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SYNOPSIS 

The proper choice of a suitable matrix for high-intensity magnetic separation is of the utmost importance, 
since the geometry and size of the matrix play decisive roles in the achievement of optimum separation 
conditions. In relatively simple filtration applications, the matrix must offer a high efficiency of collision 
with suspended particles, a high probability of retention of intercepted particles, and a high loading capacity. 
Also, it must be easily cleaned. In the beneficiation of minerals, additional requirements are that the recovery 
and the grade of the concentrate must be high, and that the matrix must not be susceptible to clogging 
by oversize grains, tramp iron, and other foreign bodies. 

The results obtained by the use of theoretical models of magnetic separation fail to agree with the 
experimental results for basic parameters like the ratio of particle size to matrix size, the length of the matrix, 
and the magnetic properties of the matrix material. Preconceived ideas about the matrix often lead to the 
erroneous choice of a matrix, and hence to its unsatisfactory performance during magnetic separation. 

The potential value of hign-intensity magnetic separation as applied to the recovery of uranium and 
gold from leach residues and in association with the development of a large-scale magnetic separator to 
be used for the same purpose led to the present investigation in which a wide spectrum of matrix shapes 
and sizes were tested. It was found that the optimum recovery and selectivity of separation are obtained 
at a ratio of particle size to matrix-element size ranging from 200 to 300. The use of these matrices also 
results in a low degree of mechanical entrapment, particularly of coarser particles, for which straining plays 
a significant role for fine matrices. It was also found that the magnetization of a matrix plays a minor 
role, contrary to the theoretical predictions. 

Furthermore, the effects of matrix height, matrix loading, and scalping of the pulp by paramagnetic 
matrices were evaluated for various types of matrices. 

SAMEVATTING 

Die regie keuse van 'n geskikte matrys vir magnetiese skeiding by 'n hoe intensiteit is van die allergrootste 
belang aangesien die geometrie en grootte van die matrys beslissepde rolle in die verkryging van optimale 
skeidingstoestande speel. In betreklik eenvoudige filtrasietoepassings, moet die matrys 'n hoc 
botsdoeltreffendheid metgesuspendeerdepartikels, 'nhoëretensiewaarskynlikheid vanonderskeptepartikels 
en 'n hoë laaivermoë hê. Verder moet dit maklik skoongemaak kan word. In mineraalveredeling is verdere 
vereistes dat die herwinning en die graad van die konsentraat hoog moet wees en dat die matrys nie deur 
bomaatkorrels, swerfyster en ander vreemde voorwerpe verstop moet raak nie. 

Die resultate wat met gebruik van teoretiese modelle van magnetiese skeiding verkry is, stem nie ooreen 
met die eksperimentele resultate vir basiese parameters soos die verhouding van partikelgrootte tot 
matrysgrootte, die lengte van die matrys en die magnetiese eienskappe van die matrysmateriaal nie. 
Vooropgestelde idees oor die matrys lei dikwels tot die verkeerde keuse van 'n matrys en gevolglik tot sy 
onbevedigende werkverrigting tydens magnetiese skeiding. 

Die moontlike waarde van magnetiese skeiding by 'n hoë intensiteit soos toegepas op die herwinning 
van uraan en goud uit loogresidu's, en geassosieer met die ontwikkeling van 'n grootskaaise magnetiese 
skeier vir gebruik vir diestlfde doel, het gelei tot die huidige ondersoek waarin 'n bree spektrum van 
matrysvorms en -groottes getoets is. Daar is gevind dat die optimale herwinning en skeidingselektiwiteit 
verkry word met 'n verhouding van 200 tot 300 vir die partikelgrootte tot die matryselementgrootte. Die 
gebruik van hierdie matryse lei ook tot 'n lae mate van meganiese verstrikking, veral van growwer partikels, 
waarvoor sifting 'n belangrike rol vir fyner matryse speel. Daar is ook gevind dat die magnetisering van 
'n matrys, strydig met die teoretiese voorspellings, 'n minder belangrike rol speel. 

