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SUMMARY 

 
This paper considers the role of the wet drum magnetic separator in DMS medium 
reticulation circuits. The excellent performance of the separator in a pilot plant 
context is compared with its observed real world performance. In an industrial 
context the performance of this item of equipment is often poor. Analysis of data 
collected in plant surveys suggests that this is generally due to the separator being 
overloaded, in terms of either its volumetric capacity or, and less often, its dry 
solids capacity. Separators are also not generally well maintained. 
 
The paper includes a review of the literature, and data from recent JKMRC pilot 
plant and industrial investigations. 
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INTRODUCTION 

 
 
Recent experimental work at the JKMRC using a wet drum magnetic separator 
(Figure 1) with magnetite medium has shown this piece of equipment to be 
extremely robust. Factorial experiments designed to determine the effects of 
several operating and machine variables were initially unsuccessful due to the 
consistently high efficiency of the machine over the range of variables studied. 
Indeed without going well outside the normal operating envelope of the separator it 
was impossible to reduce the recovery of magnetic medium solids below 99.7% 
when operated so as to simulate a primary separator. However it is a widely 
reported real world phenomenon that much lower recoveries of magnetite, or of 
the even more magnetically susceptible ferrosilicon, are often encountered. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: Co-current wet magnetic separator (After Davis and Lyman, 1983) 

 
 
Surveys of the dense medium plants at Q-Mag, Bow River Diamond Mines and 
Tom Price (all ferrosilicon users) have been undertaken by JKMRC personnel 
over the last two years. These surveys have given some indications as to why 
industrial separator performance falls below that specified by manufacturers 
and obtained in the JKMRC pilot studies. It is almost universal practice, based 
on the three plants surveyed, to feed separators at well over design volumetric 
capacity - about 50% excess seems to be the popular favourite. Such an 
excess will inevitably reduce separator performance. 
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It is generally found that of the measured total losses of medium, adhesion 
losses are the greatest - often about two thirds of the total. This loss may almost 
always be reduced by an increase in rinse screen wash water, thereby 
increasing dilute medium circuit flow. In most cases the benefit of reduced 
adhesion loss will be worth the cost of magnetic separator overloading. Thus 
overloading the magnetic separator whilst improving the product rinsing may be 
a good strategy. This is particularly so where some (perhaps most) of the 
magnetic separator tails are used as a wash medium on the rinse screen or are 
retreated by a secondary magnetic separator. In one set of surveys it was 
noticed that whenever the primary performance deteriorated, the efficiency of 
the secondary separators rose, presumably due to the higher concentration of 
magnetics in the feed. 
 
Magnetic separators tend to be overlooked by both maintenance and 
metallurgical personnel. They appear to work with no attention other than the 
occasional shot of grease. In the surveys conducted it was commonly observed 
that the separator physical settings - pickup gap, discharge gap, and magnet 
position - were not as they should have been. Level control, particularly in side 
overflow machines, is sometimes poor. Loss of level in the separator tank will 
very quickly result in a major loss of medium solids. 
 
The observed poor performance of wet drum magnetic separators commonly 
observed in industrial situations is due to their being operated well outside their 
design envelope. This paper briefly describes the JKMRC pilot plant 
experimental programme and considers the reasons for the inferior results often 
obtained in the real world. A brief review of the literature relating to the 
mathematical modelling of the wet drum magnetic separator is also given. 
 
 
 
THE JKMRC EXPERIMENTAL WORK 
 
 
A 900 mm diameter, 700 mm wide Eriez high gradient wet drum magnetic 
separator has been installed at the JKMRC to support an experimental 
programme aimed at developing a detailed mathematical model of this 
machine. Although insufficient data to begin the development of a model have 
been accumulated in this work to date, the data which are available are most 
instructive. Of most significance is the fact that although experimental 
conditions have been chosen to push the separator to its design limits, and so 
reveal the effects of the variables being considered, the recovery of magnetics 
has generally been very high. 
 
