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Abstract — To interpret the effects of agitation speed and temperature on the minimum fluidization velocity, bed and distri-
butor pressure drop and pressure fluctuation signal have been measured in a high temperature mechanically agitated fluidized
bed(0.05 m i.d. and 1.31 m high) using bentonite(mean particle diametgm3&apparent density: 1,681 kg)as bed mate-
rial. Fluidization of very fine cohesive powder is possible if mechanical energy is introduced into the bed by agitation. Mea-
sured minimum channeling velocity and minimum fluidization velocity increased with increasing bed temperature, however,
increased after an initial decrease with increasing agitation speed. The empirical correlation, considering the tempetrature eff
but no effects of agglomerate size and density, on the minimum fluidization velocity of cohesive particles has been proposed on

the basis of the experimental data of present study.
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Table 1. Bed behavior with variations of fluidization index and fluidization quality[7]

FI QF Bed behavior
0.8<FI<1 0.7<QF<1 -Homogeneous fluidization of individual particles
Fl<<1 0.8<QF<1 -Fluidization of agglomerates
-Measured {J; much higher than calculated value
-At low velocity, channeling may occur
Very small Very small -Not fluidizable due to channeling or slugging

-Pressure profiles are random
-Bed is not expanding
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Table 2. Summary of previous studies on fluidization methods of cohesive

particles

Fluidization methods Authors

Mechanical agitation Nezzal et al.[8]
Kuipers et al.[9]
Park et al.[10]
Tsujimoto et al.[11]
Marco et al.[12]
Noda et al.[13]
Mawatari et al.[14]
Wank et al.[15]
Morse[16]
Nowak and Hasatani[17]
Leu and Huang[1]
Dutta and Dullea[18]
Lauga et al.[19]
Chirone et al.[20, 21]
Nowak et al.[22]
Li et al.[23]
Wang[24]
Brooks and Fitzgerald[25]
Kato et al.[26]
Zhou and Li[5]
Park et al.[27]

Mechanical vibration

Acoustic vibration

Addition of fluidization aid

Adjust bed geometry
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Table 3. Minimum fluidization velocity correlations[in Sl unit]
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Table 4. Correlations on the agglomerate diameter [in Sl unit]
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Ar : Archimedes numbepy(p,—Py)gds/if [-]

A, : cross-sectional area of bedjm

B : Boltzmann’s constant [J/K]

d, : agglomerate diameter [m]

d,er : effective agglomerate diameter [m]

Dy, : bubble diameter [m]

Dy, : initial formation bubble diameter [m]

Dym @ maximum attainable bubble diameter [m]

dy : particle diameter [mm]

D, : column diameter [m]

g : gravitational acceleration [m]s

h : Planck’s constant [Js]

H, : Hamaker constant [J]

h, : Lifshitz-van der Waals constant [J]

k : function of Poisson’s ratio and Young’s modulus of agglomerate i
[Pa’]

L. : settled bed height [m]

N, : index of refraction of particle

N, : coordination number [-]

Neme - coordination number of agglomerates at minimum fluidization
condition [-]

Py : particle pressure [Pa]

lSs,n . dimensionless average particle pressure of non-sticky system [-]

r : correlation coefficient [-]

Reys @ Reynolds number at minimum fluidization velocibJgh py/H[-]

T : temperature [K]

U : superficial gas velocity [m/s]

Uy, @ minimum channeling velocity [m/s]

Uy minimum fluidization velocity [m/s]

Unta - Minimum fluidization velocity of bed of agglomerates [m/s]

\% : relative velocity of agglomerate [m/s]

J2(0|Aa 2Kt

) : microscale gap between agglomerate or particle surfaces [m]

€ : bed voidage [-]

€, : agglomerate voidage [-]

Emi : void fraction in a bed at minimum fluidizing condition [-]
u : gas viscosity [kg/m-s]

\Y : Poisson’s ratio [-]

Ve : UV adsorptive frequency 13

P, : agglomerate density [kgAn

Py : gas density [kg/f)

Pp : apparent particle density [kgfm

(0N : sphericity of particle [-]
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