Verder is die uitwerking van die matryshoogte, matryslading en die afskil van die pulp deur 
paramagnetiese matryse vir verskillende soorte matryse geevalueer. 
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1. INTRODUCTION 
The concentration, by wet high-intensity magnetic separation (WHIMS), of gold and uranium in 

materials resulting from the cyanidation of Witwatersrand ores has been tested on an industrial scale on 
two South African gold mines, and the results have been discussed in detail1,2. The mechanical and 
metallurgical performance of the carousel magnetic separators was found to be satisfactory, but, for the 
large-scale application of WHIMS in the South African mining industry, a more cost-effective machine 
is required. 

One of the disadvantages of the continuous magnetic separators available at present is that the matrix 
is too susceptible to blockage by ferromagnetic particles, wood fibres, and oversize grains. The rate of clogging 
can be reduced by preliminary screening, low-intensity magnetic filtering, and desliming of the feed to 
eliminate fine ferromagnetic particles but, although these methods are highly efficient, the residual foreign 
bodies present cause eventual blockage of the matrix. The clogging can also be decreased by the use of 
a back-flushing system3, by intermittent, intense scouring of the matrix by jets of air and water4, or by 
the use of demagnetization devices or paramagnetic matrices5 *. A very efficient system for continuous 
cleaning of the matrix on site, which guarantees prolonged trouble-free performance of a magnetic separator, 
was developed by Corrans1. 

It is clear that a magnetic circuit of completely novel design is needed for a machine of increased capacity, 
improved specific capacity per unit input power, and decreased mass. To increase the cost-effectiveness 
of a continuous separator, the Council for Mineral Technology (Mintek) developed such a separator, which 
has a matrix-washing system to overcome blockages7. Although the machine has not yet been evaluated, 
it is expected that the unit machine c ?st and the machine's potential for scale-jp will mean that fewer units 
will be required and that, as a result, the overall capital and operating costs will be iower than for current 
WHIMS installations. 

Corrans and Levin1 have shown that a matrix of steel balls gives the best metallurgical performance 
for finely ground, weakly magnetic uranium-gold tailings. However, because of the distribution of the 
magnetic field in the new magnetic separator7, a loosely packed bed of steel balls cannot be used, and it 
was imperative that a new type of matrix should be found. The requirements for the matrix were that its 
metallurgical performance should be equivalent to that of balls and that it should be capable of being cleaned 
easily. The latter requirement was a necessity because such a matrix cannot be removed and cleaned externally 
during an operation. 

It was decided that, in the present work, the information contained in several unpublished internal 
Mintek communications should be summarized and used as guidelines in the selection of matrices that would 
be suitable for the recovery of finely dispersed, weakly magnetic minerals. 

2. EXPERIMENTAL WORK 
In the magnetic-separation tests that were conducted, the traditional types of matrices were used as 

well as new types of matrices that appeared to be promising for this particular application. A list of the 
matrices used is given in Table 1, together with the filling factor (F) for each matrix and the dimensions 
of the matrix elements. The filling factor (F) is defined as F- (1 - €o), where Co is the porosity of the matrix 
bed. Several matrices are shown in Figures 1 to 3. 

A batch separator was used in all the tests. A fixed volume of water, mixed with varying amounts 
of Witwatersrand leach residues, was fed from a funnel through a matrix in transverse configuration, in 
which the vectors of magnetic field and flow velocity are mutually perpendicular. The velocity of the flow 
was controlled by the size of a nozzle at the discharge end. All the assays were conducted only for uranium. 
(There is a fairly good correlation between the recoveries of gold and uranium and, because assaying for 
uranium is cheaper, the usual practice is for uranium recoveries to be used.) 

The samples used were cyanidation tailings from a mine in the Klerksdorp area. The size distributions 
of the three different samples used in the tests are given in Table 2. The magnetic susceptibility of these 
samples was 42 x 10"*cmVg. 