In the first experimental campaign the sampling technique used, together with 
the small range of the variables considered, resulted in the effects of the 
variables being swamped in a sea of experimental error. However it was clear 
that under the experimental conditions used the recovery of magnetics to 
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separator product was very high. In the tests with greater than 10% magnetics 
in the feed - that is simulating the primary separator role - the recovery of 
magnetics was always 99.7% or better. Only when simulating the secondary 
role - and receiving a much more dilute feed - did the recovery of magnetics 
drop below this value. 
 
In a second experimental campaign, which is still underway, two major changes 
have been made to address the problem of experimental error masking the 
effect of the experimental variables. The sampling system has been significantly 
improved and the range of most of the experimental variables has been further 
broadened to increase the effect due to these changes. Rather than the full 
stream diversion system previously used, by which samples were collected in 
one large increment over a couple of seconds, ten increments are now collected 
of both tailings and product streams over a period of about twenty seconds 
using rotary sample splitters. The test rig now in use is shown schematically in 
Figure 2. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The JKMRC magnetic separator test rig 

 
 
A reproducibility test done with this modified sampling system showed that a 
satisfactorily low replicate standard deviation could be obtained for the main 
performance indicators, as shown in Table 1: 
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Table 1: Replicate standard deviations 

 

Statistic 
% Solids in 
Concentrate 

Mags in effluent 
(g/l) 

Mags Recovery 
(%) 

mean 70.2 0.56 99.64 

std. dev. 0.48 0.05 0.058 

coeff. of var. (%) 0.68 8.9 0.06 

 
 
Two factorial experiments each containing sixteen tests have since been done. 
In each of these the influences of the flowrate to the separator, the separator 
pick-up gap, discharge gap, magnet position, and the amount of tailings 
withdrawn through the spigot (as opposed to passing over the weir), as well as 
some of their second order interactions, have been examined. The latter 
variable should have some influence on drum submergence, although this may 
be small. According to the model of Davis and Lyman (1983) it may also 
impinge on the hydrodynamic drag on the magnetics which have been collected 
but not removed from the discharge zone. Magnetite was used as the medium, 
due to its low cost and easy availability. 
 
The range of conditions tested is shown in Table 2: 
 
 

Table 2: Range of JKMRC pilot plant test conditions 
 

Variable Range 

Feed flowrate 40 - 50 m3/h 

Feed solids (mags. only) 10 - 20 % 

Pickup gap 15 - 45 mm 

Discharge gap 19 - 45 mm 

Magnet position 
 

-20 to 20 mm above manufacturer's 
recommendation 

 
 
Although these experiments were done using variable settings even further 
removed from the optimum, the worst recovery observed in these experiments 
was 99.2% in the first and 93.8% in the second. Clearly the wet drum separator 
is an extremely robust machine; attempts to produce inferior recoveries to give 
clearer experimental results have been largely unsuccessful. It is not easy to 
find a circumstance in which this machine will perform poorly. 
 
Both these experiments were half replicates of 25 factorial experiments. Thus 
the effects of the factors studied are only confounded with high order 
interactions which may be considered to be negligible. The effects of the 
changes in the variables studied on several process outcomes are shown in 
Tables 3 and 4. For convenience these are given as relative effects, defined as 
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the absolute effect divided by the background level (the apparent effect due to 
experimental error). 
 
These two results are in good agreement. The change of sign in the relative 
effects of the bypass valve setting between the two experiments is due to the 
high and low values having been reversed. It is clear that increasing the pickup 
gap has a beneficial effect on both tailings magnetics content and recovery. 
This accords with Lantto (1977). However the effect of pickup gap on 
concentrate solids is equivocal, being insignificant in the first experiment but 
showing a positive effect in the second. This may have been due to the even 
stronger effect on recovery of pickup gap in this experiment. 
 
