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SUMMARY 

 
 
Wet drum magnetic separators are used in dense medium plants for the 
recovery and densification of dilute medium. A significant proportion of the cost 
of operating DMS plants is medium consumption, due to losses from the circuit 
including the magnetic separators. It is important therefore to be able to size 
and operate such equipment optimally to minimise operating cost, and also to 
maximise the densification effect. This paper presents mathematical models of 
the wet drum magnetic separator, based on a theoretical treatment of 
magnetics capture and drainage, with empirical parameters estimated from a 
large body of experimental data. The models allow the recovery (and therefore 
the loss) of magnetics, and the solids concentration of the concentrate product, 
to be predicted as a function of design and operating conditions. The use of the 
models is illustrated through the exploration of a number of performance trends 
using simulation. 
 
Key Words: Dense medium separation; magnetic separator; medium loss; 
ferrosilicon; magnetite; mathematical model 
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INTRODUCTION 
 
 
The wet drum magnetic separator is a machine having two process outcomes, 
which are important to us as dense medium plant operators. These are 
magnetics recovery and concentrate solids content. The first of these is 
obvious, after all that is what the separator is there for - to recover magnetics. 
The second is no less important. In coal washing this is easily seen, since the 
magnetic separator concentrate is generally the only overdense stream 
returning to the circulating medium. However even in a ferrosilicon plant the 
higher the density that can be returned from the magnetic separators the less 
densification work will have to be done by the densifiers. Since magnetic solids 
in densifier overflow pass to the dilute medium circuit and are potentially lost, 
the less material passed through the densifiers, the better. 
 
Each of these process outcomes will be determined by a set of variables 
according to some natural function, f(V). The nature of this function is unknown 
to us, and indeed we may only guess at the full set of important variables. In 
general there are two types of variables - machine variables and process 
variables. In the case of the wet drum magnetic separator machine variables 
include machine dimensions and magnetic field (which are fixed for a particular 
machine) and settings such as pick up gap and discharge gap (which may be 
adjusted, but often aren't). Process variables include those things external to 
the machine such as feed rate, feed solids content, and medium quality. 
 
The challenge in mathematical modelling is to find a model function of some 
subset of variables fm(V*), which is a reasonable approximation of the natural 
function over the variable range of interest. To do this it is necessary to develop 
a conceptual model of a process, and then to represent that conceptual process 
by a model function, which contains adjustable parameters. The next 
requirement is a set of data where the variables and the process outcome are 
all known - and the more precisely the better. The model parameters are then 
estimated by fitting the model to the data, usually using a least squares method. 
 
This paper outlines the conceptual models previously developed, and then 
describes the development of parameterised models and the fitting of these 
parameters to the data. The models are then shown to be valid by comparison 
with a further data set. 
 
 
 
EXPERIMENTAL 
 
 
The test rig constructed at the JKMRC (Rayner and Napier-Munn, 1994) 
consisted of three component sections. These were: 
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 an Eriez wet drum magnetic separator, 
 
 ancillary equipment to provide a sufficient supply of slurry to conduct each 

test, and  
 
 a sampling system to allow the abstraction of concentrate and tailings 

samples of sufficiently low variance. 
 
 
The Eriez wet drum separator was a type HDMA of 900 mm diameter and 
700 mm drum length. It featured the 850/1000 gauss high gradient equivalent 
barium ferrite magnet, and is designed specifically for dense medium 
applications. The drum rotated at 15 rpm. 
 
Four user-adjustable equipment variables influence the operation and 
metallurgical performance of the separator. These are the pick up gap, the 
discharge gap, the magnet position, and the spigot valve setting. The range 
covered by the experimental variables is shown in Table 1. 
 
