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(54) Diamond separation

(57) Amethod and apparatus for separating diamonds from gangue in which discrete units of gangue are passed
through a beam of laser radiation 5 capable of causing Raman spectral activation. The scattered radiation is detected
6, 7 and caused to actuate an ejector 8 which separates units of diamond-containing gangue from units of
non-diamond-containing gangue. The units of diamond-containing gangue are then collected together. Preferably
optical fibres are used to collect the scattered radiation and conduct it, via a monochromator, to a diode-array

analyser.
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SPECIFICATION
Diamond separation

The present invention relates to a separation techni-
que and more particularly relates to the separation
of diamonds from associated waste material.

Diamond bearing ores unlike most other ores have
avery low ratio of dimaond to waste material
{known as gangue) and it can be as little as one to
several million. Further, the diamond must be reco-
vered undamaged from the gangue and the pre-
sence of diamond in ores is not easily determined by
chemical assay methods.

Diamonds occur in alluvial deposits or in kimber-
lite pipes. The ore is subjected to a series of
mechanical enrichment processes involving sieving,
crushing and density separation techniques to
obtain a concentrate containing the diamonds and
discarding the tailings or barren portion of the
gangue. The material is then sized into a number of
ranges by use of X-ray separators which detect the
fluorescence of the diamond (and a number of other
materials) causing an air ejection system to displace
the diamond bearing fraction from the stream of
material. The final selection of uncut diamonds is
then made by hand.

The present invention relates to a technique for
sensing diamond bearing material which is more
selective than previous techniques and which lends
itself to non-manual selection and thus enhances the
security of the operation.

Thus according to the present invention there is
provided a method for the separation of diamonds
from a diamondiferous ore or gangue comprising
the steps of (a) passing discrete units of gangue
through a beam of laser radiation capable of causing
Raman spectral activation, (b) detecting the scat-
tered Raman radiation by means of a detector, (c) the
detector being adapted to actuate means for separat-
ing discrete units of diamond containing ore from
the discrete units of non-diamond containing ore,
and (d) collecting the separated discrete units.

The invention also provides for concentrated
diamondiferous material to be recycled through the
separator at a different flow rate to enable further
separation of the concentrated gangue.

The invention also includes a separator suitable
for use in separating diamonds comprising a source
of laser radiation, means for passing discrete units of
diamondiferous ore or gangue through the beam of
the laser radiation, detecting means for detecting
scattered Raman radiation and means for separating
discrete units of high diamond content from the flow
of small diamond content gangue, the separating
means being triggered by the detecting means.

Preferably the detecting means comprises a diode
analyser which is linked to a spectrometer. Prefer-
ably a computer based assessor or microprocessor
decides whether the information received by the
detecting means results from the radiation imping-
ing on a diamond. The assessor is able to compare
the information with pre-determined values of say
the wavelength at which a spectral peak occurs, the
peak size and the level above the background
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scatter. Preferably the assessor actuator a command
system operating a separating means. The separat-
ing means preferably comprises an ejector capable
of emitting a blast of compressed gas capable of
displacing the discrete unit of gangue into an
adjacent collector. The use of a narrow laser beam
enables both large and small samples to be
analysed.

Conventional Raman spectrometers scan the scat-
tered light, each wavelength being observed and
measured sequentially. Using this scanning techni-
que requires a time of the order of minutes to
identify a specific substance such as a diamond. In
the present invention it is preffered to use a diode
array detectors linked to an optical system, the
arrays effectively comprising a series of detectors in
line. This enables a large portion of the spectrum to
be examined simultaneously and using this
approach, a sample containing diamond can be
identified in a time of the order tens of milliseconds
or even faster. It is also preferred to collect the
scattered radiation by use of an optical fibre system
thereby enabling the detector and analysis system to
be used remote from the diamond samples thereby
enhancing the security and convenience of the
separation process.

Although the method and separator are described
as being used for the separation of diamonds from
associated waste material, it is also envisaged that
other precious stone, minerals or the like could be
separated from associated material by the aforesaid
method and separator.

The invention will now be described by way of
example only and with reference to Figures 1 and 2
of the accompanying drawings.

Figure 1is a schematic diagram of a diamond
separator using the ore which has been partially
refined by use of conventional techniques such as
X-ray separation.

Figure 2 is a typical Raman spectrum from a
diamondiferous ore.

A bowl! feeder 2 contains diamondiferous ore or
gangue (of particle size 8 to 1.6 mm) which has
passed through an X-ray separator (not shown). The
ore contains quartz, feldspar, corundum, a range of
minerals which commonly inlcude magnetite, ilmen-
tite, garnets, epidates, zicron, calcite, kimberlite,
granite, dionite and schists in addition to diamonds.