 

Table 3: Relative average effects of experimental variables  
in the first factorial experiment 

 

Variable 
Low 

Value 
High 
Value 

Concentrate 
Solids 

Tailings 
Mags 

Magnetics 
Recovery 

   (%) (g/l) (%) 

Pickup Gap (mm) 25 45 -1.2 -4.0 4.8 

Discharge Gap (mm) 19 37 4.1 3.4 -8.3 

Magnet Position (mm) 0 20 -6.9 0.4 2.0 

Bypass Valve (turns open) 2 1 -26.7 6.7 -3.6 

Spigot Valve (turns open) 2.6 2.0 -6.7 -0.2 -0.4 

 
 
 

Table 4: Relative average effects of experimental variables in the second experiment 

 

Variable 
Low 

Value 
High 
Value 

Concentrate 
Solids 

Tailings 
Mags 

Magnetics 
Recovery 

   (%) (g/l) (%) 

Pickup Gap (mm) 15 45 6.2 -5.7 8.0 

Discharge Gap (mm) 19 37 1.4 3.1 -4.6 

Magnet Position (mm) -20 20 1.2 -1.9 2.8 

Bypass Valve (turns open) 1 2 6.6 -2.3 2.8 

Spigot Valve (turns open) 2.0 2.6 0.4 -0.5 1.0 

 
 
Increasing the discharge gap may under some circumstances increase 
concentrate solids content as indicated by Fiedler et al. (1984), but this effect is 
marginal. There is also a loss in recovery associated with increasing the 
discharge gap, and it appears that where the solids content is affected by the 
discharge gap the negative effect on recovery is greater. Davis and Lyman 
(1983) suggested that where drum speed was too slow to remove captured 
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magnetics they would be lost; perhaps with too large a discharge gap the ability 
of the drum to transport captured magnetics is diminished. 
 
Raising the magnet gave a wetter concentrate in some circumstances, and a 
marginal benefit in tailings magnetics and recovery. Both Davis and Lyman 
(1983) and Dardis (1987) report that recovery of magnetics was seriously 
reduced by deviations from the optimum magnet position. However it may be 
that the range studied in the present programme was smaller than that used by 
these authors. Further work will examine this. 
 
Reducing the volumetric flowrate (increasing the bypass valve opening) 
increased the solids content of the concentrate - this effect was particularly 
strong in the first experiment with an effect twenty seven times background 
being observed. Since the magnetics content of the feed slurry was constant for 
each experiment (10% and 20% respectively) the dry solids feed rate varies 
with the volumetric feed rate. This effect may be due to a slightly longer 
residence time in the discharge zone at lower feed rates which allows better 
drainage, the mechanism claimed by Dardis (1987) to give drier concentrate 
with a wider discharge gap. Reducing the feed rate gives some benefit in 
recovery, although at about three times background this effect is fairly marginal. 
The bypass setting of one turn open gave a flow to the machine of about the 
design maximum given by Sealy and Howell (1977). Flowrates above this may 
produce larger negative effects, but experience has shown this to exceed the 
hydraulic capacity of the machine causing severe spillage. Since this is clearly 
an improper use of the machine such flowrates have not been considered. 
 
Increasing the spigot valve opening reduces the flow over the discharge weir at 
any given volumetric feed rate, and hence reduces the pulp height in the 
separator. In general, the spigot valve setting had no significant effect on 
anything, except in the first experiment where raising the tank level gave a 
wetter concentrate. It is not surprising that this effect should be observed, as a 
higher tank slurry level will reduce the time available for concentrate drainage 
which appears to be the key factor in concentrate solids content. That the bath 
height should have no significant effect on recovery is due to the robustness of 
the separator and to the small changes in height which result from these valve 
setting changes. The difference in flows was from about 60/40 to 40/60 weir and 
spigot. However the capacity of the full length overflow is such that this flowrate 
change does not translate to more than a few millimetres in height over the 
weir. 
 
 
RECOMMENDED OPERATING CONDITIONS 
 
 
In this discussion it is helpful to have in mind some practical limits for the 
operation of magnetic separators in the DMS role. Sealy and Howell (1977) 
wrote what was then, and perhaps still is, the definitive guide to the selection 
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and operation of the wet drum separator. They gave loading limits in terms of 
dry solids feed rate of magnetics and volumetric flow rate of feed slurry which 
could not be exceeded without loss of performance. 
 
According to Sealy and Howell, if a high purity concentrate is required from a 
wet drum separator (10% contamination being normal) feed solids should be 
less than 20% by weight in the feed slurry, the dry solids feed rate less than 
9 t/hr/m, and the volumetric feed rate less than 50 m3/hr/m. (There is an 
apparent error in their text which would have the maximum dry solids rate as 
90 t/hr/m.) The machine diameter is not specified for these conditions - 
presumably it is 30". 
 
