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The principle of action of the barrier separator for beneficiation of coarse weakly
magnetic ores is described. New data of laboratory-scale investigations of beneficiation
of manganese ore and mineral sands are introduced. The results of tests in the
Volnogorsk State Mining and Metallurgical Plant (VSMMP) show high technological
effectiveness and reliability of the experimental separator.
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INTRODUCTION

High-intensity magnetic separation (HIMS) of weakly magnetic ores
in roll and rotary magnetic separators includes attraction of magnetic
particles at rolls or at grooved ferromagnetic plates and continuous
removal of the attracted particles from the zone of a strong magnetic
field for their further discharge in the magnetic product. In order to
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facilitate this removal, the separators are equipped with complex and
expensive rolls or rotors, drives and bearings. The utilization factor of
the magnetic circuit of such separators is low because a considerable
part of space between the poles is used only to transport magnetic par-
ticles from the zone of their attraction to the zone of their discharge. A
considerable part of the total electrical power input into the separators
is used not for the recovery of magnetic particles, but to rotate the rolls
and rotors. For example, input power of the roll drives is 60-70% of
the total input power of the separator [1]. The cost of these revolving
devices, drives and bearings is more than 50% of total cost of a separa-
tor. In the case of a roll separator the material to be separated moves
in narrow gaps between surfaces of the poles and rolls, which revolve
with high velocity. It leads to intensive abrasion of the rolls by coarse
material. This results in a change of their shape and further inevitable
reduction of recovery of magnetic particle.

These disadvantages are absent in the barrier magnetic separator.
Originally Frantz [2] developed such separator in the USA in 1936. It
is a well-known laboratory-scale isodynamic separator. T. Wellington,
the former President of S.G. Frantz Co., Inc, tried to develop this
separator for industrial application. He did not succeed to remove
the main obstacle, namely the clogging of the channels by magnetic
particles, which are attracted to the walls. The barrier separators
proposed by others as well as our own previous work failed to find
industrial application for the same reasons. Nevertheless, the accumu-
lated knowledge allowed us to find a possibility to overcome the main
disadvantage of the barrier separators. The results of laboratory-scale
investigations of such a method and industrial tests of the experimental
barrier separator are described in this article.

EXPERIMENTAL SECTION

Design and Principle of Action of the Laboratory-scale Barrier
Separator

A barrier magnetic separator consists of a magnetic circuit and
inclined channels, which are placed in a gap between poles. The
walls and bottoms of the channels have smooth surfaces. There are
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no mechanical obstacles in the way of movement of the separated
material in the channels. Thanks to a special inner structure of the
walls, the gradient of the magnetic field is directed from the bottom
perpendicularly towards a stream of the separated material which
moves inside of the channel. The region where the product of the mag-
netic field intensity and the gradient of the intensity is the greatest is
positioned above the bottom and extends along its entire length.
This is the region of the magnetic barrier. Magnetic forces of the mag-
netic barrier prevent magnetic particles from passing through this
region towards the bottom of the channel under the action of gravity.

Figure shows a vertical longitudinal section of channel 1. It is
mounted between poles 2 of the magnetic circuit of the separator.
Material 3 to be separated is fed into channel above the region of
the magnetic barrier 4 (a gray line) along its length. Non-magnetic
particles 5 pass through the magnetic barrier onto the bottom of the
channel and slide down into bin 6 for the non-magnetic product.
Magnetic particles 7 cannot penetrate the magnetic barrier and are
not attracted to the walls of the channel. That is why they slide down
above the magnetic barrier into the magnetic product bin 8. Thus,
thanks to the magnetic barrier a stream of magnetic and non-magnetic
particles is separated.

6

7

2

FIGURE Schematic diagram of the matrix of the barrier separator.
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Figure 2 illustrates a distribution of the magnetic field intensity B
(curve 1) in a plane of the vertical longitudinal section of the channel.
Such a distribution takes place if the magnetic field intensity on the sur-
face of the ceiling of the channel is 0.83 T. Growth of the field intensity
in the direction from the bottom to the ceiling of the channel results in
the existence of the gradient of the field intensity (grad B). The product
of the magnetic field intensity and the gradient of the field intensity
BgradB (curve 2) has a maximum. A region of this maximum is the
region of the magnetic barrier. In our example BgradB is equal to
12.6 Ta/m. It means that particles with specific magnetic susceptibility
200 x 10-8 m3/kg will be supported in the air by the barrier specific mag-
netic force, which is equal to 20 N/kg or to twice the force of gravity.