Loading (L) of the matrix can be defined in several ways but, in mineral processing, the definition 

/ _ Mass of magnetic fraction . . ». 
Matrix volume 

best describes the ability of the matrix to carry the captured particles', where matrix volume expresses the 
volume of the solid bodies of the matrix in the separation chamber. In all the tests, this loading factor 
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SELECTION OF A MATRIX FOR WHIMS 

TABLE ) 

Matrices used in the tests 

Filling Diameter of Size of Material 
factor, F dement aperture of 

Matrix % mm nun construction 

Balls 59 3,2 SS4J0 
Balls 55 6 SS430 
Sted wool 1 to 4 Mild steel 
Expanded metal 1 27 4 SS 
Expanded metal 2 14 1,9 SS 
Expanded meal 3 20 1,3 SS 
Woven mesh 8 21 0,9 1,25 Mild sted 
Woven mesh 9 18 2,5 10 Mild sted 
Woven mesh 10 21 1.6 5 Mild sted 
Screens II 42 4.8 2 SS430 
Screens 12 31 2.8 1.5 SS430 
Screens 13 28 1.8 1,0 SS430 
Woven mesh IS 19 0,63 1.0 Mild sted 
Woven mesh 16 20 1,0 2.0 Mild sted 
Knitmesh 26 4,8 0,25 2 stitches per cm SS430 
Knitmesh 27 4,8 0,25 1,6 stitches per cm SS430 
Grooved plates 4R 64 4 grooves per inch 
Grooved plates 8R 83 8 grooves per inch 

of the plate width 

SS = Stainless stcd 

ranged from 0,11 to 0,16g/cm' for all the matrices except steel wool, for which L was 0,59g/cm3 even 
for loads of very low mass. These values of the loading factor are a compromise between acceptable loading 
of the matrix to yield a sufficient throughput and to give an acceptable recovery of the mineral. (The recovery 
decreases with increased loading, as shown in Figure 18.) The range of the loading factor was determined 
on the assumption that 10 per cent of the feed reports to the magnetic fraction. The effect of the matrix 
loading on the separation of uranium residues was investigated with loadings that varied from 0,03 to 
0,27 g/cm'. 

The height of the matrix is an important parameter, since it determines the interception of the mineral 
particles by the matrix. The mass of a separator, the degree of blockage, and the input power to the magnet 
also depend on this parameter. As scaling-up of this parameter is difficult, tests were done in an attempt 
to determine the optimum height of a matrix that would yield acceptable metallurgical results. 

Because a certain fraction of the particles are expected to be trapped mechanically by interception, 
zero-field tests were conducted for various matrices so that the degree of mechanical entrapment could 
be determined. 

3. DISCUSSION 
3.1. Performance of the Matrices 

Figures 4 and 5 represent the effect of the magnetic field on the recovery and grade of the magnetic 
fraction of sample J594 for various matrices; Figures 6 to 9 depict the same effect for sample JS43, and 
Figures 10 and 11 depict the same effect for sample J630. 

As could be expected, the highest recoveries were obtained with fine matrices (e.g. steel wool, Knitmesh, 
mesh 8, expanded metal 3). On the other hand, the grade of the concentrate obtained with such matrices 
was low owing to their lower degree of selectivity. For this reason, and because of their high degree of 
mechanical capture, clogging, and unpractically low matrix loading, these fine matrices are unsuitable. 
Grooved plates, which are often used in industrial separators, gave generally lower grades and lower recoveries 
than balls or mesh. Grooved plates are of high mass and have a high filling factor because the gaps between 
the plates need to be small if the magnetic forces are to be sufficiently high. This leads to severe problems 
due to clogging and to low throughputs. 

Fine expanded metal 3 gave a high recovery, but its selectivity was low. With medium expanded metal 
2, the recovery was lower than for steel balls, for example, and the grade was also lower. The coarse expanded 
metal 1 gave an even lower recovery and also, rather surprisingly, low grades. Although expanded metal 
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SELECTION OF A MATRIX KOR WHIMS 

FIGURE 1. Matrices used for magnetic separation (from left to right): grooved plate, expanded 
metal 2, Knitmesh 

is frequently used as a matrix in WHIMS, its metallurgical performance has always been inferior to that 
of other matrices'. 