Excessive equivalent dry magnetics feed rate will cause increased losses in a 
wet drum separator. Dry feed rates for different diameters of drum should not 
exceed 30": 60 m3/hr/m; 36": 75 m3/hr/m; and 48": 93 m3/hr/m. This represents 
about 20 L/s/m in the JKMRC Eriez unit. 
 
Under normal operating conditions, effluent magnetics concentrations of less 
than 0.10 g/l are common, and 0.05 g/l or less can be achieved in a well 
designed and operated circuit (Dardis, 1987). 
 
 
 
PLANT SURVEY OBSERVATIONS 
 
 
VOLUMETRIC FLOWRATE 
 
 
It was almost universally observed in the plant surveys that the volumetric 
flowrate to wet drum magnetic separators is in excess of the design value* - 
either constantly or intermittently. This is nothing new; it confirms other 
observations in JKMRC testwork over many years in various sites. While such 
overloading is often the result of a conscious decision to increase rinse screen 
washwater flow it also occurs due to inadequate plant control, causing time-
based fluctuations, or poor design resulting in unequal splitting of feed between 
parallel separators. 
 
For example Masinja (1993) in one plant recorded magnetic separator pulp feed 
flowrates up to 68% more than design. There was reported to be considerable 
variation in these actual flowrates with relative standard deviations being of the 
order of 30% (Table 5), although in this case the standard deviation was based 
only on 'duplicate measurements'. 
 
_________________________ 
*From plant P&IDs, or the Literature. 
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Table 5: Wet magnetic separator pulp flowrates (Masinja, 1993) 
 

Unit Stream Measured (ℓ/s) Design (ℓ/s) 

DMD Primary Mag Feed 9829 66 

DMD Secondary Mag Feed 5717 34 

DMC Primary Mag Feed 8426 81 

DMC Secondary Mag Feed 3711 21 

Scavenger Mag Feed 268 - 

 
 
Despite this overloading of the separators, overall circuit performance, 
incorporating both primary and secondary separators, was found to be good. 
This is illustrated in Table 6. Although the flows given in Table 5 are not 
explicitly linked to the recoveries given in Table 6 it is reasonable to assume 
that they are contemporaneous. It may be seen that the drum plant primary 
magnetic separators (feed 148% of design capacity) gave inferior results to the 
cyclone plant primary magnetic separators (feed 104% of design capacity). This 
may well be due to the systematic overloading of the drum plant primary 
separator. 
 
In his calculation of overall efficiency Masinja (1993) appears to have assumed 
that all of the effluent ferrosilicon from the primary separators will pass through 
the settling cones and become feed to the secondary separators. This is, of 
course, not necessarily the case - however it does give a useful basis for 
comparison between the circuits and within the circuits from time to time. 
 
 

Table 6: Recovery of magnetics by the magnetic separators (Masinja, 1993) 

 

Test Unit 
Feed pulp 
Density 

Prim Mag 
Eff (%) 

Sec Mag Eff 
(%) 

Overall Eff 
(%) 

1 DMD 2.53 98.60 99.50 99.99 

2 DMD 2.35 99.53 97.43 99.99 

3 DMD 2.71 99.70 95.75 99.99 

4 DMD 2.51 99.90 99.48 100.00 

5 DMC 2.35 99.99 70.59 100.00 

6 DMC 2.56 99.93 80.00 99.99 

7 DMC 2.37 99.97 77.22 99.99 

8 DMC 2.21 99.95 65.22 99.98 

9 DMC 2.30 99.96 68.29 99.99 
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In a survey of another plant Rayner and Masinja (1993) again found magnetic 
separator feed volumetric flowrates to be high. Here the design flowrate was 
180 m3/hr; ultrasonic flowmeter estimates of this flow, taken at different points in 
the feed line, ranged from 211 to 252 m3/hr. Based on the timed draw-down of 
the dilute medium sump the flow was estimated to be 213 m3/hr. Under these 
conditions the primary magnetic separator effluent magnetics concentration 
ranged from 0.18 to 1.09 g/l, the latter being an order of magnitude higher than 
the accepted norms. Due to maintenance problems (described below) the 
secondary separator was not producing any concentrate, so the secondary 
separator effluent was identical to the primary effluent. It may reasonably be 
assumed that this overloading of the volumetric capacity of the separator was a 
major factor in its poor performance. 
 
