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Introduction 

 

The use of dense (or heavy) medium separation (DMS or HMS depending on 

preference) has become widespread since the introduction of DM cyclones for coal 

processing in the late 1940’s ushered in the beginnings of the modern DMS circuit. 

The design principles were embodied in the famous Dutch State Mines (or “DSM” a 

confusingly similar acronym) design manual, possession of which was sometimes a 

carefully guarded secret during the period 1960 – early 90’s by process engineers, 

working for one of the two or three official DSM licenced engineering design 

companies per country (e.g. Fraser & Chalmers, Van Eck & Lurie & Simon Carves 

for RSA; Head Wrightson & Birtley for UK).  

 

Careful use of the manual and consultation with its authors based at Stamicarbon bv, 

Maastricht in Holland, ensured the design integrity of many DMS plants built 

throughout the world during that period. The final edition of the manual appeared 

around 1994 and with the retirement and passing of the Dutch inventors to whom we 

are all indebted, it can be observed that in some cases design standards slip or are 

forgotten, and as a result the operation of the plants suffer. This can manifest itself in 

many forms, for example, unnecessary losses of product grade material, medium 

losses, dilution of product grade and wasted production time trying to get the correct 

medium to circulate or up to operating density.  

 

However, it is also correct to observe that the number of minerals subjected to DMS is 

increasing and the testwork used to evaluate whether DMS is applicable has also 

evolved over time using techniques developed for coal washability analyses as the 

starting point. 

 

This paper firstly reviews some of the more important DMS testwork application data 

showing the wide variety of minerals it is applicable to and secondly discusses 

various engineering and operating principles which, in the author’s opinion have a 

significant effect on the final plant design. These points are illustrated by some 

examples from current operating plants. This paper is not intended as an exhaustive 

review of all the DMS design principles, rather those which have changed from the 

recommendations in the DSM manual which have been proven to work and assist 

both plant design and operation. 

 

Why use DMS? 

 

This fundamental question is often bypassed for some minerals where DMS use is 

well established, for example large diamond processing plants. However for many 

other minerals and in particular coal, the question always needs to be asked whether 

DMS or Jigging or another non-medium separation process should be used, for 

example, a Barrel Washer or Optical Sorting. Arriving at the answer is a well 

established process – obtain a washability analysis and examine the amount of near-

gravity material (NGM) i.e. percent mass +/- 0.1 SG around the cut-point density or 

D50. Where there is approximately >10% NGM
1
, then the general rule of thumb is to 
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use DMS as a Jig product may simply not be able to make the required grade, or 

alternatively the recovery will be too low. Table 1 lists those minerals in Southern 

Africa where DMS is practiced in either a primary role, that is making a final product 

as for coal, chrome, iron ore etc., or in a pre-concentration role for gemstones, base 

and precious metal ores.  

 

Table 1 - DMS/Jigging/other separation methods for Southern African Minerals 

 

Mineral & Application Typical NGM DMS Other Separators 

Diamonds – large plants 

as pre-concentration 

Restricted data All modern plants Older plants used Pans 

and Cones 

Diamonds – small plants 

as pre-concentration. 

Washability 

seldom tested so 

unknown 

Plants supplied by 

mainly by Jo’burg 

based engineering 

contractors 

Pans 

Export Coal Plants  15 to 80% All RSA plants  

Steam coal plants <10% Many DMS as 

second stages 

Barrel washers; Jigs 

starting to penetrate the 

market; hand picking  

Iron Ore + Manganese Difficult to 

measure as very 

high SG 

Older plants used 

DMS 

Jigs close to penetrating 

the market. Possibility of 

Optical Sorters also being 

successfully tested. 

Chrome ore (lumpy or 

chip) 

10 – 20% DMS used 

extensively 

Jig testwork unsuccessful 

Platinum UG2 ore pre-

concentration 

10 – 20% DMS used in all but 

one plant. 

Optical Sorting 

successfully used on one 

plant  

Base metals – Lead/Zinc 

sulphides, Tin 

15 – 35% DMS recommended 

for Pb/Zn, one plant 

for Tin 

 

Andalusite  20 – 40% DMS used 

exclusively 

 

Fluorspar for pre-

concentration 

unknown DMS (pre-

concentration 

application) 

 

Emeralds for pre-

concentration 

20 – 45% DMS (pre-

concentration 

application in two 

plants) 

Possible Optical Sorting 

application 

Tanzanite for pre-

concentration 

unknown DMS Optical Sorting 

successful for final 

concentration 

 

Optical Sorting can be seen as a new separation method and on some iron ores can 

have a unique application where the ore is porous. This can render DMS and Jigging 

impossible due to apparent density variations in the ore as well as potentially high 

FeSi losses. 

