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This invention relates to a process for separating par-
ticles of solid material into {ractions according to specific
gravity in which the coarser particles are separated by
means of a separating suspension of magnetisable particles
whereas the finer particles are separated by means of a
liquid of lower specific gravity, such as water.

In such a system the coarser particles may be separated
in a washbox by means of the float-and-sink method or
in cyclone washers. For recovering and regenerating the
separating medium used in this separating step it has been
proposed to rinse the separated fractions on screens to
remove adhering magnetisable suspension particles and to
feed the thus obtained diluted suspension to a magnetic
separator to separate the magnetisable particles from the
non-magnetisable particles and the bulk of the water.
The magnetisable particles are returned for re-use in the
separator, whereas the non-magnetic fraction, after being
freed from the solid non-magnetisable particles, is used
as rinsing water on the rinsing screens.

The finer particles are separated by means of jigs,
launders, froth flotation or similar devices. The water
leaving the separated fractions is separated therefrom
and after being clarified in settling cones returned for
re-use in these devices.

It is the object of the present invention to provide an
improved process in which both separating steps are com-
bined in such a way that the costs of treatment and
apparatus are reduced.

Accordingly, the present invention provides a process
for separating particles of solid materials into fractions
according to specific gravity, which comprises screening
the particles to be separated into a coarse fraction and
a fine fraction, separating the coarse fraction by means of
a separating suspension of magnetisable particles and
separating the finer fraction by means of a liquid of lower
specific gravity, rinsing the separated coarse particles on
rinsing screens to remove adhering magnetisable particles,
supplying the diluted fraction obtained as a result of such
rinsing to a magnetic separator, returning the magnetic
fraction obtained from said magnetic separator to the
separating means for the coarse material, supplying the
non-magnetic fraction obtained from said magnetic sepa-
rator to the separating means for the finer fraction, de-
watering the separated finer fractions, and feeding water
obtained from said dewatering step and clarified partly.
or as a whole to the sprayers above the rinsing screens for
the separated coarser fractions.

In this way no separate rinsing water circuit for rinsing
the coarser separated products is necessary. The rinsing
water is now obtained from the separating step for the
fines, passed through the rinsing screens and after removal
of the magnetisable particles returned to the separating
step for the fines. In known methods thickeners or
similar devices have been applied to remove from the
rinsing circuit the fine non-magnetic particles which are
present in this circuit due to breakage of the separated
material and defects of the initial screening of the raw
material. As the non-magnetic fraction is now returned
to the separation step for the fines this removal of fine
particles may be dispensed with. The losses of mag-
netisable material are very low because of the high ef-
ficiency of the magnetic separators used for cleaning
suspensions of magnetisable material. These losses may
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be kept down to a minimum by arranging a second mag-
netic separator in series to remove from the non-magnetic
fraction of the first magnetic separator the magnetisable
particles which may be still present therein.

In known processes the initial screening of the raw
material into a coarse fraction and a fine fraction is ef-
fected by wet-screening. For this purpose a certain
amount of water is sprayed on the classifying screen. It
is now a further object of the invention fo eliminate this
additional amount of water. To this end according to
the invention the non-magnetic fraction obtained from the
magnetic separator may be supplied to the classifying step
in which the raw material is separated into a coarse and
a fine fraction. The diluted non-magnetic fraction from
the magnetic separator now first serves for classifying the
raw material and subsequently as separating medium in
the separation step for the fines.

The invention will be further explained with reference
to the accompanying drawings in which embodiments of
the invention are illustrated by way of example.

