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In this article, the efficiency of the gravity circuits of the heavy intermediate
cyclone and the flotation of the current coal-washing circuit of the Tabas
Mamradco plant have been investigated, along with providing operational and
corrective suggestions. In this regard, sampling of the 11 main streams of the
factory, during three working days, and the performance of heavy intermediate
cyclone circuits and flotation (rafter and cleaner) in different dimensional
ranges, respectively, by performing analyses of release, sinking, and flotation
on the representative feed sample. And its comparison with the actual condition
of the device was monitored. Due to the wide dimensional range (0.5-0.5 mm)
of the flotation feed and the presence of clay, the efficiency of flotation is low
in dimensions below 75 microns, and the recovery and separation efficiency of
this part of the particles is 30 and 23.8 percent, respectively. In addition, based
on the results of sinking and flotation of different dimensional ranges of heavy
intermediate cyclone products, the low Ep value of particles in the dimensional
range of 0.5-1 and 0.5 mm, which are 0.17 and 0.21 respectively, shows The
poor performance of the cyclone is the heavy intermediary in the separation of
particles below 1 mm from the incoming feed. Based on the obtained results,
limiting the dimensions of the flotation inlet to -150 microns makes it possible
to increase the efficiency from 36 to 59%. On the other hand, gravity processes
have a better performance than flotation in large dimensional ranges (0.15+ -
0.7 mm) due to the simplicity of the operation and the low separation error,
with a 7% increase in efficiency in these dimensions with the gravity method.
Compared to flotation can be achieved. Therefore, using equipment such as a
spiral to enrich particles of +0.15-1 mm will lead to a 3% increase in the
efficiency of the factory.
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EXTENDED ABSTRACT
1. Introduction

Considering the very effective role of coal ash for consumption in the steelmaking industry, the
removal of impurities associated with coal, the correct design of a coal washing circuit with
appropriate efficiency, and the optimization of the relevant process are very important. In coal
washing plants, coal sizes smaller than 0.5 mm are usually graded by flotation, and sizes larger than
0.5 mm are graded by gravity methods such as heavy media cyclones [1]. Today, large diameter
heavy media cyclones are less commonly used due to low efficiency, low recovery of media
magnetite from fine coals (loss due to adhesion to coal fines), problems in providing inlet pressure,
and relatively high cost for recovering coal particles smaller than 1 mm [2,3]. Although much
research has been conducted on improving coal washing in the past twenty years, the efficiency of
coal washing plants in dimensional ranges below 1 mm (coal fines) has received less attention in Iran,
despite applied research in the world. This problem has been exacerbated in recent years with the
increase in the amount of high ash fines due to increased mechanization and the use of continuous
extraction machines and the extraction of ash-rich coal layers. Today, the increase in the separation
efficiency of gravity methods in processing fine particles and the modification of the relevant circuits
due to the simplicity of operation, low cost, and high efficiency of these methods compared to the
flotation process have attracted the attention of most coal washing plants to these methods. On the
other hand, despite the high probability of large particles (above 500 microns) hitting the bubbles in
flotation, due to the high weight of these particles and the turbulence of the pulp environment, the
probability of their separation from the bubbles is very high.

A significant part of the low efficiency of coal upgrading in coal washing plants is related to the
processing of particles smaller than 1 to 2 millimetres. The use of self-media gravity separators (Auto
media), which use the mineral pulp as a medium for separating particles based on density (water-only
cyclone, rising and falling bed separator -TBS, etc.), is one of the most important solutions for the
effective recovery of fine coal particles (smaller than 2000 microns) in the world [4].

By sampling three streams of feed, concentrate and cyclone tailings, in addition to performing a sieve
analysis and determining the quality and quantity of different particle size ranges, the yield, recovery,
separation efficiency and possible error (Ep) of the device in these dimensions were calculated. By
performing sinking and flotation analyses at densities of 1.4 and 1.8 g/cm3 on a sample taken from
the cyclone tailings stream, it was determined that approximately 5.4 and 27.5 percent of the particles
in these two densities float and are wasted as concentrate and intermediate, respectively.