Amongst this list Emeralds are an unusual application as unlike diamonds or 

Tanzanite which has an SG of 3.35 and a similar grade and separation requirement, 

emeralds have an SG of about 2.75 and are sandwiched between host minerals of 
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pegmatite and schist’s. These two minerals (or just the pegmatite in some ores) supply 

the elemental chrome and beryllium required for its gemstone composition. 

  

The first emerald ore tested yielded an interesting problem which is illustrated in the 

densiometric analysis below. It can be seen that the emeralds density distribution 

(made up of the poorer quality emeralds on either side of the spike of quality 

emeralds) lies between the lower density schists and higher density pegmatite. Use of 

a two stage DMS plant provided a useful upgrade of approximately 75% of the 

emeralds into 25% of the mass. Interestingly, the emeralds lost in the DM cyclone 

“tails” tended to be the poorer quality ones. The plant needed extensively calibration 

with density tracers in order to establish the optimum density cut-point for each pass.   

 
Emerald Ore Densiometric Data
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Washability or Densiometric Data Computations 

 

The calculation methodology has come a long way since the advent of modern 

computers as the determination of the separation “epm” requires many calculations. 

The DSM founders extended this method into predicting the separation products, by 

deriving formulas for a wide range of separators based on empirical measurements, 

which required iterative calculations. These iterations involve simple but numerous 

calculations and in the early days of computation could take many days to complete
2
. 

This was reduced to a few hours in the days of main-frame computers (1970’s) and 

finally a manageable few minutes when the first personal computers appeared. These 

days the calculation takes a fraction of a second, but can also be done directly from 

proven mathematical formulas for the partition curve. 

 

When commissioning densiometric testwork, two points to bear in mind are: 

 

 always insist on receiving fractional data which generally requires the 

testwork to start at the middle density of the range, rather than at the lowest 

density of interest and proceeding through increasing densities in a 

cumulative sinks manner. This can speed up the testwork but errors can creep 
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in. These will manifest themselves as illogical negative values when the 

fractional values are back-calculated. A plot of the fractional grade versus 

mean density should always be used to check on the data integrity. 

 Try not have more than 20% of the total mass in any one density fraction so 

that accurate computations can be made of potential products. Note this can 

be almost impossible to achieve when dealing with some iron ores where say 

80% of the ore might be >SG 4.2. 

 

During the past ten years, the range of densities which can be used beyond SG 2.93 

(100% TBE) has been extended by adding Ferrosilicon (FeSi) powder to the liquid. 

Careful technique is required but the Bateman laboratory can offer this extended 

analysis up to ~SG 4.2. Use of this data allows products to be accurately computed 

for chrome, platinum UG2 ores and gemstones using assumed epm’s. This can save 

costly pilot plant campaigns except where concentrate is required for downstream 

testwork. 

 

The cumulative washability data shown below for a chrome ore, can be presented 

either as percent to sinks (analogous to percent retained in size analyses), or as 

percent to floats (percent passing). Whilst in coal applications, percent to floats is 

most commonly used, in ore containing heavy minerals, the opposite is the case, but 

for minerals such as platinum UG2 ore, chrome and other base metals, both ways are 

useful, showing at a glance the possible product grades and discard losses. This is 

illustrated in the following data: 

