators: 

• Wear life of not less than 6 months  
EPM of not greater than 0.08 at a cut density of 3.1 t/m3.  

 
The cyclones were continuously monitored and a record kept of the frequency of daily operation of the 
cyclones. This record was made available to Weir Minerals Africa. Free access was provided to Weir 
Minerals Africa to monitor performance during operation of the two cyclones. 
 
 Commissioning and Monitoring Activities 
 
The cyclones were installed in the last week of October 2016 and were commissioned to treat only fines, 
-8+1mm material (Figure 3).  
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Figure 3. Cavex installation. 
 
During the course of 2017, the client decided to run a combined DMS, after which the full DMS size 
range, -20+1mm was treated through all the fines DMS cyclones.  
 
Three visits were conducted by Weir process personnel during operation of the cyclones.  

• Visit 1 – October 2016: An initial visit was conducted in order to ensure correct installation of 
the Cavex cyclones and to address any issues experienced during the commissioning stages. 

• Visit 2 – September 2017: A second visit was conducted in order to determine wear on the 
cyclones by means of a thickness gauge. The client had indicated that the cyclones would have 
been due for replacement soon after this visit as they were due to reach the maximum tonnage 
used as a standard for cyclone replacement.  It was decided to run the cyclone for an additional 
2 months.  

• Visit 3 – December 2017: A last visit was initiated to advise the client on further operation of the 
Cavex cyclones as they had surpassed the expected life. 

 
Tracer Test Results 
 

 
 

Figure 4. Tracer test results – 4 mm tracers. 
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Figure 4 and Table I below indicate an average d50 of 3.08 t/m3 and within the client expected 
performance for the 4 mm tracers. The average Ep achieved over the operation period is 0.04 and 
indicates better separation efficiency than the client specification of a maximum Ep of 0.08. 
 
Figure 5 and Table I below indicate an average d50 of 3.08 t/m3 and within the client expected 
performance for the 8 mm tracers. The average Ep achieved over the operation period is 0.035, and 
similarly to the 4 mm tracer test, indicating better separation efficiency. The Ep is again well within the 
client specification of a maximum Ep of 0.08. 
 

 
 

Figure 5. Tracer test results – 8 mm tracers. 
 

Table I. Tracer test results – 4 mm and 8mm tracers 
 

 
 
The tracer tests were conducted with the cyclones running at an average pressure of 130 kPa.  
 
Plant Operation 
The pressure and density remained stable over the operation period. Refer to Appendices A and B for 
data as provided by the client. 
 
 Thickness Measurements 
A thickness gauge was used to measure wear on the individual cyclone components. Tables II and III 
list the results per cyclone. 
 
 
 

14-Mar-17
11-Apr-17
05-May-17
11-Aug-17
28-Aug-17
10-Oct-17
08-Dec-17
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Table II.Cyclone 1 wear - between inspections. 
 

Item Description Percentage wear (2 months) 

1 Cone frustum 4% 

2 Inlet section 7% 

3 Spigot 9% 

4 Overflow bend 16% 

 
Table III. Cyclone 2 - wear between inspections. 

 
Item Description Percentage wear (2 months) 

1 Cone frustum 9.5% 

2 Inlet section No measured wear 

3 Spigot No measured wear 

4 Overflow Bend 24% 

 
The plant was advised to replace the cyclones as the wear rate wear observed on the overflow bend had 
accelerated between the two inspections, indicating the likelihood of similar wear on the vortex finder. 
The measurements indicated an average 16% and 24% wear on each of the cyclones between the two 
inspection dates. The cyclones have treated approximately 40% more tons than the standard set by the 
mine.  
 
Weir had requested for the cyclones to be made available for further investigation on the actual wear 
per component at the Weir premises. This will provide a more comprehensive result on wear on the 
individual cyclone components during operation. This inspection will be particularly important for 
determining the actual wear on the vortex finder, which was not measured during operation. The 
cyclones are currently being scanned to determine the degree of wear on each component. Results will 
be shared once available.  

 
Table IV. Comparison of unit cost between Cavex and conventional cyclone. 

 
Indicative unit cost per module 

400CVXA20 R10 000 per month  

Equivalent conventional cyclone R17 200 per month 

 
Table IV above shows a comparison of the indicative unit cost per module between the Cavex 
400CVXA20 cyclone and an equivalent conventional cyclone 
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CONCLUSION 
 
The two Cavex cyclones installed were able to meet the client requirements. The cyclones were able to 
achieve an EP well below the set maximum of 0.08 and achieved a cut-point of 3.08 t/m3 for both the 4 
mm and 8 mm tracers. The cyclones also treated 40% more tons than the standard set by the mine. 
Results are within the client-specified key performance indicators. 
 
The measurements indicated an average 16% and 24% wear on each of the cyclones between the two 
inspection dates. The recommendation to remove the cyclones was subject to the measurements done 
on the overflow bends. Further inspections are due to be done to determine possible prolonged use of 
the cyclones without compromising the efficiencies required by the client.  
 
Future work will include the investigation of various alloys to combat high wear rates on some of the 
cyclone components, in particular the vortex finder and cone sections of the Cavex HM cyclone. The 
aim of this exercise is to allow for longer periods of operation, which will further ensure plant stability 
and will ultimately result in various benefits for the end user. 
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APPENDIX A: PRESSURE READING – October to December 2017 
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APPENDIX B: DENSITY READING – December 2016 to December 2017 
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