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Abstract: A new theoretical formula can be used to calculate superficial velocity for 
particle separation with a critical condition, and it is based on the size, density, terminal 
velocity, Reynold number of the particle and equipment parameters. In a continuous 
system, a series of fractionation experiments were conducted to quantify the separation 
performance for 0-2 mm coal particles under various factors, including channel spacing, 
solids throughput and split fluidization rate. The separation performance considers the 
ash content and yield of products varying with the particle size. A great fluidization 
environment can be created by the 6 mm channel spacing. For the solids throughput of 
10.20 t/(m2h) provides a well effective separation in the narrow channels. In addition, 
the split fluidization of 0.0058 m/s can produce a higher shear induce force in the 
inclined channels to prevent the low-density particles from being lost in the underflow. 
The theoretical superficial velocity calculated by the new formula is 0.042 m/s, which 
can report the particles with the upper and lower size reach at 9-fold to the overflow, it 
is almost the same as the actual separation fluidization velocity of 0.04 m/s. Meanwhile, 
the data obtained under each separation condition is basically consistent with data of 
the sink-float mothed, which shows a good separation performance for the Reflux 
Classifier. 

Keywords: critical condition; channel space; solids throughput; split fluidization rate;  

1. Introduction 

With the development of gravity concentration technology in the mineral industry, 
the gravity separation devices are commonly applied for collecting the valuable 
products in the mineral processing [1]. The fluidized bed is a classical gravity hydraulic 
separation equipment, which can be obtained a better result by changing the superficial 
fluid velocity or discharging the rate via the bottom [2,3]. Ideally, a perfect separation 
was produced in the gravity equipment basing on the particle density and greatly 
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suppressing the effort of size and shape of particle [4,5]. However, in practice, with a 
wide range of feed size, the separation performance is obviously affected by size which 
getting a deterioration of elutriation and the ash content of the clean products to higher. 
Therefore, it is a big challenge for an alternative technique to suppress the impact of 
size in the process [4].  

A relatively new gravity separation equipment, Reflux classifier (RC), was 
combined a set of parallel inclined channels with a conventional fluidized bed, as shown 
in Fig. 1 [6,7,8], and it has been studied for decade years. The Boycott effect was 
discovered, which made a significant benefit for the high hydraulic loading due to a 
large effective settlement area in the inclined channels [9,10]. Meanwhile, in the 
inclined channels, the laminar-shear mechanism causes the low-density coarse particles 
are easily tending to be re-suspended, which largely enhanced the efficiency of RC basis 
of density separation [11,12,13]. Follow, an empirical formula was introduced to 
quantify the separation efficiency by Laskowski et al, and it was according to the 
kinematic theory proposed by Ponder and Nakamura and Kuroda (PNK theory) [14,15]. 
However, in the further research, the final elutriation separation size initial decrease 
followed by a gradually increase as the number of inclined channels raise [12]. However, 
those previous key theories only offer a computational method of separation in the wide 
inclined channels. 

Recently, with the development of RC, a new mechanism described by Galvin who 
had found an elutriation basically based on particle density in the narrow spacing 
channels [5]. As the Fig. 2 shows, in the laminar flow, a parabolic velocity profile was 
developed within the channel, the particles on the surface of plate whose local fluid 
velocity are linear with their half of the diameter, which shown that the coarse particles 
accompanying the higher local fluid velocity, while the fine particles are opposite [5]. 
If the local fluid velocity of the particles is equal to the sedimentation velocity of the 
particles along the tangential plate surface, the particles will reach an equilibrium 
position in the tangential direction. In a narrow channel, different locations in the 
channel have different local fluid velocities, this will subject the particles to lifting 
forces. The introduction of inertial lifting force standard can determine the possibility 
of particles entering high fluid velocity from the surface of the plate or staying on the 
wall at low fluid velocity [17]. In the comprehensive fluid, the particles whose lift force 
exceeds the net weight force in the normal direction, they can be conveyed up along the 
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upper plate, conversely, those particles will be slipped down along the lower plate 
surface to the fluid region under the inclined channels. Therefore, He provided a model 
of particles movement based on those conditions of the lift force equal to net weight 
force in the normal direction and the superficial fluid velocity match to the terminal 
velocity in the tangential direction, however, there is an intermediate variable in that 
paper [18]. For the sake of simplicity, this paper provides a new equation to calculate 
the critical superficial fluid velocity.  