 

Table 1: Range of Experimental Variables 

 

Variable Range 

Feed Flowrate Typically 40 - 50 m3/h 

Feed Solids 2  22.5% 

Contamination 2  90% w/w 

Pick up Gap 15  45 mm 

Discharge Gap 19  45 mm 

Magnet Position -120 100 mm above standard 

Spigot Position 2  2.6 turns open 

(to give about 35  65% of effluent 
to 

the spigot 

 
 

The slurry circuit consisted of an agitated sump, a pump, a demagnetising coil, 
and connecting pipework. The sump was somewhat over one cubic metre 
capacity, and was connected directly to a 3/2 BSC Warman pump with a four 
vane open impeller driven at about 1600 rpm by a 5 kW motor. All delivery 
piping was 80 mm nominal bore. The tailings line below the sampler was an 
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open duct flowing under gravity, and the concentrate line was made of flexible 
plastic tube of 25 mm inside diameter. Flow to the separator was controlled by a 
bypass valve, which returned slurry directly to the sump. The concentrate from 
the separator was passed through an Eriez Model 3DR demagnetising coil. 
 
Both tailings and concentrate streams from the separator gravitated to 
automatic sample cutters; the tailings stream was a combination of the spigot 
and weir overflow streams. These sample cutters were Vezin type samplers, 
and had been fabricated at the JKMRC. Within the shell of the sampler a cutter 
rotated at 30 rpm; when this passed through the stream of material to be 
sampled some was diverted to an axially located outlet. The sample fraction 
collected was determined by the angle between the cutter blades. 
 
 
 
CONCEPTUAL MODELS 
 
 
The conceptual model of the collection mechanism described by Rayner and 
Napier-Munn (2000) is that at high concentration of magnetic solids, these 
solids flocculate very rapidly under the influence of the applied field and are 
almost immediately captured. The capture efficiency is very high. Size per se is 
not involved in this process although magnetic susceptibility is. Increasing the 
pick up gap increases the residence time in the collection zone of the separator 
while reducing the average magnetic intensity index across the collection zone. 
Since magnetic flocculation proceeds rapidly even at quite low field strengths 
this latter has no strong negative influence, while the extra residence time is 
beneficial in collecting some of the few remaining magnetic grains not 
immediately collected. It is this residence time effect, which results in impaired 
performance at higher throughput. At low pulp density the rate of flocculation is 
too slow for useful flocs to form, and thus capture is effectively a single particle 
process. This causes a distance disadvantage to small particles, which may be 
preferentially lost. Collection is optimised by a small gap width, bringing all 
particles close to the magnet, even at a residence time penalty. 
 
Rayner and Napier-Munn (1997) also showed that concentrate solids content is 
increased by reducing the feed flowrate and by opening the discharge gap. It 
has been the received wisdom that the process by which the concentrate solids 
content is enhanced, that is by which it is dewatered, is due to compression in 
the discharge zone. Indeed in most descriptions of the wet drum magnetic 
separator, this zone is referred to in those terms - as the "squeeze gap" for 
example. However the medium in this zone, being discharged at about the 
circulating medium density, is fluid. It cannot be squeezed! 
 
It is reasonable to assume that the entire discharge zone is full of medium. 
There is a zone above the level of the liquid in the tank where water, not being 
attracted to the magnet, will drain from this medium. A drainage process such 
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as this will be influenced by three things. Firstly: the initial conditions define how 
much water is to be removed - a wetter start means a wetter finish. Secondly: 
the time available during which drainage can occur since drainage is a rate 
process - the more time available for drainage the drier the concentrate. Finally: 
material properties of the solids including density and also those which control 
the movement of water through a bed of solids such as size distribution and 
shape. Both flow rate and discharge gap would exert their effects through the 
residence time. 
 
Thus the conceptual model of the discharge of material is that magnetic solids 
as a dilute slurry are lifted out of the bath of the separator, upon which they 
being to drain. This drainage continues until the concentrate overflows the 
discharge lip. Drainage is enhanced by increased residence time in the 
drainage zone, which in turn is controlled by the volume of the discharge zone 
and the throughput. 
 
The quantitative models developed below both reflect these mechanisms. 
 
 
 
MAGNETICS RECOVERY MODEL DEVELOPMENT 
 
 
According to the conceptual model described above, the recovery of magnetics 
is a flocculation process, which may be modelled mathematically by: 
 

 N = e-kt        (1) 

 No 
 

where N is the number of particles remaining unflocculated, 

 No is the number of particles at the start of flocculation, 

 k is a rate constant (s -1), and 

 t is the flocculation time (s). 