Several types ol woven mesh performed very well, as can be seen in Figures 4, 5, 10, and II. Fine 
meshes 8 and 15 gave moderate recoveries with low grades, whereas coarse mesh 9 gave a low recovery 
and a moderate grade. The best performance was observed for medium-size mesh 10, which gave high 
recoveries and high grades. 

The performance of screens 11, 12, and 13 was very poor, both the recoveries and the grades being 
low. The steel balls gave balanced results, i.e. reasonably high recoveries with sufficiently high grades. Balls 
of 3 mm diameter gave higher recoveries than 6 mm balls at the expense of the grade, as could be expected. 

As can be seen from this brief review of the experimental results, the choice of a suitable matrix for 
the concentration of valuable mineral components cannot be over-emphasized. The geometry and size of 
the matrix play a decisive role in the achievement of optimum recovery and concentrate grade, and determine 
the matrix loading, a factor most crucial in a large-scale magnetic separator. 

Tne magnetic force has been shown9-10 to reach a maximum for a ratio of wire diameter to particle 
diameter, a/b, equal approximately to the order of unity. This maximum was found to be fairly flat, and 
it has been confirmed experimentally" that, in the range of a/b from I to 10, the change in the efficiency 
of capture is negligible. It has also been shown12 that the optimum ratio of fibre size to particle size is 
not constant, so that the criterion that the particle size and fibre size should match 9 , 1 0 is complicated 
somewhat. Similarly, the theoretical analysis'3 of the spatial distribution of magnetic force implies that 
the optimum ratio of matrix size to particle size lies bet-veen 5 and 10, being a function of magnetic induction, 
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SELECTION OF A MATRIX FOR WHIMS 

FIGURE 2. Matrices used for magnetic separation (from left to right): screen 12, mesh 9, mesh 10 

particle size, and type of matrix. The optimum value for a/b has also been shown to increase strongly with 
increasing amounts of deposited particles. 

Hencl et al.I4 recognized that a modified physical picture of magnetic separation in real matrices was 
needed. They argued that the hydrodynamic erosion force was the dominant corr.peiing force in a real matrix, 
and a recent theoretical analysis15 shows that the behaviour is determined largely by the geometry of the 
fluid flow through the matrix. The arguments of those authors cast doubt on the validity of the attempt 
to maximize 'he ratio of traction magnetic force to drag force. 

The basic rules of deep-bed filtration need to be satisfied simultaneously. For straining to be avoided, 
a/b should be larger than 10, but preferably it should range from 100 to 500. Straining is an undesirable 
feature, since it causes the separation to be non-selective and leads to an exponential increase in pressure drop. 

In the application of WHIMS to the beneficiation of minerals, the matrix must be matched in such 
a way that recovery and grade are at their maximum simultaneously. The optimum matrix size therefore 
becomes a function M the size distribution and composition of the ore, and of the hydrodynamic conditions 
ia the intermatrix space. The usual practice is a tedious trial-and-error search for the best shape and size 
for the matrix, during which several fundamental rules must be kept in mind. With decreasing wire diameter, 
the recovery of the magnetic fraction usually rises, whereas the grade of the concentrate decreases. With 
very fine matrices, the recoveries become very high and the grades too low, so that the 'magnetic concentrate' 
does not differ very much from the feed. A number of experimental results showed that the most satisfactory 
metallurgical performance is obtained at a ratio of wire size to particle size ranging from 100 to 300. This 
is demonstrated in Figure 12, in which the grade of the magnetic concentrate is plotted as a function of 
the diameter of the matrix element. It can be seen that, for fine matrices, the grade is very low, higher 
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SELECTION OF A MATRIX FOR WHIMS 

FIGURE 3. Matrices used for magnetic separation (from left to right): mesh 15, mesh 16, mesh 8 

TABLE 2 

Size distribution of the samples (by mass) 

Sample JS43 Sample J599 Sample J6J0 
Size, fim % % V. 

