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ABSTRACT 
 
 
Surveys of the medium circuits in the Dynawhirlpool DMS plant at Renison were 
conducted to establish the source and magnitude of ferrosilicon loss, in view of 
historically high consumption in the plant. Three surveys were carried out, at 
operating densities of 2.95, 2.85 (the norm) and 2.70. Quantitative XRD was 
used to determine the proportion of Fesi present in the magnetic fraction of the 
samples, the balance being pyrrhotite from the ore. 
 
Measured loss was found to increase significantly with operating density, which 
confirms the findings of similar studies in other plants. Adhesion losses under 
normal operating conditions contributed 53% of the measured loss, but were not 
unusually high. Magnetic separator loss was low, but the pyrrhotite removal 
circuit (screen plus flotation plant) was a significant contributor to loss. There 
was also strong evidence that plant stoppages and housekeeping may cause 
up to half the observed ferrosilicon consumption. 
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1. INTRODUCTION AND BACKGROUND 
 
 
Renison Limited operates a dense medium separation plant at its tin 
operations near Zeehan in Tasmania. Its purpose is to reject waste and 
dilution from crushed plant feed prior to the grinding, classification and tin 
recovery stages. The DMS plant incorporates a low intensity magnetic 
separator which removes magnetic species (principally pyrrhotite) from 
the feed, and a feed preparation screen with a 1.7 mm aperture. The 
magnetic and fine products from these stages by-pass the DMS plant 
and report directly to the rod mill. The DMS plant rejects typically 15% of 
total plant feed, with the float product passing directly to tailings. 
 
The DMS plant incorporates two 400 mm Dynawhirlpools operating at a 
feed density of 2.85 using 270D Samancor ferrosilicon. The feedrate to 
the plant is typically 120 t/h, and the feedrate to the two parallel 
Dynawhirlpools about 50-70 t/h. The plant and its operations have been 
described by Riles (1982). 
 
Ferrosilicon consumption in 1989 was unusually high, sometimes 
approaching 1 kg/t. It was therefore decided to survey the DMS plant to 
establish the principal sources of ferrosilicon loss with a view to 
formulating a strategy to reduce consumption. 
 
The surveys took place in July/August 1989 as a collaborative 
programme between Renison and the JKMRC. This paper presents and 
discusses the early results of these surveys. 
 
 
 

2. THE CIRCUIT, AND EXPERIMENTAL DETAILS 
 
 
 A block diagram of the DMS plant circuit is shown in Figure 1. 
 

An unusual feature is the pyrrhotite removal circuit, designed to limit the 
build-up of magnetic pyrrhotite, present in the ore, in the magnetic 
recovery circuits. Operation of the circuit is intermittent, depending on the 
operator's judgement of the condition of the medium. It treats a 
proportion of the dilute medium, using screens of 0.25 mm aperture to 
reject oversize (including coarse pyrrhotite crystals), and a small flotation 
plant to float the fine pyrrhotite. Pyrrhotite is also removed ahead of the 
feed preparation screen by a low intensity magnetic separator (the 
"DLIMS"). The current feed preparation screen aperture is 1.7 mm. 
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Figure 1: Schematic flowsheet of the Renison DMS plant 

 
 
Densification is achieved using a single cyclonic densifier, fed with 
correct density medium. Medium cleaning and recovery consists of 
primary magnetic separation with primary effluent being thickened in 
cyclones ahead of the secondary magnetic separator; cyclone overflow is 
recycled as screen wash water. 
 
Final effluent streams with the potential for ferrosilicon loss are therefore 
as follows: 
 

 DWP floats 

 DWP sinks 

 Pyrrhotite float concentrate 

 Pyrrhotite screen oversize ("grit") 

 Secondary magnetic separator effluent. 
 