In a survey of a third plant, overloading of the volumetric capacity of magnetic 
separators was also observed (Rayner, 1993). The recorded flows to each of 
three parallel separators in each of ten separate surveys are shown in Table 7 
(expressed as pipe velocity). As may be seen there is considerable variation 
between the feed rates to each separator. The average flowrate is very close to 
the design maximum for each separator, but the variation between separators 
means that at least one separator is always overloaded. 
 
 

Table 7: Primary Magnetic Separator Feed Pipe Velocity (m/s) 
(Rayner, 1993) 

 

Survey 1 2 3 4 5 6 7 8 9 10 

MS1 65.3 47.8 63.2 67.0 48.5 78.3 76.3 60.9 74.5 74.5 

MS2 71.0 56.1 63.9 65.6 67.2 61.5 61.7 65.3 67.8 75.4 

MS3 53.0 62.0 64.3 67.4 75.5 49.0 60.7 67.5 71.7 69.0 

Mean 63.1 55.3 63.8 66.7 63.7 62.9 66.2 64.6 71.3 73.0 

S.D. 9.2 7.1 0.6 0.9 13.8 14.7 8.7 3.4 3.4 3.5 

 
 
This situation had arisen due to the use of flow control valves in the line to each 
separator as isolation valves. Plant operators from time to time need to isolate 
individual separators. When they are brought back on-line the valve position is 
seldom reset correctly, so the flows become unbalanced. This would be rectified 
by the use of separate flow control and isolation valves. However the separators 
would still be being operated at their maximum volumetric capacity; any 
increase in flow in the dilute medium circuit would result in the design maximum 
being exceeded. 
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DRY SOLIDS MASS FLOWRATE 
 
 
According to Sealy and Howell (1977), in addition to the volumetric capacity 
limitation of wet drum magnetic separators there are also limitations on dry 
solids mass flowrate and on feed slurry pulp density. If any of these limits are 
reached separator performance will be impaired. 
 
In general, although high volumetric flowrate is a problem, mass flowrate of 
solids or pulp density are not. This is probably because the high volumetric 
flowrate is due to post-design increases of drain screen washwater flow; this 
obviously increases the water burden on the magnetic separators but not the 
solids burden. There are, however, instances where either dry solids loading or 
feed pulp density limits have been exceeded. 
 
Masinja (1993) reported a data set of feed and tailings concentrations for a 
primary magnetic separator (Table 8). Here it may be seen that while there is 
little correlation between feed pulp density and tailings losses in most surveys it 
is quite obvious that when the feed concentration exceeds about 240 g/l 
(equivalent to the 20% solids limit proposed by Sealy and Howell, 1977) the 
losses increase by an order of magnitude. Although these data are not 
conclusive they do suggest that the effect of overstepping the pulp density limit 
is very sudden, and that at around the limit large increases in tailings losses can 
occur as a result of minor changes in feed pulp density. 
 
 

Table 8: Summary of magnetic separator losses 
(Masinja, 1993) 

 

Test 
Prim Mag 

Feed 
(g/ℓ) 

Prim Mag 
Tails 
(g/ℓ) 

Sec Mag 
Feed 
(g/ℓ) 

Sec Mag 
Tails 
(g/ℓ) 

Prim Mag 
Tails 

(kg/hr) 

Sec Mag 
Tails 

(kg/hr) 

