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ABSTRACT 
 
A comprehensive study was done in order to see the possibility of using optical sorting 
technique for beneficiation different raw and waste materials. As part of this comprehensive 
study, sorting tests were conducted to different minerals and wastes and promising prospects 
were found  
Sorting tests on North-Cape’s pegmatite, containing about 40% of the mica shists, indicated to 
be possible to have high quality pegmatite with recovery of 55 to 64%. However, the recovery 
of the MgO as the main indicator for mica shist in waste product was found to be between 80-
91%.  
Sorting tests on different size fractions of the waste alumina refractory from SSAB Merox 
revealed that the assay for the high alumina products after sorting varies based on tests 
conditions as well as size fractions for feed. Generally, products having more than 72% 
aluminum oxide can be achieved.  
With respect to the energy consumption, rough estimations indicated that the energy about 
1.5kWh/t is consumed for sorting pegmatite raw materials with the size fraction of 12-30 mm. 
Accordingly up to 15% of the total consumed energy by processing plant can be saved. The 
operational cost was estimated to be between 0.5 - 0.75 € per ton of feed.  
 
1. Introduction  
In ore and waste utilization, sorting is one of the simplest and most direct beneficiation 
methods which in some cases has been found to be the most effective and economic. Ore 
sorting has a potential to upgrade a range of mineral ores to processing leading to substantial 
reduction in downstream costs, limiting environmental harm by reducing mine wastes and 
improving ore quality and mineral recovery. Sorting techniques give an opportunity to remove 
gangue and below grade ore prior to further processing. Reduction of milling, processing and 
transportation costs, as a result saving in capital and operating costs, higher overall recovery, 
as well as control dilution that occurs at the boundaries of the ore deposits which might lead 
to difficult mining techniques particularly for massive sulphide ores, are the benefits resulting 
from ore sorting techniques if the ore sorting, by any means, is employed [1-4].  
On the contrary, costs for installation and operation of a pre-concentration or sorting step, 
feeding, sizing and preparation, e.g., washing or drying the feed, as well as loss of valuable 
minerals to waste are drawbacks in or of having sorting / pre-concentration step before main 
processing plant.  
Sorting machines are classified based on the applied method for identification and recognition 
of the materials to be sorted. Fig.1 depicts some material’s feature that can be used for 
identification for sorting. 
The operation principle of each sorting system is based on different techniques like image 
analysis with frame grabbing, line scan, laser beam scan, etc. These sorting systems are often 
used to sort various materials, such as minerals, plastics, metals, glass, based on differences in 
their physical properties. Reflected light analysis, transferred light scan, spectra analysis, etc., 
can be employed with the optoelectronic sorting machines.  



Among different ore sorters, nowadays, optical sorters are the most common. By rapid 
development of computing technology as well as major advances in recognizing and 
quantifying of particle surface are made possible. Increased programming flexibility and 
substantially reduced capital cost are other beneficial factor to allow using high-tech sorting 
machines. It seems that, due to the advances in computer science and technology, sorting 
machines are trained to think which particle should be rejected from the stream of raw 
material. Furthermore, enhancements in the area of optical resolutions and improved 
electronic component reliability are other factors which make it possible to manufacture lower 
cost sorting machines with high level of precision, accuracy and reliability. 
 

 
Fig.1- Material feature that can be collected for identification and sorting 

 

Colour sorters use camera-based systems to view particles at varying wavelengths (colours). 
Particles are characterized and divided in two different streams, i.e., accepted and rejected 
streams. An up-to-date sorter uses CCD or video camera technology combined with fast and 
precise ejectors to reject as many defective products as possible while minimizing the number 
of good product blown out of the stream at the same time. The appearance of a defective 
product initiate a reject system, usually an ejector that uses a short blast of compressed air to 
blow the offending item out of the commodity stream. Colour sorters have to operate very 
quickly and must be able to eject up to 2000 or 3000 particles per second since material is fed 
into them at different rates, up to 300tph. 
 
1.1 Basics of colour technology 
A given colour results from the presence of a mixture of light-waves of different lengths. All 
wavelengths, i.e., colours, present in white light. If this white light radiates a surface, part of 
the light is reflected and the other part is adsorbed. Therefore the reflected light no longer 
appears to be white. The new light gives the colour that can be seen by our eyes. 
Depending upon the application, there are different methods by which a colour can be 
introduced and showed. Each method is adjusted due to specific needs. For instance in 
printing subtractive colour mixture with colour abstracts cyanogen (blue-green), magenta 
(violet) yellow, and black is used. Any needed colour can be created and presented by that 
mixture. It must be considered that when special colour is printed on a white paper its 
brightness decreases. 
In colour TVs any colour is generated on the screen by utilizing the relation between the three 
primary red, green and blue colours. Most of optical sorting machines use camera that 
operates like TV. MikroSort utilizes the same colour system [5].  
Since in colour sorting each separate particle must be identified precisely on the basis of its 
colour, consequently there is a need for a method (model) that clearly describes a given colour 
spectrum. This model for MikroSort machine is called “colour model”.  
Based on three primary colours, any colour at all can be described in terms of a given mixture 
ratio of the primary colours. It means that any colour can be described in term of intensity of 