Three surveys were conducted, at three different medium densities (2.70, 
2.85, 2.95), to determine the ferrosilicon content in these effluent streams 
and thus establish the source and magnitude of loss. Full stream 
samples were taken of each effluent stream at short increments over the 
1-2 hour survey period, the increments being accumulated to form a 
single large sample. (Several internal plant streams were also sampled, 
but these will not be reported here.) Ore and pyrrhotite streams were 
sampled every 10 minutes, and the magnetic separator effluent every 5 
minutes. Mass flows of plant feed and DWP products were read from 
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weightometer records, integrated over the survey period, and the mass 
flows of the other streams were determined every 10 minutes by timing 
and weighing the full stream flow. Mass flows of other relevant streams 
(e.g. DLIMS product) were also determined by timing and weighing. 
Mass flow measurement and sample points are shown in Figure 1. 
 
The DWP products were repeatedly washed to remove adhering 
magnetics, and the washings passed several times through a Davis tube 
to recover all the magnetics. The washed DWP products were also 
screened to determine the size distribution. The pyrrhotite and secondary 
magnetic separator products were screened to remove oversize and 
treated in the Davis tube. 
 
A problem arose in determining the proportion of ferrosilicon present in 
the magnetic fraction obtained from each plant sample, since a 
significant component of the magnetics was pyrrhotite. Some studies 
were undertaken to establish the "magnetic background" of the feed ore 
(which turned out to be a quite reproducible figure), but this was of little 
help in assessing the FeSi/pyrrhotite proportions in the adhered 
magnetics, as the background values for sinks and floats are likely to be 
different owing to selective recovery of the dense pyrrhotite to the sinks. 
Careful density measurements have been found to be helpful in 
determining FeSi/magnetite proportions in media mixtures in the past, 
and assaying for example sulphur is also a possibility, but in this case 
there is usually a problem in assigning the sulphur to particular sulphide 
minerals, and in completing a stoichiometric balance. Thus even with 
care, the accuracy of such methods is limited. A new technique was 
therefore required. 
 
The method adopted was quantitative x-ray diffraction (XRD) analysis, 
using an analytical software package developed by the CSIRO and first 
applied commercially at the JKMRC. XRD analysis provides a spectral 
signature of the crystallographic characteristics of the species present, 
and is therefore normally used to identify the components in a sample. 
However, the amplitudes of the characteristic peaks in the spectrum are 
indicative of the proportion of those species present. The software uses a 
database of crystallographic information for the appropriate species and 
a non-linear fitting algorithm to "choose" the phase proportions which 
best fit the observed spectrum. 
 
In the present case the technique was calibrated using known 
proportions of ferrosilicon, and then applied to the magnetic fractions of 
the samples obtained from the surveys to give an estimate of the 
proportion of ferrosilicon in each magnetic product. 
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3. RESULTS 
 
 

Figure 2 shows schematically the total ore solids mass balance around 
the plant for each survey. Table 1 presents the basic survey data and 
Table 2 gives some derived loss information relevant to the subsequent 
discussion. 
 
 
 
 
 

 
 
 
 

Figure 2: Ore solids mass balance for surveys 1, 2 and 3 
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Table 1: Basic Survey Data 
 

Medium SGs Survey 1 Survey 2 Survey 3 

DWP feed 2.95 2.85 2.70 

DWP overflow 2.84 2.74 not measured 

DWP underflow  3.62 (3) 2.91 not measured 

    

Mass flowrates (t/h)    

Plant feed 110.4 109.8 119.2 

DLIMS mags 40.4 27.4 63.5 

Feed prep. screen fines (4) 14.9 8.4 8.4 

DWP feed (1) 53.5 73.0 46.5 

DWP floats 27.3 27.0 12.1 

DWP sinks 26.2 46.0 34.4 

Pyrrhotite float con.      0.134 0.065 Note (2) 

Pyrrhotite screen grit       0.470 0.109 0.250 

2 mag. sep. total effluent (m3/h) 43.2 42.1 47.5 

2 mag. sep. effluent solids  1.0 0.8 0.5 

    