< 176 100 100 100 
<I25 95,0 90,4 94,9 

88 86,4 71,7 85,4 
62 77,1 57,5 79,9 
44 69,5 45,3 72,1 
31 63,5 34,3 63,9 
22 53,6 20,6 55,0 
16 46,« 16,3 49,4 
II 35,2 11,1 36,7 
7,8 26,5 8,6 28,1 
5,5 20,2 8,6 20,0 
J.9 10,2 3,9 9,9 
2,8 4,0 0 4,4 
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grades being obtained for fairly coarse matrices for which a/b is about 350. For these coarse matrices, 
the recovery is also sufficiently high, as can be concluded from Figures 4 to II. 

It is clear, therefore, that the proper choice of a matrix is of prime importance, although this question 
is rarely addressed in the literature. The rules arising t.om various theoretical models are often misleading, 
and extensive testing is needed for the determination of the optimum matrix that will ensure the optimum 
operation of a magnetic separator. 

3.2. Mechanical Capture 
Figure 13 shows the effect of particle size on mechanical capture for assorted matrices, and Figure 

14 depicts the influence of diameter of the matrix element on mechanical capture for various size fractions. 
The dependence of mechanical capture on the flowrate for selected matrices is shown in Figure 15, where 
it can be seen that, at a superficial velocity of the order of 7cm/s, which corresponds to the industrially 
acceptable flowrate for the concentration of valuable minerals, the correction for mechanical entrapment 
is minimized for all the matrices investigated. As the flowrate decreases, mechanical capture increases only 
slightly for a matrix of balls, whereas it increases dramatically for a matrix of expanded metal. 

For small particles (approximately 8 /im), mechanical capture is practically constant for fine and coarse 
matrices. With increasing particle size, mechanical entrapment rises only slightly for coarser matrices (e.g. 
balls or mesh 10), whereas the increase is very sharp for fine matrices, as can be seen in Figure 13. For 
very fine particles (smaller than 17 fua and 25 /im), mechanical entrapment rises only very slightly with 
decreasing size of the matrix elements but, for particles larger than 53 (im, mechanical capture becomes 
pronounced for fine matrices. 

3.3. Matrix Height 
The experimental results illustrated in Figure 16 show that an increase in matrix height above 175/tm 

results in a negligible rise in recovery. The grade of the magnetic concentrate does not depend on the height 
of the matrix within the limits investigated in the present work. These conclusions apply to all the types 
of matrices investigated (balls, mesh 10, and expanded metal 2), and imply that a reduction in the height 
of a matrix from the 200mm currently used in WHIMS machines for the recovery of uranium and gold 
to 175 mm would not result in any substantial decrease in recovery. On the other hand, it would lead to 
a reduction in the mass of the matrix and in the pressure drop. It would then be possible for the gap between 
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the coils of the magnetic circuit7 or the height of a coil in a SALA carousel separator to be reduced, which 
would result in a decrease in the mass of (he steel frame and in a lower input power. 

3.4. Matrix Loading 
Matrix loading is an important parameter, expressing the maximum permissible amount of solids that 

can be fed per unit volume of matrix. In regard to design, the matrix loading determines the angular velocity 
of a carousel in a continuous machine or the length of a duty cycle in cyclic separators. The effect of various 
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matrix loadings on the performance of the separator was investigated by the use of balls and mesh as matrices. 
The results are summarized in Figures 17 and 18. The density of the slurry was kept constant throughout 
at a solids content of 17 per cent by mass. It can be seen that recovery decreases with increasing loading 
of the ball matrix from a loading as low as 0,05 g/cm\ whereas the drop in recovery is less pronounced 
for mesh 10. On ihe other hand, the grade increases substantially as the loading increases from 0,05 to 
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FIGURE 15. Mechanical entrapment for sample J630 as a function of flowrate for assorted 
matrices 

0,28 g/cm3. This interesting result can be explained as follows. The overall performance of a separator is 
determined by the ratio of the magnetic force to the wash-off erosion force. In wash-off erosion, the driving 
force is viscous drag, and the resisting force is a magnetic force that tends to hold the particles on the matrix. 
The limitation on the loading that a matrix can sustain is determined by the wash-off process and not by 
the capture process. At higher loadings, the magnetic force that acts on particles in the more distant layers 
of a build-up decreases and the shear stress increases, so that the wash-off force will be dominant for very 
weakly paramagnetic particles and for diamagnetic particles entrained in clusters of paramagnetic particles. 
Consequently, the selectivity of separation in the higher layers is higher and the grade improves. 