This paper is concerned with the new formula to describe the critical superficial 
fluid velocity in the continuous process. Previous works about coal or mineral 
corresponding to the narrow channels gap under the laminar flow have been proved to 
be satisfactory [21,22,23]. Some single factor experiments were conducted to explore 
the potentiality ranges of various operational parameters in the continuous segregation. 
Those factors are included of channels spacing, solid throughput and split fluidization 
rate. The products of overflow and underflow elutriated at each condition were sized, 
weighed and analyzed, meanwhile, quantified the separation performance both in the 
size-ash curves and washability curve. The results of each operating parameter are 
provided a couple of guidance laboratory-scale experimental for the actual process of 
RC in coal and mineral processing field.  

2. Experimental theory 

The particle movement is determined by the particle density, size and flow 
characteristics during the particle settling. The forces of the particles received in the 
fluid are very complicated, so a coordinate system was established. It can be 
decomposed into the tangential component and normal component, in which y denotes 
the tangential direction, and x the normal direction, as shown in Fig.2. The flow rate of 
the center of the channel and near the plate surface are not consistent. The flow rate in 
the center of channel is 1.5 times of the superficial velocity, while the flow rate near the 
plate surface is less than the superficial velocity. So, a high fluidization gradient was 
developed in the inclined channels. The pressure on the upper and lower surfaces of the 
particle are different because of a high fluid velocity gradient, which result in a high 
inertial lift experienced at particle.    

J = 𝑅𝑒𝑠2𝑅𝑒𝑥  (1) 
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Where 𝑅𝑒𝑠 is the shear Reynolds number, 𝑅𝑒𝑥 is the particle Reynolds number in the 
normal direction. If J is greater than 32, the particle will be migrated toward the high-
fluid velocity region under the shear lift force. If J is less than 32, the result is just be 
converse. Meanwhile, the 𝑅𝑒𝑥 is expressed as :  

𝑅𝑒𝑥 = 𝑅𝑒𝑡𝑐𝑜𝑠𝜃  (2) 

where 𝑅𝑒𝑡  is the particle Reynolds number in the flow, θ is the inclination angle 
relative to the horizontal. Zigzag and Sylvester provided a theoretical description of the 
particle Reynolds number suspended in the liquid, therefor, the 𝑈𝑡 can be conveniently 
obtained from the particle Reynolds number   

𝑅𝑒𝑡 = [(14.51 + (𝑔 ∗ (𝜌𝑝 − 𝜌𝑓) ∗ 𝜌𝑓)0.5 ∗ 1.83 ∗ 𝑑1.5𝜇 )0.5 − 3.81]2  
(3) 

𝑈𝑇𝑌 = 𝑈𝑡𝑠𝑖𝑛𝜃  (4) 

𝑅𝑒𝑡 = 𝜌𝑓𝑈𝑇𝑑𝜇   
(5) 

Where g is acceleration of gravity, the 𝑈𝑇𝑌  is particle terminal velocity in the Y 
direction, 𝑈𝑇 is the particle terminal velocity, d is particle diameter, 𝜌𝑓 is the density 
of the fluid, g is the gravitational acceleration, μ is the fluid viscosity. The shear 
Reynolds number, Res, it is conveniently obtained by : 

𝑅𝑒𝑠 = 𝜌𝑓𝛾𝑑2𝜇   (6) 

Where 𝛾 is the velocity gradient, and z is spaced of channels, the velocity gradient can 
be calculated by differentiating Eq.(8), which was shown that: 

γ = 6𝑈𝑧 (1 − 2𝑥𝑧 )   (7) 

𝑢(𝑥) = 6𝑈𝑥𝑧 (1 − 𝑥𝑧)   (8) 

where U is the average superficial velocity, and x is the distance of particle from the 
wall, and 𝑢(𝑥) is the local fluid velocity. When the J is less than 32, the sum of the 
lifting force and buoyancy of the particle is less than gravity force, which lead particles 
drop down and settle on the plate surface. When settling velocity of particles in the 
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tangential direction is equal to the fluidization velocity at the particle center, so, it 
means that an equilibrium state will be reached in this condition for those particles. 