 

It may be seen that, on the basis that magnetic recovery is a flocculation 
process, the proportion of unflocculated particles is equivalent to the loss. Thus 
the fractional loss (L) may be described by: 
 
                                   

L = f
Q

V
k

e        (2) 
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where  Qf is the volumetric feedrate per unit length (m3/hr/m), and 
 
V is the volume of the separation zone per unit length (m3/m) given 

by: 

 

 V = Dxp         (3) 

 

where  is the angular extent of the separation zone (rad), 

 D is the drum diameter (m), and 

 xp is the pick up gap (m). 

 

This term  may be considered to be a constant for a full-length weir overflow 
magnetic separator, provided that there is at least some overflow. The rate 
constant k can be represented as a parameterised model derived from 
dimensional analysis: 

 
d fe h2

pb c gsf f f

2 f f

x ρQ ρ QD ω
k a C K

D Q D ρ μ

      
              

     
  (4) 

 
where C is the non-magnetics contamination (w/w), 

   is the magnetic susceptibility 

 D is the drum diameter (m), 

  is the rotational velocity of the drum (rad s-1), 

  is the volume concentration of solids, 

 s is the density of the magnetic solids (kg/m3), 

 f is the density of the feed slurry (kg/m3), 

  is the slurry viscosity in the pick up zone (Pas), and 

a..h are the parameters to be fitted. 

 
 
Note that the last term here is effectively a Reynold's Number. Thus we have: 
 

d fe h2
p pb c gsf f f

f 2 f f

θDx x ρQ ρ QD ω
L exp a C K

Q D Q D ρ μ

       
                       

 (5) 
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The non-parameterised terms         
p f

2

f

θDx Q
a

Q D
   

 

cancel to axp/D. Since a and  cannot be independently fitted they must be 
combined in one constant; this may still be called a. Since there is also a xp/D 
term with an adjustable parameter in the equation, the xp/D may be taken up in 
this fitted term. Thus the equation becomes: 
 

d fe h2
pb c gs f f

f f

x ρ ρ QD ω
L exp a C K

Q D ρ μ

       
                      

 
(6) 

 
This equation has been fitted to the available data using DataFit 2.0c. On a 
randomly chosen 146 data sets (80% of the total available) the parameter 
values given in Table 2 were obtained. Table 2 also shows the parameter 
values after back elimination. Here the original eight parameters have been 
reduced to six with no loss of fit quality. Further elimination of parameters 
causes substantial deterioration of the quality of the fit. 
 
 

Table 2: Results of Fitting of Magnetics Loss Data 

 

Parameter Limits All parameters 
After 

elimination 

a 0,20 0.1261 0.1236 

b -5,0 -3.9794e-2 -3.9791e-2 

c 0,5 0.7278 0.7277 

d 0,5 0.2273 0.2283 

e 0,5 2.8671e-7  

f -5,0 -6.8479e-7  

g 0,5 0.1218 0.1218 

h 0,5 9.9719e-2 0.1008 

Results 

Sum of errors Squared 10.45 10.45 

Residual Standard Deviation 0.2685 0.2685 

Regression Coefficient 0.9113 0.9113 

 
 

 
Figure 1 shows the comparison of observed and fitted data using the reduced 
set of fitted parameters, as it is this set of six parameters which describes the 
model. As may be seen the fit obtained is very good particularly given that the 
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model covers the entire data set, including both magnetite and ferrosilicon, over 
a wide range of most independent variables. 
 
This model was then applied to the remaining 37 data sets (20% of the total 
available). It should be noted that the model is independent of this smaller data 
set, having been generated only on the larger data set; this then serves to test 
the model's applicability to independent data. Comparison of the predicted value 
with the observed actual values gave the results shown in Table 3, indicating 
that for this independent data set the model was able to give a very good 
prediction of the actual magnetics loss. 
 
 

 
Figure 1: The relationship between observed and fitted values of magnetics loss. 