3.5. Comparison of Mesh Matrices 
So that the effect of the size of the filaments and apertures of mesh matrices on the metallurgical 

performance of a magnetic separator could be evaluated, a series of identical tests were performed in which 
screens of various mesh were used. The diameter of the mesh filaments ranged from 0,63 to 2,5 mm, and 
the apertures from 1 to 10 mm. The fraction of sample J630 that was smaller than 17 pm was used, and 
the tests were performed at a magnetic induction of 1,1 T and a flowrate of 6,2 cm/s. Figure 19 shows 
the effect of the wire diameter on the concentrate grade and on the recovery of uianium, Figure 20 depicts 
the effect of the size of the apertures, and Figure 21 represents the dependence of the recovery of uranium 
and the grade of the magnetic concentrate on the product of the wire diametd and the size of the apertures. 
All three of these diagrams imply that there are values for wire diameter, mesh aperture, and the product 
of these two parameters that would result in the optimum performance of a separator. It can be seen that 
very fine meshes give low grades and low recoveries. This is in contradiction to the commonly accepted 
view that a magnetic field of high gradient, and consequently of high magnetic force, results in high recovery. 
The maximum recovery of uranium and grade of the magnetic concentrate for the fraction smaller than 
17 fim was achieved with a filament diameter of 1,6 mm, or a value of 10 for the product of filament diameter 
and mesh aperture. This maximum shifted to about 4 for the fraction smaller than 11,8 /xm. The optimum 
ratio of wire diameter to avert-ee particle size is about 220. For coarser matrices, the recovery decreases, 
as could be expected, but the grade drops simultaneously. 

3.6. Magnetic Properties of the Matrices 
Models of magnetic separation indicate that the probability of particles being captured on the matrix 

is directly proportional to the saturation magnetization of the matrix material. However, the limited 
experimental r* ita given in the literature indicate substantial deviations from this simple theory. 
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It has been shown6 that, at intermediate magnetic fields, a weakly magnetic steel matrix with a 
magnetization of 0,1T is only slightly less efficient than a standard steel matrix with a saturation 
magnetization of 2T. 

The effect of the saturation magnetization of the matrix on the metallurgical performance of a magnetic 
separator was therefore investigated, rods with a diameter of 10 mm and a saturation magnetization ranging 
from 0,1 to 2,0T being used as the matrix. Siderite ore smaller than 200/im was used in these tests, which 
were done in transverse configuration and at magnetic inductions varying from 0,2 to IT. The results of 
the experiments are summarized in Figure 22. For matrices with a saturation magnetization greater than 
0,5 T, the curves for recovery and grade versus magnetic field were identical within the experimental error. 
For a weakly magnetic steel matrix with a magnetization of 0,1 T, the recovery was strongly dependent 
on the value of the external magnetic field and, at a magnetic induction of 1T, the recovery reached values 
that were only 10 per cent lower than those for strongly magnetic steels. For all values of magnetic induction, 
the grade of the magnetic concentrate was identical to that for ferromagnetic steel. 

Similarly, in the purification of kaolin, the amorphous ferromagnetic fibres with a saturation 
magnetization of 1,1 T performed better under identical conditions than ordinary stainless-steel wool, for 
which 2,1 T was the saturation magnetization16. 
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It appears, therefore, that magnetization of the matrix plays a minor role, which is contrary to theoretical 
predictions. Thus, a paramagnetic steel matrix can be used, and acceptable metallurgical performance can 
be achieved while advantage is taken of the low remanent magnetization of these steels to facilitate the 
flushing of the magnetic concentrate from the matrix6. Magnetization curves for matrices of two commercially 
used steel balls and of steels used in the present investigation are given in Figure 23. The importance of 
this question suggests that a more detailed investigation should be performed. 