Magnetic particles differ from each other by their magnetic suscept-
ibilities. That is why they are dispersed under the action of magnetic
forces along the height of the channel above the magnetic barrier.
Particles, that have a higher magnetic susceptibility, move along
magnetic barrier in the upper level of the flow. They do not bear on
the lower particles. All of them float in the flow independently of
each other, as they are supported by magnetic forces.
The non-magnetic particles begin to move down under the action of

gravity as soon as they enter the separation channel. This movement
takes place inside the suspended flow of magnetic particles.
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FIGURE 2 Distribution of magnetic field intensity B and B gradB along height of the
channel Bf-- 0.8 T.
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Laboratory-scale Investigations

Effectiveness of the process of barrier separation of manganese ore
and mineral sands has been investigated. The laboratory-scale separa-
tor has a single channel, which is inclined at an angle 30 with vertical.
In all experiments the particles with increased magnetic susceptibility
were removed from the sample of a material to be separated by scalp-
ing at low field intensity (0.2 T). The mass yield of the magnetic
product was 0.7 to 1.5%. Subsequently the material was treated in
two stages of the barrier separation. The non-magnetic product
from the first stage was separated in the second stage.

Separation of the Manganese Ore

A sample of the manganese ore in the size range 4mm was treated in
two stages of wet magnetic separation. The matrix had one channel
13 mm wide which is formed by walls 12mm wide. The manganese
ore was fed into the channel at the feed rate of 20 g/s. It corresponds
to a throughput of 3.0 t/h per m of the pole width of an industrial
separator. An information about achieved results is in Table I.
The data show that the laboratory scale barrier separator, having

13 mm wide channel produces a high grade concentrate 42.4% Mn at
high recoveries of manganese in the magnetic product (96.0%) and
of free quartz in the non-magnetic product (72.8%). The scalping mag-
netic separation completely excluded accumulation of particles of
increased magnetic susceptibility on the walls of the channel.
The barrier separator allows to treat even very coarse ores at high

capacity. For example, carbonate manganese ore in the size range

TABLE The results of wet separation of the manganese ore

Stage of Magnetic flux Products of
separation density (T) separation

The results of separation %
, Mn Si02 eMn eSi02

1st 0.75
2nd 1.25

Feed 100.0 32.6 28.7 100.0 100.0
Magnetic 49.0 42.7 9.8 64.3 16.7
Magnetic 24.8 41.7 12.2 31.7 10.5

Sum magnetic 73.8 42.4 10.6 96.0 27.2
Non-magnetic 26.2 5.01 79.8 4.0 72.8

where , is the mass yield into a product; Mn and SiO2 are the concentrations of
manganese and free quartz in a product; eMn and esio2 are the recovery of manganese
and free quartz respectively in the separation products.
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10 + 6mm was treated in two stages of dry separation. The width of
the channel was 26 mm. The ore was fed into the channel at the rate of
230 g/s and the mass yield into the magnetic product was 52%. The
specific throughput of an industrial separator would thus be 18.0 t/h
per m of the pole width.

Separation ofMineral Sands

A flowsheet of the Volnogorsk Plant VSMMP includes gravity
concentration of mineral sands and subsequent separation of heavy
minerals from the gravity concentrate using successively high-tension
and high-intensity magnetic separation. The conducting fraction of
the high-tension separation includes magnetic ilmenite and non-
magnetic rutile. The effectiveness of barrier magnetic separation of
this conducting fraction was investigated. The width of the channel
was 10mm. Material to be separated was fed into the channel at a
rate of 17 g/s. The specific throughput of an industrial separator will
be in this case 3.0 t/h per rn of the pole width.
The achieved results are shown in Table II.
The laboratory-scale barrier separator exhibits a low loss of the non-

magnetic rutile in the magnetic product. The futile concentration in the
magnetic product of the barrier lab-scale separator is only 0.73%, in
comparison with 3 to 4% in the ilmenite concentrate of the roll separa-
tors of the VSMMP beneficiation plant. The recovery of ilmenite
and ilmenite concentration in the magnetic products are by 6 and
1%, respectively, higher than that achieved by the induced magnetic
roll separator. As in the case of the manganese ore, the scalping
magnetic separation completely eliminated accumulation of particles
of increased magnetic susceptibility on the walls of the channel.

TABLE II The results of dry separation of the conducting fraction of mineral sands

Stage of Magnetic flux Products of The results of separation %
separation density (T) separation

F Rutile Ilmenite ru tit

Feed 100.0 23.6 66.4 100.0 100.0
1st 0.75 Magnetic 51.8 1.89 94.2 4.1 73.5
2nd 1.25 Magnetic 18.1 0.85 94.0 0.7 25.6

Total magnetic 69.8 1.62 94.2 4.8 99.1
non-magnetic 30.1 74.5 1.9 95.2 0.9

where eru and Eil are the recovery of rutile and ilmenite respectively in the separation
products.
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An Industrial Test of the Experimental Barrier Magnetic Separator

The process of barrier separation takes place in inclined matrices as
shown in Fig. 3. Each matrix consists of an array of the aforesaid
channels. The matrices are placed between pole pieces 2 and horizontal
bridge bars 3 (Figs. 3 and 4) of the magnetic circuit. Each matrix has
25 channels per 500mm pole width. Dimensions of the channel are
10 mm width and 220 mm length.
There are two induced scalping rolls 4 placed above the matrices.