1 260 3.642 2.620 0.013 1284.9 2.7 

2 87 0.412 0.353 0.009 145.4 1.8 

3 148 0.448 1.470 0.061 158.0 12.5 

4 222 0.212 5.429 0.028 74.8 5.7 

5 99 0.012 0.085 0.025 3.6 3.3 

6 99 0.067 0.140 0.028 20.3 3.7 

7 70 0.019 0.040 0.009 42.3 1.2 

8 63 0.032 0.023 0.008 9.7 1.1 

9 86 0.038 0.041 0.013 11.5 1.7 
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Overloading of solids also occurred in the plant surveyed by Rayner (1993) due 
to both the inequality of volumetric flows mentioned above and to a piping 
layout which segregated and classified the feed to the three parallel separators. 
In each of the plant modules surveyed there was a bias by which the number 1 
separator received a coarser and denser feed at a higher solids mass flowrate 
than the other two separators. This is due to the design of the pipework shown 
in Figure 3. The dilute medium is pumped up a vertical 250 mm pipe which then 

bends so as to rise at about 15 to the horizontal. Three 150 mm pipes rise 
vertically from this inclined section to feed each of the separators. 
 
At each of these off-takes there will be some classification - the coarser, denser 
particles will experience less hydraulic drag in relation to their mass and will be 
less likely to be swept into the off-take than lighter finer particles. This is 
illustrated by the average values for each separator over all surveys, shown in 
Table 9. The feed to separator 3 is less "classified" than that to separator 2, 
although both are noticeably different to separator 1. This apparent reversal of 
the trend is almost certainly a real effect as it occurs in each of the feed stream 
properties considered. 
 
 

 
 

Figure 3: Magnetic separator feed distribution system (Rayner, 1993) 
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Table 9: Feed properties to three parallel separators (Rayner, 1993) 
 

Separator % >0.5 mm % Solids Feedrate (t/h) % Mags in Feed 

1 4.3 15.5 14.9 91.9 

2 1.5 11.9 11.3 94.6 

3 2.9 13.4 12.7 93.5 

 
 

There will be some classification occurring due to the bend in the 250 mm pipe. 
Given the low Reynolds number (about 400) it is likely that this heterogeneity is 
still present at the first off-take - that going to separator 3. Thus there is a 
tendency for this separator's feed to be biased coarse and dense due to the 
remnant effect of the bend in the 250 mm pipe, and light and fine due to the off-
take geometry itself. Clearly the latter effect is dominant, but the former effect is 
nevertheless evident. When structures which are designed to split a feed 
equally between parallel items of equipment fail to perform this duty it is not 
surprising that the equipment being fed in this manner fails to perform well. 
 
The influence of feed solids mass flow on tailings magnetics loss is shown in 
Figure 4. Here the nature of the response is well illustrated - up to about 18 tph 
of feed solids the tails losses are quite low, but beyond that value the losses 
increase very quickly. However due to the difficulties experienced in these 
surveys with separator level control there may have been other influences 
dominating performance. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 4: Influence of feed solids mass flow on effluent magnetics content 
(Rayner, 1993) 
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MECHANICAL CONDITION AND ADJUSTMENTS 
 
 
In the survey conducted by Rayner and Masinja (1993) it was reported that 
despite significant losses of ferrosilicon to primary separator tails the secondary 
separator produced no concentrate. On inspection the secondary separator 
settings were found to be inappropriate. Furthermore a hard crust of ferrosilicon 
was found on the inside of the discharge lip, substantially closing the gap and 
no doubt distorting the magnetic field. Following thorough cleaning of the 
separator and the adjustment of all settings to manufacturer's recommendations 
the separator was working noticeably better. 
 
In the plant survey conducted by Rayner (1993) the discharge gap and magnet 
position of the magnetic separators surveyed were adjusted to conform to 
manufacturer's recommendations prior to the surveys. It may be assumed that 
they had previously differed from these settings. The magnetic separators in 
this plant featured side weirs for level control, rather than the more modern full 
length weir.  
 
Due to the small flows over the weirs in these machines in proportion to the total 
flow they do not cope well with even moderate fluctuations in feed flowrate. The 
spigots must be adjusted so as to maintain a small weir overflow to give the 
correct drum immersion. 
 