the individual channels in relation to one another. Besides the colour information, the 
brightness or luminance of the observed object can be defined by the colour ratio. For 
example glowing deep red consists of just 70% red however bright red is made from 100% 
red, 30% green, and 30% blue.  
According to the above examples, it means that on the basis of the intensity of the individual 
channels both colours are equivocal red although their brightness are different.  
In order to overcome the tasks for precise identification of different colours one has to be able 
to define colour unequivocally. To solve this problem MikroSort deals with a new YUV 
colour model which is derived from the technique used in colour TVs.  
The YUV colour model represents brightness, i.e., luminance, separately from the colour 
type, i.e., chrominance. Therefore the model makes it possible to reduce/separate the 
information received from the scanning camera. According to the model each letter, i.e., Y, U, 
or V, stands for a signal used.  
In YUV model, Y represents the luminance; however, U and V indicate the colour type. 
These parameters are described as the followings [5]:  
Y is a coordination of three primary colours (red, green and blue).   

Y = 0.299R + 0.587G + 0.114B 
These three primary colours plus a correction factor are combined in accordance with the 
formula to come up with an impression that is the colour neutral for the human eye.  
This brightness factor, i.e., Y signal, is then used to define the colour signals U and V 
according to the following formulas:  

U = B – Y 
V = R – Y 

For MikroSort Machine, theses signals, i.e., Y, U, and V, are corrected and standardized to the 
numerical range of 0.225. The result of this colour-space transformation is depicted in Fig.2. 
  

 
Fig.2 – the YUV colour model used by MikroSort 

 

Accordingly, by defining the values for U and V of any specific colour can be characterized 
by a given position in the UV diagram. 
The brightness or luminance then is determined by the separate Y value. Therefore any mixed 
colour can be identified and described.  
 
2. EXPERIMENTAL 
Tests were done on different raw materials received from different Scandinavian mineral and 
metallurgical companies. Herein the results achieved from testing on waste refractory from 
SSAB MEROX and pegmatite raw material from North-Cape Minerals are presented.  
 
2.1 Tests on refractory wastes (SSAB MEROX)  
Refractory materials are widely used in iron and steel production industries. High alumina 
refractory brick is used by SSAB MEROX in its production line. This high alumina content 



material must contain more than 70% of aluminium oxide. For some special applications even 
up to 90% aluminium oxide is required.  A typical chemical analysis for such refractory brick 
is: CaO 1.2%, SiO2 16%, Al2O3 72%, MgO 1.8%, P2O5 2%, TiO2 2.2%, FeO 2-3%. ,  
 

When hot steel is poured to the ledel the slag is added to the alumina bricks. Almost all 
fractions of the alumina bricks contain slag more or less. The aim of this study was to see 
whether it is possible to sort and separate the high iron content particles and to have a high 
alumina content fraction as the new raw material or not?  
The high alumina parts of the waste alumina bricks have red, light brown; khaki, or light grey 
colours, however, dark brown, dark grey and black particles are mainly slag.  
A ton of raw material was received from SSAB MEROX. This raw material was screened in 
order to have suitable size fractions tailored for sorting machine. The raw material was about 
99% finer than 85 mm in size.   
Accordingly 4 different size fractions, i.e., 2-5 mm, 5-12 mm, 12-30 mm, and 30-65 mm were 
prepared. Fig.3 shows the distribution of the chosen size fractions for the waste refractory. It 
can be seen that more than 40% of the raw material is in the range of 30 to 80 mm size.   
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Fig.3 - Particle size fraction of waste refractory material 

 
Table 1 comprises the chemical analysis of different size fractions of the waste refractory. It 
can be seen that the content of aluminium oxide for most fractions is higher than 70% 
however, the amount of iron, magnesium, phosphorous, and titanium oxides must reduced. 
 

Table 1 – Chemical analysis of different size fractions of the refractory waste 
 CaO% SiO2 % Al2O3 % MgO % FeO 

% 
MnO% P2O5% TiO2% 

-2mm 2,85 19,8 67,8 1,57 2,6 0,13 2,5 2 
2-5 mm 1,35 15,3 74,8 0,68 3,3 0,12 1,8 2,2 
5-12 mm 1,32 16,7 72,4 0,65 3,7 0,16 2,2 2,2 
12-30 mm 1,09 16,6 73,1 0,66 3,6 0,15 2,3 2,1 
30-65 mm 1,62 17,5 71,7 0,54 3,6 0,3 2,2 2 
Total (average)  2,01 17,75 71,07 1,05 3,10 0,15 2,23 2,1 
  

Several tests were conducted to the refractory waste. For each test the weights of good/wanted 
(i.e., yellowish, brownish, and reddish) particles and bad/unwanted (i.e., grey, dark grey, dark 
brown and black particles) were considered as the reference to evaluate the results.  
For series of tests the wanted and un-wanted products were examined by eyes to find the 
sorting errors and also find the optimal set up to achieve better results. The following 
equations were used to calculate the efficiency and loss factors.  

