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Abstract: Liquid-solid fluidized bed (LSFB) has been widely known and used for separation of coarse
coal particles (normally larger than 0.25 mm). The process of separation by LSFB needs fluidization
water from the bottom to the top of LSFB. The fluidization water is formed by the water addition at the
bottom of the LSFB. Normally the quantity of water addition is very large, which increases the burden of
water treatment in coal preparation processes. In this investigation, a spiral unit was introduced into the
conventional LSFB and the new separation equipment was named S-LSFB. The spiral unit could provide
an upward force for the upward movement of coarse low density coals into the concentrate, and hence the
quantity of water addition for fluidization water may be reduced. Samples of 0.5-0.25 mm size fraction
coal were used to investigate the difference in separation performance between S-LSFB and LSFB. It was
found that the separation performance of S-LSFB was nearly equal to that of LSFB. S-LSFB may be
beneficial to coarse coal separation in coal preparation plant since the burden of water treatment can be
reduced by the application of S-LSFB.
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Introduction

Fine coal (<0.5 mm) is usually beneficiated by flotation. However, the size fraction of
0.5-0.25 mm may be difficult to float since these coals have relative high weight
(Jameson, 2010; Kohmuench et al., 2012). The size fraction of 0.5-0.25 mm can also
considered as coarse coal slime in coal preparation industry. The coarse coal is usually
difficult to separate by both gravity separating equipment (jig and dense medium
cyclone) and flotation equipment (flotation cell and flotation column) (Li, 2008; Fan
et al., 2010). As a result, Knelson concentrator, spiral concentrator, small diameter
cyclone and liquid-solid fluidized bed (LSFB) are used in coarse coal separation (Uslu
et al., 2012; Mukherjee and Mishra, 2007; Sha et al., 2012). Liquid-solid fluidized bed
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(LSFB) is created based on the fluidization technique and used to separate coarse coal
particles ranging from 0.2 to 2 (1) mm. The separation process of coarse coal particles
in the liquid-solid fluidized bed has been observed by many researchers (Chu et al.,
2012; Ganguly, 1986; Mukherjee and Kumar, 2009; Sha et al., 2011). Computational
fluid dynamics (CFD) simulation technologies have been used to investigate the
separation performance of particles in the liquid-solid fluidized bed and also the flow
behavior in fluidized bed has also been investigated (Zhang et al., 2012; Wang et al.,
2012). Meanwhile, the changes in size, density and ash content of coal particles on the
column axis have been observed (Li et al., 2013). Usually, a wide size range of coal
particles in LSFB may worsen the separation process (Li, 2008; Sha et al., 2012;
Galvin et al., 2010). The separation process in LSFB needs the fluidization water to
form a separation density. The fluidization water is formed by the water addition at the
bottom of LSFB. Normally the quantity of water addition is very large, which may
increase the burden of water treatment in coal preparation processes. As a result, coal
preparation plant makes many efforts into the dewatering of coal products and the
treatment of water slurry since water should be reused in coal separation processes.
Especially, water should be economized in some arid and semiarid areas. The water
addition in the separation process of LSFB may be antinomy to water conservation.

The upward fluidization water, which is the main force of coarse coal particles
separation in LSFB, is required to be uniform in both axial and radial directions.
Usually, it is easy to provide a more even radial fluidization water with a water
distributor (Maharaj et al., 2007). However the uniform of axial direction is hard to
implement because of the change of solid volume concentration in the axial direction,
which cause a reduction in the force to particles in the top area of the cell and thus not
enough flow. Recently, a lot of attempts of changing the structure to overcome the
non-uniform of axial were observed to improve the separation effect, such as using
jigging water (Galvin et al.,2002), combining flotation and fluidization (Sarkar et al.,
2008; Das et al., 2009), and joining a series of inclined plate (Galvin et al., 2010;
Iveson et al., 2014).

In this investigation, a spiral unit was introduced into the conventional LSFB and
the new separation equipment was named S-LSFB. The spiral unit could provide an
upward force for the upward movement of coarse low density coals into the
concentrate, and hence the quantity of water addition for fluidization water may be
reduced. The separation performance of S-LSFB will be compared with that of LSFB
and some constructive suggestions will be obtained throughout this paper.