 
Chrome Ore Data Size Range = -20 x 1mm

Mean Mass Mass Cr/Fe

Density (g) %    %Cr2O3   %Fe2O3 %SiO2 ratio    %Cr2O3   %Fe2O3 %SiO2

2.60 to 2.80 2.70         0.8 2.8 7.4 58.3 0.4 0.1 0.3 2.6

2.80 to 3.00 2.90         1.5 3.5 10.1 55.1 0.3 0.2 0.7 4.5

3.00 to 3.20 3.10         14.0 2.7 11.7 52.8 0.2 1.2 7.9 40.2

3.20 to 3.40 3.30         3.5 7.5 13.3 43.3 0.6 0.8 2.2 8.2

3.40 to 3.60 3.50         3.2 35.2 18.0 25.6 1.9 3.6 2.8 4.4

3.60 to 4.10 3.70         77.0 38.2 23.1 9.6 1.7 94.1 86.0 40.1

Total 3.69         0.0 100.0 31.2 20.7 18.4 100.0 100.0 100.0

Mean Mass Mass Cr/Fe

Density (g) %    %Cr2O3   %Fe2O3 %SiO2 ratio    %Cr2O3   %Fe2O3 %SiO2

2.60 to 2.80 2.70         0.8 2.8 7.4 58.3 0.4 0.1 0.3 2.6

2.80 to 3.00 2.83         2.3 3.3 9.2 56.2 0.4 0.2 1.0 7.1

3.00 to 3.20 3.06         16.4 2.8 11.3 53.3 0.2 1.5 9.0 47.3

3.20 to 3.40 3.10         19.9 3.6 11.7 51.5 0.3 2.3 11.2 55.5

3.40 to 3.60 3.16         23.0 7.9 12.6 48.0 0.6 5.9 14.0 59.9

3.60 to 4.10 3.58         100.0 31.2 20.7 18.4 1.5 100.0 100.0 100.0

Mean Mass Mass Cr/Fe

Density (g) %    %Cr2O3   %Fe2O3 %SiO2 ratio    %Cr2O3   %Fe2O3 %SiO2

3.60 to 4.10 3.70         77.0 38.2 23.1 9.6 1.7 94.1 86.0 40.1

3.40 to 3.60 3.71         80.1 38.1 22.9 10.2 1.7 97.7 88.8 44.5

3.20 to 3.40 3.75         83.6 36.8 22.5 11.6 1.6 98.5 91.0 52.7

3.00 to 3.20 3.90         97.7 31.9 20.9 17.5 1.5 99.8 99.0 92.9

2.80 to 3.00 3.92         99.2 31.5 20.8 18.1 1.5 99.9 99.7 97.4

2.60 to 2.80 3.95         100.0 31.2 20.7 18.4 1.5 100.0 100.0 100.0

Cum % Sinks Recovery

Fractional % Distribution

Cum % Floats Recovery

Density Range Cum  %Sinks Grade

Density Range Fractional Assays

Density Range Cum  %Floats Grade

 
 

Many graphs can be plotted from the data, the obvious ones being percent mass, 

grade or recovery versus density as in the emerald data already discussed, but one of 

the most useful curves is the “concentration curve” or cumulative percent mass 

versus recovery. This shows the liberation of the valuable mineral and how good the 

separation is compared to the “no concentration possible” line. Examples are shown 

below from platinum UG2 ores densiometric curves data:  
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Platinum UG2 Ore

Fractional PGM's Grade, Distribution & Mass (30 x 1)mm
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The “concentration curves” from multiple UG2 applications tested in the Bateman 

laboratory
3
 are shown below. Note that the data is graphed for the floats rather than 

the sinks, as it is the potential PGM losses rather than an upgrade in the grade of the 

DMS sink which is the more important consideration when making a decision on 

whether to use a pre-concentration DMS in these cases. 

 

Platinum UG2 Ores - Cumulative Floats Recovery
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The usefulness of a DMS pre-concentration step in the examples above, range from 

marginal in the case of the ore tested from Mine A to exceptional for the samples 

from Mines B, C, D & E. Pre-concentration plants have already been implemented at 

two of these mines. The use of DMS in these applications generally discards about 

25% of the ROM mass with acceptable Platinum losses of approx. 0.5 to 0.8 g/t in the 

DMS floats. These floats grades should at least be comparable to that of the tailings 

from the downstream flotation plant. A feature of these plants is that the discard can 

be sold as a road stone by-product. 
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When requesting densiometric data for base metal applications, it is always important 

that the -1mm fraction is analysed. This fraction would not normally pass through the 

DMS plant but by adding it to the +1mm washability data, the overall benefits of a 

pre-concentration step at a variety of cutpoint densities can be shown. These are 

illustrated in the example below which is taken from testwork on one of the many 

zinc sulphide ores tested by Bateman
4
: 

