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1. Introduction

Fifty years of the JONES WHIMS
magnetic separator prompted huge
changes in the mining landscape world-
wide. The core element of this equip-
ment and key factor for its operational
success is its magnetic matrix — made
up of grooved stainless steel plates. This
matrix has advantageously replaced the
various types of matrices, such as steel
balls, steel sponges, expanded plates
etc. Among its several advantages, the
matrices with grooved plates allow the
free flow of the slurry through its chan-

Figure 1 - The new offset
grooved plate, model SUPER BigFLUX®.
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The Magnetic separation of ultra-fine ore particles has always posed a chal-
lenge to the JONES/WHIMS process. Despite many advances in this technology,
no effective improvement has been made to its core component: The Magnetic
Matrix. The current approach to separate ultra-fine particles teaches that the gap
of the matrix and its teeth size must be smaller than usual in order to accommodate
the small size of the particles. However, practice proved this approach to be far from
ideal. The closing of the gap between grooved plates, whose teeth are smaller, drasti-
cally reduces the flow area, reduces the feed capacity, and makes the matrices prone to
clogging. In addition, smaller teeth reduce the magnetic field and its gradient, leading
to poor results with ultra-fine ore particles. This research proves that bigger teeth are
better suited for high intensity magnetic separation of ultra-fines because they avoid
matrix clogging thanks to the larger slurry flow area. Additionally, bigger teeth am-
plify the magnetic field “Bmax” and increases the magnetic gradient “Grad (AB /AX)”.
The positive results of this new “BigFLUX Matrix” technology, are being displayed in
several mining operations worldwide, increasing metallurgical recovery and producing
high quality concentrates and low iron content sand from iron ore tailings.
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nels without obstacles, and additionally
introduce the precise adjustment of the
distance between the teeth of the plates,
universally called "Gap".

The technical publication
(SVOBODA, 2004; JONES, 1967)
describes Jones magnetic separators in
detail. The JONES/WHIMS have been
improved in many ways, but with re-
gards to the grooved plates invented by
Prof. Jones, the core matrix component,
no significant improvement has been
done so far. The purpose of this publica-
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tion is to present recent developments in
magnetic matrices that led to the use of
the new BigFLUX Matrix technology.
The core of this technology relies
on the development of new grooved
plates with bigger teeth sizes, whose
grooves on each side must be offset to
accommodate the new teeth dimensions
while keeping the stainless-steel plate
thickness. This new offset grooved
plate is displayed in Figure 1 and can
be compared with the common back-
to-back teeth plate in Figure 2.

Figure 2 - The Old 8R common
grooved plate with back-to-back teeth.
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2. Previous Works on Grooved Plates to Improve the JONES WHIMS

As mentioned, many years had
passed without advances in the WHIMS
magnetic separator matrices. This was
changed in 1991, with the publication
of the article "Recent Developments in
the Separation of Feebly Magnetic Ma-
terials" (Wasmuth & Unkelbach, 1991).

This article proposed a direct rela-
tionship between the particle size and
the teeth size of the grooved plate,
concluding that: Ultra-fine Particles
should be processed with Smaller
Teeth on the matrices.

The outcome of this approach,

wherever it was tried, was clogging and
lowering production capacity of the
magnetic separator due to the smaller
area (reduced by smaller teeth), and
also had poor concentration perfor-
mance due to the lower magnetic field
and gradient.

3. Larger Teeth as a Key Factor in Increasing Magnetic Attraction Forces and Improving Ultra-fine Particle Separation

For the separation of ultra-fine
particles, the magnetic field must be
increased, and this is usually done by
reducing the gap of the matrices. Reduc-
ing the gap without impairing the slurry
flow can be achieved by increasing the
teeth size, which also has the positive
effect of increasing the magnetic field
and its gradient. This amplification ef-
fect can be understood with the help of
Figures 3(a, b, ¢).