Materials and experimental procedure

Materials

Samples of 0.5-0.25 mm size fraction coal were used to investigate the difference in
separation performance between S-LSFB and LSFB. The results of the float-sink tests
are shown in Table 1. Table 1 is a summary of the cumulative floats at a specific
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density. It indicates that a clean coal with yield of 86.02% and 11.89% ash content can
be obtained at a separation density of 1.8 g/lcm®. The theoretical clean coal yield is
79.10% with ash content of 9.36%. The coal samples contain many low density and
ash coal particles. In addition, the yields of near-gravity materials at gravities of 1.5 to
1.7 g/cm® range from 15.65% to 6.92%. It shows that the coal samples are easy to
separate.

Table 1 Float-sink test results of 0.5-0.25 mm size fraction

Gravity range Float Cumulative floats Cumulative sinks
(g/cm®) Weight (%)  Ash (%)  Weight (%)  Ash (%)  Weight (%)  Ash (%)
<1.30 31.57 3.24 31.57 3.24 100.00 19.76
1.30-1.40 31.88 8.80 63.45 6.03 68.43 27.37
1.40-1.50 9.42 19.05 72.87 7.71 36.55 43.58
1.50-1.60 6.23 28.57 79.10 9.36 27.13 52.10
1.60-1.80 6.92 40.84 86.02 11.89 20.90 59.11
>1.80 13.98 68.15 100.00 19.76 13.98 68.15

Experimental system

Figure 1 is a picture of the LSFB. The LSFB is 100 mm in the diameter and 810 mm
in the height. The coal slurry was fed into LSFB from the feed inlet. The upward water
quantity was fixed at 400, 500, 600 and 700 dm®h from the bottom of the liquid-solid
fluidized bed. The pulp taken from concentrate and tailings was collected, filtered,
dried and analyzed by the float-sink tests.

Figure 2 is the picture of S-LSFB. S-LSFB is 100 mm in the diameter and 700
mm in the height. The coal slurry was fed into S-LSFB from the feed inlet. The
upward water was fed into S-LSFB by a tube and the quantity of water was adjusted
by a valve. The upward water quantity was fixed at 100, 150 and 200 dm*h from the
bottom of the liquid-solid fluidized bed. A spiral unit was introduced into the
conventional LSFB. The diameter of spiral blade is 96 mm and the pitch is 100 mm.
The blade has a thickness of 2.5 mm. The revolution speed of spiral blade was
adjusted by a motor with a power of 1.5 kW. The direction of rotation was at a
counterclockwise direction. The revolution speed was fixed at 247, 261 and 276 rpm.
The feed density of LSFB or S-LSFB is 300 g/dm®. The pulp taken from concentrate
and tailings was collected, filtered, dried and analyzed by the float-sink tests. Both the
results of LSFB and S-LSFB are obtained by dozens of measurements (in a period of
30 min) and representative and reproducible.
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Fig. 2. Picture of spiral-liquid-solid fluidized bed (S-LSFB)
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Results and discussion

Separation of LSFB

As shown in Table 2, both the concentrate yield and concentrate ash increase with the
increase of upward water quantity. The organic efficiency is also increased. In this
investigation, the concentrate ash should be controlled below 10%. Therefore, the
concentrate obtained at the upward water quantity of 600 dm®/h is used as the result at
the optimum operating condition. The upward water flow velocity increases with the
increase of upward water quantity. Higher flow velocity can lift more coal particles
(especially, low density coal particles). It means that high upward water flow velocity
can produce a high separation density (Wang et al., 2009). The separation efficiency
of liquid-solid fluidized bed is affected by many factors, such as particle size, yield of
near-gravity materials and particle density distribution (Mukherjee and Mishra, 2007).
In some cases, some larger particles with low density are lost in tailings while some
smaller particles with high density are carried into concentration. This causes a
mismatch of both tailings and concentration. However, the separation efficiency in this
investigation is very high compared with other liquid-solid fluidized beds in the
literature (Sha et al.,, 2011; Li, 2008). The high separation efficiency in this
investigation is due to the size composition of coal samples is 0.5-0.25 mm which is a
narrow size range. A narrow size range is suitable and easy to separate compared with
wide size range (Mukherjee et al., 2009).

