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Abstract: About 40 percent of total raw coal feeding to Tabas coal preparation plant, consists of
particles in the size range of -50+6 mm. These particles are washed in a 700 mm (diameter) two-stage
Tri-Flo dense medium separator. In order to understand the mechanism of separation, a laboratory setup
including a transparent 70 mm Tri-Flo separator, tanks, pumps and the required instrumnets was designed
and manufactured. In laboratory studies, some polymeric colorful tracers were added to the separator with
different air core sizes, and were captured and counted in products’ tanks. The results indicate that probable
error of separation (Ep) decreases while air core gets bigger. Relying the findings of laboratory studies, the
industrial Tri-Flo was optimizaed using density tracers in the specific gravity range of 1.20 — 2.20 g/cm3,
when the separator was treating raw coal. In this phase, we tried to change dense medium flow rate and
internal tube diameter in the meaningful levels to evaluate the separator performance, rapidly. An increase
of 9% in the production yield and 0.5% increase in clean coal ash were the results of increasing the internal
tube diameter in industrial separator from 205 mm to 235 mm. 3% increase in the production yield and 1%
decrease in the clean coal ash was also observed with increasing the medium flow rate. Similar to the results
observed in laboratory separator, increasing the flow rate and pipe diameter leads to clearer separation in
industrial separator. This research presents a successful use of the laboratory results for optimization of an
industrial separator.

Keywords: Industrial Tri-Flo, Transparent Tri-Flo, Tracer, Air core, Probable error (Ep).

INTRODUCTION

Dense medium separation is the most popular process for treating coal in the world [ 1]. The last generation,
among dynamic heavy medium separators, a multistage device called Tri-Flo which was developed in
1980s in Italy [2]. The most important advantages of Tri-Flo compared to the other dense medium dynamic
separators like Dense Medium Cyclone, Dynawhirlpool and Larcodems include: simpler plant layout, less
sensitivity to feed variations, less wear inside the device, cheaper and easier maintenance [3]. Although
the use of Tri-Flo in coal treatment is growing up (especially in coals with high amount of near gravity
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material), a few researches have investigated parameters affecting the performance of the separator [4-7].

In Tabas coal preparation plant, a 700 mm Tri-Flo is used to wash coarse particles (-50+6 mm) and two
500 mm Tri-Flos treat the small particles (-6+0.5 mm). In 2014, Dehghan and Aghaei evaluated the efficiency
of Tri-Flo separators in both coarse and small circuits [8]. They extracted the Ep values by means of float &
sink experiments on separators’ products and then compared the Ep values with supplier’s numbers. They
reported that 700 mm Tri-Flo doesn’t have the predicted efficiency. In 2019, Noori & Dehghan measured
the Ep values for both stages of 700 mm Tri-Flo by means of 32 mm density tracers. They found that the
device efficiency decreases when the feed tonnage exceeds 140 ton per hour [9].

The main objective of this study is to find a way to improve the separation efficiency of 700 mm Tri-
Flo in Tabas coal preparation plant based on its operating/geometric variables. To this end, surveys were
conducted in two different scales. In laboratory, the variation of air core size inside a transparent 70 mm
Tri-Flo was investigated and then, the probable error (Ep) was evaluated for separation of colourful plastic
tracers in three levels of air core size. In industry, the operating variables of the coarse circuit in Tabas Coal
Preparation Plant were changed in a manner to have a bigger air core inside the separator and to decrease
the Ep and misplaced material.

METHODS

In order to perform laboratory tests, a 70 mm transparent Tri-Flo was manufactured. The main cylinders
were manufactured with Plexiglas rods and the other pieces (volute inlets and outlets) were made of plastic
polymers. The whole device was installed on a movable platform (Figure 1, left) and water was used as a
medium fluid in order to visit the air core size in both stages of the separator. For evaluating the separation
performance of the Tri-Flo, a mixture of colorful plastic tracers (Figure 2, left) with different densities (0.9,
1.15 and 1.52 g/cm?) were added in different tests with different air core sizes inside the separator (Table 1).

