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. @ Material sorting.

@ Ore sorting is carried out by moving particles through a °

scanning zone 13 to measure spectral reflectance or emitt-
ance and sorting perticles into fractions in accordance
therewith., The sorting is carried out on the basis of at least
two different wavelengths in the infra-red region of the
electromagnetic spectrum.
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“SORTING MATERIAL"

This invention relates to sorting of particulate material
;4 has particular, but not exclusive, application to the
s;rting of ore rocks.

There are vafious known kinds of ore sorting equipment in
nich rocks to be sorted are moved in a stream past some form of
stection system which determines the degree to which each rock
sssesses é?bertéin éha;acteristic and individual rocks are then
iverted from the main streéﬁ according to the response of the
atector. The rocks may for example be projected.in a free flight
ith and the seiectéd rocks deflected from th;t path by air
lasts or other deflection means. |

iheycharacteristic of the rocks used as the basis of the
rt varies.accordihg to the nature of the material to be go;ted.
1 the.case'of radioactive material such as ﬁranium, thé
:tection system may’ include one or more scintiliation detectors
> measure the radioactivity of the ore rocks. In other cases;
»rting ié carfied out b& an examination of surface charact-
-istics of the rock. For example, in'a phoFometric sorter
e tqcks are illuminatea with‘electromégnetic radiation and
e optically écénned to obtain reflectivity.measurements
lich are used as the basis of the"so%t.- In some sorters an
>tical ééanning'system is used to detect ‘fluorescence of the
quired matefial under ultra violet or x-radiation.~ It is
lso knowg to use detectors which provide an indication of
lectricarbresistivity or magnetic permeability of the ore rocks.

The effec;iveness of operation of any of the above kinds
f ore sorting equipment depends on rapid detection of a
\aracteristic exhibited By the valuable material to a markedly

ifferent<degree than by accbmpanying low grade or waste material.
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The present invention is concerned with the use of
detectors which measure reflectance or emittancerin the
Ainfra-red region of the electromagnetic spectrum. ﬁemotef
sensing satellite and aerial survey progpammgsrhave .
demonstrated that thé mid infra-red eleggromagneticr
spectral region aroynd 8 to 12 ym is capable qf providing,
considerable compositional information regarding geological
formations in the form of emittance minima cauéed by
inter-atomic vibrations.. For example, it has been
established that distinguishable spéctra arermeasurable
remotely in which the wavelength features aré determined
by the metals associated with Si-O bonds in the 9 to 11 pm
reststrahlen baﬁds. Thus iron silicates can be distinguistk
from alumino;silicate récks, and hence coarsely crystalline
(granite) rocks from glass-rich (basalt) rocks. The‘
present invention aims to make use of this effect to enaSIe
particles to be sorfed oﬁ the basis of multi-spectral
reflectance or emittance data. Simultaneous sensiﬁg at
differing wavelengths enableé significant enhancemént of the
sensitivity of detection of reflectance or emittance

L
variations amongst ore rocks and enables compensation

-~
—~

for effects such as surface texture changes where absolute.
emittance levels may vary without composition change

but where emittance minima spectral positions remain
unchanged.

The invention provides a method of sorting

particulate material, comprising:
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moving particles through a scanning zone;

scahning the particles to measure values
of spectral reflectance or spectral emittance over
their surfaces at a plurality of differing wavelengths
in the infré—red region of the electfomagnetic spectrum;
and e -

separating the partiCIes'into fractions
according to the measured reflectance or emittance
values at the p}urality of differing wavelengths.

Preferably, the spectral refléctance 6r.spectral
emittance values are detected at two differing wavelengths
in the range 6 to 12 um and the particles are separated
according to.a determination of an average ratio between
the two values for each particle.

The invention also pfovides apparatus for sorting
particulaﬁé material; comprising

material feed means to feed pafticles of material
to be sorted Ehrough angcanning'zone;'

scanning and detection means to scan the particles
individualiy a§ they pass through the scanning zone and
to detect values of spectral reflectance or speetral
emittance over their surfaces at a plurality of differing °*
wavelengths in the infra-red region of the electromagnetic
spectrum; and

separator means to separate the ﬁartiéles into
fractions according to the detected reflectance or emittance

values at the plurality of differing wavelengths.
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In order that the invention may be more fully
explained its application to the sorting of phosphate
rocks will be described with reference to the accompanying

drawings in which:-

Figures 1 and 2 illustrate infra-red spectral
emittance characteristics of a number of typical phosphate

rocks having varyfng compositions of P,0; and Si027

and

Figure 3 illustrates diagraﬁmatically a
typical sorting apparatus constructed in accordance witb
the present invention. |

In the sorting of phosphate rocks having
varying amounts of PZOS and SiO2 it is desirgd to reducg

the SiO, content to an acceptable level and also to

2
upgrade the P,0¢ content in the accepted material.
Figurés 1 and 2 illustrate infra-red spect&al emittance
characteristics detgrmined experimentally on a .number of
typical phosphate ore rocks. The coptents of PZOS and
SiO2 ﬁere subsequently determined in each rock and
have also been indicated on.the figures. The concentrati&:
of FeO in each rock was also determined.

With reference to Figures 1 and 2 the changes
in emittance values for the various rocks at a first
narrow spectral band centred on 8.2 pym and a second such
band at 9.5 um will be consideréd. It is found thaf
for a change in P205 from 6.3% tQ 21.9% and SiO2 from
58.9% to 22.1% respectively, changes in single wavelength
response are only of the order of 10%. However, if a

ratio is formed from the spectral response at the two
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chosen wavelengths for each rock it is found that
this emittance ratio varies by over 30%.