100
feedin thematerialsunwantedofmass

product  thefrom eliminated material unwanted of mass100 ×−=Efficiency  
 



100
  feed in the material good mass
product  unwantedin  material  wantedof mass

×=Loss  

 

Finally some samples were chosen for detail chemical analysis in order to exactly discover the 
feasibility of the sorting tests.  
 

2.1.1 Tests on 30-65 mm size fraction (bigger size)  
The results from the last series of the tests looked very promising in order to have particles 
containing high alumina content. The chemical analysis of the high quality product indicated 
that the product contains about 77% of the Al2O3; however, middling is also acceptable and 
can be recycled. The amount of Al2O3 in middling product was more 75%. The results also 
indicated that both middling and quality products can be recycled for making new bricks. The 
total recovery for the aluminium oxide is about 58%; however, the iron recovery is about 
33.6%. On the contrary the recoveries for iron and aluminium oxides in rejected product, i.e., 
waste, was about 66.4% and 42% respectively. Furthermore, the amount of magnesium and 
calcium oxides are considerably reduced in the high alumina and middling products. 
  

 
Fig.4 - Accepted product, high alumina content, (left) and rejected (right)  from waste refractory 

(30-65 mm) 
 

Table 2 – The chemical analysis of the different fractions after sorting test (30-65 mm) 
 CaO% SiO2 % Al2O3 % MgO % FeO % MnO% P2O5% TiO2%
Quality 
Product -1 

 

0,11 
 

16,5 
 

76,6 
 

0,23 
 

2 
 

0,1 
 

2,2 
 

2 

Middling  1,12 15,6 75,3 0,57 2,3 0,1 1,9 2,2 
Waste  1,54 17,4 68,8 0,4 5,1 0,3 2,9 2,7 
Total 0,94 16,73 72,85 0,37 3,45 0,19 2,46 2,35 
 
 

2.1.2 Tests on 12-30 mm Size fraction  
The results from tests on this size fraction indicated that within size fraction of 12-30 mm 
about 25% to 35% of the feed is rejected by the machine in order to have an acceptable high 
alumina product. It means that more than 65% of the feed can be recovered as the new 
material either for making alumina bricks directly or for mixing with fresh alumina for new 
application.  
Table 3 contains the chemical analysis of one sorting experiments in which two sorting steps 
were conducted. Decision was made on the basis of several primary tests. The accepted and 
rejected fractions of those primary tests were examined by eyes in order to determine the best 
set up for sorting machine.  
For this test in the first pass very dark particles were removed and in second run rather dark 
particles were separated from high alumina content product achieved from first pass. The 
amounts of high quality, middling and waste fractions were 68%, 7.7%, and 24.3% 
respectively.  



Table 3 – The chemical analysis of the different fractions after sorting test (12-30 mm) 
 CaO% SiO2 % Al2O3 % MgO % FeO % MnO% P2O5% TiO2%
Quality 
Product -1 

 
1,96 

 
16,7 

 
73,3 

 
0,98 

 
2,5 

 
0,1 

 
1,9 

 
2 

Middling  1,9 18 68,9 0,45 5 0,34 2,2 2,3 
Waste  3,29 16,5 66,9 0,69 6,8 0,41 2,1 2,3 
Total 2,28 16,75 71.40 0,87 3,74 0,19 1.97 2,10 
 

Another test result revealed that to be possible to have even higher grade of aluminium oxide 
for the same size fraction of the waste refractory material. Table 4 contains the result achieved 
just by one pass. In this test 68.6% of the feed was recovered as the high quality product. The 
data presented in table indicates that the amount of calcium oxide is also considerably reduced 
in quality product. Again the recovery of the aluminium oxide in high quality product is about 
72%.  