They are used to remove particles of increased magnetic susceptibility.
Diameter of each roll is 100 mm and the roll has a serrated profile. The
magnetic field is induced by coils 5 and supplied to the rolls via ferro-
magnetic plates 6.
The material to be separated is directed from feeder 7 into the gap

between the roll and the ferromagnetic plate. The magnetic field
intensity in the gap is 0.3 T. Streams 8 of particles of higher magnetic
susceptibility are thrown off the rolls into the magnetic product. The
rest of material is introduced into the channels of the matrix for the
barrier separation. Any of the obtained streams of particles, magnetic
9 or non-magnetic 10, can be directed if necessary for further treatment
at the next lower level of the barrier separator. The stream of magnetic

Feed
6" 7 4

FIGURE 3 The schematic diagram of the barrier separator.
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FIGURE 4 The principal view of the experimental barrier separator.

particles in our example is removed as the magnetic product, whereas
the stream of non-magnetic particles is directed for further treatment.
The non-magnetic particles move along chutes 11 (Fig. 4) from the
upper level of separation to the lower one.
A picture of streams of magnetic particles, which flow out of chan-

nels, can be seen in Fig. 5. Every channel has two streams, which are
pushed under the action of the horizontal component of the magnetic
force between channels to the walls of the partitions 12.
The test of the barrier separator took place in VSMMP. The

conducting fraction of mineral sands was treated. It included rutile
and ilmenite. The induced roll magnetic separators 2EVS of various
modifications treat this conducting fraction. Disadvantages of these
separators are the need to maintain the roll drives and high energy
consumption by their drives [1]. Typical technological indications of
commercial operation of 2EVS separators are shown in Table III.
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FIGURE 5 The view of the lower part of the matrix with jets of the magnetic product
outside of the channels.

TABLE III Typical technological indicators of the induced magnetic roll separators
2EVS

Average capacity Magnetic flux Products of
of one separator density (T) separation
(t/h/m)

The results of separation
, Rutile Ilmenite eu el!

2 1.2
Magnetic 65.78 3.91 91.3 9.2 97.3
Non-magnetic 34.22 76.63 4.91 90.8 2.7
Feed 100.0 28.8 61.73 100.0 100.0

The data show that the considerable cross-contamination of the
separation products is taking place in VSMMP. The rutile content in
the magnetic product is as high as 4% while ilmenite content in the
rutile concentrate is as high as 5%.
The test of the experimental barrier separator was carried out simul-

taneously with the test of a serial induced roll magnetic separator
2EVS-36/100, which was especially adjusted for this purpose. The
obtained technological results are shown in Table IV.
The data show that the technological results of the barrier separator

are better than those of the adjusted serial induced roll magnetic
separator 2EVS-36/100 provided the throughput of the barrier separa-
tor is equal to that of the roll separators, as operated in VSMMP. The
rutile content in magnetic product of the barrier separator is 0.82%,
which is by a factor of 2 less than the concentration in the magnetic
product of the roll separator. The ilmenite content of the magnetic
product of the barrier separator and the recovery of ilmenite in
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TABLE IV Technological results of comparative tests of the experimental barrier
magnetic separator and the induced magnetic roll separator 2EVS-36/100

Capacity Magnetic flux Products of The results of separation %
(t/h/m) density (T) separation y Rutile Ilmenite eru eit

The experimental barrier magnetic separator
1.9 0.8 Magnetic 69.7 0.82 93.34 2.7 98.2

Non-magnetic 30.3 67.21 3.87 97.3 1.8
Feed 100.0 20.94 66.23 100.0 100.0

3.0 0.8 Magnetic 60.0 3.0 89.76 7.2 97.9
Non-magnetic 40.0 57.85 2.89 92.8 2.1
Feed 100.0 24.94 55.01 100.0 100.0

A serial specially adjusted induced roll magnetic separator 2EVS-36/100
2.1 1.2 Magnetic 67.26 1.53 91.9 4.6 96.9

Non-magnetic 32.74 64.42 6.09 95.4 3.1
Feed 100.0 23.33 61.34 100.0 100.0

this product are also higher. The increase in the throughput of the
barrier separator by a factor of 1.5 results in the increase of the rutile
content of the magnetic product to 3%. In spite of this all indicators
of the barrier separator are better than average technological indicators
of the VSMMP.
Accumulation of particles of increased magnetic susceptibility in the

channels of the separator did not take place.

CONCLUSION

Industrial tests show that the barrier magnetic separator treats mineral
sands with satisfactory effectiveness. The separator is simple and is
easy to maintain. It allows to reduce power consumption by 60 to
70% compared to the induce electro-magnetic roll separators thanks
to the absence of drivers for rotation of rolls in a magnetic field of
high intensity.
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