 
Zinc Sulphide Ore

Total Distribution with -1mm Fines added Size Range = 25 x 1mm

Mean Mass Mass

Density (g) % Zn               SiO2 Mg   Zn               SiO2 Mg   

2.400 to 2.900 2.65 4673.0 21.57 1.44 66.10 4.50 3.83 75.82 9.36

2.900 to 3.000 2.95 2742.2 12.66 5.42 6.60 15.50 8.46 4.44 18.92

3.000 to 3.100 3.05 3372.2 15.57 11.80 3.20 5.70 22.65 2.65 8.56

3.100 to 3.200 3.15 2377.8 10.98 9.87 3.80 13.90 13.36 2.22 14.71

3.200 to 3.500 3.35 3449.0 15.92 13.30 2.70 11.40 26.11 2.29 17.50

3.500 to 4.000 3.75 3118.7 14.40 8.17 4.70 16.30 14.51 3.60 22.63

Total 3.08 19732.9 91.11 7.92 18.79 10.44 88.92 91.01 91.68

3.08 1926.5 8.89 10.10 19.00 9.70 11.08 8.99 8.32

TOTAL 3.08 21659.4 100.00 8.11 18.81 10.37 100.00 100.00 100.00

Original Mass of +1mm material 22115.4 g 91.11 %

Mass of -1mm material 2159.1 g 8.89 %

Total material tested 24274.5 g

Mean Mass

Density % Zn               SiO2 Mg   Zn               SiO2 Mg   

2.40 to 2.90 2.65 21.57 1.44 66.10 4.50 3.83 75.82 9.36

2.90 to 3.00 2.75 34.24 2.91 44.10 8.57 12.29 80.26 28.28

3.00 to 3.10 2.84 49.80 5.69 31.31 7.67 34.94 82.91 36.84

3.10 to 3.20 2.89 60.78 6.45 26.34 8.80 48.30 85.13 51.55

3.20 to 3.50 2.98 76.71 7.87 21.43 9.34 74.42 87.42 69.05

3.50 to 4.00 3.08 91.11 7.92 18.79 10.44 88.92 91.01 91.68

100.00 8.11 18.81 10.37 100.00 100.00 100.00

Mean Mass

Density % Zn               SiO2 Mg   Zn               SiO2 Mg   

2.40 to 2.90 3.08 91.11 7.92 18.79 10.44 88.92 91.01 91.68

2.90 to 3.00 3.24 69.53 9.93 4.11 12.28 85.09 15.19 82.32

3.00 to 3.10 3.31 56.87 10.93 3.56 11.56 76.63 10.75 63.40

3.10 to 3.20 3.42 41.30 10.60 3.69 13.77 53.98 8.10 54.84

3.20 to 3.50 3.53 30.32 10.86 3.65 13.73 40.62 5.88 40.13

3.50 to 4.00 3.75 14.40 8.17 4.70 16.30 14.51 3.60 22.63

100.00 8.11 18.81 10.37 100.00 100.00 100.00

Overall Mass Balance
Mean Mass

Density % Zn               SiO2 Mg   Zn               SiO2 Mg   

RoM Feed to Plant 3.08 100.00 8.11 18.81 10.37 100.00 100.00 100.00

+1mm Feed to HMS 3.08 91.11 7.92 18.79 10.44 88.92 91.01 91.68

-1mm to Milling 3.08 8.89 10.10 19.00 9.70 11.08 8.99 8.32

HMS Floats @ 2.90 2.65 21.57 1.44 66.10 4.50 3.83 75.82 9.36

HMS Sinks 3.42 41.30 10.60 3.69 13.77 53.98 8.10 54.84

Total Feed to Milling 3.35 50.20 10.51 6.40 13.05 65.06 17.09 63.16

Density Range Assays % Distribution

Density Range

-1mm Fines

Density Range

-1mm Fines

Cumulative Floats Assays

Density Range Cumulative Sinks Assays Cumulative Sinks Distribution

-1mm Fines

Fractional Assays Fractional Distribution

Cumulative Floats Distribution

 
 

In base metals, the DMS sinks grade is not generally so important, rather it is the 

losses to the DMS discard and the mass reduction that are generally the deciding 

factors, although the resulting improvement in the mill feed grade will normally 

result in better flotation recovery. 

A good example of where DMS will provide no benefit can be taken from some zinc 

oxide ores tested at Bateman
5
: 
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Zinc Oxide Ore (12.5 x 1)mm - Medium Grade Ore
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Zinc Oxide Sample (12.5 x 1)mm - Medium Grade Ore

Fractional Mass & Grade vs Mean Density
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These ores are interesting as their density profile shown above has a large mass 

lighter that SG 2.60. However the concentration profile shows that there was simply 

not enough liberation of the mineral to pre-concentrate the ore and discard a coarse 

silica fraction. A milling stage would be necessary before concentration by other 

methods. 