FIG. 1 represents a flow-sheet of a coal washery treat-
ing coal up to a particle size of 7 and FIG. 2 represents
a flow-sheet for a coal washery treating coal up to a

. particle size of 15",
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Referring now to FIG. 1 raw coal having a particle
size from 0 to 7' is supplied at A to a screen 1 having a
size of mesh of 78", where it is wet-screened by supplying
a liquid medium through sprayers 2. The throughput of
the screen is collected in a tank 3 from where it is sup-
plied to a jig washer 4. The shale particles separated in
the jig washer may be removed by means of for example
bucket elevators 5, which both remove the shale and
dewater it. The washed fine shales are discharged at B.
The washed fine coal is dewatered on screen 6 and dis-
charged at C. The underflow of screen 6, which consists
of water and fine coal of e.g. from 0-%4 mm., is collected
in a tank 7 from which it is supplied to a settling cone 8,

At the bottom of the settling cone 8 a thickened sludge
is discharged at D. The clarified overflow of the cone is
partly returned by means of a pump 9 through a conduit
10 to the jig washer.

The overflow fraction from screen 1, comprising the
raw coal particles from %" to 7, is introduced into a
float and sink separator 11, which is filled with a magnetite
suspension of the required specific gravity., The coal
which floats in the separator is discharged onto a screen
12, where it is rinsed with clarified water supplied through |
sprayers 13 to wash off the adhering suspension particles.
This clarified spraying water is obtained from the over--
flow of the settling cone 8 and is supplied to the sprayers
by means of pump 9 through conduif 14. The separated
coal is discharged at E, whereas the diluted suspension is
collected in a tank 15 disposed beneath the screen 12,

The separated shale is discharged onto a screen 16 and
rinsed off by clarified water supplied through sprayers 17,
The washed shale leaves the system at F, whereas the
diluted suspension is collected in a tank 18§ disposed under-
peath the screen 16. The diluted suspension from the
tanks 15 and 18 is fed to a receiver 19 from where it is
pun;;;ed by means of a pump 26 to a magnetic separa-
tor 21.

From the magnetic separator a concentrated magnetic
fraction is obtained which is returned to the float and sink
separator through a conduit 22. The non-magnetisable
fraction obtained from the magnetic separator, compris-
ing the fine non-magnetisable particles and the bulk of
the water is supplied to the sprayers 2 above the classify-
ing screen 1 through a conduit 23.

In the case the raw material is classified on a dry screen
the non-magnetisable fraction is supplied directly to the
fine washing system, as indicated by the dotted line 24
in FIG. 1.
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The specific gravity of the suspension in the float and

sink “separatoris controlled by ‘means of acortrol device”

25 of known design. If the density in the separator falls
below a preset value, it is automatically adjusted by open-
mg a'valve'26, so'that a higher proportion of the suspen-
sion'in the sgparator 11 is circulated through the magnetic
separatot 21, If the density in the separator is too high,
a valve 27 is adjusted to supply clarified water through
conduit 28 into the separator.

In the flow-sheet according to FIG. 2, raw coal having
a particle size of from 0 to 32’ is fed with water at A
onto a curved screening deck I’ where it is deslimed by
the method described and claimed in U.S. Patent No.
2,916,142, issued December 8, 1959. The slots between
the bars of this screen may have a width of e.g. 0.5 mm.,
so that the throughput of these screens, which is collected
in a tank 3, comprises the particles up to a size of 0.25
mm. These slimes are supplied to a froth flotation plant
4", Clean fine coal particles are discharged at C, whereas
the tailings of the froth flotation machines are supplied to
a flocculating tank 8, where the fine shale particles settle.
These particles are dlscharged atD.

The overflow of the screening deck 1 is fed into a ves-
sel 29 from where it is introduced together with a mag-
netite suspension of the desired specific gravity into a
cyclone washer 11”.

In this hydrocyclone the mixture is separated 1nto a
fraction of washed coal, which together 'with some of the™
magnetite suspensmn leaves the hydrocyclone through the.
outlet opening in its wider end (the “overflow outlet”), =

and a fraction of washed shales, which issues from the

hydrocyclone, likewise together with some of the mag-

netite suspension, through the opening in its apex.