2. Methodology

Coal washability or washability analysis is the determination of the theoretical limits for the removal
of impure minerals from coal by processing processes. This capability can be achieved by using
sinking and flotation analyses for gravity separation and release or tree analysis for flotation. For
sinking and flotation experiments, zinc chloride solution was used to prepare different densities. In
the experiments, densities of 1.3 to 2 g/cm3 are used. After sinking and flotation operations, the
obtained samples are dried, weighed, and then ash-measured. To determine the ideal flotation feed
efficiency, release or tree analysis tests are used in which the experimental conditions are close to the
flotation process. In the release analysis method used, the aeration rate and rotor speed are important.
The produced foam is recovered by changing the rotor speed and aeration speed and taking into
account the time. Hydrophobic and hydrophilic materials are completely separated in the first stage,
so that both poorly buoyant and fast-floating particles are included in the produced foam. The
concentrate or foam produced in the first stage is subjected to a flotation process and five concentrates
are floated at a specified rotor speed and time. The products are then chemically analyzed.
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Fig 1. Containers used for sinking and floating experiments
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Fig 2. Release analysis on flotation feed sample (Guide: Operating conditions: Impeller speed (rpm)/foaming time (s))

3. Findings and argument

By performing sinking and flotation analyses at densities of 1.4 and 1.8 g/cm3 on a sample taken
from the cyclone tailings flow, it was determined that approximately 5.4 and 27.5 percent of the
particles at these two densities float and are lost as concentrate and intermediate, respectively. The
ash percentages of these two flotation fractions were determined to be 9.1 and 40.3, respectively.
Approximately 3 percent of the 5.4 percent of the lost fraction is related to dimensions below 1 mm
in the flow, indicating the low efficiency of the heavy media cyclone in recovering these particles. In
addition, the lowest ash in the lost fraction is concentrated in the dimension range of +0.5-1 mm in
the flow.

Table 1. Results of the washability of the heavy intermediate cyclone waste stream

Size mm Concentrate Middle Reject
W% Ash % W% Ash % W% Ash %

+25 — — 5.1 41.6 10.2 69.6
+12-25 0.1 9.2 9.7 414 22.5 69.0
+4-12 0.4 10.7 4.2 39.5 12.7 68.7
+3-4 1.3 9.1 4.0 41.2 8.2 73.2
+1-3 0.7 7.4 1.5 37.8 4.1 71.3
+0.5-1 1.9 7.1 2.2 335 7.5 72.3
0-0.5+ 0.9 13.5 0.8 41.5 1.9 72.7
Total 54 9.1 27.5 40.3 67.2 70.2

Density g/cm? Float 1.4 Float 1.8 Sink 1.8
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Fig 3 shows the yield, recovery and separation efficiency of different size ranges of the heavy media
cyclone. As is clear from the results, due to the locking of coal and tailings particles in the coarse size
range (size range +12 mm), the yield, recovery and separation efficiency of this size range are low.
That is, this part of the particles has a higher density or specific gravity than the coal density and
remains submerged. In order to float these particles, a higher separation density is required, which
leads to the production of a product with higher ash (middling). Due to the single density of the heavy
media cyclone, its performance in separating intermediate particles (close to the separation density)
is poor.
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Fig 3. Yield, recovery and separation efficiency of different particle size ranges in a heavy media cyclone

Based on the results obtained, the overall probability error of the device was measured and determined
to be about 0.06. According to the available information, the Ep value in the range of 0.02 to 0.08 is
desirable. The Ep values of the heavy media cyclone device in different dimensional ranges. Based
on the results obtained, the performance of the device in two dimensional ranges below 0.5 and +0.5-
I mm was poor due to the incorrect division of coal and tailings particles, and the separation
probability error in these two dimensional ranges was determined to be 0.21 and 0.17, respectively,
which is between 2 and 3 times the maximum allowable error (Ep=0.08).
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Fig 4. Separation error probability (Ep) of heavy intermediate cyclone in different size ranges

30



Ahmadi et al. Evaluating optimal operational solutions for heavy intermediate...