 
 

Table 3: Comparison of Model Prediction with Observed Magnetics Loss Data 

 

 All parameters After elimination 

Sum of Errors Squared 3.398 3.3942 

Residual Standard Deviation 0.3072 0.3071 

Regression Coefficient 0.8899 0.8898 

 
It is then a reasonable assumption, for any further data falling in the range over 
which the model was developed, that the model will predict the level of 
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magnetics loss to a degree of precision and accuracy which is adequate for 
process design and optimisation. The observed standard deviation of the 
predicted value from the observed value here may be taken as that which would 
be obtained from the model in general. The standard deviation of the logarithm 
of the magnetics loss of 0.3 is equivalent to a relative error in the loss of times 
two. However from the perspective of the recovery the model is very good. For 
example, if a predicted recovery for a particular set of conditions is 99.9%, the 
actual recovery would be expected to be between 99,8% and 99.95%. Figure 2 
shows the comparison of observed data and predicted results for the validation 
set of data using the six-parameter model obtained after back elimination of 
parameters. As may be seen the fit obtained for the logarithm of magnetics loss 
is visually very good. 
 
 

 
 
Figure 2: The relationship between observed and fitted values of magnetics loss 

for the validation set 

 
 
 

CONCENTRATE DISCHARGE MODEL DEVELOPMENT 
 
 

If the solids content of the concentrate is controlled by a drainage process it 
should be possible to model this accordingly. The asymptote of a real drainage 
process is not zero; even after infinite time there would still be some residual 
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moisture held in the concentrate by capillary pressure, which is not removable, 
by drainage. On the assumption that the drainage process is first order with 
respect to the amount of removable moisture held in unit mass of dry solids, the 
moisture content would decay exponentially. Such a decay process is described 
by: 
 

 
dM

g M M
dt

           (7) 

 
 
where M is the moisture after time t (dry solids basis), 

 M is the moisture after infinite time (dry solids basis), and 

 g is a rate constant (s-1). 

 
 
or, on rearrangement: 
 

dM
gdt

M M

 


         (8) 

 
Integrating, and representing the constant as a logarithm, gives 
 
 

In(M - M) + 1nC = -gt        (9) 
 

(M - M)C = e
-gt

         (10) 

 
 
at the initial condition when t=0, and the initial moisture is M0 

 

(M0 - M)C= 1         (11) 
 

0

1
C

M M




         (12) 

 
 
which, on substitution and rearrangement, gives: 
 
 

M = M + (M0 - M)e
-gt

        (13) 
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Residence time in the drainage zone (tD) may be estimated by: 
 

   D

D

V
t

Q
               (14)   

 

 

where V is the volume of the drainage zone per unit length, and 

 QD is the volumetric flow rate through the drainage zone. 

 
The volume of the drainage zone may be represented as a constant, controlled 
by the physical design of the machine, plus some function of a range of 
machine and process parameters. Examination of the geometry of the drainage 
space shows that although the volume of effluent flowing over the weir 
(controlled by spigot setting and volumetric feedrate) and the pick up gap have 
an influence on the volume this is very small (and may be considered negligible) 
compared to the influence of the discharge gap. 
 
For the Eriez machine used in this work the volume of the drainage zone in 
mm3 per unit length is given by: 
 
 
V = 780 + 260xD         (15) 
 
 
where   xD    is the discharge gap (mm). 
 
The residence time will be decreased by an increase in the volumetric flow rate 
through the discharge zone. This will occur when the feed rate to the separator 
is increased, as is observed in the data. Combining these equations gives an 
equation for moisture (on a dry solids basis), which is based on the drainage 
concept: 
 

 
D

D

780 260x
g

Q

0M M M M e

 
  

 
          (16) 

 

The ultimate drainage moisture, M, was estimated from several prolonged 

settling tests. The value of M was found to be 0.15 for magnetite and milled 
ferrosilicon. For spherodised ferrosilicon, which was not used in this work, it was 
found to be 0.10 indicating that drier concentrate might be expected with such 
material. Parameterised equations can be developed for both M0 and QD by 
dimensional analysis. The following equations can be derived: 
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b c fd2
p e s fD

0 f

f

x ρ QxD ω
M a M

Q D D F

      
            

     
   (17) 

 
i j mk2

p l s fD
D f f

f

x ρ QxD ω
Q h Q M

Q D D F

      
             

     
   (18) 

 

where D is the drum diameter (m), 

  is the drum rotational velocity (rad/s), 

 xp is the pick up gap (m), 

 xD is the discharge gap (m), 

 Mf is the feed moisture, 

 Qf is the volumetric feedrate per unit length (m3/hr/m), 

 F is the mass feedrate per unit length (t/hr/m), and 

 a..f, h..m are parameters to be fitted for each equation. 