𝑈𝑇𝑌 = 𝑈𝑑/2  
(9) 

As x = 𝑑2, by combining the Eq(3), Eq(8) and Eq(9) the superficial velocity of inclined 

channel can be calculated : 

U = 𝑧 𝑈𝑇 𝑧2𝑠𝑖𝑛𝜃3𝑑(2𝑧−𝑑)   (10) 

When the J greater than 32, the particles will be suspended at a distance x from the 
surface of the plate and reached a critical balanced position. Substituting Eq (1), Eq (2), 
Eq (3), Eq (4), Eq (5), Eq (6), Eq (7) lead to define the critical hydraulic velocity. That 
is, 

U = √8𝑧2𝜇𝑅𝑒𝑥𝑜.53𝜌𝑑2(𝑧−2𝑥)  (11) 

U = 𝑧𝑈𝑡𝑠𝑖𝑛𝜃6𝑥(1−𝑥𝑧)  (12) 

However, there is x both in these two formulas of express critical superficial velocity, 
so, it is not conveniently to calculate the critical superficial velocity for the given feed 
particles. Therefore, a new formula free of x can be concluded by combining the two 
formulas above. So, combining the Eq(9) with Eq(10) the formula can be introduced 
as:  

U = 𝑈𝑇𝑠𝑖𝑛𝜃−(𝑈𝑇2𝑠𝑖𝑛𝜃2+8𝑧2𝜇2𝑅𝑒𝑥𝜌2𝑑4 )0.53   (13) 

Eq. (13), it is described the quantitative relationship based on the superficial velocity, 
U, of a fluid attend an inclined channel of gap, z, the inclination angle relative to the 
horizontal θ, the density of the particle, ρ , the gravitational acceleration, g, the fluid 
viscosity, μ and the particle diameter d.  

 

It is evident that the index of particle size effect in this new formula is reduced to 
0.5 power dependency. So, the dependence on particle size in the inclined channel is 
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largely reduced and promoted the separation based on the particle density. In this paper, 
the value of critical superficial velocity is expressed in new formula to obtain a better 
quality for the given feed, which is significant directions for our laboratory-scale 
separation. 

3. Experiments 

To investigate the influence of channel spacing, solids throughput and split 
fluidization rate on the separation result, a continuous experiment system is established. 
The system is consisted of the incline zone and vertical zone. The inclined section 
contains some isometric inclined channels is constructed from Perspex, it is at an angle 
of 70° to the horizontal, connecting with a horizontal cross-sectional 60 mm wide by 
100 mm broad and a height of 800 mm. With 0.6 mm thick inclined plates are inserted 
and slightly higher than the overflow weir, so that to create a common parallel flow 
environment in each channel. The vertical zone is connected to bottom of the incline 
zone, having a cross sectional area of 60 mm × 100 mm and height of 800 mm. There 
is a distributor at the base of the vertical section, it can be allowed the fluidization water 
uniformly added in the system, which can ensure the suspension keep a fluidization 
within the equipment.  

The particle properties are presented in detail, as shown in Tab 1. and Tab 2. It can 
be easily found that with the particle size decreasing from the 2 mm to 0.125 mm, the 
ash content feed is increases at first and then decreases. And the feed density is mainly 
concentrated in 1250-1400 kg/m3, and the material yield of each density level is 
basically uniform. Therefore, the material cannot get a better product by classification, 
and can only get a better separation result by gravity separation. Before adding the 
suspension into the system, it should be switched on the fluidization water valve and 
maintained a minimum fluidization velocity to ensure the suspension was dispersion. 
Once the fluidization water flows into the overflow weir, the feed pump and the 
underflow pump should be immediately switched on. With an increasing feed particle 
added into the vertical region, a dense autogenous bed was gradually formed. After a 
while, some tests were taken to verify whether the system has reached a stable state. 
Under the stable state, the system was kept at a fixed fluidization velocity lasted over 
1h, before the next operating conditions change made. The coarse particles were easily 
to settle on the plate surface, so they basically slide down to the bottom of the vertical 
section, while the fine particles with a slowly setting velocity are conveyed up the 
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inclined channels and flowed into the overflow weir to be collected. Meanwhile, the 
overflow solids passing through the 0.075 mm filter screen is collected. Then, analyzing 
the overflow and underflow products recovered from each steady-state condition to 
characterize the separation performance to bring some suggestion to future experiments.  