 

Table 4 – The chemical analysis of the different fractions after sorting test (12-30 mm) 
 CaO% SiO2 % Al2O3 % MgO % FeO % MnO% P2O5% TiO2%
Quality 
Product -1 

 
0,59 

 
15,4 

 
76,9 

 
0,32 

 
2,4 

 
0,1 

 
2 

 
2,1 

Waste 2,14 17,5 68,2 0,52 6 0,44 2,3 2,2 
 

 

2.1.3 Tests on 5-12 mm size fraction 
The results from tests on this size fraction also showed promising prospect to have an 
acceptable product for fine classes. For finer size fraction of the waste refractory, sorting 
machine was set up for 500, 1000, and 2000 particles rejection per second.  
It was also tested if metal detection system is switched on in addition to optical sensing 
system. Furthermore, tests were conducted on both black and white colour backgrounds. Fig. 
depicted the results of sorting for 5-12 mm fraction when 500 and 1000 particles are ejected 
by the air respectively. 
Several tests were conducted to refractory wastes with the size fraction of 5-12mm. One of 
the best results achieved was due to the previous set up for bigger particles. It was decided to 
run tests in two steps. The attempt in first run was to recover reddish, brownish, yellowish and 
khaki coloured particles. Then dark coloured, i.e., waste fraction, of the first step was passed 
one more time through the sorting machine to sort out the light grey particles.  
Table 5 contains the chemical analysis of the high quality, middling, i.e., light grey, and 
rejected, i.e., waste, products. The results indicated that recovery of aluminium oxide in high 
quality product is about 56.5% however; just 29% of the aluminium oxide goes to the waste 
product. It is also possible to have good quality product containing 74.8% of Al2O3 with the 
recovery of 71% when middling and quality products are mixed. In this case the amount of 
iron oxide increases to 2.3%, which is still acceptable for recycled product. 
  
 

 
Fig.5 -  Sorting of  5-12 mm waste refractory (ejecting 500 and 1000 particles per second ) 



Table 5 – The chemical analysis of the different fractions after sorting test (5-12 mm) 
 CaO% SiO2 % Al2O3 % MgO % FeO % MnO% P2O5% TiO2%
Quality 
Product -1 

 
1,02 

 
16,5 

 
75,4 

 
0,7 

 
1,9 

 
0,1 

 
2,1 

 
2 

Middling  1,73 16,4 72,5 0,61 4 0,24 2,3 2,1 
Waste  2,95 17,8 66,7 0,9 5,9 0,4 2,2 2,3 
Total 1,73 16,89 72,25 0,75 3,46 0,21 2,16 2,11 
 

2.1.4 Tests on 2-5 mm size fraction 
Several tests were devoted to the finest size fraction of the waste refractory. However, since 
the throughput of the sorting machine is considerably reduced for finer size fractions, e.g., 
p<5mm, it would not be feasible to sort this size fraction in two stages. The average number 
of pieces per ton of feed material is dramatically increased when particle size reduces to 1/10. 
Therefore the air consumption is considerably increased which results to higher operation 
cost. Furthermore, when the number of the particles to be rejected is more than 20% of total 
pieces then the probability of losing good particles in rejected stream is increased. This results 
in high percentage of the loss. These factors must be considered especially when utilizing 
sorting machine for finer range of particle size. For example in one test where the sorting 
machine was modified to shoot more than 1000 particles per second the amount of total 
waste, i.e., rejected particles, was about 60.5% of total feed. The best results obtained for 
sorting of finer size fraction, i.e., 2-5mm, is shown in Table 6. From the tests results it was 
concluded that in spit of rather high iron content for the quality product the assay and 
recovery of the aluminium oxide within that product are 74.5% and 72% respectively.  
To conclude the results from tests on waste refractory it can be said that high alumina 
products can be obtained by sorting. The assay and recovery of aluminium oxide for different 
size fractions of sorted product are acceptable. However, the amount of iron oxide is rather 
high when dealing with smaller size fraction of the raw material. Good quality product can be 
obtained especially when bigger size fractions, i.e., 30-65 mm, are sorted. However, product 
resulting from sorting of smaller size fraction of the raw materials contains rather high iron 
oxide.  
Due to the particle size distribution of the raw material, the results achieved from sorting tests, 
low throughput of the sorting machines when sorting small fractions, as well as high 
operational cost for sorting small fractions, it is recommended not to sort the smaller size 
fraction, i.e., 2-5 mm, of this refractory waste. In best case 30% of the feed is rejected and 
70% will remain as the product. The efficiency for the sorting in this case is about 81%. 
 
 

Table 6 - Results and chemical analysis of the different fractions after sorting test (2-5 mm) 
 CaO% SiO2 % Al2O3 % MgO % FeO % MnO% P2O5% TiO2%
Quality 
Product -1 

 

0,56 
 

16 
 

74,5 
 

0,50 
 

3,9 
 

0,10 
 

2 
 

1,9 

Waste  1,65 17,3 69,1 0,55 4,2 0,35 2,8 2,9 
Total 0,88 16,39 72,9 0,44 4,0 0,17 2,24 2,2 
 

 

2.2 Tests on pegmatite from North-Cape Mineral (Norway) 
Granitic pegmatites are widely distributed around the world and occur in rocks of many 
geologic ages. Most of the pegmatites from which commercial feldspar minerals have been 
recovered occur in metamorphic host rocks chiefly in mica schist and geniss, hornbland schist 
and gneiss, and quartzite. Few pegmatites occur in igneous rocks where they are associated 
with numerous small pegmatites of simple mineralogy and texture.  