During these surveys it was reported that the observed tank level in the 
separators was higher than the level seen in the side overflow. This was 
observed in many separators in all modules of both DM drum and cyclone 
plants. In extreme cases the tank level would appear more or less normal but 
no liquor at all would be visible in the overflow. This phenomenon was 
explained as being due to the hydraulic loss in the gap between the drum and 
the tank being greater than the hydraulic loss through the tailings discharge 
spigots. The fluid in the trough below the drum would drain away faster than it 
could be replaced. High hydraulic loss in the pickup gap would be caused by 
narrow gap or by high magnetics loading when the formation of stringers would 
block the gap. 
 
Some confirmation of this view comes from the recent JKMRC pilot plant 
testwork. In a factorial experiment in which the pickup gap was either 15 or 
45 mm it was observed that under conditions of high feed flowrate the level of 
slurry in the separator tank rose on the feed end and at the sides, to the point 
where there was overflow from the low points under the drum shaft at the sides. 
In the sixteen tests done in the experiments this phenomenon occurred in all 
four where the 15 mm pickup gap was combined with the high feed flowrate, 
and in no other. While the more common view is that the pickup gap should be 
35 mm or less (de Villiers, 1983; Mulder, 1985) it has also been suggested that 
there is benefit in a much larger gap (Lantto, 1977; Dardis, 1987). According to 
these authors the benefit of increased residence time in the pickup zone 



 

 

5
th
 Samancor Symposium on DM Separation - 1994: 

A Willing Horse Broken: Recent andHistorical Studies of the Wet Drum Magnetic Separator 

15 

outweighs the penalty due to the weaker field at the far side of the pickup zone. 
Perhaps there is also a benefit in that the volumetric capacity of the separator 
will be increased. 
 
In surveys conducted on a pilot scale dense medium circuit (Masinja and 
Dunglison, 1994) the magnetic separator was found to have a build-up of scale 
in the pickup gap. This was removed part way through the survey programme, 
after which the performance of the separator (in terms of efficient concentration) 
improved by about an order of magnitude. Although these authors attribute this 
effect to the increased residence time obtained with a clear gap, no doubt there 
was also an effect due to the removal of the distortion of the magnetic field. 
 
 
 
DISCUSSION 
 
 
VOLUMETRIC FLOWRATE 
 
 
It is clear that by accident or design the wet drum magnetic separators in many 
dense medium plants are operated at above their volumetric capacity. This 
reduces their performance, and it is instructive to enquire as to why this is so. 
Figure 5 illustrates the connection between the amount of washwater used on 
the rinse screen and the volumetric loading on the primary magnetic separator. 
The primary magnetic separator feed comprises the screen rinsings, the 
densifier overflow, and (where installed) any bleed from the circulating medium 
to aid cleaning. The largest and most variable of these is the screen rinsings. 
 
It is commonly observed that measured losses of medium solids in well run 
plants are largely due to adhesion losses (Masinja, 1993; Rayner and Masinja, 
1993) with magnetic separator effluent being a relatively small contributor to 
total loss. An increase in rinse screen washwater is likely to reduce adhesion 
losses (Dardis, 1987) at the expense of magnetic separator losses. An operator 
faced with a plant of any given design will tend to increase the washwater flow 
so as to reduce the high adhesion losses. He will tend to continue to increase 
washwater flow until the incremental benefit of reduced adhesion loss is equal 
to the incremental penalty of increased magnetic loss. This may occur at quite 
substantial overloading of the magnetic separator. The high magnetic separator 
effluent content of magnetics may simply be the price which is paid for an 
overall reduction in consumption of medium solids. 
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Figure 5: Improved medium recovery circuit - with recycle (after Dardis, 1987) 

 
 
 
DRY SOLIDS MASS FLOWRATE 
 
 
Excessive dry solids mass flowrate seems to only occur by accident, such as 
the example given by Rayner (1993) of the unequal split of feed between three 
parallel separators. Since in some instances here the feed pulp density was 
high, sometimes exceeding the 20% solids limit, the dry solids mass flowrate 
was also excessive. In general the use of extra washwater will not cause a 
significant increase in solids loading, and will certainly dilute the feed. However 
poor densifier operation and excessive bleeding of circulating medium to the 
dilute circuit are potential causes of high solids mass flowrate or feed pulp 
density. 
 