 

Density Tracer Tests 

 

Ever since the invention of density tracers, made primarily for the testing of diamond 

plants, a relatively quick and simple means has been available to calculate the 

efficiency of separation from the partition curves. Exact calculations of the number of 

tracers required can be made based on sound statistical principals, but in general if 50 

to 100 tracers of each density and size are used, than each tracer represents one or 

two percentage points of the partition curve and a good enough accuracy can 

generally be obtained. Tests using as few as 10 tracers of diamond density SG 3.54 

are often used for simple detection of diamond losses, but for partition curve and epm 

calculations, at least 6 close densities (SG 0.05 intervals) are required and the total 

number of tracers can easily add up to >1300 as shown in the test data given below. 

 

It can be very useful for long term plant comparisons if comprehensive plant data is 

also recorded at the time of the tracer test. Suggested data is shown overleaf for a 

small 15 t/hr plant using a 350mm DM cyclone which used 8, 4 and 2mm tracers.  

 

The very high operating pressure as measured by the cyclone diameter multiplier “D” 

can also be noted in this test, something which would not be recommended these 

days. Some plant measurements could not be taken on this particular plant e.g. the 

floats medium density which Multotec have since developed into a very useful 

medium stability indicator when compared with the correct medium density: 
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Medium Stability and Viscosity - FeSi

Source - Multotec
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Note that this graph can also be extended into the magnetite region for coal 

processing. 

 

DENSITY TRACER TEST  No. 1  LOGSHEET

MINE  DETAILS DETAILS OF ORE

CLIENT Ore Processed Kimberlite Date: 23 July 1990

MINE Diamond Mine Size range mm

PLANT 15 tph DMS Cyclone Module Bulk Density t/m3

OPERATING DENSITIES CYCLONE  DETAILS

Circulating Medium 2.62 t/m3 DM Cyclone Diameter  (D) 350 mm

DM Cyclone U/F 3.12 t/m3 DM Cyclone Pressure  182 kPa

DM Cyclone O/F t/m3 Calculated Head Ratio 20 "x D"

Recorded Density t/m3 Water supply pressure   kPa

Magnetic Separator O/F 2.77 t/m3 Magnetic Media 150D Milled Smancor FeSi

Density Differential t/m3

8 mm  DENSITY TRACERS       TEST RESULTS 

Number

Density Accuracy Colour Added Sinks Floats Total % Loss % to Sinks

3.54 +  0.03 Orange 90 89 0 89 1.1 100.0

3.30 +  0.03 Brown 0 0.0 0.0

3.20 +  0.01 Cinnamon 100 98 2 100 0.0 98.0

3.15 +  0.01 Olive 76 67 9 76 0.0 88.2

3.10 +  0.01 Green 100 10 90 100 0.0 10.0

3.05 +  0.01 Buff 100 4 96 100 0.0 4.0

3.00 +  0.01 Blue 79 0 79 79 0.0 0.0

2.95 +  0.01 Lilac 0 0.0 0.0

2.90 +  0.01 Yellow 0 0.0 0.0

2.80 +  0.03 Lime Green 0 0.0 0.0

2.70 +  0.03 Black 0 0.0 0.0

Totals 455 179 276 455 0.0

Notes Test Results from Partition Curve Comments

% to Sinks = No. of Sinks Tracers/Total Recovered D25 D50 D75 epm SG Shift

epm = (D75-D25)/2

SG Shift = D50 - Circulating medium density 3.124 3.128 3.147 0.0115 0.508

 
 

When the results from the 4 and 2mm tracers are included (although recovering and 

sorting 500 x 2mm tracers is not to be taken lightly), a comprehensive picture 

emerges of the density separation which is graphed overleaf. 
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4 mm  DENSITY TRACERS       TEST RESULTS 