The main products from pegmatite are potassium, sodium and calcium feldspars, quartz, mica, 
and industrial sands. However, pegmatite rocks are the main source of beryllium silicate, i.e., 
beryl.  
The raw material received from North-Cape Mineral was pegmatite rock contained 
approximately 40% black mica shist, having particle size fraction of 12-25 mm. The material 
was good screened. The chemical analysis of the head sample is: SiO2 72%, Al2O3 15.2%, 
Fe2O3 2.2%, K2O 5%, Na2O 3.7%, CaO 1.4%, TiO2 0.2%, and MgO 0.76%. 
Sorting tests were conducted to the pegmatite sample with the aim to remove the pegmatite 
impurities, i.e., mica shist and other dark components, as much as possible.  
Mica shist mainly contained of dark micas, i.e., Biotit K(Mg, Fe)3AlSi3O10(OH)2, and 
Phlogopite KMg3AlSi3O10(OH)2, however, small amount of Muscovite KAl2Si3O10 (OH)2 
would be present. For better characterizing and detecting the samples by the sorting machine 
the raw material was washed to eliminate the dusts and slime particles. Better colour sorting is 
expected when the particles are enough cleaned and shiny.  
According to the chemical composition of black mica it seems that the best reference for 
identification mica shist is the MgO content.  
First series of tests were conducted on raw pegmatite to see the possibilities for upgrading it. 
According to these tests between 32 to 51% of the feed can be rejected which is based on the 
machine set-up. For these tests the machine throughput were considered to be between 25 to 
32tph. Tests results indicated that to be possible to have a high quality pegmatite product. 
Therefore, more tests were conducted on pegmatite raw material for having high quality 
product with maximum recovery. Some tests results are listed below.  
 
2.2.1 Test G-1-3  
Table 7 contains the results obtained from this test. Based on primary sorting tests the 
machine set up was modified and new test was done. As like as previous tests dark particles, 
mainly mica shist, were eliminated. The results are shown as the followings: 
 

Table 7- The complete results of the tests no. G-1-3 
Test  Pegmatite % Reject% Tests Condition 

 
G-1-3 

 
63,75 

 
36,25 

Y = 50 (from 255), grain size filter = 100 pixel, 
throughput = 32 tph, air consumption = 120 

m3/h 
Chemical analysis of the pegmatite and reject products 

 SiO2 % Al2O3 % Fe2O3 % K2O % Na2O % CaO % TiO2% MgO % 
Pegmatite 74,8 15,1 0,9 4,3 4,6 1,1 0,05 0,11 
Reject 69,4 15,1 5,3 3,7 3,7 1,6 0,48 2,05 
Total 72,84 15,1 2,50 4,08 4,27 1,28 0,21 0,81 
Recovery 
(Pegmatite) 

65,46 63,75 23,00 67,15 68,62 54,73 15,48 8,62 

Recovery 
(Reject) 

34,54 36,25 77,00 32,85 31,38 45,27 84,51 91,38 

 

XRF analysis for different pegmatite and mica shist products achieved from sorting tests 
revealed that the amount of mica is considerably reduced for all pegmatite products. The 
results from the G-1-3 test have proved good recoveries for MgO, Ti2O, and Fe2O3 in Reject. 
These recoveries are 91.38%, 84.5% and 77% respectively. These high recovery values vouch 
for good separation of the mica shist from pegmatite by sorting. According to the results the 
recoveries for MgO, TiO2, and Fe2O3 in rejects are respectively 8.4, 11, and 14.5 times more 
than the recoveries for the same oxides in pegmatite product.  
 

 
 



2.2.2 Test G-1-4 
Table 8 contains the results achieved by another trail in which the sorting machine was 
modified differently. Again dark particles were eliminated from the feed.  
The qualities for pegmatite and mica shist products from G-1-4 test are shown in Fig.6.  
 
 

  
Fig.6 - Mica shist product (left) and pegmatite product (right)  

 

Good recovery of ferric, magnesium, and titanium oxides are achieved, which means good 
elimination of mica shist from the feed. High recovery value of 92.1% for MgO indicates that 
almost all gangues, i.e., mica shists are rejected. However, the recoveries for potassium and 
sodium oxides as the index for K and Na feldspars are rather low which means a loss of 
feldspars in gangue minerals.  
 