 
Combining these expressions gives a model with six variables and twelve 

parameters (gh is effectively one parameter, so h can be discarded). It is 
apparent from the settling testwork conducted that the drainage rates for 
magnetite and for ferrosilicon are different. Thus the parameter g, which now 
includes drainage rate as well as the proportionality constant for the QD model, 
should be different for magnetite and for ferrosilicon. In order to fit drainage rate 
values for magnetite and ferrosilicon separately the parameter g was expanded 
and replaced with the expression: 
 

 

g(s = 6.8) +h (s = 5.2)        (19) 

 

The logical expressions equate to either 0 or 1; and since in the data array used 
solids density is entered as either 6.8 for ferrosilicon or 5.2 for magnetite, one 
logical expression will 1 and the other zero. Thus this expression will always 

equate to either g or h depending on the value of s. The fitting procedure will 
therefore use g as the rate constant for ferrosilicon and h for magnetite. All other 
fitted parameters apply to both magnetite and ferrosilicon. This method allows 
all the data sets to be fitted together, but to still obtain different values for g and 
h.  Thus the equation for concentrate moisture becomes: 
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     D

s s
D

780 260x
g ρ 6.8 h ρ 5.2

Q

0M 0.15 M 0.15 e


     

      (20) 

 
Low values of M0 or high values of QD will lead to high values of concentrate 
moisture by this model. Here low feedrate will result in low M0, due to the small 
amount of solids available. High feedrate then becomes the dominant effect, 
causing an increase in QD and increasing concentrate moisture with increasing 
feedrate. This effect has been observed in an experiment in which the effect of 
feedrate to the magnetic separator was examined (Rayner, 1999). 
 
It is commonly seen that at very low, or zero, mass flowrate of magnetic feed to 
a magnetic separator, clear water is discharged from the solids which are held 
at the discharge - this is commonly observed in secondary separators when the 
primary separators are working well. Preliminary attempts at fitting the data to 
the above model had shown that the data for the low solids content feed - and 
hence low mass flowrate - experiment contributed substantially to the total error. 
This additional water content is only likely to have a noticeable effect in these 
experiments, and thus it is appropriate to consider the introduction of a term 
describing this additional water flow, Qw. Dimensional analysis gives: 
 

qo p

p2 sD
w

w

X ρX
Q n D ω

D D ρ

    
         

    
    (21) 

 

where   n..q are further fitting parameters. 

 

The additional moisture M* will then be given by: 

 

 F

w

f f

1 M
M* Q

Q ρ




       (22) 

 

The bottom line here is equal to the mass flowrate of solids. Combining these 
two gives: 
 

 
qo p

pf 2 sD

f f w

X1 M ρX
M* n D ω

Q ρ D D ρ

     
          

    
   (23) 
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It is more common that the relative amounts of dry solids and of water in a 
slurry is presented as solids content. Concentrate moisture may be transposed 
to concentrate solids content, S, by: 

1
S

M 1


                  (24) 

Combining equations 17, 18, 20, 23 and 24 gives an equation for concentrate 
solids content in six variables and seventeen parameters. This equation has 
also been fitted to the available data using DataFit 2.0c. On a randomly chosen 
151 data sets (80% of the total available) the parameter values given in Table 4 
were obtained. Table 4 also shows the parameter values after back elimination. 
Here the original seventeen parameters have been reduced to ten with only 
marginal loss of fit quality. Further elimination of parameters causes substantial 
deterioration of the quality of the fit. 
 