4. Results and discussion 

4.1 Effect of channel spacing on separation 

The different hydraulic gradients are developed within various channel spacings, 
the particle moves from the boundary of the channel to the center of the channel, its 
superficial velocity increases from 0 to 1.5 times of the average flow rate of channels. 
In the new formula, it is shown that a wider channel requires a higher fluidization 
velocity to obtain an equilibrium state for a given feed. In other words, for a fixed 
fluidization rate, the narrower the channel, the larger the particle size is needed to reach 
the critical balance. The value of superficial velocity is equal to the value of average 
flowrate in the inclined channel, and the particles are experienced a lower lift force than 
the narrow channels in wide channel. Therefore, it can be inferred that the ash content 
of the underflow in the wide channel is lower than that of narrow inclined channel, as 
result of a few low-density particles losing in underflow under the same superficial 
velocity. Aim to confirm this hypothesis, runs 1, 2 and 3 were conducted. Tab. 3 
provides a summary of the operating conditions used in the experiment. 

Fig. 5a shows the ash of overflow as a function of the channel spacing and particle 
size, respectively. The ash content of products generated from 6 mm spacing is slightly 
lower than that of 14 mm channel spacing in the whole particle size range, and there is 
a little fluctuation at the size range of 0.75-2 mm in the 14 mm channels spacing. In 
addition, the 22mm channel spacing is the highest grade of ash for particles size less 
than 0.125mm. The main reason is that the high superficial velocity leads to high-ash 
fine particles to overflow in wide channel spacing. It is evidenced that the ash content 
of each product decreases with increasing particle size, it is tending to be a fixed ash 
value of 2.50%. So, it shows that the inclined channel can obviously strengthen the 
density separation. When the particle size is less than 0.1 mm, the spacing of 22 mm 
shows a better agreement with the feed ash–size curve. And for the size greater than 0.1 
mm, the ash content decreases with an increase in particle size, and its trend is common 
in the traditional hydraulic gravity separation equipment. It can be concluded that the 
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particle size has a higher significantly effect on the separation of wide channel.  

Fig. 5b shows the ash content of underflow as a function of the channel spacings 
and size, respectively. The underflow ash % of the of 22 mm spacing is lower than that 
of 6 mm and 14 mm for particle size below 1mm, which strongly demonstrates that 
some low-density particles are lost in the wide channel underflow. Moreover, the 
separation data of channel spacing of 14 mm and 22 mm for the particle size range of 
1-2mm shows an almost same result of ash %, and the data of the 6 mm spacing is 
higher than that of  channel spacing of 14 mm and 22 mm for a given size. With a high 
lift force of the narrow channel, the re-suspension is more obvious, which makes it 
easier for coarse particles to be conveyed to the overflow making the underflow ash 
content of the narrow channel higher. By comparing the difference between the 
overflow ash content and the underflow content at each particle size in the three 
experiments, it is evidenced that the over-size spacing will increase the difficulty to 
produce high-grade products. 

4.2 Effort of solids throughput on the separation. 

Throughput is one of the main parameters of the gravity separation equipmentes, 
and the processing capability of the equipment rapidly decreases as the feed particle 
size decrease. Over 17 t/ (m2 h) solids throughput for the traditional liquid-solid 
fluidized bed processes the particle size ranging from 0.25 mm to 1 mm. To investigate 
the solids throughput potential in the inclined channel, the solids throughput of 5 t/ 
(m2h), 10.20 t/ (m2h) and 18.33 t/ (m2h) were used in this work. It is worth noted that 
the value of the maximum throughput can only be reached at 18.33 t/ (m2h) as the 
limitation of the equipment and system.  

Fig. 6a shows the separation results of overflow using various throughput values 
for the 6 mm channel spacing. For the particle size greater than 0.125mm, the ash value 
obtained by 10.20 t/ (m2h) and 5.00 t/ (m2h) separations decreased with the increase of 
particle size, and the difference of ash value between them was small. Meanwhile, with 
a throughput of 18.33 t/(m2h) provide the highest ash % within this size range. In the 
particle size range of -0.125 mm, the ash value of three different experiments increases 
rapidly with the decrease of the particle size, and the ash value between them is very 
diversity. Since the relatively high throughput leads to an increase in superficial 
velocity, with a result that the high ash content fines whose size below the 0.125mm are 
conveyed up to the overflow.  
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Fig. 6b shows the separation results of underflow using various throughput values 
with the 6 mm channel spaced. The throughput of 10.20 t/(m2h) curve shows a good 
agreement with that of 18.33 t/(m2h) curve for the particle size larger than 0.75 mm, 
and within the same particle size range, the ash content of produced % by the 5.00 
t/(m2h) is lower than that of the 10.20 t/(m2h) and 18.33 t/(m2h). However, as the 
particle size is less than 0.75mm and gradually decreases, curve of 10.20 t/(m2h) and 
curve of 18.33 t/(m2h) tend to overlap, indicating that their separation performance is 
very similar. It should be noted that for most particle sizes, the data obtained from the 
separation of 10.20 t/(m2h) is higher than that of 18.33 t/(m2h) and 5.00 t/(m2h). As a 
result, the throughput of 10.20 t/(m2h) can bring a moderate separation environment. 