Where circulating medium is bled to the dilute circuit, and this is usually 
necessary with particularly slimy ores or where the feed preparation stage is 
under designed, it is far better to maintain a small constant bleed. The level of 
non-magnetic contaminants is a major determinant of the medium rheology, and 
this has long been recognised as a major factor in the DMS process (Rayner et 
al., 1976; Napier-Munn, 1990). The alternative to be avoided is to allow 
contamination to build to some limit and to then bleed large amounts of medium 
to the dilute circuit for cleaning. It hardly needs saying that this causes major 
perturbations to both the medium recovery circuit and in the DMS process itself 
- to the considerable detriment of both. 
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MECHANICAL CONDITION AND ADJUSTMENTS 
 
 
It is the authors' experience that the magnetic separator is a robust piece of 
equipment, which is often not as well cared for in operating plants as it might 
be. Frequently it seems that adjusting the physical settings of magnetic 
separators is either not done, or entrusted to maintenance fitters who have no 
real understanding of the operation of the machine. Where this happens the 
adjustments become formula driven, and are not aimed at maintaining or 
improving the performance of the machine. Nor do some maintenance 
personnel fully understand the critical dimensions in the fabrication of 
replacement baths. If the bottom of the trough in the pickup zone is not 
concentric with the drum, or is bowed parallel to the drum axis, performance will 
be impaired. There are apocryphal stories regarding maintenance engineers 
who, seeking to reduce costs, have specified mild steel tanks for magnetic 
separators, which have been less than successful. The positioning of the 
magnets as close as possible to the inside of the drum shell is another critical 
assembly parameter; this may not be able to be reset properly without the 
necessary equipment. 
 
In plants using ferrosilicon-based media care needs to be taken to clean 
ferrosilicon out of the separator whenever the plant is shut down. If this is not 
done the ferrosilicon will sometimes corrode and form a hard scale or accretion. 
Not only will this alter important gap settings but, being magnetic, it will also 
distort the magnetic field. 
 
 
 
CONCLUSION 
 
 
The pilot plant testwork conducted at the JKMRC has confirmed that the wet 
drum magnetic separator is a robust and efficient device when operated 
correctly. The programme has explored the effects of the major operating 
variables and machine settings on performance. Increasing the volumetric feed 
flowrate, particularly at high solids content, gives a wetter concentrate and 
poorer magnetic recovery. High solids content in the feed gives slightly wetter 
concentrate (68.0% solids compared to 70.2%) and lower recovery of 
magnetics (98.36% compared to 99.65%). The high volumetric flowrate and the 
high solids concentration of the feed were at or very near the maxima given by 
Sealy and Howell (1977), and it may be that a lesser effect would have been 
seen within the suggested operating boundaries. The effect of feed solids 
content is relatively small given the change in this variable. It may well be that 
performance will deteriorate very rapidly on further small increases. 
 
Increasing the gap in the pickup zone is beneficial, and although increasing the 
discharge gap may be beneficial, this depends upon the other variables, 
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particularly the solids content of the feed. The effect of magnet position shows a 
similar dependency, but raising the magnet can result in a wetter concentrate 
with only a marginal improvement in recovery of magnetics. Increasing the 
flowrate over the weir may also give a wetter concentrate, but this too is 
dependent upon the feed solids content. 
 
Surveys of production circuits showed that outside the normal operating 
envelope, the performance of the separator may fall away very abruptly. This 
inevitably results in periods of intermittent high losses when operating near the 
edge of the envelope. In fact the commonly observed discrepancy between the 
measured loss of medium solids and the known consumption may be due to 
these intermittent (and undetected) failures. 
 
There is therefore a need to define the operating envelope in all its many 
dimensions. The best information available at present consists of two-
dimensional slices through the multidimensional space of the envelope. This is 
no longer sufficient where profitability imperatives drive plant operators to 
extract the last drop of performance from every piece of equipment. Since some 
edges of the envelope appear to be dangerously steep there is a clear need for 
a mathematical model to fully describe the behaviour of the separator within its 
preferred operating region, and to set up the danger signs to mark the more 
precipitous edges. Work presently underway at the JKMRC has these 
objectives. 
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