Table 8- The complete test results for sample G-1-4  
Test  Pegmatite % Reject% Tests Condition 

 
G-1-4 

 
44,33 

 
55,67 

Y = 55(from 255), grain size filter = 100 psl 
throughput = 32 tph, air consumption = 240 m3/h 

Chemical analysis of the pegmatite and reject products 
 SiO2 % Al2O3 % Fe2O3 % K2O % Na2O % CaO % TiO2% MgO % 
Pegmatite 73,1 15,4 0,7 5,6 4,1 0,9 0,04 0,11 
Reject 75,4 14,0 3,1 3,6 3,9 1,3 0,24 1,02 
Total 74,38 14,62 2,04 4,49 3,99 1,12 0,15 0,62 
Recovery 
(Pegmatite) 

43,57 46,76 15,24 55,33 45,56 35,53 11,72 7,91 

Recovery 
(Reject) 

56,43 53,31 84,76 44,67 54,43 64,46 88,28 92,09 

 
2.2.2 Test G-1-6 (a-c) 
Another comprehensive test was done in order to see the effects of several passes of the 
product and waste. In fact after first sorting the pegmatite product were passed through the 
machine for purification. However, the reject, i.e., mica shist, from the first step was passed 
through the machine to get two different products. The results are summarized as the 
following. This series of the tests named G-1-6-a, G-1-6-b and G-1-6-c and the detailed 
results of each test are shown in tables 9-11.  
The product, i.e., pegmatite, obtained from the first trail was passed through the machine one 
more time (G-1-6-b) and the following results obtained from this investigation. Table 10 
contains the result of the second run for purification of pegmatite.  
The above results indicates that after the second pass the pegmatite product has a better 
quality since the recovery of magnesium, ferric and titanium oxide in the second reject are 
considerably high. Although, just 15% of the feed is rejected in this sorting test but high 



amounts of MgO, TiO2, and Fe2O3, are recovered within reject. Further, the recoveries for 
potassium, sodium and aluminium oxides in pegmatite product look good enough (Fig.7). 
 

Table 9- complete results of tests G-1-6-a 
Test  Pegmatite % Reject% Tests Condition 

 
G-1-6-a 

 
67,65 

 
32,35 

Y = 40 (from 255), grain size filter = 100 psl 
throughput = 25 tph, air consumption = 150 m3/h 

Chemical analysis of the pegmatite and reject products 
 SiO2 % Al2O3 % Fe2O3 % K2O % Na2O % CaO % TiO2% MgO % 
Pegmatite 74,4 15,2 1,0 5,2 4,1 0,9 0,05 0,17 
Reject 70,5 14,3 5,7 2,8 3,7 2,4 0,49 2,09 
Total 73,14 14,91 2,52 4,42 3,97 1,39 0,19 0,79 
Recovery 
(Pegmatite) 

68,82 68,97 26,84 79,52 69,85 43,95 17,58 14,54 

Recovery 
(Reject) 

31,18 31,03 73,16 20,48 30,15 56,05 82,41 85,46 

 
 

 
Fig.7 - Purified pegmatite product from second run ( rejected mica shist in small container) 

 

To complete the test circuit the rejected product, i.e., mica shist, obtained from first step was 
passed through machine once more (G-1-6-c) in order to see the possibility of removing 
pegmatite from first reject. Unlike previous test in this try the pegmatite particles, rather than 
dark mica shist, were rejected by the machine. Table 11 comprises the results of the attempt to 
sort pegmatite particles from mica shist. 
 

Table 10- Complete results of test G-1-6-b 
Test  Pegmatite % Reject% Tests Condition 

 
G-1-6-b 

 
84,88 

 
15,12 

Y = 45 (from 255), grain size filter = 100 psl 
throughput = 25 tph, air consumption = 150 m3/h 

Chemical analysis of the pegmatite and reject products 
 SiO2 % Al2O3 % Fe2O3 % K2O % Na2O % CaO % TiO2% MgO % 
Pegmatite 74,2 15,3 0,6 4,8 4,4 1,0 0,03 0,07 
Reject 76,00 14,1 1,8 3,7 4,2 1,1 0,11 0,39 
Total 74,47 15,12 0,78 4,63 4,36 1,02 0,42 0,12 
Recovery 
(Pegmatite) 

84,57 85,90 65,17 87,93 83,46 83,62 60,49 50,19 

Recovery 
(Reject) 

15,43 14,10 34,82 12,07 14,53 16,38 39,51 49,81 

 

According to the detailed results of the test it can be concluded that good elimination of 
pegmatite particles with high recovery of iron, titanium and magnesium oxide in final mica 
shist are achieved. The recoveries of 93.5%, 91.7%, and 89.3% were found for magnesium, 



titanium and ferric oxides for mica shist fraction which are very encouraging. Furthermore, 
the amounts of MgO, TiO2, and, Fe2O3 in mica shist are respectively 5, 4 and 3 times higher 
in mica shist product in comparison with the amounts of same oxides in rejected pegmatite 
fraction. The colour difference for theses two fractions is shown in Fig.8. 
 