The washed coal is wet screened on a curved bar screen
30. The undiluted underflow of this screen is received
in a tank 31 and the overflow is passed across a v1brat1ng
screen 32. The undiluted underflow of this scréen is re-

ceived in a tank 33 and the overflow is passed across a .

vibrating screen 12" on which the washed coal is rinsed
with the clarified overflow of the flocculation tank 8’
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The magnetite fraction separated by the magnetic
separator is retuined throtigh a conduit 22" to the mixing
vessel 29, suitable amounts of water being added thereto
to adjust the specific grav1ty to the required value. The
non-magnetic fraction is supplied through a conduit 23
to the infeed of the curved barscreen 1’.

1t will be understood. that the invention is not restricted
to the systems described above because other modifica-
tions may be adopted without departing from the scope
of the invention.” According to one such moditication the
coarse shale fraction may be crushed and rewashed in the
washing system for the fine fraction or the coarse fraction

. may be separated into three fractions, of which the mid-
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supplied by pump 9’ through ‘sprayer 13’, in order to re-

move adhering suspensmn partlcles The diluted suspen-
sion from the rinsing screen 2’ is collected in a tank 15’
The washed coal'is discharged at E.

The washed shales are wet screened on a curved bar

screen 34. The undiluted underflow of this screen enters

a tank 35, whereas the overflow is passed across a vibrat-
ing screen 36. The undiluted underflow of this screen is
received in a tank 37 and the overflow is passéd across a
vibrating screen 16" on which the washed shales are rinsed
with the clarified overflow of the flocculation tank 8’
through sprayers 17’. The diluted suspension. from the
rinsing screen 16’ is collected in a tank 18’. The washed
shales are discharged at F.

The undiluted suspension collected in the tanks 31 33,
35 and 37 is led to a tank 38 from which it is pumped
by means of a pump 39 to the vessel 29 in which the mix-
ture to be separated is introduced.

The diluted suspension collected in tanks 15" and 18’ is

led to a tank 19’ from which it is pumped by means of a -

pump 20’ to a magnetic separator 21",
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dling fraction after being crushed is retreated in the
washing system for'the fines.

Instead of a froth flotation plant as described with
reference to FIG. 2 other devices may be used for separat-
ing the fines, such as launders. As a further alternative
the slimes obtained from the desliming step may be thick-
ened in cyclones, Spitzkasten, or the like before being
subjected to further tredtment and the water obtained
from this thickening operation may be supplied fo the
rinsing screens for the coarse fractions. )

‘Though the invention is of particular advantage in the
cleaning of coal, it may also be applied in' other connec-
tions such as the dres’sing of ores.”

What is claimed is:

1. A process for separatmg partxcles of solid materials
1n;o fractions according to specific gravity, which com-
prises screening the particles to be separated into a coarse
fraction and a fine fraction, separating the coarse fraction
by means of a separating suspension of magnetisable par-
ticles and separating the finer fraction by means of a
liquid of lower specific gravity than the specific gravity
of said separating suspension, rinsing the separated coarse
particles on rinsing screens to remove adhering mag-
netisable particles, supplying the diluted fraction obtained
as a result of such rinsing to a magnetic separator, return-
ing ‘the magnetic fraction obtained from said magnetic
separator to the separating means for the coarse material,
supplying the non-magnetic fraction obtained from said
magnetic separator to the separating means for the finer

fraction, dewatering the separated finer fractions, and

feeding water obtained from said dewatering step at least
in part to the sprayers above the rinsing screens for the
coarser separated fraction.

2. A process according to claim 1, in which the non-
magnetic fraction obtained from the magnetic separator is
supplied to the classifying step in which the raw material
is separated into a coarséand a fine fraction.

3. A process according to claim 1 wherein the feeding
water obtained from said dewatering step is also fed to
the separating means for the finer separated fraction.

References Cited in the file of this patent
UNITED STATES PATENTS

2,692,048 = Davis Oct. 19, 1954
2,693,878 Driessen o ceimocicme e Nov. 9, 1954
2,835,384 Tromp ——_.- S, May 20, 1958
2,860,782 ° Fontein e Nov. 18, 1958

¥ham,