Table 4: Results of Fitting of Concentrate Solids Data 

 

Parameter Limits 
All 

Parameters 
After Elimination 

a 0,2.5e6 1.3153e5 76043 

b -1,0 -0.9220 -0.7788 

c -1,0 -0.4045 -0.1909 

d 0,5 2.8640e-3  

e 0,5 0.1260 0.1447 

f -1,0 -4.5186e-6  

g 0,50 30.343 29.064 

h 0,50 29.087 27.998 

I -2,1 0.9823 0.9686 

j 0,5 1.9686e-2  

k 0,5 0.9230 0.9233 

l 0,2 2.0639e-4  

m -2,0 -1.2177e-6  

n 0,5 9.8479e-6 2.6734e-7 

o -5,5 0.5304  

p -10,5 -3.0649 -3.7101 

q -5,5 0.3750  

Results 

Sum of Errors Squared 0.2555 0.2579 

Standard Deviation 4.1274e-2 4.1466e-2 

Regression Coefficient 0.7704 0.7680 
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Figure 3 shows the comparison of observed and fitted data. As may be seen the 
fit obtained is very good particularly given that this covers the entire data set, 
including both magnetite and ferrosilicon, over a wide range of most 
independent variables. The correlation coefficient is relatively low due to the 
small range of data available. In practice there is relatively little variation in the 
concentrate solids content observed - most data in this work fall between 65% 
and 75% solids content, and all fall between 40% and 80%. Indeed almost all of 
the low concentrate solids content values derive from the factorial experiment 
with low feed solids content, Mf. Here the low concentrate solids is due to a low 
value of M0, which is heavily dependent upon Mf. 
 
 

 
 

Figure 3: The relationship between observed and fitted values 
of concentrate solids 

 
 

This model was then applied to the remaining 40 data sets (20% of the total 
available). It should be noted that the model is independent of this smaller data 
set, having been generated on the larger data set; this then serves to test the 
model's applicability to independent data. Comparison of the predicted value 
with the observed actual values gave the results shown in Table 5, indicating 
that for this independent data set the model was able to give a very good 
prediction of the actual magnetics loss. 
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Table 5: Comparison of Model Prediction with Observed Data 

 

 All parameters After elimination 

Sum of Errors Squared 9.8314e-2 9.9949e-2 

Standard Deviation 5.0208e-2 5.0624e-2 

Regression Coefficient 0.8068 0.8084 

 
 

It is then a reasonable assumption, for any further data falling in the range over 
which the model was developed, that the model will accurately predict the 
concentrate solids content. The observed standard deviation of the predicted 
value from the observed value here may be taken as that which would be 
obtained from the model in general. The model is very good. For example if a 
predicted concentrate solids content for a particular set of conditions is 70%, the 
actual concentrate solids content would be expected to be between 66% and 
74%. Figure 4 shows the comparison of observed data and predicted results for 
the validation set of data using the ten-parameter model obtained after back 
elimination of parameters. As may be seen the fit obtained is satisfactory. 
 
 
 
PREDICTION OF SEPARATOR PERFORMANCE 
 
 
The models have been implemented in a spreadsheet. An important test of the 
models is to ensure that their responses are in accord with the observed data 
for both magnetics loss and for concentrate solids content. This was done for 
each model by changing one input variable at a time, while holding the rest 
fixed at typical values of those variables, which also served to demonstrate the 
general nature of the model responses. 
 
 
MAGNETICS LOSS 
 
 
As may be seen in Figure 5 the model predicts a progressive reduction in loss 
with increasing content of magnetic solids in the feed. Since the model is based 
solely on flocculation of magnetics this is the expected result. At lower solids 
concentrations the distance between particles will increase and flocculation will 
be less effective. This is in accord with the results of this work, and also with the 
generally observed result that recovery in low feed density secondary magnetic 
separators is inferior to that in primary separators. Unless varied for the 
prediction the standard conditions for the magnetics loss predictions were: 
volumetric flowrate, 80 m3/hr/m; pick up gap, 45 mm; feed solids content 15% 
w/w; magnetic solid, magnetite. 
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The model predicts that an increase in volumetric feedrate to the separator will 
produce an increase in magnetics loss, as illustrated in Figure 6. Increasing the 
volumetric feed rate will, all other things being equal, reduce the residence time 
in the separator. Since flocculation is modelled as a rate process this will limit 
the extent of flocculation. However, the effect is relatively small, with the range 
of loss values predicted covering less than one order of magnitude. 
 
 

 
Figure 4: The relationship between observed and fitted values of concentrate 

solids for the validation set 
 
 

The model predicts an increase in magnetics loss with non-magnetic 
contamination. This is illustrated in the log-log plot shown as Figure 7. 
Presumably the effect here is that the presence of contamination impedes the 
process of flocculation. The effect over the full range of contamination is small, 
and again only one order of magnitude is required for the loss axis. 
 