Size distribution    

% - 3.5 mm in DWP feed (1) 28.2 15.9 not measured 

% - 1.0 mm in DWP feed (1) 4.0 2.2 not measured 

    

FeSi proportions in mags (%) 
(5) 

   

DWP floats 22.4 43.6 43.9 

DWP sinks 26.1 18.6 20.9 

Pyrrhotite float con. 39.7 34.7 Note (2) 

Pyrrhotite screen grit 28.0 62.9 20.6 

2 mag. sep. effluent 16.8 11.5 7.0 

    

FeSi loss (g/t plant feed)    

DWP floats 81 63 6 

DWP sinks 144 177 45 

Pyrrhotite float con. 392 158 Note (2) 

Pyrrhotite screen grit 209 40 57 

2 mag. sep. effluent 39 10 4 

Total loss 863 450 112 

    

FeSi content in 2 mag. sep. 
effluent (g/l) 

0.095 0.026 0.010 
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Table 2: Further FeSi loss data 

 

Product 

Survey 1 Survey 2 Survey 3 

Loss of 
(g/t DWP 

feed) 

% of  
Total 

Loss of 
(g/t DWP 

feed) 

% of 
Total 

Loss of 
(g/t DWP 

feed) 

% of 
Total 

DWP floats 167 9.4 95 14.1 15 5.2 

DWP sinks 297 16.6 266 39.5 115 40.2 

Pyrr. float con. 809 45.3 238 35.3 Note (2) Note (2) 

Pyrr. screen grit 431 24.2 60 8.9 146 51.0 

2 mag. sep. effluent 80 4.5 15 2.2 10 3.5 

Total 1784 100 674 100 286 100 

 
Notes: (1) Reconstituted from DWP sink & float products 
 (2) Pyrrhotite flotation plant not run 
 (3) Error suspected 
 (4) Obtained by difference 
 (5) Determined by quantitative XRD 

 
 
 

4. DISCUSSION 
 
 
General Observations - Overall Losses 
 
 
The strategy of the survey plan was to monitor the source and magnitude 
of medium loss at three different operating densities. In order to extract 
useful trends from the exercise, it was hoped that other variables would 
remain approximately constant. The feedrate to the plant was indeed 
relatively stable, varying over the narrow range 110-120 t/h. However the 
proportions reporting to DLIMS magnetics and to feed preparation screen 
fines did vary significantly, resulting in a relatively wide range of feedrate 
to the DMS circuit itself: 46 - 73 t/h (Table 1 and Figure 2). Variations in 
feedrate affect loss distribution directly, through both adhesion losses 
and the corresponding loading of the dilute circuit. 
 
However, these variations have not obscured the principal conclusions of 
the study. The most important of these is that the total medium loss 
increases with operating density. This observation conforms to those of 
similar studies in recent years, reported in another paper to this 
Symposium (Masinja and Napier-Munn, 1990). 
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Total loss is usually expresses as kg (or g) per tonne of total plant feed 
(Table 1), for plant accounting reasons. However a more valid basis for 
the present purpose is g per tonne of DWP feed (Table 2). On this basis, 
the loss more than doubles for a modest change in operating density 
from 2.85 (the norm - Survey 2) to 2.95 (Survey 1). The loss dropped to 
very low levels when the density was reduced to 2.70 (Survey 3), 
although this result was also influenced by the fact that the pyrrhotite 
flotation plant was not run during Survey 3. 
 