Number

Density Accuracy Colour Added Sinks Floats Total % Loss % to Sinks

3.54 +  0.03 Orange 59 59 0 59 0.0 100.0

3.30 +  0.03 Brown 100 98 0 98 2.0 100.0

3.20 +  0.01 Cinnamon 100 86 14 100 0.0 86.0

3.15 +  0.01 Olive 70 42 29 71 -1.4 59.2

3.10 +  0.01 Green 48 9 39 48 0.0 18.8

3.05 +  0.01 Buff 68 3 64 67 1.5 4.5

3.00 +  0.01 Blue 56 0 56 56 0.0 0.0

2.95 +  0.01 Lilac 0 0.0 0.0

2.90 +  0.01 Yellow 0 0.0 0.0

2.80 +  0.03 Lime Green 0 0.0 0.0

2.70 +  0.03 Black 0 0.0 0.0

Totals 342 140 202 342 0.0

Notes Test Results from Partition Curve Comments

% to Sinks = No. of Sinks Tracers/Total Recovered D25 D50 D75 epm SG Shift

epm = (D75-D25)/2

SG Shift = D50 - Circulating medium density 3.110 3.138 3.172 0.0310 0.518

2 mm  DENSITY TRACERS       TEST RESULTS 

Number

Density Accuracy Colour Added Sinks Floats Total % Loss % to Sinks

3.54 +  0.03 Orange 110 109 0 109 0.9 100.0

3.30 +  0.03 Brown 102 91 1 92 9.8 98.9

3.20 +  0.01 Cinnamon 106 52 47 99 6.6 52.5

3.15 +  0.01 Olive 89 12 69 81 9.0 14.8

3.10 +  0.01 Green 102 3 95 98 3.9 3.1

3.05 +  0.01 Buff 93 0 86 86 7.5 0.0

3.00 +  0.01 Blue 110 1 104 105 4.5 1.0

2.95 +  0.01 Lilac 0 0.0 0.0

2.90 +  0.01 Yellow 0 0.0 0.0

2.80 +  0.03 Lime Green 0 0.0 0.0

2.70 +  0.03 Black 0 0.0 0.0

Totals 500 68 401 469 6.2

Notes Test Results from Partition Curve Comments

% to Sinks = No. of Sinks Tracers/Total Recovered D25 D50 D75 epm SG Shift

epm = (D75-D25)/2

SG Shift = D50 - Circulating medium density 3.171 3.198 3.217 0.0230 3.198
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50 t/hr Diamond DMS Plant
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A test at a larger 50 t/hr modular plant using possibly an excessive number of tracers 

gave similar results. 200 tracers per density were used for six densities and three 

tracer sizes totaling 3600 in all. 

 

Both these tests illustrate the classic separation characteristics of increasing cut-point 

density and poorer epm with decreasing particle size, particularly for the 2mm tracers 

compared with the 4 and 8mm tracers. The principal of a “break-away epm” where 

the epm remains constant for a particular cyclone size (as postulated by DSM) but 

then increases at a size between 6 and 0.5mm dependent upon the cyclone diameter, 

has been well established by Multotec
6
 and is illustrated in the data below from 1990. 

Note that the tracer losses were only seen in the 2mm tracers and then were no more 

than 6 % in both tests, a good figure to aim for.  

 
Tracer Tests - Cyclone Efficiency
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Similar results were obtained from a DMS coal plant data where 4 size ranges (100 x 

20, 20 x 6, 6 x 2 and 2 x 0.5) mm were sampled and washed in a DMS cyclone circuit. 

Note that the primary cyclone had an easy de-stoning duty whilst the secondary was a 

low density two- product separation with a high NGM. The epm/D50 is graphed to 

normalize the data. 

 

Care should be taken when plotting results using spreadsheet graphing functions. In 

some instances these programmes make life too easy and the curve drawn by the 

computer can be very misleading giving a measured epm far too low. This can occur 

if there are only one or even no points between the 100% to floats and 100% to sinks 

results. In cases such as these, hand drawn graphs should be used. 

 

Plant Design 

 

Modular Plant 
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The modular plant concept of building a self supporting, generally pump-fed DMS 

cyclone plant in Johannesburg, testing to the wet commissioning stage, stripping into 

container size quantities, shipping to site and erecting in a matter of weeks rather than 

months is now a thoroughly established project concept for diamond plants up to ~150 

t/hr (diamonds) and even larger on coal. The advantages are numerous and are 

discussed in other references
7
. 

 

A typical circulating medium circuit is shown overleaf for reference purposes in this 

section. It is based on a pump-fed cyclone system which is the most common design 

of modular DMS cyclone plants: 

 

 

 

 

Desliming 

One of the points to be borne in mind with the original DSM design manual, is that it 

was written primarily for coal preparation plant design and conversions need to be 

made when ores of different solids density are considered.  