A conveyor 1 capable of passing the diamondifer-
ous ore at a rate typically of about 6 cubic feet/day is
linked to the bowl feeder 2 and leads to a gate
separator 3 which is capable of dividing the con-
tinuous stream of ore into discrete units 4 for
analysis. A possible arrangement is to have the
conveyor in the from of a V-belt having a dimen-
sioned slit at its base which enables the particies to
be placed in a defined position for analysis.

A continuous wave argon ion laser capable of
delivering a high powered green (514.5 nanometers)
exciting line is arranged to direct radiation at the end
of the conveyor belt 1 so as to sample for diamonds
just prior to the discrete units 4 of ore falling off the
end of the belt 1. A collector 6 positioned behind the
sample and remote from the radiation source 5 is
capable of receiving the laser radiation scattered by
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the Raman effect. The collector 6 is linked {preferably
by an optical fibre system) to a detector diode array 7
and a spectrometer. The diode array/spectrometer is
capable of identifying a discrete unit comprising
diamond in a time of the order tens of milliseconds.
Atypical diamond spectrum is shown in Figure 2.

A compressed gas nozzle ejector 8 is located
adjacent to and pointing at the current discrete unit
being sampled. A microprocessor unit 9 linked to the
detection system is capable of triggering the ejector
8 displace the diamond rich discrete units from the
main ore stream into an adjacent collector 10.

The laser radiation may be taken to the conveyor
belt by means of a fibre optic coupler accessory. The
scattered Raman radiation is collected by a-second
fibre optic arrangement and is sent to the spectro-
meter. The collection optics housed within the
spectrometer are able to focus the Raman radiation
through the monochromater on to the diode array- -
detector.

During use, the ore passing from the bowl| feeder 2
onto the conveyor belt 1 is broken into discrete units
or samples by the gate separator 3. As each unit
reaches the end of the conveyor belt 1, laser
radiation from the source impinges on it and the
Raman scattered radiation is collected by the collec-
tor and detected by the diode array/spectrometer
arrangement. Scattering caused by the laser radia-
tion impinging on a diamond particle is sensed by
the diode analyser 7 which by action of a microp-
rocessor 9, causes a puff of compressed gas to
displace the diamond particle containing discrete
unit of ore into an adjacent container 10. The non
diamond containing discrete units of ore pass down-
wards unaffected by the ejector to a further con-
tainer. :

CLAIMS

1. A method for the separation of diamonds from
a diamondiferous ore or gangue comprising the
steps of (a) passing discrete units of gangue through
a beam of laser radiation capable of causing Raman
spectral activation (b) detecting the scattered Raman
radiation by means of a detector {c) the detector
being adapted to actuate means for separating
discrete units of diamond containing ore from the
discrete units of non-diamond containing ore and {(d)
collecting the separated discrete units.

2. A method according to claim 1 in which the
discrete units of gangue are obtained by passing the
gangue through a gate separator.

3. A method according to claim 1 or claim 2in
which the detector comprises a diode analyser to
receive laser radiation scattered by the gangue.

4. A method according to any one of claims 1to 3
in which the detector is linked to a computer based
assessor capable of distinguishing spectral radiation
scattered from diamond containing gangue.

5. Amethod according to claim 4 in which the
assessor is capable of actuating the separating
means.

6. A method according to any of the preceding
claims in which the separating means comprises an
ejector using compressed gas to displace the dis-
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crete unit of gangue into an adjacent collector.

7. A method according to any one of the preced-
ing claims in which the resultant separated diamond
containing discrete units are recycled to enable a
further separation of the gangue.

8. A method for the separation of diamonds from
a diamond containing ore or gangue as hereinbefore
described with reference to the accompanying draw-
ings.

9. Aseparator suitable for use in separating
diamonds comprising a source of laser radiation,
means for passing discrete units of a diamond
containing ore or gangue through the beam of the
laser radiation, detecting means for detecting scat-
tered Raman radiation and means for separating
discrete units of high diamond content from the flow
of small diamond content gangue, the separating
means being triggered by the detecting means.

10. Aseparator according to claim 9 in which the
detecting means comprises a diode analyser.

11. Aseparator according to claim 10 in which
the diode analyser comprises an array of diode
analysers.

12. Aseparator according to claim 10 or claim 11
in which the detector is linked to a computer based
assessor capable of distinguishing spectral radiation
scattered from diamond containing gangue.

13. Aseparator according to claim 12 in which
the assessor is capable of actuating the separating
means.

14. Aseparator according to any of claims 9to 13
in which the separating means comprises an ejector
using compressed gas to displace the discrete unit of
gangue into an adjacent collector.

15. Aseparator according to any of claims 9 to 14
in which the scattered radiation is collected by an
optical fibre system thereby enabling the detecting

~means to be located remote from the separating

means.
16. Aseparator as hereinbefore described with
reference to the accompanying drawings.
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