4. Conclusions

The probable error (Ep) in the size ranges of +0.5-1 and -0.5 mm is 0.17 and 0.21, respectively,
indicating the poor performance of the heavy media cyclone in the enrichment of particles below 1
mm. By examining and monitoring the flotation performance in different size ranges of the feed, the
low recovery and separation efficiency of flotation in the size range below 75 microns due to the
presence of clay particles is evident and is equal to 30 and 23.8 percent, respectively. By limiting the
size range of the flotation feed to less than 150 microns and applying optimal operating parameters,
it is possible to increase the efficiency of this part of the flotation feed from 36 to 59 percent. On the
other hand, gravity processes, due to their simplicity of operation and low separation error, have better
performance than flotation in coarse size ranges (+0.15 mm), and in the comparison made for the size
range of +0.7-+0.15 mm, a 7% increase in efficiency is evident. Therefore, the use of equipment such
as spiral, teetered bed separator (TBS), reflux classifier (RC), and heavy media cyclone with a small
diameter for the concentration of +0.1-15 mm feed particles will lead to a 3% increase in plant
efficiency. By adding a third circuit, the plant flexibility to produce a product with higher quality and
recovery is possible.
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Reject Concentrate Feed Size (mm)
Ash % W % Ash % W % Ash % W %
60.3 15.3 20.4 53 46.8 14.0 +25
60.6 32.2 16.6 12.9 40.6 18.7 +12-25
60.3 17.3 12.6 38.6 31.8 37.5 +4-12
57.5 13.5 10.1 16.9 233 12.9 +3-4
55.9 6.4 9.5 8.2 20.4 7.8 +1-3
543 11.6 9.9 12.3 22.5 6.3 +0.5-1
50.8 3.6 10.6 5.8 24.6 2.8 +0-0.5
58.7 100.0 12.4 100.0 32.8 100.0 Total
4.3 4.4 4.4 Moisture %
O aloly (3 olSomw albly (41 52 (6 2.0y gulicinnits 5 =Y Jgu
. Concentrate Middle Reject
Size mm W% Ash % W% Ash % W% Ash %
+25 — — 5.1 41.6 10.2 69.6
+12-25 0.1 9.2 9.7 414 22.5 69.0
+4-12 0.4 10.7 4.2 39.5 12.7 68.7
+3-4 1.3 9.1 4.0 41.2 8.2 73.2
+1-3 0.7 7.4 1.5 37.8 4.1 71.3
+0.5-1 1.9 7.1 2.2 33.5 7.5 72.3
0-0.5+ 0.9 13.5 0.8 41.5 1.9 72.7
Total 5.4 9.1 27.5 40.3 67.2 70.2
Density (g/cm3) Float 1.4 Float 1.8 Sink 1.8
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Size (mm) . Feed .Concentrate 4 Tailing Yield % | CMR % | SE %
weight % ash % weight % ash % weight % ash %
+0.5 11.2 18.1 13.2 9.0 16.5 49.1 77.3 85.9 47.5
+0.3-0.5 12.1 20.3 15.1 10.7 11.4 57.6 79.5 89.1 47.2
+0.212-0.3 13.2 23.7 25.3 14 14.0 63.8 80.5 90.8 43.2
+0.1-0.212 15.7 27.3 11.0 14.5 6.7 67.1 75.7 89.0 48.8
+0.075-0.1 6.7 28.8 5.4 13.9 4.0 67.4 721 87.2 52.4
-0.075 41.1 36.3 29.9 154 47.5 44.5 28.2 37.4 25.5
Total 100.0 28.7 100.0 13.3 100.0 51.9 60.0 73.0 45.2
Solid % 4.9 359 2.6 Rougher Flotation
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Time (s) W % Ash % Cumulative Cumulative ash%
wt%

15 18.9 6.9 18.9 6.90

30 23.1 7.8 41.9 7.39

45 11.1 10.3 53.0 8.00
Js160- 2.5 17.3 55.5 8.42
29560~ 1.4 33.7 57.0 9.05
90 alo potail- 4.5 63.2 61.5 13.05
Jol al> wotail- 38.5 66.8 100 33.74
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