 
 
CONCENTRATE SOLIDS CONTENT 
 
 
As may be seen in Figure 8 the model predicts initially low but rapidly increasing 
concentrate solids content at low volumetric feed rate, followed by a decrease in 
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concentrate solids content with increasing volumetric feed rate. At low feed rate 
there will be little solids available to form a concentrate, and the effect of the 
additional water flow will be quite high. As flowrate is increased the model 
predicts there will be an increase in concentrate solids content. Increasing the 
feed rate further will, all other things being equal, increase the flowrate through 
the drainage zone and reduce the drainage time. This will give a wetter 
concentrate. Unless varied for the prediction the standard conditions for the 
concentrate solids content predictions were: volumetric flowrate, 60 m3/hr/m; 
pick up gap, 45 mm; discharge gap, 45 mm; feed solids content, 2.5% w/w; 
magnetic solid, magnetite. 

 
 

 
 
Figure 5: Model prediction of influence of feed solids content on magnetics loss 

 
 

     
 

Figure 6: Model prediction of volumetric feed rate on magnetics loss 
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These phenomena are both active regardless of feed solids content. However, 
as is also shown in Figure 8, higher feed solids content is predicted to give a 
higher concentrate solids content. This effect is largely due to the effect of feed 
solids content on the initial moisture, M0, in the drainage zone.  In fact 
increasing the feed solids content at a given volumetric flowrate will increase 
the mass flow of magnetic solids and reduce the drainage time available. This 
will tend to reduce the concentrate solids content - however it is clear from both 
the data and the model that this effect is overwhelmed by the effect on the initial 
moisture, M0. 
 

 

 
 

Figure 7: Model prediction of influence of contamination on magnetics loss 
 

 

    
 

Figure 8: Model prediction of influence of volumetric feed rate on 
concentrate solids content 
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The discharge gap determines the volume of the drainage space, as given in 
Equation 10, and this is in turn an important determinant of drainage time. As 
illustrated in Figure 9 the discharge gap has a very strong influence on the 
predicted concentrate solids content. This effect is less apparent at a feed 
solids content of 15%, where the moisture content at the start of the drainage 
process is higher, and the final drainage moisture content of the concentrate is 
more easily reached. Clearly when the concentrate moisture is approaching its 
final equilibrium value the driving force of the drainage process is diminished, 
and there is relatively little gained by increasing the drainage time. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Model prediction of influence of discharge gap on concentrate solids 
content 

 

The general conclusion from this is that if the concentrate solids value is low for 
whatever reason, then an improvement is always possible by increasing the 
discharge gap and allowing further drainage to occur. Where the concentrate 
solids content is high increasing the discharge gap will cause no deleterious 
effects. It has been inferred in this work that there is probably an operating 
region where the recovery of magnetics in a wet drum magnetic separator is 
limited by its ability to discharge concentrate, and that this limit is probably 
raised by increasing the discharge gap. If this is so, and while this has certainly 
not been demonstrated, then it is an appropriate operating strategy to have as 
wide a discharge gap as possible. 
 
The influence of feed solids content on predicted concentrate solids content has 
been shown in the previous figures by giving curves for two different values of 
feed solids content. Figure 10 illustrates this effect over a range of feed solids 
content values at two different values of discharge gap. Feed solids content has 
a direct effect on the initial moisture, M0, although the associated parameter is 

small (e  0.15). It is largely through this term that feed solids content has an 
effect on the prediction. While feed solids was included in the original 
calculation of the flowrate through the discharge zone, QD, its associated 
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parameter was one of those eliminated. As discussed above, the wider 
discharge gap increases the drainage time, and thus gives a higher predicted 
concentrate solids content under all circumstances. However where the 
drainage is near complete this effect is marginal. 
 