The adﬁantage in taking more than one
spectral reading can be most clearly seen by
considering particle No. 7. This particle has a low
SiO2 cqntent‘but it has a relativelx high FeO content
of 7% compared with less? than 1% for all of the other
particles considered. Probably due to the high FeO
content, the response curve for particle No. 7 is
displaced with the result that its response at 8.2 um
is similar to that of particles with high 5102 content.
waever, the shape of the response curve is appropriate
to the low SiO, content and the ratio of the.response
at £he two differing wavelengths will still indicate
a low Sio2 content. Thus by determining the ratio
between the spectral emittance at thé two selected
wavelengths it is possible to remove the influence of
such effects as high FeO content which may be responsible
for altering,the absolute level of emittance but
not the relative spectral response in the regioﬁs of
interest for PZOS and SiO2 measurement.

From the above it will be appreciated thatA
the invention is particularly applicable to the
sorting of phosphate rocks but it can be applied to
other minerals. The emittance/reflectance characteristics
of typical ores can be determined experimentally and

appropriate detector wavelengths chosen according to

where the minima occur in the particular minerals



0064842

-6 -
concerned. In the case of phosphate rocks a ratio of
two carefully selected wavelength-filtered signals could be
used as the sorting parameter. In other cases, the response
at a number of selected wavelengths could be measured and
a regression expression used to estimate the relevant
minéral content of the particle being sorted. ‘The
coefficienfs of the regression formula may be built up frdm
experimental measurements on large numbers of  particles
with known mineral content.

The form of the regression equation may be linear

as in the following expression:-

n
ggéﬁigiiration ; - X Tz Xi Al
i=1
where Xg = cbnstant
X = experimentally determined lineér régression
. coefficieﬁts
~A; = measured response at wavelength i for particle

under examination.

A typical apparatus constructed in accordance
with the invention is illustrated diagrammatically in
Figure 3. 1In this apparatus the particles 11 to be sorted
are projected in free flight from the end of a belt
conveyor 12 through a scanning zone 13. A&s they pass
through zone 13 the rocks are scanned by an. |
optical scanning system'and a multi-spectral infra-red emittance
detector system locatea in a housing 14. The detector

system may comprise a linear array of two-colour o
: s~ ORIGINAL
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photo-conductive detectors. The optical scanning
system may be of conventional construction and arranged
to provide a line scan across the surface of the
particles as they pass through the scanning zone.
Housing 14 will élso contain a cooling system for the
detectors. This may be in the form of a closed-
cycle thermal enginge system or a LNz‘system.

The detectors produce output signals indicating
the spectral emittance of the two wavelengths chosen
and these are fed by separate lines 15{ 16 to én electroniq
proceésor 17 which generates a ratio between the two
signals. The ratio signal is fed to a further processor
18 which provides rock imaging and controls the operation
of ‘a series of air blast nozzles 19 selectively to
produce air blasts to divert individual particles from
their free flight trajectory according to whether
they are accepted or rejected. The accepted particles
may be collected by an accept conveyor 21 and the
rejected particles carried away by a reject conveyor 22.

In an apparatus accofding to the invention
either of the complementary parameters of spectral
emissivity (EA) or spectral reflectance (rA) may
be selected for sensing.These parameters are related

by the formula

ry = (1 - EA)
Where possible,it is preferred to carry out the

multiple wavelength sensing on an ambient temperature

emissivity basis so as to avoid the complication
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of having to provide a thermal source. In some cases,
however, it may be necessary to view the particles as they
pass through a chamber maintained at an elevated temperature.
The particles would pass through the chamber very
rapidly (in a féw milliseconds) so therewould be no
significant change in the surface temperature of the
particle. The reflgcted energy would be sensed at t@e
Aappropriate'wavelengths simultaneously and the particles
would form a secondary selectively absorbing grey body
radiator.
It will be appreciated that the precise
form of the apparatus will depend on the nature of the
material to be sorted and whether the particles need to be
irradiated to obtain satisfactory detector sensitivity.
It is accordingly to be understood that the invention
is in no way limited to the particular apparatus
illﬁstrated'herein; nor to the particular minerals
whiéh have been mentioned and that many variations will

fall within the scope of the claims dfrthis application.
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rethod of sorting particulate material, comprising:
ving particles through a scanning zone; scanning the
irticles to measure values of spectral reflectance or
ectral emittance over their surfaces at a plurality

r differing wavelengths in the infra-red region of the
.ectromagnetic spectrum; and

:parating the particles into fractions according to the
asured reflectance or emittance values at the plurality

{ differing wavelengths.

method according to Claim 1, in which measuring the reflectance
r emittance is carried out at two wavelengths in the range 6 to-
2 nm and separating the particles takes plaée according to an

verage ratio between two respective values for each particle.

2 apparatus for sorting parficulate material; comprising
aiterial feed means to feed particles of material to be sorted
hrough a scanning zone; scanning and detection means to scan
‘he particles individually as they.pass through the scanning
one and to detect values of spectral reflectance or spectral
wmittance over their surfaces at a plurality of differing '
avelengths in the infra-red region of the elctromagnetic
pectrum; and separator means to separate'the particliles into
ractions according to the detected reflectance or emittance

alues at the plurality of differing wavelengths.
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