3.7. Scalping 
Very weakly magnetic materials (such as stainless steel and aluminium) can be used as matrices for 

magnetic scalping of ferromagnetic impurities from the pulp. These impurities cause blockages of the matrix 
and impair the grade of the magnetic concentrate since gangue particles are locked in the clusters of 
ferromagnetic impurities and report to the magnetic fraction. The beneficial effect of scalping on the recovery 
of uranium has been demonstrated by Watson el a/.1 7. 

in the present investigation, aluminium expanded-metal mesh and 304 stainless-steel woven mesh 10 
were used so that the effect of scalping on the recovery of uranium could be evaluated under conditions 
that can be scaled-up to industrial size. 

The magnetization of the aluminium matrix at 8 x 10s A/m (lOkOe) was 0,05 T, and that of 304 stainless-
strel mesh was 0,027 T. The performance of both types of matrices was very similar, the amount of material 
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reporting to the magnetic fraction being, on average, 0,8 per cent by mass. The magnetic susceptibility 
of this magnetic fraction was 2,9x 10~'cmVg. When the fraction smaller than 25 /xm was scalped, the 
magnetic susceptibility of the magnetic fraction amounted to 12,9 x 10"3cmVg whereas, for the fraction 
larger than 25 ji.ii, the magnetic susceptibility of the magnetic fraction was 1,5 x 10"3 em'/g. The magnetic 
susceptibility of the non-magnetic fraction after scalping was 9,8 x 10"*cm3/g. It can be seen that the 
magnetic susceptibility of uranium tailings resulting from the cyanidation of gold is determined primarily 
by the presence of ferromagnetic impurities in the fraction smaller than 25 pm; hence, scalping would be 
expected to be most beneficial for this fraction. Upon inspection after scalping, the magnetic fraction was 
found to contain large numbers of wood chips, which represent the major cause of blockage of the matrix1. 
The magnetic susceptibility of the wood chips was found to be l,0x 10"'cm'/g. 
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The presence of entrained steel grains from the mill is most probably the main reason for the high 
degree of magnetism observed in the wood chips. 

The effects of scalping on the metallurgical performance of sample J630 and of its respective fractions 
smaller than and larger than 25 fim are summarized in Table 3, where the results are compared with those 
for the urscalped sample. 

It can be seen that scalping reduces the mass yield into the magnetic fraction from the full sample 
by about 30 per cent, improves the grade of the magnetic fraction by about 23 per cent, and reduces the 
recovery slightly. The effect of scalping on the fraction smaller than 25 pm follows a similar pattern. As 
expected, the fraction larger than 25 /im is unaffected. 

Table 4 illustrates the effect of scalping for various size fractions of sample J630. It can be seen that 
scalping improves the grade for the fine fractions up to between 75 anJ 53 /tm, whereas the effect is negligible 
for the coarser fractions. 

The results also imply that the recovery does not increase for the fine fractions, and that it drops for 
the coarse fractions. Scalping reduces the mass yield into the magnetic fraction for all size fractions. Both 
tables indicate that the behaviour is essentially the same for both the matrices used (balls and mesh 10). 

TABLE 3 
The effect of scalping on sample J630 on a matrix of SS304 at 1,2 T 
Magnetic induction 1,1T 
Flowrate 6,2cm/s 

Sample Matrix 

Not scalped Scalped 

Sample Matrix 

Mass 
yield of 

mag. 
It 

u,o, 
grade of 

mag. 
g/t 

u,o. 
recovery 

It 

Mass 
yield of 

mag. 
It 

UjO, 
grade of 

mag. 
g/t 

UjO, 
recovery 

It 

Full 
sample 

Balls 
Mesh 10 

10,0 
11,5 

838 
740 

53,8 
56,5 

6,6 
8,4 

1031 
912 

46,4 
53.7 

Fraction 
<25j»m 

Balls 
Mesh 10 

4,0 
7,4 

1140 
1012 

25,7 
35,6 

4,3 
5,6 

1346 
1217 

28,9 
34,7 

Fraction 
> 2 J ^ m 

Balls 
Mesh 10 

9,1 
9,6 

897 
824 

76,2 
74.5 

8,4 
9.5 

911 
842 

69,3 
76,0 

Mag. = Magnetic fraction 

TABLE 4 
The effect of scalping on size fractions of sample J630 on a matrix 

ofSS304at 1,2 T 
Magnetic induction 1,1T 
Flowrate 6,2cm/s 

Fraction 
sim Matrix 

Not scalped Scalped 

Fraction 
sim Matrix 

Mass 
yield of 

mag. 