 

 
 

Figure 10: Model prediction of influence of feed solids on concentrate solids content 

 
 
 
CONCLUSIONS 
 
 
MAGNETICS RECOVERY 
 
 
A model based on observed phenomena and fundamental theory has been 
developed conceptually as an equation containing unknown parameters for both 
loss of magnetics. This model is based upon the concept that magnetics are 
recovered in a flocculation process, and thus it may be represented by a 
flocculation rate and a residence time. Based on a data set of about 145 trials, 
and using a non-linear data fitting technique, parameter values have been 
estimated which give the best fit of the model to the data. Parameter elimination 
has been carried out on the model to eliminate those parameters which are not 
significant - this has resulted in a model containing six parameters. The models 
have been applied to a further dataset of about forty trials; this has resulted in a 
good fit of the model prediction to the observed values. 
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Scope of the Model 
 
 
The model developed is valid over the range of data used in the fitting of model 
parameters, and for the type of machine used in the test work. However since 
the model is based on mechanistic sub-models it is probable that some 
extrapolation is possible. Similarly it is reasonable to expect that in order to 
apply the model to other machines not all parameters would need to be re-
estimated. The model will predict magnetics loss content to the accuracy stated 
in Table 3. 
 
 
 
Limitations of the Model 
 
 
Prediction of performance of materials other than the magnetite and the 
ferrosilicon used is outside the scope of the model. However the model should 
work with new materials simply by determining susceptibility to put in the 
magnetics loss model, and by estimating a new g or h parameter in the solids 
content model (which relates to the drainage rate of a particular material). 
 
There is no model to predict the contamination of the concentrate by non-
magnetics, other than that at feed contamination below about 85% the 
concentrate grade will be 99% or better. The development of such a model is 
hampered by the difficulty in determining concentrate grade accurately at levels 
approaching 100%. In addition such a model would be of limited value, since 
feed contamination values of greater than 85% are seldom encountered except 
in secondary separators. Here the impact of low grade concentrate is almost 
inconsequential, since the vast majority of the concentrate returning to the 
circulating medium comes from the primary separator (If the primary recovery is 
99.9%, and even if the secondary recovery is also 99.9%, then the ratio of 
primary concentrate to secondary concentrate mass flows is 1000:1.) 
 
 
 
CONCENTRATE SOLIDS CONTENT 
 
 
A model based on observed phenomena and fundamental theory has been 
developed conceptually as equations containing unknown parameters for 
concentrate solids content. This concentrate solids content model is based on 
the concept that concentrate is dewatered by free drainage, and thus it may be 
represented by an initial moisture, a drainage rate, and a residence time. Based 
on a data set of about 145 trials, and using a non-linear data fitting technique, 
parameter values have been estimated which give the best fit of the model to 
the data. Parameter elimination has been carried out on the model to eliminate 
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those parameters which are not significant - this has resulted in a model 
containing ten parameters. This model have been applied to a further dataset of 
about forty trials; this has resulted in a good fit of the model prediction to the 
observed values. 
 
 
 
Scope of the Models 
 
 
The models developed are valid over the range of data used in the fitting of 
model parameters, and for the type of machine used in the test work. However 
since the models are based on mechanistic sub-models it is probable that some 
extrapolation is possible. Similarly it is reasonable to expect that in order to 
apply the model to other machines not all parameters would need to be re-
estimated. The models will predict magnetics loss and concentrate solids 
content to the accuracy stated in Table 5. 
 
 
 
Limitations of the Models 
 
 
Prediction of performance of materials other than the magnetite and the 
ferrosilicon used is outside the scope of the model. However the model should 
work with new materials simply by determining susceptibility to put in the 
magnetics loss model, and by estimating a new g or h parameter in the solids 
content model (which relates to the drainage rate of a particular material). 
 
There is no model to predict the contamination of the concentrate by non-
magnetics, other than that at feed contamination below about 85% the 
concentrate grade will be 99%, or better. The development of such a model is 
hampered by the difficulty in determining concentrate grade accurately at levels 
approaching 100%. In addition such a model would be of limited value, since 
feed contamination values of greater than 85% are seldom encountered except 
in secondary separators. Here the impact of low-grade concentrate is almost 
inconsequential, since the vast majority of the concentrate returning to the 
circulating medium comes from the primary separator. (If the primary recovery 
is 99.9%, and even if the secondary recovery is also 99.9%, the ratio of primary 
concentrate to secondary concentrate mass flow is 1000:1.) 
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