Table 2. Separation results of coal samples in liquid-solid fluidized bed (LSFB)

Upward water quantity Concentrate Tailings Organic efficiency
(dm®/h) Ash (%)  Yield (%) Ash (%) Yield (%) (%)
400 7.09 55.37 35.47 44.63 78.65
500 8.57 63.86 39.52 36.14 83.58
600 9.96 68.77 41.32 31.23 84.59
700 11.07 78.19 50.89 21.81 92.65

Separation of S-LSFB

Table 3 shows the separation results of coal samples in spiral-liquid-solid fluidized
bed (S-LSFB). Both the concentrate yield and concentrate ash increase with the
increase of revolution speed at the same upward water quantity. A higher revolution
speed produces a higher upward water flow, and hence more coal particles (especially,
low density coal particles) can be lifted into the overflow. Meanwhile, both the
concentrate yield and concentrate ash increase with the increase of upward water
quantity at the same revolution speed. It indicates that a higher quantity of upward
water can also increase both the concentrate yield and concentrate ash. The best result
can be obtained at the upward water quantity of 150 dm®h and the revolution speed of
247 rpm since the concentrate ash should be controlled below 10% in this
investigation.
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In this investigation, a spiral unit was introduced into the conventional LSFB. The
spiral unit can produce a lift force for the upward moving of coal particles. Duan et al.
(2014) used an inflatable unit to produce bubbles for improving the separation
efficiency of liquid-solid fluidized bed. The bubbles could increase the lift force for
particles into the concentration and save the upward water quantity. The upward water
is needed in the separation process of LSFB, which increase the burden of water
treatment in coal preparation processes. Therefore, the water used in coal preparation
processes should be controlled to save both the water resource and the economy.

Table 3. Separation results of coal samples in spiral-liquid-solid fluidized bed (S-LSFB)

Upward water Revolution Concentrate Tailings o
quantity speed Ash  Yield  Ash  Yield Orga“'c(;ﬁ'c'ency
(dm?h) (r/min) (%) (%) (%) (%) (%)

100 247 831 5435 3577 4565 71.98
100 261 895 5643 3627 4357 72.35
100 276 1041 6357  39.07 3643 77.06
150 247 9.89 6727 4338 3273 83.15
150 261 1022 6910  44.63  30.90 84.37
150 276 1203 7340 4518  26.60 85.06
200 247 1129 7315 4690  26.85 86.47
200 261 1337 8346 5858  16.54 93.88
200 276 1391 8503 6026  14.97 94.69

Comparison of LSFB and S-LSFB

Table 4 shows the best results from LSFB and S-LSFB. It indicates that the organic
efficiency of LSFB is 84.59% which is a little higher than that of S-LSFB (83.15%).
Even though the organic efficiency of S-LSFB is a little lower than that of LSFB, the
upward water quantity for S-LSFB is a lot lower than that of LSFB. The upward water
quantity for LSFB is four times as large as that of S-LSFB. It is believed that the
burden of water treatment using LSFB is much higher than that using S-LSFB.
However, an additional energy input is given into the separation process of S-LSFB.
Maybe the comprehensive benefits of using S-LSFB instead of LSFB should be
considered further.

Table 4. Comparison of the best results from LSFB and S-LSFB

. Upward water Revolution Concentrate Organic
Separation . - e
svstem quantity speed Ash Yield efficiency
Y (dm®/h) (r/min) (%) (%) (%)
LSFB 600 9.96 68.77 84.59

S-LSFB 150 247 9.89 67.27 83.15
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Conclusions

A spiral unit was introduced into the conventional liquid-solid fluidized bed (LSFB)
and the new separation equipment was named spiral-liquid-solid fluidized bed (S-
LSFB). The spiral unit can produce the upward water flow, which may reduce the
burden of water treatment in the conventional LSFB. A comparison of separation
performance of LSFB and S-LSFB was conducted. It was found that the separation
performance of S-LSFB was nearly equal to that of LSFB. The organic efficiency of
LSFB is 84.59% which is a little higher than that of S-LSFB (83.15%).

With a similar concentrate ash, the upward water quantity for LSFB is four times
as large as that of S-LSFB. It indicates that using S-LSFB can reduce the burden of
water treatment in the conventional LSFB. The burden of water treatment using LSFB
is much higher than that using S-LSFB. However, an additional energy input is given
into the separation process of S-LSFB. Maybe the comprehensive benefits of using S-
LSFB instead of LSFB should be considered further.
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