u,o, 
grade of 

mag. 
g/« 

u,o, 
recovery 

1% 

Mass 
yield of 

mag. 
It 

u,o, 
grade of 

mag. 
g/t 

UjO, 
recovery 

<25 Bails 
Mesh 10 

4,0 
7,4 

1140 
1012 

25,7 
35,6 

4,3 
5,6 

1346 
1217 

28,9 
34,7 

>25<53 Balls 
Mesh 10 

7,6 
8,5 

1523 
1439 

69,5 
70,1 

7,4 
9,7 

1583 
1394 

/0,8 
81,5 

>53<75 Balls 
Mesh 10 

9,1 
10,5 

1255 
1143 

79,7 
78,8 

8,5 
9,2 

1319 
1388 

77,8 
77,4 

>75<I06 Ball» 
Mesh 10 

9,4 
10,2 

913 
864 

80,5 
84,5 

8,7 
9,9 

967 
887 

74,2 
81,6 

>106<I50 Balls 
Mesh 10 

8,2 
8,2 

518 
813 

73,1 
76,7 

7,6 
8,0 

569 
527 

68,1 
66,5 

>I50 Balls 
Mesh 10 

9.6 
13,8 

401 
417 

63,0 
72,0 

8,8 
8,3 

436 
48S 

52,5 
54,3 

Mag. - Magnetic fraction 
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4. CONCLUSIONS 
Extensive experimental work done in the search for an optimum matrix for the recovery of gold and 

uranium from weakly magnetic, finely ground leach residues has shown that the basic rules of matrix 
optimization are no: applicable in the selection of a matrix configuration. The size of the matrix elements 
and the porosity of the matrix should be such as to guarantee that the maximum recovery and grade will 
be obtained simultaneously. The optimum ratio of wire diameter to mesh aperture has to be determined 
experimentally but, in most applications in which the magnetic fraction is the useful product, it shouM 
be in the range 100 to 300. Although this ratio will probably be lower in filtration applications, where the 
'brute force' approach is usual, coarse matrices perform equally well, and the operator is rewarded by higher 
permissible matrix loading and better resistance to blockage. Mesh 10 was found to give the best results, 
not only in the recovery of uranium and gold, but in other applications where the particles are even finer 
and less magnetic. Also, this matrix has a v.iy low degree of mechanical entrapment. 

It was shown that, for the most promising matrices (balls, mesh 10), the reduction of the matrix height 
from 200 to 175 mm would bring about a negligible reduction in recovery. However, the mass of the magnet 
and the input power to the magnet would be appreciably lower, and clogging problems would be alleviated. 
It has been demonstrated that an increase in matrix loading has an unfavourable effect on recovery, 
particularly for a ball matrix, whereas the grade rises irrespective of the size of a matrix. 

A comparison of woven-mesh matrices with matrix elements of various diameters and various apertures 
showed that there are values for these parameters at which the optimum performance of a separator c?n 
be achieved. 

Under the experimental conditions used, the metallurgical performance of a matrix is not affected by 
its saturation magnetization in a wide ange of values. Even a matrix of paramagnetic steel can give acceptable 
results, but at the expense of a higher background magnetic field. 

A paramagnetic matrix is useful for the removal of strongly magnetic impurities, thus appreciably 
improving the grade of the magnetic concentrate. 

The choice of matrix for a magnetic separator is of paramount importance to the efficiency of 
concentration of valuable minerals in low-grade ores and tailings. However, experimental search is the only 
approach available, since theoretical analysis of the problem does not offer any guidelines and can often 
give misleading information. Extensive theoretical and experimental investigation is needed before this 
important problem can be elucidated. 
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