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Abstract − We have studied hydrodynamic characteristics of three-phase inverse fluidized bed. Three-phase inverse fluid-

ized bed of this experiment is made of a transparent acrylic column of 11.5 cm inner diameter and 2 m height. Air, water and

polyethylene particles were used as the gas, liquid and solid phase, respectively. We used both hydrophobic LDPE(low density

polyethylene) and hydrophilic LDPE as solid phase, and distilled water as liquid phase, and air as gas phase. LDPE was chem-

ically treated by chlorosulfonic acid to change the surface from hydrophobic to hydrophilic and then LDPE density was

increased. We measured the static pressure and critical fluidization velocity, to analyze the hydrodynamics characteristics of

hydrophobic/hydrophilic particles. As a result of this study, we observed that the density increased when the surface of LDPE
particles was treated hydrophilically using chlorosufonic acid. As observed, the critical fluidization velocity of hydrophilic par-

ticles was decreased. But, this result is more due to density increase rather than surface modification. When we used two kinds

of particles(hydrophobic/hydrophilic) together, the efficiency of the inverse fluidization was improved. This comes from the

mutual aid between two factors such as density and surface property. Thus, critical fluidization velocity decreased with increas-

ing hydrophilic particle content. 
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Fig. 1. Schematic diagram of experimental apparatus.
1. Main column 6. Compressor
2. Weir 7. Rotameter
3. Manometer 8. Pump
4. Air-liquid distributor 9. Liquid reservior
5. Flow meter

Table 1. Gas sparger characteristics

Sparger
Square pitch 
arrangement

(mm)

Orifice 
diameter

(mm)
Holes/cm2 Thickness

(mm)

Perforated plate 10 1 1 12
���� �40� �2� 2002� 4�
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Table 2. Physical property of LDPE particles

Average diameter(mm) Thickness(mm) Average density(g/cm3) Void fraction Sphericity

Hydrophobic particle 4.4 1.6 0.907(s=0.0020) 0.357(s=0.0055) 0.45
Hydrophilic particle 4.4 1.6 0.926(s=0.0057) 0.408(s=0.0010) 0.45

*s(standard deviation)

 Table 3. Contact angle measurement values

Number
Hydrophobic particle

(untreated bead)
Hydrophilic particle

(treated bead)

1 92.93 20.21
2 88.69 20.22
3 78.66 21.19

Average 86.76 20.54
Error range

(stand deviation)
007.328 0.563
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Fig. 2. Pressure variations with respect to position in bubble column.
(a) 150 cm bubble column; (b) 165 cm bubble column; (c) 180 cm b
ble column.
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Fig. 3. Gas holdups at different UGS in a bubble column.
(a) Gas holdups calculated from Eq. (6) at different UG; (b) Gas holdups observed from Eq. (7) at different UG.

Fig. 4. Axial pressure profile with respect to column height(100% hydrophobic particles).
(a) Column height(Hbo/Hto=10%); (b) Column height(Hbo/Hto=20%); (c) Column height(Hbo/Hto=30%); (d) Column height(Hbo/Hto=40%).
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Fig. 5. Variations of the solid holdup profile with increasing gas velocity.

Fig. 6. Change of critical fluidization velocities with respect to particle
loads.

Fig. 7. Axial pressure profile with respect to column height at Hbo/Hto
=10%(100% hydrophilic particles.

 Table 4. Variation value of critical fluidization velocity(UGC)

UGC(cm/sec)

Hydrophobic particle Hydrophilic particle

ρs=0.907 g/cm3 4.0135A 4.8434B

ρs=0.926 g/cm3 3.1952B 3.8530A

*A: Experimental value, B: Calculated value
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Fig. 8. Axial pressure profile with respect to column heigth(Hbo/Hto=20%).
(a) untreated beads : treated beads=90 : 10; (b) untreated beads : treated beads=70 : 30; (c) untreated beads : treated beads=60 : 40; (d) untreated beads :
treated beads=50 : 50; (e) untreated beads : treated beads=30 : 70.
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Fig. 9. Variations of the solid holdup profile with increasing gas veloc-
ity at different particle ratios(Hbo/Hto=20%).

Fig. 10. Change of critical fluidization velocities with respect to differ-
ent particle ratios(Hbo/Hto=20%).

Fig. 11. Change of slip velocities with respect to treated particle ratios.
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A : cross section area of the column [cm2]

−dp/dz : axial pressure gradient [Pa · m−1]

dp : particle diameter [mm]

g : gravitational acceleration [g · cm−2]

G : slip velocity [cm · sec−1]

G0 : slip velocity for εS=0 [cm · sec−1]

Hb : bed height [cm]

H : total bed height [cm]

Ho : static bed height [cm]

MS : weight of solid introduced into the column [g]

R=1−ρS/ρL : density ratio [dimensionless]

ULmf : liquid velocity for the fluidization [cm · sec−1]

UGC : critical gas velocity [cm · sec−1]

)*�+ ,�

εG : gas holdup [dimensionless]

εL : liquid holdup [dimensionless]

εS : solid holdup [dimensionless]

ρG : gas density [g · cm−3]

ρL : liquid density [g · cm−3]

ρS : solid density [g · cm−3]
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