4.3 The influence of split fluidization rate on separation 

The theory of split fluidization is based on the separation principles of the inclined 
channel and liquid-solid fluidized bed. The fluidized water is introduced into the 
system, which includes split water added from the position below the feed pipe and 
fluidized water directly added to the distributor at the base of the RC. Goals of split 
fluidization are to resolve the low-density particles easily lost into underflow and to 
provide a moderate separation environment for the inclined channel and fluidized bed. 
Two comparative experiments (Run 1 and Run 6) were conducted in this section, both 
of their feed volumetric rate puts into the vertical section is 3.68 kg/min that equals to 
0.0102 m/s. The Run 1 does not add split fluidization water, but the rate of 2.08 kg/min 
fluidization water is added to the Run 6 experiment. 

Fig. 7a shows that the ash value of the overflow relates with the split fluidization 
in the separation. After introducing the split fluidization water into system, the ash 
content is slightly reduced within the particle size range of 0.25-1.45 mm, meanwhile, 
it rapidly increases from 8.85 % to 15.6 % as the particle size is reduced to 0.25 mm. 
The superficial fluidization velocity is increased with an increase in the split 
fluidization rate. However, the high superficial velocity, which maybe disrupt the stable 
laminar flow, has a significant influence on the separation of fines. In practice, most of 
fines have analogous terminal velocity in the infinite settling flow, which indicates that 
their movement in separation are slightly different. 

Fig. 7b shows that the ash value of the underflow relates with the split fluidization 
in the separation. When accompanying the split fluidization water is put into the vertical 
section, the content of ash presents a decrease from 80.12 % to 17.79 % at the particle 
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size range of 0.125-1.0 mm since a few lower density particles mixed with the 
underflow stream. Moreover, the ash content of underflow exhibits a not obviously 
decrease as the particle size range from 1 mm to 2 mm. It is evident that the split 
fluidization can prevent the coarse particles of low-density from mixing into the 
underflow, but inevitably increase the ash content of the overflow. Therefore, the way 
of the split fluidization has a limited improvement of separation performance in the 
inclined channel process. 

4.4 Separation effect of slime in the inclined close channels 

The liquid -solid fluidization bed has a best separation efficiency when the particle 
size of feed is within the range of 0.25mm to 1mm, which is commonly applied to the 
elutriation of coal slime. When the difficult washability feed particles with wide range 
size are entered the liquid -solid separation bed, a poor separation performance will be 
showed in the process. This specific performance is an amount of the high ash content 
fine gangue particles transported to the underflow making a low-grade clean coal 
through overflow, and further stages are inevitably added to elutriate slime. Meanwhile, 
a few coarse particles of low-density are misplaced in the underflow and the tailings 
have low ash content and recovery rate, and these separation features are commonly 
found in the liquid -solid separation and other hydraulic separators since the separation 
performances are affect by the particle size. From the view of Ep, the value of Ep 
increases with the decreasing feed particle size, and from the separation density of each 
size product, the separation density of coarse particles is low while the fine is the 
opposite. As far as the product ash content of each size, it obviously varies with the 
particle size. 

Fig. 8 shows that the particle size relation with ash content of overflow for Run 1, 
5, 6. The ash content is almost kept at around 3.65 % for the overflow products coving 
the size range 0.2-1.8 mm, in other words, the ash content slightly fluctuates with the 
change of the particle size, and it means that the separation density is similar, and the 
value of Ep is low. So, the inclined channel provides a better separation performance 
under the gravity force. The ratio of upper and lower feed particle size is 9 times in the 
inclined channels, which is different from 4 times of the liquid -solid separation bed. It 
is evident that the separation performance of the inclined channels is better than that of 
the liquid -solid separation bed for the feed particle with wide size range. 