 

The essential stage of desliming ahead of DMS (normally between 2 and 0.5 mm 

bottom size for most minerals) has always depended on having the correct quantity of 

diluting water. The DSM manual recommends the use of a quantity of water which 

would dilute the -0.5 mm fraction to 7 % solids by volume. The final edition reduced 

this figure to 6.5 %. Whether this figure should be 6.5, 7 % or a slightly larger figure 

or indeed confined to the 0.5 mm fraction only, has always been the subject of debate, 

as this is the point in the circuit which effectively sizes the downstream dewatering 

systems. Another way of tackling this problem is to make sure the total feed to the 
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screen is < 25 % solids by volume, although again from experience this can be 

increased up to approximately <30 % solids (v/v) for 0.8 mm solids. 

 

The main equipment development in desliming (and rinse and drain screens for that 

matter) has been to either replace the stainless steel wedge-wire sieve bend which can 

be subject to frequent and expensive wear, with static panels in the feed chute to the 

screen; or to combine the sieve bend and screen into a “banana” type screen using 

polyurethane (PU) panels. This raises the question of how to size the screen and it is 

generally agreed that the drainage rate, rather than bed depth as per the formula in the 

DMS manual, is the best factor to use, as there are variable rates of travel on these 

screens.  

 

Mixing Box (DM cyclone plants only) 

This was one of the innovations of DSM; a vessel where the medium is mixed with 

the deslimed ore and ensures a constant head (either gravity or pumped) at the DM 

cyclone, regardless of the solids feedrate up to a maximum where blockages or poor 

separation efficiency would occur. The mixing box ensures a constant separation 

efficiency in the cyclone (provided the feed ore size analysis stays the same) as the 

medium:ore ratio in the cyclone will always be equal to or greater than the minimum 

recommended.  

 

The minimum medium:ore ratio is a controversial subject. For coal it is generally 

considered to be between 2.5 and 2.9:1 (depending on the cyclone manufacture), but 

for diamonds 5.5:1 is used for small modular plants. For larger diamond processing 

plants, it is generally specified at a much higher figure, for example 7.5:1 minimum 

for primary processing and up to 10:1 for re-concentration.  

 

The mixing box is designed with an overflow which allows for variations in the total 

circulating medium system such as circulating medium pump wear and seals the 

medium circuit from the ore. Note that poor operation or understanding of the seal 

system can, in certain cases, lead to medium contamination. 

 

Whilst the design has not altered over the years, a small modification has been found 

to be very useful in recent years. This is installation of a longitudinal slot in the box at 

a height such that if there is a blockage, medium will overflow onto the floor sump 

rather than the effluent sump which is generally directly beneath the desliming screen. 

In small plants this sump is often very close to the mixing box and it is possible that 

FeSi medium can overflow into it in the event of a blockage. Once in the effluent 

stream the FeSi is of course lost for ever in most operations.  

 

There is often a debate with clients over whether a shut-off valve should be installed 

between the medium box outlet and the cyclone feed pump. In some instances where 

there is only limited floor sump capacity, this could be useful in allowing maintenance 

on the pump without emptying the mixing box, or in achieving quicker start-up times. 

However Bateman practice is to generally omit this valve. 

 

This section would not be complete without mentioning that there are plants designed 

without mixing boxes or substantial variations on the above description. A simple 

pump sump is used in some plants to mix the incoming deslimed ore with the 

medium. It goes without saying that these plants will be prone to instability in DM 
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cyclone pressure and hence separation efficiency whenever there are variations in the 

feed of ore or medium. 

 

DM Cyclone 

The scope of this paper does not cover the many innovations in cyclone geometry 

over the past 20 years leading to higher capacity, longer life and better efficiency, 

however a few engineering design points are worth mentioning: 

 

 The use of a variable speed pump to feed the DM Cyclone, whilst adding to 

the capital cost can give significant benefits in terms of keeping a constant 

operating head at the cyclone. It also enables the condition of the pump to be 

monitored as it speeds up in response to wear and allows for variations in plant 

capacity to be accommodated where there are variable size ranges treated by 

the DM cyclone plant. 

 

 The standard operating pressure of 9 x the cyclone diameter “D” or “9D” was 

established for coal separations many years ago by DSM. It is generally 

agreed that this can be increased to 15D with a corresponding increase in 

cyclone capacity proportional to the square root of the flowrate. Operating 

pressures above 15D are considered unnecessary and lead to high wear, 

furthermore separation efficiency is not considered to vary significantly within 

this operating pressure range. 