The results were as follows: 
 

Survey Medium SG Total Loss Total Loss 

No.  (g/t DWP feed) (g/t plant feed) 

1 2.95 1784 863 

2 2.85 674 450 

3 2.70 286 112 

 
 
The loss in Survey 2 (450 g/t plant feed) represented only about half the 
average recorded consumption during the operating period in which the 
survey was conducted (0.91 kg/t). This discrepancy is common in such 
studies, and is usually attributed to short-term process fluctuations 
undetected by the sampling, and/or losses due to overall housekeeping 
and plant stoppages. In the present instance, sampling was conducted at 
high frequency over a 2-hour period, and it is likely therefore that most if 
not all fluctuations were detected. This suggests that housekeeping and 
plant stoppages are responsible for about half the observed 
consumption. Further evidence for this is presented later. 
 
The individual sources of loss will now be considered in more detail. 
 
 
 
Adhesion Losses 
 
 
The adhesion losses are relatively normal, and follow the expected 
trends. For example, the proportion of adhesion loss attributable to the 
sinks product follows the proportion of ore reporting to sinks, which of 
course is itself a direct function of medium density. There are therefore 
two effects of medium density: the direct effect, which increases 
adhesion loss in both products, and an indirect effect which increases the 
proportion due to sinks loss as the density drops. These two effects work 
in opposite directions and tend to cancel. Thus the increase in sinks loss 
per tonne of DWP feed as the density rises from 2.85 to 2.95 is small 
(12%), whereas the float losses nearly double (Table 2). 
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At normal operating density (2.85) the adhesion losses constitute 54% of 
the total, the bulk of the remainder being due to the pyrrhotite removal 
circuit. 
 
 
 
Pyrrhotite Removal Circuit 
 
 
As noted earlier, a proportion of the dilute medium is diverted to a 
pyrrhotite removal circuit, consisting of a screen to remove coarse 
particles, and a flotation plant treating screen undersize to remove the 
fine pyrrhotite (Figure 1). Both the screen oversize ("grits") and the 
flotation concentrate are final products from the DMS plant, and 
ferrosilicon in these products is therefore lost from the plant; float tails 
are returned to the dilute circuit. 
 
The pyrrhotite circuit is clearly a significant source of loss, representing 
44% of the total at 2.85 SG (Survey 2), rising to about 70% at 2.95 SG 
(Survey 1). Even when the flotation plant was switched off, the grit 
product contributed 51% of the total loss during the low density survey 
(Survey 3). Observation suggested that there were deficiencies in the 
specification and operation of the degritting screens; ferrosilicon was 
actually visible in the grit product. Also the XRD analysis showed that the 
magnetic fraction of the float concentrate was 35-40% ferrosilicon, 
showing that the flotation process is not particularly selective in 
distinguishing between pyrrhotite and ferrosilicon. 
 
Although the very low overall losses experienced in Survey 3 were due in 
part to the low operating density (2.70), the fact that the flotation circuit 
was not operating was certainly also a contributing factor. 
 
Clearly, the pyrrhotite removal circuit is a major contributor to ferrosilicon 
loss. Its operation should be examined, and the need for such a plant, or 
the establishment of alternative strategies, should be considered. 
 
 
 
Magnetic Separators 
 
 
The ferrosilicon concentration in the secondary magnetic separator 
effluent was 0.026 g/l in Survey 2, which is low (Table 1). Although the 
concentration more than trebled at the higher density in Survey 1, the 
overall loss from this source in both surveys was small. In fact, magnetic 
separator effluent did not contribute more than 5% of total losses in any 
of the surveys (Table 2). It should be noted, however, that if the 



 

 

4
th
 Samancor Symposium on DM Separation - 1990:                      A Study of Medium Losses at 

 Renison Limited 

10 

pyrrhotite circuit were to be removed, this would increase the loading to 
the magnetic separators, and losses from this source would then be 
expected to increase. 
 