According to the density of each particle size of the overflow products, the 
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relationship between the particle size predicted by the new model and the corresponding 
superficial velocity is plotted in Fig. 8. For the U = 0.042 m/s, the particles of covering 
the size range 0.2-1.8 mm are conveyed to the overflow with almost similarly 
probability, this separation is nearly dependent on the particle density. The predict of 
superficial velocity shows a good agreement with the experiment result. In the 
continuous system, it should be noted that the predict fluidization velocity is 0.042 m/s, 
while the experimental value is 0.04m/s, and the reason for the difference is the effect 
of hindered settling within suspension particles. However, since the predicted 
fluidization velocity is of the same order of magnitude as the experimental fluidization 
velocity, it will not affect the application of critical models in inclined channels 
significantly. 

Fig. 9 shows the cumulative yield versus cumulative ash % curve in the continuous 
separation. High shear flow environment in the narrow channels enhances the 
separation performance according to particle density. The overflow curve generated by 
6 mm spacing is closer to the sink-float curve than that of the spacing of 14 mm and 22 
mm, which is consistent with Fig. 1. As the channel spacing increases, the overflow 
will be deteriorated, the overflow ash content of the 22mm channel is higher than that 
of the 6mm and 14mm channels. So, the 6mm channel spacing provides a better 
separation performance. Compared with Run 1, the Runs 4 ,5 have higher solid 
throughput. The data generated by Run 1 and Run 5 are below the sink-float curve, 
while the data generated by Run 4 separation is closer to the sink-float curve, which 
shows a better separation performance, it can also be confirmed in Fig. 5. The Run 1 
and Run 6 are operated under different fluidization conditions, and the data obtained by 
Run 6 is obviously closer to the float-sink curve at the given ash % than that generated 
by Run1, and this result is consistent with Fig. 7. In general, the value of the overflow 
product under different separation conditions is very close to the value of the sink-float 
experiment indicating that the inclined channel can indeed improve the density 
separation. 

5. Conclusions 

In this paper, the experimental results show that a better separation performance 
can be obtained when the channel spacing is 6mm, and the corresponding overflow ash 
content is lower, and the underflow ash content is higher for the feed particle size of 0 
- 2mm in continuous separation. When the inclined channel spacing increases to 22mm, 
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the increase in superficial velocity makes a certain low-density particle enter the       
underflow resulting in low ash content of the underflow. Meanwhile, there is a moderate 
separation environment when the value of throughput is obtained at 10.20 t/(m2h). The 
mothed of the split fluidization can produce a better environment for the low-density 
particles reporting to the overflow, and it also increases the ash of underflow 
suppressing the size effort in the inclined channels. In general, addition to 0-0.125mm 
particles in overflow products, when the average particle size of products increases 
from 0.2mm to 1.73mm, the ash content basically remains at about 3.63%. It indicates 
that the influence of particle size on separation performance has been improved. It can 
be seen from the experimental results that the particles with the size of 0.2-0.18mm are 
transported to the overflow. When the velocity of flow in the inclined channel is 0.042 
m/s, this result is consistent with the separation according to the particle density which 
further showing that the model is practical. 
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Figures

Figure 1

Figure 1 - Schematic of a Re�ux Classi�er [18]



Figure 2

Figure 2 - Analysis the force for the particle in inclined channels [18]

Figure 3



Figure 5 - a Ash content of over�ow products with different spacing b Ash content of under�ow products
with different spacing The in�uence of spaced channel on the separation performance of the Re�ux
Classi�er. Fractional ash % curve of the closed narrow size fractions of the feed, over�ow, and under�ow
were obtained according to different channels widths including of 6mm,14mm and 22mm. (Experiments
1, 2, 3)

Figure 4

Figure 6 - a Ash content of over�ow products with solid throughput b Ash content of under�ow products
with different solid throughput The in�uence of solid throughput on the separation performance of the
Re�ux Classi�er. Fractional ash % curve of the closed narrow size fractions of the feed, over�ow, and
under�ow were obtained according to different values of the solid throughput including of 5.0
t/m2h,10.20 t/m2h,18.33 t/m2h. (Experiments 1, 4, 5)

Figure 5



Figure 7 - a Ash content of over�ow products with split �uidization b Ash content of under�ow products
with different split �uidization The in�uence of split �uidization on the separation performance of the
Re�ux Classi�er. Fractional ash % curve of the closed narrow size fractions of the feed, over�ow, and
under�ow were obtained according to different values of the split �uidization including of 0.125 t3/h and
0 t3/h. (Experiments 1, 6)

Figure 6

Figure 8 - Relate between particle size and ash content of over�ow product in continuous separation.



Figure 7

Figure 9 - The washability curve denotes the highest possible yield % for the given product ash %. Ash-
yield Relation of 6 Run of over�ow products in continuous separation test.