 

Within the diamond industry the recommended pressures for large diamond 

processing plants are more precise; for example 10-15D at one operation, at 

another 12-14D for the coarse size fraction (-22 +8) mm and 14 – 16D for fine 

size fraction (-8 +1) mm.  

 

It is important to be able to quickly relate the pressure observed at the cyclone 

inlet to the D multiplier. For instance for a 500 mm diameter cyclone 

operating at 115 kPa with a circulating medium of SG 2.6, the multiplier 

would be: 

 

115/(500/1000 x 2.6 x 9.81) = 9.0D 

 

 Dividing the flow between multiple cyclones has always been a problem. 

Early DSM designs such as the “Whirly-gig” and the cylindrical divider are 

now largely discontinued. Modern pressure splitter designs such as those from 

Multotec are generally recommended to used to split to either 2 or possibly 4 

cyclones. The position of the splitter in the pump line is a critical engineering 

design point. A different solution is to simply install a single larger cyclone, 

for example one 510 or 800 mm diameter cyclone could replace two 360 or 

610 mm diameter cyclones respectively
8
. 

 

 Operating cyclones at pressures below 9D has always been prone to uneven 

and indeed unknown results. Data from a DMS plant treating chromite where 

the inlet pressure was found to be 4D is illustrated overleaf
9
. Very poor epm’s 

ranging from 0.12 to 0.20 were measured compared with an expected value of 

0.042.  
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Although there were several other reasons apart from the inlet pressure which 

accumulated to give these results (for instance lack of a mixing box), the 

dominant factor was considered to be the operating pressure. 
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Medium Drainage 

Wedge wire panes have always been prone to blinding and therefore the DSM sieve 

bend and screen sizing method incorporates a safety factor. Replacement by more 

flexible PU static panels has allowed for differences in screen sizing from those 

calculated by the well known DSM formula. As with desliming, “banana” type 

screens are being increasingly used for drainage and rinsing duties. 

 

Correct Medium Pump Sumps 

The DSM recommended method of starting up the circulating medium system is to 

agitate the medium with compressed air, a method still widely used with great 

success. There are designs of the pump suction which can induce medium mixing 

without the use of compressed air, however there are many other uses for compressed 

air on a plant and is generally considered an essential service to incorporate into plant 

designs.  

 

On larger plants the pump suctions are often designed with automatic gate valves such 

that complete medium drainage can be obtained on shut down and a quick start-up can 

be achieved once the medium is agitated. 

 

It is essential to be able to either monitor the level of the correct medium sump or to at 

least observe it in plants with little or no instrumentation. Once the level of the correct 

medium is below the critical level needed for the pumping head, then the whole 

circulating  medium system will suffer and the DM cyclone pressure will drop off at 

some stage with serious operating consequences. 

 

Modern density monitoring and control systems using nucleonic sensors are 

widespread and fully proven. Their inclusion into the plant design is always 

recommended.  
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Dilute Medium Systems 

Two of the most significant development in medium recovery systems have been the 

widespread introduction of higher-strength magnetic separators and densifiers. 

Modern design magnetic separators have made possible the reduction of effluent 

losses down to 0.03 g/l FeSi
10

 and in many cases made the use of a secondary 

separator redundant. 

  

Densifiers have supplemented the use of thickening cyclones and settling cones, and 

have significantly shortened the time taken to achieve operating density by producing 

higher density overdense medium. Although they have always been used in those 

DMS plants requiring operating densities above the density delivered by magnetic 

separators, their advantages are being increasingly recognised in those plants where 

they were not traditionally used. 

 

Conclusions 

 

It is considered that there will always be a place for DMS technology in minerals 

processing, although it is a mature technology well over 50 years old. There is 

constant pressure from other separation methods to replace DMS, particularly in 

applications where there are only marginal benefits and more examples of this are 

likely to be seen especially from modern computerized Jigging and Optical Sorting 

methods.  

 

The original DSM design principals still apply to many aspects of DMS plant design. 

However, there have been significant advances in equipment development, 

particularly banana screens, DM cyclone capacity and magnetic separator strength 

which has led to significant improvements in plant performance. There is always a 

need for process engineers to keep up to date with these developments so that they 

can be engineered into the latest plant designs. 
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