 
 
Housekeeping and Plant Stoppages 
 
 
It is well known that medium can be lost in spillage, and during recovery 
after unscheduled (or scheduled) plant stoppages. The former is difficult 
to quantify and must be inferred by visual observation. The latter can 
however be assessed by seeking a correlation between consumption 
and the amount of downtime (or, conversely, plant availability) during the 
corresponding operating period, both of which are usually recorded. In 
the present case, ferrosilicon consumption for 13 operating periods (of 
about a month each) from late 1988 to the end of 1989 has been plotted 
against the operational downtime for the corresponding period: the 
results are shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Ferrosilicon consumption vs operational downtime: Renison, 1989 

 
 
Although the data are scattered, the trend is clear. Indeed the linear 
correlation coefficient is 0.64, which is statistically significant at the 95% 
level of confidence. Bearing in mind the number of factors which 
influence ferrosilicon loss, the fact that such a trend exists implies that 
downtime is a dominant factor. 
 
There are probably several mechanisms by which downtime can 
influence loss. One of the most important, however, is the overloading of 
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medium recovery circuits which occurs when fresh medium is added, and 
when medium which has been dumped or stored has to be returned to 
the circuit. This is usually done by slurrying the medium with water and 
pumping it to the magnetic separators. This can often cause local 
overloading to the separators. The effect is illustrated in Figure 4, which 
records the flow of ferrosilicon in the pyrrhotite screen grit product and 
the secondary magnetic separator effluent during a period when fresh 
medium was being hosed into the circuit. 
 

 
 

Figure 4: Ferrosilicon flows after addition of fresh FeSi via the 
dilute medium circuit 

 
 
The sharp peak in both quantities at about 25 minutes after the start of 
this activity is clear, though the magnetic separator is responsible for the 
bulk of the loss. The magnetic separator effluent ferrosilicon flow peaks 
at over 2000 kg/h, which compares with a value of about 1 kg/h during 
normal operation (Survey 2). Even after 35 minutes, the flow is still over 
50 kg/h. Although at Renison the effluent is recycled during medium 
addition to contain this loss, it is clearly important to ensure that sufficient 
time is allowed for the medium flows to stabilise before recycling stops. 
 
The downtime trend shown in Figure 3 is not an isolated case. Figure 5 
shows a similar plot for dense medium cone plant in which unscheduled 
interruptions in the electricity supply were common (Plant "X"). It was 
usual practice during protracted power failures to dump the medium onto 
the floor, and hose it back into the plant when power was restored. No 
precautions were taken to limit the effects of overloading during this 
process. Figure 5 plots monthly loss against plant running time, 
expresses as percent availability. The negative trend has a linear 
correlation coefficient of 0.77. Again, the problems of downtime were 
clearly dominant. 
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Figure 5: Medium consumption vs plant availability: Plant X 

 
 

In the Renison case, as mentioned earlier, the measured loss (Survey 2) 
was about half the recorded consumption for the period during which the 
survey was conducted. Although it is not altogether valid to compare a 2-
hour survey with a monthly result, when combined with the evidence of 
Figure 3 it does suggest strongly that at Renison a significant proportion 
of the recorded consumption is attributable to downtime. 
 

 
 
5. CONCLUSIONS 
 
 
 The following conclusions can be drawn from this study: 
 

 Overall losses increase with operating density; the effect is 
substantial over the SG range 2.70 - 2.95. 

 Adhesion losses behave in the expected manner, increasing with 
operating density; the level of loss is not unusually high. 

 Magnetic separator losses are low. 

 Pyrrhotite removal circuit is a significant source of loss, amounting 
to almost half of the measured total; substantial ferrosilicon flows 
were detected in both the screen oversize ("grit") and the float 
concentrate. 

 There is strong evidence that plant stoppages contribute 
substantially to ferrosilicon loss, perhaps as much as half of the 
total recorded consumption. 
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In order to reduce overall consumption, attention would have to be given 
to the operation of (and indeed the need for) the pyrrhotite removal 
circuit, the practices involved in returning fresh or dumped medium to the 
circuit, and general housekeeping and plant availability. There is also a 
significant advantage in minimising operating density. This suggests that 
there may be value in considering the use of cyclone in place of the 
Dynawhirlpools. 
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