Figure 3(a) shows a magnetic circuit
with two flat-faced steel plates that are sep-
arated by an air space called gap. As can
be seen, field lines pass through this gap,
forming uniform and homogeneous field
lines (resulting in no magnetic gradient).
In order to amplify the magnetic field of
such a magnetic circuit, the flat-faced
plates can be replaced by plates with
triangular grooves as shown in Figures 3(b)
and 3(c). The high magnetic permeability of

the steel triangles (teeth) concentrates and
makes the magnetic field stronger at the
triangle tips, facing each other, forming a
bridge of field lines. However, the degree
of the amplification depends on the triangle
(teeth) size : the smaller ones ( Figure 3(b))
create more bridges for the field lines to cross
than bigger ones ( Figure 3(c)), leading to a
smaller magnetic field and smaller gradient
on the circuit of Figure 3(b) than the one in
Figure 3(c).
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Figure 3 - Bigger teeth increasing field and magnetic gradient.

4. Bigger Teeth with Smaller Gaps: A New Concept for Separate Ultra-fine Particles

The concepts disclosed so far are
outlined in Figure 4(a,b), in which the
old rule for separating ultra-fine particles
is compared with this new approach. In

Small Tooth Size

Figure 4(a), the teeth are smaller, the
intensity of the magnetic field and the
magnetic gradient are lower, and the
slurry flow area is smaller; meanwhile

Slurry Flow Areas

in Figure 4(b), the teeth are large, the
magnetic field and magnetic gradient
are higher and the slurry flow area is
also significantly larger.
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Figure - 4 (a, b): Previous concept (a) and proposed concept (b) to separate ultra-fine particles.

This new technology has the following advantages:

1. There is a stronger magnetic attraction force to overcome the hydrodynamic drag which is the main competing force for
ultra-fine particles around 50 microns according to Stokes (Svoboda, 2004).

2. Reduction in the probability of clogging;

3. Greater efficiency of the washing sprays, improving quality;

4. Easier cleaning of the matrix in case of eventual clogging;

5. Higher volumetric feeding capacity allowing greater production;

6. Possibility to feed slurries with low solids content and improve selectivity.
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5. Comparison of BigFLUX Matrix Types with the Old 8R Common Model

The BigFLUX Matrix family
(Figure 5) is composed of several types,
each type with a corresponding mul-
tiplying factor for the available slurry

Figure 5 - The Old Common
Matrix compared to four BigFLUX types.

flow area, taking the old 8R common
matrix flow area as reference. Four
types of BigFLUX matrices are presently
available: Standard BigFLUX (area twice

AMF

Area
Multiplying
Factor

6. Modeling Grooved Plates with the EMS Software

The greater magnetic efficiency of
the Offset grooved plate in comparison
to the back-to-back teeth plate was
demonstrated using the ElectroMagnet-
icWorks (EMS) software, as shown in

Figure 6(a) and Figure 6(b). Each matrix
model was simulated with the 4.5 mm
teeth in the grooved plates, both at 1.1
mm gap and magnetized at the same
9,000 Ampere x Turns. The magnetic
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as large), Super BigFLUX (Area three
times larger), Mega BigFLUX (Area Five
times larger) and Giga BigFLUX (Area
seven times larger).

efficiency (coil energy converted to
magnetic field induction) at the matrix
tips, making use of the offset design,
increased by 15.2 % compared to the
back-to-back old plate model.

Figure - 6: (a) Grooved plate with back-to-back teeth, (b) Offset grooved plate opposite teeth.

7. Conclusion

The new BigFLUX matrices, with
the offset magnetic plates, make it pos-
sible to use small gaps (industrial applica-
tions already in place using gaps as small
as 0.5 mm, (half mm) thanks to their
wider flow areas. These technical ad-
vances in High Intensity Magnetic Sepa-
ration are already successfully applied
in several mines and have opened a new
field of research to raise the efficiency of
concentration plants to a higher level.

The need to reduce the volume of tailings
as much as possible, eventually turning
them into marketable products like the
Iron Sand, led to the research of new
solutions capable of meeting these goals.
And finally, a new concept is established:
ultrafine particles must be separated with
smaller gaps and larger teeth grooved
plates, making use of the new offset mag-
netic matrix design. The performance of
the JONES WHIMS equipped with these
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BigFLUX matrices has been increased to
higher levels never reached before. So,
it is highly recommended that any prior
test work of the JONES making use of
the old common matrices 8R to compare
performance with competing equipment
should be repeated, making use of the
new BigFLUX matrices. This procedure
will benefit Process Engineers with the
advances described here and avoid er-
roneous decisions.
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