Table 1. Conditions of laboratory water - tracer experiments

Air core diameter Weight of added tracers
Test number ; :
Stage 1 Stage 2 Light Intermediate Heavy
Test 1 11 8 300 400 300
Test 2 21 18 300 400 300
Test 3 18 13 200 600 200

In the industrial phase, the performance of a 700 mm Tri-Flo (Figure 1, right) was evaluated using 32
mm cubic density tracers (Figure 2, right). The tracers were introduced to the separator feed chute every 3-4
seconds and were collected at discharge end of products screens (reject, middling and clean coal) separately.
610 tracers were added in each test and after retrieval, they were counted based on their densities, and the
resulting data were used to plot a partition curve for each chamber of Tri-Flo. The operational conditions of
industrial surveys are presented in Table 2.
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Figure 2. Density tracers used in this study (left: laboratory, right: industry)

Table 2. Conditions of industrial tracer experiments

Medium density (g/cm?®) Medium flow rate (m?/h) Tube diameter
Test number
Stage 1 Stage 2 Stage 1 Stage 2 (mm)
Test 1 1.77 1.53 410 400 205
Test 2 1.79 1.55 420 410 205
Test 3 1.80 1.57 430 420 205
Test 4 1.78 1.58 440 430 205
Test 5 1.79 1.55 430 400 205
Test 6 1.76 1.54 430 400 225
Test 7 1.78 1.57 430 400 235

Partition numbers for each stage of Tri-Flo were calculated as the number of tracers of a density in the
float product, divided by the number of all recovered tracers of that density. The partition numbers were
then used to plot the partition curve of the separator. This curve is normally interpreted and summarized
with two separation characters: separation cut point (p,,) and separation efficiency (Ep). So the partition
data is usually fitted to empirical models with two-parameter expressions (p,,and Ep). In this study the
equation presented by Scott and Napier-Munn was used to predict the cut point and separation efficiency
(Equation 1) [1]:

1
— )37
1+ exp [(Pso Egl)ln3]

P, = 100(1 — (1)

where, P, is the partition number indicating the fraction with density p, in the feed reported to the float
after separation; and p, is the density of the separation (cut-point). The performance of the separators is
typically measured by the Ep (Ecart probable), which is derived from the partition curve, and is calculated
from equation 2 [1]:

P75 — P2s

Ep =
p 2

2)

where, p.. and p,, are the specific gravity values where the partition numbers are 0.75 and 0.25,
respectively.

FINDINGS AND ARGUMENT

The partition curves resulted from water — tracer experiments (Table 1) are shown in Figure 3. Comparing
the curves, indicates that sharper separation has been achieved when the air core was bigger. It can be also
found (with comparison of Test 2 and Test 3) that the Tri-Flo separation efficiency doesn’t suffer so much,
when the near gravity material increases.
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Figure 3. Partition curves resulted from water — tracer experiments

Figure 4 shows the partition curves of the experiments refers to rows 1-4 in Table 2, indicating that
the Tri-Flo separation efficiency improves with increasing the medium flow rate (while the internal tube
diameter tays constant). The results of ash analysis conducted on the coal samples simultaneously, show

that increasing the medium flow rate from Test 1 to Test 4, increases the mass yield from 20% to 23% and
decreases the clean coal ash from 14% to 13%.
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Figure 4. Partition curves resulted from industrial experiments studying the effect of medium flow rate (left: first stage,
right: second stage)

The effect of increasing internal tube idameter in constant medium flow rates, is shown in Figure 5
(refers to rows 5-7 in Table 2). Here, again, we can see an improve in Ep values with bigger internal tubes.
In these experiments, considering the ash analysis of coal samples, an increase in mass yield from 15% to
24% and an increase in clean coal ash from 13.3% to 13.8% were obseved with changing the internal tube
diameter from 205mm to 235mm. Another finding of Figures 4 and 5 is that the separation in the first stage
is more sensitive to variation of the operating and geometric variables.
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Figure 5. Partition curves resulted from industrial experiments studying the effect of internal tube diameter (left: first
stage, right: second stage)

1FAR Ol € 0 lowd cuxiy 0998 30 \A%3



Journal of Mineral Resources Engineering (JMRE)

CONCLUSIONS

1. The colourful plastic tracers were added to the feed stream of a 70mm transparent laboratory Tri-Flo,
and the results showed that the separation performance improves with larger air core diameters.

2. In the industrial scale, the conducted tracer tests indicate that the separation efficiency of the Tri-Flo
could be improved via changing operating variables (medium flow rate) or the geometry of the separator
(internal tube diameter).

3. Unlike the dense medium cyclones, the cut point shift (p50-pm) in Tri-Flo separator is negative. This
indicates that the prevailing medium flow inside the Tri-Flo is outward to sink discharge heads.

4. The amount of near gravity material doesn’t have a significant effect on the Tri-Flo performance.
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