Table 11 – complete results of test G-1-6-c 
Test  Pegmatite % 

(reject in this trail) 
Mica Shist % Tests Condition 

 
G-1-6-c 

 
26,67 

 
73,33 

Y = 10 (from 255), grain size filter = 100 psl 
throughput = 25 tph, air consumption = 150 m3/h 

Chemical analysis of the pegmatite and reject products 
 SiO2 % Al2O3 % Fe2O3 % K2O % Na2O % CaO % TiO2% MgO % 
Pegmatite 74,7 14,2 2,2 3,9 4,0 1,2 0,16 0,55 
Mica Shist 66,40 14,30 6,70 3,00 3,00 2,8 0,64 2,90 
Total 68,61 14,27 5,50 3,24 3,27 2,37 0,51 2,27 
Recovery 
(Pegmatite) 

29,04 26,53 10,67 32,10 32,65 13,49 8,33 6,45 

Recovery 
(Reject) 

70,96 73,46 89,33 67,90 67,35 86,51 91,67 93,54 

 

  
Fig.8 – Final mica shist reject (left) and the rejected pegmatite (right) from mica shist 

 

By considering all the results achieved from different tests it can be concluded that it is 
possible to have recover about 60% of feed as the quality feldspar product. In this case the 
total recoveries for potassium, sodium and aluminum oxides within this fraction will be about 
70, 60, and 60% respectively. However, about 24% of feed can be rejected as the waste 
product. The recoveries for K2O, Na2O, and Al2O3 within this reject approximate to 14, 20, 
and 23% respectively. Furthermore, the recovery for MgO as the main index for black mica is 
approximately 80% in the reject. In this case about 16% of the total feed can be recycled. 
 
3. Consumption Energy for Optoelectronic Sorting:  
With respect to the energy needed to sort and separate material by sorting machine there are 
main categories, including energy consumption by sorting machine itself, energy needed for 
feed preparation, energy consumed to sort and reject the particles, etc. Among them, however, 
the main amount of energy is consumed to reject particles by compressed air [4, 6].   
In fact the compressed air consumption comprises the dominating operation cost element. 
This must be noted that rejecting small pieces requires somewhat more air per ton of rejected 
material than large pieces. 
It is rather complex to calculate how much air is needed for rejection of the particles in one 
operation. There are several factors determining the air consumption. Theses factors are the 
machine throughput or feed rate (tph), feed size and so the average size of the feed, 



percentage of the reject in feed (%), the specific gravity of the feed (t/m3), as well as the flow 
for the nozzle, size of nozzle, number of nozzles needed for rejecting one piece, etc.  
For estimating the compressed air needed for sorting process it is necessary to perform some 
laboratory and/or pilot tests. These tests based on different feed rates and particle sizes allow 
finding the optimum conditions for real sorting plant. Since different sorting machines, made 
by various manufacturers, employ different nozzle systems, it is necessary to have the 
information regarding the ejecting system of the machines. It means that the specification of 
the nozzles, number of nozzles, their size, etc., must be taken into account for estimating the 
power needed to reject particles.  
First of all the volume of the air needed for rejecting particles must be defined according to 
the feed size, percentage of reject in feed, feed rate, etc. In addition the specific gravity for the 
material to be rejected must be known. In addition it is crucial to know the pressure needed 
for the air, which can be also found through primary tests. The pressure needed for ejecting 
particles is also a complex function of particle size, particle surface, and also the particle’s 
weight. Therefore by knowing the pressure and volume of the air, the capacity of the 
compressor and its motor power installation will be given. It means that:  

 

[Volume of air (m3/s) * Air pressure (Pascal) = Energy (W)] 
 
3.1. Energy consumption for the sorting stage 
For sorting pegmatite raw material having particle size fraction of 12-30 mm, MikroSort 
model AP 1213 is a suitable machine that has capacity to handle about 25-35 t/h. The machine 
itself has a power of 4 kW.  
By considering the rejection of 35%, the amount of air needed for rejecting 35% of the 
material from the feed is about 180 Nm3/h. This means the air flow of 50 liters per second 
(l/s). Now by considering the data provided by the compressor manufacturers, it can be 
concluded that to have the air flow of 50 l/s with a pressure of 7 bar the energy needed 
approximates of 460 J/l which means the energy needed for sorting raw feed per ton 
approximates to 1 kWh.  

[Air flow (l/s) × Energy (j/l) = Energy needed (j/s)] 
54.5 (l/s) × 459 (j/l) = 25015.5 J/s ≈ 25 kW 

 

Therefore by considering that the machine handles 25 tons per hour the energy consumption 
will be about 1 kWh/t.  
To have a safe threshold for the production and to consider the energy needed for the motor 
power of the sorting machine and the compressor, feed preparation, etc., I recommend adding 
another 0.5 kWh/t of feed for sorting plant. Therefore the total energy consumed by sorting 
stage reaches 1.5kWh/t.  
A detailed calculation with respect to the energy consumption for North-Cape processing 
plant indicated to be possible to conserve up to 14% of total energy consumed to produce 
feldspar and quartz concentrate if sorting is done prior to fine grinding stage in processing 
plant. 
 
4. Conclusion 
What technology has brought during last few decades is mind blowing. Improved optical 
components as well as advances in computing technology, especially over the 1990s, have 
enabled sustainable development in producing sophisticated, more accurate and more reliable 
equipment. Sorting machines are not apart from that. During 1980s, attempts to design fast 
and sophisticated mineral sorters by using microcomputers were failed due to limited data 
processing rate. However,   the problem was solved through special interfacing and soft-wear 
development during 1990s. Nowadays, consistent, adaptable and cost-effective sorters are 
made and available to use for different purposes.  



Numerous physical features of objects can be used either individually or in various 
combinations in order to enhance processing rate and sorting possibilities.  
Based on new technologies available, sorting criteria can now be established by logging the 
data for the desired product(s) directly on production machine. In other word it is possible to 
teach the machine which particles are acceptable and which ones shall be rejected. Several 
different programs can be easily established for sorting purpose since the sorting parameters 
and their criteria are soft-wear based. These soft-wears make machine extremely user friendly 
with many automatic checking features. 
Developments in optical technology in combination with sophisticated computing hard wears 
and soft-wears made possible to fast identification of different objects. New generation of 
CCD, video, High-speed RGB digital or TV cameras are now used to identify particles based 
on their colours, their sizes, their shapes, however, image analysis system makes particle 
recognition based on a complex shape and color analysis.  
MikroSort is one of the new optoelectronic sorters developed during 1990s by the Mogensen 
Co. The machine employs color cameras for identification different objects and makes use of 
air ejecting system to reject particles. Based on feed size, number of particles must be rejected 
(i.e., percentage of reject) and the machine size, MikroSort is able to handle 1 to 150 ton or 
even more of raw feed. However, for the optimal sorting condition it is good to have less than 
30% reject in the feed.  
Optoelectronic sorting tests on North-Cape’s pegmatite, that contained about 40% of the mica 
shists, indicated that to be possible to have high quality pegmatite with recovery of 55 to 64% 
of the raw material. However, the recovery of the MgO as the main indicator for mica shist in 
waste product was found to be between 80 to 91%.  
40 to 50tph of such a raw material can be handled and processed by MikroSort.  
High quality pegmatite product was obtained especially after two stage sorting. In this case 
about 16 % of the feed can be recycled.  
Due to the results it can be recommended to sort bigger particle size fraction of pegmatite ore. 
This leads to have a higher throughput for the sorting machine, e.g., up to 100-120tph can be 
handled. In addition, less barren rock will be transferred to the comminution circuit which 
results to save more energy.     
The results from sorting tests on different size fractions of the waste alumina refractory from 
SSAB Merox revealed that the assay for the high alumina products after sorting varies based 
on tests conditions as well as size fraction of the particles. Generally, products having more 
than 72% aluminum oxide were achieved.  
Products containing high enough alumina oxide and less than 2% iron oxide can be used 
directly as the new raw material for making refractory breaks. However, low quality product, 
which contains more than 2% iron oxide, can be mixed with fresh alumina oxide for further 
usage.    
Referring to the power consumption an attempt was made to figure out the amount of energy 
consumed in a sorting process. The most energy consumption part is the air ejecting system. 
In general, the energy consumption changes based on machine size, particle size, percentage 
of the reject, density of the feed, etc. 
Rough estimations for power consumption for sorting pegmatite ore from North-Cap Mineral 
indicated that the energy about 1.5kWh/t is consumed for sorting pegmatite raw materials 
with the size fraction of 12-30 mm. These rough estimations revealed that about 12% to 14% 
of the total consumed energy by processing plant can be saved if a sorting machine is installed 
to sort particles before grinding stage.  
At last it must be mentioned that even now at the beginning of 21st century except for some 
special applications, such as diamond sorting, optoelectronic sorting is relatively unknown in 
mining and mineral processing. Advances in optical systems and computing technology has 



paved the way for emerging new sorting machines having better performance and higher 
reliability at lower costs. However, when technical conditions allow effective sorting the 
economic advantages can be substantial.  
As like as other beneficiation process for coarse particles, i.e., p > 1mm, liberation of the 
valuable and waste components is the most important factor and plays vital role to establish 
the technical feasibility for sorting.  
Potential users must consider that sorting machine is a man-made machine, it is impossible to 
expect 100% recovery of the valuables. Sorter manufactures also must be reliable to give 
good services and advises to fulfill the needs of customers. Fortunately, new technology made 
it possible to be very efficient in servicing and advising the customers. Small or even big 
problems can be solved urgently on-line. This makes possible to employ high-tech sorting 
machine efficiently in plant.  
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